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Parameter Value

Pre-exposure prophylaxis (PrEP) use

   Retention in clinical care

      6 months post-initiation 54.0%

      Monthly probability of discontinuation  
      (7+ months post-initiation)

15.0%

   Pill adherence

      4 to 7 doses per week 82.0%

      2 to 3 doses per week 18.0%

   Reduction in risk of HIV acquisition

      4 to 7 doses per week 96.0%

      2 to 3 doses per week 76.0%

Costs (2015 U.S. dollars)

   Annual cost of PrEP, per patient $10,664

   Lifetime cost of HIV treatment, per patient $337,036

Utility

   Quality-adjusted life-year gained  
   per averted infection

5.83

Table 1. Key parameter values for cost-effectiveness of PrEP  

implementation among MSM in RI 
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ABSTRACT 
Pre-exposure prophylaxis (PrEP) is an effective tool for 
preventing HIV infection among men who have sex with 
men (MSM), but its cost-effectiveness has varied across 
settings. Using an agent-based model, we projected the 
cost-effectiveness of a statewide PrEP program for MSM in 
Rhode Island over the next decade. In the absence of PrEP, 
the model predicted an average of 830 new HIV infections 
over ten years. Scaling up the existing PrEP program to 
cover 15% of MSM with ten or more partners each year 
could reduce the number of new HIV infections by 33.1% 
at a cost of $184,234 per quality-adjusted life-year (QALY) 
gained. Expanded PrEP use among MSM at high risk for 
HIV infection has the potential to prevent a large num-
ber of new HIV infections but the high drug-related costs 
may limit the cost-effectiveness of this intervention.
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BACKGROUND

Similar to national trends,1 men who have sex with men 
(MSM) represent the majority of people newly diagnosed 
and living with HIV infection in Rhode Island.2 Once-daily 
pre-exposure prophylaxis (PrEP) represents an effective pre-
vention tool that has the potential to decrease the number of 
new HIV infections occurring among MSM.3

Recent mathematical models have demonstrated that the 
expansion of PrEP use among MSM may have benefits at 
the population level in terms of reducing HIV incidence. 
3-5 However, many studies have produced mixed results in 
terms of the cost-effectiveness of scaling up this interven-
tion.5-10 A recent analysis found that PrEP initiation among 
20% of MSM in the United States would result in a 13% 
reduction in new HIV infections over 20 years but would not 
be considered cost-effective unless those most vulnerable to 
HIV infection were prioritized for PrEP initiation.10

As many jurisdictions make important decisions about 
supporting scale-up of PrEP use among MSM, the clinical 
and economic benefits in local settings must be understood. 
To date, few studies have expanded the cost-effectiveness 
of real-world PrEP implementation in specific settings with 
models parameterized to represent local epidemiologic and 

behavioral contexts.8,9 In the current study, we simulated 
HIV transmission using an agent-based model representing 
all MSM in Rhode Island and considered the cost-effective-
ness of various PrEP implementation scenarios.

METHODS

All model parameters and processes have been described 
previously.11 In brief, the agent-based model simulated HIV 
transmission from 2013 to 2022 among a population of indi-
viduals (referred to as agents) representing all MSM in Rhode 
Island (n = 25,000). The agents in the model were assigned 
specific demographic, behavioral, and clinical characteris-
tics with distributions informed by data on MSM in Rhode 
Island, with estimates from the literature used as needed 
(Table 1). 

The model progressed in a series of discrete time-steps, each 
representing one calendar month. During each time-step, 
agents were able to form and dissolve sexual partnerships.  
In the context of serodiscordant partnerships, agents could 
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Figure 1. Cumulative number of HIV infections among MSM in Rhode Island from 2013 

to 2022 with varying PrEP coverage (a) with scale-up among the current patient popula-

tion of the RI STD Clinic; (b) targeted scale-up to individuals with greater than 5 partners 

per year; and (c) targeted scale-up to individuals with greater than 10 partners per year, 

relative to a scenario where PrEP is not available.
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acquire HIV infection by engaging in condom-
less anal intercourse. Following infection, an 
agent could be tested and diagnosed, initiate 
antiretroviral treatment, or achieve viral sup-
pression. Agents without HIV infection were 
eligible to initiate PrEP use based on the specific 
allocation scenario. Those who initiated PrEP 
could achieve an optimal level of adherence and 
discontinue PrEP use at any time (Table 1).

Model Scenarios
The model predicted the total number of new 
HIV infections over ten years under three PrEP 
allocation scenarios with varying levels of 
intervention coverage (5% to 25%, in 5% incre-
ments). The first set of scenario allocated PrEP 
to individuals similar to those currently receiv-
ing PrEP from the Rhode Island STD Clinic,11 
while the two other sets of scenarios allocated 
PrEP to MSM with at least five or ten sexual 
partners each year, respectively. Each scenario 
is simulated for 1,000 iterations. Each scenario 
summarized as the mean number of HIV infec-
tions averted relative to a ‘status quo’ scenario 
where PrEP implementation does not occur. 

Cost and Utility Assumptions
The annual operating cost of providing PrEP to 
one patient was estimated using a health sys-
tem perspective (Table 1). Costs were derived 
from an analysis of the PrEP program at the 
Rhode Island STD Clinic.12 For each scenario, 
we calculated the cost per quality-adjusted life-
year (QALY) gained relative to the ‘status quo’ 
scenario. Based on current guidelines, a scenario 
was considered cost-effective if this value was 
under a threshold under $100,000 QALY gained. 
Because drug-related costs represent the pri-
mary driver of program costs, we conducted sen-
sitivity analyses where these costs were reduced 
(10% to 90%, in 10% increments).

RESULTS

In the absence of PrEP use, the model estimated an average 
of 830 new HIV infections over ten years, corresponding to 
an incidence rate of 3.5 infections per 1,000 person-years. 
With all strategies, increasing PrEP use resulted in propor-
tionate reductions in HIV incidence (Figure 1).

If the current patient population served by the PrEP pro-
gram were to be scaled up to cover 15% of MSM for ten 
years, the cumulative number of new HIV infections could 
be reduced by 26.1%. This scenario generated an increment 
$305 billion in healthcare-related costs and $73 billion in 

savings on HIV care, corresponding to $260,050 per QALY 
gained. Although increasing coverage to 25% would reduce 
the number of new HIV infections by 41.1%, the total cost 
and incremental cost-effectiveness increased because of the 
diminished benefits of additional PrEP use (Table 2).

Should 15% of MSM with five or more sexual partners 
each year use PrEP over the next ten years, the cumulative 
number of new HIV infections could be reduced by 28.0%. 
This allocation strategy improved cost-effectiveness, where 
the cost per QALY gained was reduced to $235,358. An allo-
cation strategy that initiated 15% of MSM with ten or more 
sexual partners each year to use PrEP over a decade could 
reduce the number of new HIV infections by 33.1% and fur-
ther reduce the cost per QALY gained to $184,234. Despite 
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Table 2. Incremental cost effectiveness ratios of PrEP scale-up among MSM in RI from 2013 to 2022, with 

varying coverage (a) with scale-up among the current patient population of the RI STD Clinic; (b) targeted 

scale-up to individuals with greater than 5 partners per year; and (c) targeted scale-up to individuals with 

greater than 10 partners per year, relative to a scenario where PrEP is not available.

5% 10% 15% 20% 25%

Current Patients $227,856 $230,315 $241,631 $252,067 $259,607

>5 partners $190,177 $208,861 $220,966 $231,417 $242,783

>10 partners $160,625 $178,251 $182,189 $182,189 $181,545

Legend

Cost-Saving

< $20,000/QALY

< $100,000/QALY

> $100,000/QALY

these reductions in incremental costs, neither of these strat-
egies were considered cost-effective based on a standard 
threshold of $100,000.

Drug-related costs have considerable effect on the cost- 
effectiveness of PrEP implementation. Were the annual 
drug-related costs to be reduced by 40%, for example, the 
cost per QALY gained when 15% of MSM with five or more 
partners use PrEP is reduced to $118,085. Under a standard 
threshold of $100,000, a scenario where 15% of MSM with 
ten or more partners used PrEP would be considered cost- 
effective with this reduction in drug-related costs ($87,416 
per QALY gained).

DISCUSSION

This analysis demonstrates that the use of PrEP in MSM 
could have a substantial impact on the HIV epidemic in 
Rhode Island. If the current PrEP program at the Rhode Island 
STD Clinic were to be scaled up to cover 15% of MSM in the 
state over ten years, one-quarter of new infections could be 
prevented. However, PrEP is a costly intervention, largely 
due to the high costs of the drugs used in PrEP. If the annual 
cost of PrEP decreased by at least 40%, PrEP could be consid-
ered broadly cost-effective in this setting.

Several other studies have also found that PrEP imple-
mentation among MSM in the United States may be cost- 
effective when targeted to individuals at highest risk for 
HIV infection, and that the cost-effectiveness of PrEP use 
is dependent on the associated drug costs. As such, future 
research should investigate strategies to improve the effi-
ciency of PrEP use in averting HIV infections or reducing 
the costs associated with PrEP use in this setting. Although 
patients at the Rhode Island STD Clinic are prescribed PrEP 
in line with current guidelines,13 individuals may use PrEP 
even if they report fewer risk behaviors, decreasing its impact 
on HIV transmission while increasing costs. PrEP may be 
made more efficient in averting HIV infections if its uptake 
is targeted to those located centrally in sexual networks  
at high-risk for HIV infection.14 

These analyses are not without limitation. The model 
does not account for the possibility that PrEP use may facil-
itate the emergence of drug resistance among those who ini-
tiate PrEP during acute HIV infection or those who acquire  

HIV infection with sub-thera-
peutic drug concentrations.15,16 
A previous study found that the 
emergence of drug resistance 
due to the PrEP largely does 
not affect cost-effectiveness.10 
In addition, the model does 
not account for co-circulating 
STIs. As such, an individual’s  
probability of HIV transmis-
sion or acquisition may be 

underestimated, as these probabilities may be higher for 
individuals with a bacterial STI.17 In addition, previous mod-
eling studies have suggested that the regular screening of 
individuals using PrEP for STIs has benefits at the popula-
tion level.18 As such, we may underestimate the true health 
care costs saved due to PrEP use and the associated testing 
and treatment of other STIs. 

CONCLUSION

We found that PrEP use among MSM in Rhode Island has the 
potential to prevent a considerable number of new HIV infec-
tions over a decade. However, expanded PrEP use is expen-
sive. PrEP use among MSM at high risk of HIV acquisition 
provides substantial benefits at a lower cost, although its bud-
getary impact is still sizable. The high drug-related costs of 
PrEP are a significant barrier to cost-effective scale-up of PrEP 
implementation in this context. Drug costs must be reduced 
for PrEP to become an affordable HIV prevention option.
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