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Summary: Long-acting injectable pre-exposure prophylaxis (LAI-PrEP) will modestly decrease HIV incidence if it 

replaces daily-oral PrEP use among men who have sex with men. LAI-PrEP will make a more substantial impact if its 

availability drives higher total PrEP coverage. 
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ABSTRACT 

Background: Long-acting injectable HIV pre-exposure prophylaxis (LAI-PrEP) is reportedly efficacious, although full 

trial results have not been published. We used a dynamic network model of HIV transmission among men who 

have sex with men (MSM) to assess the population impact of LAI-PrEP when available concurrently with daily-oral 

(DO) PrEP. 

Methods: The reference model represents the current HIV epidemiology and DO-PrEP coverage (15% among 

indicated) among MSM in the southeastern US. Primary analyses investigated varied PrEP uptake and proportion 

selecting LAI-PrEP. Secondary analyses evaluated uncertainty in pharmacokinetic efficacy and LAI-PrEP persistence 

relative to DO-PrEP. 

Results: Compared to the reference scenario, if 50% chose LAI-PrEP, 4.3% (95% SI: -7.3%, 14.5%) of infections 

would be averted over 10 years. LAI-PrEP impact is slightly greater than the DO-PrEP only regimen based on 

assumptions of higher adherence and partial protection after discontinuation. If the total PrEP initiation rate 

doubled, 17.1% (95% SI: 6.7%, 26.4%) of infections would be averted. The highest population-level impact 

occurred when LAI-PrEP uptake and persistence improved. 

Conclusions: If LAI-PrEP replaces DO-PrEP, its availability will modestly improve the population impact. LAI-PrEP 

will make a more substantial impact if its availability drives higher total PrEP coverage, or if persistence is greater 

for LAI-PrEP. 
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BACKGROUND 

Men who have sex with men (MSM) remain at increased risk for HIV in the United States, accounting for 

two-thirds of new infections in 2018 [1]. Pre-exposure prophylaxis (PrEP) is a highly effective method to 

reduce HIV acquisition [2, 3]. However, implementation challenges undermine the potential for PrEP to 

reduce incidence at the population level. For example, PrEP uptake remains low [4-7]. The US Centers 

for Disease Control and Prevention (CDC) estimate that 1.1 million US adults were behaviorally indicated 

to use PrEP in 2017 [8], but only 100,000 accessed PrEP [4]. Efforts to increase PrEP use are undermined 

by poor persistence, resulting in early discontinuation among individuals with ongoing HIV risk [9-11]. 

Previous PrEP models have predicted that current coverage levels are insufficient to reach many HIV 

prevention targets [12, 13]. Among MSM accessing PrEP, inadequate adherence further reduces its 

population-level prevention benefits [10, 14]. 

Alternative PrEP products that are more acceptable and easier to use for some may address 

these implementation challenges. Daily-oral PrEP (DO-PrEP) is currently the only dosing strategy 

recommended by the CDC and the US Food and Drug Administration [15]. However, alternative dosing 

regimens [16] have proven efficacious; novel formulations are in various stages of development, 

including long-acting injectable [17] and topical formulations [18], implants and other devices [19]. 

Cabotegravir is an investigational antiretroviral (strand-transfer integrase inhibitor) [17]. When 

formulated as a long-acting injectable suspension (LAI-PrEP), cabotegravir is maintained with periodic 

dosing at 8-week intervals [17]. The Phase III clinical trial for LAI-PrEP efficacy among MSM (HPTN-083) 

has been discontinued early with fewer incident infections observed among MSM randomized to LAI-

PrEP compared to DO-PrEP [20], although full trial outcomes have yet to be released.  

LAI-PrEP may address adherence challenges with DO-PrEP because the pill burden would be 

eliminated [14, 17]. However, the clinical burden for LAI-PrEP may be greater for some because 

intramuscular injections are administered by a healthcare professional at 8-week intervals (compared to 
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12-week intervals for clinical monitoring of DO-PrEP) [15]. LAI-PrEP may be more acceptable for users 

unwilling or unable to take a daily pill [21-25]. Estimates of preference for LAI-PrEP range from 30% to 

67% [21, 23, 25-28], but real-world selection of LAI-PrEP over DO-PrEP is unknown. Inferring population-

level benefits from hypothetical LAI-PrEP preferences depends on the interaction of uptake and 

persistence. 

Mathematical modeling provides insights into the mechanisms by which LAI-PrEP may differ 

from DO-PrEP under these conditions of uncertainty. A recent study [29] simulated the population 

impact when either DO-PrEP or LAI-PrEP were allocated to MSM. The study found that in scenarios with 

LAI-PrEP there was a greater decline in incidence than in scenarios with DO-PrEP. However, the impact 

when LAI-PrEP is available as an additional option to DO-PrEP remains unclear. It was also unclear how 

challenges to persistence will limit the population impact of LAI-PrEP which, unlike DO-PrEP, provides 

continued but waning protection even after discontinuation [17]. Since publication of this model, 

pharmacokinetic data from a Phase II clinical trial of LAI-PrEP has become available [17], which can be 

used to specify model parameters. 

To estimate the potential population-level impact of LAI-PrEP, we used a network-based 

mathematical model of HIV transmission dynamics among MSM in the southeastern US. To understand 

how concurrent availability of LAI-PrEP and DO-PrEP could maximize HIV prevention, we simulated 

scenarios varying overall PrEP uptake and the proportion choosing LAI-PrEP versus DO-PrEP. We also 

conducted sensitivity analyses of the LAI-PrEP biological parameters (pharmacokinetic and efficacy) and 

behavioral parameters (discontinuation rate compared to DO-PrEP).  

METHODS 

We used a mathematical model of HIV transmission dynamics among black, white, and Hispanic MSM, 

aged 15–65 years, in the Atlanta area over a 10-year period. The model was simulated using EpiModel 

[30], a software platform for modeling disease dynamics in sexual networks using temporal exponential 
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random graph models (TERGMs) [31]. Building on past PrEP models [12], we developed the model 

framework and parameterization for LAI-PrEP to explore differences with DO-PrEP. Full methodological 

details can be found in the Web Appendix. 

Sexual Network Model. All network and behavioral parameters were drawn from the ARTnet study, a 

2017–2019 egocentric network study of 4,904 MSM reporting on 16,198 sexual partnerships, including 

duration, concurrency and other attributes [32]. The model was initialized with 10,000 MSM, but the 

network size varied based on entry (sexual debut) and exit (mortality or aging out at 65). Summary 

statistics from ARTnet were fit to statistical models under the TERGM framework to simulate one-off, 

casual, and main partnerships. Partnership formation occurred stochastically by partnership type, age 

and race mixing, number of ongoing partnerships, and sorting by receptive and insertive positioning. 

Relational dissolution was modeled with a constant hazard based on the median duration for 

partnership type.  

For MSM with HIV, rates were assigned for diagnosis, initiation of antiretroviral therapy (ART), 

and viral suppression [33, 34]. HIV disease progressed through the acute, chronic and AIDS stages. HIV 

viral loads were modeled continuously, in the absence of ART. ART decreased HIV viral loads, with a 

corresponding decrease in the probability of HIV transmission [35, 36]. Within serodiscordant sexual 

partnerships, HIV transmission occurred stochastically with a per-act probability based on PrEP use [14], 

condom use [37], sexual positioning [38], and circumcision status of the insertive partner [39].  

PrEP Uptake, Adherence, and Persistence. Uptake of PrEP was determined using a two-step process. 

Parameters for LAI-PrEP and DO-PrEP are shown in Table 1. First, we specified the overall probability of 

initiating PrEP. Second, we specified the probability of choosing LAI-PrEP versus DO-PrEP. By simulating 

uptake and selection using separate probabilities, we were able to explore counterfactual scenarios 

regarding how user decisions interact. Eligibility to initiate PrEP of either formulation was based on CDC 
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guidelines for DO-PrEP indications [12, 15]. For MSM using DO-PrEP, we assigned a probability 

distribution for medication adherence corresponding to low (< 2 doses/week, 8.9%), medium (2–3 

doses/week, 12.7%), and high adherence (≥ 4 doses/week, 78.4%) [40], which modified the level of 

protection against HIV acquisition (hazard ratios: 0.69, 0.19, and 0.02, respectively) [14]. PrEP users 

were screened for HIV every 90 days according to CDC guidelines [15]. 

Based on CDC guidelines, behavioral indications were reassessed annually; if indications had 

lapsed, PrEP would be discontinued for both DO-PrEP and LAI-PrEP [15]. We also allowed spontaneous 

discontinuation of DO-PrEP to occur based on an observational study showing 57% of PrEP patients 

remained in care 6 months after initiation [41]. We translated this into a constant probability of 

discontinuation assuming a geometric distribution to calculate the median time to stoppage (224 days) 

[41]. It is unknown whether MSM using LAI-PrEP would have the same persistence as has been observed 

among MSM using DO-PrEP, so our base LAI-PrEP conditions assumed that the rate of spontaneous 

discontinuation of LAI-PrEP would be the same as the rate assigned to DO-PrEP. 

Injectable PrEP Pharmacokinetics and Efficacy. Based on studies of nonhuman primates, the target 

cabotegravir plasma concentration in clinical trials was set to 4-times the protein-adjusted 90% 

inhibitory concentration (PA-IC90) [42-44]. A Phase IIa clinical trial showed that 600-mg intramuscular 

injections at 8-week intervals were sufficient to maintain the target plasma concentration [17]. For 

simplicity, we assumed that men achieved the target peak plasma concentration following the first 

injection (in clinical trials, the second injection was administered after 4-weeks to initially achieve the 

target concentration) and without an initial oral safety phase. 

Using data from the Phase IIa trial to model the pharmacokinetics of injectable cabotegravir 

[17], we estimated the median peak plasma concentration (3.59 µg/ml) following each injection after 

and including the second injection, as well as the rate of decay in longitudinal follow-up. We estimated a 

continuous half-life function (35 days) of drug elimination based on these two parameters. This estimate 
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shows that plasma concentrations above PA-IC90 and 4-times PA-IC90 are maintained for 22 and 12 

weeks, respectively, with limited drug still present 52 weeks after the final injection. 

The Phase III trial results for cabotegravir as LAI-PrEP have not been published. Thus, we used 

the results of a macaque study to model the relative reduction in the per-exposure probability of HIV 

infection [42]. We used logistic regression to estimate the probability of infection given the plasma 

concentration of cabotegravir at the time of exposure. We transformed the results to the human 

equivalent of the PA-IC90 to obtain a single parameter for the relative reduction in infection probability 

given the plasma concentration of cabotegravir. We estimated that LAI-PrEP is greater than 99% 

effective at 4-times PA-IC90 (HR = 0.002). 

Reference Model and Counterfactual Scenarios. The reference model represents current DO-PrEP 

uptake, in which approximately 15% of indicated MSM in the southeastern US use PrEP [45-47]. We 

calibrated the model to maintain a steady state prevalence of DO-PrEP use. To reach 15% DO-PrEP, the 

probability of initiating PrEP given indications was set to 0.411% per time-step, with LAI-PrEP selection 

set to 0%.  

Our primary analysis explored scenarios of overall PrEP uptake by simultaneously varying the 

probability of PrEP initiation (supplementing current DO-PrEP uptake by relative factors of 0 to 6 times 

the base parameter) and the probability of selecting LAI-PrEP (replacing current DO-PrEP uptake from 

0% to 100%). The probability of selecting LAI-PrEP was fixed at 50% for all secondary analyses, while the 

probability of initiating PrEP was fixed at the reference model value. Second, to better understand the 

pharmacological properties of LAI-PrEP, we varied the pharmacokinetic and efficacy parameters. We 

varied the LAI-PrEP pharmacokinetics by simultaneously modifying the peak plasma concentration after 

injection (1.5 to 6.5 µg/ml) and the half-life of drug elimination (15 to 60 days). Separately, we varied 

the efficacy of LAI-PrEP by scaling the per-exposure hazard ratio for transmission (5%, 10%, 25%, and 

50% increase or decrease in efficacy compared to the base parameter). Finally, to understand how the 
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effectiveness of LAI-PrEP could depend on continued use during periods of sexual risk, we varied the 

rate of spontaneous discontinuation. For this, we modified the median time using LAI-PrEP from 33% 

(approximately 75 days) to 300% (672 days) and calculated new spontaneous discontinuation rates. 

Calibration, Simulation, and Analysis. The network was initialized with 10,000 MSM and calibrated to the 

estimated prevalence of diagnosed HIV (33% for black MSM; 27% for Hispanic MSM; and 8.4% for white 

MSM) [48]. Each model scenario was simulated over 10 years and for 250 times. The outcomes reported 

were HIV prevalence and incidence per 100 person-years at risk at the end of 10 years, and the percent 

of infections averted (PIA). The PIA was calculated by comparing the cumulative incidence in each 

counterfactual scenario to the reference model. We summarized the results using the median values of 

all simulations and 95% simulation intervals (SI). 

RESULTS 

In the reference scenario, 15.1% (95% SI: 14.4%, 15.9%) of indicated MSM were using DO-PrEP (0% LAI-

PrEP). At the end of the 10-year simulation, the HIV incidence was 1.19 (95% SI: 0.93, 1.50) per 100 

person-years and prevalence was 22.4% (95% SI: 21.5%, 23.4%). Increasing both the probability of 

initiating PrEP (supplementing current DO-PrEP use) and the probability of selecting LAI-PrEP (replacing 

current DO-PrEP use) would result in fewer infections over 10 years, compared to the reference  

scenario (Figure 1). The benefit of introducing LAI-PrEP is greater in scenarios where overall PrEP uptake 

also increased. Small improvements, however, would still be realized at lower proportions of MSM 

initiating PrEP and selecting LAI-PrEP. 

Increasing either or both the initiation and the LAI-PrEP selection probabilities will increase the 

proportion of indicated MSM protected from PrEP, which in turn causes HIV incidence to decline (Table 

2, with additional scenarios in Supplemental Table 14). With PrEP limited to DO-PrEP, increasing the 

probability of initiating PrEP by two-fold resulted in a greater proportion of indicated MSM using DO-
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PrEP (26.7%; 95% SI: 25.8%, 27.5%) and 11.3% (95% SI: 0.1%, 21.1%) of infections averted. Alternatively, 

when the probability of selecting LAI-PrEP was increased to 50% and the PrEP initiation rate was held 

constant, the proportion of MSM using DO-PrEP dropped to 7.6% (95% SI: 7.1%, 8.2%) while LAI-PrEP 

use increased to 8.4% (95% SI: 7.9%, 9.0%). In addition to the MSM actively using LAI-PrEP, 7.3% (95% SI: 

6.8%, 7.7%) of indicated MSM had waning plasma concentration and thus partial protection after 

discontinuing LAI-PrEP. This scenario resulted in a modest decrease in incidence (4.3% of infections 

averted; 95% SI: -7.3%, 14.5%). While the median result indicates an improvement, the lower bound of 

the 95% SI shows that incidence increased for many of the scenarios with LAI-PrEP, relative to the 

median value of the reference model; similarly, the upper bound of the interval shows that a larger 

decrease in incidence is possible. 

If 100% of the MSM accessing PrEP were to select LAI-PrEP, and initiation remained at the 

reference level, then 16.8% (95% SI: 16.1%, 17.5%) would have full protection from LAI-PrEP and 13.9% 

(95% SI: 13.2%, 14.6%) would have waning protection, resulting in 7.5% of infections averted (95% SI: -

3.5%, 18.7%). Finally, if the probability of initiating PrEP increased two-fold and the proportion choosing 

LAI-PrEP was 50%, then incidence would decrease with 17.1% (95% SI: 6.7%, 26.4%) of infections 

averted. 

The underlying estimates for LAI-PrEP pharmacokinetics are sensitive to uncertain parameter 

values (Figure 2, Table 3, and Supplemental Table 15). If the peak plasma concentration were reduced 

to 2 µg/ml and the half-life were reduced to 15 days (an extreme scenario, well below the a priori 

clinical trial targets), then the modest effect of introducing LAI-PrEP at 50% selection probability (4.3% of 

infections averted; 95% SI: -7.3%, 14.5%) would be almost eliminated (1.4% of infections averted; 95% 

SI: -11.5%, 11.9%). When parameters were modified within a smaller range around our estimates (e.g., 3 

µg/ml peak plasma concentration and 25 days half-life) then the impact would be limited (3.1% of 

infections averted; 95% SI: -10.4%, 13.5%). Similarly, the population impact of LAI-PrEP is sensitive to 
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our estimate of the drug efficacy (Figure 3, Table 3, and Supplemental Table 16). For example, a 50% 

decrease in LAI-PrEP efficacy resulted in increased incidence with -4.4% (95% SI: -17.4%, 8.4%) of 

infections averted. However, a 10% decrease in efficacy would result in a more modest decline in the 

population benefit of introducing LAI-PrEP (2.4% of infections averted; 95% SI: -9.7%, 13.8%). 

Changes to duration of persistence on LAI-PrEP, relative to the base model duration based on 

current estimates of DO-PrEP persistence, also impacted population-level impact (Figure 4, Table 3, and 

Supplementary Table 17). In scenarios where persistence improved for MSM accessing LAI-PrEP, the 

prevention benefit of introducing LAI-PrEP increased. For example, if the median time to discontinuation 

were 448 days (versus 224 days for the base parameter), then active LAI-PrEP use would increase from 

8.4% (95% SI: 7.9%, 9.0%) to 13.6% (SI: 12.9%, 14.4%) with a predicted 7.9% (95% SI: -3.0%, 19.6%) of 

infections averted (compared to 4.3% in the base model; 95% SI: -7.3%, 14.5%). Alternatively, as 

persistence decreased, the prevalence of LAI-PrEP use among indicated MSM also decreased; the 

proportion with waning protection from LAI-PrEP increased negligibly because overall PrEP uptake was 

fixed. When the rate of discontinuation was doubled (median time = 112 days), the predicted 

prevention benefit declined to 1.8% of infections averted, with the 95% SI (-11.7%, 13.6%) showing that 

many simulations represented null findings or increased incidence.  

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa552/5901097 by guest on 20 Septem

ber 2020



Acc
ep

ted
 M

an
us

cri
pt

 

 

 

 

 

DISCUSSION 

We projected that LAI-PrEP concurrently available with DO-PrEP would modestly reduce HIV incidence 

among MSM compared to offering only DO-PrEP. The benefit of replacing some DO-PrEP use with LAI-

PrEP is due to the elimination of challenges associated with daily adherence to DO-PrEP and the partial 

protection provided by the long metabolic half-life of LAI-PrEP even after discontinuation. The benefit of 

LAI-PrEP would increase if uptake supplements current DO-PrEP uptake. To our knowledge, this is the 

first modeling study to predict the population impact of LAI-PrEP when available concurrently with DO-

PrEP. 

The introduction of LAI-PrEP could yield small improvements to the prevention benefit of PrEP if 

uptake replaces current DO-PrEP use, but our model predicts even greater benefit if LAI-PrEP acts to 

supplement current DO-PrEP uptake. Our results may be generalizable to other PrEP formulations which 

may replace or supplement existing formulations, although models will need to assess each new 

formulation as biological and clinical factors may vary. We designed our model to explore PrEP uptake 

using two components: total PrEP coverage and cross-sectional mix of DO-PrEP and LAI-PrEP. It is 

unknown how many MSM currently using DO-PrEP will switch to LAI-PrEP once available; however, 

future preference estimates range from 35–67% would switch to LAI-PrEP [25, 28]. Low uptake has been 

a limiting factor to the population benefit of DO-PrEP [4-6]. Similar to other studies [12, 13], we found 
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that large-scale reductions in HIV incidence will require greater PrEP uptake among MSM than has 

currently been observed in the US [4-6]. This may be achieved if the availability of LAI-PrEP increases the 

proportion of indicated individuals accessing PrEP. Although 66% of PrEP inexperienced MSM indicate 

interest in LAI-PrEP [27], translating interest to actual uptake has proven difficult for DO-PrEP. 

In our model, the prevention benefits of LAI-PrEP were greater when persistence increased 

above the levels currently observed for DO-PrEP. Our finding is in direct contrast to an earlier LAI-PrEP 

modeling study, which counterintuitively reported lower HIV incidence as LAI-PrEP persistence 

decreased [29]. However, that model assumed PrEP was allocated to maintain a constant prevalence of 

active users in the population so that a new LAI-PrEP user immediately replaced one who had 

discontinued. As a result, the total person-time on LAI-PrEP would artificially increase in scenarios with 

lower persistence, through the increased number of individuals with waning protection after 

discontinuation. This model assumption is unrealistic, and the corresponding relationship between 

discontinuation and LAI-PrEP impact implausible. In our model, we disentangled these two components 

of PrEP prevalence (initiation and persistence) in order to evaluate the individual contribution of each 

factor. We therefore varied LAI-PrEP persistence without artificially inflating the person-time on LAI-

PrEP, isolating the effects of initiation and persistence. Our model shows that improving persistence 

would increase total PrEP coverage in the population and thus decrease HIV incidence, even if the 

overall PrEP initiation rate remained constant.  

Persistence will likely remain a challenge for all persons accessing PrEP. The reasons for 

discontinuation off DO-PrEP in practice include decreased HIV risk perception, non-adherence to the 

clinical protocol for PrEP, insurance barriers and experiencing side-effects [9, 49]. The clinical procedures 

of LAI-PrEP may be even more challenging for some to maintain, given more frequent clinical care visits 

(i.e., six annual visits for LAI-PrEP compared to four for DO-PrEP). However, the history of contraceptive 

medication could serve as a guide: increased choices improved uptake, persistence, and adherence, as 
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individuals selected the modality which most closely aligned with their preferences [50]. As options 

increase for PrEP, uptake, persistence and adherence may similarly improve across the board. When LAI-

PrEP becomes available, clinical practice guidelines should be developed to counsel potential users on 

the formulation that best meets their needs. 

Limitations. Our model has a number of important limitations. The first is uncertainty of the LAI-PrEP 

parameters, since Phase III clinical trials have not been published. Our model parameters may be 

misspecified which would cause our primary results to be biased. To accommodate this, we tested a 

range of plausible parameters for LAI-PrEP pharmacokinetics and efficacy, which had only a small effect 

on the model results. Our model was also a simplification of the protocol for LAI-PrEP used in the Phase 

III clinical trial [17]. Increased complexity and clinical burden of the protocol may result in lower 

persistence. Specifically, we did not include the 4-week oral dosing phase of cabotegravir that is used to 

ensure safety. We also assumed that the peak plasma concentration for cabotegravir would be achieved 

after a single intramuscular dose, instead of the two initial doses at a 4-week interval. Similarly, we did 

not model an oral ramp-down phase for individuals discontinuing LAI-PrEP under the supervision of their 

clinician (opposed to spontaneous discontinuation). This latter phase of LAI-PrEP is used to prevent 

infection during the waning tail of LAI-PrEP protection. Finally, we did not model resistance to 

cabotegravir among individuals that acquire HIV infection following discontinuation of LAI-PrEP, while 

the drug remains present but provides only partial protection. This phenomenon presents a new 

challenge compared to DO-PrEP. Future studies will need to evaluate resistance and what impact this 

may have on transmission dynamics, if clinical trial and observational data demonstrate the occurrence 

of resistance. 

Conclusions. The introduction of LAI-PrEP will modestly improve the prevention benefit of DO-PrEP if 

LAI-PrEP only serves as a replacement to DO-PrEP. This is due to the non-inferiority in the biological 
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benefit of LAI-PrEP over DO-PrEP. However, LAI-PrEP could make a more substantial impact on HIV 

incidence if the availability of LAI-PrEP increases the likelihood that indicated users will start on PrEP, or 

decreases the likelihood that current PrEP users will discontinue despite ongoing risk. Prior to the FDA 

approval of LAI-PrEP, public health policy and implementation science on LAI-PrEP should anticipate 

these user behaviors as critical to maximizing the benefits of this new HIV prevention tool.  
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Table 1. Pre-exposure prophylaxis parameters in reference model, base LAI-PrEP parameters and LAI-PrEP values varied in 

counterfactual scenarios. 

Parameter 
Reference 

Scenario 

Base 

LAI-PrEP 

Scenario 

Counterfactual 

LAI-PrEP 

Scenarios 

Reference 

Initiation and Persistence     

Prevalence of overall PrEP use given indication 15.1% 15.1% Varies [45-47] 

Probability of initiating PrEP per time-step 0.411% 0.411% 0 – 100%  

Probability of selecting LAI-PrEP 0% 50% 0 – 100% [21, 23, 25-28] 

Spontaneous discontinuation rate, median time 224 days 224 days 75 – 672 days [41] 

DO-PrEP     

Adherence level, % of DO-PrEP users    [40] 

Low (< 2 doses/week) 8.9% --- ---  

Medium (2-3 doses/week) 12.7% --- ---  

High (4+ doses/week) 78.4% --- ---  

Efficacy, per-exposure hazard-ratio    [14] 

Low adherence 0.69 --- ---  

Medium adherence 0.19 --- ---  

High adherence 0.02 --- ---  

LAI-PrEP     

Peak plasma concentration ( ) --- 3.59 µg/ml 1.5 – 6.5 µg/ml [17] 

Half-life (    ) --- 35 days 15 – 60 days [17] 

Days since last injection ( ) --- Varies Varies  

Plasma concentration (  ) --- 

  

   (
 

 
)

 
    

 

--- [17] 
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Efficacy, per-exposure hazard-ratio ---           ± 5% – 50%  

Beta ( ) --- -9.06 --- [42] 

Hazard-ratio at 4 x PA-IC90  --- 0.002 Varies [42] 
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Table 2.  Varying rate of pre-exposure prophylaxis initiation and proportion choosing long-acting injectable pre-exposure 

prophylaxis (LAI-PrEP) versus daily-oral (DO) PrEP compared to the reference scenario of current uptake of DO-PrEP. 

PrEP 

Initiation 

Probability
1 

LAI-PrEP 

Selection 

Probability
2
 

% DO-PrEP
3 

(95% SI
4
)

 

% LAI-PrEP
5 

(95% SI
4
)

 

% Waning 

LAI-PrEP
6 

(95% SI
4
) 

HIV 

Prevalence
7 

(95% SI
4
) 

HIV 

Incidence
8 

(95% SI
4
) 

PIA
9 

(95% SI
4
) 

Base 

Probability 

0% 15.1%  

(14.4, 15.9) 

0.0%  

(0.0, 0.0) 

0.0%  

(0.0, 0.0) 

22.4%  

(21.5, 23.4) 

1.19  

(0.93, 1.50) 

Reference 

Model 

25% 11.4%  

(10.7, 12.0) 

4.2%  

(3.8, 4.6) 

3.7% 

(3.4, 4.1) 

22.2%  

(21.5, 23.1) 

1.15  

(0.90, 1.42) 

2.0%  

(-9.6, 13.1) 

50% 7.6%  

(7.1, 8.2) 

8.4%  

(7.9, 9.0) 

7.3% 

(6.8, 7.7) 

22.1%  

(21.3, 22.9) 

1.14  

(0.87, 1.40) 

4.3%  

(-7.3%, 14.5) 

75% 3.8%  

(3.4, 4.2) 

12.6%  

(11.9, 13.3) 

10.7% 

(10.1, 11.3) 

21.9%  

(21.0, 22.9) 

1.09  

(0.84, 1.38) 

6.3%  

(-7.0, 16.7) 

100% 0.0%  

(0.0, 0.0) 

16.8%  

(16.1, 17.5) 

13.9% 

(13.2, 14.6) 

21.8%  

(20.9, 22.8) 

1.07  

(0.84, 1.36) 

7.5  

(-3.5, 18.7) 

2x Base 

Probability 

0% 26.7%  

(25.8, 27.5) 

0.0%  

(0.0, 0.0) 

0.0%  

(0.0, 0.0) 

21.5%  

(20.6, 22.3) 

1.02  

(0.78, 1.31) 

11.3%  

(0.1, 21.1) 

25% 20.0%  

(19.1, 20.8) 

7.4%  

(6.9, 7.9) 

6.4% 

(5.9, 6.9) 

21.2%  

(20.5, 22.1) 

0.99  

(0.74, 1.25) 

14.6%  

(2.6, 24.4) 

50% 13.4%  

(12.7, 14.0) 

14.8%  

(14.0, 15.5) 

12.3% 

(11.7, 12.9) 

21.0%  

(20.2, 21.8) 

0.95  

(0.72, 1.20) 

17.1%  

(6.7, 26.4) 

75% 6.7%  

(6.2, 7.1) 

22.2%  

(21.3, 23.0) 

17.6% 

(16.8, 18.4) 

20.8%  

(20.0, 21.7) 

0.90  

(0.68, 1.17) 

19.8%  

(9.4, 29.1) 

100% 0.0%  

(0.0, 0.0) 

29.5%  

(28.5, 30.4) 

22.3% 

(21.6, 23.1) 

20.5%  

(19.7, 21.4) 

0.87  

(0.68, 1.11) 

22.4%  

(13.3, 31.8) 

4x Base 

Probability 

0% 43.1%  

(42.0, 44.0) 

0.0%  

(0.0, 0.0) 

0.0%  

(0.0, 0.0) 

20.4%  

(19.7, 21.3) 

0.87  

(0.60, 1.10) 

24.4%  

(13.9, 33.0) 

25% 32.3%  

(31.3, 33.1) 

11.9%  

(11.2, 12.6) 

10.0% 

(9.4, 10.5) 

20.1%  

(19.3, 20.8) 

0.81  

(0.60, 1.03) 

28.5%  

(20.0, 36.0) 

50% 21.5%  

(20.7, 22.3) 

23.8%  

(23.0, 24.6) 

18.4% 

(17.6, 19.1) 

19.7%  

(18.9, 20.4) 

0.74  

(0.55, 0.98) 

32.0%  

(23.6, 40.6) 

75% 10.8%  

(10.1, 11.4) 

35.6%  

(34.7, 36.6) 

25.2% 

(24.4, 25.9) 

19.4%  

(18.6, 20.1) 

0.70  

(0.53, 0.90) 

36.2%  

(27.5, 43.9) 

100% 0.0%  

(0.0, 0.0) 

47.5%  

(46.5, 48.6) 

30.5% 

(29.7, 31.4) 

19.1%  

(18.4, 19.9) 

0.66  

(0.49, 0.85) 

39.5%  

(31.6, 46.3) 
1
Weekly probability of initiating PrEP given behavioral indications; the base probability was calibrated to achieve 15% DO-PrEP 

in the reference model and modified in experimental scenarios. 
2
Probability of selecting LAI-PrEP (versus DO-PrEP) given 

initiation. 
3
Median proportion using daily-oral pre-exposure prophylaxis among HIV-negative MSM with a behavioral indication 

for PrEP. 
4
95% simulation interval. 

5
Median proportion using long-acting injectable pre-exposure prophylaxis among HIV-

negative MSM with a behavioral indication for PrEP. 
6
Median proportion with waning protection from LAI-PrEP (>8 weeks and ≤ 

52 weeks since last dose) among HIV-negative MSM with a behavioral indication for PrEP. 
7
HIV prevalence among all MSM. 

8
HIV 

incidence per 100 person-years at risk. 
9
Percent of infections averted over 10 years compared to the reference model scenario. 
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Table 3. Varying base parameters for long-acting injectable pre-exposure prophylaxis compared to the reference 

scenario of current uptake of DO-PrEP. 

Scenario 

% DO-

PrEP
1
 

(95% SI
3
) 

% LAI-

PrEP
2 

(95% SI
3
)
 

% Waning  

LAI-PrEP
2 

(95% SI
3
) 

HIV 

Prevalence 

(95% SI
3
) 

HIV 

Incidence
4 

(95% SI
3
) 

PIA
5 

(95% SI
3
) 

Reference 
15.1%  

(14.4, 15.9) 

0.0% 

(0.0, 0.0) 

0.0% 

(0.0, 0.0) 

22.4%  

(21.5, 23.4) 

1.19  

(0.93, 1.50) 
--- 

Base Parameters 
7.6%  

(7.1, 8.2) 

8.4%  

(7.9, 9.0) 

7.3% 

(6.8, 7.7) 

22.1%  

(21.3, 22.9) 

1.14  

(0.87, 1.40) 

4.3%  

(-7.3%, 14.5) 

Pharmacokinetics (base parameters: peak plasma concentration = 3.59 µg/ml; half-life = 35 days) 

2 µg/ml 

15 days 

7.6% 

(7.1, 8.1) 

8.4% 

(7.8, 8.9) 

7.3% 

(6.8, 7.8) 

22.3% 

(21.4, 23.3) 

1.17 

(0.89, 1.49) 

1.4% 

(-11.5, 11.9) 

3 µg/ml 

25 days 

7.6% 

(7.0, 8.1) 

8.4% 

(7.9, 8.9) 

7.3% 

(6.8, 7.8) 

22.2% 

(21.3, 23.1) 

1.15 

(0.90, 1.44) 

3.1% 

(-10.4, 13.5) 

LAI-PrEP Efficacy (base parameter: continuous function; hazard ratio at PA-IC90 = 0.002) 

50%  

Decrease 

7.6% 

(7.1, 8.2) 

8.4%  

(7.8, 9.0) 

7.3% 

(6.8, 7.8) 

22.8%  

(22.0, 23.7) 

1.32  

(1.05, 1.66) 

-4.4%  

(-17.4, 8.4) 

10%  

Decrease 

7.6% 

(7.1, 8.1) 

8.4%  

(7.8, 9.0) 

7.3% 

(6.8, 7.8) 

22.2%  

(21.3, 23.1) 

1.17  

(0.89, 1.45) 

2.4%  

(-9.7, 13.8) 

10%  

Increase 

7.6% 

(7.1, 8.2) 

8.4%  

(7.8, 9.0) 

7.3% 

(6.8, 7.8) 

21.9%  

(21.1, 22.8) 

1.08  

(0.82, 1.40) 

6.0%  

(-6.4, 16.6) 

50%  

Increase 

7.6% 

(7.1, 8.1) 

8.4% 

(7.8, 9.0) 

7.3% 

(6.8, 7.8) 

21.5%  

(20.6, 22.3) 

0.98  

(0.73, 1.23) 

10.9%  

(0.4, 21.4) 

LAI-PrEP Spontaneous Discontinuation (base parameter: median time to discontinuation = 224 days) 

1/3x =  

74.7 days 

8.0%  

(7.4, 8.5) 

3.8%  

(3.5, 4.1) 

7.7% 

(7.2, 8.2) 

22.3%  

(21.4, 23.2) 

1.16  

(0.89, 1.47) 

1.1%  

(-12.3, 12.9) 

1/2x =  

112 days 

7.9%  

(7.3, 8.4) 

5.0%  

(4.6, 5.4) 

7.6% 

(7.0, 8.1) 

22.3%  

(21.3, 23.2) 

1.17  

(0.92, 1.49) 

1.8%  

(-11.7, 13.6) 

2x =  

448 days 

7.2%  

(6.7, 7.7) 

13.6%  

(12.9, 14.4) 

6.8% 

(6.3, 7.3) 

21.7%  

(20.8, 22.6) 

1.08  

(0.83, 1.34) 

7.9%  

(-3.6, 18.6) 

3x =  

672 days 

6.9%  

(6.4, 7.4) 

17.5%  

(16.6, 18.3) 

6.5% 

(6.0, 6.9) 

21.6%  

(20.7, 22.5) 

1.02  

(0.77, 1.28) 

10.5%  

(-2.2, 20.5) 

1
Constant discontinuation rate with a median time to discontinuation of 224 days in the base parameter. 

2
Median 

proportion using daily-oral pre-exposure prophylaxis among HIV-negative MSM with a behavioral indication for PrEP. 

3
95% simulation interval. 

4
Median proportion using long-acting injectable pre-exposure prophylaxis among HIV-

negative MSM with a behavioral indication for PrEP. 
5
Median proportion with waning protection from LAI-PrEP (>8 

weeks and ≤ 52 weeks since last dose) among HIV-negative MSM with a behavioral indication for PrEP. 
6
HIV 

prevalence among all MSM. 
7
HIV incidence per 100 person-years at risk. 

8
Percent of infections averted over 10 years 

compared to the reference model scenario. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/advance-article/doi/10.1093/infdis/jiaa552/5901097 by guest on 20 Septem

ber 2020



Acc
ep

ted
 M

an
us

cri
pt

Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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