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Abstract

Purpose: Pre-exposure prophylaxis (PrEP)—an effective and safe intervention to prevent HIV 

transmission—was recently approved by the Food and Drug Administration for use by 

adolescents. Informed by studies of sexual behavior and PrEP adherence, retention, and 

promotion, we model the potential impact of PrEP use among at-risk adolescent sexual minority 

males.

Methods: We simulate an HIV epidemic among men who have sex with men (MSM) aged 13–

39. We assume adult MSM ages 19–39 have had PrEP available for 3 years with 20% coverage 

among eligible MSM based on the Centers for Disease Control and Prevention guidelines. PrEP 

interventions for ages 16–18 are then simulated using adherence and retention profiles drawn from 

the ATN113 and Enhancing Preexposure Prophylaxis in Community studies across a range of 

uptake parameters (10%–100%). Partnerships across age groups were modeled using 
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parameterizations from the RADAR study. We compare the percent of incident infections averted 

(impact), person-years on PrEP per infection averted (efficiency), and changes in prevalence over 

10 years.

Results: As compared to no PrEP use, baseline PrEP adherence and retention among adolescent 

sexual minority males drawn from the ATN113 and Enhancing Preexposure Prophylaxis in 

Community studies averted from 2.8% to 41.0% of HIV infections depending on the fraction of 

eligible adolescent sexual minority males that initiated PrEP at their annual health-care visit. 

Improved adherence and retention achieved with an array of focused interventions from real-world 

settings increased the percent of infections averted by as much as 26%–70%.

Conclusions: Empirically demonstrated improvements in the PrEP continuum of care in 

response to existing interventions can substantially reduce incident HIV infections among 

adolescent sexual minority males.
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Adolescent sexual minority males (ASMM), defined here as sexual minority males aged 13–

18 years, are a high-risk population for acquiring HIV. In 2017, youth aged 13–24 years 

made up 21% (8,164) of the 38,739 new HIV diagnoses in the U.S., 81% of which were in 

the male-to-male sexual contact risk category [1]. HIV incidence among 16- to 17-year-old 

Chicago ASMM has been estimated at 5.2/100 person-years [2], and a three-city study 

reported incidence of 3.4/100 person-years among ASMM [3]. ASMM are also less likely to 

be tested for HIV compared to adult men who have sex with men (MSM) [4,5].

PrEP is an effective and safe intervention to prevent HIV [6,7], approved by the Food and 

Drug Administration (FDA) in 2018 for use by adolescents weighing at least 77 pounds. 

PrEP could significantly contribute to reducing the HIV burden among ASMM [8], but little 

is known about how effective a PrEP program is likely to be for this population [9]. Previous 

modeling studies have demonstrated that PrEP use by ASMM can be highly impactful in 

reducing new infections [10,11] and potentially cost-effective in some subpopulations in 

high-incidence settings [12]. However, these studies were limited by a scarcity of available 

data on the PrEP continuum of care (CoC) for ASMM.

Researchers have proposed different conceptualizations of the PrEPCoC [13,14], but at their 

core each comprises three essential steps: uptake, adherence and retention (continued 

participation in the PrEP program, regardless of adherence). Using empirical estimates of the 

components of the PrEPCoC will allow us to determine how changes at different loci along 

the CoC might affect epidemic outcomes.

Now that PrEP has been available for many years (at least among adults), several studies 

have evaluated PrEP programs and interventions and provided estimates for several aspects 

of the PrEPCoC missing from previous models. Specifically, two of those studies—the 

Enhancing Preexposure Prophylaxis in Community (EPIC) study [15] and Adolescent 

Medicine Trials Network for HIV/AIDS Interventions (ATN) 113 [16]—provided estimates 

for adherence and retention.
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EPIC evaluated PrEPmate, anmHealth (mobile health) intervention for PrEP adherence 

among younger MSM (ages 18–29) that included both texting and interactive online content 

(Table 1) [15]. EPIC provided baseline adherence and retention measures in a real-world 

setting for young MSM and potential intervention effect sizes. Adherence at 36 weeks was 

57% versus 72% for control and intervention, respectively, a statistically significant 26% 

difference. Retention at 36 weeks was 57% and 80%, a significant 40% increase.

There are few data specific to PrEP use by ASMM, because FDA approval for adolescent 

use was not given until 2018. However, the ATN113 safety and feasibility trial focused 

specifically on U.S. ASMM aged 15–17 years (Table 1) [16]. ATN113 did not evaluate an 

intervention, but it does provide measures of PrEP adherence (intracellular tenofovir 

diphosphate (TFV-DP) and emtricitabine triphosphate concentrations in red blood cells) and 

retention for ASMM aged 15–17 years. ATN113 was conducted in two phases, providing a 

natural experiment: follow-up initially occurred every 4 weeks, with high adherence (≥4 

pills/week) averaging 55.8% (range across visits 52.4%–60%), and then dropped to every 12 

weeks, with a corresponding drop in high adherence to 27.5% (range 22.7%–31.5%). The 

roughly 50% difference in average adherence between the two phases coupled with the 

remarkably consistent level of high adherence within each phase, indicated by the ranges, 

suggest that the two distinct levels may, in part, result from follow-up frequency. This 

provides an estimate for how much follow-up frequency affects adherence among ASMM.

In this analysis, we leverage these recently available data sources to address existing 

limitations in adolescent PrEP models with the goal of providing more grounded estimates 

of PrEP impact that can inform public health planning.

This modeling study was determined not to involve human subjects; institution review board 

approval was not required.

Methods

Model

We used a previously described stochastic dynamic network model comprising ~54,000 

adolescent and adult MSM ages 13–39 [17]. Similar to previous analyses [17], we modeled 

sexual relationship formation and dissolution; sexual behavior within partnerships; HIV 

testing; initiation, adherence and discontinuation of both ART treatment and PrEP; 

transmission; intrahost viral dynamics, including viral suppression but excluding drug 

resistance; and demographic change. The model was implemented using the EpiModel 

platform [18].

Unique to this model, partnerships between ASMM and adult MSM were modeled using 

parameters calculated from self-reports of partner age in the RADAR study, a longitudinal 

cohort study of MSM ages 16–29 [19]. We found that 53.8% of partners reported by 16- to 

18-year-old ASMM were aged 19+. The mean absolute difference in the cube root of the 

ages of the respondents and their partners was .144. The cube root parameter was selected 

for the model because it allows for a rapid increase in mean partner age differences as 

adolescents mature to early adulthood. Figure 1 shows the kernel density estimation of age 
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mixing based on our baseline simulation results using this parametrization. The high-density 

region on the right shows that among the ASMM the majority of those in partnerships were 

ages 17–19, and the high-density ridge sloping upward from left to right indicates that the 

partners of ASMM tended to be a similar age or slightly older, with most <2 years older.

We calibrated our model using approximate Bayesian computation to estimate values for 

three calibration parameters: (1) the daily frequency of one-time partnerships among adult 

MSM (between .0083 and .012 depending on an individual’s number of other partnerships); 

(2) the frequency of anal intercourse (AI) within partnerships involving at least one ASMM 

(.72 acts/week); (3) the baseline probability of transmission given condomless AI 

(receptive-.0117, insertive-.0045). The low frequency of AI combined with the short mean 

duration of ASMM partnerships—20 days—resulted in a mean of just 2.16 acts of AI within 

each ASMM partnership. The model was calibrated to yield simulated epidemics that 

matched two epidemic targets: (1) 7% HIV prevalence among sexually active 18-year-old 

ASMM [20]; and (2) 28.3% prevalence among adult MSM [21].

PrEP adherence was modeled using four different adherence levels, corresponding to no 

measurable adherence, low (<2 days/week), moderate (2–3 days/week), and high (≥4 days/

week). The per-act transmission probability was reduced by 0%, 31%, 81%, and 95%, 

respectively, based on derivations from Grant et al. [22]. Adherence in the ATN113 study 

was reported for all four adherence levels described previously, but EPIC only reported high 

adherence, so we assumed a uniform distribution across the remaining categories when 

using parameters from the latter. Retention was modeled as a constant rate of 

discontinuation, calculated to match the proportion retained at specific time-points reported 

by each study. There are no data currently available on PrEP uptake among ASMM given 

the recency of FDA approval, so we adopted a conservative approach—each ASMM was 

assigned a date for an annual doctor visit where they were assessed for the modeled 

eligibility criteria: age ≥ 16 years and ever having had condomless AI. The probability of 

initiating PrEP when offered was varied across five levels (.1, .25, .50, .75, and 1.0).

All simulations included background PrEP use by adult MSM starting 3 years before PrEP’s 

availability for ASMM. Data from the two most recent MSM cycles of National HIV 

Behavioral Surveillance (2014 and 2017) indicate that PrEP use among eligible MSM has 

increased (6%–35%) over that period [23]. For simplicity, we approximated the average and 

set coverage, defined here as the proportion of MSM eligible to be on PrEP based on Centers 

for Disease Control and Prevention guidelines [24], who are actively taking PrEP, to 20%.

Scenarios

Our analysis included three scenario sets shown in Table 1. Scenario set 1 modeled 

transmission given PrEP adherence and retention levels reported in EPIC. Scenario set 2 

modeled transmission given PrEP adherence levels reported during the first 12 weeks versus 

last 36 weeks of ATN113. That is, we treat the more frequent patient-doctor interactions 

during the first 12 weeks as if they were an intervention, with the less frequent interactions 

during later weeks as the control. Disentangling the impact of follow-up frequency on 

retention was more challenging, since all participants in this study experienced both 

frequencies as they transitioned from the first 12 weeks to the last 36 weeks. Thus, for both 
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groups, we used the study’s overall retention rate. Scenario set 3 uses data from both EPIC 

and ATN113. For both adherence and retention, we calculated an average over the entire 

ATN113 study period. Because this study included only ASMM, we use it here to reflect 

baseline, or control levels of PrEP use by ASMM. For the intervention arm, we applied the 

relative improvement in both measures observed in EPIC as an indicator of potential 

improvements to each of these aspects of the PrEPCoC with a targeted intervention similar 

to the PrEPMate intervention tested in EPIC. Even though each of these scenarios use a 

different set of PrEP intervention parameters, the scenario sets are not intended to represent 

different interventions for evaluation or comparisons between different interventions. Rather, 

they are intended to be viewed collectively as an indicator of the potential impact of PrEP 

programs on the HIV epidemic among ASMM.

Each scenario was run 100 times for 10 years. Key outcomes reported are the mean 

reduction in prevalence among 18-year-old ASMM after 10 years, the number of infections 

averted (NIA) among ASMM per 100K person years at risk, the percentage of infections 

averted (PIA) among ASMM, and the number-needed-to-treat (NNT) to avert a single 

infection among ASMM. We use prevalence among 18-year-old ASMM rather than 

prevalence among all ASMM for consistency with previous studies and because it is an 

approximate measure of cumulative incidence, given few deaths among youth. We report 

mean outcomes across the 100 simulations and 95% simulation intervals (SI; the middle 

95% of simulated outcomes). Negative values in the SI do not indicate an increase in 

incidence; rather they indicate that in some simulations there were by chance more incident 

infections than there were in the baseline simulations on average.

Results

For scenario set 1, (Table 2), we modeled PrEP adherence and retention based on estimates 

from EPIC. In this set of analyses, the control group indicates expected baseline PrEP use by 

ASMM in a real-world setting and outcomes are compared to no PrEP use by ASMM. The 

intervention captures potential improvements in adherence and retention that could be 

achieved with a focused mHealth intervention. In the control condition, PrEP prevented 

4.0% (SI: −9.2, 16.3), 21.3% (SI: 8.6, 30.3), and 41.0% (SI: 32.7, 50.1) of infections with 

10%, 50%, and 100% uptake, respectively. In the intervention, PrEP prevented 7.9% (SI: 

−5.2, 19.5), 31.8% (SI: 22.1, 41.7), and 50.5% (SI: 42.3, 56.9) of infections with 10%, 50%, 

and 100% uptake, respectively.

The NIA increased linearly with uptake at both the control and intervention levels of 

adherence and retention (Figure 2), but the difference in the NIA between the control and 

intervention condition increased with uptake at a rate greater than the sum of the two 

independent effects, suggesting a possible interaction effect. However, the variance in the 

outcome estimates makes it difficult to draw any definitive conclusions. In the control, the 

NIA was 77 (SI: −155, 318), 388 (SI: 146, 580), and 741 (SI: 542, 959) with 10%, 50% and 

100% uptake, respectively. In the intervention, the NIA was 149 (SI: −87, 376), 576 (SI: 

369, 804), and 907 (SI: 700, 1,087) with 10%, 50% and 100% uptake, respectively.

Hamilton et al. Page 5

J Adolesc Health. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Coverage in the control was 4.3% (SI: 4.2, 4.5) with 10% uptake and 35.7% (SI: 35.5, 36.0) 

with 100% uptake. In the intervention, coverage was 6.1% (SI: 5.8, 6.3) with 10% uptake 

and 44.1% (SI: 43.8, 44.3) with 100% uptake. The NNT in the control increased along with 

uptake from 37 (SI: −641, 232) at 10% uptake to 72 (SI: 56, 91) at 100% uptake, but the 

uncertainty based on the SI declined dramatically. Overall prevalence among 18-year-old 

ASMM declined from 5.8% (SI: 4.3, 7.6) without PrEP to 2.6% (SI: 1.8, 3.5) in the 

intervention with 100% uptake.

In addition to looking at the extent of improved epidemic outcomes for ASMM based on 

observed changes in adherence and retention in EPIC, we were also able to assess each of 

these improvements in isolation. Figure 3 shows the PIA, NIA, and NNT for the control, the 

intervention change in adherence only, in retention only, and the combined intervention 

effects. In this example, overall uptake was 50%. An increase in retention had a larger 

independent effect on both the PIA and NIA than improved adherence. However, improved 

retention alone increased the NNT compared to all other conditions, indicating it was less 

efficient because overall person-time on PrEP was increasing with less efficacious 

adherence.

Table 3 shows results for scenario set 2, the ATN113 adherence “natural experiment” 

modeling the potential impact of an intervention focused on more frequent patient contacts. 

In the control PrEP prevented 2.8% (SI: −11.0, 15.8), 13.4% (SI: −.4, 23.1), and 24.6% (SI: 

13.3, 33.8) of infections with 10%, 50%, and 100% uptake, respectively. In the intervention 

PrEP prevented 3.8% (SI: −11.4, 15.4), 23.7% (SI: 12.2, 34.8), and 39.6% (SI: 29.8, 48.2) of 

infections with 10%, 50%, and 100% uptake, respectively.

In the control, the NIA was 57 (SI: −183, 307), 246 (SI: −6, 437), and 447 (SI: 222, 640) 

with 10%, 50%, and 100% uptake, respectively. In the intervention the NIA was 74 (SI: 

−189, 297), 431 (SI: 198, 670), and 715 (SI: 501, 911) with 10%, 50%, and 100% uptake, 

respectively.

Coverage was the same between control and intervention conditions because it is a function 

of uptake and retention, which were equal in both conditions in this scenario. Prevalence 

overall declined from 5.8 (SI: 4.3, 7.6) with no PrEP to 3.2% (SI: 2.3, 4.1) with the 

intervention and 100% uptake.

In scenario set 3, we used average adherence and retention from ATN113 for the control, 

then increased high adherence by 26% and retention by 40%, the relative improvements seen 

in EPIC, to reflect expected improvements from a comprehensive mHealth program (Table 

4). In the control, PrEP prevented 3.3% (SI: −10.2, 13.5), 18.6% (SI: 3.2, 29.2), and 32.3% 

(SI: 21.7, 40.3) of infections with 10%, 50%, and 100% uptake, respectively. In the 

intervention PrEP prevented 5.7% (SI: −8.5, 18.8), 25.4% (SI: 13.5, 35.4), and 40.8% (SI: 

32.2, 48.4) of infections with 10%, 50%, and 100% uptake, respectively.

The NIA in the control was 64 (SI: −172, 263), 341 (SI: 52, 571), and 584 (SI: 355, 776) 

with 10%, 50%, and 100% uptake, respectively. In the intervention the NIA was 110 (SI: 

−142, 369), 461 (SI: 221, 688), and 736 (SI: 523, 924) with 10%, 50%, and 100% uptake, 

respectively.
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Coverage in the control was 4.5% (SI: 4.4, 4.7) with 10% uptake and 36.9% (SI: 36.6, 37.2) 

with 100% uptake. In the intervention, coverage was 5.8% (SI: 5.6, 6.0) with 10% uptake 

and 42.8% (SI: 42.5, 43.1) with 100% uptake. Prevalence overall declined from 5.8 (SI: 4.3, 

7.6) with no PrEP to 3.1% (SI: 2.1, 4.1) with the intervention and 100% uptake.

In all scenario sets, prevalence declined continuously over the 10-year simulation period as a 

function of PrEP use among both adult MSM and ASMM. Figure 4 shows the trajectories 

for prevalence among 18-year-old ASMM for scenario set 3. In each plot, the red line 

indicates prevalence in the absence of PrEP for ASMM; declines are due solely to the 20% 

PrEP coverage among adult MSM. The blue is the control condition, or what we might 

expect from a basic PrEP program implemented for ASMM. The green line is the outcome 

based on additional improvements in PrEP adherence and retention. At each uptake level, 

PrEP use among ASMM accelerates the prevalence decline. While the intervention 

condition also accelerates the decline, the absolute difference between the intervention and 

control conditions stabilizes over time.

Discussion

This study models the potential impact of PrEP use by ASMM on the HIV epidemic in this 

population. PrEP adherence and retention estimates were drawn from empirical studies, and 

the observed PrEP adherence and retention, while far from perfect, were sufficient to 

significantly reduce the number of new infections among ASMM. Our key findings address 

two questions: What is the impact of observed PrEP use on epidemic outcomes among 

ASMM, and how much can outcomes be improved by empirically tested interventions aimed 

to improve adherence and retention?

In scenario set 2, we used our most conservative PrEPCoC estimates, but also the only ones 

drawn directly from ASMM, so they may be our best indication of behavior in this 

population. Under these conservative conditions, PrEP use averted 2.8%–24.6% of incident 

infections depending on uptake. There are currently no available data on PrEP uptake among 

ASMM, so it is unknown where in this range outcomes are likely to fall. As expected, the 

highest—and fairly optimistic—level of uptake, 100%, resulted in the largest PIA. However, 

in the simulation uptake only applies to sexually active ≥ age 16 ASMM when they are 

offered PrEP just once per year. Consequently, overall coverage is still quite low. A targeted 

intervention that included outreach and active enrollment of ASMM could provide 

additional opportunities to start PrEP and thereby achieve coverage within the target 

population similar to coverage simulated with 100% uptake.

There is reason to believe that recruitment will be challenging, thereby limiting uptake, but 

there is also reason to be optimistic [25]. On one hand, health-care providers are at times 

hesitant to prescribe medication to prevent HIV infection, due to concerns about side effects 

[6,26,27]. In addition, the physicians who are best trained and most willing to prescribe 

PrEP tend to be HIV specialists, while those who regularly care for HIV-negative patients 

(e.g. primary care or general practitioners) are often not trained to provide PrEP [28,29]. 

Some adolescent health providers are willing to provide PrEP but access to these providers 

is limited [30]. Most young men also have infrequent interactions with health-care providers 
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and have never had an HIV test [4]. On the other hand, there are countervailing forces that 

could bode well for uptake among ASMM. PrEP is becoming normative, as its use expands 

among adult MSM. Ongoing educational campaigns and outreach programs focused on both 

potential clients and providers are working to increase knowledge and reduce barriers, such 

as stigma and misinformation about side effects and drug interactions. The expected 

subsequent decline in social barriers may extend down to ASMM, facilitating rapid 

adoption. Many of the financial barriers to PrEP access are also being addressed through 

programs like Ready, Set, PrEP, a new program led by Health and Human Services to 

provide PrEP medications at no cost [31]. PrEP delivery is also rapidly evolving with long-

acting injectable PrEP currently in clinical trials, which could increase both adherence and 

retention.

In both scenario sets 1 and 2, the changes in adherence and retention increased the PIA 

between 23% and 97% depending on the scenario and uptake. This level of improvement 

was in response to a youth-tailored, bidirectional text-messaging intervention [15], 

suggesting that similar approaches could yield similar results among ASMM.

In scenario 2, the differences between the level of adherence in the control and intervention 

arms reflected adherence observed during the phase of ATN113 when follow-up was 

conducted every 4 weeks versus adherence attained when follow-ups occurred every 12 

weeks. The higher adherence increased the PIA by 36%–77% depending on uptake. As 

caveats, ATN113 also included a comprehensive prevention and counseling protocol, and 

our adaptation of the design into a natural experiment assumes that high adherence could be 

maintained over longer periods of time with frequent follow-up, which may be optimistic. 

The ATN 113 study itself was also small (N = 78) with only 47 participants completing the 

study, and the researchers that conducted the study did not report specific findings 

examining the relationship between adherence to follow-up frequency. Thus, our findings 

suggest the potential importance of frequent follow-up with this population, but they are not 

conclusive, and this is an area that will require additional research. In addition, given the 

success of a text-messaging intervention in EPIC, follow-up may not need to be in person.

Research is currently underway to more thoroughly assess and improve the PrEP continuum 

among younger cohorts specifically. For example, the P3 (Prepared, Protected, emPowered) 

intervention is a smartphone app for HIV-uninfected young MSM that utilizes social 

networking and game-based mechanics to improve PrEP adherence [32]. The P3 study is 

specifically powered to detect a difference in adherence of ≥20.9%, which is similar to the 

26% improvement found in EPIC. Findings from this randomized control trial are expected 

in 2021, and our model may be further updated at that time. However, the recent FDA 

approval for ASMM, combined with the rapid expansion of PrEP year-over-year among 

MSM overall, suggests that population-level predictions of PrEP impact among ASMM are 

needed now. Assessments based on current knowledge, even if imperfect, are needed to 

guide public health efforts as jurisdictions prepare to invest in programs supporting each 

stage of the PrEP continuum for ASMM.

Our study had several limitations. Although we were able to parametrize our model with 

considerably more data than previously, there remain large gaps, especially in terms of 
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predictions about possible levels of uptake among ASMM. Overall, younger individuals 

seem to initiate PrEP at lower rates than older persons [33]. While EPIC focused on young 

adult MSM aged 18–29 years, this is still not a perfect indication of initiation for 16- to 17-

year-old ASMM, who inhabit a much different social, legal, and developmental context. We 

are hopeful that future studies include adolescents [34-36]. In terms of adherence and 

discontinuation rates, ATN113 provides valuable initial estimates for ASMM specifically; 

however, it reflects a highly specialized trial context that may not reflect behavior in real-

world settings with a wider cross-section of ASMM. We also only used PrEP adherence and 

retention data from two studies. However, we reviewed the reported outcomes from 

numerous studies and found that others produced similar estimates of both PrEP uptake and 

adherence [37-39].

As public health agencies craft prevention and treatment policies, they will inevitably be 

required to make tradeoffs between prevention modalities covered and populations served as 

well as between efforts supporting PrEP recruitment, adherence, and retention. Our findings 

suggest that PrEP use among ASMM can significantly reduce HIV incidence despite 

suboptimal uptake, adherence, and retention. In addition, empirically demonstrated 

improvements in the PrEPCoC in response to existing interventions are sufficient to 

substantially improve the percent of infections averted within this highly affected 

population.
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IMPLICATIONS AND CONTRIBUTION

Modeling based on current PrEP adherence and retention data suggests that continued 

expansion of PrEP programs for adolescents can substantially reduce HIV incidence 

among adolescent sexual minority males. Prevention may be further improved with the 

adoption of existing, empirically tested, interventions to facilitate engagement along the 

PrEP continuum of care.
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Figure 1. 
Density heat map of partnerships involving adolescent sexual minority males by age. The 

density heat map shows the distribution of partnerships that include an adolescent sexual 

minority male based on the ages of the two individuals in the partnership. The age of the 

younger partner, who is always an adolescent sexual minority male, is shown on the x axis, 

and the age of the older partner, who could be another adolescent or an adult, is shown on 

the y axis. The density of partnerships at any age by age intersection on the map is indicated 

by the color with density increasing from white to red.
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Figure 2. 
The number of infections averted among adolescent sexual minority males with pre-

exposure prophylaxis (PrEP) adherence and retention based on the control and intervention 

arms of EPIC across five levels of PrEP uptake. Boxplots show the median (center line), 

interquartile range (outer box) and 95% credible interval (whiskers) for the number of 

infections averted under the control and intervention conditions across five levels of pre-

exposure prophylaxis uptake.
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Figure 3. 
The percent and number of infections averted and the number needed to treat among 

adolescent sexual minority males with pre-exposure prophylaxis (PrEP) adherence and 

retention based on EPIC and uptake at 50%. Boxplots show the median (center line), 

interquartile range (outer box) and 95% credible interval (whiskers) for four scenarios. The 

four scenarios are the two by two interactions of pre-exposure prophylaxis adherence and 

retention observed in the control and intervention arms of the EPIC study. NIA, number of 

infections averted; PIA, percent of infections averted; NNT, number needed to treat to avert 

a single infection.
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Figure 4. 
HIV prevalence among 18-year-old adolescent sexual minority males (ASMM) over 10 

years of pre-exposure prophylaxis (PrEP) use with adherence and retention levels reported in 

the ATN113 trial and increased levels based on differences in the intervention and control 

arm of EPIC (scenario set 3). PrEP indications for this scenario are age 16–18 and having 

initiated anal intercourse; uptake ranged from 10% to 100%; adherence profile and retention 

is drawn from the ATN113 trial (see text). The difference in adherence and retention is 

drawn from the relative differences between the control and intervention arms of the EPIC 

study. Dark lines = means of 100 simulations from a given set of parameters; lighter areas = 

95% credible interval across 100 simulations. (a) HIV prevalence among 18-year-old 

ASMM in the absence (red), presence (blue), and intervention base improvements in PrEP 

over the 10 years after rollout. Time scale on the x-axis reflects time relative to PrEP rollout; 

PrEP was available for adults for 3 years prior to rollout for adolescents. The decline in 

prevalence among 18-year-old adolescent sexual minority males in the absence of PrEP use 

by adolescents, shown in red, reflects the trickle-down effect of PrEP use among adults.
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