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Summary: Cisgender women at risk for HIV were enrolled in a 48-week study of daily oral 

tenofovir disoproxil fumarate/emtricitabine. Overall, they had moderate adherence and low 

retention despite comprehensive adherence support. However, there were no incident HIV 

infections.  
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Abstract  

Background: Daily oral tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) is effective for 

reducing HIV acquisition among cisgender women. We report results from the first United 

States observational open-label demonstration project of PrEP among at-risk cisgender 

women.  

Methods: Adherence Enhancement Guided by Individualized Texting and Drug Levels 

(AEGiS) was a 48-week single-arm open-label demonstration study of daily oral TDF/FTC in 

cisgender women 18 years old at-risk for HIV. Adherence was supported using two-way 

text messaging and titrated adherence counseling based on rapid-turnaround tenofovir 

diphosphate concentrations from dried blood spots. Study visits occurred at baseline, and at 

weeks 4, 12, and quarterly through week 48. Outcomes included TDF/FTC adherence, 

retention and persistence.  

Results: From June 2016 to October 2018, 136 cisgender women enrolled [mean age 40 

(SD 11); 38% non-Hispanic (NH) Black and 19% Latina]. At 48 weeks, 84 (62%) participants 

were retained and 62 (46%) remained on PrEP. Over one-third (12/31) of those on study but 

off PrEP throughout study discontinued TDF/FTC due to side effects, and one adverse event 

led to study discontinuation. Of 120 participants with drug concentrations measured, 67 

(56%) had at least one concentration consistent with 6 doses/week (d/w); 22 (18%) had 

consistent 6 d/w across all study visits attended. There were no incident HIV infections and 

4 incident bacterial STIs.  

Conclusion: Adequate PrEP adherence for protective drug concentrations was not achieved 

for most study participants. More work needs to be done to fully explicate the reasons for 

non-adherence and low retention in cisgender women.  

Keywords: 

Pre-exposure prophylaxis, cisgender women, United States, adherence, retention 
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Background 

Although the number of new HIV infections in the United States (US) has declined in the last 

decade, cisgender women account for 19% of all new HIV infections.1 The incidence rate of 

HIV infections among cisgender women is highest in Black and Latina populations, who 

make up nearly 80% of the newly-diagnosed women.1  The use of daily oral pre-exposure 

prophylaxis (PrEP) with tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) has been 

shown to significantly reduce HIV incidence in cisgender women.2,3 Despite these data, there 

has been limited research using TDF/FTC for HIV prevention among cisgender women in 

the US.4 Although TDF/FTC PrEP has been approved in the US since 2012,5 the majority of 

data on PrEP adherence in cisgender women comes from clinical trials in Sub-Saharan 

Africa with little known about women taking PrEP in the US. Recent data found that 95% of 

PrEP prescriptions in a large commercially insured population from 2012-2018 were for 

men.6 

Adherence to PrEP among women remains an important topic. In the FEM-PrEP and 

VOICE studies7,8, placebo-controlled randomized clinical trials (RCTs) of daily oral TDF-

based PrEP in cisgender women, the majority of participants did not have detectable PrEP 

drug concentrations despite high self-reported adherence.9 Interviews with FEM-PrEP 

participants who were non-adherent reported low HIV risk perception, fear of side effects 

and concern others might think they had HIV.10 Adherence and retention in PrEP care 

among US women has not been well characterized. One PrEP RCT including US women 

showed high retention to study visits11, but data suggest that sociodemographic and 

structural factors may make PrEP retention more challenging for cisgender women.12 In a 

retrospective chart review of women taking PrEP through a community-based clinic in New 

York, retention in care at six months was ~40%.13 

Given the challenges to maintain people on PrEP, clinical studies and 

implementation programs have included adherence support strategies using technology and 

behavioral interventions. One such intervention, Individualized Texting for Adherence 

Behavior (ITAB), an automated, personalized two-way text messaging system, is a low-cost 
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efficient method for increasing objective adherence of antiretrovirals (ARVs) among people 

living with HIV (PLWH)14,15 and in MSM taking PrEP.16 Additionally, point of care 

interventions delivered at PrEP dispensation visits including patient-centered counseling with 

rapid feedback of drug-level monitoring and problem solving have been used to improve 

PrEP use.17 Using these tools adapted for the current study, we designed the first US 

demonstration project of oral PrEP among cisgender women at risk for HIV and report the 

primary results including PrEP adherence, retention and persistence. 

 

Methods 

Study Setting and Participants:  

Adherence Enhancement Guided by Individualized Texting and Drug Levels (AEGiS) was a 

48-week single-arm open-label PrEP demonstration study to estimate PrEP adherence, 

retention and persistence in HIV-negative cisgender women at risk for HIV taking once daily 

TDF/FTC. Participants were enrolled between June 2016 and October 2018 at five Southern 

California study sites, four in Los Angeles and one in San Diego. 

 

Eligibility Criteria: 

The study enrolled participants who were assigned female at birth and identified as female, 

aged >18 years, English- or Spanish-speaking, HIV-negative as assessed by fourth 

generation antigen/antibody or third generation antibody assay with HIV nucleic acid 

amplification test (NAAT) and creatinine clearance (CrCl) of 60 ml/min by the Cockcroft-

Gault formula. Participants were at risk for acquiring HIV infection as defined by having: (1) 

condomless sex in the last 3 months with one or more male partners of unknown HIV status, 

with the partner known to be at substantial risk of HIV infection (e.g., injects drugs; bisexual; 

exchanges sex for money, goods or services; recently incarcerated; from a region with HIV 

prevalence >1%, intimate partner violence); (2) STI (rectal or vaginal gonorrhea, rectal 

chlamydia or syphilis) in the last 6 months; (3) post-exposure prophylaxis use during the last 
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12 months; (4) 1 HIV-infected sexual partner for >4 weeks; or (5) sex in exchange for 

money, goods or services. Participants were excluded if they had active hepatitis B, 2+ or 

higher proteinuria or signs or symptoms of primary HIV infection. Initially, patients were 

excluded from participation if they had a positive urine pregnancy test at screening. In May 

2017, data were sufficiently robust supporting the use of TDF/FTC as PrEP during 

pregnancy that an amendment was approved removing the exclusion for pregnancy at study 

entry. 

 

Study Procedures:   

Study visits occurred at baseline, week 4, week 12, then quarterly through week 48 with a 

follow-up telephone call at week 60. An adequate supply of TDF/FTC was provided to all 

participants at no cost at baseline and weeks 4, 12, 24 and 36. A self-administered computer 

assisted survey instrument was used to assess baseline demographics and HIV risk factors 

as well as longitudinal assessments of HIV risk and medication use behavior. Safety testing 

including CrCl, pregnancy and HIV (Abbott Architect) were performed at baseline, week 4, 

week 12, then quarterly through week 48. Asymptomatic STI testing was performed at 

baseline and every six months and included syphilis (serum rapid plasma reagin and, if 

positive, confirmatory treponemal test) and NAAT of urine and swabs of pharynx and rectum 

for chlamydia and gonorrhea (Hologic Aptima), with more frequest testing if symptomatic.  

Adherence was supported with a multimodal approach using two-way text messaging 

(ITAB)16 and titrated adherence counseling using Integrated Next Step Counseling (iNSC) 

followed by Lifesteps for PrEP (also referred to as PrEP-Steps17), for participants with 

ongoing adherence challenges, based on rapid-turnaround tenofovir diphosphate (TFV-DP) 

concentrations through the Colorado Antiviral Pharmacology laboratory at the University of 

Colorado.17 See Appendix I for details of the adherence intervention.  
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Study Design:  

Participants received iNSC from the study coordinator at their baseline visit and at all 

subsequent visits attended. Suboptimal prespecified adherence concentrations (TFV-DP 

levels of <1050 fmol/punch, corresponding to <6-7 daily doses/week over the past 1-2 

months) triggered “targeted iNSC,” implemented when drug levels were received by the site 

14 days after the clinic visit.18 Participants in this sub-optimal range were contacted by the 

study coordinator within 7-14 days of receipt, informed of their results with “targeted iNSC” 

support deployed by telephone or in person. If the result was a repeat sub-optimal level, the 

study coordinator scheduled the participant for the first of 4 (+2 booster) Lifesteps for PrEP 

sessions. (See Figure 1).  

 

Study Measures: 

Primary study outcomes included PrEP adherence, retention and persistence. Adherence 

was assessed by quantifying intraerythrocytic TFV-DP concentrations in dried blood spots at 

all follow-up study visits during which the participant reported any TDF/FTC use. TFV-DP 

was measured using a validated liquid chromatography–tandem mass spectrometry 

assay.19,20 TFV-DP concentrations of 1050 fmol/punch were considered protective, 

indicating 6 doses on average per week over the prior 1-2 months at steady state. This 

threshold was higher than the protective level of 700 fmol/punch in MSM due to the notion 

that women require higher adherence than MSM because of lower vaginal versus rectal drug 

distribution.21 The week 4 TFV-DP concentration was adjusted for non-steady state 

pharmacokinetics assuming a 17-day half-life.19 Post-hoc, we examined TFV-DP 

concentrations of 700 fmol/punch, suggestive of 4 doses on average per week.22 Self-

reported PrEP adherence was assessed as the proportion of participants responding 

affirmatively to daily iTAB text prompts indicating dose ingestion over all days prior to the last 

study visit. PrEP retention was assessed as the proportion of participants who attended each 

study visit over participants expected. PrEP persistence was assessed as the proportion of 

participants who attended each study visit on study drug, as defined by patients reporting 
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they were currently taking PrEP, over participants expected. Additional measures assessed 

at baseline and follow-up visits included sexual behaviors (number and types of partners, 

sexual acts), depressive symptoms through the Patient Health Questionnaire-9 (PHQ-9)23, 

substance use through Alcohol Use Disorders Identification Test (AUDIT)24 and Drug Abuse 

Screening Test (DAST-10)25, intimate partner violence (IPV) (history of physical, sexual or 

emotional abuse in the last year), interest in becoming pregnant in the next 6 months and 

HIV literacy (HIV Knowledge Questionnaire–18).26 

Statistical Analysis: 

Patient demographics and baseline characteristics were reported with summary statistics 

including means (SD) for continuous variables, medians (IQRs) for count variables and 

frequencies for categorical variables. Wilcoxon rank sum was used to compare the 

proportion of affirmative iTAB responses over all days prior to the last study visit with TFV-

DP drug concentrations at each study visit. Adverse events were summarized by grade 

using the Division of AIDS (DAIDS) Table.27 We calculated HIV and STI incidence rates and 

confidence intervals using the total number of new HIV infections or STIs divided by person-

years at risk during the observation period. Statistical software R (version 3.6.1) was used 

for the analysis (http://www.r-project.org). 

 

Ethical Considerations 

The research protocol was approved by the relevant Institutional Review Boards at each 

participating site or institution. The study was registered at clinicaltrials.gov (NCT02584140).  

Results 

Study Population and Baseline Demographics  

Of 167 participants completing a screening visit, 136 cisgender women met the study 

eligibility criteria and completed a baseline visit. No participants were newly diagnosed with 

HIV at study enrollment (see Figure 2). A total of 136 participants were enrolled with a mean 
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age of 40 years (SD 11); 38% were Non-Hispanic Black, 22% Non-Hispanic White, 19% 

Latina and 21% other race/ethnicity. The median number of sex partners in the last 3 months 

was 1 (IQR 1-3), and 12 participants (9%) were diagnosed with an STI at baseline (see 

Table 1).   

 

PrEP Adherence  

The adherence threshold of 6 doses/week was achieved at each visit by 54/117 (46%) 

participants on PrEP at week 4, 45/102 (44%) at week 12, 29/80 (36%) at week 24, 28/69 

(41%) at week 36 and 25/66 (38%) at week 48, with 25/136 (18%) for the total cohort at 

week 48 (see Figure 3). Of 120 participants with TFV-DP concentrations measured, 67 

(56%) had at least one measurement consistent with 6 doses/week and 22 (18%) had 

TFV-DP concentrations consistent with 6 doses/week at available study visits attended. 

Approximately two-thirds of participants had drug concentrations consistent with 4 

doses/week, with 84/117 (72%) at week 4, 62/102 (61%) at week 12, 54/80 (68%) at week 

24, 45/69 (65%) at week 36 and 42/66 (64%) at week 48 (see Figure 3). Of 120 participants 

with TFV-DP concentrations measured, 90 (75%) had at least one measurement consistent 

with 4 dose/week and 53 (44%) had TFV-DP concentrations consistent with 4 dose/week 

across available study visits attended. For each study visit (e.g., 30-day for week 4 visit and 

90-day look back for all other visits), participants with concentrations consistent with 6 

doses/week had a higher proportion of affirmative iTAB responses compared to those with 

concentrations consistent with <6 doses/week (see Table 2). Findings were similar using the 

4 dose/week cut-off except they were not statistically significant at week 24 (data not 

shown).  

Retention and Persistence  

PrEP retention by visit was 121/136 (89%) at week 4, 110/136 (81%) at week 12, 98/136 

(72%) at week 24, 84/136 (62%) at both weeks 36 and 48. Fifty-two (38%) participants did 

not complete the week 48 visit. Of these 52 participants, 15 (29%) requested to withdraw 

with only 1 participant citing side effects. The remaining 37 (71%) of the 52 participants who 
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did not complete the week 48 visit were lost to follow-up, with non-retention information only 

available for two participants. Thirty-one participants discontinued study drug between 

weeks 4-48, but remained on study, with nearly half (n=14) citing concerns about side 

effects or taking pills. At week 48, 62 (46%) reported that they were taking study drug. Of 65 

participants who completed the week 60 telephone visit, n=36 remained on TDF/FTC by 

linking to external PrEP services. Of 26 reporting reasons for not continuing on PrEP, one-

third (n=9) were concerned about side effects or taking pills, 6 had not seen a doctor or 

lacked insurance and 5 did not feel they were at risk (see Table 3). Of the 57 participants 

citing reasons for non-persistence at any study visit, 2 reported becoming pregnant as the 

reason for discontinuing TDF/FTC.  

 

Adverse Events, Pregnancy, STI and HIV Incidence 

Seventy-two (53%) participants experienced a total of 164 grade 2-3 adverse events, of 

which 126 were grade 2-3 decreases in CrCl in 61 unique participants. There were no grade 

4 adverse events reported. Of the 37 grade 2-3 non-renal events, 8 were determined to be 

study related and 2 were unknown if study-related (see Table 4). Over the course of the 

study, there were 7 pregnancies in 7 participants, with 5 carried to term, 1 spontaneous and 

1 elective abortion. The STI incidence rate was 5 /100 person-years (95% CI 2-10), 

representing six infections including 1 syphilis, 2 gonorrhea and 3 non-vaginal chlamydia 

infections. No incident HIV infections were detected, yielding an HIV incidence rate of 0 /100 

person-years (95% CI 0-0.027).  

 

Discussion 

 

We deployed daily oral TDF/FTC among cisgender women considered at-risk for HIV 

acquisition using expanded CDC-based criteria and used iTAB and titrated adherence 

counseling to optimize adherence and retention, both interventions which had showed 

promising effects among MSM.16,17 We found a decline in adherence concentrations over 
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time and high loss to follow-up, despite a comprehensive protocol to support participant 

adherence to PrEP, based primarily around feedback if TFV-DP levels were consistent with 

taking fewer than 6 doses per week as well as daily iTAB adherence promotion text 

messages.  

While this strict protocol was intended to support participants, there may have been 

both positive and negative consequences. A study of highly adherent individuals by MEMS 

caps (i.e. those with ≧6 doses per week) who received feedback that they did not have 

protective drug levels felt discouraged, resulting in them discontinuing study drug or stopping 

the study all together.28 On the other hand, there was a strong association between iTAB 

responses and drug concentrations, suggesting that those with high self-reported adherence 

were indeed taking their PrEP, and monitoring drug levels may not be needed in addition to 

adherence supports such as text messages or other reminder systems. In addition, over 

75% of participants at week 48 reported that the text messaging intervention was helpful for 

adherence and would recommend that PrEP users be provided with drug level feedback 

(see Appendix II), suggesting that this combination intervention was highly acceptable to 

many participants.   

PrEP retention worsened over time, analogous to what has been seen in real world 

settings,29,30 despite great effort to retain study participants. This finding may reflect the 

social demographics and risk factors of the women in our study who had high rates of IPV, 

depression and substance use. More work needs to be done to further elucidate additional 

predictors of adherence and retention. Studies have shown that women and individuals of 

color have been shown to be less likely retained in PrEP care.31 Given that nearly half of our 

participants were in serodiscordant relationships and most had one reported male sexual 

partner, women may have stopped PrEP and study visits as a result of low objective or 

perceived risk for HIV acquisition. However, having only one male sex partner may actually 

be an important predictor of HIV acquisition suggesting partner behavior contributes most to 

risk.32  
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Despite prior hypothetical concerns for increased side effects with TDF/FTC in 

women as compared to men due to pharmacokinetic differences33, there were fewer side 

effects than anticipated. However, concerns about possible side effects was the most 

commonly reported reason for drug discontinuation. Although there were no differences 

seen in renal dysfunction34,35 or fracture incidence3 among cisgender women using PrEP 

versus placebo in PrEP trials that included cisgender women, the better-known and -

publicized data regarding toxicities of TDF/FTC in PLWH may have been more accessible to 

study participants. Alternative PrEP agents including tenofovir alafenomide (TAF)/FTC and 

long-acting cabotegravir with safer side effect profiles may be more appealing to cisgender 

women seeking biomedical strategies for HIV prevention, although TAF is still under 

investigation for women. 

We found low HIV and STI incidence rates, similar to previous PrEP studies including 

cisgender women in the US.11 One potential reason for the low rates seen is the overall older 

age of our study partipants, with young age being one of the most consistent predictors of 

bacterial STI acquisition.36 While no study participant acquired HIV while on study, it is 

difficult to determine if PrEP prevented HIV or if the study population was in fact at low risk 

for infection, despite study criteria to include individuals at “high risk” for HIV. Still, compared 

to MSM taking PrEP, populations of women at risk for HIV may not necessarily have high 

STI rates or numbers of sex partners.37 In addition, low STI rates may actually serve as a 

barrier to adherence and retention as STI acquisition is often linked to HIV transmission.  

Strengths of this study include enrolling a diverse cohort with many of the risks 

associated with HIV acquisition and using a comprehensive adherence intervention with 

rapid drug level feedback. There are also several limitations to this work. First, the sample is 

small, and thus it may not be generalizable to other US women at risk for HIV taking PrEP. 

While the study was not a randomized clinical trial, it was also not a real world study as 

routine PrEP care, medication refills and drug level feedback were provided as part of the 

study and thus insurance coverage or prescriptions refill costs were not barriers to 

adherence or retention. As with many PrEP studies, behavior is self-reported and is subject 
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to recall and desirability bias. Finally, we have no information on participants who were lost 

to follow-up, leaving a large gap in understanding why individuals did not continue on study 

and discontinued study product.  

Although we found that cisgender women in a US PrEP demonstration project had 

lower adherence and retention than seen previously in studies involving MSM, a direct 

comparison should not be made given the multitude of barriers faced by women to 

participating in HIV research and clinical care, particularly stigma and medical mistrust.38-40 It 

is imperative that PrEP be available to everyone at risk for HIV including women. Cisgender 

women need better resources to help them understand their risk for acquiring HIV and make 

informed decisions about PrEP use. Future research should focus on barriers to HIV 

prevention in order to optimize adherence and retention in cisgender women.  
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Table 1: Baseline Sociodemographics and Risk Factors (n=136) 
 

 Enrolled  

n=136  

Age mean years (SD) 40 (11) 

Weight in pounds mean (SD) 186 (58) 

Race/Ethnicity   

Non-Hispanic White 

Non-Hispanic Black 

Latina 

Other 

30 (22%) 

52 (38%) 

26 (19%) 

28 (21%) 

Education – ≤ High School 61 (45%) 

Income – < $2000 per month (n=109) 74 (68%) 

Employment – Unemployed/Unable to work (n=128) 60 (47%) 

Relationship status – single/open (n=133) 63 (47%) 

HIV risk group  

HIV+ partner 

Exchange sex 
Partner with unknown HIV status at risk for HIV 

64 (47%) 

21 (15%) 

51 (38%) 

Study site  

UCSD AntiViral Research Center 40 (29%) 

AIDS Project Los Angeles 
To Help Everyone Los Angeles 

50 (37%) 
34 (25%) 

Harbor UCLA 7 (5%) 

University of Southern California 5 (4%) 

Number sex partners last 3 mo median (IQR) 1 (1-3) 

Participants with STI diagnosed at baseline* – positive 
(n=134) 

12 (9%) 

PHQ-9 – moderate/severe depression (n=124) 24 (19%) 

AUDIT – moderate/high risk (n=125) 16 (13%) 

DAST – severe/substantial risk (n=124) 13 (10%) 

Intimate Partner Violence last year – yes to any (n=123) 56 (46%) 

Pregnancy Interest – yes (n=123) 31 (25%) 

KQ18 HIV Knowledge mean (SD) 13 (4) 
*STI diagnosed at baseline included: rectal chlamydia (1), cervical chlamydia (2), pharyngeal chlamydia (1), 
rectal gonorrhea (3), cervical gonorrhea (3), pharyngeal gonorrhea (2), syphilis (7) 
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Table 2: iTAB Adherence 
 

 

Study Visit N 
TFV-DP concentration 

(fmol/punch) 

Proportion affirmative  

iTAB responses*, mean (SD) 
P-value 

Week 4 
58 <1050 0.49 (0.40) <0.001 

50 ≥1050 0.80 (0.32) 
 

Week 12 
55 <1050 0.53 (0.38) 0.005 

44 ≥1050 0.76 (0.31) 
 

Week 24 
49 <1050 0.61 (0.34) 0.029 

28 ≥1050 0.77 (0.27) 
 

Week 36 
39 <1050 0.49 (0.40) 0.008 

27 ≥1050 0.78 (0.25) 
 

Week 48 
38 <1050 0.47 (0.39) 0.03 

24 ≥1050 0.71 (0.32) 
 

*Proportion of affirmative iTAB responses is the percentage of “yes” responses to daily iTAB adherence queries 

over the total number of queries sent prior to the study visit 

  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciab328/6232085 by guest on 12 M

ay 2021



Acc
ep

ted
 M

an
us

cri
pt

Table 3: Reasons for Non-Persistence 
 

Reasons not on PrEP 
Week 4-48 

(n=31) 

Week 60 

(n=26) 

Worry about side effects/long-term effects 14 6 

Don't want to take pills 0 3 

Don't feel like it works 2 0 

Can't stick with taking it 3 0 

Not having sex/not at risk 1 4 

Monogamous 2 1 

Medical issues 3 1 

Have not seen doctor 0 2 

Lack of insurance 0 4 

Became pregnant 1 1 

Stolen/Worry might get stolen 2 1 

Other 3 3 
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Table 4: Adverse Events  
 

 
Total Decrease in CrCl* 

Study-related 

(or possibly )† 

Total Grade 2+ AEs 164 126 10 

Grade 2 150 118 10 

Grade 3 14 8 0 

Grade 4 0 0 0 

Number of participants who 

experienced at least one AE 

72 - - 

*Grade 2 AEs for CrCl are determined by result of <90 to 60 ml/min or 10% to <30% decrease from 

sscreening/baseline. Grade 3 AEs for CrCl are determined by result of <60 to 30 ml/min or 30 to 

<50% decrease from screening/baseline. 

†Two unknown if study-related 

Abbreviations: AE; adverse events, CrCl; creatinine clearance 
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FIGURE LEGENDS 

Figure 1:  Intervention Worklfow 

Figure 2: Study Consort 

Figure 3: TDF/FTC Adherence by Study Visit, n=136 
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Figure 1: Intervention Workflow
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Figure 2: Study Consort

167 Screened

136 Enrolled

20 Did not return for baseline
8 Did not meet risk criteria

3 Laboratory AE (protocol mandated) 

31 Screen failures

121 (89%) Completed week 4 
110 (80.9%) Completed week 12

98 (72.1%) Completed week 24

83 (61%) Completed week 36

83 (61%) Completed week 48

37 Lost to follow-up
15 Formal withdrawals

4 – No longer feel at risk

4 – New Job/Unable to attend visits
2 – Moved

1 – Side Effects
1 – PCP instructed her not to take 

PrEP

1 – No longer wants to take PrEP
1 – Receiving PrEP outside of study

1 – Unknown 

52 Early terminations

65 (47.8%) Completed week 60 
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Figure 3: TDF/FTC Adherence by Study Visit, n=136

* Category values for Week 4 adjusted for days on therapy, as steady state not yet achieved
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