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Abstract
Objective Cabotegravir long-acting (CAB–LA) administered every 2 months was approved in the USA as pre-exposure 
prophylaxis (PrEP) for individuals at risk of acquiring human immunodeficiency virus (HIV)-1 infection based on the HIV 
Prevention Trials Network (HPTN) 083 and HPTN 084 clinical trials, which demonstrated superior reduction in HIV-1 
acquisition compared with daily oral emtricitabine/tenofovir disoproxil fumarate (FTC/TDF) in men who have sex with 
men (MSM), transgender women (TGW), and cisgender women. A decision-analytic model was developed to assess the 
lifetime cost-effectiveness of initiating CAB–LA versus generic oral FTC/TDF for HIV PrEP in the USA from a healthcare 
sector perspective.
Methods PrEP-eligible adults entered the Markov model receiving CAB–LA or FTC/TDF and could continue initial PrEP, 
transition to a second PrEP option, or discontinue PrEP over time. Efficacy was taken from the HPTN 083 and HPTN 084 
clinical trials. Individuals who acquired HIV-1 infection incurred lifetime HIV-related costs, could transmit HIV onwards, and 
could develop PrEP-related resistance mutations. Input parameter values were obtained from public and published sources. 
Model outcomes were discounted at 3%.
Results The model estimated that the CAB–LA pathway prevented 4.5 more primary and secondary HIV-1 infections per 
100 PrEP users than the oral PrEP pathway, which yielded 0.2 fewer quality-adjusted life-years (QALYs) lost per person. 
Additional per-person lifetime costs were $9476 (2022 US dollars), resulting in an incremental cost-effectiveness ratio 
of $46,843 per QALY gained. Results remained consistent in sensitivity and scenario analyses, including in underserved 
populations with low oral PrEP usage.
Conclusions Our analysis suggests that initiating CAB–LA for PrEP is cost-effective versus generic daily oral FTC/TDF for 
individuals at risk of acquiring HIV-1 infection.

1 Introduction

The human immunodeficiency virus (HIV) epidemic remains 
a persistent public health problem in the USA, particularly 
in underserved populations and regions. In 2019,1 nearly 
37,000 individuals were newly diagnosed with HIV in the 
USA, with 37% occurring among African American/Black 
individuals and 52% occurring in the Southern USA [1]. The 
US Department of Health and Human Services launched 
the Ending the HIV Epidemic (EHE) initiative in 2019 to 
reduce new HIV infections in the USA overall and in specific 
racial, ethnic, and geographic communities with the highest 
burden of new HIV infections via increased resources and 

support [2]. The EHE initiative has identified pre-exposure 
prophylaxis (PrEP) as a powerful tool to reduce HIV-1 infec-
tions among individuals at increased risk. Oral PrEP has 
been available in the USA since 2012, with two options cur-
rently approved [emtricitabine/ tenofovir disoproxil fumarate 
(FTC/TDF) and emtricitabine/tenofovir alafenamide (FTC/
TAF)]. Notably, FTC/TAF is not approved for individuals 
at risk of HIV acquisition from receptive vaginal sex [3]. 
For cisgender women, this leaves only FTC/TDF approved 
for use, but very high levels of adherence are required for 

Extended author information available on the last page of the article

1 While 2020 data are available, 2019 estimates are provided here 
due to the impact of the COVID-19 pandemic on access to HIV test-
ing, care-related services, and case surveillance activities in state and 
local jurisdictions.
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Key Points for Decision‑Makers 

This analysis found that initiating cabotegravir long-
acting (CAB–LA) for pre-exposure prophylaxis (PrEP) 
represents a cost-effective approach to reducing primary 
and onward HIV-1 infections compared with initiating 
generic daily oral emtricitabine/tenofovir disoproxil 
fumarate (FTC/TDF) for adult men who have sex with 
men (MSM), transgender women, and cisgender women 
at risk of acquiring HIV-1 infection in the USA.

Among cisgender women, African American/Black 
MSM, and individuals with low oral PrEP adherence or 
no current PrEP use, the CAB–LA pathway resulted in 
cost savings.

CAB–LA may be an important tool to reduce new HIV-1 
infections in the USA overall and in specific communi-
ties aligned with the Ending the HIV Epidemic initiative.

effectiveness in preventing HIV acquisition [4, 5] and associ-
ated clinical findings have been inconsistent [6]. In general, 
oral PrEP requires a high level of adherence to be effective 
[6], and real-world evidence suggests this level of adherence 
is achieved by only a fraction of PrEP users [7]. Oral PrEP 
is also highly underutilized in the USA, with the Centers for 
Disease Control and Prevention (CDC) estimating that only 
23% of eligible individuals were using PrEP in 2019 overall 
and that utilization was even more disparate in underserved 
populations, at only 8% of eligible African American/Black 
individuals, 14% of eligible Hispanic/Latino individuals, and 
10% of eligible cisgender women [8].

Cabotegravir long-acting (CAB–LA) is an injectable 
PrEP option for administration every 2 months. Two large-
scale, multinational2 studies, the HIV Prevention Trials Net-
work (HPTN) 083 clinical trial in men who have sex with 
men (MSM) and transgender women (TGW) and the HPTN 
084 clinical trial in cisgender women, assessed the efficacy 
and safety of CAB–LA. Notably, the HPTN 083 clinical 
trial included substantial representation of key populations 
disproportionately affected by HIV and currently underuti-
lizing, and therefore receiving less benefit from, daily oral 

PrEP (50% African American/Black individuals among 
participating US sites, 12.5% TGW, and 67.5% individu-
als under the age of 30 years) [9]. The primary analyses of 
these trials found that CAB–LA reduced the occurrence of 
new HIV-1 infections by 66% among MSM and TGW (with 
similar results in key subgroups) and by 88% among cis-
gender women when compared with daily oral FTC/TDF, 
with both studies meeting a priori criteria for the establish-
ment of superiority [9–11]. As a result of these findings, the 
blinded, randomized portions of both studies were stopped 
early for efficacy on the recommendation of independent 
Data Safety Monitoring Boards. Further testing revealed that 
1 HIV-1 infection in the CAB–LA arm of each clinical trial 
was prevalent at baseline. In post hoc analyses that excluded 
these baseline infections, CAB–LA exhibited a 69% relative 
reduction in HIV acquisition compared with FTC/TDF in 
MSM and TGW and a 92% relative reduction in cisgender 
women [9–11]. CAB–LA for PrEP was approved in Decem-
ber 2021 in the USA for adults and adolescents weighing at 
least 35 kg and at risk of sexually acquired HIV-1 infection 
[11].

Because of the key role of PrEP in the EHE campaign, 
it is critical for decision-makers to understand the potential 
long-term health and economic outcomes associated with 
the available PrEP options. Branded FTC/TDF and FTC/
TAF have both shown mixed cost-effectiveness results 
[12–14], while generic FTC/TDF has demonstrated cost-
effectiveness versus no PrEP among MSM and TGW at 
risk in the USA [15]. CAB–LA demonstrated superior effi-
cacy compared with FTC/TDF and extends effective PrEP 
access to cisgender women and individuals for whom opti-
mal utilization of oral PrEP may be difficult. The potential 
cost-effectiveness of CAB–LA was examined in a limited 
analysis before its approval [15], and a full assessment is 
now needed. The objective of this analysis was to compre-
hensively estimate the costs, health outcomes, and cost-
effectiveness of CAB–LA versus other PrEP options among 
eligible individuals in the USA.

2  Methods

2.1  Model Overview

A decision-analytic model with a Markov structure and a 
1-month cycle length was developed in Microsoft Excel to 
assess initiating PrEP with CAB–LA versus generic daily 
oral FTC/TDF (Fig. 1). The model used a lifetime time hori-
zon to fully capture all costs and effects, as HIV-1 infec-
tion requires lifelong management. The modeled population 
included MSM, TGW, and cisgender women aged 18 years 
and older who are at an increased risk of acquiring HIV-1 
infection. At the initiation of the model, individuals were 

2 The HPTN 083 clinical trial had 43 clinical research sites in the 
USA, Latin America, Asia, and Africa [9]. The HPTN 084 clinical 
trial had 20 clinical research sites in 7 countries throughout sub-Saha-
ran Africa [10].
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assumed to experience this increased level of risk for a total 
of 5 years. This duration of increased risk was estimated by 
calibrating modeled lifetime risk of HIV acquisition without 
PrEP against US lifetime HIV-acquisition estimates [16]. 
Longer and shorter durations of risk were tested in the sce-
nario analysis.

Individuals entered the model by initiating CAB–LA or 
generic daily oral FTC/TDF. Over time, individuals could 
continue receiving their initial PrEP option, transition to a 
second PrEP option, or discontinue PrEP. In the CAB–LA 
pathway, the second PrEP option for all individuals was 
generic daily oral FTC/TDF. In the oral PrEP pathway, 
the second PrEP option for MSM and TGW was daily oral 
FTC/TAF; cisgender women in the oral PrEP pathway did 
not have a second PrEP option because FTC/TAF is not 
approved for individuals at risk of HIV acquisition from 
receptive vaginal sex. While receiving PrEP, individuals 
were at a lower risk of acquiring HIV-1 infection than those 
not receiving PrEP, with protection levels dependent on their 
selected PrEP option and their PrEP adherence and persis-
tence. Individuals receiving PrEP also completed ongoing 
monitoring visits and testing in accordance with CDC guide-
lines [6, 17–19], and those receiving CAB–LA could experi-
ence injection site reactions (ISRs) [9, 10, 20].

Individuals who acquired HIV-1 infection discontinued 
use of PrEP and transitioned to HIV-related care, including 
multiclass antiretroviral (ARV) treatment regimens, ongoing 
monitoring, and other related care, for the remainder of their 
lifetimes. Individuals with unsuppressed HIV-1 infection 
could also transmit HIV onwards or develop PrEP-related 
resistance mutations. Individuals who did not acquire HIV-1 
infection during the 5-year  duration of risk were assumed to 
incur no additional costs for the remainder of their lifetimes.

The analysis took a healthcare sector perspective and 
assessed costs and health outcomes for the eligible cohort 
over time. Input parameter values were obtained via a tar-
geted review of public and published sources. The most 
recent relevant source was selected when multiple sources 
for an input were available. Modeled cost outcomes in 2022 
US dollars included PrEP-related costs (e.g., drug acquisi-
tion, administration, monitoring, and adverse event manage-
ment costs) and lifetime costs associated with new HIV-1 
infections. Health outcomes included new primary and sec-
ondary HIV-1 infections and the associated losses in life 
expectancy and quality-adjusted life-years (QALYs). Aver-
age per-person costs and health outcomes were discounted at 
3% per year, according to established US cost-effectiveness 
practice recommendations [21], and various incremental 
cost-effectiveness ratios (ICERs), such as the incremental 
cost per QALY gained, were then calculated to compare 
PrEP scenarios.

2.2  Modeled Population

The population entering the model included adults with 
increased risk of acquiring HIV-1 infection and eligible to 
receive PrEP [1]. The base-case analysis focused on PrEP-
eligible populations aligned with the HPTN 083 and HPTN 
084 study populations. The modeled distribution of MSM 
and TGW (HPTN 083) and cisgender women (HPTN 084) is 
presented in Table 1. In the scenario analysis, the cost-effec-
tiveness of CAB–LA was assessed for specific population 
subgroups, including MSM and TGW, African American/
Black MSM, Hispanic MSM, White MSM, and cisgender 
women.

Fig. 1  Model Overview Dia-
gram. CAB–LA cabotegravir 
long-acting, FTC emtricitabine, 
MSM men who have sex with 
men, PrEP pre-exposure 
prophylaxis, TAF tenofovir 
alafenamide, TDF tenofovir 
disoproxil fumarate, TGW  
transgender women. aFTC/
TAF is not approved for use in 
cisgender women
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2.3  PrEP Use

The model accounted for PrEP adherence, persistence, and 
switching, with parameter values specific to each PrEP 
option. All PrEP-use parameters and assumptions for the 
base-case analysis are provided in Table 1.

2.3.1  PrEP Adherence

Adherence is a critical factor in PrEP efficacy, and many 
individuals receiving oral PrEP have documented adher-
ence issues due to known barriers such as daily pill burden, 
stigma, and concerns about potential side effects [22, 23]. 
Nevertheless, oral PrEP requires a high level of adherence to 

be effective (ideally 4+ doses per week for MSM and TGW 
[6] and 6+ doses per week for cisgender women [4, 5]). 
CAB–LA injections are directly administered by a healthcare 
provider and may address adherence barriers associated with 
oral PrEP [22, 23]. In the HPTN 083 clinical trial, 70.0% of 
a random sample of participants in the FTC/TDF arm had 
laboratory evidence via dried blood spot testing consistent 
with four or more doses per week [24]. In contrast, 91.5% 
of person-years (PY) were covered in either arm of the trial 
by CAB–LA or placebo injections, defined as injections 
received with a delay of less than 2 weeks [9] [note that the 
dosing schedule approved by the Food and Drug Administra-
tion (FDA) states that CAB–LA may be given up to 7 days 
before or after the date the individual is scheduled to receive 

Table 1  Model inputs: population characteristics and HIV health effects

CAB–LA cabotegravir long-acting, FTC  emtricitabine, HPTN  HIV Prevention Trials Network, MSM  men who have sex with men, PK  phar-
macokinetic, PrEP  pre-exposure prophylaxis, TAF  tenofovir alafenamide, TDF  tenofovir disoproxil fumarate, TGW   transgender women, 
QALY quality-adjusted life-year
a For individuals who discontinue CAB–LA, residual concentrations, also known as the PK tail, may remain in systemic circulation for prolonged 
periods of time (up to 12 months or longer). Guidelines recommend initiation of daily oral PrEP within 8 weeks after the last injection of CAB–
LA for individuals at continued risk of HIV-1 acquisition [6]

Parameter Value Sources and assumptions

Population distribution Percentage calculated based on the number of persons prescribed 
PrEP in 2020 [45]. The estimate for the MSM and TGW subgroup 
was based on the number of males prescribed PrEP

 MSM and TGW (HPTN 083) 92.2%
 Cisgender women (HPTN 084) 7.8%

Percentage with high adherence to oral PrEP 70.0% Based on FTC/TDF adherence in the HPTN 083 clinical trial [24]. 
For a random sample of participants in the FTC/TDF arm, adher-
ence was measured as the percentage of all dried blood samples 
that showed values of tenofovir diphosphate ≥ 700 fmol/punch 
(consistent with 4+ FTC/TDF doses per week)

PrEP persistence, by initial PrEP option Oral PrEP: Oglesby et al. [7]
CAB–LA: Assumed 20% higher than oral PrEP
PrEP discontinuation rates after 6 months were assumed to remain 

consistent, with values estimated based on discontinuation 
observed between 6 months and 12 months

 CAB–LA
  Percentage remaining on PrEP at 6 months 84.2%
  Percentage remaining on PrEP at 12 months 68.9%

 Oral PrEP
  Percentage remaining on PrEP at 6 months 70.2%
  Percentage remaining on PrEP at 12 months 57.4%

Percentage of individuals who transition to another oral PrEP 
option each month while receiving oral PrEP

0.7% Oglesby et al. [7]. Value calculated by converting the percent-
age of individuals in the study who switched from FTC/TDF to 
FTC/TAF over the mean follow-up time to a monthly percentage 
assuming an exponential distribution

Percentage of individuals initiating generic FTC/TDF to cover PK 
 taila after discontinuing CAB–LA

50.0% Assumption

Percentage of individuals covering PK tail who discontinue 
generic FTC/TDF each month thereafter

20.0% Assumption

Life-years lost due to HIV infection 5.66 Calculated as the difference in life expectancy for individuals with 
HIV-1 infection [29] and individuals without [46]

Lifetime QALYs lost due to HIV infection 4.47 Weighted average calculated assuming all new HIV infections were 
diagnosed when an individual’s CD4 cell count was above 350 
cells/μL [29]
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their injection [11].] To account for the observed adherence, 
the base-case analysis adjusted acquisition costs downward 
for oral PrEP (assuming less frequent prescription refills; 
see Online Resource for more information) and, conserva-
tively, used full, unadjusted costs for CAB–LA based on 
indicated dosing. For both CAB–LA and oral PrEP, efficacy 
did not require adjustment in the base-case analysis, as it 
was already aligned with observed clinical trial adherence. 
In the sensitivity and scenario analyses, adherence to oral 
PrEP was varied using uncertainty information and real-
world adherence data [7]; these changes were allowed to 
affect PrEP costs and efficacy (see Online Resource for more 
information). A similar analysis has not yet been conducted 
for CAB–LA due to a lack of data on the impact of changes 
in CAB–LA adherence on efficacy.

2.3.2  PrEP Persistence and Switching

Persistence on PrEP was defined as the percentage of mod-
eled individuals remaining on PrEP over time. Oral PrEP 
persistence was taken from a study assessing real-world 
PrEP persistence in the USA over a 12-month period [7]. As 
expected, a higher rate of PrEP discontinuation was observed 
during the initial 6 months of use than in months 6–12. 
Accordingly, the model assumed a higher rate of PrEP dis-
continuation in the first 6 months followed by a lower rate 
from that point onward, with a consistent value based on 
discontinuation observed between 6 months and 12 months 
in the real-world study [7]. CAB–LA persistence in the real 
world had not yet been assessed at the time this model was 
developed. As CAB–LA provides an additional modality 
that addresses barriers to both adherence and persistence 
[22, 23], it may improve PrEP continuation rates. This trend 
would be consistent with the experience in contraception, 
where matching women’s preferred modality increased per-
sistence [25]. Therefore, CAB–LA was assumed to have a 
20% relative improvement in persistence compared with oral 
PrEP at all time points. Equal persistence was tested in the 
scenario analysis. In all cases, individuals who discontinued 
their initial PrEP could switch to another option (Table 1). 
Conservatively, the model did not account for any residual 
CAB–LA efficacy after discontinuation. This assumption is 
consistent with guidelines that recommend initiation of daily 
oral PrEP within 8 weeks after the last injection of CAB–LA 
for individuals at continued risk of HIV-1 acquisition [6].

2.4  Clinical Data

While receiving PrEP, individuals were at a reduced risk 
of acquiring HIV-1 infection and those receiving CAB–LA 
could experience ISRs. Individuals who acquired HIV-1 
infection incurred lifetime losses in life expectancy and 
QALYs and could potentially transmit HIV onwards. They 

could also acquire PrEP-related resistance mutations. Infor-
mation on the clinical data used in the model to characterize 
these events is provided in the following sections.

2.4.1  HIV Incidence and PrEP Efficacy

HIV incidence varied depending on the PrEP option (if any) 
an individual received. Base HIV incidence for MSM and 
TGW not receiving PrEP was taken from Mera et al. [26], as 
the HPTN 083 clinical trial did not include a placebo arm for 
ethical reasons. HIV incidence for MSM and TGW receiv-
ing CAB–LA or oral PrEP in the base-case analysis was 
taken from the HPTN 083 clinical trial [9]. In the sensitivity 
analyses, HIV incidence was adjusted to account for varying 
oral PrEP adherence rates [9, 24, 27] (see Online Resource 
for more information).

Base HIV incidence for cisgender women at risk has not 
been studied extensively in the USA, and the HPTN 084 
clinical trial did not include a placebo arm for ethical rea-
sons. Therefore, base HIV incidence was estimated from the 
number of cisgender women in the USA with and without a 
PrEP indication and available HIV-1 diagnosis rates (Online 
Resource Table S-1). HIV incidence for cisgender women 
receiving CAB–LA or FTC/TDF was taken from the HPTN 
084 clinical trial [10]. All HIV incidence values used in the 
model are summarized in Table 2.

2.4.2  Adverse Event Incidence

Modeled individuals receiving CAB–LA could experience 
ISRs. Rates of ISR by severity were taken from the HPTN 
083 (MSM and TGW) and HPTN 084 (cisgender women) 
clinical trials (Table 2). The model applied ISR events in 
the first year of the analysis, as ISRs that require manage-
ment tend to occur early in CAB–LA use.

All other short-term adverse events were assumed to 
have similar, low incidence rates across all PrEP options, 
and long-term adverse events were assumed to be rare 
given the relatively short exposure to PrEP. Thus, adverse 
events beyond ISRs were not included in the model.

2.4.3  PrEP‑Related Resistance Mutations

Individuals who acquired HIV-1 infection while receiv-
ing PrEP could develop PrEP-related resistance mutations 
and require different ARV treatment regimens than indi-
viduals without resistance. The incidence of PrEP-related 
resistance, measured as events per PY receiving PrEP, 
was 0.16% for individuals receiving CAB–LA [integrase 
strand transfer inhibitor (INSTI) resistance] and 0.19% for 
individuals receiving oral PrEP [nucleoside reverse tran-
scriptase inhibitor (NRTI) resistance] [9, 28]. Data for 
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all modeled individuals were taken from the HPTN 083 
clinical trial because resistance data were not yet available 
from the HPTN 084 trial. Non-nucleoside reverse tran-
scriptase inhibitor (NNRTI) resistance was not included in 
the model because none of the PrEP options include NNR-
TIs, so any observed NNRTI resistance after HIV acquisi-
tion must be transmitted rather than resistance associated 
with PrEP. Similarly, NRTI resistance was not included in 
the model for CAB–LA.

2.4.4  Secondary HIV Infections

By avoiding HIV-1 infection, individuals on PrEP avoid 
potential onward HIV transmission. On average, individuals 
who acquired HIV-1 infection in the model were estimated 
to transmit HIV to 0.80 others [29]. These secondary infec-
tions were generally assumed to occur in the acute phase of 
HIV disease progression, when viral load and risk of trans-
mission are high before viral suppression is achieved via 
multiclass ARV treatment. This timing informed the dis-
counting of associated costs, losses in life expectancy, and 
QALYs.

2.5  Costs

Over time, modeled individuals incurred PrEP-related costs, 
including acquisition, administration, and monitoring costs, 
and could incur ISR management costs, lifetime HIV-related 
care costs, and PrEP-related resistance costs. Information 
about these costs is provided in the sections below.

2.5.1  PrEP‑Related Costs

PrEP acquisition costs were based on indicated dosing 
and unit costs (Table 3). Dosing was taken from the rele-
vant product labels [3, 11, 30]. Unit costs were taken from 
Redbook using 2022 wholesale acquisition costs [31]. 
The cost of FTC/TDF was based on the lowest cost among 
the available generic options. The cost of CAB–LA was 
based on individuals receiving seven injections in year 1, 
according to the initiation dosing schedule, and six injec-
tions every year thereafter, based on every-2-month main-
tenance dosing [11]. Oral PrEP acquisition costs were 
adjusted to account for adherence observed in the HPTN 
083 clinical trial, where the base-case analysis estimated 
an average of 3.95 doses taken each week by individuals 
receiving oral PrEP (Online Resource Table S-2). Con-
servatively, CAB–LA costs were based on indicated dos-
ing and were not adjusted for adherence.

Administration costs for PrEP included the costs asso-
ciated with injection administrations (CAB–LA) and 
routine physician visits (all PrEP) (Table 3). Monitoring 
costs for PrEP included the costs associated with labora-
tory tests recommended for individuals receiving PrEP in 
the clinical monitoring guidelines published by the CDC 
in 2021 [6] (Table 3 and Online Resource Table S-3).

2.5.2  ISR Management Costs

Management costs for ISRs were estimated by severity. Mild 
ISRs were assumed to require no medical management. 

Table 2  Model inputs: clinical data

CAB–LA cabotegravir long-acting, FTC  emtricitabine, HPTN  HIV Prevention Trials Network, INSTI integrase strand transfer inhibitor, ISR 
injection site reaction, MSM men who have sex with men, NA not applicable, NRTI nucleoside reverse transcriptase inhibitor, PrEP pre-exposure 
prophylaxis, TAF tenofovir alafenamide, TDF tenofovir disoproxil fumarate, TGW  transgender women
a For adults with increased risk of acquiring HIV-1 infection and eligible to receive PrEP [1].
b HIV incidence values for CAB–LA were based on post hoc analyses that excluded baseline HIV infections [9, 10].
c HIV incidence for FTC/TAF was set at parity with FTC/TDF for MSM and TGW based on the noninferiority finding in the DISCOVER trial 
[47]. CAB–LA has not been studied compared with FTC/TAF. FTC/TAF is not approved for use in cisgender women.

Parameter MSM and TGW Cisgender women Sources and assumptions

HIV incidence (events/100 person-years)a

 Without PrEP 3.25 2.73 MSM and TGW: Value taken from Mera et al. [26]
Cisgender women: Value calculated using a weighted-average 

approach (Online Resource Table S-1)
 While receiving CAB–LAb 0.37 0.15 MSM and TGW: Values taken from the HPTN 083 clinical trial [9]

Cisgender women: Values taken from the HPTN 084 clinical trial [10] While receiving FTC/TDF 1.22 1.85
 While receiving FTC/TAFc 1.22 NA

ISR incidence
 Mild 30.0% 25.6% MSM and TGW: Values taken from the HPTN 083 clinical trial [9, 

20]
Cisgender women: Values taken from the HPTN 084 clinical trial [10] 

and ViiV Healthcare (data on file [2021])

 Moderate 48.0% 12.0%
 Severe 2.9% 0.1%
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Moderate ISRs were assumed to be managed with 800 mg 
of over-the-counter ibuprofen three times per day for 3 days 
after each injection in the first year of CAB–LA use, with a 
total cost per event of $4.51 [31]. Severe ISRs were assumed 
to require a physician visit [Current Procedural Terminology 
(CPT) code 99213] and the same ibuprofen regimen, with a 
total cost per event of $187.58 [32].

2.5.3  Lifetime HIV Management Costs

Individuals who acquired HIV-1 infection in the model 
incurred the cost of lifetime HIV-related care, including 
the cost of ARV treatment and ongoing monitoring. The 
total discounted lifetime cost of HIV-related care was 
taken from a study of incremental healthcare costs for 
commercially insured individuals living with HIV com-
pared with individuals without HIV [33]. The cost reported 

in 2017 US dollars was inflated to $939,946 in 2022 US 
dollars [34] and was applied to all modeled primary and 
secondary infections at the time of HIV acquisition.

2.5.4  PrEP‑Related Resistance Mutation Costs

In the model, individuals with PrEP-related resistance 
mutations were assumed to require different ARV treat-
ment regimens than individuals without resistance for a 
period of time (Table 3). Individuals who acquired HIV-1 
infection without PrEP-related resistance mutations were 
assumed to receive dolutegravir/ lamivudine ($32,290 
per year), the lowest cost INSTI-based single-tablet regi-
men currently recommended as an initial regimen for 
most people with HIV [31, 35]. Individuals with PrEP-
related resistance mutations required more expensive 

Table 3  Model inputs: PrEP-related costs

CAB–LA cabotegravir long-acting, ARV antiretroviral, CPT Current Procedural Terminology, FTC emtricitabine, INSTI integrase strand transfer 
inhibitor, MSM men who have sex with men, NRTI nucleoside reverse transcriptase inhibitor, PK pharmacokinetic, PrEP pre-exposure prophy-
laxis, TAF tenofovir alafenamide, TDF tenofovir disoproxil fumarate, TGW  transgender women, QALY quality-adjusted life-year, WAC  wholesale 
acquisition cost
a Administration and visit costs for CAB–LA were estimated assuming all administrations had an injection and visit charged. Visit costs for FTC/
TDF and FTC/TAF were estimated assuming individuals had one physician visit every 3 months, according to PrEP guidelines [6], resulting in 
four visits each year
b Individuals receiving CAB–LA are recommended to receive the following tests: HIV-1 RNA assay and HIV antigen/antibody (for diagnosis), 
syphilis, gonorrhea, and chlamydia
c Individuals receiving oral PrEP are recommended to receive the following tests: HIV-1 RNA assay and HIV antigen/antibody (for diagnosis), 
creatinine clearance, syphilis, gonorrhea, chlamydia, hepatitis B virus, hepatitis C virus (MSM and TGW only), and lipid panel (if receiving 
FTC/TAF). FTC/TAF is not recommended for use by cisgender women

Parameter Year 1 Year 2+ Sources and assumptions

PrEP acquisition costs (WAC per 30-day supply or 1-month dose)
 CAB–LA $2158 $1850 Merative Micromedex Solutions [31]. CAB–LA monthly cost derived from 2-month kit cost. FTC/

TDF cost based on the lowest cost among available generic options FTC/TDF $30 $30
 FTC/TAF $2039 $2039

PrEP administration annual  costsa

 CAB–LA CMS.gov [32]. The cost per injection ($14.54) is based on CPT code 96372. The cost per physician 
visit ($92.05) is based on CPT code 99213  Administration $102 $87

  Visits $644 $552
 Oral PrEP
  Visits $368 $368

PrEP monitoring annual costs
 CAB–LAb Costs calculated based on Physician Laboratory Fee Schedule [32] and current recommended clini-

cal monitoring schedule [6, 17–19]. Additional detail on specific tests, frequency, and unit costs is 
provided in Online Resource Table S-3

  MSM and TGW $1060 $950
  Cisgender women $903 $794

 FTC/TDFc

  MSM and TGW $763 $803
  Cisgender women $575 $615

 FTC/TAFc

  MSM and TGW $776 $817
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first-line regimens. Specifically, individuals with INSTI 
resistance were assumed to receive darunavir/ cobicistat/  
emtricitabine/ tenofovir alafenamide ($49,489 per year) 
and individuals with NRTI resistance were assumed to 
receive dolutegravir + darunavir/ cobicistat ($50,166 per 
year) [31]. Individuals with PrEP-related resistance muta-
tions were assumed to remain on their more expensive 
regimens for the entirety of their first-line treatment. The 
average duration of first-line treatment was conservatively 
estimated to be 16.2 years, based on a 2011 study by Beck 
et al. [36]. Realistically, durations may now be shorter 
due to the availability of additional ARV options and the 
possibility of regimen optimization in the setting of viral 
suppression. Furthermore, PrEP-related resistance muta-
tions may occur less frequently as HIV testing options 
continue to evolve.

2.6  Life Expectancy and QALY Losses Due to HIV

Individuals who acquired HIV-1 infection experienced losses 
in life expectancy and QALYs, with values estimated from 
published literature and publicly available life-expectancy 
data (Table 1). These losses were applied to all modeled 
primary and secondary infections. Individuals who did not 
acquire HIV-1 infection were assumed to have no losses in 
life expectancy or QALYs. Additionally, no utility or QALY 
decrements were applied while receiving PrEP because it 
was assumed that individuals choosing to receive PrEP 
view the choice positively, as benefits like decreased anxi-
ety about acquiring HIV-1 infection may outweigh potential 
negative feelings on issues such as ISRs.

2.7  Validation

Various validation processes were conducted to support 
confidence in the model and its outcomes. Specifically, the 
model structure, input parameter values, programming, 
and outcomes were validated according to the Assess-
ment of the Validation Status of Health-Economic decision 
models (AdViSHE) tool [37]. Face-validity testing of the 
model structure, inputs, and outcomes was conducted by 
the authors and by clinical and health economic modeling 
experts external to the project team. Cross-validity test-
ing was conducted by comparing the structure, inputs, and 
results of our model with those of several other models, as 
described in the Discussion section. The computer model 
in Excel was subjected to a predefined quality-check pro-
cess that included extreme-value and other scenario test-
ing as well as validation of all equations, code, input data, 

and results. The computer model was also independently 
assessed by a health economic modeling expert external 
to the project team and extensively reviewed and pressure 
tested by the authors. Finally, comprehensive sensitivity 
and scenario analyses were conducted to assess the impact 
of parameter uncertainty and alternate modeling assump-
tions and input parameter values on the model results, as 
described in the following sections.

2.8  Analyses

2.8.1  Base‑Case Analysis

The base-case analysis assessed lifetime costs and health out-
comes for individuals in the CAB–LA pathway versus the oral 
PrEP pathway (Fig. 1), assuming a 5-year duration of risk dur-
ing which PrEP use could help prevent HIV-1 infection. Model 
outcomes included total costs by cost category, number of pri-
mary and secondary HIV-1 infections, life-years and QALYs 
lost due to HIV acquisition, and various ICERs (Table 4). All 
costs and health outcomes were discounted at 3% per year 
[21]. Willingness-to-pay thresholds in the USA commonly 
range between $50,000 and $300,000 per QALY gained [38, 
39]. For this analysis, the CAB–LA pathway was considered 
cost-effective if the incremental cost per QALY gained was at 
or below $100,000 per QALY gained [38].

2.8.2  Sensitivity Analyses

Sensitivity analyses were conducted to assess the impact of 
parameter uncertainty on the cost-effectiveness results. In 
the one-way sensitivity analysis, input parameters were indi-
vidually varied over their 95% confidence intervals (CIs). 
In the probabilistic sensitivity analysis, 10,000 iterations 
were conducted, where input parameter values were varied 
simultaneously and sampled from probability distributions 
via Monte Carlo simulation. The ranges and distributions 
used in these analyses were derived from published sources 
whenever possible and are described in additional detail in 
Online Resource Table S-4.

2.8.3  Scenario Analysis

A scenario analysis was conducted to assess the impact on the 
cost-effectiveness results of variations in PrEP use, the mod-
eled population, and other key assumptions. Two real-world 
PrEP-use scenarios were examined to compare the CAB–LA 
pathway with no PrEP, as PrEP is still highly underutilized in 
the USA, and to test oral PrEP adherence observed in a real-
world setting rather than in a clinical trial setting. Additional 
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scenarios were conducted to assess the cost-effectiveness of 
the CAB–LA pathway in individual population subgroups that 
experience a disproportionate burden of new HIV-1 infections 
(i.e., MSM and TGW, African American/Black MSM, His-
panic MSM, White MSM, and cisgender women). For these 
subgroup analyses, HIV incidence for PrEP users was taken 
from HPTN 083 or HPTN 084 and, like the base-case analysis, 
base HIV incidence for MSM and TGW not receiving PrEP 
was taken from Mera et al. [26] and base HIV incidence for 
cisgender women was estimated from the number of cisgen-
der women in the USA with and without a PrEP indication 
and available HIV-1 diagnosis rates (Online Resource Table 
S-1). The duration of HIV risk was varied in two scenarios to 
test the impact of shorter (2-year) and longer (10-year) dura-
tions of risk. Finally, scenarios were conducted to compare the 
CAB–LA pathway with a FTC/TAF pathway (where approved 
for use) and to assess variations in important PrEP use param-
eters, including persistence, switching, and monitoring. Spe-
cific scenarios tested are summarized in Table 5.

3  Results

3.1  Base‑Case Analysis Results

For individuals eligible for PrEP, the base-case analy-
sis compared the CAB–LA pathway versus the oral PrEP 
pathway beginning with the lowest cost generic FTC/TDF 
option. In these pathways, individuals could continue receiv-
ing their initial PrEP option, transition to a second PrEP 
option (CAB–LA pathway: FTC/TDF; oral PrEP pathway: 
FTC/TAF, if indicated), or discontinue PrEP over time 
(Fig. 1). Model results showed that, over the 5-year dura-
tion of risk, the CAB–LA pathway prevented a total of 4.5 
more primary and secondary HIV-1 infections per 100 PrEP 
users than the oral PrEP pathway. Average per-person PrEP-
related costs were $51,993 higher for the CAB–LA pathway 
than for the oral PrEP pathway, but these increased PrEP-
related costs were largely offset by a $42,517 reduction in 
lifetime HIV management costs. The CAB–LA pathway 
also resulted in 0.202 fewer QALYs lost than the oral PrEP 

Table 4  Base-case analysis results

CAB–LA cabotegravir long-acting, FTC emtricitabine, ISR  injection site reaction, PrEP pre-exposure prophylaxis, QALY quality-adjusted life-
year, TDF tenofovir disoproxil fumarate
a In the oral PrEP pathway, individuals initiated PrEP with the lowest cost generic daily oral FTC/TDF option. In both pathways, individuals 
could continue receiving their initial PrEP option, transition to a second PrEP option (CAB–LA pathway: FTC/TDF; oral PrEP pathway: FTC/
TAF, if indicated), or discontinue PrEP over time (Fig. 1)
b Discrepancies between column differentials and reported absolute differences are due to rounding

Outcome CAB–LA  pathwaya Oral PrEP  pathwaya Absolute  differenceb

Cost outcomes
 PrEP acquisition costs $54,631 $4028 $50,603
  CAB–LA $54,601 $0 $54,601
  FTC/TDF $31 $381 − $350
  FTC/TAF $0 $3647 − $3647

 PrEP administration and visit costs $1629 $788 $841
 PrEP-related monitoring costs $2386 $1664 $721
 ISR management costs $7 $0 $7
 PrEP-related resistance mutation costs $1049 $1229 − $180
 HIV management costs $129,949 $172,466 − $42,517
 Total costs $189,651 $180,176 $9476

Health outcomes
 Years receiving PrEP 2.46 2.16 0.30
  Years on first PrEP option 2.32 1.90 0.42
  Years on second PrEP option 0.14 0.26 – 0.13

 Primary HIV-1 infections 0.077 0.102 − 0.025
 Secondary HIV-1 infections 0.062 0.082 − 0.020
 Life-years lost due to HIV 0.783 1.039 − 0.256
 QALYs lost due to HIV 0.618 0.821 − 0.202

Incremental cost-effectiveness ratios
 Incremental cost per life-year gained $36,985
 Incremental cost per QALY gained $46,843
 Incremental cost per HIV-1 infection avoided $209,482
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Table 5  Scenario analysis 
results

CAB–LA cabotegravir long-acting, CDC Centers of Disease Control and Prevention, FTC  emtricitabine, 
HPTN HIV Prevention Trials Network, MSM men who have sex with men, PK pharmacokinetic, PrEP pre-
exposure prophylaxis, PY person-years, QALY  quality-adjusted life-year, TDF  tenofovir disoproxil fuma-
rate, TGW  transgender women
a Base-case analysis compared the CAB–LA pathway with the generic FTC/TDF pathway for the overall 
PrEP-eligible population over a 5-year duration of HIV risk. The proportion of individuals with high adher-
ence to oral PrEP was 70%, taken from the HPTN 083 clinical trial. Cisgender women without PrEP had 
HIV incidence of 2.73 events per 100 PY. CAB–LA was assumed to have a 20% relative improvement in 
persistence compared with oral PrEP at all time points. Among individuals discontinuing CAB–LA, 50% 
switched to generic FTC/TDF to cover the CAB–LA PK tail, and 20% of these individuals discontinued 
FTC/TDF each month thereafter. Monitoring costs were based on PrEP administration guidelines published 
by the CDC in 2021 [6]
b HIV incidence rates for no PrEP were taken from Mera et al. [26]
c A dominant scenario indicates that CAB–LA is less costly and more effective than the comparator option
d The proportion of individuals with high adherence to oral PrEP in the real world was 57.9%, taken from 
Oglesby et al. [7]. CAB–LA parameters remained at their base-case values
e HIV incidence rates for MSM and TGW were taken from Landovitz et al. [9] and Grinsztejn et al. [24]. 
All other model parameters remained at their base-case values
f HIV incidence rates for cisgender women were taken from Delany-Moretlwe et al. [10]. All other model 
parameters remained at their base-case values
g In this hypothetical scenario for cisgender women, the HIV incidence rate without PrEP was 2.0 events 
per 100 PY and HIV incidence rates while receiving PrEP (taken from the HPTN 084 clinical trial [10]) 
were reduced in proportion to the reduction in base HIV incidence. A 20% improvement in efficacy for oral 
PrEP was additionally applied to test improved oral PrEP adherence for cisgender women in the USA
h In these scenarios, PrEP persistence parameters remained at their base-case values. Thus, in the scenario 
with a 10-year duration of HIV risk, individuals received PrEP for a similar average duration as in the base-
case analysis (~2–3 years, see Table 4) but remained at risk of HIV acquisition much longer, thus diluting 
the impact of early PrEP and causing the CAB–LA pathway to appear less cost-effective. In the scenario 
with a 2-year duration of HIV risk, the situation is reversed: the impact of PrEP is heightened as individu-
als received PrEP during the majority of their risk period, causing the CAB–LA pathway to appear more 
cost-effective
i In the CAB–LA pathway, MSM, TGW, and cisgender women received CAB–LA followed possibly by 
generic oral FTC/TDF. In the FTC/TAF pathway, MSM and TGW received FTC/TAF followed possibly by 

Scenario Incremental cost per QALY gained

Base case a $46,843
Real-world PrEP use
 CAB–LA versus no  PrEP b − $94,133 (CAB–LA dominant c)
 Real-world oral PrEP adherence d − $18,149 (CAB–LA dominant c)

Population subgroups
 MSM and TGW  e $61,074
 African American/Black MSM e − $31,985 (CAB–LA dominant c)
 Hispanic MSM e $84,438
 White MSM e $107,090
 Cisgender women f − $38,672 (CAB–LA dominant c)
  Cisgender women with lower HIV incidence and higher oral PrEP 

adherence/efficacyg
$43,334

Duration of HIV  riskh

 2 years $40,432
 10 years $83,206

Additional scenarios
 CAB–LA versus FTC/TAF i − $57,971 (CAB–LA dominant c)
 Equivalent persistence for all PrEP options $64,620
 PK tail coverage after discontinuation of CAB–LA
  100% of individuals receive FTC/TDF and 10% discontinue FTC/

TDF each month thereafter
− $10,094 (CAB–LA  dominantc)

  0% of individuals receive FTC/TDF $76,851
 Monitoring costs based on previous recommended testing schedule j $48,446
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pathway. Overall, the CAB–LA pathway was cost-effective 
when compared with the oral PrEP pathway beginning with 
the lowest cost generic FTC/TDF option, with an incremen-
tal cost per QALY gained of $46,843 (Table 4).

3.2  Sensitivity Analysis Results

The one-way sensitivity analysis showed that model results 
were most sensitive to changes in HIV incidence for MSM 
and TGW while receiving FTC/TDF or CAB–LA and to 
changes in adherence to oral PrEP (Online Resource Fig. 
S-2). Overall, ICERs generally remained below $100,000 
per QALY gained when parameters were varied across their 
95% CIs, suggesting the stability of the predicted results.

The probabilistic sensitivity analysis showed that the 
CAB–LA pathway was cost-effective compared with the oral 
PrEP pathway in 85% of the 10,000 Monte Carlo simulations 
(Online Resource Fig. S-3). In 9% of the simulations, the 
CAB–LA pathway was dominant (i.e., the CAB–LA path-
way was less costly and more effective, as shown in quadrant 
IV of Online Resource Fig. S-4).

3.3  Scenario Analysis Results

Table  5 summarizes the scenario analysis results. The 
CAB–LA pathway was dominant in several of the scenarios 
that examined PrEP use assumptions, including the two 
real-world PrEP-use scenarios, the scenario comparing the 
CAB–LA pathway with a pathway beginning with FTC/
TAF, and the scenario with more individuals consistently 
receiving FTC/TDF to cover the CAB–LA pharmacoki-
netic (PK) tail. The CAB–LA pathway was cost-effective 
or dominant compared with the oral PrEP pathway for most 
population subgroups, including MSM and TGW, MSM of 
color, and cisgender women. The CAB–LA pathway was 
also found to be cost-effective in scenarios testing longer or 
shorter durations of HIV risk, equivalent persistence for all 
PrEP options, no PK tail coverage after CAB–LA discon-
tinuation, and alternative monitoring costs. The CAB–LA 
pathway slightly exceeded $100,000 per QALY gained in the 
scenario focused on the White MSM population.

4  Discussion

This analysis comprehensively evaluated the costs, health 
outcomes, and cost-effectiveness of initiating PrEP with 
CAB–LA versus existing oral PrEP options among MSM, 
TGW, and cisgender women aged 18 years or older in the 
USA who are eligible for PrEP due to increased risk of 
acquiring HIV-1 infection. Our analysis showed that the 
CAB–LA pathway prevented more primary and secondary 
HIV-1 infections than the daily oral PrEP pathway begin-
ning with generic FTC/TDF and yielded fewer QALYs 
lost. The CAB–LA pathway increased PrEP-related costs 
but reduced downstream HIV-related care costs. Overall, 
the CAB–LA pathway was shown to be cost-effective. A 
range of sensitivity and scenario analyses were conducted, 
and ICERs generally remained below $100,000 per QALY 
gained when parameters and modeling assumptions were 
varied broadly, suggesting stability of the predicted cost-
effectiveness results. The CAB–LA pathway also resulted in 
cost savings in several key scenarios, including those exam-
ining real-world PrEP use and subgroup analyses among 
African American/Black MSM and cisgender women.

An earlier study by Neilan and colleagues [15] exam-
ined the potential cost-effectiveness of long-acting inject-
able PrEP in a limited analysis conducted before CAB–LA 
was approved by the FDA. This study provides an important 
comparison with our results. The Neilan study showed that 
CAB–LA may reduce transmissions and increase QALYs 
compared with generic daily oral FTC/TDF over a 10-year 
time horizon, with an incremental cost of $1,582,000 per 
QALY gained for MSM and TGW similar to those enrolled 
in the HPTN 083 clinical trial. Our study also found that 
initiating PrEP with CAB–LA may substantially improve 
health outcomes and estimated a lifetime incremental cost 
of $46,843 per QALY gained for MSM, TGW, and cisgen-
der women eligible for PrEP. The two studies both con-
sider similar interventions, costs and health outcomes, and 
primary and secondary HIV-1 infections. Key differences 
between the Neilan study [15] and ours include the model 
structure (microsimulation versus Markov model), analysis 
time horizon (10 years versus lifetime), modeled population 

generic oral FTC/TDF. Cisgender women received no PrEP in the FTC/TAF pathway because FTC/TAF is 
not approved for use in cisgender women. HIV incidence for FTC/TAF was set at parity with FTC/TDF for 
MSM and TGW based on the noninferiority finding in the DISCOVER trial [47]. CAB–LA has not been 
studied compared with FTC/TAF
j Previous monitoring schedule was taken from CDC [48]. Past guidance differed from current guidance in 
the following ways: (1) for HIV detection, HIV-1 RNA assays were recommended for individuals receiving 
CAB–LA and HIV antibody tests were recommended for individuals receiving oral PrEP—current guide-
lines include both HIV-1 RNA assays and HIV antigen/antibody tests for all PrEP users; (2) chlamydia 
testing was more frequent for MSM and TGW and less frequent for cisgender women receiving CAB–LA; 
(3) TGW receiving oral PrEP did not receive hepatitis C testing; (4) individuals receiving FTC/TAF did not 
require lipid panel testing; and (5) cisgender women were recommended to receive regular pregnancy tests

Table 5  (continued)
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(MSM and TGW only versus MSM, TGW, and cisgender 
women), comparator structure (individual comparators ver-
sus PrEP pathways), structure of costs and health outcomes 
for individuals who acquire HIV-1 infection (annual versus 
lifetime), and various differences in specific input parameter 
values. Access to both models would be required to conduct 
a formal assessment of the impact of the differences. How-
ever, in an informal assessment conducted by adapting our 
model to match the Neilan study as much as possible, model 
results were found to be most sensitive to changes in the 
model time horizon, with shorter time horizons like 10 years 
yielding very high ICERs similar to those reported in the 
Neilan study [15]. This result is not surprising because, for 
shorter time horizons, the model captures the upfront cost 
of PrEP but omits most of the cost associated with lifelong 
HIV management and the long-term effects of HIV acquisi-
tion on quality of life and survival, especially for individuals 
who acquire HIV later in the model time horizon. This com-
parison demonstrates that, as the good modeling practice 
recommendations specify [21], the choice of a sufficiently 
long model time horizon is critical to ensuring an accurate 
cost-effectiveness assessment, particularly for preventive 
interventions such as HIV PrEP that have upfront costs and 
long-term benefits.

More recently, another study assessed the cost-effective-
ness of CAB–LA in South Africa using a 20-year model 
that also included MSM, TGW, and cisgender women [40]. 
While cost comparisons with this study are difficult due to 
health system differences, the study reported that CAB–LA 
could prevent 11–22% more HIV-1 infections than FTC/TDF 
over a 20-year period, depending on PrEP coverage and per-
sistence [40]. A modeling study among MSM in Atlanta that 
evaluated the impact of CAB–LA on EHE goals similarly 
showed that switching from FTC/TDF to CAB–LA could 
decrease new HIV-1 infections by 12% (with current PrEP 
use) to 30% (with PrEP use increased 20%) between 2022 
and 2026 [41]. Our model showed consistent results, with 
a 25% reduction in total new primary and secondary HIV-1 
infections for the CAB–LA pathway compared with the oral 
PrEP pathway in which individuals initiated daily oral FTC/
TDF, and extended the work of these studies by assessing 
lifetime costs and cost-effectiveness among MSM, TGW, 
and cisgender women using PrEP.

Our analysis also had limitations that should be consid-
ered when interpreting the results. First, the static model 
structure held HIV incidence constant over the 5-year dura-
tion of HIV risk. As such, our analysis assessed the cost-
effectiveness of the CAB–LA pathway within the current 
epidemic conditions, but the EHE initiative or other fac-
tors may result in variation in HIV incidence in the future. 
Second, HIV incidence estimates for individuals receiving 
PrEP were taken from relevant clinical trials [9, 10], which 
may not mirror real-world outcomes. However, the scenario 

analysis showed that model results for the CAB–LA path-
way were generally more favorable in real-world scenarios, 
such as scenarios with real-world oral PrEP adherence or 
no PrEP as a comparator, as PrEP is still highly underuti-
lized in the USA. Further, the HPTN 084 clinical trial was 
conducted in sub-Saharan Africa, where cisgender women 
at increased risk of acquiring HIV-1 infection may have dif-
ferent base HIV incidence and PrEP use patterns than in the 
USA. Importantly, while the HPTN 084 clinical trial did not 
include a placebo arm for ethical reasons, a counterfactual 
study estimated that, had a placebo arm been included, HIV 
incidence (2.2 events per 100 PY) [42] would have been sim-
ilar to our estimate of base HIV incidence among cisgender 
women at increased risk of acquiring HIV-1 infection in the 
USA (2.73 events per 100 PY). To examine variation in HIV 
incidence and oral PrEP adherence, a scenario testing lower 
HIV incidence and a hypothetical adherence improvement 
that yields a 20% improvement in oral PrEP efficacy was 
included in the scenario analysis, and the CAB–LA path-
way remained cost-effective. Further study of PrEP efficacy 
among cisgender women in alternate geographical locations 
is warranted, but health equity considerations suggest that 
inclusion of cisgender women in economic analyses is essen-
tial now to help estimate the value of the available PrEP 
options for this underserved and understudied population 
[4–6, 8, 43, 44].

In addition to limitations related to HIV incidence, our 
analysis had limitations in data availability. First, because 
long-term and real-world adherence and persistence data for 
CAB–LA are not yet available, the model used conserva-
tive assumptions for adherence and included only a modest 
improvement in persistence for CAB–LA versus oral PrEP 
over time. A scenario that excluded this persistence improve-
ment was tested in the scenario analysis, and the CAB–LA 
pathway remained cost-effective. Second, our analysis used 
the PrEP administration guidelines published by the CDC 
in 2021 [6], but guidelines will continue to evolve. Recent 
[35] and future changes could affect costs for all individuals 
receiving PrEP (e.g., costs for monitoring tests) and for those 
individuals who receive PrEP and acquire HIV (e.g., costs 
for resistance testing and selection of initial ARV treatment 
regimens). In the scenario analysis, model results remained 
consistent when alternate monitoring costs were examined, 
and any changes in resistance testing guidelines are expected 
to have an even smaller impact, as only individuals who 
acquire HIV receive resistance testing and the cost of this 
testing is a small fraction of the total lifetime cost of HIV-
related care [35]. Finally, recent data for several model input 
parameters were not available in published studies. Thus, 
lifetime QALY losses for individuals who acquired HIV-1 
infection (calculated to include only individuals diagnosed 
with CD4 cell counts above 350 cells/μL) and the duration 
of first-line ARV treatment differentiation for individuals 
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with PrEP-related resistance mutations were taken from 
somewhat dated studies by Farnham et al. [29] and Beck 
et al. [36], respectively. Data on HIV incidence among TGW 
and cisgender women eligible for PrEP were also not avail-
able, as most studies have focused on MSM [43]. Thus, 
base HIV incidence for TGW was assumed equal to that of 
MSM, and base HIV incidence for cisgender women at risk 
was calculated based on available published data (Online 
Resource Table S-1). For all of these parameters, conserva-
tive estimates were used in the base-case analysis, and the 
model results were found to be consistent in the sensitivity 
analyses.

5  Conclusions

This analysis suggests that CAB–LA for PrEP represents 
a cost-effective approach to reducing primary and onward 
HIV-1 infections compared with all options assessed, includ-
ing generic daily oral FTC/TDF, for individuals in the USA 
who are eligible for PrEP due to increased risk of acquiring 
HIV-1 infection. The CAB–LA pathway was predicted to 
be cost-effective overall and potentially cost-saving among 
specific subgroups disproportionately affected by HIV and 
currently receiving less benefit from daily oral PrEP, such as 
cisgender women and MSM of color. As a result, CAB–LA 
may be an important tool to reduce new HIV-1 infections in 
the USA overall and in specific communities aligned with 
the EHE initiative.
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