1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Infect Dis. Author manuscript; available in PMC 2022 May 02.

-, HHS Public Access
«

Published in final edited form as:
Clin Infect Dis. 2021 November 02; 73(9): e3476—e3482. doi:10.1093/cid/ciaa857.

Model-Based Cost-Effectiveness of State-level Latent
Tuberculosis Interventions in California, Florida, New York and
Texas

Youngji Jo!, Sourya Shresthal, Isabella Gomes?!, Suzanne Marks?2, Andrew Hill2, Garrett
Asay?, David Dowdy?!

LDepartment of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore,
Maryland, USA

2.Djvision of Tuberculosis Elimination, Centers for Disease Control and Prevention, Atlanta,
Georgia, USA

Abstract

Background: Targeted testing and treatment (TTT) for latent tuberculosis infection (LTBI) is
a recommended strategy to accelerate TB reductions and further tuberculosis elimination in the
United States (US). Evidence on cost-effectiveness of TTT for key populations can help advance
this goal.

Methods: We used a model of TB transmission to estimate the numbers of individuals who
could be tested by interferon--y release assay (IGRA) and treated for LTBI with three months of
self-administered rifapentine and isoniazid (3HP) under various TTT scenarios. Specifically, we
considered rapidly scaling up TTT among people who are non-US-born, diabetic, HIV-positive,
homeless or incarcerated in California, Florida, New York, and Texas — states where more than
half of US TB cases occur. We projected costs (from the healthcare system perspective, in 2018
dollars), thirty-year reductions in TB incidence, and incremental cost effectiveness (cost per
quality-adjusted life year [QALY] gained) for TTT in each modeled population.

Results: The projected cost effectiveness of TTT differed substantially by state and population,
while the health impact (number of TB cases averted) was consistently greatest among the
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non-US-born. TTT was most cost-effective among persons living with HIV (from $2,828/QALY
gained in Florida to $11,265/QALY gained in New York) and least cost-effective among people
with diabetes (from $223,041/QALY gained in California to $817,753 /QALY in New York).

Conclusions: The modeled cost-effectiveness of TTT for LTBI varies across states but was
consistently greatest among people living with HIV, moderate among people who are non-US-
born, incarcerated, or homeless, and least cost-effective among people living with diabetes.

Summary:

The cost-effectiveness of TTT for LTBI varies across states but was greatest among people living
with HIV, moderate among people who are non-US-born, incarcerated, or homeless, and least cost
effective among people living with diabetes.

Keywords
latent tuberculosis; cost effectiveness; United States; targeting TB preventive therapy

Introduction

Although substantial progress has been made in reducing the burden of tuberculosis (TB)
[1], the United States (US) is far from achieving TB elimination, defined as less than

one incident case per million population per year.[2] The Centers for Disease Control

and Prevention (CDC) Division of Tuberculosis Elimination’s strategic plan includes
accelerating the decline in TB through targeted testing and treatment (TTT) of latent TB
infection (LTBI).[3] Reactivation of LTBI accounts for approximately 80% of cases of TB in
the US. Previous studies have found that interferon-gamma release assay (IGRA) testing and
LTBI treatment after a positive IGRA result can be cost-effective in certain key populations,
including people living with HIV and non-US-born individuals.[4, 5]

Since most TTT programs are implemented at the state or county level, decision-makers
need to know the cost-effectiveness of TTT in populations within their locale. For US
decision-makers considering national-level resource allocation, understanding how TTT
cost-effectiveness varies by state and what factors generate this heterogeneity might be
useful. We adapted a state-level epidemiological model of TB transmission [6] to project
the effectiveness, costs, and cost-effectiveness of hypothetical TTT interventions in the four
most populous US states: California, Texas, New York, and Florida. [7]

Methods

Effectiveness model & Interventions.

We used a previously developed individual-based TB modeling framework[8] structured to
capture the demographic and epidemiological processes underpinning the TB epidemics

in California, Florida, New York, and Texas. We incorporated five key populations,
namely people who are (i) non-US-born; (ii) living with diabetes; (iii) HI\V-positive; (iv)
experiencing recent homelessness; or (v) incarcerated. The model includes TB-uninfected,
LTBI, active TB, and recovered states, and calibrates reactivation rates to observed state-
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specific incidence (by age and calendar time) as a function of individuals’ age, region of
birth, and time since infection, as well as calendar time. Full details of model population
demography and TB natural history are described in the Appendix and elsewhere.[8, 9] In
previous analyses describing the impact of interventions by state [6], we estimated baseline
levels of TTT in each state. Here, we expand those analyses and link those estimates of
effectiveness to corresponding cost estimates to compare the cost-effectiveness of alternative
TTT strategies at the state level. We assumed a one-time TTT intervention, occurring in

the first year, in which key populations are tested for LTBI using IGRAs, screened for TB
using chest radiograph if IGRA-positive, and treated with 12 weeks of self-administered
weekly isoniazid and rifapentine (3HP) if ruled out for TB. We assumed 85% sensitivity

of IGRA testing, 85% initiation [10] and 78% completion [11] of LTBI treatment for 3HP
among all who test positive, and 93% efficacy among those who complete therapy.[12] For
each state, we considered testing 50% of all non-US born residents; 80% of residents living
with diabetes; and 100% of residents living with HIV, experiencing recent homelessness,
or experiencing incarceration. These populations were considered independently, without
excluding overlaps; for instance, residents living with diabetes include both US-born and
non-US born individuals.

We assessed the cost effectiveness of TTT from the perspective of the healthcare system in
each state. The populations in each state were followed over a 30-year horizon, modeled
as open cohorts with immigration, birth, and death. We estimated effectiveness as TB
cases (and TB-related deaths) averted and quality-adjusted life years [QALY's] gained over
the analytic horizon, by comparing simulations of the model at baseline, which assumes
continuation of current trends in TB and TB services. We also estimated the costs of LTBI
tests and chest radiographs performed, and persons treated in each population. We estimated
net QALY gained under 20 separate scenarios, including TTT in each of the five risk
populations listed above, in each of the four states considered. We included estimates of
mild and severe LTBI treatment toxicity (with attendant hospitalization costs and losses in
quality of life). Our primary outcome was the incremental cost-effectiveness ratio (ICER),
expressed as 2018 US dollars per QALY gained, comparing each TTT strategy to the
baseline.

Unit cost estimates.

We used published literature and other publicly available sources (Table 1) to estimate unit
costs per person tested for LTBI, per person completing LTBI treatment, and per case of TB
disease averted. In estimating these unit costs, we assumed that states followed CDC testing
and treatment protocols, including IGRA testing and self-administered 3HP for treatment.
We included an initial complete blood count (CBC), liver function test (LFT), and HIV test
(except people living with HIV). We used published costs of treatment for TB. [13, 14]
Unit cost estimates were inflated to the year 2018 using the US GDP deflator, and costs
were indexed to the cost of living in each state.[15] TTT costs and QALY losses resulting
from the intervention were assumed to occur in the initial year and therefore not discounted;
future costs and QALY gained from averted cases of TB were discounted at 3% annually.
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QALY estimates.

The QALY is a measure of disease burden including both health-related quality of life and
the quantity of life lived (see Appendix Table E1 note for further details).[16] We used
published data to estimate the case-fatality of TB [17] in the US within each key population
and the future life expectancy of individuals who die of TB (based on the age at TB

disease diagnosis by risk populations/states estimated from the transmission model).[18] We
also incorporated disutilities associated with HIV[19] and diabetes[20], for those specific
populations.[21] The net number of QALY gained for each intervention was estimated as
the difference between QALYSs gained due to averted TB and QALYSs lost due to the toxicity
of LTBI treatment.

Sensitivity analyses.

Results

We performed one-way sensitivity analyses to describe the association between each input
variable in our model and the primary outcome (i.e., ICER), for each key population in each
state. Since we calibrated our model’s effectiveness outputs to TB incidence in each state,
we evaluated the cost-effectiveness of TTT under simulations with different estimated TTT
effectiveness, in terms of number and timing of TB cases and deaths averted, rather than
directly varying LTBI prevalence and reactivation rates (as these were calibrated to historical
TB incidence within each simulation; see Appendix for further details). To better explore

the simultaneous effect of uncertainty ranges across all of our model parameters, we also
conducted a probabilistic sensitivity analysis (PSA) in which all model parameter values
were randomly sampled over pre-specified distributions (shown in Appendix Table E3). This
process was repeated 10,000 times to generate uncertainty estimates around the primary
ICER estimate, with 95% uncertainty ranges reported as the 2.5 and 97.5! percentiles of
the corresponding distributions.

The numbers of patients screened for LTBI, diagnosed, and completing treatment reflected
the relative size of each key population in each state. For example, in California, testing

of 50% of non-US-born people — the largest key population studied — involved testing an
estimated 5.3 million people, 1.1 million people testing positive for LTBI (based on age
specific LTBI prevalence of 24%-43% and 85% IGRA sensitivity), and 660,000 people
completing treatment (assuming 66% net initiation and completion). The cost of this
intervention was estimated as $944 million (in 2018 dollars), including $470 million for
testing and $474 million for treatment. Over the subsequent 29 years, treating this number
of people was estimated to avert 9,800 cases of TB, resulting in a net present value of $179
million in treatment costs averted. By comparison, TTT for all HIV-positive individuals

in California would involve testing 141,000 people, 18,000 testing positive, and 10,500
completing treatment, at a cost of $19 million ($12 million for testing and $7 million for
treatment). This intervention averted an estimated 670 TB cases, resulting in a net present
value of $13 million in TB treatment costs averted over the next 30 years. Similar results
are shown for other states and populations in Appendix Table E2. When categorizing costs
as LTBI testing versus treatment, testing comprised about 47% of costs (versus 53% for
treatment) among the non-US-born (out of total intervention cost as $944 million), homeless
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($60 million) and incarcerated ($30 million) populations, whereas testing comprised 64% of
costs (versus 36% for treatment) among people living with diabetes ($408 million) and HIV
($19 million), reflecting these populations’ slightly lower LTBI prevalence.

As shown in Figure 1, the estimated health impact and cost-effectiveness of TTT differed
substantially across states and risk populations. TTT among non-US-born populations
resulted in an ICER for the baseline scenario of $81,790 (95% uncertainty interval: $20,000,
$139,000) in Texas and $104,098 ($36,000, $498,000) in California, but $144,096 ($36,000,
$306,000) in Florida and $174,152 ($40,000, $517,000) in New York. TTT among people
living with HIV was the most cost-effective intervention in all states, with ICERS ranging
from $2,828 (cost saving, $11,000) in Florida to $11,265 (cost saving, $119,000) in New
York. The cost effectiveness of TTT was intermediate in incarcerated persons (but the
strategy was dominated in New York) and homeless persons (however, in New York, cost
effectiveness in this population was over $511,000 per QALY gained). This is because
incidence among homeless and incarcerated individuals is low in New York, partially
reflecting baseline and historical TB practices in the state. As a result, the net QALY's gained
for incarcerated individuals in New York (QALY's gained from averted TB minus QALY's
lost due to toxicity of 3HP) is even negative, thereby causing the cost per QALY gained to
be dominated. The ICER for TTT among people living with diabetes was over $223,000 in
each state and reached $818,000 per QALY gained in New York because of older age and
competing risk of death. Cost-effectiveness of self-administered 3HP was more favorable
than for directly observed treatment (Appendix Table E3).

The most important determinants of overall TTT cost-effectiveness included the expected
decline in TB incidence, the direct medical cost of IGRA, QALY lost per LTBI treatment
(including proportion of patients experiencing toxicity from 3HP). The rank ordering of
these variables in one-way sensitivity analyses varied across key populations and states
(Figure 2 and Appendix Figure E3). For example, we varied the expected TB incidence after
30 years (without TTT) by —/+50% from the California baseline of 5.3 cases per 100,000
[22] to either 2.7 or 7.9 per 100,000 persons, which resulted in a change in the discounted
number of TB cases averted among non-US-born individuals changed from a baseline of
7,380 to 3,507 and 10,522, respectively. This caused the corresponding ICER to vary from

a baseline value of $104,098/QALY gained to $343,061/QALY gained and $61,546/QALY
gained, respectively. On the other hand, doubling the disutility of 3HP (e.g., doubling levels
of toxicity or incorporating a QALY loss for the inconvenience of treatment) would cause
the ICER to increase between $82,656 and $140,015 per QALY gained. In probabilistic
sensitivity analysis (shown in Appendix Figure E1 and E2), more than 67% of simulation
estimates fell below $150,000 per QALY gained for TTT among the non-US-born in all four
states, while fewer than 35% of simulation estimates fell below this level for people living
with diabetes.

Discussion

This model-based analysis describes how cost-effectiveness of TTT for LTBI in the United
States varies across key populations and the states that we examined. Specifically, cost
effectiveness was consistently greatest among people living with HIV; moderate among
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individuals who are non-US-born, incarcerated or homeless; and lowest for people living
with diabetes. The cost effectiveness for TTT of homeless and incarcerated populations
was similar as for non-US born persons, but the small size of those populations results

in uncertainty in long-term population-level health impact. Cost-effectiveness differed
substantially by state, with a tendency for additional TTT above baseline practices to be
more cost-effective in Texas (where TB transmission rates may be higher)[6] and less
cost-effective in New York (where TB incidence in the populations evaluated was lower).
[23] The cost-effectiveness of TTT was most sensitive, in order, to assumptions regarding
the state-specific trend in TB incidence, the cost of IGRA and the impact of 3HP toxicity
among people treated for LTBI.

Importantly, this analysis suggests that people living with diabetes may experience less
benefit from LTBI treatment due to their older age (e.g. mean age of 61 years in California
at TB disease diagnosis, consequently with fewer remaining years of life) and lower
quality-adjusted life expectancy (i.e., more disability in remaining years of life) — despite
their increased risk of reactivation relative to the general population. However, we did not
consider in our analysis the overlap of key risk populations, notably of non-US-born people
living with diabetes, because of lack of data on the state-level prevalence of diabetes among
non-US-born people. By contrast, cost-effectiveness of TTT among people living with HIV
was greatest in every scenario tested, reflecting their relatively younger age and the high
prevalence of LTBI and risk of progression to TB.[24] For people experiencing recent
homelessness or incarceration, our analysis estimated cost-effectiveness somewhere between
the highest and lowest levels, but with great uncertainty given their small population

sizes and without additional consideration of TTT implementation challenges for these
populations.

Decisions about which populations should be tested and treated for LTBI must consider
the balance between benefits that are substantial but uncertain and delayed, and harms that
are rare, but more immediate.[7, 25] It will be important for policy makers to consider
whether the risk-benefit balance of TTT of specific populations (e.g., populations who might
experience greater toxicity, such as people with hepatitis C or the very old)[26] might be
less favorable than presented in this analysis — or more beneficial than presented here (e.g.,
populations having higher risks of TB reactivation such as people living with HIV, recent
immigrants, and close contacts). Further research is needed that evaluates risk assessment
tools to determine efficient ways of identifying candidates for TTT, and whether certain
screening and treatment methods are preferable for certain risk groups as well as how often
and where LTBI screening should be performed in different risk groups.[7]

Overall, our findings are generally consistent with previous analyses [4, 5] suggesting
that cost-effectiveness of TTT (with IGRA and self-administered 3HP) is likely to be
greater in non-US-born people and people living with HIV and less among people with
diabetes. However, our estimates of the cost per QALY gained through TTT are higher
(less favorable) than previous estimates, even after adjustment for inflation. For example,
two earlier studies (updated to 20188$) estimated that the cost of TTT among non-US-
born populations would fall between $64,000 and $124,000 per QALY gained.[4, 5]
These differences are partially explained by the previous studies limiting their analysis to

Clin Infect Dis. Author manuscript; available in PMC 2022 May 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Joetal.

Page 7

populations (e.g., younger age, recent immigrants) in whom cost-effectiveness is expected
to be higher (because of more years of life remaining or higher LTBI prevalence and
progression to TB), and also by our model’s use of an open population cohort, in which
migration of untreated individuals and death due to other causes result in lower effectiveness
estimates over time. Nevertheless, the policy implications — that TTT for people living with
HIV and non-US-born individuals is likely to be cost-effective — remain similar.

This study has limitations. There is lack of certainty around many of the most important
determinants of cost-effectiveness, including the state-specific LTBI prevalence of each
population, long-term reactivation rates, and the disutility associated with taking 3HP.

[27] For smaller populations (e.g., HIV, homeless and incarcerated), uncertainty estimates
were very wide, reflecting model stochasticity and the relatively small contribution of

these populations to TB incidence at the state level. (Appendix Figure E4) Our model
analyzes an open cohort over 30 years of the population of each state, rather than the
lifetime of the cohort that received the intervention; as such, we may underestimate the
cost-effectiveness of TTT but likely better reflect decision-making on the part of individual
state TB programs that might plan based on a set number of years. Our costs only include
the healthcare system costs of testing and treatment and exclude program implementation
costs (identification and recruitment of populations for testing, etc.), patient costs, and
other societal costs. We also did not include costs of additional testing among people

with abnormal radiographs (e.g., sputum smear and TB culture) because these costs are
considered part of an evaluation for persons suspected of having TB disease. While any TTT
program may identify active TB cases, this analysis did not incorporate either the costs or
the benefits thereof. These simplifications may cause us to underestimate or overestimate
the cost-effectiveness of TTT. Finally, we did not consider multidrug-resistant TB, different
diagnostic algorithms, or different treatment options, nor did we consider strategies that
could enhance cost-effectiveness by additional stratification of risk (e.g., TTT of recent
arrivals among non-US-born populations). TTT cost-effectiveness is strongly affected by
assumptions about long-term effectiveness, in terms of averted TB cases and deaths over

a period of decades in a non-static population. Better empirical estimates to inform these
values in different epidemiological contexts are needed. State-level cost-effectiveness will
also differ by the conditions and costs of TTT implementation. Accordingly, future work
might consider testing and treatment of feasible numbers in each year, which might be

a more realistic implementation scenario. Nevertheless, these findings may be useful for
prioritization of TTT effort and for resource allocation while awaiting additional data.
Research on better ways to target efforts to prevent TB in populations at risk for reactivation
and cheaper, but equally effective treatment strategies would help reduce program costs and
increase cost-effectiveness.

Conclusions

Testing and treatment of persons with LTBI constitutes an essential component of TB
elimination in the United States and globally. This model-based analysis shows that cost-
effectiveness of TTT for LTBI varies across key populations and the states. Specifically, cost
effectiveness was greatest among people living with HIV, moderate among individuals who
were non-US born, homeless, or incarcerated; and least cost effective for the people living

Clin Infect Dis. Author manuscript; available in PMC 2022 May 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Joetal. Page 8

with diabetes. While conducting TTT in populations with the greatest cost effectiveness
makes efficient use of program dollars, TTT among the non-US-born population results

in substantial progress towards TB elimination. These results may help decision-makers
prioritize resources at the state level to more effectively advance TB control efforts toward
the goal of elimination.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Health Impact and Incremental Cost-effectiveness in Deterministic Analyses
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Figure 2.
One-Way Sensitivity Analyses in California, Compared with the Baseline Incremental Cost

Effectiveness Ratio (ICER)
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Group Parameters California | Florida | New York | Texas
Costs Cost inputs
Direct cost of Diagnostic tests IGRA (Interferon gamma release assay $85 $77 $84 $75
QuantiFERON-Gold)? [28]
Chest radiograph [29] $22 $20 $22 $20
Direct cost of latent tuberculosis 3HP (isoniazid & rifapentine, 3 months, self- $451 $404 $443 $394
infection (LTBI) treatment administered)b[SO]
Lab tests® (28] $41 $36 $40 $36
Toxicity not requiring hospitalization [30] $216 $193 $212 $189
Toxicity requiring hospitalization [31] $6,926 $6,208 $6,802 $6,053
Direct cost of (drug susceptible) TB Inpatient costs [32] $42,356 $23,378 | $41,685 $18,350
treatment Outpatient costs [33] $3,550 $3,181 $3,486 $3,102
Cost of living adjustment Percentage of the national average price for 110.84 98.55 109.40 96.91
healthcare [15]
Effectiveness Effectiveness inputs
Probabilities and discount rate Probability of toxicity during LTBI treatment 3.20
(without hospitalization) [11]
Probability of toxicity during LTBI treatment 0.015%

(with hospitalization) [34]

Probability of case fatality of TB disease [17, 30]

5.8% (9.2% for people living with HIV)

Discount rate, per year [16] 3%
Probability of TB hospitalization [35] 49%
- ad Estimated quality-adjusted life years (QALY)
QALY estimates lost per case of non-fatal TB disease (QALY's 0.12
gained per TB case averted)
Estimated QALYS lost per LTBI treatment
completed [16] (probability * disutility of 0.002

toxicity)

a . . . . Lo T .
Costs of additional testing among people with abnormal radiographs, such as for Mtb smear/culture, nucleic acid amplification testing, and drug
susceptibility were not incorporated because these costs are not typically considered part of LTBI testing, though are part of testing persons to rule

out TB disease prior to LTBI treatment.

b’We estimated 3HP costs as $369 per patient from the healthcare system perspective excluding directly observed therapy (DOT) costs from
Shepardson et al, 2013 [30] and adjusted using the Gross Domestic Product (GDP) deflator to 2018, including cost-of-living adjustment by state.
Based on 1 initial clinic visit, 2 monthly follow-up clinic visits, 3 months of medication, and 12 DOT visits

D’Lab tests include liver function test (hepatic function panel), complete blood count, and human immunodeficiency virus (HIV) testing in the first
month (except for people living with HIV after HIV diagnosis). We used the lab tests cost for people living with HIV as $21.84 in California,

$19.58 Florida, $21.45 in New York, and $19.09 in Texas and by excluding the HIV testing cost.

d_ .. . .
Estimated results based on the QALY equation from Sassi et al. [16]
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