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IMPORTANCE Screening for breast, cervical, and colorectal cancers in the United States has
remained below the Healthy People 2020 goals, with evidence indicating that persistent
screening disparities still exist. The US Department of Health and Human Services has
emphasized cross-sectoral collaboration in aligning social determinants of health with public
health and medical services. Examining the economics of intervening through these novel
methods in the realm of cancer screening can inform program planners, health care
providers, implementers, and policy makers.

OBJECTIVE To conduct a systematic review of economic evaluations of interventions
leveraging social determinants of health to improve screening for breast, cervical, and
colorectal cancer to guide implementation.

EVIDENCE REVIEW A systematic literature search for economic evidence was performed in
MEDLINE, Embase, PsycINFO, Cochrane Library, Global Health, Scopus, Academic Search
Complete, Business Source Complete, EconLit, CINAHL (Cumulative Index to Nursing and
Allied Health Literature), ERIC (Education Resources Information Center), and Sociological
Abstracts from January 1, 2004, to November 25, 2019. Included studies intervened on social
determinants of health to improve breast, cervical, and colorectal cancer screening in the
United States and reported intervention cost, incremental cost per additional person
screened, and/or incremental cost per quality-adjusted life-year (QALY). Risk of bias was
assessed along with qualitative assessment of quality to ensure complete reporting of
economic measures, data sources, and analytic methods. In addition, included studies with
modeled outcomes had to define structural elements and sources for input parameters,
distinguish between programmatic and literature-derived data, and assess uncertainty.

FINDINGS Thirty unique articles with 94 706 real and 4.21 million simulated participants
satisfied our inclusion criteria and were included in the analysis. The median intervention cost
per participant was $123.87 (interquartile interval [1Ql], $24.44-$313.19; 34 estimates). The
median incremental cost per additional person screened was $250.37 (1Ql, $44.67-$609.38;
17 estimates). Studies that modeled final economic outcomes had a median incremental cost
per person of $122.96 (1Ql, $46.96-$124.80; 5 estimates), a median incremental screening
rate of 15% (1Ql, 14%-20%; 5 estimates), and a median incremental QALY per person of 0.04
years (IQl, 0.006-0.06 year; 5 estimates). The median incremental cost per QALY gained of
$3120.00 (1Ql, $782.59-$33 600.00; 5 estimates) was lower than $50 000, an established,
conservative threshold of cost-effectiveness.

CONCLUSIONS AND RELEVANCE Interventions focused on social determinants of health to
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ealth disparities in the United States have contributed
to approximately $93 billion in excess medical care
costs and $42 billion in productivity losses from related
premature deaths per year.! For breast, cervical, and colorectal
cancers, persistent screening disparities exist in the United States,
especially for individuals who are uninsured or with no usual
source of care.2 Use of screening tests in 2015 remained below the
Healthy People 2020 targets by 9.6% for breast cancer, 10.0% for
cervical cancer, and 8.1% for colorectal cancer.? In 2016, to meet
challenges of the evolving public health landscape, the US Depart-
ment of Health and Human Services developed the Public Health
3.0 model.* This model focused on improving social determinants
of health, the conditions in which individuals are born, grow, live,
work, and age,” through engagement across multiple sectors and
community partners.* Other public health organizations continue
to use Public Health 3.0 to inform their work,®® and the Depart-
ment of Health and Human Services has maintained interest in
social determinants of health.®
Healthy People 2020, the US federal government's health pro-
motion and prevention agenda for building a healthier nation,'° de-
fines 5 key domains for social determinants: economic stability, edu-
cation, social and community context, health and health care, and
neighborhood and built environment.” The underlying areas asso-
ciated with each of the domains for social determinants of health
are outlined in the Box.""? Although another review™ has exam-
ined multicomponent interventions focused on increasing commu-
nity demand, community access, and provider delivery of screen-
ing services, this is the first systematic review, to our knowledge, to
examine interventions based on the 5 key domains for social deter-
minants of health as defined by Healthy People 2020" in the realm
of cancer screening. This review identifies the costs of these inter-
ventions and whether they are cost-effective. By doing so, we fea-
ture the latest economic evidence to inform decision makers and
guide the implementation of interventions promoting health eg-
uity by leveraging social determinants of health to improve breast,
cervical, and colorectal cancer screening in the United States.

Methods

We performed a systematic literature search from January 1,2004,

to November 25, 2019, to identify economic evaluations using the

following 12 databases: MEDLINE, Embase, PsycINFO, Cochrane Li-

brary, Global Health, Scopus, Academic Search Complete, Business

Source Complete, EconLit, CINAHL (Cumulative Index to Nursingand

Allied Health Literature), ERIC (Education Resources Information

Center), and Sociological Abstracts. The search strategy for MEDLINE

is provided in eTable 1in the Supplement. This systematic review fo-

cused on answering the following research questions:

1. What are the costs and incremental cost-effectiveness of inter-
ventions targeting social determinants of health toimprove can-
cer screening?

2. Are any patterns observed in the intervention costs and incre-
mental cost-effectiveness of public health interventions align-
ing several domains of social determinants of health to improve
cancer screening?

3. Areinterventions leveraging social determinants of health toim-
prove cancer screening cost-effective?
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Key Points

Question What are the costs of interventions leveraging social
determinants of health to improve breast, cervical, and colorectal
cancer screening, and are they cost-effective?

Findings In this systematic review of 30 unique economic
evaluations, the median intervention cost per participant was
$123.87, the median incremental cost per additional person
screened was $250.37, and the median incremental cost per
quality-adjusted life-year gained was $3120.00, which was
considerably lower than an established conservative threshold for
cost-effectiveness.

Meaning This study found that interventions focused on social
determinants of health to improve breast, cervical, and colorectal
cancer screening appear to be cost-effective for underserved,
vulnerable populations in the United States.

The Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) reporting guideline was used as a framework with
flexibility of incorporating economic-specific guidelines for study
eligibility criteria, quality assessment, and analysis of results.™ All
included articles were reviewed and reconciled by both authors to
ensure satisfaction of inclusion criteria as well as consistency in data
abstraction and analysis. The following inclusion criteria were used
to screen articles:

1. Articles must be written in English.

2. Articles need to describe interventions aiming toimprove breast,

cervical, and/or colorectal cancer screening.

. Interventions must be conducted in the United States.

4. Interventions must focus on the key domains for social determi-
nants of health as defined by Healthy People 2020.

5. Articles must report any of the following economic information:
intervention cost, incremental cost per additional person
screened, or incremental cost per quality-adjusted life-year
(QALY) gained.

6. Articles using modeling must clearly articulate the structure of
the model and data sources used and evaluate uncertainty by per-
forming a sensitivity analysis.

To satisfy inclusion criteria 5 and 6, qualitative assessment of
quality was performed. This assessment consisted of ensuring com-
pleteness of cost reporting, description of data sources, and struc-
tural description of analysis. For studies with modeled outcomes,
further assessment ensured the following items were described: (1)
the type of model constructed (eg, decision-analytic model) and
method of analysis (eg, individual participant simulation); (2) the data
used for the model (programmatic data vs data derived from litera-
ture sources); (3) description of other elements associated with the
simulation (transitional probabilities, utility and cost of beingin the
health state, time per number of cycles spent in health state, etc);
and (4) assessment of uncertainty through sensitivity analysis. Stud-
ies satisfying all 4 of these categories were deemed good quality;
those satisfying 3 categories were deemed fair quality; and those sat-
isfying 2 or fewer categories were deemed poor quality. The quality
assessment instrument is found in eTable 2 in the Supplement. Risk
of bias (RoB) was assessed using the Cochrane Risk-of-Bias Tool for
Randomized Trials, version 2.0, for randomized controlled trials
(RCTs); the Cochrane Risk of Bias in Nonrandomized Studies of
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Box. The Social Determinants of Health Categorized Into 5 Key
Domains With a List of Underlying Areas Within Each Domain™"

Neighborhood and built environment
Transportation

Housing quality

Safety (crime and violence)
Walkability

Environmental conditions
Zip code/geography

Parks and playgrounds
Access to healthy foods to support healthy eating
Economic stability
Employment

Income

Expenses

Debt

Medical bills

Support

Poverty

Food insecurity

Housing instability
Education

Language

Literacy

Early childhood education
Vocational training

High school graduation
Higher education

Health and health care
Health coverage

Access to primary care
Provider availability
Provider linguistic and cultural competency
Health literacy

Quality of care

Social and community context
Social integration

Social cohesion

Support systems

Civic participation
Community engagement
Discrimination
Incarceration

Stress

Interventions'® for non-RCT studies; and the Prediction Model Risk
of Bias Assessment Tool" for modeled studies. The Robvis R pack-
age was used to visualize these assessments."® During abstraction,
each article was categorized into 1of the 5 domains for social deter-
minants (Box). Because most interventions leveraged multiple key
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domains, the total number of key domains intervened was also re-
corded.

Allmonetary values were adjusted for inflation to 2018 US dol-
lars using the Consumer Price Index.'® The starting year for infla-
tion adjustment was assumed to be 1 year before article publica-
tion unless specified in the article. At the time of analysis, only
monthly Consumer Price Index rates from January to October 2019
were available. Therefore, the most recent available yearly annual
Consumer Price Index from the US Bureau of Labor Statistics from
2018 was used.' Once all monetary values were inflation ad-
justed, medians were calculated for the following economic mea-
sures: intervention cost, incremental cost per additional person
screened, and incremental cost per QALY gained; in cases of only 2
estimates, means were calculated. The intervention cost per par-
ticipant included all intervention-related costs (eg, personnel, ma-
terials, and delivery) without the cost of screening. Along with cal-
culating the overall intervention cost and incremental cost-
effectiveness, the evidence was additionally categorized by the type
of cancer screening and number of key domains to observe any
trends. Economic evidence was represented as medians because
they are less sensitive to outliers than means. Medians were accom-
panied by the interquartile interval (IQl), representing the 25th and
75th percentiles. For studies reporting a final outcome of incremen-
tal cost per QALY, a median value was calculated and compared with
an established threshold. A median incremental cost per QALY of
$50 000 or less was determined to be cost-effective. Considering
the use of cost-effectiveness thresholds much higher in the field,
ranging to $300 000 per QALY gained, the threshold used in this
review ($50 000/QALY) is indicative of an extremely conservative
cost-effectiveness determination.?®

|
Results

The economic literature search from January 1, 2004, to Novem-
ber 25, 2019, identified a total of 48 576 articles (Figure). A total of
22 000 articles remained after duplicates were removed. After
screening using the inclusion criteria, a total of 30 unique articles
with 94 706 real and 4.21 million simulated participants?'>° were
included. The age range for participants varied depending on can-
cer type: the majority of breast cancer studies focused on women
aged 40 years and older,?"?® and 2 studies?®2 focused on older
populations over 65 years; for cervical cancer,?>26-33334 sy dies fo-
cused primarily on women over 18 years; for colorectal cancer,3>4°
most studies focused on both men and women aged 50 years and
older, whereas 1study®° focused exclusively on men aged 50 years
and older. Eight studies focused exclusively on Hispanic
individuals,22-26-33:36:3942.45.50 \yhareas some studies focused ex-
clusively on Vietnamese Americans, Korean Americans,>° and Chi-
nese Americans.3* Across 7 studies?22736:3942:44.50 raporting in-
come level, approximately 56% of study participants had a yearly
income of less than $20 000. All studies reporting final economic
outcomes?"2226:31:50 focused on vulnerable, underserved target
populations, with 3 of 5 studies focused exclusively on Hispanic
populations.?2-26-50

All'included studies reported intervention costs, whereas 15
studies?>-28-30.32-36.38.40.41.43.4749 ranorted both intervention costs
and incremental cost per additional person screened. Five
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Figure. Flowchart of the Literature Search and Exclusion of Studies

48576 Records identified through database

searching

l

22000 After duplicates removed

l

3145 Relevant to topic

3078 Excluded

67 Full-text articles assessed for eligibility ‘

37

30 Included for economic analysis

Excluded

23 Intervention not focused on social
determinants of health

14 Did not report relevant economic
information

|

!

10 Reporting only intervention cost 15 Reporting intervention cost and
incremental cost per additional
person screened

5 Reporting intervention cost and
incremental cost per QALY

QALY indicates quality-adjusted

studies?"?2-26-31:50 reported intervention costs, incremental QALYSs,

and incremental cost per QALY. Five studies?'2>28-32 described in-
terventions aiming toimprove breast cancer screening through mam-
mography tests. Five studies?>2%3"3334 described interventions aim-
ing toimprove cervical cancer screening through Papanicolaou tests.
Sixteen studies>>>° described interventions aiming to improve co-
lorectal cancer screening through the fecal occult blood test, fecal
immunochemical test, and colonoscopy. Two studies?”-3° de-
scribed interventions for both breast and cervical cancer screen-
ing. Two studies?*2° described interventions for both breast and co-
lorectal cancer screening.

All these studies intervened on multiple key domains for social
determinants (Table 1). Although 4 of the 5 domains were covered
by the included studies, no studies focused on the education do-
main, which indicates a potential research gap. Thirteen
studies?"2>27.2931:32.3742-45:4749 h5d interventions that covered 2 do-
mains for social determinants, and 16 studies??2+26.28-30.33-36.38-4146
had interventions covering 3 domains for social determinants. Two
studies*®>° covered 4 domains for social determinants. One study?®
had both interventions for breast cancer screening that covered 2
domains and interventions for colorectal cancer screening that cov-
ered 3 domains by having a mailed fecal immunochemical test kit
to reduce transportation burden in participants. For neighborhood
and physical environment, 8 studies?"23-24.28:30.33.34.50 dagcribed
interventions providing transportation assistance to attend screen-
ing appointments, whereas 15 studies?6-29-36-4143-49 rady ced trans-
portation burden by mailing home screening kits. For economic sta-
bility, interventions reduced out-of-pocket costs for
screening??2428:29.35.3648,50 by, hroviding vouchers or free screen-
ing services, whereas 1study>2 had an intervention that provided a
cash incentive to participants for completing screening. For the
health and health care domain, most of the included studies fo-
cused on health literacy?%23.25-28:30-36,38-43:46-48.50 throgh the dis-
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life-year.

tribution of educational materials in different forms. For commu-
nity and social context support systems, 1study>> had an intervention
providing childcare assistance, whereas other studies had patient
navigators who provided appointment scheduling
assistance,?'2224:27.29.30.34.36.4142.4548.50 q;treach and counsel-
ing support’21,22.26,29.30.35—40.42.44—46,48—50 and language transla-
tion services.

Included studies were conducted in the following US geo-
graphic regions: the Southwest,22:23:25.26.36,39.42,48,50
MidWest,27'32'37'44'46 NOrthWeSt,25'31'33'34'38'40'45'49 SOUtheaSt,24
Northeast,2+29-3035404147 3nd West.?®43 Two studies had inter-
ventions conducted in multiple regions.?*2> One study covered a
national program.?' Twenty included studies were
RCTs,25:27-34.37.38:40-4749 3 \yare observational studies®>>6*® and 8
studies modeled outcomes.?"22:24.26:31.35.39.50 e study con-
ducted an RCT and modeled long-term outcomes using data from
the trial and the literature.>'

21,23-25,30,31,34,35

RoB Assessment

The Cochrane Risk-of-Bias Tool for Randomized Trials, version 2.0,
assessment indicated that 16 studies (80% of RCTs) had an overall
low RoB?>:29:31-34.37.38,4041.43-4749. 4 o1\, djes were classified as hav-
ing some concerns®”28:3942; and no studies had a high RoB (eFig-
ures 1and 2 in the Supplement). Seventeen studies (85% of
RCTs)?5:29:31-34.37.38:40-4749 h3d |ow RoB from the randomization pro-
cess; 3 studies?”-?830 had some concerns. Nineteen studies (95%
of RCTs)?>:27:2931:34.37.38.40-4749 had |ow RoB owing to deviations
from intended interventions; 1 study>° had some concerns. Nine-
teen studies (95% of RCTs)?>27-34:37.38:40.41:43-47.49 h3d |ow RoB ow-
ing to missing outcome data; 1study had some concerns.*? AllRCTs
had low RoB for outcome measurement and selection of the re-
ported result. The Cochrane Risk of Bias in Nonrandomized Studies
of Interventions tool indicated an overall moderate RoB for 3 non-
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Table 1. Distribution of Studies Into Domains for Social Determinants of Health®

Domain
Health
and
Neighborhood and health
built environment Economic stability Education care Community and social context support systems
Reducing

Transpor-  transpor- No.

tation tation Patient of social

assistance  burdenby Reducing  Cash Patient navigation Patient determi-

to attend mailing out-of- incentives navigator  outreach, navigator  nants

screening  home pocket for appointment counseling, language of health

appoint- screening  costs for completing Health Childcare scheduling and translation domains
Source ments kits screening  screening Any literacy assistance assistance  support services covered
Breast cancer
Lietal,222019 No No Yes No No Yes No Yes Yes No 3
Allaire etal,?!  Yes No No No No No No Yes Yes Yes 2
2019
Slateretal,??>  No No No Yes No Yes No No No No 2
2017
Donaldson Yes No Yes No No No No Yes No Yes 3
etal,?42012
Meghea et al,>” No No No No No Yes No Yes No No 2
2015
Phillips et al,>®  No No Yes No No No No No Yes No 2
2015
Carkacietal,”®> Yes No No No No Yes No No No Yes 3
2013
Naeimetal,?®  Yes No Yes No No Yes No No No No 3
2009
Schuster Yes No No No No Yes No Yes Yes Yes 3
etal,>°2015
Cervical cancer
Scoggins No No No No No Yes No Yes Yes Yes 2
etal,>* 2010
Lairsonetal,?®> No No No No No Yes No No No Yes 2
2014
Lietal,2°2017 No No Yes No No Yes No No Yes No 3
Thompson Yes No No No No Yes No Yes No Yes 3
etal,3*2007
Thompson Yes No No No No Yes Yes Yes No No 3
etal,?32017
Meghea et al,?” No No No No No Yes No Yes No No 2
2015
Schuster Yes No No No No Yes No Yes Yes Yes 3
etal,>°2015
Colorectal cancer
Rice et al,3® No No Yes No No Yes No No Yes Yes 3
2019
Lairsonetal,*® No Yes No No No Yes No Yes Yes No 3
2018
Lee et al,*? No Yes No No No Yes No No No No 2
2011
Smithetal,*®  No Yes No No No No No No Yes No 2
2012
Liss et al,** No Yes No No No No No No Yes No 2
2016
Schlichting No Yes No No No Yes No No Yes No 3
etal,*¢2014
Greenetal,®®  No Yes No No No Yes No No Yes No 3
2013
Lairson et al,*® No Yes No No No Yes No No Yes No 3
2014
Lairson etal,** No Yes No No No Yes No Yes No No 3
2008
Phillips et al,>®  No Yes Yes No No No No Yes Yes No 3
2015
Donaldson Yes No Yes No No No No Yes No Yes 3
etal, 242012

(continued)
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Table 1. Distribution of Studies Into Domains for Social Determinants of Health? (continued)

Domain
Health
and
Neighborhood and health
built environment Economic stability Education care Community and social context support systems
Reducing
Transpor-  transpor- No.
tation tation Patient of social
assistance  burdenby Reducing  Cash Patient navigation Patient determi-
to attend mailing out-of- incentives navigator  outreach, navigator  nants
screening  home pocket for appointment counseling, language of health
appoint- screening  costs for completing Health Childcare scheduling and translation domains
Source ments kits screening  screening Any literacy assistance assistance  support services covered
Bakeretal,>”  No Yes No No No No No No Yes No 2
2014
Larkey etal,*>  No No No No No Yes No Yes Yes No 2
2012
Meenan et al,*> No Yes No No No No No No Yes No 2
2015
Kim et al,3° No Yes No No No Yes No No Yes No 3
2017
Sequistetal,*” No Yes No No No Yes No No No No 2
2010
Shokar et al,*®  No Yes Yes No No Yes No Yes Yes No 4
2015
Wilson etal,”®  Yes No Yes No No Yes No Yes Yes No 4
2015

2 The included body of evidence contains 30 unique studies with 2 studies covering both breast and cervical cancer and 2 studies covering both breast and

colorectal cancer. Yes indicates the area is covered.

RCT studies (eFigures 3 and 4 in the Supplement).?>3648 The Pre-
diction Model Risk of Bias Assessment Tool indicated that 6 of 8 stud-
ies with modeled outcomes had overall low RoB and low concern
for applicability (eFigures 5 and 6 in the Supplement).2-22-26-31:35.50
Two modeled studies®*>° were deemed to have unclear RoB and
unclear concern for applicability for predictors and outcomes. All 5
modeled studies reporting incremental cost per QALY used for the
cost-effectiveness determination?"-?%26350 yyere deemed to have
low risk of bias and low concern for applicability.

Intervention Costs

The median intervention cost for all interventions focusing on so-
cial determinants of health was $123.87 (1Ql, $24.44-$313.19; 34 es-
timates) (Table 2).2"-°° For interventions aiming to improve breast
cancer screening, the median intervention cost per participant was
$160.10 (IQI, $118.98-$370.84; 9 estimates).?">+27309-32 For inter-
ventions aiming to improve cervical cancer screening, the median
intervention cost was $160.10 (1Ql, $105.02-$249.83; 7
estimates).2>2730:31:3334 Eorinterventions aiming to improve colo-
rectal cancer screening, the median intervention cost was $46.39
(1Ql, $8.77-$268.01; 18 estimates).?*293>C The median costs for
interventions covering key domains for social determinants was
$33.72(1Ql, $5.50-$151.56; 14 estimates)?"-2>2729:31:32.3742-454749 £
2 domains and $211.08 (IQl, $90.04-$370.84; 18
estimates)?224-26:28-30.33-36.38-4146 £ 3 domains. The mean cost for
interventions covering 4 domains was $275.39.48-°0

Incremental Cost per Additional Person Screened

The median incremental cost per additional person screened for all
interventions focused on social determinants of health was $250.37
(1Ql, $44.67-$609.38; 17 estimates)
(Table 2).25:28-30.:32:36.38:40.41434749 Tha median incremental costs
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per additional person screened were $279.17 (1Ql, $189.13-
$527.89; 4 estimates) for breast cancer,?23°:32 $314.65 (1Ql,
$188.91-$552.94; 4 estimates) for cervical cancer,?>:39-3334 and
$110.09 (1Ql, $44.67-$609.38; 9 estimates) for colorectal
cancer,29:35:36.38.404143.4749 Tha median incremental costs per
additional person screened for interventions covering key
domains for social determinants were $77.82 (I1Ql, $24.13-
$833.76; 6 estimates)?>:22:324347.49 for 2 domains and $307.96
(1Ql, $178.46-$497.82; 11 estimates)28-30:33-36.38.40.41 5, 3
domains.

Incremental Cost per QALY

For studies modeling final economic outcomes, the median incre-
mental cost per person was $122.96 (IQl, $46.96-$124.80; 5 esti-
mates), the median incremental screening rate was 15% (1Ql, 14%-
20%:; 5 estimates), and the median incremental QALY per person
was 0.04 years (1Ql, 0.006-0.06; 5 estimates).2226:3150 The me-
dianincremental cost per QALY gained was $3120.00 (1Ql, $782.59-
$33600.00; 5 estimates) (Table 2).2"2226:31:50 Ty studies re-
ported incremental cost per QALY gained for interventions aiming
to increase breast cancer screening, with a mean of $18 360.00
($3120.00 and $33 600.00; 2 estimates).?">2 Two studies re-
ported incremental cost per QALY gained for interventions aiming
to increase cervical cancer screening, with a mean of $17 957.00
($782.59 and $35 131.66; 2 estimates).?®' One study reported in-
cremental cost per QALY of -$3993.55 for interventions aiming to
increase colorectal cancer screening.®® The mean incremental cost
per QALY was $34 365.68 (1Ql, $33 600.00 and $35131.36; 2 esti-
mates) for interventions covering 2 key domains for social determi-
nants of health.?"3' The mean incremental cost per QALY was
$1951.30($782.59 and $3120.00; 2 estimates) for interventions cov-
ering 3 key domains for social determinants of health.22-26
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Table 2. Economic Evidence From the Body of Evidence

Studies

Economic measures

Allincluded studies

Interventions aiming to increase
breast cancer screening

Interventions aiming to increase
cervical cancer screening

Interventions aiming to increase
colorectal cancer screening

Interventions covering 2
domains of social determinants
of health

Interventions covering 3

Intervention cost per participant

Incremental cost per additional
person screened

Incremental cost per QALY gained

Intervention cost per participant

Incremental cost per additional
person screened

Incremental cost per QALY gained

Intervention cost per participant

Incremental cost per additional
person screened

Incremental cost per QALY gained

Intervention cost per participant

Incremental cost per additional
person screened

Incremental cost per QALY gained

Intervention cost per participant

Incremental cost per additional
person screened

Incremental cost per QALY

Intervention cost per participant
Incremental cost per additional

No. of
Median (1Ql), $ estimates
123.87 (24.44-313.19) 34
250.37 (44.67-609.38) 17
3120.00 5
(782.59-33 600.00)
160.10 (118.98-370.84) 9
279.17 (189.13-527.89) 4
18360.00 2
(3120.00-33 600.00)?
160.10 (105.02-249.83) 7
314.65(188.91-552.94) 4
17957.00 2
(782.59-35131.66)*
46.39 (8.77-268.01) 18
110.09 (44.67-609.38) 9
-3993.55 (Only 1 estimate 1
reported)
33.72 (5.50-151.56) 14 Abbreviations: 1Ql, interquartile
77.82 (24.13-833.76) 6 interval; QALY, quality-adjusted
life-year.
34365.68 2 2 Calculated means with only 2
(33600.00-35131.36)? estimates provided as opposed to
211.08 (90.04-370.84) 18 medians. The number of estimates
307.96 (178.46-497.82) 11 do not directly correspond to the

Review Clinical Review & Education

domains of social determinants

of health person screened

Incremental cost per QALY

1951.30(782.59-3120.00)* 2

number of studies. Some studies
conducted several interventions
reporting multiple estimates.

Cost-effectiveness Determination

The median incremental cost per QALY of $3120.00 (1Ql, $782.59-
$33600.00; 5 estimates) (Table 2)?'22-26:3150 was lower than the
well-established, conservative threshold for cost-effectiveness of
$50 000.00/QALY gained. In addition, the reported individual es-
timates (-$3993.55,°° $782.59,2° $3120.00,%? $33 600.00,%' and
$35131.663") were all lower than $50 000.00/QALY gained
(Table 3).2°

|
Discussion

Summary of the Findings

This systematic review is the first, to our knowledge, to examine eco-
nomic evaluations of interventions targeting social determinants of
health in the realm of improving cancer screening. The findings in-
dicate that leveraging social determinants of health to improve
screening for breast, cervical, and colorectal cancer is cost-
effective for underserved, vulnerable populations in the United
States. These interventions had a median intervention cost of
$123.87, a median incremental cost per additional person screened
of $250.37, and a median incremental cost per QALY of $3120.00.
The median intervention cost per participant and incremental cost
per additional person screened were higher for 3 domains com-
pared with 2; however, the mean incremental cost per QALY was
much lower. In addition, these values were lower for colorectal can-
cer when compared with breast and cervical cancer. The lone incre-
mental cost per QALY estimate for colorectal cancer was negative,
demonstrating net cost savings. All 5 estimates reporting incremen-

jamaoncology.com

tal cost per QALY?"22-26:31:50 \yare below the well-established con-
servative threshold of $50 000.00/QALY.2° Many researchersin the
field are also using larger thresholds of 2 to 3 times the per-capita
annual income, which are well above $100 000.00.2° Considering
the median incremental cost per QALY was $3120.00 and the high-
est estimated incremental cost per QALY value was $35131.66, the
conservative nature of the cost-effectiveness findings are further
strengthened.

Comparability and Generalizability

The 5 studies reporting incremental cost per QALY2"22:26:3150 ma .
eled long-term health and economic outcomes from a societal per-
spective. These studies focused on underserved, vulnerable target
populations and were deemed to be good-quality modeled studies
with complete reporting of information, low RoB, and low concern
for applicability (Table 3). The studies had similar analytic meth-
ods, distinguished between data source for input parameters (pro-
grammatic vs literature-derived data), and assessed uncertainty
through sensitivity analyses. The comparator groups all consisted
of the status quo of not receiving an intervention from an eco-
nomic basis. The generalizability of findings can often be limited by
asmall body of evidence, lack of high-quality studies, and wide varia-
tion in costs and effects across geographical boundaries.>” How-
ever, in this review, the studies reporting incremental cost per QALY
were of good quality and broadly comparable, demonstrating the
robustness of cost-effectiveness findings across cancer types, lo-
cation, and intervention context. In addition, intricacies in the data
source for these modeled studies might affect generalizability. One
of the 5 modeled studies used data from an RCT,> which usually ap-

JAMA Oncology Published online June 18,2020

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 07/13/2020

E7


http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1460

Clinical Review & Education Review

Leveraging Social Determinants of Health to Improve Cancer Screening

Table 3. Comparison of Studies Reporting Final Outcomes (Incremental Cost per QALY)

Characteristic Lietal,?? 2019

Allaire et al,* 2019

Scoggins et al,>* 2010

Lietal,2® 2017

Wilson et al,>° 2015

Cancer type

Screening
test

Location

Target
population

Domains

for social
determinants
of health
covered by
intervention

Intervention
details

Comparator
Modeling

Perspective

Sensitivity
analysis

Risk of bias®

Concern for
applicability
to review
question®

Quality of
modeled
outcome?

Incremental
screening
rate, %

Incremental
cost, $ per
person

Incremental
QALY per
person

Incremental
cost per
QALY, $

Breast

Mammography

San Antonio, Texas

Underserved Hispanic
women aged 40 y and
older (never screened or
not screened in past 5 y)

3 domains: economic
stability; health and health
care; and community and
social context support

systems

Provision of screening
services; media campaign;
patient navigation services
(screening system support
and education outreach)

Status quo (no
intervention)

Microsimulation

Societal

Yes

Low

Low

Good

20

124.80

0.04

3120.00

Breast

Mammography

National Program

Uninsured, underinsured,
and low-income women aged

40-64y (50 US states,
Washington, DC, 6 US
territories, and 13 tribal
jurisdictions)

2 domains: neighborhood
and physical environment
and community and social
context support systems

Transportation assistance to

attend screening
appointments; patient
navigator-driven
appointment scheduling

assistance; patient navigator

outreach; language
translation services

Status quo
(no intervention)

Hybrid decision-analytic
simulation

Societal

Yes

Low

Low

Good

14

201.60

0.006

33600.00

Cervical

Papanicolaou smear

Seattle, Washington

Vietnamese American
women aged 20-79y
(not screened in

past 3y)

2 domains: health and
health care and
community and social
context support
systems

Bicultural, bilingual
navigator-driven
educational outreach
home visits; language
translation services;
screening appointment
scheduling assistance

Status quo
(no intervention)?®

State transition
Markov process

Societal

Yes

Low

Low

Good

8.4

122.96

0.0035

35131.66

Cervical

Papanicolaou smear

San Antonio, Texas

Uninsured Hispanic women
aged 18 y and older

3 domains: economic
stability; health and health
care; and community and
social context support
systems

Reducing out-of-pocket
costs through free
screening tests; mass
media campaign;
personalized education

Status quo
(no intervention)
Microsimulation

Societal

Yes

Low

Low

Good

15

46.96

782.59

Colorectal

Colonoscopy

San Antonio, Texas

Low-income, uninsured
Hispanic men aged 50 y
and older

4 domains: neighborhood and
physical environment;
economic stability; health and
health care; and community
and social context support
systems

Transportation assistance to
attend screening
appointments; reducing
out-of-pocket costs through
free colonoscopy; health
literacy through educational
sessions; patient navigator
appointment scheduling;
language translation;
outreach

Status quo
(no intervention)

Probabilistic Markov
simulation

Societal

Yes

Low

Low

Good

64

-1218.03

0.305

-3993.55

Abbreviation: QALY, quality-adjusted life-year.

Tool (PROBAST)." eFigures 5 and 6 in the Supplement contain traffic and bar
plot representing bias across studies and domains.

E8

@ For this study, the authors used a comparator of mailing physical activity
materials to participants. This incurred cost was completely unrelated to
cancer screening. From a cost perspective, this was treated as zero for the
status quo of not receiving the intervention.

bRisk of bias was assessed using the Prediction Model Risk of Bias Assessment

€ Concern of applicability was assessed simultaneously with risk of bias using
PROBAST. Details of the protocol can be found in Wolff et al."”

9 The criteria used to assess quality of modeled outcomes is presented in
eTable 2 in the Supplement.

plies stricter inclusion criteria, leading to narrower predictor
distributions.>? Compared with the other 4 modeled studies that had
wider distribution in data for characteristics, predictors, and
outcomes,?"22-26:50 the modeled study using RCT data,*' although
highly applicable to a specific context, could potentially have a lower
degree of generalizability.>?
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Implementation Considerations

Translating evidence of intervening on social determinants of health
into practice can require multiple levels of collaboration and part-
nership across social and health systems. When addressing the com-
plexities associated with health inequalities observed for cancer
screening in the United States, it can be especially beneficial to adopt
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a comprehensive approach that leverages social determinants of
health as demonstrated by studies reporting final economic
outcomes.?"22:26:31.50 |ntervening on these determinants
requires recognition of the dynamic, multifactorial interactions at
play along with associated synergisms and antagonisms.>* To
effectively address these relationships, a multilevel partnership
model can be used during intervention planning and implementa-
tion to bring together academic researchers, public health enti-
ties, community-level stakeholders, health systems, and policy
makers to help ensure effectiveness, scale, and sustainability of
these interventions.>3

Program planners and implementers can cover multiple social
determinants of health in a cost-effective manner through the use
of cross-cutting workforce components, such as patient naviga-
tors. Asseenin most of the included studies, '27:29-31:33-42.44-46.48-50
patient navigators intervened on the social and community con-
text by providing support to vulnerable populations in overcoming
the anxiety and barriers faced when navigating through the com-
plexities of the health care system. One way to strengthen thesein-
terventions is through the use of behavioral economics principles,
which 2 final outcome studies adopted.?22® Behavioral economics
consider the implications of individuals not making rational deci-
sions by combining the economics of incentives with psychology.>*
Factors that can strengthen patient navigation include understand-
ing and invoking social norms, estimating risk, personalizing infor-
mation, and providing incentives.>® Recognizing these aspects and
integrating them into interventions is an investment that can result
inimproved screening and cost-effectiveness.??2° By understand-
ing decision-making drivers such as habits, biases, and actions of in-
dividuals in the target population, program planners can design in-
terventions that leverage behavioral economics insights to
strengthen and complement patient navigation services to further
encourage screening.

For hard-to-reach populations, navigators providing outreach
counseling and home visits could help bring these individuals into
the health care system as seen in the studies reporting final eco-
nomic outcomes.?"22-26:3150 Once these individuals are navigated
into the health care system, health care providers can further
assess barriers to screening services and link them to hospital-
and/or community-based programs to potentially relieve barriers.
This requires collaborative partnerships across health systems.
The American College of Physicians supports collaborative mod-
els that encourage a team-based approach to treating vulnerable
populations along with integration of social determinants of
health in all levels of medical education and training to ensure
provider awareness, recognition, and action with at-risk
populations.>® Providers play a key role as stewards of medical
care by cultivating effective communication across teams and
sectors to promote preventive care uptake.>® These efforts can
be reinforced by having patient navigators guide clients from
entry into the health care system to postscreening follow-up with
the provider to prevent attrition. It takes a great deal of effort to
get hard-to-reach populations to enter the health care system,>’
and investing in navigation services throughout the continuum
of preventive care has been shown to improve successful
screening uptake, diagnosis, and follow-up, resulting in earlier
diagnoses and treatment and eventually contributing to gains in
QALY.21'22'26'31'50
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Limitations

Most of the interventions captured in this review covered several
different domains for social determinants of health without provid-
ing a breakdown of costs per specific intervention activity. This limi-
tation presents challenges in identifying cost drivers and perform-
ing comparative analysis of cost and cost-effectiveness of individual
key domains and underlying areas. However, it is useful for deci-
sion makers to see the distribution of domains covered by the in-
cluded studies as well as the overall intervention costs and incre-
mental cost-effectiveness. Table 1shows the variety of interventions
successfully implemented in the field and highlights an evidence gap
for the education domain, which may limit informed decision-
making for long-term policies in this area including early-life inter-
ventions.

Only 5 studies in this review measured incremental
cost per QALY, representing morbidity and mortality information for
cost-effectiveness determinations. Most of the studies reported in-
cremental cost per additional person screened. These intermedi-
ate values cannot be used to make overall cost-effectiveness deter-
minations, because no established threshold exists for these values.
Researchers could supplement the intervention program data with
utility values and other literature-derived input parameters to simu-
late the long-term effects of the interventions through decision-
analytic modeling. This procedure would result in the measure-
ment of incremental QALY gains from the intervention, leading to
calculation of incremental cost per QALY that can be compared with
an existing threshold for cost-effectiveness. For the 5 studies re-
porting incremental cost per QALY,22226:31:50 mqost targeted their
respective interventions for underserved populations, with sev-
eral focusing specifically on low-income, uninsured Hispanic popu-
lations. These populations are vulnerable and may require multiple
levels of support to effectively navigate through the complex health
care system. The results of this review are not representative of the
national population but show significant gains for vulnerable, un-
derserved populations when social support is provided through these
interventions.

Because this systematic review focused on economic evalua-
tions, it was not appropriate to use traditional meta-analysis tech-
niques to combine results from different study designs and ana-
lytic methods.®' Nonetheless, through descriptive statistical
measures, this review provides decision makers with the intricate
sources of variation across studies successfully implementing inter-
ventions in US communities. Future research examining the appli-
cation of these interventions to other population groups as well po-
tentially targeting the educational attainment domain can fill
evidence gaps.

21,22,26,31,50

. |
Conclusions

In this systematic review, interventions focused around social de-
terminants of health toimprove breast, cervical, and colorectal can-
cer screening appear to be cost-effective in underserved, vulner-
able populations in the United States. The findings can inform and
guide program planners, providers, implementers, and policy mak-
ers with design and implementation of these interventions in simi-
lar target populations while ensuring resources are efficiently allo-
cated to maximize gains in QALYs.
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