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Abstract 

 
UNIVERSITY OF CALIFORNIA, MERCED 

 
Estimating the Burden of Disease of Lung 
Cancer at the County-Level in California 

 
A dissertation submitted in partial satisfaction of the requirements  

for the degree Doctor of Philosophy in Public Health 
 

by Ritem Sandhu-Dhaul  
 

2018 
 
An estimated 40,000 people in California suffered from lung cancer in 2014, including 
nearly 2,000 Medi-Cal recipients. Although the increased coverage by Center for 
Medicaid Studies and Medicare Services (CMS) and the Affordable Care Act (ACA) has 
resulted in greater access to preventive health care, coordinated strategies are needed to 
prevent lung cancer. Policymakers, LHDs and medical purchasers need accurate 
information on the costs of lung cancer in their region to identify cost-effective strategies. 
Thus, the purpose of this three-paper dissertation was to estimate the cost and lost 
QALYs of lung cancer in California counties, provide LHDs with a guide to conduct 
ROIs for newly, proposed interventions as well as help them understand the differences 
between cost studies, provide information concerning how to monetize outcomes, and 
finally, attempt to estimate the ROI of implementing a lung cancer screening program. 
An estimated 1.2 billion dollars is currently being spent on lung cancer in California, 
including $33.3 million on the Medi-Cal population. The burden of lung cancer also 
includes 259,889 lost QALYs from the overall population and 36,169 lost QALYs from 
the Medi-Cal population. ROI analysis is a great method for deciding whether or not to 
invest in new program because outcomes can be monetized. ROI estimates suggest a cost 
savings with early detection of lung cancer and an even higher return when outcomes 
such as QALYs lost are monetized and considered in the ROI analysis. In conclusion, 
LHDs and medical purchasers are not the decision makers when it comes to 
implementing new programs such as lung cancer screening; rather the process is a 
political one. This study demonstrates a method of estimating ROI for investing in a new 
lung cancer screening program to provide policymakers with estimates of the scope of the 
problems by region and county. 

 
Keywords: Costs, lung cancer, QALYs, ROI 
 



 

 

1 

 

Introduction 

 

 

Lung cancer is the most common cause of cancer deaths in California (Medicaid, 
n.d.; American Cancer Society–ACS, 2013; California Cancer Registry–CCR, 2009; 
California Department of Public Health–CDPH, 2016). Moreover, risk factors for lung 
cancer include alcohol use, poor diet, and low socioeconomic status (a proxy risk factor). 
Nonetheless, lung cancer is 90% attributable to smoking (Centers for Disease Control –
CDC, 2014). As with many solid tumors, increasing age is a significant factor associated 
with the occurrence of lung cancer because the greatest number of patients diagnosed 
with lung cancer are over the age of 50 (National Cancer Institute–NCI, 2015). Although 
there are programs to decrease tobacco usage, thousands of Californians continue to be 
affected by lung cancer by of continued smoking behaviors (see Figure 1). 
 

 

 
 

Figure 1. Estimated age-specific incidence rates for lung cancer in California, 2014. From National 
Institutes of Health, National Cancer Institute; Surveillance, Epidemiology, and End Results Program 
(SEER), Cancer Statistics, Interactive Tools, Fast Stats, By Data Type. Retrieved 
fromhttps://seer.cancer.gov/faststats/selections.php?#Output 

 
The ACS (2015) posits that the age-specific cancer incidence rate increases with 

age until a decrease in the 85+ age group. Although research does not indicate mass 
screening for lung cancer, selective screening of high-risk target groups may be 
beneficial. Moreover, lung cancer makes a negative fiscal impact on the economy costing 
taxpayers billions of dollars in medical expenses every year. Many of these costs come 
from uninsured patients and ethnic minorities who do not seek treatment until later stages 
when treatment is more expensive and less successful (ACS, 2015). It is evident that 
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early diagnoses could potentially save billions of dollars and thousands of lives 
(Mills,2011). 

Figure 2 shows that in California, more than 70% of people with lung cancer are 
diagnosed at stage III or IV (Neubaur et al., 2010). Previous studies have found that 
people in vulnerable communities are diagnosed with lung cancer at a later stage and 
have worse health outcomes than others in California (Mills, 2011). Furthermore, 
inadequate access to diagnostic services, delays in detecting lung cancer, lack of 
coordinated treatment, and inadequate follow-up care are thought to be contributing 
factors to poor outcomes (Shavers & Brown, 2002; Shugarman et al., 2009). As might be 
expected, outcomes are worse for vulnerable populations, including people of Latino or 
Hispanic descent, immigrants, and people from low socioeconomic areas; with disparities 
in timely diagnosis, treatment, and outcomes for patients with lung cancer. Evidence 
shows that lung cancer is the leading cause of cancer death in women (ACS, 2018b). The 
rate of new cancer cases over the past 37 years has dropped for men (28%) while, 
alarmingly, it has risen for women (98%) (CDC, 2013). Furthermore, African Americans 
are more likely to die from lung cancer than any other race.  

Examining lung cancer rates in the San Joaquin Valley (SJV) of California is of 
interest for several reasons. The SJV comprises many poor, agricultural communities 
with substantial racial and ethnic minority populations. Ethnic minority residents include 
the second largest Hmong population in the country (Fresno) and significant Latino 
populations. Also, the region is one of the fastest growing in California. The California 
Department of Finance projects that by 2040, the valley will be home to 12 million 
people—almost double the current population of 6.5 million. Whereas nonHispanic 
Whites account for half of the population, the southern region of the SJV has Latino 
populations that form as much as 46% of the local population. There is also a large 
number of Asians at 10% of the population. Moreover, the SJV has six of the 10 most 
polluted cities in California; with significant rates of asthma, allergies, and Valley Fever 
(Cabato, 2016). These conditions, caused or exacerbated by poor air quality, may be 
linked to increased rates of lung cancer (Mills, Yang, & Dodge, 2007). Additionally, 
smoking prevalence among men in the SJV is higher than men in other parts of the state 
(Mills, Yang, & Dodge, 2007). Finally, because of the enormous reliance on agriculture 
production, farm workers suffer from cellular effects in the lungs from being exposed to 
carcinogens and particulate matter (Smith et al., 2003). These facts suggest that lung 
cancer rates may be disproportionally higher in the SJV than other regions (NCI, 2014b).  
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16% Localized Confined to Primary 
Site 

22% Regional Spread to Regional 
Lymph Nodes 

57% Distant Cancer Has Metastasized 

5% Unknown, Unstaged 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Percent of cases by stage. From National Institutes of Health (NIH), National Cancer Institute; 
Surveillance, Epidemiology, and End Results Program (SEER), Cancer Statistics, Reports on Cancer, 
Cancer Stat Facts, Lung and Bronchus Cancer. Retrieved from 
https://seer.cancer.gov/statfacts/html/lungb.html 

 

Impacts 

Data collected by the National Cancer Institute (NCI, 2015) from 2004–2010 
suggests that 17% of people whose physicians diagnosed them with lung cancer are alive 
five years later. Moreover, people who show no symptoms but whose cancer is detected 
in time have an 88% chance of living another full decade (Bourzac, 2014). Hence, early 
diagnosis of lung cancer has a positive association with life expectancy, which affects a 
person’s quality of life. 

People with cancer often experience symptoms of disease and treatment that 
contribute to distress and diminish their quality of life. In fact, an increased financial 
burden as a result of cancer care costs is the most reliable independent predictor of 
reduced quality of life (Fenn et al., 2014). Cancer and its treatment result in the loss of 
economic resources and opportunities for patients, families, employers, and society 
overall. These losses include financial loss, morbidity, reduced quality of life, and 
premature death (Yabroff, Lund, Kepka, & Mariotto, 2011). 

 Hence, loss of productivity costs due to any cancer-related premature deaths are 
significant. Thus, productivity costs provide an alternative outlook on the burden of 
cancer. The figure below shows that in the year 2000, the economy lost approximately 
$115.8 billion due to cancer deaths, which will steadily increase to $147.6 billion in 
2020.  
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Figure 3. Present value of lifetime earnings lost due to cancer mortality in adults age 20 and older, years 
2000–2020. From Bradley, C. J., Yabroff, K. R., Dahman, B., Feuer, E. J., Mariotto, A., & Brown, M. L. 
(2008, December 17). Productivity costs of cancer mortality in the United States: 2000–2020, JNCI: 

Journal of the National Cancer Institute, 100(24), 1763–1770, https://doi.org/10.1093/jnci/djn384 

 
 

Significant disparities exist for delivering patient-centered and equitable cancer 
care by race/ethnicity, immigration status, and for vulnerable populations with lung 
cancer (Shavers & Brown, 2002; Shugarman et al., 2009). In a recent study by John et al. 
(2014), patients with perceived unmet need lung cancer treatment (9% overall) included 
7% White–U.S.-born, 9% White–foreign-born, 13% Black–U.S.-born, 8% Latino–U.S.-
born, 24% Latino–foreign-born, 4% Asian/Pacific Islander–U.S.-born, 14% API–foreign-
born and 11% Other. These data indicate that Black–U. S.-born, Latino–foreign-born, and 
Asians who are foreign-born were more likely to perceive unmet need compared to U. S.-
born Whites. Unmet need included being younger, never married, uninsured, a current 
smoker, having comorbidities, depression, or a cost barrier to tests and treatment for 
cancer screenings (Houston et al., 2014; John et al., 2014).  

 

Lung Cancer Screening: Effective and Cost-Effective 

There are an estimated 94 million current or former smokers who remain at risk 
for lung cancer (CDC, 2013; Jemal et al., 2010b). In California, 3.8 million adults ages 
18 and over are smokers (Max et al., 2014). Furthermore, smoking behavior has a 
substantial influence on the overall effect of lung cancer screening. 

Lung cancer screenings are essential because screening can help find cancer at an 
early stage before symptoms appear; hence, when physicians find abnormal tissue early, 
it is easier for them to treat and cure. It is critical to target a distinct population of high-
risk persons because those who are at the highest risk are most likely to benefit from lung 
cancer screening. That is why it is significant to note the impact of lung cancer, the 
burden on the economy, current policies, and the factors to consider regarding lung 
cancer screening. In summary, screening is a valid and reliable means for diagnosing 

Hatched Bars: Males; Solid Bars, Females 
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lung cancer early in its development (Midthun, 2016). There seems to be some 
controversy associated with image-based screening related to false-positive results, 
incidental findings, overdiagnoses, radiation risks (Lam, Pandharipande, Lee, Lehman, & 
Lee, 2014), recruitment of appropriate screening population, and costs and barriers to 
screening (de Groot et al., 2014). However, physicians still consider screening as useful 
because it will detect more cancers earlier than no screening at all.  

Substantial evidence shows that low-dose spiral computed tomography screening 
(LDCT) is significantly effective to reduce mortality and incidence. The National Lung 
Screening Trial Research Team (NLST, 2011) published a study which found that LDCT 
compared to chest radiography reduced mortality from lung cancer in participants ages 
55–74 with a history of smoking 30 or more packs annually. The NCI (2014b) reported 
that individuals who received an LDCT scan had a 15% to 20% lower risk of dying from 
lung cancer than participants who received standard chest x-rays and that screening for 
lung cancer can lead to early detection (ACS, 2018). Because recovery chances are 
highest when lung cancer is detected and treated early, the screening of asymptomatic 
individuals who have a history of smoking and are age 55 and older could result in 
significant reduction of personal and economic costs related to lung cancer. Typically, 
those who are screened have higher levels of income and education while nonusers tend 
to be racial minorities, those who lack a usual source of care, and those who live in 
communities with fewer physicians per capita. 

When mammograms and colorectal exams became mandated, decision-makers 
and policymakers were provided with robust information to decide whether or not to 
offer services. The type of information provided includes costs, outcomes, and impact of 
coverage for screenings and the context in which the screenings need to take place, the 
target population, and finally, the infrastructure and the capacity needed for policy 
adoption and to mandate screening (Bitler & Carpenter, 2014). Specifically, decision-
makers were provided with information on (a) risk versus benefit, (b) guidelines 
concerning which conditions to cover, (c) the importance of screening, (d) instructions 
about who will perform the screening and how, (e) the type of action to take if the results 
are positive, (f) county-level rates to justify screening, (g) financial information about 
who pays for screening, (h) number of staff members needed, (i) number of machines 
needed, (j) number of deaths that can be prevented, and (k) the overall potential impact 
from screening.  

According to the CDC (2013), three screening tests have been studied to 
determine the decrease in the risk of dying from lung cancer: chest x-ray, sputum 
cytology, and LDCT scans (Doll, 1950; Frost et al., 1984; de Groot et al., 2014; Marcus, 
2000). Of these tests, observational studies showed that only LDCT scan of the lungs 
detects lung cancers better than traditional CT scans, instead of chest x-rays (Baldwin et 
al., 2011; Doria-Rose & Szabo, 2010). The LDCT scan continuously rotates in a spiral 
motion and takes many 3-D x-rays of the lungs resulting in a detailed demonstration of 
early-stage lung cancers that may be too small to be detected by a traditional x-ray 
(Swedish Medical Center, n.d.). Additionally, LDCT scans of the chest take very little 
time with current generation scanners and are noninvasive and painless, while having 
high sensitivity for pulmonary nodules (de Groot et al., 2014).  
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Cancers that are found on annual screenings are most often identified in the 
previous round of screening (Xu et al., 2016). The potential savings in resources would 
be significant enough to justify a revision in criteria based on the size of the nodule 
(Vannier, 2014). A recent study noted that while policy has yet to establish lung cancer 
screening as a public health practice, the cost per life-year saved among the U.S. 
population ages 50–64 and those at high risk screened for lung cancer would be below 
$19,000 (Field, 2014; Pyenson et al., 2012). Essentially, screening for lung cancer with 
LDCT would cost $81,000 per QALY gained (Black et al., 2014).  

Furthermore, the lung cancer five-year survival rate is 54% for cases detected 
when the disease is within the lungs; however, physicians diagnose only 15% of lung 
cancer cases at an early stage (ACA, 2014). According to the SEER, the estimated 
percentage of deaths in 2014 from lung cancer and bronchus cancer was 27.2% of the 
13.5% of all new cancer cases (NCI, 2014b). These studies have also projected that lung 
cancer screenings for eligible Medi-Cal members who smoke have the potential to be an 
excellent long-term investment.  

Currently, LDCT scans are recommended for lung cancer screening for high-risk 
populations who smoke more than 30 packs a year (NLST, 2011; de Groot et al., 2014; 
Doo et al., 2014).  

Availability and use of lung cancer screening. A study that analyzed the current 
availability of LDCT screening centers in the U.S. reported that more than 200 
institutions now offer LDCT screening, with California having the most substantial 
number of screening centers (see Table 1), while Los Angeles County alone had six.  

Most LDCT screening centers are in the Northeast and East North Central States 
where lung cancer incidence and mortality are high. States with high lung cancer burden 
and smoking prevalence had no screening centers while the average number of centers 
per state was four centers per 100,000 persons aged 55–79 (Eberth et al., 2014). 

According to the Lung Cancer Foundation, 15 new community centers were to be 
expected by the end of 2014 and another 30 by the end of 2015 (Addario Lung Cancer 
Foundation, 2014). Further research needs to assess whether these sites are registered 
sites for appropriate LDCT screening and whether or not they adhere to the criteria set by 
CMS. Having screening sites available addresses one barrier to accessing care. Other 
barriers to lung cancer screening include potential harms of screening such as radiation, 
managing a large number of small nodules, quality of life in the course of screening 
(Humphrey et al., 2013; Mulshine & D’Amico, 2014), anxiety caused by the high false 
positive rate, overdiagnoses, consequent overtreatment as well as radiation exposure 
(Wilson, 2014) and perspectives. CT screening for lung cancer has been associated with 
high frequency of false-positive results. However, according to a study by Vannier (2014) 
that examined the influence of lung nodule sizes on overdiagnoses, raising the nodule 
size threshold for a positive screen would reduce false-positive screenings in addition to 
the utilization of medical resources (Gierada et al., 2014). Evidently, protocols need to be 
identified clearly to reduce false-positives. 

Current smokers are less likely than nonsmokers to be willing to receive a lung 
cancer screening (de Groot et al., 2014). Some studies have reported that smokers will 
agree to have a screening if advised by their primary care physician (Delmerico, Hyland, 
Celestino, Reid, & Cummings, 2014; Klabunde et al., 2012). However, data suggest that 
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smokers are less likely to have a primary care physician even if they are insured 
(Jonnalagadda et al., 2012). Most smokers do not believe outcomes are affected by early 
detection (Jonnalagadda et al., 2012; Patel et al., 2012). In fact, some active smokers 
avoid getting screened because they are frightened to learn they have cancer (Delmerico 
et al., 2014). There is also fear of pain and discomfort during the screening process 
associated with lack of knowledge about lung cancer screening among vulnerable 
populations (de Groot et al., 2014; Jonnalagadda et al., 2012; Silvestri et al., 2007).  

False-positives have been noted to be of great concern in lung cancer screening 
(Mayo Clinic, 2014). For example, a lung cancer screening trial in the Netherlands called 
the NELSON, factored in the false-positive problem into their 12-year trial. They focused 
particular attention on patients returning for follow-up scans. A physician only performed 
a biopsy if the nodule had grown sufficiently in that time, rather than a biopsy being 
taken immediately upon the physician’s suspicion of a tumor. Hence, the threshold for a 
positive CT is the volume and growth rate rather than the diameter of the nodule 
(Bourzac, 2014; Wilson, 2014).  

 
Table 1 

 
Lung Cancer Screening Sites in California 

 
Cedars-Sinai Samuel Oschin Comprehensive Cancer Institute 
City of Hope Comprehensive Cancer Center 
Desert Regional Medical Center Comprehensive Cancer Center 
Pomona Valley Hospital Medical Center Cancer Care Center  
Hoag Family Cancer Institute 
Huntington Hospital Cancer Center 
John Muir Health Cancer Services 
Loma Linda University Cancer Center 
MemorialCare Cancer Institute at Orange Coast Memorial 
Pomona Valley Hospital Medical Center Cancer Care Center 
Scripps Green Hospital 
Scripps Memorial Encinitas 
Scripps Memorial La Jolla 
Scripps Mercy Hospital Chula Vista Campus 
Scripps Mercy Hospital San Diego Campus 
Sequoia Hospital 
Sharp Grossmont Hospital 
Sharp Memorial Hospital 
St Joseph Hospital of Orange, the Center for Cancer Prevention and Treatment  
Stanford Cancer Center 
Torrance Memorial Medical Center 
University of California Davis Comprehensive Cancer Center 
University of California, Los Angeles Jonsson Comprehensive Cancer Center 
University of California Medical Center – Chao Family Comprehensive Cancer Center  
University of California, San Diego Moores Medical Center 
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There are different sets of microRNAs, called miRNAs, found to be highly 

sensitive and specific biomarkers for early lung cancer detection (Guo, Zhao, & Zheng, 
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2014; Liao et al., 2014). These indicate that a microRNA has a predictive, diagnostic 
value and could reduce false-positives of LDCT. As a result, it improves the efficacy of 
lung cancer screening (Sozzi et al., 2014). Researchers recommended establishing 
protocols, using sophisticated software, and interpreting results appropriately to tackle the 
problem of CT false-positives, (Bourzac, 2014; Mayo Clinic, 2014; Wilson 2014). 
Although performing the actual CT scan is simple, the problem lies in the interpretation 
and reduction of unintended consequences (Mayo Clinic, 2014).  

A study that assessed the impact of undergoing LDCT scans for early detection on 
health-related quality of life and state of anxiety indicated that undergoing lung cancer 
screening in the context of a well-designed screening and follow-up protocol poses 
almost no psychological harm (Ostroff, 2014). Successful lung cancer screening sites 
need appropriate protocols and a well-trained multidisciplinary team to work with lung 
cancer patients. 

The U.K. and the U.S. have defined criteria for implementing lung cancer 
screening with LDCT scans (O’Dowd, McKeever, Baldwin, & Hubbard, 2016). There are 
23 criteria in the U.K. for an effective national screening program. However, some of the 
barriers to implementation include recruitment, level of harm, optimal clinical pathways, 
and cost-effectiveness. There is also a perceived perception that harm may result from 
radiation; though, LDCT reduced the radiation dose to one-fifth of a traditional CT 
screening (Humphrey et al., 2013; Mulshine & D’Amico, 2014). 

Notwithstanding strong findings from the NLST trial, Europe has not moved 
forward with lung cancer screening. Instead, officials are awaiting the outcomes of the 
NELSON trial in the Netherlands and Belgium and data from smaller European trials 
within the next two years, which could provide data on the mortality and cost-
effectiveness in Europe (Field, 2014). Although NLST has not published the results of its 
cost analysis, other researchers have been trying to estimate the cost of lung cancer 
screening. Joshua Roth, a health economist and epidemiologist, stated that the results of 
the study considers only the price of the screening and not the gain of a person living a 
healthier, longer life (Bourzac, 2014). Meanwhile, there is increasing recognition that 
when practitioners follow specific criteria, lung cancer screening trials critically influence 
mortality and incidence. The question to consider is how to bring clinical trials to reality 
in rural areas. Specific geographic areas need health outcomes data for feasibility 
purposes.  

It is essential to consider health outcomes, benefits, and risks of lung cancer 
screenings when deciding whether or not to implement a screening program. Screening 
tests are individualized and standard. The value of screening tests needs to be evaluated 
by assessing the simplicity, acceptability, accuracy, costs, precision, sensitivity, and 
specificity (Cochrane & Holland, 1971) ( see Table 2). Although LDCT has yet to be 
tested broadly in a community setting, it is important to understand the features that are 
needed to put lung cancer screening programs into practice. There must be (a) the 
capacity and infrastructure for lung cancer screening needed to recruit, (b) a workforce 
and a facility, (c) capacity for screening, (d) diagnoses and treatment, (e) health 
professional training, and (f) participant information and support (Marshall et al., 2013). 
Other features need to include ongoing evaluation and monitoring of the program to 
ensure high standards, high-quality care to track and assess nodules over time, screening 
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performed by radiologists with specific LDCT training, and qualified centers (CMS, 
2014). Specific data needs to be collected to confirm patient screening selection, radiation 
dose, standard nodule reporting and test positivity, follow-up diagnostic screening, and 
health outcomes (Kinsinger et al., 2014). 

Specifically, CMS (2015) noted that beneficiary eligibility criteria for LDCT 
needs to include (a) lung cancer screening counseling, (b) shared decision-making visits 
based on specific criteria, (c) smoking cessation counseling, (d) standardization of LDCT 
screening, and (e) follow-up of abnormal findings. Moreover, radiologist eligibility 
criteria and radiology imaging center eligibility criteria must be met to have an eligible 
screening facility. This includes a facility that has participated in a lung cancer screening 
trial like the NLST or an accredited advanced diagnostic imaging center with training and 
experience in LDCT lung cancer screening, uses a radiation dose less than 1.5 mSv, and 
that collects and submits data to a CMS-approved national registry for each LDCT 
screening performed. That would also include several types of data characteristics such as 
(a) facility, (b) radiologist, (c) patient, (d) ordering practitioner, (e) demographics, (f) 
indication, (g) smoking history, (h) CT scanner, (i) effective radiation dose, (j) screening 
exam results, (k) diagnostic follow-up of abnormal findings within one year, (l) lung 
cancer incidence within one year, and (m) health outcomes. 

Per Wilson and Jungner (1968), essential criteria to consider for screening are the 
(a) costs balanced against the benefits, (b) risks are less than the benefit, (c) appropriate 
health services provision is made for the extra clinical workload as result of screening, 
(d) frequency of screening is determined, (e) tests are designed for early detection, and (f) 
natural history of lung cancer is understood and a significant health issue. The decision to 
implement lung cancer screening programs needs to be informed by data on resource 
utilization and costs. A study by Cressman et al. (2014) noted that the average per person 
cost for lung cancer screening with LDCT scan was $453 for the first 18 months of 
screening of which the cost was highly dependent on the size of the nodule, presence of 
cancer, screening intervention, and screening center. Meanwhile, the mean per person 
cost of treating cancer with curative surgery was $33,344 over two years (a lower cost 
than the cost of treating cancer with advanced-stage lung cancer with chemotherapy, 
radiotherapy, or supportive care, $43,254–$52,200) (Cressman et al., 2014). On the 
contrary, a separate study noted that most health care expenditures are incurred during the 
first year after diagnoses regardless of the cancer stage (Lanuti et al., 2014). The 
estimated average cost at any stage is $40,500 where 63% of cost was for the first year 
after diagnoses. The most significant category was chemotherapy at 13% and surgery at 
5%. For those who were surgically treated, the costs were twice as much as 
chemotherapy costs. However, specific information on lung cancer screening costs based 
on geographic area is needed because LDCT will potentially result in more lung cancers 
due to earlier stages of diagnoses and increased expenditures. Evidence suggests that the 
first five years of screening would cost the California about $9.3 billion and $1.9 billion 
annually. This cost is considerably less compared to mammograms, which cost Medicare 
about $41.1 billion and prostate-cancer tests, which cost $500 million (Bourzac, 2014). 
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Table 2 

 
Assessing the value of screening tests 

 
Simplicity In many screening programs, more tests are used to detect one disease; and, in a 

multiphasic program, the individual will be subjected to a number of tests within a short 
space of time. It is, therefore, essential that the tests used should be easy to administer and 
should be capable of use by para-medical and other personnel. 

Acceptability  As screening is, in most instances, voluntary and a high rate of co-operation is necessary 
in an efficient screening program, it is important that tests should be acceptable to the 
subjects. 

Accuracy The test should give a true measurement of the attribute under investigation. 
Cost  The expense of screening should be considered in relation to the benefits resulting from 

the early detection of disease, i.e., the severity of the disease, the advantages of treatment 
at an early stage, and the probability of cure. 

Precision The test should give consistent results in repeated trials. 
Sensitivity This may be defined as the ability of the test to give a positive finding when the individual 

screened has the disease or abnormality under investigation. 
Specificity This may be defined as the ability of the test to give a negative finding when the 

individual screened does not have the disease or abnormality under investigation. 

 

Note. Information derived from CMS (2014). 

 
  

Rural residents face significant barriers in accessing LDCT screening and may 
need to travel to near metropolitan areas for services. Use of telemedicine for lung cancer 
screening may be a more viable option as well as policy level changes to implement 
screening at a Federally Qualified Health Center (Eberth et al., 2014). It will be necessary 
to educate the primary care workforce about the importance, risk benefits, eligibility 
criteria, process of LDCT screening, and availability of high-quality screening centers. 
Thus, the public health impact of screening will be met if utilization is high (Eberth et al., 
2014). 

Coverage for screening. The introduction of the ACA has resulted in an 
expansion of the number of people from vulnerable communities in California whose 
care is funded by Medi-Cal. With Medi-Cal enrollment reaching 12.7 million in 2015 
(Karlamangla, 2015), many of the members come from groups at risk for smoking-related 
illnesses, such as low socioeconomic status and incomes at or below 138% of poverty 
(Garfield, Damico, Stephens, & Rouhani, 2014). For these populations, smoking rates are 
higher than the general population, including 27.9% of adults who are below the poverty 
level and 30% of Medicaid enrollees (Bach, 2018). Thus, the Medi-Cal expansion 
provides an opportunity to provide screening to a high-risk group previously denied 
coverage. The ACA requires insurers, such as Medi-Cal, to provide coverage without 
cost-sharing for preventive services rated “A” or “B.” Lung cancer screening is rated as 
“B” and thus may fall under this mandate (Eberth et al., 2014; Mulshine & D’Amico, 
2014;). Reimbursement for lung cancer screening is essential for low-income smokers 
and former smokers who could potentially benefit from screening and are likely unable to 
afford the service in the absence of third-party support primarily because tobacco use has 
a strong association with socioeconomic status (Mulshine & D’Amico, 2014). Currently, 
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there is no specific protocol in place for screening or literature for the opportunity to 
optimize screening benefits by integrating smoking cessation with lung cancer screening 
and evidence of any benefits (Slatore et al., 2014). As reimbursement improves, 
utilization will rise accordingly (Eberth et al., 2014). 

The accumulation of evidence of the clinical benefits of lung cancer screening has 
recently led the CMS (2014) to add a preventative service benefit for Medicare members 
to receive lung cancer screening and counseling. Specifically, the benefit suggests lung 
cancer screening with LDCT once per year for members who are ages 55–74. Moreover, 
the member must be asymptomatic (no signs or symptoms of lung disease) and must have 
a history of tobacco smoking of at least 30 pack-years (one pack-year = smoking one 
pack per day for one year; one pack = 20 cigarettes). Furthermore, it would include 
members who are current smokers or ones who have quit smoking within the last 15 
years and who have a written order for LDCT lung cancer screening for either an initial 
or subsequent screening. Thus, for the first time, Medicare members will have access to 
lung cancer screening. Such access was a change from previous practice, whereby testing 
for lung cancer was restricted to individuals who were symptomatic, and thus, used 
primarily for diagnosis. Given the benefits that can result from early detection (Jemal et 
al., 2010a), the change in Medicare policy has the potential to increase life expectancy for 
Medicare enrollees who smoke significantly.   

Despite the effectiveness of screening, it remains underutilized with screening 
rates far below target rates (CDC, 2013). The advent of the prevention measure by CMS 
provides an opportunity to address these challenges. There is a prospect to expand 
prevention services, primarily to at-risk and vulnerable populations. on the cost of lung 
cancer and lost QALYs by county and stage of lung cancer can help counties understand 
the scope of the problems facing their region and identify high priority areas to target 
interventions and programs. On a larger scale, politicians and decision-makers need data 
on costs to make sound policies to invest in lung cancer screening programs. 

Challenge – Coverage for ages 55 to 64-years. There is a challenge in covering 
beneficiaries between ages 55 and 64. Although there are nearly 47 million Medicare 
beneficiaries in the United States (CMS, 2014), fewer than 10% are between the ages of 
55 and 64. Nearly 90% of people in this age group are covered either through private 
insurance or Medicaid. Thus, the Medicare expansion will not cover the vast majority of 
smokers ages 55 to 64; and, expanding screening to this group will require private 
insurers or Medicaid purchasers to agree to expand their coverage as well.  

Although lung cancer screening is not widely available outside of clinical trials 
and pilot programs, Bourzac (2014) noted that private insurers in the U.S. would begin 
covering the cost of screening in January 2015 based on the outcomes of the NLST trial. 
Because most Medicare enrollees are 65 or older, this policy leaves many 55 to 64-year-
olds without access to lung cancer screening. This policy is of great concern because an 
estimated 22% of the people diagnosed with lung cancer are between the ages of 55 and 
64 (NPCR, 2014). Although some in this age group might have access to screening 
through private insurance, the advent of the ACA in 2013 has dramatically expanded 
health care coverage for this age group in California (Medicaid, n.d.), particularly in 
areas with large numbers of Medi-Cal enrollees. 
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Medicaid or Medi-Cal covers a core set of services such as doctor visits, hospital 
care, and ambulatory services for enrollees (CMS, 2014). Medi-Cal agencies, such as the 
Alliance, are required by California Department of Healthcare Services (CDHS, 2018) 
contract to reimburse for all state-determined Medi-Cal benefits. Agencies can add 
services by board approval but cannot remove state-determined benefits. Although 
Medicare agencies reimburse for lung cancer screening, LHDs have the potential to save 
thousands of lives by promoting and spreading awareness of lung cancer screening 
programs which can, in turn, save millions of dollars while detecting early cases of lung 
cancer and increasing mortality.  

The role of Medi-Cal and public health departments in providing lung cancer 

screening. Policymakers along with local governments need information on screening 
programs before they can offer them, cover them, or implement them. Currently, LHDs 
have defined their role in public health away from the traditional role public health 
played in the past as a result of discussions from health care reform to strengthen core 
functions in the delivery of basic public health services. What is more, while each LHD 
operates differently based on funding streams and availability of clinical services, it has 
become necessary to identify the type of information that is meaningful to health 
departments across the state based on their various involvement with clinical services. 
For instance, some LHDs might not be involved with lung cancer screening because the 
LHD offers limited clinical services. Nevertheless, one connection may be through 
tuberculosis screenings if the public health officer reviews x-rays on an active case. He or 
she could then refer out to the primary care provider. Alternatively, the LHD might be 
involved in promoting a lung cancer-screening program. LHDs have been mandated to 
offer preventive care. Since lung cancer screening is a prevention measure, LHDs would 
need to consider whether or not to promote lung cancer screening actively. Medi-Cal 
purchasers also must decide whether or not to offer lung cancer screening. In many 
counties in California, independent agencies administer Medi-Cal. Agencies, such as the 
Alliance, offer lung cancer screening as a reimbursable Medi-Cal benefit. These types of 
agencies are required by DHCS contract to reimburse all state-determined Medi-Cal 
benefits. They can add services but cannot remove state-determined benefits (Alliance, 
2017). 

Implementation of a lung cancer screening program for Medi-Cal recipients ages 
55 to 65 would require the cooperation of the Medi-Cal purchaser and the LHD. It is 
unclear what criteria the Medi-Cal purchasers and the LHDs would use to make this 
distinction, but a commonly referred to metric is the Return on Investment (ROI). ROI 
analysis has been of increased interest in recent years with numerous examples of LHDs 
using ROI to help make or justify decisions (Crawley-Stout, Ward, See, & Randolph 
(2015). There are numerous examples of the use of economic-based analysis, such as 
ROI, in health care decision-making. For instance, the National Institute for Health and 
Care Excellence (NICE, 2018) in the United Kingdom is well known for using cost-
effectiveness analysis to help guide decision-making. As part of their submissions, NICE 
routinely requests information on the direct and indirect costs to the health care providers, 
the patients and caregivers, and society at large. This information is paired with outcome 
information, such as the number of QALYs that are gained from a given treatment or 
intervention. This information is combined to form a single measure — the Incremental 
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Cost Utility Ratio —that reports the cost per QALY gained from a given intervention or 
treatment. This information is then combined with other information to determine the 
purchasing priorities of the National Health System.  

For lung cancer screening, Medi-Cal purchasers and LHDs are likely to be 
interested in any savings that might result in a lower program cost. However, it is unclear 
what time horizon would be of interest and whether they would be interested in 
nonmonetary outcomes. For example, outcome such as the (a) potential number of people 
who might benefit, (b) potential number of early lung cancer stage diagnoses, (c) health 
gain if lung cancer is diagnosed at a later stage versus early-stage, (d) gain in QALY, or 
(e) whether they would want to have all benefits represented in monetary terms.  

It is imperative to review what we know about lung cancer screening, the factors 
we must consider regarding lung cancer screening, current policies, the cost-effectiveness 
of screening, ROI, and the outcomes of recent trials. A way to gain insight into increasing 
screening for lung cancer is to understand the costs and lost QALYs associated with lung 
cancer at the county-level and to understand the decision-making process from a health 
economics point of view by providing a guide on ROI.  

Health economics perspectives are becoming a standard tool for understanding the 
way political leaders and LHDs make decisions about implementing interventions. 
Naturally, health economics frames the decision-making process as an economic analysis. 
In other words, an LHD or decision-maker is more likely to invest in a screening program 
if the perceived benefits outweigh the perceived costs. The outcome of the economic 
analysis is the value of the screening. That is, if the benefit outweighs the costs, the 
screening is seen as valuable. Benefits and costs are prioritized; therefore, a central 
assumption of this research is that interventions be described through their attributes. To 
understand whether to invest in a new intervention, researchers must focus on 
understanding the global burden or features that would be of value to society.  

 

The Current Study 

Since the focus of this study is on local decision-making, the ultimate goal is to 
help counties in California understand the benefits and costs they could expect from 
implementing lung cancer screening. Thus, the following chapters will examine the 
different components of that decision.  

Chapter 1 presents the results of the analysis of the burden of disease of lung 
cancer in California counties. This chapter will identify the cost of lung cancer per stage 
within the overall population, the Medi-Cal population, and the QALYs that are lost from 
lung cancer per county in California. The costs and QALYs will be estimated using the 
methodology from previous studies that estimated the cost of chronic conditions in 
California. This study required the identification by the stage of lung cancer diagnosis for 
people detected with lung cancer per county using the SEER database, as well as to 
estimate the cost per stage for each county in California using cancer costs from the 
literature. This burden of disease study will provide the impact of lung cancer measured 
by costs, mortality, and QALYs at the county-level. The burden of disease study is 
significant as it can provide information about how to prioritize actions in health and the 
environment, planning for preventive action, assessing performance, identifying high-risk 
populations, and planning for future needs. Providing cost estimates of cancer at the 
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county-level will provide a monetary association with lung cancer. Information on lost 
QALYs will show the impact of lung cancer on society; and, in turn, this information will 
show lobbyists how having no interventions is detrimental to society while allowing 
LHDs to vouch for funding in their counties. 

Chapter 2 will focus on decision-making within LHDs and Medi-Cal purchasers 
in California. The chapter will review the existing literature that identifies the criteria 
upon which they make their decisions; and, then, apply these criteria to lung cancer 
screening.  

The final part of the study will examine the ROI by introducing lung cancer 
screening to eligible members in California counties. Information from the first two aims 
(costs and QALYS within the decision context) will be combined with information from 
previously published studies on lung cancer screenings and costs to provide estimates on 
the ROI to county public health departments for investing in lung cancer screening. 
Therefore, the question being addressed is whether lung cancer screening for those who 
smoke represents a good investment in counties in California. Finally, the study 
concludes with a discussion of the implications of this analysis for understanding local 
decision-making and for future research directions.
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CHAPTER 1: The Burden of Lung Cancer in California Counties 

 

Introduction 

 
Lung cancer is the most common cause of cancer deaths in California (ACS, 

2013; CDPH, 2014b; CCR, 2009; Medicaid, n.d.), currently affecting an estimated 
40,000 people. Lung cancer prevalence is expected to increase in the coming decades as 
the population ages with lung cancer incidence increasing with age. Additionally, 
innovations in early detection and treatment of lung cancer may lead to improvements in 
detection of lung cancer.  

Loss of productivity caused by cancer is a significant drain on the economy. The 
loss of productivity from lung cancer is three times more than any other cancer. Lost 
productivity amounted to $36.1 billion in 2005 (Bradley et al., 2008). Loss of 
productivity costs due to cancer-related premature deaths are significant, whereas the 
high premature mortality costs reflect upon high wages and rates of workforce 
participation (Hanly & Sharp, 2014). Essentially, costs and lost QALYs (see Table 3) will 
provide an alternative outlook on the burden of cancer.  

Recent changes in recommendations regarding the detection and treatment of lung 
cancer have implications for the future burden of lung cancer in California. Specifically, 
the CMS (2014) recently changed the beneficiary eligibility criteria for low dose 
tomography to include lung cancer screening counseling, shared decision-making visits 
based on specific criteria and smoking cessation counseling, standardization of LDCT 
screening, and follow-up of abnormal findings. As a result, people who meet the criteria 
(such as being a heavy smoker) are provided with lung cancer screening.  

Although screening was recommended for people ages 55 and older who meet the 
criteria, Medicare only covers individuals ages 65 and over. As a result, people ages 55 to 
64 who are recommended for screening must rely on their health insurance to cover the 
cost. Although the increased coverage is guaranteed by CMS and by private insurance 
under the ACA, coverage under Medicaid or (Medi-Cal in California) is left up to the 
states.  

In California, nearly 2,000 Medi-Cal recipients are diagnosed with lung cancer 
each year. Understanding the cost of lung cancer overall, but to Medi-Cal recipients in 
particular, will help LHDs and Medi-Cal purchasers in the state understand the economic 
and health burden associated with lung cancer. The purpose of this study was to estimate 
the impact of lung cancer in counties in California, including the cost and reductions in 
QALYs and information that can be used to prioritize actions in health planning at the 
local level.  

This study identified the cost of lung cancer per stage of the overall population 
and the Medi-Cal population by counties in California and the lost QALYs from lung 
cancer per county in California. I estimated the costs and QALYs using the methodology 
from previous studies that estimated the cost of chronic conditions in 
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Table 3 

 
Literature Review on QALYs Lost 

 

Year  Location QALYs lost 

2013 US 

The QALY for patients with small cell lung cancer, squamous cell carcinoma, 
and adenocarcinoma were 1.21, 2.37, and 3.03 quality-adjusted life year 
(QALY), with the corresponding loss-of-QALY of 13.69, 12.22, and 15.03 
QALY, respectively.  

2013 Israel 
EuroQol five-dimensional (EQ-5D): stage I, .7086; stage II, .3412; stage III, 
.3412 and stage IV, .0832 

2010 Netherlands Healthy utility score .78 nonlung cancer 

2013 US 
Utility weights for lung cancer patients: stage A, .823 stage; stage B, .772; 
stage C, .573 cost per QALY  

2008 England 

When adjusted to match census data, stable disease with no additional 
symptoms had a utility value of .626. Health state values declined by .069 with 
the addition of pain; .050 for dyspnea; or .046 for cough. A treatment response 
would result in a utility gain of .086. 

2003 US 
Localized, .73-nonscreening; localized screening, .83; advanced non-small cell 
lung cancer, .66 

2015 Italy 
Average QALYs 1.7, 1.49, 1.07, screening participants, invite to screen and 
control group 

 

Notes. Data derived from Yang (2013). 

 
California (Brown et al, 2014). This study identified the stage of lung cancer diagnosis 
for people detected with lung cancer per county using the SEER database and estimated 
the cost per stage for each county in California using cancer costs from the literature.  

Comparable information about rates of disease, lost QALYs, and mortality rates 
are broken down by stage of cancer, age, and geography. Still, generating meaningful 
comparisons of rates of disease involved addressing many data and estimation challenges, 
which included combining data from multiple sources and across populations. It also 
encompassed adjusting for cost, survival data, and quality issues as well as appropriately 
synthesizing data from specific resources such as cancer registries. Additionally, it 
comprised developing robust analytical strategies to estimate the cost and QALY specific 
data. The analysis in this study provided a standardized approach to addressing these 
problems, thus increasing the capacity to make meaningful comparisons across stages of 
cancer, age, and location.  
 

Methods 

 

Estimates for Cost of Treatment 

Cost estimates for lung cancer by stage were formed using existing literature (see 
Table 4). The goal was to estimate the cost by stage for each age group. However, 
reported cost estimates were incomplete for several reasons, including not reporting the 
cost by phases of care or treatment, only reporting costs for Medicare recipients or 
privately insured, or having samples that were nongeneralizable (see ACS, 2014; Chang, 



 

 

17

2004; Cipriano et al., 2011; Kalseth et al., 2011; Luengo-Fernandez, Leal, Gray, & 
Sullivan, 2013; Mariotto, Yabroff, Shao, Feuer, & Brown, 2011; NCI, 2010; NCI, 2014a; 
Shmueli et al., 2013; Tan et al., 2009; Tangka et al., 2010; Villanti, Jiang, Abrams, & 
Pyenson 2013; Wynes, 2014; Yabroff et al., 2011). Most recently, Cressman et al. (2014) 
noted that the average cost per person for at least two annual LDCT screens and all the 
necessary follow-ups or repeat scans for those without lung cancer was $453 versus 
$2248 for those with lung cancer.  
 
Table 4 

 
Review of Costs Based on the Literature Reviewed 

 

Year Location Cost 

2011 US 

For a 72-year-old diagnosed with lung cancer in the year 2000, the monthly costs 
for the first six months of care = $2,687 (no active treatment) to $9,360 (chemo-
radiotherapy) and varied by stage based on diagnosis and histologic type. 

2011 US 

Annualized means net costs of care in 2010 in U.S. dollars for lung cancer, <65 
years of age through last year of life, initial = $72,639, continuing = $8,130, 
cancer death = $138,785. Greater than 65 years of age, initial = $60,533, 
continuing = $8130, cancer death = $92,524. 

2013 US 
Average annual cost of LDCT screening = $210 per stage; stage A = $82,087, 
stage B = $132,464, and stage C = $142,750. 

2014 Canada 
The average per-person cost for screening individuals with 
LDCT is stage I = $2248, stage II = $33,344, and stage IV = $47,792. 

2014 Canada 

The average cost per person for at least two annual LDCT screens without lung 
cancer = $453. Stage I= $2248 including a diagnostic work-up, curative intent 
surgical treatment, and stage II = $33,344. Treatment with chemotherapy, 
radiotherapy, or supportive care alone was $47,792. 

 

Notes. Data derived from Cipriano (2011). 

 
The mean per-person cost for a diagnostic work-up, curative intent surgical 

treatment, and two years of follow-up was $33,344 for those diagnosed with lung cancer. 
In comparison, the cost for treating advanced-stage lung cancer with chemotherapy, 
radiotherapy, or supportive care alone was $47,792. These estimates were used in the 
current study because they were the most recent and comprehensive per person estimates 
of lung cancer by stage. 

The attributable cost by stage was multiplied by the number of people diagnosed 
with lung cancer in each county by its stage to compile the cost estimates. This procedure 
resulted in estimates of lung cancer in each of the 58 counties by stage of lung cancer, 
age, gender, and ethnicity. These estimates were then combined to calculate a total 
attributable cost per county. 
 

Adjustment of Cost of Lung Cancer by County 

The cost per case of lung cancer in each county of California was adjusted for the 
price differences in health care services between counties using the geographic 
adjustment factor reported by the Institute of Medicine and based on the CMS 
Geographic Practice Cost Index (GPCI) for California (see CMS, 2014). The geographic 
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adjustment factor takes into account the geographic differences due to three factors: the 
cost of physician services, practice expenses due to location (e.g., rent and cost of 
operating a facility), and malpractice or professional indemnity. The geographic 
adjustment factor, which divides California into nine distinct regions for GPCI 
calculations, was applied to the cost estimate for each condition, age, and gender for each 
region of California. The cost adjusters, ranging from 1.0323 to 1.1817, were applied to 
the cost estimates from the literature. 

 

Prevalence and Number of Cases for California 
The prevalence and number of cases of lung cancer within each county of 

California by age, gender, and race/ethnicity of the overall population and Medicare-only 
population was stratified by five ages, two gender categories, five race/ethnicity 
categories, and three lung cancer stage categories (stage I-IV). Estimates of the 
prevalence and number of lung cancer cases in the overall population and Medicare-only 
population in California were derived from SEER (2013). The rates summarized in Table 
5 were derived from SEER-Medicare data. Lung cancer cases in each age strata by 
race/ethnicity and gender were retrieved for each of the 58 counties using the program, 
SEER Stat 2009 and 2010 SEER (see NCI, 2014a). I estimated the county-level 
prevalence and number of cases for the following strata to match the age groups used by 
SEER: 0–19, 20–44, 45–64, 65–79 and 80-years or older and by the stage of cancer: 
Stage I, localized; stage II/III, regional; and stage IV, remote. Because SEER categorizes 
stages of diagnoses in nine stages, stages were lumped to fit three stages of cancer 
categorization. Due to the small sample sizes, no estimates were available for small 
counties or small demographic subgroups within the counties. Therefore, small counties 
were combined and average rates were applied to each small county. 

 

Utility Scores and Life Expectancy 

Utility scores (see Table 5) are a metric that allows quantification of the impact of 
a disease on an individual’s well-being and functioning and are increasingly used as a 
significant outcome measure in health care to support decision-making and are essential 
to inform public health policies (Prigent, Auraaen, Kamendje-Tchokobou, Durand-
Zaleski, & Chevreul, 2014). Amid a wide range of instruments developed to assess the 
quality of life, common factors allow comparisons of distinct conditions because they can 
be applied across populations. Through a set of questions, the perceptions of an 
individual’s quality of life are assessed, a score is assigned to responses on a scale of 0–1, 
where 1 indicates optimal health. In these cases, utility scores are acquired through a 
general population survey based on responses about the quality of life elicited from 
participants (Drummond et al., 1997). 
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Table 5 

 
Utility Scores and Life Expectancy by Stage of Lung Cancer 

 
Utility scores 

 Stage Ages 1 to 1 Ages 22 to 44 Ages 45 to 64 Ages 65 to 79 Ages 80 plus 

Healthy 0.92 0.84 0.80 0.68 0.48 

I 0.80 0.74 0.70 0.60 0.42 

II/III 0.46 0.42 0.40 0.34 0.24 

IV 0.12 0.11 0.10 0.09 0.06 

 
 

Years of life left 
 

 Stage Ages 1 to 19 Ages 22 to 44 Ages 45 to 64 Ages 65 to 79 Ages 80 plus 

Healthy 70.00 49.00 27.00 13.00 6.00 

I 70.00 35.00 18.00 7.50 1.50 

II/III 4.50 22.00 7.50 3.10 1.24 

IV 1.50 5.50 1.98 1.20 0.76 

 

 
Years of life lost (YLL) is an estimate that provides the average number of years a 

person would have lived if he or she had not died prematurely (see Table 6). In other 
words, it is a measure of premature death (World Health Organization–WHO, 2006). The 
estimate for YLL is calculated from the number of deaths multiplied by a standard of life 
expectancy at the age at which death occurs. Most often, life tables identifying all-cause 
mortality rates by age and sex are used to calculate life expectancy figures. However, life 
tables for lung cancer in the specific age strata by stage of lung cancer were not available 
and not at a fine level of granularity. As a result, five-year survival rates with lung cancer 
in 2008 were used to estimate life expectancy by age and stage of cancer.  

There are numerous published utility estimates and life-years for lung cancer with 
a broad range of values but not at the level needed for this study. For instance, it is not 
available for individual ages, nor is there any information on county of residence, social 
class, or other measures or indicators of access to care. It is an immense limitation. 
Variations in utility values exist because different standards are used, rating scales vary, 
and study methodologies differ (Chouaid et al., 2013; Doyle, Lloyd, & Walker, 2008; 
Villanti et al., 2013; Yang et al., 2013). There is insufficient literature on years of life left 
for lung cancer because existing study methodologies differ in the scope of the study (see 
Brustugun, Moller, & Helland, 2014; Burnet, Jefferies, Benson, Hunt, & Treasure, 2005; 
Liu, Wang, & Keating, 2013; Medicaid, n.d.; NCI, 2015). For this study, healthy life 
expectancy by age for lung cancer was retrieved from the social security website (Social 
Security Administration, n.d.) An age adjustment was made to estimate the age groups 
with cancer by stage and by retrieving survival rates from the SEER database by age and 
stage to estimate a weighted life expectancy based on the number of people alive, dead, 
newly dead, and the percentage of deaths in five years.  
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Table 6 

 
Expected Years of Life Lost (EYLL) Based on the Literature Reviewed 

 

Year Location Life expectancy 

2013 US 

Liver cancer and lung cancer had an average EYLL of over 13 years while the EYLL 
for prostate cancer was under two years. When considering the annual incidence in 
2012, lung cancer would cause the greatest subtotal of EYLL (3.1 million years) 
followed by female breast cancer (1.4 million years) and colorectal cancer (932,000 
years). 

2014 US Females lose, on average, more life-years to cancer than men (14.9 versus 12.7 years) 

2013 Israel 
Stage I = 1.5 years, stage II = 3.3 years, and stage IV = 4.5 years. Life expectancy at 
diagnoses is 13.9 years. 

2012 Australia 

Five-year survival rates: After surviving 10 years, conditional five-year survival was 
over 95% for six localized, six regional, three distant, and three unknown stage 
cancers. For the remaining patient groups, conditional five-year survival ranged from 
74% (for distant-stage bladder cancer) to 94% (for four cancers at different stages), 
indicating that they continue to have excess mortality 10–15 years after diagnosis. 

2014 UK 

Five-year survival rates: Overall, around 30% will survive for one year or more after 
they are diagnosed. Around 10% will survive for five years or more. And, about 5% 
will survive for 10 years or more after they are diagnosed.  

2005 US The mean EYLL is 12.5 years. 

 

 
Lost QALYs of lung cancer per stage in each county of California were derived 

by multiplying (see Table 7): 

• The utility score for lung cancer and years of life left, providing QALY average. 

• Subtracting the difference in healthy average and by stage average in years of life 
left and utility scores. 

• Multiply the differences (Health-Stage). 

• Multiply the QALYs by the number of people in each county by age, race, 
gender, providing lost QALYs. 

The procedure resulted in estimates of lung cancer in each group by stage of lung cancer. 
 
Table 7 

 
Lost QALY Estimates by Age and Stage of Lung Cancer 

 
Stage Ages 1 to 

19 
Ages 22 to 

44 
Ages 45 to 

64 
Ages 65 to 

79 
Ages 80 

plus 

Stage I 8.05 15.44 9.00 4.38 2.25 
Stage II/III 62.33 31.92 18.60 7.79 2.58 
Stage IV 64.23 40.58 21.40 8.74 2.83 

 
 

Analysis 

The analysis of costs of lung cancer in California was stratified by age, gender, 
and race/ethnicity of the overall population and Medicare-only population. The 
stratification included five age groups (0–19, 20–44, 45–64, 65–79, and 80 years and 
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over), two gender categories (male and female), five race/ethnicity categories (Hispanic, 
nonHispanic White, nonHispanic Black, and nonHispanic Asian), and three lung cancer 
stage categories (stage I–IV). STATA™ software was used to run the cost analysis. 
Estimates of the prevalence and number of lung cancer cases in the overall population 
and Medicare-only population derived from SEER was cleaned and organized into the 
above categories. Price adjustments were applied to the cost by county; then, the cost was 
applied to the number of cases per county to calculate the cost per case. I estimated lost 
QALYs by obtaining a healthy utility score and estimating utility scores by age and stage 
of cancer by doing an age adjustment using the average utility score for the 45–64 age 
group from the literature. Healthy life expectancy was retrieved from the social security 
site while life expectancy by age and stage of lung cancer was derived by estimating life-
years lost from five-year survival rates obtained from the SEER.  
 

Results 

 
Table 8 summarizes the number of cases, costs, and lost QALYs in the overall 

California population and the Medi-Cal population with lung cancer. Overall, there were 
41,714 cases of lung cancer in California and about 1,996 cases of lung cancer in the 
Medi-Cal only population. The overall cost of lung cancer in California is approximately 
$1.2 billion and the overall cost for the Medi-Cal population is $33.3 million. Lung 
cancer-related QALYs lost among the overall California population was 250,889 life-
years. 36,169 life-years were lost among the Medi-Cal population.  

The cost/QALY differences between counties reflected their relative populations 
with total costs varying from a high of $4.5 million for San Diego County, $2.8 million 
for Alameda County, $2.6 million for San Bernardino County, $35,344 for Lassen 
County, and $4,765 for Trinity County for the Medi-Cal population. Counties with higher 
spending tended to be those with an older age distribution, whereas the counties with the 
lowest spending included young populations. The overall cost of lung cancer in Los 
Angeles County was a high $2.5 billion, $8.8 million for Orange County; $8.5 million for 
San Diego County. Alpine had the lowest cost of lung cancer at $70,689. Los Angeles 
County had the most QALYs lost due to lung cancer among the Medi-Cal population of 
5,239 life-years lost; and, the overall California population had 61,229 life-years lost in 
Los Angeles County (see Table 9). Most dollars per county were spent on people who 
were in later stages of lung cancer. Among the Medi-Cal population, Los Angeles County 
had the most significant number of cases (628) with the majority of them being between 
the ages of 45–64. Of the overall population in California, the most substantial number of 
lung cancer cases was the 65–79 age group followed by the 80 and over age group. 
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Table 8 

 
Number of Cases, Cost and Lost QALYs from the Medi-Cal-Only and  

Overall California Population 

 

Population 
Number of lung 
cancer cases Cost Lost QALYs 

California 41,039 $1,021,665,793  250,889 
Medi-Cal 1,996 $33,384,059  36,169 

 
Table 9 

 
Lung Cancer Cases by County, Cost, and QALYs Lost – 2014  

 

 
Number of lung 

cancer cases Cost of lung cancer QALYs lost 

County 
Medi-Cal 

population 

Overall 
County 

population 
Medi-Cal 

population 
Overall County 

population 
Medi-Cal 

population 

Overall 
County 

population 

Alameda 101 1636 $2,842,632 $42,100,000 1401 10706 
Alpine 0 2 $0 $70,689 0 10 
Amador 0 72 $0 $1,666,820 0 435 
Butte 24 391 $628,189 $8,982,313 377 2348 
Calaveras 8 97 $148,578 $2,348,002 107 616 
Colusa 2 11 $37,727 $206,335 12 40 
Contra 43 1345 $1,301,061 $32,200,000 647 8280 
Del Norte 2 42 $37,727 $1,127,882 27 300 
El Dorado 6 266 $143,812 $6,189,696 102 1607 
Fresno 57 837 $2,085,546 $22,200,000 979 5494 
Glenn 6 47 $113,182 $1,060,890 83 261 
Humboldt 16 148 $396,041 $3,593,883 249 973 
Imperial 9 128 $249,846 $3,348,455 123 794 
Inyo 3 39 $7,148 $1,019,516 24 245 
Kern 21 691 $699,947 $17,900,000 937 4823 
Kings 12 97 $322,918 $2,688,270 398 772 
Lake 10 163 $236,914 $3,677,903 348 996 

Lassen 1 23 $35,344 $717,696 62 139 
Los 
Angeles 628 9568 $1,552,918 $245,000,000 5239 61229 
Madera 5 157 $156,744 $4,032,172 48 1035 
Marin 8 402 $20,861 $10,500,000 54 2226 
Mariposa 2 43 $37,727 $917,179 10 283 
Mendocino 9 125 $216,884 $2,955,093 262 807 
Merced 8 240 $181,539 $5,630,983 231 1455 
Modoc 1 11 $50,659 $305,220 41 76 
Mono 0 11 $0 $188,688 0 85 
Monterey 12 413 $318,254 $10,400,000 307 2573 
Napa 7 209 $18,253 $5,394,566 22.41 1141 
Nevada 9 180 $183,922 $3,720,744 27 988 
Orange 82 3710 $2,564,293 $88,900,000 1319 22956 
Placer 12 497 $256,994 $11,300,000 5.08 3127 
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Number of lung 

cancer cases Cost of lung cancer QALYs lost 

County 
Medi-Cal 

population 

Overall 
County 

population 
Medi-Cal 

population 
Overall County 

population 
Medi-Cal 

population 

Overall 
County 

population 

Plumas 2 43 $53,042 $1,226,819 30 304 
Riverside 54 2119 $1,702,835 $50,200,000 789 12775 
Sacramento 76 1792 $2,379,200 $43,800,000 1245 11956 
San Benito 0 35 $0 $895,784 0 288 
San 
Bernardino 86 1660 $2,650,399 $40,900,000 3467 10971 

San Diego 172 3758 $4,491,754 $85,400,000 5966 23174 
San 
Francisco 114 1176 $315,214 $34,000,000 4634 7556 
San Joaquin 34 722 $1,040,564 $17,000,000 1405 4735 
San Luis 15 368 $459,582 $8,702,761 545 2408 
San Mateo 46 1088 $126,157 $31,100,000 436 6625 
Santa 
Barbara 22 511 $671,700.80 $11,800,000 202 2884 

Santa Clara 86 1857 $233,926.90 $50,300,000 625 11838 
Santa Cruz 10 247 $333,467.50 $6,359,839 96 1739 
Shasta 15 322 $428,952.30 $8,066,770 430 1809 
Sierra 0 8 $0.00 $199,186 0 37 
Siskiyou 5 106 $93,152.80 $2,440,035 119 713 
Solano 20 560 $679,917.90 $15,000,000 501 3896 
Sonoma 14 637 $342,999.00 $15,000,000 451 3784 
Stanislaus 36 549 $832,244.20 $12,600,000 350 3416 
Sutter 5 111 $126,114.60 $2,559,154 72.33 729 
Tehama 11 129 $401,773.90 $3,381,468 39.25 803 
Trinity 2 26 $4,765.76 $645,938 4.5 142 
Tulare 19 305 $613,943.50 $8,486,716 377 2097 
Tuolumne 8 145 $181,539.80 $3,452,556 148 980 
Ventura 28 879 $69,867.84 $21,400,000 484 5394 
Yolo 8 203 $117,948.30 $4,695,139 87 1476 
Yuba 4 82 $187,323.20 $1,710,628 225 516 
Totals 1966 41039 $33,384,059 $1,021,665,793 36,169 259,889 

 
In the overall California population, most lung cancer cases were stage I with 

18,354 cases, followed by stage II at 12,694 cases, and stage III at 9,747 cases. The 
relative cost for stage I was $43.3 million, $462.1 million for stage II, and $1.02 million 
for stage III. The associated lost QALYs from stage I were 74,068, 93,656 for stage II 
and 259,889 for stage III. Costs and the associated lost QALYs were highest for stage III 
lung cancer. Among the Medi-Cal population, most lung cancer cases were stage III with 
725 cases, followed by stage I with 648 cases, and stage II with 623 cases. The relative 
cost for stage III was $18.3 million, $1.59 million for stage I, and $13.5 million for stage 
II. The associated lost QALYs from stage III were 17,248; 4,424 lost QALYs from stage 
I, and 14,496 lost QALYs from stage II.  

Utility scores retrieved from the literature and survival rates retrieved from the 
SEER database were used to estimate lost QALYs. For example, a person who was 
between the ages of 1–19 and had stage I lung cancer lost 8.05 quality-adjusted life-years. 
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As demonstrated in Table 8, as age increases (holding diagnoses stage constant), people 
have fewer years of life to lose, on average. 

  

Conclusion 

 
The purpose of this study was to estimate the cost of lung cancer in California by 

county, age, and stage of lung cancer in the overall population and Medi-Cal population. 
Estimates from the literature regarding cost per stage of lung cancer were: stage I, 
$2,382; stage II/III, $35,344; and, stage IV, $50,659. Prevalence and counts from the 
SEER database were used to develop estimates of the costs associated with lung cancer. 
The results suggested that $1.02 billion is being spent on treating lung cancer in 
California while $33.3 million is being spent on the Medi-Cal population. Additionally, 
the data suggested that the associated QALYs lost to adults due to lung cancer in the 
overall California population is 250,889 and 36,169 for the Medi-Cal population. 

Previous studies have estimated the cost of lung cancer and QALYs at the 
national level with some estimates available for individual states and counties (ACS, 
2014; Chang, 2004; Cipriano et al., 2011; Grutters et al., 2010; Luengo-Fernandez et al., 
2013; Mariotto et al., 2011; NCI, 2010; NCI, 2014a; Shmueli et al., 2013; Tan et al., 
2009; Tangka et al., 2010; Villanti et al., 2013; Wynes, 2014; Yabroff et al., 2011; Yang 
et al., 2013). However, while researchers have attempted to estimate the cost of lung 
cancer in specific regions, this is the first attempt to estimate the cost of lung cancer in 
multiple counties in a state of lung cancer in the overall population and Medi-Cal 
population.  

A significant attribute of a well-functioning health system is to prolong healthy 
life into old age. For this to occur, decision-makers in health care need comprehensive 
and disaggregated evidence about comparable rates of disease and outcome measures, 
like lost QALYs, across populations; particularly for conditions that are mostly 
preventable through policy action whether through health services or increasing capacity 
for prevention programs. Traditionally, this evidence has been limited to the findings of 
conventional cost analysis. As the results of this study show, a more novel approach can 
provide a more detailed and systematic description of cost and outcome measures at a 
granular level, which is becoming increasingly relevant for policy because the current 
political climate is changing along with health policies.  

Overall population health is likely to improve more rapidly in places where 
relationships between determinants of health and the associated cost and outcome 
measures are understood, particularly in areas where addressing these gradients is a 
priority for health and policy development. This study provides essential new evidence 
concerning where the most sizeable gradients in cost and outcome measures are among 
populations across the state. Thus, understanding the savings that could be made through 
enhanced prevention activities is vital for policymakers. 

Although there is an opportunity for policymakers to reduce the burden of lung 
cancer by investing in valuable prevention activities mainly because predictive factors for 
cost variables, such as rural versus urban is significant, budgets and funding are limited. 
Therefore, the need to identify prevention activities that are worth the money become 
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increasingly significant. Future studies can also compare screening programs with 
treatment strategies when carrying out economic assessments to improve patients’ value. 

As summarized, a majority of lung cancer cases (57%) are diagnosed after the 
cancer has spread (ACS, 2018a). In 2010, results from the NLST trial showed 20% fewer 
cancer deaths among current and former heavy smokers who were screened with LDCT 
compared to a standard chest x-ray. The ACS issued guidelines for early detection of 
lung cancer in January 2013. Consequently, it is important that estimates of lung cancer 
costs and QALYs lost be made available to determine effective interventions for lung 
cancer screenings.  

The literature shows that adults ages 45–64 and 65–84 have the highest average 
cost per stay of $12,100 and $12,300 respectively. These age groups cost hospitals nearly 
two-thirds of their expenditures and about half of all hospital stays. The current study 
confirms that these age groups have the largest number of lung cancer cases, and thus, 
appropriate and effective prevention measures for the screening of lung cancer need to be 
taken. The literature also suggests it is useful to quantify the impact of particular 
modifiable risk factors, analyzing disparities in QALYs from small socio-demographic 
subgroups, and examining changes over time. However, before the year 2000, these 
analyses could not be conducted in the U.S. due to the lack of a dataset that contains 
health utility scores in a representative sample of the population. Using the EQ–5D 
scores, an estimate has been made of the burden of disease attributable to lung cancer in 
the general U.S. population. This analysis used the proportion of the population to 
calculate QALYs lost. 

 

Limitations 

As this was the first attempt to estimate lung cancer costs at the county-level, 
there were some methodological issues: 

Accuracy of estimates for small counties/younger ages. As lung cancer 
prevalence rates were obtained by strata, race/ethnicity, and gender for each of the 58 
California counties using SEER data, small populations in some counties or demographic 
subgroups within counties made it necessary to pool the small counties when determining 
cancer rates. 

Adjusting for differences in health services usage between counties. The 
estimates presented earlier accounts for differences in the cost to counties based on age, 
gender, prices in the region, population in the region, and (to some degree) rates of lung 
cancer per county. Left unaccounted for were differences in the intensity of health care 
usage. These can arise because of differences in the availability of medical facilities, 
differences in practice between regions, and differences in ability to pay. However, this 
study did examine predictive factors for cost variables and found that there is a constant 
linear relationship between costs and the number of hospitals and population size.  

Adjusting for differences in estimating utility scores and years of life lost. 
Although the age adjustments to estimate utility scores by age and stage of cancer shown 
earlier account for the differences by age, differences by stage, and differences by 
counties, there was a limitation in retrieving utility scores at the granular level needed for 
this study. Most often, life tables identifying all-cause mortality rates by age and sex are 
used to compute life expectancy figures. However, life tables for lung cancer in the 
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specific age strata by stage of lung cancer were not available. Nor were they available at 
a fine level of granularity. As a result, five-year survival rates with lung cancer in 2008 
were used to estimate life expectancy by age and stage of cancer. There were numerous 
published utility estimates and life-years for lung cancer with a broad range of values but 
not at the level needed for this study. For instance, it was not available for an individual 
age nor was there any information on county of residence, social class or other measures, 
or indicators of access to care. 

 

Implications 

This study represents an initial attempt to estimate the cost and lost QALYs of 
lung cancer in counties in California. Additional information is needed to help counties 
and policymakers identify the ROI from prevention activities, including the health gains 
that would result, the agencies that would incur additional costs, those who would 
financially benefit, and the health care providers and other parties that would need to be 
involved to make the prevention activities successful. Additional economic information is 
needed for most public health programs to determine the most effective investment. 
Nevertheless, we must determine the costs and benefits that should be included in an 
ROI. Consequently, it is necessary to obtain information on the criteria that should be 
included in an ROI to base LHDs and policymakers’ decisions. 

The next chapter will focus on decision-making within LHDs and Medi-Cal 
purchasers in California. The chapter will review the existing literature that identifies the 
criteria upon which they make their decisions; and then, apply these criteria to lung 
cancer screening. Although decision-making at this level will undoubtedly involve 
political considerations, the study will attempt to characterize the decision context in 
which LHDs make decisions, how they decide to fund new programs, and the types of 
decisions they make when deciding to invest in programs. Specifically, the study will 
help explain the LHDs prioritization process about which costs and benefits they should 
include in their ROI. The chapter will also include a discussion of three types of 
economic analyses—cost-effectiveness, budget impact analysis, and ROI—and how they 
are used in LHDs health decision-making processes using lung cancer as an example. The 
chapter will include a hypothetical case study taking the example of lung cancer in 
California and presenting the application of ROI to help guide LHDs decision-making 
processes. 
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CHAPTER 2: Return on Investment from Public Health 

Interventions: A Guide for Local Health Departments 

and Medi-Cal Purchasers 

 

Introduction 

 
Traditionally, LHDs are charged with helping meet the needs of vulnerable 

populations, primarily by providing a safety net (Brousselle, Benmarhnia & Benhadj, 
2016). The changes brought on by the implementation of the ACA have changed the role 
of LHDs in many ways. However, LHDs still have to decide what services to provide to 
vulnerable communities. In some cases, that would include deciding which new services 
to provide. In this time of change, LHDs are faced with having to decide whether or not 
to keep existing services or adopt new services. The three cases presented below exhibit 
the typical decisions faced by LHDs.  

Case 1: Sometimes, LHDs decide to provide a service by a funder. For instance, 
the California Endowment might provide LHDs with funding to build healthy 
communities. In which case, the LHD is told how to provide the service and reach 
specific goals.  

Case 2: LHDs are given funding to provide a service but are left to decide how to 
achieve their goals best. For instance, the states require LHDs to provide tobacco control 
services. The funding needs specific objectives/activities to be completed, such as, at 
least one housing development must adopt a smoke-free policy or an incorporated city 
within a county must adopt a smoke-free ordinance. Although, the LHDs have the 
freedom to decide how to achieve these outcomes best.  

Case 3: LHDs might need to decide to implement a specific intervention and 
determine their methods. For example, should LHDs want to invest in implementing a 
lung cancer-screening program, they would need to know methods to use and decide 
whether or not to perform the intervention. 

The type of information needed for each of these decisions varies. For instance, in 
the first case, the organization is told what to do and ways to do it. They are given a 
budget; and, they decide whether they can accomplish what is required within that 
budget. This requires cost analysis. In this assumption, there is no need to consider the 
advantage of alternative methods or outcomes. 

In the second case, the organization must consider and compare the costs of 
alternative approaches to provide a service. They must also review and analyze the 
impact that would result from the various methods. The results, however, would be 
shared across each methodology. For instance, in the case of tobacco control, the LHD 
might compare approaches based on their ability to reduce smoking and increase 
knowledge; all outcomes would be the same.  

In the third case, the organization might decide the type of new program to make 
available or the types of services to discontinue. Both these decisions require comparing 
the costs and outcomes across potentially different kinds of programs. 

Historically, LHDs received funding from the state in block grants. Consequently, 
many of their decisions were like the third case. Some programs were mandated (e.g.,
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decisions made in the second case), but much of their funds were not necessarily tied to 
specific activities. Thus, the decision was left to the supervisors. Over time, these block 
grants have been eliminated or been reduced. Therefore, 23% of LHD revenue is through 
federal investments, and 21% is through the state (National Association of County & City 
Health Officials–NACCHO, 2017). Consequently, much of the funding is through grants 
(e.g., case 1 or 2). 

Other funders of health services face similar problems. For instance, Medi-Cal 
purchasers in many regions of California must decide which services to fund for their 
enrolled population. Although Medi-Cal mandates that providers deliver the following 10 
services (CDHS, 2018), other services are left to their discretion.  

1. Outpatient (ambulatory) services. 
2. Emergency services.  
3. Hospitalization. 
4. Maternity and newborn care.  
5. Mental health and substance use disorder services. 
6. Prescription drugs. 
7. Programs such as physical and occupational therapy and devices. 
8. Laboratory services.  
9. Preventive and wellness services and chronic disease management.  
10. Children’s (pediatric) services, including oral and vision care.  
For example, in Merced County, the Central California Alliance for Health– 

Alliance (2018) provides coverage for these 10 services but also covers acupuncture and 
a variety of activities aimed at incentivizing physicians in the region. Although these are 
consistent with the services listed above, the Alliance has some degree of discretion as to 
the types of services they purchase.  

Unfortunately, little is known about how LHDs and Medi-Cal purchasers make 
these types of decisions. No published studies detail the decision process or the criteria 
they used to make these decisions. There is, however, literature concerning the process 
that organizations experienced when they reduced funding, or ‘disinvestment.’ Most of 
the research about disinvestments outside of the U.S. were concerned with health 
technology. Some examples of health technology included devices, medicines, and 
vaccines. The studies tended to focus on comparing the benefits of two systems where the 
outcomes were instead well defined. For example, one of the studies focused on routine 
B12 testing versus the use of diabetes test strips; another study focused on IVF and ICSI 
treatment (Paprica, 2015; Watt, 2012).  

Most local health departments do not have a predetermined and optimal process to 
review the effectiveness and cost-effectiveness of programs, technologies, and 
procedures that are in active use or for those they want to invest in (Watt et al., 2012). 
Recent evidence suggests that the options local health departments have on priority 
setting and decision-making include cost effectiveness analysis, budget impact analysis, 
and return on investment. An economic evaluation can be useful to analyze any situation 
where local health departments want to know if the resources invested in a program or 
intervention are justified by the results of the intervention. There is no concrete rationale 
for which cost allocations are based upon; rather, local health departments use budgeting 
strategies. Prioritization seems to be based upon local factors such as population needs, 
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organizational priorities, budgets, capacity or capability, and political factors (Harris et 
al., 2017). However, there is no standardized process through which programs are 
prioritized and thus, it is difficult to understand how and why departments and investing 
or disinvesting in projects. 

There was complimentary literature about how surgeons and transplant centers 
make decisions. Traditionally, decisions are made based on a list of those needing 
surgeries and transplants. The criteria included age, household provider status, and 
income brackets. Since this type of measure was selective, many people who were in dire 
need of surgery or a transplant did not receive care and died. However, standards have 
changed. Currently, surgeons and transplant centers make decisions based on more 
stringent criteria, such as selecting patients with severe disease who are likely to benefit 
(Schneider, 2017). 

Some international government organizations determine the types of services and 
technologies to adopt. For instance, NICE in the U.K. developed guidelines to make 
informed decisions based on the tradeoff between benefit and harm of an intervention and 
the quality of evidence (NICE, 2017). The approach these organizations take is to 
conduct cost-effectiveness or cost-utility evaluation that considers society-level costs and 
outcomes from the various competing technologies and services. 

The purpose of this chapter was to provide organizations such as LHDs and Medi-
Cal purchasers with guidelines to conduct an ROI for a newly proposed intervention or 
service. These organizations have some options available to them, ranging from budget 
impact analysis (BIA), cost analysis, ROI, or a complete cost-effectiveness study. These 
studies differ in the scope and types of health outcomes measured (such as life 
expectancy) that are considered when assessing the potential impact of a program or 
service (see Rabarison, Bish, Massoudi, & Giles, 2015). A budget impact analysis 
summarizes the net financial impact of a specific program over a short period (see 
Sullivan, Mauskopf, Augustovski, Caro, & Lee, 2014). An ROI analysis monetizes health 
outcomes in the calculation of benefits over time (see Mays, 2013). 

The next section describes the differences between the various types of cost 
analyses. The studies differed both in their time horizon (the length of time the analysis 
followed costs and outcomes) and the kinds of results they measured. The following 
section provides an example of how to conduct an ROI for a specific service: the 
introduction of lung cancer screening. The study ended with recommendations for the 
types of study organizations might use.  

 

Cost-Effectiveness, Budget Impact Analysis, and Return 

on Investment 

Budget Impact Analysis (BIA). BIA analysis focuses on the financial values of 
adopting an intervention or program over a short period (Garatinni & Vooren, 2011; 
Sullivan et al., 2014;). Therefore, a BIA can be distinguished from an ROI in that it is 
concerned with the perspective of a single program or intervention. The impact is over a 
short time and involves primarily direct health costs and the net financial result (change 
in revenue minus variation in costs) (Drummond et al., 1997). Having said this, BIA can 
be seen as a complement to an ROI rather than a substitute (Trueman et al., 2001). For 
example, studies have shown that while BIA and ROI use similar types of data and 
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methodologies, there are important differences in the way the data and methods are 
incorporated in the models because of their different intended uses (Chaikledkaew, n.d.). 
The following study of a new drug conducted both a BIA and an economic evaluation. 
The BIA study health outcomes were excluded while the QALYs were considered in the 
economic analysis. In this study, the BIA was used from a contractual point of view for 
negotiation purposes while the economic analysis was used to assess the health impact 
(Dervaux, LeFur, Dubois, & Josseran, 2017). 

Cost-Effectiveness (CE). Cost effectiveness studies compare programs using a 
single outcome measure (i.e., change in life expectancy or reported satisfaction) 
(Jamison, 2006). A subtype cost study of a CE is the cost-utility, which reports variations 
in costs and QALYs (WHO, 2006). QALYs are a combination of the utility scores (such 
as EQ-5D and life expectancy). Utility scores are a metric that allows quantification of 
the impact of a disease on an individual’s well-being and functioning. Through a set of 
questions, the perceptions of an individual's quality of life are assessed, and a score is 
assigned to responses on a scale of 0–1, where 1 indicates optimal health.  
Another subtype cost study of a CE is the cost-benefit analysis, which represents both 
costs and outcomes (e.g., monetary value of life years lost) in monetary terms with the 
option of highest benefit preferred (WHO, 2017). 

Although cost-effectiveness is commonly used by government agencies to assess 
the value of interventions and programs, it might be of limited value when dealing with 
smaller entities such as LHDs, health care funders such as Medi-Cal purchasers, and 
health care providers such as hospitals. Cost effectiveness analysis incorporates long-
term costs and outcomes but typically does not identify the short-term costs required, the 
parties that must pay those costs, and those likely to financially benefit. Additionally, 
many parties care more about relatively short outcomes than those outcomes that might 
occur in the future.  

Owing to these limitations, it has become the standard to conduct other forms of 
analysis, such ROI analysis. Unlike cost-effectiveness analysis, which is used for global 
priority setting, ROI is used to summarize the net financial impacts on specified 
organizations (rather than society as a whole). Moreover, it is used to recap the impacts 
of the intervention or treatment on that organization (rather than effects on all other 
organizations or funders), and the influences over a relatively short time horizon (e.g., 
one year rather than the long-term). Finally, it is used summarize the direct health care 
costs (rather than including indirect and intangible costs) and the net financial effect 
(changes in revenue minus variation in costs).  

Return on Investment (ROI). Return on investment is a performance measure 
used to evaluate efficiency of an investment or compare the efficiency of a number of 
different investments. To calculate ROI, the benefit (return) of an investment is divided 
by the cost of the investment in which case the result is expressed as a percentage or 
ratio.  ROI differs from other type of analysis in that; it can measures health outcomes 
such as QALY’s. ROI is a term that encompasses techniques for comparing the costs and 
benefits generated by public health investments (Pokhrel et al., 2014). Traditionally ROIs 
have been a standard in the business sector, providing rates of return (RR) from any 
money invested in an economic activity that would decide whether to undertake that 
investment. Typically, ROI can be easily used to compare investment priorities in the 
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context of projecting return. The investment with the highest RR is given priority over 
the ones with lowest RR (Local Government Association, 2013).  

The strength of this model lies in its simplicity to allow decision-makers to 
stimulate various investments by testing different options, such as improving program 
efficacy, reaching out to a broader population, cutting implementation costs, or 
comparing different programs (NICE, 2012). Consequently, public health decision-
makers can use ROI to make their cases explicit for either investment or disinvestment. 
The problem in using ROI for public health is that it is difficult to monetize outcomes. 
However, it can be done.  

 

Hypothetical Examples of an ROI 

To illustrate, consider the following three examples. Each example will 
demonstrate how the following types of information are relevant: 

1. Costs 
a. Development costs 
b. Implementation costs 
c. Yearly operating costs 
d. Direct medical costs 
e. Indirect costs 

2. Outcomes 
a. Measure of service delivery output; cases investigated, cases detected. 
b. Measure of production time; time to complete investigation, time to 

investigate urgent cases. 
c. Percent of target population reached by service; percent of cases 

reported. 
d. Measure of health-related outcomes: QALYs, LYL, number of patients 

who received service. 
e. Monetizing health outcomes: QALYs using a QALY per dollar value 

 
Table 10 

 
Differences in Economic Analyses 

 

Costs & benefits BIA ROI CE 

Implementation X X  
Program X X X 
Hospital short-term  X X 
Hospital long-term  X X 
Other medical short-term  X X 
Other medical long-term  X X 
Patient short-term  X X 
Patient long-term    

Benefits 
   

Organization short-term  X X 
Organization long-term   X 
Patient short-term  X X 
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Example 1. This approach is resource-based costing. An LHD wants to identify 
an improved method to deliver smoking diagnostic screening pamphlets to physicians’ 
offices. Previously, they had been sending the brochures by FedEx. However, they were 
wondering if they could save money if they had a staff person deliver them directly to the 
offices. 

In this situation, there would be no difference in the outcome because the 
providers would continue to receive smoking diagnostic screening pamphlets. This 
example only considers the costs of brochures and the cost to deliver them; in which case, 
the only difference is in the cost per person because the cost of delivery increased. The 
costs incurred are included in Table 11. 

Example 2. An LHD wants to deliver smoking diagnostic screening booklets to 
doctors’ offices using a county employee. In this situation, there would be a difference in 
outcomes. The county employee would deliver the pamphlets personally to each person; 
and therefore, more people would be reached. Whereas, using FedEx, the brochures 
would only be delivered to the offices. In Table 12, note that the cost per person in the 
current situation remains the same as in the first example. However, in this example, the 
county employee distributed information directly to patients concerning lung cancer 
screening. Accordingly, 10 more people were diagnosed versus five. Thus, having the 
county employee distribute the pamphlets is more effective while costs remain the same.  

 
Table 11 

 
Costs Incurred in Example 1 

 

No. of 
pamphlets 

Cost 
per 

pamphlet 

Cost 
of 

delivery Total cost 

No. of 
people 
reached 

Cost per 
person 

Current delivery 
method  100,000 $1  $35000 $1,035  400 $259  

New delivery method 100,000 $1  $50000 $1,500  400 $375  

 
 
Table 12 

 
Costs Incurred in Example 2 

 

No. of 
pamphlets 

Cost 
per 

pamphlet 

Cost 
of 

delivery 
Total 
cost 

No. of 
people 
reached 

Cost 
per 

person 

No. of 
people 

diagnosed 

Current delivery 
method  100,000 $1  $35,000 $1,035  400 $259  5 
New delivery 
method  100,000 $1  $50,000 $1,500  400 $375  10 

 
Although it will cost more to deliver using the new method in Example 1, it will 

be less costly in the long run as there will be better health outcomes given the early 
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diagnoses. Cost savings can be quantified by an increased life expectancy and these 
patients will have a better quality of life.  

Health outcomes can be measured by an increased life expectancy, a gain in 
QALYs, and in a better quality of life. For example, by diagnosing these cases early, 
QALYs will be gained. QALYs are a measure of disease burden, including both the 
quality and the quantity of life lived. It is used in economic evaluation to assess the value 
of money toward medical interventions. One QALY equates to one year of good health 
(Prigent et al., 2014). Life expectancy measures the average length a person may expect 
to live (WHO, 2006). Quality of life (QOL) is a general means to measure the well-being 
of people and societies while outlining negative and positive features of life, such as life 
satisfaction from physical health, family, education, employment, wealth, religious 
beliefs, finance, and the environment. Table 13 details how to use this type of 
information. 

Table 13 demonstrates that Example 2, the new delivery method, with 10 new 
diagnoses, had higher cost savings. Although the table displays the cost per QALY, the 
difficulty is that the county that spends the money is not necessarily the one that is saving 
money. For example, from a cost standpoint with 10 new diagnoses, there was no cost to 
the LHD; therefore, no money would be returned to them. However, other agencies will 
see cost savings. Cost savings include costs, such as hospital long-term and short-term 
expenses. Nevertheless, the LHD will see societal cost savings while the people being 
diagnosed will realize savings in QALYs. These examples are hypothetical. However, 
counties would be interested in doing an ROI because they want to know how much they 
can save.  

A county’s perspective is essential when completing ROIs. If the LHD is only 
concerned in the cost to them, they might see it as not worth the cost (example 1). If the 
LHD is concerned in all costs, then comparing the program and its cost savings will be 
necessary to them. Nevertheless, the LHD will not see cost savings; someone else will. If 
the LHD is interested in all costs and health outcomes, they would need to either place a 
dollar value on the outcomes or separate them. If they are kept separate, it means the 
LHD would report outcomes such as cost/QALY gains. 

 
 

Table 13 

 
Cost Savings by Life Expectancy Gains and Better Quality of Life 

 

No. of 
patients 

diagnosed 

Cost 
savings 

Life 
expectancy 

gains 

QOL utility 
measure 

Total cost 
Total 

QALY 
gained 

Total cost 
savings 

5 $100,000 5 0.25 $150,000 50 $148,965 

10 $500,000 5 0.25 $300,000 100 $298,500 

 

Examples of an ROI Using Real Data 

Examining the differences in outcomes beyond the number of people reached and 
diagnosed requires undertaking an ROI. For example, an ROI can consider the cost of 
cancer and QALYs. If the cost of cancer is $30,000 per QALY, the total cost is $150,000 
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in the first scenario (5 *30,000) and 300,000 in the new scenario. The total QALY is 50 
(5 *10) in the first scenario and 100 QALYs compared to the new scenario. The 
difference in total cost/QALYs is $150,000 and 50 QALYs, which is a $3,000 cost 
difference.  

 
Example 3. The county chose to promote a lung cancer-screening program. 

Recent evidence suggested that screening for lung cancer in smokers over the age of 55 
was cost-effective. This service was already paid for by Medicare (for recipients over the 
age of 65); therefore, they are curious as to what the ROI would be to invest in screening 
Medi-Cal recipients between the ages of 55 and 65. The following information would be 
needed to conduct the ROI.  

1. Target Population: The first step would be to identify the number of people 
who would likely benefit, i.e., the number of smokers in the county between 
the ages of 55 and 80. This information might be available from surveys. For 
instance, in California, the California Health Interview Survey is the largest 
state health survey and a critical source of information on the state’s various 
demographic and comprehensive health data, such as smoking status among 
various age groups. 

2. Options for promoting screening: The second step would be to identify 
options to promote screening. Currently, no programs exist that promote lung 
cancer screening; however, other screening programs exist. For instance, the 
breast cancer and cervical early detection program has provided low income, 
uninsured, underserved women access to timely breast and cervical cancer 
screening and diagnostic services (CDC, 2013). The Colorectal Cancer 
Program provides screening among men and women over the age of 50. 

 A count, then, would have several options: 

1. Opportunistic screening  
2. Health promotion campaigns 
3. Diagnostic program 

Opportunistic screening. The tradeoff would be that while opportunistic 
screening is less costly, it is also likely to be less effective. A patient might ask a 
physician for a checkup or test or a physician might offer a test. However, unlike an 
organized screening or diagnostic program, the opportunistic screening might not be 
monitored.  

Health promotion campaigns. A health promotion campaign is another option to 
achieve prevention outcomes as is done with cervical, breast screening, and 
immunizations. Although a health promotion campaign increases public awareness, the 
total cost of the campaign might not increase with the number of consumers. For 
instance, health promotion campaigns are one-time events. It is possible that no one 
would be willing to pay for programs because the social benefit is more significant than 
the personal benefit. Since health promotion campaigns are bound by time preference 
(people would rather buy an aspirin to eliminate a headache now than pay now to avoid 
lung disease in the future), cost savings are not necessarily produced in each person. 
Diagnostic programs, such as the Lung Nodule Clinic (LNC) located in Fresno, 
California (a program where individuals are screened for initial diagnoses and referred to 
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the LNC for further testing/treatment based on positive results treatment), provide an 
organized care plan for people who have been diagnosed with cancer. These programs are 
costly; however, they are also more likely to be effective. This information would give 
the county an approximation of those who are eligible for lung cancer screening. The 
county would then need information about detection and treatment of lung cancer. 

Diagnostic program. The LHD would require information about the number of 
lung cancer cases per county and by stage of cancer to have the appropriate number of 
cases to provide for the diagnostic program. Additionally, the LHD would need 
information on the number of true negatives—those who were screened but had negative 
results. This piece of information would provide the true cost because the additional 
incurred costs by individuals who had positive results would not be applied. Finally, the 
LHD would need the cost per stage of cancer. In return, these factors would provide the 
true cost of the current financial situation.  

The following information would be needed to project the benefit of the 
diagnostic program considering a specific retention rate and rate of positive results. The 
LHD would need to know the number of people who would benefit from a lung cancer 
screening program.  

Costs of screening program. The county would need information on costs of the 
screening program, such as program costs, screening costs, and cost to follow-up. 
Program costs.  

• Program development costs may include administrative costs, facility 
cost/rent, personnel, office operations, equipment, and construction. 

• Implementation costs would be lower, if opportunistic and incurred each 
year of the program  

Screening costs. The county would need to know the cost to screen ($271), which 
would apply to all who are screened. This cost could be estimated based on the data 
found on the Medicare website (www.medicare.gov). 

Cost to follow-up. The county would need the rate of detection for positive 
results, false positive results, and true positive results per stage of cancer. This would 
give a sharp picture of the actual cost to screen based on the number of cases. 

Cost of cancer. The cost of cancer figures per stage would be required.  
Determining the ROI. Once the county has the necessary information, the LHD 

could determine the ROI. A comparative analysis between a screening program and no 
screening program would provide data about the benefit of implementing a screening 
program. For instance, the effectiveness of breast screening has a 25% reduction in 
mortality with regular screening in women 50 to 69 years of age. The effectiveness of 
cervical cancer screening is 90% preventable and a 16% reduction in mortality with 
regular Pap tests. The effectiveness of colorectal screening with regular fecal adult blood 
has a 20% reduction in incidence (Mai, 2006). Consequently, with the implementation of 
a screening program, there would be early detection and a decrease in mortality compared 
to no screening program at all. 

The LHDs would need to ask themselves what matters most to them before 
conducting their ROI. 

Option 1, program and implementation costs matter most to the LHD. There is 
no interest in cost savings of avoiding cancer because they do not pay the cost of cancer 
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in the long term. To conduct an ROI, the LHD would need to provide a cost of the 
outcomes as well. With this option, it would be difficult to accomplish. An alternative 
approach would be to report costs and outcomes. In which case, the ROI would include 
the cost to operate and implement the screening program as well as outcomes, such as the 
cases of early detection and decreased mortality.  

Option 2, LHDs care about all of the costs. In this situation, the LHD is 
concerned about the cost of screening to themselves and society. The LHD is also 
concerned with the outcomes, such as QALYs, life years saved, early detection, and the 
number of people who are screened. If this option were chosen, the ROI would look like 
the following. 

Based on the comparisons of the current situation with no screening program and 
in the event of having a screening program, the LHD would see the decrease in costs to 
the county, early detection rates, and reduced cases of lung cancer. The outcome and 
benefit noted here are the number of cases that would be detected early; thus, preventing 
premature mortality and a better quality of life. Table 14 presents (a) the number of 
current smokers between the ages of 55–80 from three different regions, (b) the number 
of cases by stage of lung cancer, (c) true negatives, (d) the cost to screen, and (e) the cost 
of treatment per stage; which provides a total cost of lung cancer by stage for the specific 
region. As shown, costs increase as the number of cancer cases and cancer stages 
progress. Table 15 presents an illustration of lung cancer screening, including a retention 
rate of 5%, the rate of detection in positive results, the rate of cancer in true positives, and 
a new total. As shown, costs decreased due to screening and early detection. Table 16 
presents the return on investment for the specific region based upon costs. The ROI is 
calculated using the following method, which takes into account (total new cost- baseline 
costs) / new screening costs-baseline screening costs). For instance, in region one there 
would be $34.57 return for every dollar spent.  

 
ROI= (Gain from investment-Cost of investment) / cost of investment 

 

Conclusion 

 
The purpose of this chapter was to provide LHDs with a guide to conduct an ROI 

for a newly, proposed intervention. A second aim was to help LHDs understand the 
differences between the cost studies. The ROI estimates, the financial impact, value on 
outcomes of an intervention, the timing of outcomes and costs, and the factors that 
organizations will consider will determine the worth and monetary feasibility of a 
program. Although it is possible that LHDs might value a BIA or cost-effectiveness 
analysis, LHDs should consider the possibility that the organization might also value an 
analysis that identifies the financial impact as well as outcomes, the value that 
participants place on an intervention (including a monetary value), and the value the 
organization places on its return on investment from adopting the intervention.  

The literature suggests two main approaches when conducting an ROI. One is 
described by Tim Brown, who uses aggregate data that determines the monetary value 
using the “subjective well-being valuation method” (Norris, 2016, para. 11), but the data 
could not be broken down to learn what precisely was working. The other approach is to 
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analyze the intervention; and, then attempt to estimate the impact of each activity with 
the whole picture. 

Another aim of this chapter was to provide information concerning how to 
monetize outcomes because the problem in undertaking an ROI is determining the cost 
value of outcomes, such as QALYs. In such a case, different factors can be considered as 
outcomes, such as the number of people to whom the LHD provides service. In this 
situation, the QALY’s would need to be monetized based upon a dollar value using the 
US threshold per dollar value and then the QALY dollar value would be applied to the 
ROI calculation. 

LHDs are likely to be more interested in BIA and ROI analyses that reveal the net 
impact on their organization rather than in cost-effectiveness or cost-utility analysis. 
Although this might seem to be an undeniable argument, the implications for an LHD to 
decide to provide a new service is likely substantial regarding how they decide to conduct 
their analysis and the type of information they want to collect.  

Outcomes could be short-term or long-term depending on the economic analysis. 
They could be categorized by overall strategic goals and might include clinical 
performance (QALYs, DALYs, YLL), reduced overhead costs and improved operational 
performance (see Adler-Milstein et al., 2013), reduced inappropriate utilization, 
improved outcomes, increased productivity (see Botchkarev & Andru, 2011), and 
efficiency (see Mays, 2013). These can be categorized by the type of benefit, such as 
reduction in administrative costs, absenteeism or presenteeism, laboratory utilization (see 
Driessen et al., 2013), and QALYs saved (see Morphew et al., 2013). As a result, some of 
the benefits, improved outcomes, and reduced readmission costs of an LDCT lung cancer 
screening program can easily be attributed to avoiding unnecessary laboratory tests and 
early detection. 

Costs would include development, implementation, yearly operating costs, direct 
medical costs, and indirect costs. Expenses can be identified by categories, such as 
productivity loss (see California Tobacco Control Program (2017), staffing, consulting 
costs, technology costs, maintenance, training (see Adler-Milstein et al., 2014), 
personnel, equipment (see Kaushal et al., 2006), IT/program infrastructure (see 
Botchkarev & Andru, 2011), staff workflow optimization, initial software configuration; 
routine operating costs, such as electricity and consumables; program costs, Medicare 
costs, lost workplace productivity, development costs, evaluation, and analysis costs. 
These categories then could be categorized in two ways—initial implementation and 
ongoing costs—to differentiate between one-time costs during initial investment and 
ongoing costs. 

The type of information to include in an ROI depends on the organization. It is 
contingent on what matters to the LHDs, i.e., whether it is the cost to them only or the 
cost to society and outcomes. Ill-advisedly, LHDs tend to be short-sighted when using an 
ROI because they do not realize immediate savings from the investments that they make. 

It is important to identify health outcomes that local health departments value to 
make use of return on investments in making decisions to invest or disinvest. For 
instance, in the example of lung cancer screenings, it is critical to understand the 
conditions under which local health departments will fund such a discretionary service. 
There is little empirical evidence on priority settings for investment in local health 
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departments to clearly answer that question. Thus, there is an acknowledged need for 
pragmatic and systematic method, which will utilize objective data in standardization 
comparisons allowing decision makers to rely more on hard evidence.  

Information on the return on investment of lung cancer by county, age, race and 
gender, and stage of lung cancer can help counties understand the scope of the problems 
facing their region and identify high priority areas to target interventions and programs. 
Consequently, state and local public health departments would be able to calculate their 
implicit return from investing in lung cancer screening, tobacco prevention and control 
efforts, and to identify, the conditions, geographic location and population they need to 
focus on and where priorities must be changed through disinvestment.  

A more concrete follow-up study will be conducted to examine the context in 
which local health departments and medical purchasers make the decision to disinvest 
from previous priorities. In recent years, there has been an increased interest in 
disinvestment research activities at the county level. However, because almost no 
comprehensive literature review on local health department and medical purchasers 
disinvestment practices has been published until now, a research gap exists concerning 
methods for the implementation of disinvestment activities at the county level (Polisena 
et al., 2013). There is no concrete rationale for which cost allocations are based upon, 
rather local health departments use budgeting strategies. Prioritization seems to be based 
upon local factors such as population needs, organizational priorities, budgets, capacity or 
capability, and political factors (see Harris et al., 2017). However, there is no 
standardized process through which programs are prioritized and thus, it is difficult to 
understand how and why departments are investing or disinvesting in projects. 

Currently, there are many barriers that prevent disinvestment methods from being 
developed in health care and local health department settings (Polisena et al., 2013). 
Overutilizing practices and programs that are not as effective while underutilizing 
practices and programs that are effective cause inefficiencies and unsustainable resource 
allocation. This is especially true in a local health department setting where alternative 
interventions can be cost-saving and offer substantial return on investment for the 
community (Elshaug et al., 2008; Masters et al., 2017).  

The follow-up study will use return on investment to help us in determining what 
calls for a disinvestment, a useful tool for programs that require long-term application 
and extensive investment as well as a useful advocacy tool to help government officials 
understand programs in a political context (Brousselle et al., 2016). The follow-up study 
will explore the types of decisions they make, the purpose of such decisions, the types of 
information used to guide such decisions and the types of information reported in the 
process by using a mixed methods approach that combines a quantitative survey 
instrument with a qualitative portion to elicit more contextual information (see 
Appendix).  

The next chapter will examine the ROI for introducing lung cancer screening to 
eligible members in California counties. Information from the first two aims (costs, 
QALYS, and the decision context) will be combined with information from previously 
published studies on lung cancer screenings and costs to provide estimates for the ROI to 
county public health departments for investing in lung cancer screening.  
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Table 14 

 
Current Situation 

 
Region 
name 

No. 
of current 

smokers 
55–80 

From cancer registry  True negatives Costs of 
screening for 

people without 
cancer 

Costs of stage 
I 

Costs 
of 

stage II 
and III 

Cost 
of 

stage 
IV 

Total 

  Stage I Stage II & 
III 

Stage 
IV 

Total Screened but 
Negative 

241  $2,248  $33,344  $47,792  

      0.42 Cost of scan     
Region 1 33000 681 515 440 1636 2820.689655 $1074062.207  $1,530,888  $17,172,160  $21,028,480  $ 40,805,590 
Region 2 7000 183 130 78 391   1386.6774321 $94197.58107  $ 411,384  $ 4,334,720  $ 3,727,776  $  8,568,078 
Region 3 19000 612 415 318 1345 1181.204973 $608815.3984  $1,375,776  $13,837,760  $15,197,856  $ 31,020,207 

 

 
Table 15 

 
Situation with Lung Cancer Screening Intervention 

 
Region 
name 

No. of 
current 
smokers 
55–80 

Screening 
program 

Stage 
I 

Stage 
II & 
III 

Stage 
IV 

Total Cost of 
screening 

Rate of detection for 
positive result 

Rate of cancer for 
true positive 

Cost of cancer Total cost of 
new cases 

with 
intervention 

  0.5     $241 .24 .233 .767 .038 .024 0.052 $2,248 $33,344 $47,792  

  % 
screened 

      False 
positive 

True 
positive 

Stage 
I 

Stage 
II & 
III 

Stage 
IV 

Stage I Stage II & 
III 

Stage IV  

Region 
1 

33000 16500 340 174 265 779 $187,739 3960 922.68 3037.32 115 72 157 $258,520 $2,400,768 $7,503,344 $10,162,972 

Region 
2 

7000 3500 91 38 39 168 $40,488 840 195.72 644.28 24 51 33 $53,952 $1,700,544 $1,577,136 $3,331,723 

Region 
3 

19000 9500 306 109 209 624 $150,384 2280 531.24 1748.76 66 22 90 $148,368 $733,568 $4,301,280 $5,183,522 
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Table 16 
 
ROI Estimates by Region 
  

  Region 1 Region 2 Region 3 

Total new 
cost $10,162,972  $3,331,723  $5,183,522  

Baseline cost $40,805,590  $8,568,078  $31,020,207  

New 
screening cost $187,739  $40,488  $150,384  

Baseline 
screening cost $1,074,062  $94,197  $608,815  

ROI Estimate 34.57 97.49 $56  

 



 

 

41

CHAPTER 3: Return on Investment from Implementing  

a Lung Cancer Screening Program 

 

Introduction 

 
Recent evidence suggests cancer is the second leading cause of death, with lung 

cancer being the single most significant source of cancer (ACS, 2014). The estimated 
cost of treating this condition is well above $12.1 billion and could potentially reach 
$18.8 billion by 2020 (de Groot et al., 2014). Currently, about 40,000 people in 
California have lung cancer. Accordingly, unless lung cancer cases are detected early, 
California will be impacted by an increased burden of lung cancer cases.  

The U.S. Preventative Task Force recommends annual screening for lung cancer 
with LDCT in adults aged 55–80 years who have a 30 pack-year smoking history and 
currently smoke or have quit within the past 15 years (CMS, 2014). Screening has been 
found useful in identifying patients who have the disease in its early stages, thereby 
enabling improved outcomes with early treatment. In this era of intense focus on health 
care costs, LDCT has proven to be cost-effective. Moreover, adults ages 55–80 tend to 
have Medi-Cal coverage. Whether it would be cost-effective for Medi-Cal to screen this 
group remains unanswered.  

In California, more than 70% of patients with lung cancer are diagnosed at stage 
III or IV(Neubaur et al., 2010). Patients with stage II have an estimated five-year survival 
rate of 20.9% versus only 1.9% for patients with stage IV lung cancer (NCI, 2014a). 
Outcomes are worse among Latino/Hispanics, immigrants, and people from low 
socioeconomic areas (Shugarman et al., 2009). Contributing factors for poor outcomes 
include, but are not limited to inadequate access to diagnostic services, delays in 
detection, lack of coordinated treatment, and inadequate follow-up care (Shavers & 
Brown, 2002; Shugarman et al., 2009; AACR, 2013). Although the incidence rate of lung 
cancer increases with age (from 23 per 100,000 for 45–49 years old to over 540 per 
100,000 for 80–84 years old), the number of new diagnoses is relatively constant from 
age 55–60 (19,000 new cases) to age 80–84 (24,000 new cases; NPCR, 2014). 
Interventions to detect lung cancer, therefore, typically consider targeting people 55 years 
of age and older.  

Theoretically, implementing lung cancer screening programs in each county is 
economically beneficial in reducing costs and saving lives. As mentioned earlier, cancer 
treatment is more expensive during its late-stage compared to early stages: Stage I cost of 
treatment is about $2,200 whereas stage IV treatment costs are near $40,000 annually. 
Nonetheless, vulnerable populations are often diagnosed with late-stage cancer for many 
reasons causing an economic strain on the health care system. For this reason, I 
conducted a burden of disease study to observe the burden of lung cancer.  

Both public and private health insurers have introduced lung cancer screening 
programs. For older Americans, Medicare has already agreed to fund screening programs 
for its members. Consequently, older Americans who meet the criteria (e.g., age 55–80 
years, a history of smoking at least 30 packs a year, and either an active smoker or quit 
within the past 15 years) are eligible for lung cancer screening (U.S. Preventive Services, 
2013). Under the ACA, private insurers are required to provide lung cancer screening to 
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eligible policyholders; however, it is less clear for those insured by Medicaid. The 
agencies that administer Medicaid programs in their states decide whether or not to cover 
lung cancer. In California, lung cancer screening is a reimbursable Medi-Cal benefit 
(Alliance, 2018). 

If lung cancer screening is made available to eligible recipients, LHDs must 
decide whether or not to promote those services to the public. Such a program could 
reduce health disparities among vulnerable populations; however, LHDs would need to 
consider whether a lung cancer screening program is worth their investment.  

The purpose of this study was to examine whether a lung cancer-screening would 
yield positive ROI for Medi-Cal purchasers and LHDs in California. ROI is a technique 
for comparing the costs and benefits generated by public health investments. ROI can be 
easily used to compare investment priorities in the context of projecting return (Local 
Government Association, 2013) 

The advent of the new prevention measure by CMS provides an opportunity to 
address these challenges. There is a chance to expand prevention services primarily to at-
risk and vulnerable populations. Reducing costs and rates of lung cancer will require 
LHDs to implement successful prevention activities. Information on the return on 
investment by county and stage of lung cancer could help counties understand the scope 
of the problems facing their region and identify high priority areas to target interventions 
and programs. The purpose of conducting an ROI study is to report the cost savings as 
well as increases in the number of early detection associated directly with a lung cancer 
screening program versus no screening program at all. This study calculated the ROI of 
investing in a lung cancer screening program. 

 

Methods 

 
The overall goal was to estimate the ROI from investing in a lung cancer 

screening program. This estimate involves comparing the costs and outcomes with a 
screening program to those with no screening program. The costs and outcomes with no 
screening program were based on the Current Situation described in Chapter 2. It was 
necessary to identify the number of people eligible for screening, the number who 
actually could be screened, and the number of new cases of lung cancer that could be 
found from the screening program to estimate the costs and outcomes. The study focused 
on people ages 55– 80, but with a particular focus on those between the ages of 55–64. 
The introduction of a screening program is expected to increase the number of lung 
cancer cases detected in the first year of the program but should not impact the average or 
expected cases in the long-term. I calculated the ROI for the initial screening program. 
The general approach was to (a) identify the number of smokers who would meet the 
criteria for screening, (b) determine the number of people screened under three screening 
rates (20%, 50%, and 80% of the population), (c) estimate the number of new cases that 
could be detected in the first year, (d) calculate the costs and outcomes of these new 
cases, and (e) estimate the cost and outcomes of screening during the first year (f) 
conduct a break even analysis to show the effectiveness level of the screening program. 
Table 16 describes the data sources used in the calculations. 
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Table 17 

 
Data Sources 

 
Type of data Source Methodology 

Number of smokers. AskCHIS online 
data query system 

Variable: Tobacco smoking.  
Current Adult Smokers, multiple years up to 2016 at the 
county-level in California, age 55–80, 55–64, 65>.  

Type of health 
coverage. 

AskCHIS online 
data query system 

Variable: type of current health insurance coverage for 
child, teen, & adult, multiple years up to 2016 
Variable: Health insurance for age 55–64 at the county- 
level.  
Medicare only and privately purchased. 

County-level 
population estimates. 

Census Summary 
File 1, Table 
PCT12 

Ages 55–80, 55–64 & 65>. Data used to develop the 
number of smokers with Medi-Cal versus no Medi-Cal & 
number of people with private health insurance versus 
Medi-Cal. 

Cost of screening. CMS 
(Dec et al, 2014) 

The cost of screening ($241) was obtained to estimate cost 
of lung cancer screening.   

Rates of cancer 
screening for true 
positive & true 
negative. 

National Lung 
Screening Trial 
Research Team 
(CMS, 2014). 

Derived from the Reduced Lung-Cancer Mortality with 
Low-Dose Computed Tomographic Screening study.  
 

 

Estimates for Cost of Treatment 

I derived the estimates of medical expenditure (cost) associated with lung cancer 
in the State of California by stage of lung cancer from previous research findings. The 
literature suggested detailed estimates are required to project costs if an intervention or 
screening program causes a shift in incidence or treatment patterns. However, cost 
estimates in the literature were incomplete for several reasons: categories of phases of 
care or treatment were collapsed or not reported, costs were provided for Medicare or 
other payers only, and samples were nongeneralizable (Villanti et al., 2013). The 
Cressman et al. study is the most recent and comprehensive data with per person costs of 
lung cancer by stage. Other studies from the literature reviewed were inconclusive.  

 

Number of Cases in California 

I obtained the number of cases of lung cancer within each county in California 
with three lung cancer stage categories (stage I-IV). I derived estimates of the number of 
lung cancer cases in the overall population in California from SEER-Medicare data (see 
SEER, 2013). Since SEER categorizes nine stages of diagnoses, stages were grouped to 
fit into the three-stage categorization. Also, due to small sample sizes, no estimates were 
available for small counties or small demographic subgroups within counties. Small 
counties, therefore, were combined and average rates were applied to each small county. 
 

  



 

 

44

Estimates of Smoking Rates  
Population-level estimates were retrieved from the census by county for ages 55–

80, 55–64, and 65+. Smoking rates were retrieved from AskCHIS by county and for the 
same age strata. Smoking rates were applied to the population level estimates to estimate 
the number of smokers.  

I extracted the percent of people with private insurance (PI) and Medi-Cal by 
county from AskCHIS and aggregated these numbers at the regional level. The 
percentage of those with PI and Medi-Cal were applied to the number of smokers by 
county to provide the number of smokers with PI and Medi-Cal coverage. I estimated 
rates by using the number of people with PI, Medi-Cal and no Medi-Cal divided by the 
number of smokers per region.  

The methodology included the following steps: 
1. Identified the number of people in each county ages 55–80, 55–64 and 65 and 

over using census data, the number of smokers within the three age categories, 
and the number of people who have either private insurance or Medicare only.  

2. Used the market price ($241) to estimate the cost of screening for these 
populations. 

3. Used the screening costs and the changes in the cost of treatment to estimate 
the additional cost and the cost savings associated with lung cancer screening. 

4. Used the number of current smokers in these populations to estimate the 
numbers of smokers who could go through a lung cancer screening program. 

5. Estimated the number of people who could be screened with a 20%, 50%, and 
80% screening rate taking into account the cost of screening and rates of 
screening. 

6. Estimated the total cost of new cases with the intervention and the return on 
investment 

7. Used sensitivity analysis to compare the robustness of the results to variations 
in parameters. 

Compiling the different screening rates to determine the number of 

diagnoses.   I aggregated the number of cases for baseline by stage of lung cancer at the 
regional level based on the current number of lung cancer cases. A rate of .30 for true 
positives was applied to the current cases of lung cancer to derive the total number of true 
positives of the overall smoking population ages 55–64. I retrieved this rate from Dr. Paul 
Brown who received the data from Dr. Michael Peterson of UCSF School of Medicine. I 
estimated the rates for baseline by finding the difference using the number of current 
cases per region and the total number of cases. I estimated the rates for a 100% screening 
program by using the total number of current smokers ages 55–64 and estimating the 
differences using the number of cases per region and the total number of cases. Finally, I 
estimated the three screening rates (20% 50%, and 80% of the population) by finding the 
difference in the screening rates versus baseline. These screening rates were then applied 
to the varying screening rate of the population to estimate the number of diagnosis.  
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Screening rate differences vs. Baseline 

  Stage I  
Stage II and 

III Stage IV Total 

100% vs. baseline 0.0087 -0.0058 -0.0029 0.0000 

20% vs. baseline 0.0017 -0.0012 -0.0006 0.0000 
50% vs. Baseline 0.0044 -0.0029 -0.0015 0.0000 

80% vs. baseline 0.0070 -0.0047 -0.0023 0.0000 

 

 

Screening rates per percent of people screened  

Stage I  Stage II and III Stage IV Total 

0.457 0.305 0.238 1.000 
0.450 0.310 0.240 1.000 

0.453 0.308 0.239 1.000 

0.455 0.306 0.239 1.000 

 

 

Compiling the Utility Loss estimates and monetizing the QALY losses. Utility 
loss was estimated using the utility scores and estimated QALYs from study 1, 
specifically using the QALYs of the 45–64 years of age population. The QALYs were 
applied to the number of diagnoses per stage of cancer to get the total QALY loss by 
stage and age of lung cancer. As stated previously, QALYs are a metric for health and 
longevity assessed on a zero-one scale (with zero representing a health state no better 
than death and one perfect health). QALYs are seen as a measure of effectiveness and in 
recent years converted to dollars using some type of a conversion factor and added to the 
monetized costs to determine overall net monetized benefits, for example $50,000 per 
QALY (Adler, 2005). I conducted a literature review to retrieve the QALY threshold 
value in the US. As a result, the US threshold $50,000–per–QALY was applied. (see 
Neumann et al., 2014). For the purpose of this study, the $50,000–per–QALY value was 
applied to the utility loss scores by stage of cancer to monetize QALY losses. 

 
Utility Loss scores ages 45-64 by stage of cancer (Social Security, 2014)   
 

Utility loss 
ages 45 to 64 

9.0 

18.6 
21.402 

 

Compiling screening costs. I estimated screening costs using the Medi-Cal 
market price ($241) for an LDCT scan and applying this cost to the number of people 
who could be screened at baseline and across screening rates (20%, 50%, 80%, and 100% 
of the population). 

Compiling the ROI estimates This procedure resulted in estimates of ROI for 
investing in a screening program across varying rates (20%, 50%, 80%, and 100% of the 
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population). The ROI was estimated with and without utility loss. The formula used to 
calculate ROI= Net benefits/Investment. To estimate ROI, I estimated the difference in 
total cost, utility loss, and screening costs at baseline and across screening rates. The 
change in screening costs was deemed as the investment. The differences in costs and 
utility costs were deemed as the net benefits. The same methodology was applied to 
estimate the ROI per county. The results included the number of people who could be 
diagnosed early to provide counties with information on the relative importance of lung 
cancer screening in their county. 

 Compiling level of effectiveness. I performed a two-way sensitivity analysis 
using screening rates (20%, 50%, 80%, and 100% of the population) and number of early 
diagnoses to estimate a break-even point for effectiveness. The total health care costs plus 
screening costs based upon the screening rates (20%, 50%, 80%, and 100% of the 
population) were compared to the differences in varying screening rates for stage 1 
cancer to the point where there were almost no differences in costs. The break even 
analysis illustrates the rate of the screening program that would be most effective (have 
the greatest return) based upon a specific stage 1 screening rate. Typically break even 
analysis are used to set a price to understand the economic impact of various price-
volume scenario (Harvard Business Review, 2014). In other words break even points are 
a way to calculate when the program will be profitable by equating its total revenues with 
total expenses. It is important to understand that to calculate break even point, the cost 
needs to be applied to the number of units. This method will give us the total dollar 
amount that will need to be achieved to have nearly a zero loss and zero profit, no 
differences.  

  
Results 

 
Table 17 compares the number of smokers, smoking rates, and population in 

California and the seven main regions: Bay Area, Central Coast, Los Angeles, 
Northern/Sierra, Other Southern California, Sacramento Area, and the San Joaquin 
Valley. Overall, there were 10.85 million people ages 55 and over in California with a 
majority of that population ages 55–64. 857,646 of that population were current smokers, 
which was higher than the 65+ age group. Needless to say, the smoking rate in California 
was highest (13%) among the 55–64 age group with more smokers in the Northern Sierra 
region (23%) than its regional counterparts. On the basis of previous studies suggesting 
that there were fewer smokers in California than a decade ago, four million adults and 
adolescents still smoke (see Max, Sung, Shi, & Stark, 2014). The current estimates 
suggested that among adults over the age of 55, there were more smokers in the 55–64 
age group.  

In the event smokers in the 55–64 age group were diagnosed with lung cancer; the 
out-of-pocket costs would be monumental as the cancer progressed. This particular age 
group, also called the preMedicare group, was at a disadvantage for health insurance and 
medical coverage as they faced rising out-of-pocket costs and declining access to health 
insurance. The number of insured Americans in this age group was 8.9 million in 2010. 
Uninsured Americans did not have coverage through employers or had no feasible state 
health plan available to them. Many of those who had access to state health plans could 
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not afford the higher premiums charged based on their age and health status. In fact, 
adults 55–64 had difficulty securing health care coverage and most of their insurance 
applications were rejected (AARP, 2012). In 2014, the ACA helped this group access 
affordable coverage by eliminating preexisting health conditions. Therefore, applications 
could no longer be rejected. Furthermore, age-based premium variations were also 
limited. The expansion of Medicaid to provide coverage for poor individuals and families 
benefited low-income older adults who had previously not qualified for Medicaid and did 
not have access or could not afford private insurance (AARP, 2012). 

Table 18 presents the number and rates of smokers who had private insurance, 
medical insurance versus those who did not among the 55–64 age group. The results 
showed that the majority of the population who smoked (58%) did not have Medi-Cal 
coverage. Sixteen percent of people who smoke, ages 55–64, had private insurance 
coverage, and about 25% had Medi-Cal coverage. As reported in Chapter 1, smoking 
leads to substantial health costs and lost productivity from illness and premature death, 
especially from lung cancer. Not having Medi-Cal coverage leaves such individuals 
without access to timely care. 
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Table 18 
 
Estimates of the Population, Number of Smokers and Rates Among the Overall Population in California at the Regional Level 

 

Region Population Smokers Smoking rates 

  Age 55-80 Age 55-64 Age 65+ Age 55-80 Age 55-64 Age 65+ Age 55-80 Age 55-64 Age 65+ 

Bay Area  2,252,556   1,374,327   878,229   260,526   200,261   60,265  11.6% 14.6% 6.9% 

Central Coast  691,044   420,375   270,669   51,041   35,918   15,122  7.4% 8.5% 5.6% 

Los Angeles  2,741,060   1,675,361   1,065,699   253,555   172,562   80,993  9.3% 10.3% 7.6% 

Northern / Sierra  538,408   313,988   224,420   97,873   73,196   24,677  18.2% 23.3% 11.0% 

Other Southern California  2,948,314   1,789,126   1,159,188   295,086   198,011   97,076  10.0% 11.1% 8.4% 

Sacramento Area  660,145   401,737   258,408   96,521   72,049   24,472  14.6% 17.9% 9.5% 

San Joaquin Valley  1,014,032   624,131   389,901   148,443   105,648   42,795  14.6% 16.9% 11.0% 

California State Total  10,845,559   6,599,045   4,246,514   1,203,046   857,646   345,400  11.1% 13.0% 8.1% 
 
 

Table 19 
 
Number of Smokers Ages 55–64 with Private Insurance, Medi-Cal Versus No Medi-Cal 

 

Region 
Rate of smokers 

with PI 
Rate of smokers 

with Medi-Cal 

Rate of smokers 
with no Medi-

Cal 

Number of 
smokers Age 

55-64 
Number of 

smokers with PI 

Number of 
smokers with 

Medi-Cal 

Number of 
smokers with no 

Medi-Cal 

Bay Area 27.50% 35.40% 37.20% 200,261 54,938 70,849 74,474 
Central Coast 2.70% 32.60% 64.70% 35,918 954 11,722 23,242 
Los Angeles 1.70% 23.10% 75.20% 172,562 2,934 39,862 129,767 
Northern / Sierra 17.07% 38.60% 44.33% 73,196 12,498 28,253 32,445 
Other Southern California 14.79% 17.73% 67.48% 198,011 29,287 35,109 133,615 
Sacramento Area 25.92% 10.15% 63.93% 72,049 18,678 7,310 46,062 
San Joaquin Valley 13.51% 25.77% 60.72% 105,648 14,276 27,221 64,151 
Total 16.00% 25.69% 58.74% 857,646 133,564 220,326 503,756 
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Table 19 presents the current number of cases and costs of lung cancer in 
California regions. Overall, Southern California counties had the most cases of cancer 
with over 5,000 cases of stage I lung cancer; 3,474 cases of stages II and III lung cancer; 
and 2,634 cases of stage IV lung cancer. Consequently, this region incurred the highest 
cost of lung cancer. The Central Coast had the least number of lung cancer cases with 
2,453, and the lowest cost at $55.3 million. Previous estimates of the cost of lung cancer 
have been conducted for the state, including some studies for the U.S., which 
disaggregate findings by state. Costs and cases of cancer data were aggregated to show 
regional estimates.  

Tables 20–29 display the costs and cases of lung cancer with no screening 
program with the associated utility cost and with a screening program for the screening 
rates (20%, 50%, 80%, and 100% of the population) within the seven regions in 
California. To summarize (Tables 30–31), the total number of cases (41,039) remain the 
same as baseline throughout the screening programs; however, the number of people 
receiving an early diagnoses shifts from more diagnoses being detected during stage I 
than stages II/III and stage IV. At baseline, the number of lung cancer cases was 18,396. 
Based on the screening rates (20%, 50%, 80%, and 100% of the population), the shift to 
more diagnoses in stage I was 18,468; 18,575; 18,683; and 18,755. As the screening rate 
increases, there were more diagnoses of cancer for stage I. Screening costs increase as 
more people are screened based on the varying screening rates (Baseline: $32,967,997–
100% screening: $206,692,638). Consequently, the total cost of treatment increases as 
more people are being detected early (Baseline: $939,209,776–100% screening: 
$926,322,130). Utility loss decreased as more people were detected early (Baseline: 
30,721,358,700–100% screening: 30,532,226,700). Consequently, the total cost with 
utility loss also decreased as more people were diagnosed early and lost fewer life years 
(Baseline: $31,660,568,476–100% screening: $31,458,548,830). 

As indicated earlier, screening is the investment. Overall, there was an investment 
of $67,712,925 dollars with a screening program of 20% of the population, an investment 
of $119,830317 with a screening program of 50%, an investment of $171,947,748 with a 
screening program of 80% of the population, and $206,692,638 with a screening program 
of 100% of the population. 

Table 32 provides the ROI estimates including utility loss and without utility loss. 
An ROI that considers utility loss with a screening program where 20% of the population 
is screened resulted in a $1.12 return for every dollar spent. The ROI for a screening 
program where 50% of the population is screened would be $1.15. The ROI for a 
screening program where 80% and 100% of the population is screened would be $1.16. 
The return increases as more people are screened. The ROI estimates not including utility 
loss for a screening program where 20%, 50%, 80%, or 100% of the population is 
screened would provide about a $.07 return for every dollar spent. In this case, it would 
be worth monetizing health outcomes as the return increases, otherwise, there would not 
be enough cost savings. It is safe to say that the more significant the investment, the 
higher the return. However, at a screening program where 80% and 100% of the 
population is screened, the ROI remained the same ($1.16), but the investment was 1.2% 
greater for a screening program where 100% of the population was screened. 
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Table 33 provides the level of effectiveness for each of the screening rates using a 
two-way sensitivity analysis. These results show how effective the screening program 
must be. These rates provide the break-even point where the screening program would be 
most effective for the screening rates (20%, 50%, 80%, and 100% of the population). A 
screening program that screens 20% of the population would be most effective with a 
stage I screening rate of .4835. For instance, in the event the screening rate is .450 (table 
22) there are 18,468 diagnoses for stage 1 lung cancer, if the screening rate increased for 
stage 1 to .4835 there would be 19,842 diagnoses (table 33) at which point there will be 
the greatest return. A screening program that screens 100% of the population would be 
most effective with a stage I screening rate of .5719. In this case, in the event the 
screening rate is .457 (table 28) for stage 1, there would be 18,755 diagnoses where as 
with the .5719 level of effectiveness there would be 23,470 diagnoses, which yields the 
greatest return. This two-way analysis demonstrates the level of effectiveness needed to 
save money while catching as many diagnoses as possible given the rate. These results 
provided the robustness of the overall results, depending upon the rate of screening: 
There will be more early diagnoses and savings. 
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Table 20 
 
Current Number of Cases and Costs of Lung Cancer in California Regions 
 

Region Stage I Stage II and III Stage IV Cost stage 1 Cost stage II and III Cost stage IV 

Bay Area 3,939 2,739 2,232 $8,854,872 $91,329,216 $106,671,744 

Central Coast 1,102 813 538 $2,477,296 $27,108,672 $25,712,096 

Los Angeles 4,222 2,920 2,426 $9,491,056 $97,364,480 $115,943,392 

Northern / Sierra 1,080 786 511 $2,427,840 $26,208,384 $24,421,712 

Other Southern California 5,267 3,474 2,634 $11,840,216 $115,837,056 $125,884,128 

Sacramento Area 1,259 850 649 $2,830,232 $28,342,400 $31,017,008 

San Joaquin Valley 1,527 1,174 897 $3,432,696 $39,145,856 $42,869,424 

California State Total 18,396 12,756 9,887 $41,354,208 $425,336,064 $472,519,504 

 
Table 21 
 
Current Costs by Region 

Region Name 

No. of 
current 
smokers 
55-64      From cancer registry 

True 
Positive 

Cost of 
screening 
for cancer 

Cost of 
treatment 

stage I 
Cost of stage II 

and III 
Cost of stage 

IV Total 

    
Stage 

I  
II and 

III 
Stage 

IV Total 0.3 241 $2,248  $33,344 $47,792   

    
0.448 0.311 0.241   

  Cost of scan 
True positive 

stage I 
True positive 

stage II and III 
True positive 

stage IV   

Bay Area 200261 3939 2739 2232 8910 29700 $7,157,700 $8,854,872  $91,329,216  $106,671,744  $206,855,832 

Central Coast 35918 1102 813 538 2453 8177 $1,970,577 $2,477,296  $27,108,672  $25,712,096  $55,298,064 

Los Angeles 172562 4222 2920 2426 9568 31893 $7,686,293 $9,491,056  $97,364,480  $115,943,392  $222,798,928 

Northern / Sierra 73196 1080 786 511 2377 7923 $1,909,523 $2,427,840  $26,208,384  $24,421,712  $53,057,936 

Other Southern California 198011 5267 3474 2634 11375 37917 $9,137,917 $11,840,216  $115,837,056  $125,884,128  $253,561,400 

Sacramento Area 72049 1259 850 649 2758 9193 $2,215,593 $2,830,232  $28,342,400  $31,017,008  $62,189,640 

San Joaquin Valley 105648 1527 1174 897 3598 11993 $2,890,393 $3,432,696  $39,145,856  $42,869,424  $85,447,976 

California State Total 857646 18396 12756 9887 41039 136797 $32,967,997 $41,354,208 $425,336,064 $472,519,504 $939,209,776 
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Table 22 
 
Current Utility Loss by Stage of Cancer 

 

Region Name Utility loss           Utility cost 

  Stage I Stage II and III Stage IV Total Stage I Stage II and III Stage IV Total 

                  

Bay Area 35451 50945 47769 134166 $1,772,550,000 $2,547,270,000 $2,388,463,200 $6,708,283,200 

Central Coast 9918 15122 11514 36554 $495,900,000 $756,090,000 $575,713,800 $1,827,703,800 

Los Angeles 37998 54312 51921 144231 $1,899,900,000 $2,715,600,000 $2,596,062,600 $7,211,562,600 

Northern / Sierra 9720 14620 10936 35276 $486,000,000 $730,980,000 $546,821,100 $1,763,801,100 
Other Southern 
California 47403 64616 56373 168392 $2,370,150,000 $3,230,820,000 $2,818,643,400 $8,419,613,400 

Sacramento Area 11331 15810 13890 41031 $566,550,000 $790,500,000 $694,494,900 $2,051,544,900 

San Joaquin Valley 13743 21836 19198 54777 $687,150,000 $1,091,820,000 $959,879,700 $2,738,849,700 

California State Total 165564 237262 211602 614427 $8,278,200,000 $11,863,080,000 $10,580,078,700 $30,721,358,700 
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Table 23 
 
Costs and Results by Region for 20% Screening for Smokers 55–64 

 

Region Name 

Number of 
current 

Smokers 55-
64 

Current smokers 55–64 who would be 
screened at 20% 

 20% 
screened 

Cost of 
screening 
for cancer 

Cost of 
treatment 

stage I 
Cost of stage II 

and III 
Cost of stage 

IV Total 

    0.450 0.310 0.240 Total 0.2 241 $2,248  $33,344 $47,792   

              Cost of scan 
True positive 

stage I 
True positive 

stage II and III 
True positive 

stage IV   

Bay Area 200261 4010 2759 2141 8910 63812 $15,378,734 $9,013,461  $91,998,756  $102,340,529  $203,352,745 

Central Coast 35918 1104 760 590 2453 13725 $3,307,725 $2,481,484  $25,328,053  $28,175,232  $55,984,768 

Los Angeles 172562 4306 2963 2300 9568 60027 $14,466,532 $9,679,101  $98,792,828  $109,898,337  $218,370,266 

Northern / Sierra 73196 1070 736 571 2377 20978 $5,055,676 $2,404,601  $24,543,327  $27,302,294  $54,250,222 

Other Southern California 198011 5119 3522 2734 11375 69935 $16,854,440 $11,507,084  $117,450,713  $130,653,593  $259,611,389 

Sacramento Area 72049 1241 854 663 2758 21765 $5,245,252 $2,790,025  $28,477,280  $31,678,471  $62,945,777 

San Joaquin Valley 105648 1619 1114 865 3598 30724 $7,404,565 $3,639,779  $37,150,564  $41,326,736  $82,117,079 

California State Total 857646 18468 12708 9863 41039 280966 $67,712,925 $41,515,535 $423,741,521 $471,375,191 $936,632,247 
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Table 24 
 
Utility Loss by Stage of Cancer at 20% Screening Rate 

 

  Utility  loss   Utility cost   

  Stage I 
Stage II 
and III Stage IV Total Stage I 

Stage II 
and III Stage IV Total 

Bay Area 36,090 51,317 45,821 133,229 $1,804,500,000 $2,565,870,000 $229,1084,100 $6,661,454,100 

Central Coast 9,936 14,136 12,627 36,699 $496,800,000 $706,800,000 $631,359,000 $1,834,959,000 

Los Angeles 38,754 55,111 49,224 143,090 $1,937,700,000 $2,755,590,000 $2,461,230,000 $7,154,520,000 

Northern / Sierra 9,630 13,689 12,220 35,540 $481,500,000 $684,480,000 $611,027,100 $1,777,007,100 

Other Southern California 46,071 65,509 58,513 170,093 $2,303,550,000 $3,275,460,000 $2,925,653,400 $8,504,663,400 

Sacramento Area 11,169 15,884 14,189 41,242 $558,450,000 $794,220,000 $709,476,300 $2,062,146,300 

San Joaquin Valley 14,571 20,720 18,512 53,804 $728,550,000 $1,036,020,000 $925,636,500 $2,690,206,500 

California State Total 166,221 236,368 211,109 613,699 $8,311,050,000 $11,818,440,000 $10,555,466,400 $30,684,956,400 
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Table 25 
 
Costs and Results by Region for 50% Screening for Smokers 55–64 
 

Region Name 

Number of 
current 
Smokers 55-
64 

Current smokers 55–64 who would be 
screened at 50% 

 50% 
screened 

Cost of 
screening for 

cancer 

Cost of 
treatment 

stage I 
Cost of stage II 

and III 
Cost of stage 

IV Total 

    0.453 0.308 0.239 Total 0.5 241 $2,248  $33,344 $47,792   

              Cost of scan 
True positive 

stage I 
True Positive 

Stage II and III 
True Positive 

stage IV   

Bay Area 200261 4033 2744 2134 8910 114980 $27,710,286 $9,065,999 $91,479,468 $101,967,865 $202,513,332 

Central Coast 35918 1110 755 587 2453 22048 $5,313,448 $2,495,948 $25,185,088 $28,072,634 $55,753,670 

Los Angeles 172562 4331 2946 2291 9568 102228 $24,636,890 $9,735,520 $98,235,190 $109,498,152 $217,468,862 

Northern / Sierra 73196 1076 732 569 2377 40560 $9,774,905 $2,418,617 $24,404,792 $27,202,875 $54,026,284 

Other Southern California 198011 5149 3503 2724 11375 117964 $28,429,224 $11,574,157 $116,787,760 $130,177,830 $258,539,748 

Sacramento Area 72049 1248 849 660 2758 40621 $9,789,740 $2,806,288 $28,316,540 $31,563,117 $62,685,945 

San Joaquin Valley 105648 1629 1108 862 3598 58821 $14,175,823 $3,660,995 $36,940,867 $41,176,249 $81,778,111 

California State Total 857646 18575 12636 9827 41039 497221 $119,830,317 $41,757,525 $421,349,705 $469,658,723 $932,765,953 
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Table 26 
 
Utility Loss by Stage of Cancer at 50% Screening Rate 

 

  Utility loss    Utility cost   

  Stage I 
Stage II 
and III Stage IV Total Stage 1 

Stage II 
and III Stage IV Total 

Bay Area 36,297 51,038 45,671 133,007 $1,814,850,000 $2,551,920,000 $2,283,593,400 $6,650,363,400 

Central Coast 9,990 14,043 12,562 36,595 $499,500,000 $702,150,000 $628,148,700 $1,829,798,700 

Los Angeles 38,979 54,795 49,031 142,806 $1,948,950,000 $2,739,780,000 $2,451,599,100 $7,140,329,100 

Northern / Sierra 9,684 13,615 12,177 35,476 $484,200,000 $680,760,000 $608,886,900 $1,773,846,900 

Other Southern California 46,341 65,155 58,299 169,795 $2,317,050,000 $3,257,790,000 $2,914,952,400 $8,489,792,400 

Sacramento Area 11,232 15,791 14,125 41,148 $561,600,000 $789,570,000 $706,266,000 $2,057,436,000 

San Joaquin Valley 14,661 20,608 18,448 53,718 $733,050,000 $1,030,440,000 $922,426,200 $2,685,916,200 

California State Total 167,184 235,048 210,317 612,549 $8,359,200,000 $11,752,410,000 $10,515,872,700 $30,627,482,700 
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Table 27 

 
Costs and Results by Region for 80% Screening for Smokers 55–64 

 

Region Name 

Number 
of current 
Smokers 

55-64 
Current smokers 55-64 who 
would be screened at 80% 

 80% 
screened 

Cost of 
screening for 

cancer 

Cost of 
treatment 
stage 1 

Cost of stage 
II and III 

Cost of stage 
IV Total 

    0.455 0.306 0.239 Total 0.8 241 $2,248  $33,344 $47,792   

              Cost of scan 

True 
positive- 
stage 1 

True Positive 
Stage II and 

III 
True Positive 

stage IV   

Bay Area 200261 4056 2728 2126 8910 166149 $40,041,861 $9,118,538  $90,960,179  $101,595,202  $201,673,919 

Central Coast 35918 1117 751 585 2453 30370 $7,319,106 $2,510,412  $25,042,123  $27,970,037  $55,522,573 

Los Angeles 172562 4356 2929 2283 9568 144428 $34,807,212 $9,791,938  $97,677,553  $109,097,967  $216,567,459 

Northern / Sierra 73196 1082 728 567 2377 60141 $14,494,093 $2,432,634  $24,266,257  $27,103,456  $53,802,346 

Other Southern California 198011 5178 3483 2714 11375 165992 $40,004,104 $11,641,231  $116,124,808  $129,702,067  $257,468,107 

Sacramento Area 72049 1256 844 658 2758 59478 $14,334,166 $2,822,551  $28,155,800  $31,447,763  $62,426,113 

San Joaquin Valley 105648 1638 1102 858 3598 86917 $20,947,013 $3,682,211  $36,731,170  $41,025,762  $81,439,143 

California State Total 857646 18683 12565 9791 41039 713476 $171,947,748 $41,999,515 $418,957,890 $467,942,254 $928,899,659 
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Table 28 
 
Utility Loss by Stage of Cancer at 80% Screening Rate 

 

Region Name              Utility loss Utility cost 

  Stage I 
Stage II  
and III Stage IV Total Stage I Stage II and III Stage IV Total 

Bay Area 36,504 50,741 45,501 132,745 $1,825,200,000 $2,537,040,000 $2,275,032,600 $6,637,272,600 

Central Coast 10,053 13,969 12,520 36,542 $502,650,000 $698,430,000 $626,008,500 $1,827,088,500 

Los Angeles 39,204 54,479 48,861 142,544 $1,960,200,000 $2,723,970,000 $2,443,038,300 $7,127,208,300 

Northern / Sierra 9,738 13,541 12,135 35,414 $486,900,000 $677,040,000 $606,746,700 $1,770,686,700 
Other Southern 
California 46,602 64,784 58,085 169,471 $2,330,100,000 $3,239,190,000 $2,904,251,400 $8,473,541,400 

Sacramento Area 11,304 15,698 14,083 41,085 $565,200,000. $784,920,000 $704,125,800. $2,054,245,800 

San Joaquin Valley 14,742 20,497 18,363 53,602 $737,100,000 $1,024,860,000 $918,145,800 $2,680,105,800 

California State Total 168,147 233,709 209,547 611,403 $8,407,350,000 $11,685,450,000 $10,477,349,100 $30,570,149,100 

 

Table 29 
 
Costs and Results by Region for 100% Screening for Smokers 55–64 
 

Region Name 

Number of 
current 

Smokers 55-
64 

Current smokers 55-64 who would be 
screened at 100% 

 100% 
screened 

Cost of 
screening for 

cancer 

Cost of 
treatment 
stage 1 

Cost of stage II 
and III 

Cost of stage 
IV Total 

    
Stage 

I  
Stage II 
and III Stage IV Total 1 241 $2,248  $33,344 $47,792   

    0.457 0.305 0.238 Total   Cost of scan 
True positive 

stage 1 
True positive 

stage II and III 
True positive 

stage IV   

Bay Area 200261 4072 2718 2121 8910 200261 $48,262,871 $9,153,564  $90,613,987  $101,346,759  $201,114,310 

Central Coast 35918 1121 748 584 2453 35918 $8,656,320 $2,520,055  $24,946,814  $27,901,639  $55,368,508 

Los Angeles 172562 4373 2918 2277 9568 172562 $41,587,486 $9,829,551  $97,305,795  $108,831,178  $215,966,523 

Northern / Sierra 73196 1086 725 566 2377 73196 $17,640,288 $2,441,978  $24,173,900  $27,037,177  $53,653,055 

Other Southern California 198011 5198 3469 2707 11375 198011 $47,720,532 $11,685,947  $115,682,840  $129,384,892  $256,753,679 

Sacramento Area 72049 1260 841 656 2758 72049 $17,363,887 $2,833,393  $28,048,639  $31,370,860  $62,252,892 

San Joaquin Valley 105648 1644 1097 856 3598 105648 $25,461,254 $3,696,355  $36,591,372  $40,925,437  $81,213,164 

California State Total 857646 18755 12517 9767 41039 857646 $206,692,638 $42,160,842 $417,363,347 $466,797,941 $926,322,130 
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Table 30 

 
Utility Loss by Stage of Cancer at 100% Screening Rate 

 

Region Name 
 

Utility loss   Utility cost   

  Stage I Stage II and III Stage IV Total Stage I Stage II and III Stage IV Total 

Bay Area 36,648 50,555 45,394 132,596 $1,832,400,000.00 $2,527,740,000 $2,269,682,100 $6,629,822,100 

Central Coast 10,089 13,913 12,499 36,501 $504,450,000.00 $695,640,000 $624,938,400 $1,825,028,400 

Los Angeles 39,357 54,275 48,732 142,364 $1,967,850,000.00 $2,713,740,000 $2,436,617,700 $7,118,207,700 

Northern / Sierra 9,774 13,485 12,114 35,373 $488,700,000.00 $674,250,000 $605,676,600 $1,768,626,600 
Other Southern 
California 46,782 64,523 57,935 169,241 $2,339,100,000.00 $3,226,170,000 $2,896,760,700 $8,462,030,700 

Sacramento Area 11,340 15,643 14,040 41,022 $567,000,000.00 $782,130,000 $701,985,600 $2,051,115,600 

San Joaquin Valley 14,796 20,404 18,320 53,520 $739,800,000.00 $1,020,210,000 $916,005,600 $2,676,015,600 

California State Total 168,795 232,816 209,033 610,645 $8,439,750,000.00 $11,640,810,000 $10,451,666,700 $30,532,226,700 

 
 

Table 31 

 
Summary of Cases and Cost Estimates 

 

  Cases Costs 

  Stage I  
Stage II and 

III Stage IV Total Screening Stage I  Stage II and III Stage IV Total 

Baseline 18396 12756 9887 41039 $32,967,997 $41,354,208 $425,336,064 $472,519,504 $939,209,776 

20% 18468 12708 9863 41039 $67,712,925 $41,515,535 $423,741,521 $471,375,191 $936,632,247 

50% 18575 12636 9827 41039 $119,830,317 $41,757,525 $421,349,705 $469,658,723 $932,765,953 

80% 18683 12565 9791 41039 $171,947,748 $41,999,515 $418,957,890 $467,942,254 $928,899,659 

100% 18755 12517 9767 41039 $206,692,638 $42,160,842 $417,363,347 $466,797,941 $926,322,130 
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Table 32 

 
Summary of Utility Loss and Costs 
 

Utility loss 
  

Total cost with utility loss 

Stage I Stage II and III Stage IV Total Stage I Stage II and III Stage IV Total 

 8,278,200,000   11,863,080,000   10,580,078,700   30,721,358,700  $8,319,554,208  $12,288,416,064 $11,052,598,204 $31,660,568,476  

 8,311,050,000   11,818,440,000   10,555,466,400   30,684,956,400  $8,352,565,535  $12,242,181,521 $11,026,841,591 $31,621,588,647  

 8,359,200,000   11,752,410,000   10,515,872,700   30,627,482,700  $8,400,957,525  $12,173,759,705 $10,985,531,423 $31,560,248,653  

 8,407,350,000   11,685,450,000   10,477,349,100   30,570,149,100  $8,449,349,515  $12,104,407,890 $10,945,291,354 $31,499,048,759  

 8,439,750,000   11,640,810,000   10,451,666,700   30,532,226,700  $8,481,910,842  $12,058,173,347 $10,918,464,641 $31,458,548,830  

 
Table 33 
 
ROI Estimates 

 

ROI with utility loss 

 
ROI without utility loss 

  

20% $1.12 20% $0.074184328 

50% $1.15 50% $0.074184328 

80% $1.16 80% $0.074184307 

100% $1.16 100% $0.074184328 
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Table 34 
 
Break Even Analysis 
 

Screening 
rate 

Level of 
effectiveness 

20% 0.4835 

50% 0.5167 

80% 0.5498 

100% 0.5719 
 
 

Conclusion 

 
The purpose of this study was to determine whether it would be worth the cost for 

LHD and Medi-Cal purchasers to invest in screening programs of the smoking population 
ages 55–64 in California. This current study demonstrates that lung cancer screening 
represents a worthy investment in California regions because there would be a noticeable 
difference in the increase of early detection and a promising return on investment. The 
break-even analysis illustrates the level of effectiveness counties would need to have to 
have in order to save money, it is important for counties considering whether or not to 
invest in a lung cancer screening program.  

However, LHDs are likely not the ones who would see any savings from the 
screening program, Medi-Cal purchasers would. Medi-Cal purchasers are the ones who 
provide health coverage for lung cancer screenings, and it is a reimbursable benefit. In 
this case, they are the ones who would see the return on the investment because they are 
providing coverage, receiving the bills and making payouts. 

Previous studies have estimated the ROI of cancer and other illnesses at the 
national level with some estimates available for individual states and counties (Mays, 
2013). A more recent systematic review study on the Cost- effectiveness analysis of lung 
cancer screening strategies using low dose computed tomography (Raymakers et al, 
2016) found varied outcomes related to reported outcomes using either additional 
survival (life years gained) or QALY’s for repeat screening, as a key result, the cost 
effectiveness findings depended largely on identifying an appropriate group of high risk 
subjects as the analysis for the study was sensitive to prevalence of lung cancer, cost of 
LDCT for screening, proportion of lung cancer detected, lead time bias and 
characteristics of smoking cessation program.  My study is the first attempt to estimate 
the ROI with and with out utility scorse at the county level in CA. Although a number of 
attentive cost effectiveness analyses of the costs and benefits of ROI studies on various 
topics have been published, these studies did not report outcomes at the county level in 
CA (see Driessen et al., 2013; Henke et al., 2011; Richard, West & Ku, 2012; Zank & 
Friedsam, 2005). 

Given the rates of lung cancer across regions in California and the 
recommendation by the U.S. Preventative Task Force to conduct screenings, analyzing 
ROI is essential to report the cost savings. Analyzing these data could increase the 
number of early detection directly associated with a lung cancer screening program 
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versus no screening program. Furthermore, this information would be helpful to 
policymakers who are considering the value of lung cancer screening of the Medi-Cal 
population. This knowledge might help stakeholders make better decisions about which 
programs hold merit for health plans and Medi-Cal. 

The overall adult cigarette-smoking rate in California in 2014 was 11.6%, which 
was the second-lowest smoking prevalence rate in the nation. However, California had 
the highest number of smokers because it was the most populous state (see CDPH, 2016). 
In fact, the number of smokers in California exceeds the population of more than 20 
states.  

Although the downward trend in California’s adult tobacco use has stalled in 
recent years, the loss of momentum means that the rate could increase in the future. Such 
an increase would have severe implications for reversing the substantial progress 
California has made to reduce tobacco-related diseases and its associated health care cost 
savings that accrued as a result of the decline in smoking (CDPH, 2016). Accordingly, 
lung cancer screening can offer cost savings and early detection. 

 

Limitations 

Since this was the first attempt to estimate ROI by implementing a lung cancer-
screening program at the regional level, there were some methodological concerns. 
LDCT screening programs have not been implemented outside of clinical trials. There are 
no set standards; therefore, the implementation may vary in different settings. 
Consequently, retrieving data to conduct an ROI could be challenging. There is limited  
academic research regarding measuring ROI and even less on lung cancer screening 
programs, which limited direct comparisons.  

 

Implications 

This study represents an initial attempt to estimate the ROI of implementing a 
lung cancer screening program. Additional information is needed to help counties and 
policymakers identify the ROI specific to the region of interest from prevention activities, 
the gains that would result, and the additional costs that would incur.  

Medi-Cal does not provide health care services but works with health care 
providers to reimburse them for the provision of services. Medi-Cal contracts with 
providers so that members have a primary care medical home, which allows providers to 
promote the right care at the right time in the right place. Thus, the role that Medi-Cal or 
LHDs play might promote lung cancer screening programs by touting ROI analysis. 
Medi-Cal and LHDs are very distinct in the type of services they provide; both would 
play different roles in promoting lung cancer screening. Medi-Cal purchasers would be 
more invested because they provide coverage for these services, whereas LHDs are more 
detached from lung cancer screening because they provide already provide many services 
and competing health priorities. Also, because LHDs are board-driven, unless the board 
finds spending money on promoting lung cancer screening worth it, it is not likely to take 
place, primarily because they are not receiving any monetary return.  

Activities such as health education, screening, provider education, laboratory 
testing, treatment, follow-ups, and case management, could promote social marketing and 
outreach through collaborative partnerships. Medical communities might support 
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screening activities if it becomes a clinical guideline for the at-risk population. Overall, 
there is a need for coordinated effort, standardization, and a balance between clinical 
efficacy and economic worth. 

Unless the mortality and morbidity from lung cancer exceed other health issues, it 
is unlikely there will be any local fiscal support to accomplish a prevention campaign for 
lung cancer screening. Most of the tobacco funding is targeted at LHDs doing primary 
prevention and environmental change, not secondary or tertiary changes or treatment. For 
small counties, such as Madera, and medium counties, such as Tulare, lung cancer 
screening may not be a priority unless the state allocates funding for the effort. However, 
larger counties, such as Fresno, Los Angeles, and Alameda, might increase their roles due 
to the higher prevalence of lung cancer. 

 

CHAPTER 4 

 

Discussion 

 
The purpose of these studies was to examine the costs and outcomes among 

Californians ages 55–80 years old with a specific focus concerning what California could 
expect by implementing lung cancer screening for ages 55 to 64-year-old Medi-Cal 
recipients in the state. Since the focus was on local decision-making, the ultimate goal 
was to help counties in California understand the benefits and costs that they could expect 
by implementing lung cancer screening. Thus, this study examined the different 
components of that decision.  

Chapter 1 presented the results of the analysis of the burden of disease of lung 
cancer in California counties. This chapter identified the cost of lung cancer per stage 
within the overall population, the Medi-Cal population, and the QALYs that were lost 
from lung cancer per county in California. I estimated the costs and QALYs using 
methodology from previous studies that estimated the cost of chronic conditions in 
California. This study required the identification of the stage of lung cancer diagnosis for 
people detected with lung cancer per county using the SEER database, as well as 
estimating the cost per stage for each county in California using cancer costs from the 
literature. The burden of disease study provided the impact of lung cancer measured by 
costs, mortality, and QALYs at the county-level. Studying the burden of disease study 
was significant as it provided information on how to prioritize actions in health and the 
environment, planning for preventive action, assessing performance, identifying high-risk 
populations, and planning for future needs. Providing cost estimates of cancer at the 
county-level provided a monetary association with lung cancer. Information on lost 
QALYs showed the impact of lung cancer on society; and, in turn, this information can 
provide lobbyists with data on how no interventions is detrimental to society, while 
allowing LHDs to vouch for funding in their counties. 

Chapter 2 focused on decision-making within LHDs and Medi-Cal purchasers in 
California. The chapter reviewed the existing literature that identified the criteria upon 
which they make their decisions; and then, applied these criteria to lung cancer screening. 
Although decision-making at this level will undoubtedly involve political considerations, 
the study attempted to characterize the decision context in which LHDs make decisions, 
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how they decide to fund new programs, and the types of decisions they make when 
deciding to invest in programs. Specifically, the study explained the LHDs prioritization 
process and which costs and benefits they should include in their ROI. This chapter also 
included a discussion of three types of economic analyses—cost-effectiveness, budget 
impact analysis, and RO —and how they are used in LHDs health decision-making 
processes, using lung cancer as an example. This chapter included a hypothetical case 
study taking the example of lung cancer in California and presenting the application of 
ROI to help guide LHDs decision-making processes.  

Chapter 3 examined the ROI by introducing lung cancer screening to eligible 
members in California counties. Information from the first two aims (costs, QALYS, and 
the decision context) were combined with information from previously published studies 
on lung cancer screenings and costs to provide estimates of the ROI to county public 
health departments for investing in lung cancer screening. Therefore, addressed in this 
chapter was whether lung cancer screening for those who smoke represents a good 
investment in counties in California. Chapter 3 concluded with a discussion of the 
implications of this analysis for understanding local decision-making and for future 
research directions. 

Lung cancer cost information is needed to illustrate the burden of disease in 
California counties. This information is imperative as it provides data concerning ways to 
prioritize actions in health care, planning for preventive action, assessing performance, 
identifying high-risk populations, and planning for future needs. Information on costs 
could then be used to prepare an ROI analysis from which any agency, such as an LHD, 
can determine whether investing in a particular service or program is worth the 
investment. The drawback is that agencies like LHDs are unaware of methods to prepare 
an ROI analysis. Therefore, a guide has been created for them to address this gap.  

Moreover, there is limited literature about how LHDs make decisions concerning 
services or programs in which to invest or divest or whether they are concerned about 
long-term or short-term costs. The principal issue in performing an ROI from a public 
health perspective is attempting to determine ways to monetize outcomes. The LHDs 
have the option of choosing from undertaking a complete cost-effectiveness analysis to 
performing a budget impact analysis to conducting an ROI.  

LHDs county boards typically are politically driven when making their decisions. 
The LHD makes the case for funding by providing cost and benefit information. Then, 
the county board decides which department in the county should be allocated the funding. 
Therefore, it is difficult for LHDs to select programs in which to invest or divest. Local 
health departments are funded from a combination of sources, such as monies from fee-
for-services, local tax support, state funding, federal funding, and nongovernmental grant 
sources. Needless to say, a board of health has full budgetary approval authority. There is 
no requirement for the number of staff, buildings and infrastructure, minimum size 
population to serve, types of programs offered, or grant requirements. All local decisions 
are dependent concerning how the health department is organized (IOM, 2011). 

Because the majority of the funding comes from the state or federal government, 
LHDs tend to withdraw from programs that are no longer being funded or programs 
where the same services are provided elsewhere, such as a local health clinic. Variations 
in health care services have been well documented across LHDs in California. Decision-
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making in public health policy represents a complicated process with both formal and 
informal influences. Thus, it becomes necessary to present to the county board specific 
information when relying on county funds.  

 

Assumptions 

The U.S. has no government organizations, such as NICE, to support the public 
health system to determine which services and technologies to adopt. Guidance from a 
government entity like NICE could provide guidance, quality standards, and information 
services for public health as well as resources to help maximize the use of evidence and 
guidance. Based on the evidence provided above, two assumptions were made: (a) the 
current U.S. government is set to roll back regulations that control or impede business. 
Therefore, in this political climate, no federal government entity would endorse enacting 
national public health standards, ethics, best-evidence, or policies, and (b) there is no 
evidence to suggest that LHDs have any interest in increasing long-term costs even if 
those costs would add societal benefits.  

 

Future Research 

By reviewing study methods as well as results, this dissertation was able to 
provide some perspective regarding how to perform an ROI analysis when there are 
inconsistencies and limitations in the research. As entities like LHDs decide whether or 
not to invest in programs like lung cancer screening, it is recommended that researchers 
provide as many details as possible about their samples and that they consider including 
standardized analysis on predictors and possible outcomes to ensure comparability across 
heterogeneous study designs and statistical models.  

The original aim of this study was to identify the context in which LHDs make 
decisions to invest or disinvest from programs like lung cancer screening. However, there 
was limited literature regarding LHD decision-making in this context. However, the 
literature did provide a rationale regarding why general disinvestments are made and why 
the allocation of funding for specific programs is valued differently.  

LHDs do not have a determined optimal process to review the effectiveness and 
cost-effectiveness of programs, technologies, and procedures currently in use or for 
future use (Watt, 2012). The majority of services and programs have not been assessed 
before; however, there is a growing interest in their detection and evaluation. 
Disinvesting has been seen as a factor to broaden the scope of activities and decrease the 
use of repetitive or less effective services by offering insight into effectiveness, cost-
effectiveness, and the impact on the health care budget (Rabarison et al., 2015). 

 

Implications for Future Study 

Future study will investigate how LHDs make decisions to disinvest from 
programs and to demonstrate the types of costs and benefits they are interested in 
pursuing. Disinvestment from ineffective or inappropriately applied practice is growing 
both for improved investments in new programs and sustainability of resource allocation. 
The new study will include the following methodologies. 

1. Form a reference group to help identity key priorities. 
a. Conduct an informal survey to assess what the LHDs priorities. 
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b. Use the snowball technique to identify decision-makers. 
2. Conduct individual semistructured interviews with all recruited decision-

makers.  
a. Provide stakeholders with preparatory reading materials (e.g., tobacco 

control or diabetes education). 
b. Present two case studies with the aim to use a specific example to 

explore the broad issues related to decision-making. 
c. Create a questionnaire and frame questions around a specific case 

study to be used on the first day of the session, e.g., tobacco control or 
diabetes education.  

3. Analyze and interpret the results 
A reference group will be formed to help identify key priorities for LHDs. The 

reference group will include representatives from county public health departments, such 
as Merced County California Alliance for Health, Dignity Health, and Sutter Medical 
Foundation. The snowball technique will be used to identify and recruit decision-makers. 
Stakeholders will be prepared for a potential disinvestment case study (tobacco control or 
diabetes education) and take part in individual semistructured interviews that focus on 
mechanisms and challenges to support disinvestment. Interviews will be recorded and 
transcribed for thematic analysis. The attached Appendix includes questions that will be 
adapted for stakeholder semistructured interviews and an interview schedule 
demonstrating fundamental questions and factors requiring further attention. 

 

Conclusion 

 
Although access to lung cancer screening has improved in recent years, it is 

evident that this approach alone has not reached its full potential as indicated by 
screening rates. Therefore, there is a need for nuanced approaches that focus on all 
consumers by providing individualized recommendations, particularly to motivate those 
who are unaware of such screenings or those who prefer no screening at all. On the one 
hand, understanding socio-demographic factors that create disutility in a small but 
substantial number of people will significantly improve screening uptake rates beyond 
current rates. On the other hand, agencies like LHDs need information concerning burden 
of disease and ROI to determine whether or not screening programs are worth the 
investment. In the event a health program is determined to be worth the investment, as is 
the case with lung cancer, there will be a societal benefit in early detection and a decrease 
in costs. Policymakers, program coordinators, and practitioners should use the 
information found in this study to guide their investments and improve effectiveness of 
their programs. Future researchers should study the ways in which LHD decisions are 
made and should continue to explore how LHDs prioritize health programs and services. 
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Appendix 

 

Utilizing Return on Investment as an Approach for  

Disinvestment Decisions in California Local Health 

Departments and medical purchasers 

 

Abstract 

 

In recent years, there has been increased interest in disinvestment research activities at 
the county level. However, almost no comprehensive literature review on local health 
department and medical purchasers disinvestment practices has been published until now, 
creating a research gap concerning methods for the implementation of disinvestment 
activities at the county level. The purpose of this study is to examine the context in which 
local health departments and medical purchasers make the decision to disinvest from 
previous priorities. This study will explore the types of decisions they make, the purpose 
of such decisions, the types of information used to guide such decisions, and the types of 
information reported in the process. Return on investment can be a critical metric for 
local public health departments (LHDs) to use in allocating resources toward the 
prevention of conditions and deciding when to disinvest from these programs. However, 
it is not yet being used in most health departments or among medical purchasers. This 
project is part of a three-part study that explores the process in which local health 
departments make decisions to disinvest in programs and use of return on investment 
(ROI) to determine which projects to disinvest using a discretionary service, like lung 
cancer screening, to project return on investment. With a survey tool to be administered 
to a convenience sample of California public health officials, I will explore the process 
associated with decision-making to develop a rationale for using return on investments 
and options to conduct them. The results will then be used to give the argument for using 
return on investments at local health departments and among medical purchasers as well 
as considerations for conducting a return on investment and development of subsequent 
program priorities. 
 

Background 

Most local health departments do not have a predetermined and optimal process to 
review the effectiveness and cost-effectiveness of programs, technologies, and 
procedures that are in active use or for those they want to invest in (Watt et al., 2011). 
Most medical purchasers, such as the Alliance, are required by DHCS contract to 
reimburse for all state determined Medi-Cal benefits. These entities are able to add 
service benefits (by Alliance board approval), but they cannot remove state determined 
benefits. Recent evidence suggests that the options local health departments have on 
priority setting and decision-making include cost effectiveness analysis, budget impact 
analysis, and return on investment. An economic evaluation can be useful to analyze any 
situation where local health departments want to know if the resources invested in a 
program or intervention are justified by the results of the intervention. However, in most 
local health department reports, investments are measured in monetary units, while 
outcomes are measured in diverse and often unstandardized ways. There is no concrete 
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rationale for cost allocations; rather, local health departments use budgeting strategies. 
Prioritization seems to be based on local factors, such as population needs, organizational 
priorities, budgets, capacity or capability, and political factors (Harris et al., 2017). 
However, there is no standardized process through which programs are prioritized and 
thus, it is difficult to understand how and why departments are investing or disinvesting 
in projects. 

Currently, health departments are in the midst of acquiring accreditation. In doing 
so, they focus on fitting into the health equity lens and the political landscape, which is 
mainly board driven (Crawley-Stout et al., 2015; Jacobson & Neumann, 2009). In this 
political climate, returns on investments remain a critical yet underused part of the 
decision-making process. In contrast to budget analysis, which ignores health outcomes 
and looks at only one way to make decisions, return on investment is multi-dimensional 
and includes specified outcomes. Additionally, the topic of disinvestment is critical 
because health care costs rise across the country for state and local governments. As 
California proposes a $430 million decrease in the 2017–18 General Fund budget for its 
federal/state Medicaid program: Medi-Cal (McConville et al., 2017; Taylor, 2017). This 
proposed budget is a 2% below the estimated General Fund spending level for 2016–17 
(Taylor, 2017). Changes to Medi-Cal spending reflect a variety of factors, such as an 
increase in higher state costs for optional expansion population in the Patient Protection 
and Affordable Care Act, higher anticipated General Fund spending based on 
expectations of a decrease in federal Children’s Health Insurance Program funding, and 
substantial growth in state special funding (Taylor, 2017). Medi-Cal spending clearly 
depends on federal and state funding and other programs in the state. 

It is important to identify health outcomes that local health departments value to 
make use of return on investments in making decisions to invest or disinvest. For 
instance, in lung cancer screenings, it is critical to understand the conditions under which 
local health departments will fund such a discretionary service. There is little empirical 
evidence on priority settings for investment in local health departments to clearly answer 
that question. Thus, there is an acknowledged need for pragmatic and systematic 
methods, which will utilize objective data in standardization comparisons allowing 
decision makers to rely on hard evidence.  

The advent of the new prevention measure by Centers for Medicare & Medicaid 
Services (CMS) provides an opportunity to address these challenges. For example, about 
40,000 people in California have lung cancer. Unless preventative measures are taken, 
the projected growth of lung cancer will impact California. This means that there will be 
a $6.7 billion increase in health expenditures in coming years where adjustments in 
spending will be necessary. The loss of productivity from lung cancer is three times more 
than any other cancer with loss of productivity amounting to $36.1 billion in 2005 alone 
(Bradley et al., 2008). Loss of productivity caused by cancer is a huge drain on the 
economy. 

There is an opportunity to expand prevention services, especially to at-risk and 
vulnerable populations. Reducing costs and rates of lung cancer will require local health 
departments to implement successful prevention activities, such as lung cancer screening 
while also using an evidence-based method to make decisions to disinvest from priorities 
that do not yield the needed returns on investment. Information on the return on 
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investment of lung cancer by county and stage of lung cancer can help counties 
understand the scope of the problems facing their regions and identify high priority areas 
to target interventions and programs. Consequently, state and local public health 
departments would be able to calculate their implicit return from investing in lung cancer 
screening, tobacco prevention and control efforts, and to identify, the conditions, 
geographic location, population to focus on, and where priorities must be changed 
through disinvestment. 

Currently, there are many barriers that prevent disinvestment methods from being 
developed in health care and local health department settings (Polisena et al., 2013). 
Overutilizing practices and programs that are not effective while underutilizing practices 
and programs that are effective cause inefficiencies and unsustainable resource 
allocation. This is especially true in a local health department setting where alternative 
interventions can be cost-saving and offer substantial return on investment for the 
community (Elshaug et al., 2008; Masters et al., 2017). I will use return on investment to 
determine what programs call for disinvestment. ROI is a useful tool for programs that 
require long-term application and extensive investment as well as a useful advocacy tool 
to help government officials understand programs within a political context (Brousselle et 
al., 2016). According to Brousselle et al. (2016), some limitations in using return on 
investment are its failures to account for equity benefits, its attribution of economic value 
to life-years saved, and its assumption that lower return on investment scores 
automatically imply reallocating funding. Although I was aware of these limitations for 
using return on investment, I learned about the types of factors to include in protocols for 
disinvestment and inform local health departments of these limitations. Given that using 
return on investment for discretionary programs, like lung cancer screening, is extremely 
complex, the aim of this study will be to inform future research on local health 
department disinvestment choices and to help close the gap that exists in research on 
disinvestment.  

 

Aims 

The specific aims are: 

• To use a combination of survey tools and secondary data analysis to explore the 
decision-making process in local health departments.  

• To identify critical gaps in the process of decision-making that can be 
strengthened to improve health outcomes. 

• To create a standardized best practice to guide program disinvestment processes 
and decisions with an emphasis on using return on investment as a tool for 
decision-making. 
 

Research Methodology  
This study will employ a mixed methods approach that combines a quantitative 

survey instrument with a qualitative portion to elicit more contextual information. I will 
administer a survey with open-ended questions and answers based on a Likert-type scale 
of 1 to 5. This scale will enable the survey to elicit different factors that may influence 
disinvestment and provide metrics to quantitatively analyze the input from study 
participants. Through the survey, I will elicit participants’ perceptions of their local 
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health department’s governance and decision-making structure, work culture, and 
prioritization structure. Harris et al. (2017) suggested that there are some limitations to 
consider when organizing a disinvestment method or program, such as how to create 
generalizability for such a method, because some counties may have centralized decision-
making systems. The aim of this study is to explore these limitations by asking specific 
questions about the support and governance of county board members and the board of 
health.  

The survey questions will ask the local health departments for their disinvestment 
patterns in programs for the most recent fiscal year to gain knowledge of how these 
patterns compare across different counties, as well as numeric data concerning 
disinvestment for the regression analysis. It will also ask for the county’s lung cancer 
rates and demographics to learn about health outcomes. The study will employ secondary 
data analysis methods to assess the records of health departments to determine if there is 
a relationship between the participants’ perceptions elicited through the surveys and the 
number of disinvestments occurring in a year. Where these are not available, I will make 
use of the survey answers provided by the participants. 

Participant selection for survey. I will select 30 participants who are public 
health professionals in counties in California. The list of these participants will be 
sourced from a list of 30 attendees of a conference presentation on utilizing return on 
investment in local public health departments. I will select these 30 attendees to 
participate because they are familiar with return on investment in the local health 
department setting. Moreover, the survey questions related to return on investment will 
capture their opinions on using it as a method. I will use a convenience sample given the 
ease of access to a purposeful group of experts. This will serve as a pilot to inform more 
representative sampling of the health workforce. 

Survey administration. I will administer a survey to participants to understand 
decision-making in local health departments via a Qualtrics survey link sent to the 
attendees’ email addresses. The survey will explore the following factors: 

• The number of cases, costs, and patient demographics of lung cancer at the county 
level, such as how much in USD lung cancer costs in the county, how many lung 
cancer deaths are in the county, and the loss of productivity in USD. 

• The amount in USD of disinvestment in programs in the most recent year, the 
types of programs that were disinvested, and the reasons for disinvestment in 
these programs. 

• How much the participant agrees on statements regarding the local health 
department’s: 

o Governance and decision-making structure, such as the amount of 
autonomy and authority given to the top official or project coordinator.  

o Work culture, such as the leadership dynamics and adaptability to new 
programs. 

o Prioritization structure, such as the way the department identifies priorities 
and whether the department has principles that guide these decisions. 

 

Survey analysis. For the first part of the survey, I will identify the participant 
demographics by listing the counties in which they are located and the departments for 



 

 

82

which they work (i.e., community health, environmental health). I will organize lung 
cancer data with a table sorted by county with information on rates, patient 
demographics, and the cost in USD. In addition to participant demographics and county 
lung cancer data, I will provide a list, in no particular order, of the programs that local 
health departments have disinvested from in the past year by and an average number of 
disinvestments from all counties. 

 
To analyze the second part of survey data, I will use regression analysis to understand 
which independent variables (structure, culture, or prioritization methods of local health 
departments) are related to the dependent variable I will examine (disinvestment). To 
begin, I will conduct a descriptive analysis of the second survey set where I will count the 
frequency of each scale per question and describe this with a percentage. This will 
answer questions, such as the number of participants who agree that their local health 
departments’ structures hinders the success of their implementation of programs. I will 
then calculate the mean of each question’s scale to answer the mean of agreement overall 
of participants for that question. I will calculate a standard deviation for each metric. 

 
With a regression analysis, I will analyze survey data from each of the survey 

categories. Because survey responses will be in a Likert-type scale, the analysis will be 
based on the correlation between participants’ perceptions of the agency structure, 
culture, prioritization, and the year’s number of disinvestments. This will help me 
understand potential factors that influence disinvestments. The information provided by 
participants, as well as the information unavailable to them, will also inform me about 
which metrics to collect to inform health system decisions and learn how transparent the 
records and decisions are in such departments. 

 

Creating a decision-making guide with return on investment for lung cancer 

screening programs. Results from the second survey portion of this study aim to find 
correlations in agency structure, culture, and prioritization and disinvestment decisions. 
These results will argue for the use of return on investment by identifying factors that 
influence disinvestment and providing an alternative to method to making disinvestment 
decisions. For example, if a lack of agency structure is correlated with higher 
disinvestment rates in programs, then this can argue for the use of return on investment to 
better guide prioritization methods to disinvest in programs. With county lung cancer 
data, we will calculate the return on investment for each participant’s county health 
department. This will be used to inform a lung cancer screening program to serve as an 
example of how to model program decisions with return on investment. Return on 
investment will be calculated using the following formula (see Brown, 2016) where PV 
means present value: 
 

Σ���
�� ��� 
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I will use this return on investment formula because expenditures are scaled up to adjust 
to California local health departments (see Brown, 2016). I will provide this formula in 
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the guide created for local health departments, using sample calculations with sources of 
present values of avoided deaths, improved health status, and expenditures (see Brown, 
2016) to help the reader understand how to calculate return on investment. For local 
health departments with current lung cancer screening initiatives, I will use this formula 
to calculate their return on investment using data taken from the survey as well as 
additional data available through county public health records. For departments without 
initiatives, I will use this to calculate a projected return on investment for use to argue for 
lung cancer screening programs. 
 
When developing a guide for the lung cancer screening program, I will refer to the 
Sustainability in Healthcare by Allocating Resources Effectively (SHARE) Program’s 
SEAchange model for Sustainable, Effective, and Appropriate change in health services 
(see Harris et al., 2017). This SEAchange model includes four steps, which I will tailor to 
this study: 

1. Identifying the need for a lung cancer screening program, 
2. Developing a proposal to meet the need for this program, 
3. Implementing the proposal for the program, and 
4. Evaluating the extent and impact of the program. 

 
I chose this guide because each step utilizes evidence-based practices to inform 

decision-making that take into account data health service staff expertise and consumer 
values and views (see Harris et al., 2017). Within this guide, I will incorporate 
calculations for return on investment from Brown et al. (2016) to help inform local health 
departments of its use. Once the guide has been distributed to the participants, I will 
follow-up with input and suggestions to the guide through contact with study participants. 
The guide will be revised with these suggestions.  

 

Expected Results and Impact 
This study will produce reports that identify the importance of different organizational 
factors concerning disinvestment and return on investment values for each of the 
participants’ counties in California. The methods and results of the study will inform 
efforts to develop and deploy appropriate policies essential to making decisions and 
prioritization for local health departments, especially lung cancer screening programs. I 
aim for this study to provide a standardized guide for making disinvestment decisions 
using return on investment because there is little information to help guide local health 
authorities and departments in systematic approaches towards disinvestment, (Harris et 
al., 2017).  
Although disinvestment decisions can happen at the central level, there are still barriers to 
applying these decisions to local health departments where disinvestment may depend on 
community factors or factors within the organization (Harris et al., 2017). Exploring local 
health department decision-making processes through surveys and regression analysis 
will allow for a comprehensive examination of the different organizational factors of 
decision-making within agencies that are dependent on multiple levels of surveillance 
and funding. These results can help close the critical gaps in decision-making processes 
for local health departments. I expect that closing this gap will contribute to creating 
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better health outcomes with the use of return on investment to implement lung cancer 
screening programs. 
 

Dissemination Strategy  
I plan to disseminate the findings by publishing in academic journals with 

interests in health policy and regional health. I will also offer to present the results and 
consult individually with counties as part of regional or statewide meetings. Academic 
journals and conferences are the two most common methods of dissemination, but in a 
report, 75% of public health researchers believe that dissemination should also be 
targeted to nonresearch audiences (Brownson et al., 2018). This is particularly critical for 
such a study as this that can inform practice. I will, therefore, disseminate findings from 
the study directly to the participants’ county public health departments by preparing an 
individualized report detailing the costs of lung cancer in their region (including 
information on age, gender, and race) in California, and the return on investment values. 
Along with this report, I will prepare a guide on how to conduct a return on investment 
using lung cancer screening as an example. Because policy makers are key decision 
makers and play a large role in local health department funding, I aim to share my 
findings with them and their staff in a concise and understandable manner by providing 
locally relevant data that could be of great use to help them understand the scope and 
need of our findings (see Brownson et al., 2018). I will also indicate a willingness to offer 
training to policymakers and the staff of health departments at the local and state levels 
regarding how to calculate returns on investment, how to organize their county data to 
facilitate effective decision-making, and how to build their staff capacity for evidence-
based investment and disinvestment decision-making.
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Table A 1 
 
Baseline Case Costs and Utility Costs 

 

 

County Stage I 
Stage II 
and III 

Stage 
IV 

Total 
Cases 

Baseline 
Screening 

cost 

Treatment 
Costs 

Stage I 
 stage II 
and III  stage IV 

Total 
Treatment 
Cost with 
stage I–IV 

Utility 
Loss 

Stage I 
Stage II 
and III Stage IV Total 

Utility Cost 
50,000 

Total treatment 
cost with 

utility 

Alameda 681 515 440 1636 394,276 1,530,888 17,172,160 21,028,480 39,731,528 2813.156 3855.352 4037.9 10706.408 535320400 $575,051,928 

Butte 183 130 78 391 94,231 411,384 4,334,720 3,727,776 8,473,880 752.287 904.482 691.74 2348.509 117425450 $125,899,330 

Contra 612 415 318 1345 324,145 1,375,776 13,837,760 15,197,856 30,411,392 2498.53 3020.25 2761.92 8280.7 414035000 $444,446,392 

Del Norte, Siskiyou, 
Lassen, Trinity, Modoc, 
Plumas, and Sierra 
County 103 97 59 42 10,122 231,544 3,234,368 2,819,728 6,285,640 400.89 777.5 537.534 1715.924 85796200 $92,081,840 

El Dorado 123 88 55 266 64,106 276,504 2,934,272 2,628,560 5,839,336 495.046 605.49 506.794 1607.33 80366500 $86,205,836 

Fresno 331 276 230 837 201,717 744,088 9,202,944 10,992,160 20,939,192 1258.904 2124.566 2110.882 5494.352 274717600 $295,656,792 

Humboldt 65 50 33 148 35,668 146,120 1,667,200 1,577,136 3,390,456 276.534 398.526 298.502 973.562 48678100 $52,068,556 

Imperial 51 44 33 128 30,848 114,648 1,467,136 1,577,136 3,158,920 232.817 286.926 274.87 794.613 39730650 $42,889,570 

Kern 237 175 35 691 166,531 532,776 5,835,200 1,672,720 8,040,696 1170.724 1898.722 1753.95 4823.396 241169800 $249,210,496 

Kings 35 35 27 97 23,377 78,680 1,167,040 1,290,384 2,536,104 155.218 341.508 275.614 772.34 38617000 $41,153,104 

Lake 79 50 34 163 39,283 177,592 1,667,200 1,624,928 3,469,720 304.306 392.114 299.636 996.056 49802800 $53,272,520 

Los Angeles 4222 2920 2426 9568 2,305,888 9,491,056 97,364,480 115,943,392 222,798,928 16980.92 21467.74 22780.46 61229.12 3061456000 $3,284,254,928 

Madera 66 48 43 157 37,837 148,368 1,600,512 2,055,056 3,803,936 276.697 364.234 394.334 1035.265 51763250 $55,567,186 

Marin 184 124 94 402 96,882 413,632 4,134,656 4,492,448 9,040,736 679.808 754.832 791.888 2226.528 111326400 $120,367,136 

Mendocino 56 44 25 125 30,125 125,888 1,467,136 1,194,800 2,787,824 207.751 340.594 258.986 807.331 40366550 $43,154,374 

Merced 113 70 57 240 57,840 254,024 2,334,080 2,724,144 5,312,248 475.122 486.166 493.882 1455.17 72758500 $78,070,748 
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County Stage I 
Stage II 
and III 

Stage 
IV 

Total 
Cases 

Baseline 
Screening 

cost 

Treatment 
Costs 

Stage I 
 stage II 
and III  stage IV 

Total 
Treatment 
Cost with 
stage I–IV 

Utility 
Loss 

Stage I 
Stage II 
and III Stage IV Total 

Utility Cost 
50,000 

Total treatment 
cost with 

utility 

Monterey 179 124 110 413 99,533 402,392 4,134,656 5,257,120 9,794,168 693.34 889.21 990.804 2573.354 128667700 $138,461,868 

Napa 95 70 44 209 50,369 213,560 2,334,080 2,102,848 4,650,488 383.382 416.478 341.448 1141.308 57065400 $61,715,888 

Nevada 95 53 32 180 43,380 213,560 1,767,232 1,529,344 3,510,136 337.241 336.578 314.244 988.063 49403150 $52,913,286 

Orange 1690 1138 882 3710 894,110 3,799,120 37,945,472 42,152,544 83,897,136 6659.033 8115.474 8181.784 22956.291 1147814550 $1,231,711,686 

Placer 239 154 104 497 119,777 537,272 5,134,976 4,970,368 10,642,616 948.147 1155.232 1024.24 3127.619 156380950 $167,023,566 

Riverside 968 681 470 2119 510,679 2,176,064 22,707,264 22,462,240 47,345,568 3848.82 4707.402 4218.884 12775.106 638755300 $686,100,868 

Sacramento 799 552 441 1792 431,872 1,796,152 18,405,888 21,076,272 41,278,312 3319.682 4288.518 4348.37 11956.57 597828500 $639,106,812 

San Benito 15 10 10 35 8,435 33,720 333,440 477,920 845,080 71.185 83.87 132.976 288.031 14401550 $15,246,630 

San Bernardino 736 502 422 1660 400,060 1,654,528 16,738,688 20,168,224 38,561,440 3038.06 3840.13 4093.672 10971.862 548593100 $587,154,540 

San Diego 1822 1109 827 3758 905,678 4,095,856 36,978,496 39,523,984 80,598,336 7299.474 8237.69 7637.126 23174.29 1158714500 $1,239,312,836 

San Francisco 518 345 313 1176 283,416 1,164,464 11,503,680 14,958,896 27,627,040 2153.969 2326.614 3075.578 7556.161 377808050 $405,435,090 

San Joaquin 330 238 154 722 174,002 741,840 7,935,872 7,359,968 16,037,680 1374.464 1891.4 1469.62 4735.484 236774200 $252,811,880 

San Luis 171 110 87 368 88,688 384,408 3,667,840 4,157,904 8,210,152 652.34 864.5 891.962 2408.802 120440100 $128,650,252 

San Mateo 476 334 278 1088 262,208 1,070,048 11,136,896 13,286,176 25,493,120 1857.009 2307.36 2460.992 6625.361 331268050 $356,761,170 

Santa Barbara 232 189 90 511 123,151 521,536 6,302,016 4,301,280 11,124,832 900.592 1245.13 739.212 2884.934 144246700 $155,371,532 

Santa Clara 866 533 458 1857 447,537 1,946,768 17,772,352 21,888,736 41,607,856 3458.001 3930.536 4450.048 11838.585 591929250 $633,537,106 

Santa Cruz 97 96 54 247 59,527 218,056 3,201,024 2,580,768 5,999,848 431.122 746.786 561.7575 1739.6655 86983275 $92,983,123 

Shasta 134 116 72 322 77,602 301,232 3,867,904 3,441,024 7,610,160 539.383 847.94 422.464 1809.787 90489350 $98,099,510 

Solano 219 184 157 560 134,960 492,312 6,135,296 7,503,344 14,130,952 909.581 1371.398 1615.718 3896.697 194834850 $208,965,802 

Sonoma 288 219 130 637 153,517 647,424 7,302,336 6,212,960 14,162,720 1174.376 1458.69 1151.36 3784.426 189221300 $203,384,020 

Stanislaus 263 162 124 549 132,309 591,224 5,401,728 5,926,208 11,919,160 1091.164 1209.118 1116.048 3416.33 170816500 $182,735,660 

Sutter 53 33 25 111 26,751 119,144 1,100,352 1,194,800 2,414,296 206.947 275.37 247.17 729.487 36474350 $38,888,646 

Tehama,Glenn, and 
Colusa County 79 66 42 129 31,089 177,592 2,200,704 2,007,264 4,385,560 305.59 443.404 356.056 1105.05 55252500 $59,638,060 
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County Stage I 
Stage II 
and III 

Stage 
IV 

Total 
Cases 

Baseline 
Screening 

cost 

Treatment 
Costs 

Stage I 
 stage II 
and III  stage IV 

Total 
Treatment 
Cost with 
stage I–IV 

Utility 
Loss 

Stage I 
Stage II 
and III Stage IV Total 

Utility Cost 
50,000 

Total treatment 
cost with 

utility 

Tulare 110 108 87 305 73,505 247,280 3,601,152 4,157,904 8,006,336 454.383 818.188 824.43 2097.001 104850050 $112,856,386 

Tuolumne, Calaveras, 
Amador, Inyo, Mariposa, 
Mono, and Alpine 
County 190 123 96 409 98,569 427,120 4,101,312 4,588,032 9,116,464 761.74 1003.151 914.888 2679.779 133988950 $143,105,414 

Ventura 408 284 187 879 211,839 917,184 9,469,696 8,937,104 19,323,984 1619.465 2099.258 1675.502 5394.225 269711250 $289,035,234 

Yolo 98 56 49 203 48,923 220,304 1,867,264 2,341,808 4,429,376 427.078 568.598 480.542 1476.218 73810900 $78,240,276 

Yuba 43 24 15 82 19,762 96,664 800,256 716,880 1,613,800 174.327 183.668 158.094 516.089 25804450 $27,418,250 
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Table A 2 
 
Diagnoses, Costs and Utility loss 20% Screening Rate 

 

Diagnoses 

Stage I 
Stage II 
and III 

Stage 
IV Total 

Screening 
costs Treatment costs 

Utility 
loss 

 
               

Total cost 
w/utility 

0.45 0.31 0.24 Stage I 
Stage II and 

III Stage IV Total cost Stage I 
Stage II 
and III Stage IV Total 

Utility cost 
50,000 

306.45 159.65 136.4 602.5 $145,203 $688,900 $5,323,370 $6,518,829 $12,531,098 2758.05 2969.49 2919.2328 8646.7728 432338640 $444,869,738 

82.35 40.3 24.18 146.83 $35,386 $185,123 $1,343,763 $1,155,611 $2,684,497 741.15 749.58 517.50036 2008.23036 100411518 $103,096,015 

275.4 128.65 98.58 502.63 $121,134 $619,099 $4,289,706 $4,711,335 $9,620,140 2478.6 2392.89 2109.80916 6981.29916 349064958 $358,685,098 

46.35 30.07 18.29 94.71 $22,825 $104,195 $1,002,654 $874,116 $1,980,965 417.15 559.302 391.44258 1367.89458 68394729 $70,375,694 

55.35 27.28 17.05 99.68 $24,023 $124,427 $909,624 $814,854 $1,848,905 498.15 507.408 364.9041 1370.4621 68523105 $70,372,010 

148.95 85.56 71.3 305.81 $73,700 $334,840 $2,852,913 $3,407,570 $6,595,322 1340.55 1591.416 1525.9626 4457.9286 222896430 $229,491,752 

29.25 15.5 10.23 54.98 $13,250 $65,754 $516,832 $488,912 $1,071,498 263.25 288.3 218.94246 770.49246 38524623 $39,596,121 

22.95 13.64 10.23 46.82 $11,284 $51,592 $454,812 $488,912 $995,316 206.55 253.704 218.94246 679.19646 33959823 $34,955,139 

106.65 54.25 10.85 171.75 $41,392 $239,749 $1,808,912 $518,543 $2,567,204 959.85 1009.05 232.2117 2201.1117 110055585 $112,622,789 

15.75 10.85 8.37 34.97 $8,428 $35,406 $361,782 $400,019 $797,207 141.75 201.81 179.13474 522.69474 26134737 $26,931,944 

35.55 15.5 10.54 61.59 $14,843 $79,916 $516,832 $503,728 $1,100,476 319.95 288.3 225.57708 833.82708 41691354 $42,791,830 

1899.9 905.2 752.06 3557.16 $857,276 $4,270,975 $30,182,989 $35,942,452 $70,396,416 17099.1 16836.72 16095.58812 50031.40812 2501570406 $2,571,966,822 

29.7 14.88 13.33 57.91 $13,956 $66,766 $496,159 $637,067 $1,199,992 267.3 276.768 285.28866 829.35666 41467833 $42,667,825 

82.8 38.44 29.14 150.38 $36,242 $186,134 $1,281,743 $1,392,659 $2,860,537 745.2 714.984 623.65428 2083.83828 104191914 $107,052,451 

25.2 13.64 7.75 46.59 $11,228 $56,650 $454,812 $370,388 $881,850 226.8 253.704 165.8655 646.3695 32318475 $33,200,325 

50.85 21.7 17.67 90.22 $21,743 $114,311 $723,565 $844,485 $1,682,360 457.65 403.62 378.17334 1239.44334 61972167 $63,654,527 

80.55 38.44 34.1 153.09 $36,895 $181,076 $1,281,743 $1,629,707 $3,092,527 724.95 714.984 729.8082 2169.7422 108487110 $111,579,637 
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Diagnoses 

Stage I 
Stage II 
and III 

Stage 
IV Total 

Screening 
costs Treatment costs 

Utility 
loss 

 
               

Total cost 
w/utility 

0.45 0.31 0.24 Stage I 
Stage II and 

III Stage IV Total cost Stage I 
Stage II 
and III Stage IV Total 

Utility cost 
50,000 

42.75 21.7 13.64 78.09 $18,820 $96,102 $723,565 $651,883 $1,471,550 384.75 403.62 291.92328 1080.29328 54014664 $55,486,214 

42.75 16.43 9.92 69.1 $16,653 $96,102 $547,842 $474,097 $1,118,041 384.75 305.598 212.30784 902.65584 45132792 $46,250,833 

760.5 352.78 273.42 1386.7 $334,195 $1,709,604 $11,763,096 $13,067,289 $26,539,989 6844.5 6561.708 5851.73484 19257.94284 962897142 $989,437,131 

107.55 47.74 32.24 187.53 $45,195 $241,772 $1,591,843 $1,540,814 $3,374,429 967.95 887.964 690.00048 2545.91448 127295724 $130,670,153 

435.6 211.11 145.7 792.41 $190,971 $979,229 $7,039,252 $6,963,294 $14,981,775 3920.4 3926.646 3118.2714 10965.3174 548265870 $563,247,645 

359.55 171.12 136.71 667.38 $160,839 $808,268 $5,705,825 $6,533,644 $13,047,738 3235.95 3182.832 2925.86742 9344.64942 467232471 $480,280,209 

6.75 3.1 3.1 12.95 $3,121 $15,174 $103,366 $148,155 $266,696 60.75 57.66 66.3462 184.7562 9237810 $9,504,506 

331.2 155.62 130.82 617.64 $148,851 $744,538 $5,188,993 $6,252,149 $12,185,680 2980.8 2894.532 2799.80964 8675.14164 433757082 $445,942,762 

819.9 343.79 256.37 1420.06 $342,234 $1,843,135 $11,463,334 $12,252,435 $25,558,904 7379.1 6394.494 5486.83074 19260.42474 963021237 $988,580,141 

233.1 106.95 97.03 437.08 $105,336 $524,009 $3,566,141 $4,637,258 $8,727,407 2097.9 1989.27 2076.63606 6163.80606 308190303 $316,917,710 

148.5 73.78 47.74 270.02 $65,075 $333,828 $2,460,120 $2,281,590 $5,075,538 1336.5 1372.308 1021.73148 3730.53948 186526974 $191,602,512 

76.95 34.1 26.97 138.02 $33,263 $172,984 $1,137,030 $1,288,950 $2,598,964 692.55 634.26 577.21194 1904.02194 95201097 $97,800,061 

214.2 103.54 86.18 403.92 $97,345 $481,522 $3,452,438 $4,118,715 $8,052,674 1927.8 1925.844 1844.42436 5698.06836 284903418 $292,956,092 

104.4 58.59 27.9 190.89 $46,004 $234,691 $1,953,625 $1,333,397 $3,521,713 939.6 1089.774 597.1158 2626.4898 131324490 $134,846,203 

389.7 165.23 141.98 696.91 $167,955 $876,046 $5,509,429 $6,785,508 $13,170,983 3507.3 3073.278 3038.65596 9619.23396 480961698 $494,132,681 

43.65 29.76 16.74 90.15 $21,726 $98,125 $992,317 $800,038 $1,890,481 392.85 553.536 358.26948 1304.65548 65232774 $67,123,255 

60.3 35.96 22.32 118.58 $28,578 $135,554 $1,199,050 $1,066,717 $2,401,322 542.7 668.856 477.69264 1689.24864 84462432 $86,863,754 

98.55 57.04 48.67 204.26 $49,227 $221,540 $1,901,942 $2,326,037 $4,449,519 886.95 1060.944 1041.63534 2989.52934 149476467 $153,925,986 

129.6 67.89 40.3 237.79 $57,307 $291,341 $2,263,724 $1,926,018 $4,481,083 1166.4 1262.754 862.5006 3291.6546 164582730 $169,063,813 

118.35 50.22 38.44 207.01 $49,889 $266,051 $1,674,536 $1,837,124 $3,777,711 1065.15 934.092 822.69288 2821.93488 141096744 $144,874,455 

23.85 10.23 7.75 41.83 $10,081 $53,615 $341,109 $370,388 $765,112 214.65 190.278 165.8655 570.7935 28539675 $29,304,787 
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Diagnoses 

Stage I 
Stage II 
and III 

Stage 
IV Total 

Screening 
costs Treatment costs 

Utility 
loss 

 
               

Total cost 
w/utility 

0.45 0.31 0.24 Stage I 
Stage II and 

III Stage IV Total cost Stage I 
Stage II 
and III Stage IV Total 

Utility cost 
50,000 

35.55 20.46 13.02 69.03 $16,636 $79,916 $682,218 $622,252 $1,384,386 319.95 380.556 278.65404 979.16004 48958002 $50,342,388 

49.5 33.48 26.97 109.95 $26,498 $111,276 $1,116,357 $1,288,950 $2,516,583 445.5 622.728 577.21194 1645.43994 82271997 $84,788,580 

85.5 38.13 29.76 153.39 $36,967 $192,204 $1,271,407 $1,422,290 $2,885,901 769.5 709.218 636.92352 2115.64152 105782076 $108,667,977 

183.6 88.04 57.97 329.61 $79,436 $412,733 $2,935,606 $2,770,502 $6,118,841 1652.4 1637.544 1240.67394 4530.61794 226530897 $232,649,738 

44.1 17.36 15.19 76.65 $18,473 $99,137 $578,852 $725,960 $1,403,949 396.9 322.896 325.09638 1044.89238 52244619 $53,648,568 

19.35 7.44 4.65 31.44 $7,577 $43,499 $248,079 $222,233 $513,811 174.15 138.384 99.5193 412.0533 20602665 $21,116,476 
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Table A 3 
 
Diagnoses Costs, and Utility loss 50% Screening 

 

Diagnoses 

Stage I 
Stage II 
and III 

Stage 
IV 

Total 
cases 

Screening 
cost 

Treatment 
costs Utility loss Total 

Total cost w/ 
utility 

0.453 0.308 0.239  stage I 
Stage II 
and III Stage IV Total cost Stage I 

Stage II 
and III Stage IV 

Utility cost 
50,000 

308.493 158.62 105.16 572.273 137,918 693,492 5,289,025 5,025,807 11,008,324 2776.437 2950.332 2250.63432 7977.40332 398870166 $409,878,490 

82.899 40.04 18.642 141.581 34,121 186,357 1,335,094 890,938 2,412,389 746.091 744.744 398.976084 1889.811084 94490554.2 $96,902,943 

277.236 127.82 76.002 481.058 115,935 623,227 4,262,030 3,632,288 8,517,544 2495.124 2377.452 1626.594804 6499.170804 324958540.2 $333,476,084 

46.659 29.876 14.101 90.636 21,843 104,889 996,185 673,915 1,774,990 419.931 555.6936 301.789602 1277.414202 63870710.1 $65,645,700 

55.719 27.104 13.145 95.968 23,128 125,256 903,756 628,226 1,657,238 501.471 504.1344 281.32929 1286.93469 64346734.5 $66,003,972 

149.943 85.008 54.97 289.921 69,871 337,072 2,834,507 2,627,126 5,798,705 1349.487 1581.1488 1176.46794 4107.10374 205355187 $211,153,892 

29.445 15.4 7.887 52.732 12,708 66,192 513,498 376,936 956,625 265.005 286.44 168.797574 720.242574 36012128.7 $36,968,754 

23.103 13.552 7.887 44.542 10,735 51,936 451,878 376,936 880,749 207.927 252.0672 168.797574 628.791774 31439588.7 $32,320,338 

107.361 53.9 8.365 169.626 40,880 241,348 1,797,242 399,780 2,438,369 966.249 1002.54 179.02773 2147.81673 107390836.5 $109,829,206 

15.855 10.78 6.453 33.088 7,974 35,642 359,448 308,402 703,492 142.695 200.508 138.107106 481.310106 24065505.3 $24,768,997 

35.787 15.4 8.126 59.313 14,294 80,449 513,498 388,358 982,305 322.083 286.44 173.912652 782.435652 39121782.6 $40,104,087 

1912.566 899.36 579.814 3391.74 817,409 4,299,448 29,988,260 27,710,471 61,998,179 17213.094 16728.096 12409.17923 46350.36923 2317518461 $2,379,516,640 

29.898 14.784 10.277 54.959 13,245 67,211 492,958 491,158 1,051,327 269.082 274.9824 219.948354 764.012754 38200637.7 $39,251,964 

83.352 38.192 22.466 144.01 34,706 187,375 1,273,474 1,073,695 2,534,544 750.168 710.3712 480.817332 1941.356532 97067826.6 $99,602,371 

25.368 13.552 5.975 44.895 10,820 57,027 451,878 285,557 794,462 228.312 252.0672 127.87695 608.25615 30412807.5 $31,207,270 

51.189 21.56 13.623 86.372 20,816 115,073 718,897 651,070 1,485,040 460.701 401.016 291.559446 1153.276446 57663822.3 $59,148,862 

81.087 38.192 26.29 145.569 35,082 182,284 1,273,474 1,256,452 2,712,209 729.783 710.3712 562.65858 2002.81278 100140639 $102,852,848 

43.035 21.56 10.516 75.111 18,102 96,743 718,897 502,581 1,318,220 387.315 401.016 225.063432 1013.394432 50669721.6 $51,987,942 

43.035 16.324 7.648 67.007 16,149 96,743 544,307 365,513 1,006,563 387.315 303.6264 163.682496 854.623896 42731194.8 $43,737,758 



 

 

92

765.57 350.504 210.798 1326.872 319,776 1,721,001 11,687,205 10,074,458 23,482,665 6890.13 6519.3744 4511.498796 17921.0032 896050159.8 $919,532,825 

Diagnoses               

Stage I 
Stage II 

and III 
Stage 

IV Total 
Screening 

cost 
Treatment 

costs    Utility loss   Total Utility cost 
Total cost w/ 

utility 

0.453 0.308 0.239   
Costs stage 

I 
Stage II 
and III Stage IV Total cost Stage I 

Stage II 
and III Stage IV  50,000  

108.267 47.432 24.856 180.555 43,514 243,384 1,581,573 1,187,918 3,012,875 974.403 882.2352 531.968112 2388.606312 119430315.6 $122,443,190 

438.504 209.748 112.33 760.582 183,300 985,757 6,993,837 5,368,475 13,348,070 3946.536 3901.3128 2404.08666 10251.93546 512596773 $525,944,843 

361.947 170.016 105.399 637.362 153,604 813,657 5,669,014 5,037,229 11,519,899 3257.523 3162.2976 2255.749398 8675.569998 433778499.9 $445,298,399 

6.795 3.08 2.39 12.265 2,956 15,275 102,700 114,223 232,198 61.155 57.288 51.15078 169.59378 8479689 $8,711,887 

333.408 154.616 100.858 588.882 141,921 749,501 5,155,516 4,820,206 10,725,223 3000.672 2875.8576 2158.562916 8035.092516 401754625.8 $412,479,848 

825.366 341.572 197.653 1364.591 328,866 1,855,423 11,389,377 9,446,232 22,691,032 7428.294 6353.2392 4230.169506 18011.70271 900585135.3 $923,276,167 

234.654 106.26 74.807 415.721 100,189 527,502 3,543,133 3,575,176 7,645,812 2111.886 1976.436 1601.019414 5689.341414 284467070.7 $292,112,882 

149.49 73.304 36.806 259.6 62,564 336,054 2,444,249 1,759,032 4,539,334 1345.41 1363.4544 787.722012 3496.586412 174829320.6 $179,368,655 

77.463 33.88 20.793 132.136 31,845 174,137 1,129,695 993,739 2,297,571 697.167 630.168 445.011786 1772.346786 88617339.3 $90,914,910 

215.628 102.872 66.442 384.942 92,771 484,732 3,430,164 3,175,396 7,090,292 1940.652 1913.4192 1421.991684 5276.062884 263803144.2 $270,893,436 

105.096 58.212 21.51 184.818 44,541 236,256 1,941,021 1,028,006 3,205,283 945.864 1082.7432 460.35702 2488.96422 124448211 $127,653,494 

392.298 164.164 109.462 665.924 160,488 881,886 5,473,884 5,231,408 11,587,178 3530.682 3053.4504 2342.705724 8926.838124 446341906.2 $457,929,084 

43.941 29.568 12.906 86.415 20,826 98,779 985,915 616,804 1,701,498 395.469 549.9648 276.214212 1221.648012 61082400.6 $62,783,899 

60.702 35.728 17.208 113.638 27,387 136,458 1,191,314 822,405 2,150,177 546.318 664.5408 368.285616 1579.144416 78957220.8 $81,107,398 

99.207 56.672 37.523 193.402 46,610 223,017 1,889,671 1,793,299 3,905,988 892.863 1054.0992 803.067246 2750.029446 137501472.3 $141,407,460 

130.464 67.452 31.07 228.986 55,186 293,283 2,249,119 1,484,897 4,027,300 1174.176 1254.6072 664.96014 3093.74334 154687167 $158,714,467 

119.139 49.896 29.636 198.671 47,880 267,824 1,663,732 1,416,364 3,347,920 1072.251 928.0656 634.269672 2634.586272 131729313.6 $135,077,234 

24.009 10.164 5.975 40.148 9,676 53,972 338,908 285,557 678,438 216.081 189.0504 127.87695 533.00835 26650417.5 $27,328,855 

35.787 20.328 10.038 66.153 15,943 80,449 677,817 479,736 1,238,002 322.083 378.1008 214.833276 915.017076 45750853.8 $46,988,856 

49.83 33.264 20.793 103.887 25,037 112,018 1,109,155 993,739 2,214,912 448.47 618.7104 445.011786 1512.192186 75609609.3 $77,824,521 

86.07 37.884 22.944 146.898 35,402 193,485 1,263,204 1,096,540 2,553,229 774.63 704.6424 491.047488 1970.319888 98515994.4 $101,069,224 
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184.824 87.472 44.693 316.989 76,394 415,484 2,916,666 2,135,968 5,468,119 1663.416 1626.9792 956.519586 4246.914786 212345739.3 $217,813,858 

Diagnoses            

Stage I 
Stage II 
and III 

Stage 
IV Total  

Screening 
cost 

Treatment 
costs    Utility loss   Total Utility cost 

Total cost w/ 
utility 

0.453 0.308 0.239   
Costs stage 

I 
Stage II 
and III Stage IV Total cost Stage I 

Stage II 
and III Stage IV  50,000  

44.394 17.248 11.711 73.353 17,678 99,798 575,117 559,692 1,234,607 399.546 320.8128 250.638822 970.997622 48549881.1 $49,784,488 

19.479 7.392 3.585 30.456 7,340 43,789 246,479 171,334 461,602 175.311 137.4912 76.72617 389.52837 19476418.5 $19,938,020 
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Table A 4 
 
Diagnoses   Costs and Utility loss 80% Screening 

 

 

Diagnoses 

Stage I 
Stage II and 

III Stage IV Total Screening cost Treatment costs Utility loss Total 
Utility 

cost 
Total cost 
w/utility 

0.455 0.306 0.239 Costs Stage I Stage II and III Stage IV Total cost Stage I 
Stage II  
and III 

Stage 
IV 50000 

309.855 157.59 134.64 602.085 $145,102 $696,554 $5,254,681 $6,434,715 $12,385,950 2788.695 2931 2882 8601 430071714 442457664 

83.265 39.78 23.868 146.913 $35,406 $187,180 $1,326,424 $1,140,699 $2,654,303 749.385 740 511 2000 100005797 102660100 

278.46 126.99 97.308 502.758 $121,165 $625,978 $4,234,355 $4,650,544 $9,510,877 2506.14 2362 2083 6951 347536991 357047867 

46.865 29.682 18.054 94.601 $22,799 $105,353 $989,717 $862,837 $1,957,906 421.785 552 386 1360 68013095 69971001 

55.965 26.928 16.83 99.723 $24,033 $125,809 $897,887 $804,339 $1,828,036 503.685 501 360 1365 68237073 70065109 

150.605 84.456 70.38 305.441 $73,611 $338,560 $2,816,101 $3,363,601 $6,518,262 1355.445 1571 1506 4433 221629968 228148230 

29.575 15.3 10.098 54.973 $13,248 $66,485 $510,163 $482,604 $1,059,251 266.175 285 216 767 38343620 39402871 

23.205 13.464 10.098 46.767 $11,271 $52,165 $448,944 $482,604 $983,712 208.845 250 216 675 33769640 34753352 

107.835 53.55 10.71 172.095 $41,475 $242,413 $1,785,571 $511,852 $2,539,837 970.515 996 229 2196 109788021 112327858 

15.925 10.71 8.262 34.897 $8,410 $35,799 $357,114 $394,858 $787,771 143.325 199 177 519 25967716 26755487 

35.945 15.3 10.404 61.649 $14,857 $80,804 $510,163 $497,228 $1,088,196 323.505 285 223 831 41537570 42625766 

1921.01 893.52 742.356 3556.886 $857,210 $4,318,430 $29,793,531 $35,478,678 $69,590,639 17289.09 16619 15888 49796 2489823256 2559413895 

30.03 14.688 13.158 57.876 $13,948 $67,507 $489,757 $628,847 $1,186,111 270.27 273 282 825 41253716 42439827 

83.72 37.944 28.764 150.428 $36,253 $188,203 $1,265,205 $1,374,689 $2,828,096 753.48 706 616 2075 103742276 106570373 

25.48 13.464 7.65 46.594 $11,229 $57,279 $448,944 $365,609 $871,831 229.32 250 164 643 32173785 33045616 

51.415 21.42 17.442 90.277 $21,757 $115,581 $714,228 $833,588 $1,663,397 462.735 398 373 1234 61722034 63385432 

81.445 37.944 33.66 153.049 $36,885 $183,088 $1,265,205 $1,608,679 $3,056,972 733.005 706 720 2159 107957736 111014708 

43.225 21.42 13.464 78.109 $18,824 $97,170 $714,228 $643,471 $1,454,870 389.025 398 288 1076 53779676 55234546 

43.225 16.218 9.792 69.235 $16,686 $97,170 $540,773 $467,979 $1,105,922 389.025 302 210 900 45012409 46118331 
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 Diagnoses            

Stage I Stage II and III Stage IV Total 
Screening 

cost  
Treatment 

costs   
Utility 

loss   Total 
Utility 

cost Total cost w/utility 

0.455 0.306 0.239   Costs Stage I Stage II and III Stage IV Total cost Stage I 
Stage II 
and III Stage IV  50000  

768.95 348.228 269.892 1387.07 $334,284 $1,728,600 $11,611,314 $12,898,678 $26,238,592 6920.55 6477 5776 19174 958690969 984929562 

108.745 47.124 31.824 187.693 $45,234 $244,459 $1,571,303 $1,520,933 $3,336,694 978.705 877 681 2536 126815432 130152126 

440.44 208.386 143.82 792.646 $191,028 $990,109 $6,948,423 $6,873,445 $14,811,977 3963.96 3876 3078 10918 545898762 560710739 

363.545 168.912 134.946 667.403 $160,844 $817,249 $5,632,202 $6,449,339 $12,898,790 3271.905 3142 2888 9302 465089125 477987915 

6.825 3.06 3.06 12.945 $3,120 $15,343 $102,033 $146,244 $263,619 61.425 57 65 184 9191556 9455175 

334.88 153.612 129.132 617.624 $148,847 $752,810 $5,122,039 $6,171,477 $12,046,325 3013.92 2857 2764 8635 431739313 443785639 

829.01 339.354 253.062 1421.426 $342,564 $1,863,614 $11,315,420 $12,094,339 $25,273,373 7461.09 6312 5416 19189 959455366 984728740 

235.69 105.57 95.778 437.038 $105,326 $529,831 $3,520,126 $4,577,422 $8,627,379 2121.21 1964 2050 6135 306732638 315360017 

150.15 72.828 47.124 270.102 $65,095 $337,537 $2,428,377 $2,252,150 $5,018,064 1351.35 1355 1009 3714 185724932 190742997 

77.805 33.66 26.622 138.087 $33,279 $174,906 $1,122,359 $1,272,319 $2,569,583 700.245 626 570 1896 94804252 97373836 

216.58 102.204 85.068 403.852 $97,328 $486,872 $3,407,890 $4,065,570 $7,960,332 1949.22 1901 1821 5671 283541987 291502319 

105.56 57.834 27.54 190.934 $46,015 $237,299 $1,928,417 $1,316,192 $3,481,907 950.04 1076 589 2615 130758174 134240081 

394.03 163.098 140.148 697.276 $168,044 $885,779 $5,438,340 $6,697,953 $13,022,072 3546.27 3034 2999 9579 478967015 491989087 

44.135 29.376 16.524 90.035 $21,698 $99,215 $979,513 $789,715 $1,868,444 397.215 546 354 1297 64862762 66731206 

60.97 35.496 22.032 118.498 $28,558 $137,061 $1,183,579 $1,052,953 $2,373,593 548.73 660 472 1680 84024223 86397816 

99.645 56.304 48.042 203.991 $49,162 $224,002 $1,877,401 $2,296,023 $4,397,426 896.805 1047 1028 2972 148612714 153010140 

131.04 67.014 39.78 237.834 $57,318 $294,578 $2,234,515 $1,901,166 $4,430,258 1179.36 1246 851 3277 163859598 168289856 

119.665 49.572 37.944 207.181 $49,931 $269,007 $1,652,929 $1,813,420 $3,735,355 1076.985 922 812 2811 140555084 144290440 

24.115 10.098 7.65 41.863 $10,089 $54,211 $336,708 $365,609 $756,527 217.035 188 164 569 28429155 29185682 

35.945 20.196 12.852 68.993 $16,627 $80,804 $673,415 $614,223 $1,368,443 323.505 376 275 974 48710455 50078898 
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Diagnoses 

Stage I Stage II and III Stage IV Total 
Screening 

cost  
Treatment 

costs   
Utility 

loss   Total 
Utility 
cost Total cost w/utility 

0.455 0.306 0.239   Costs Stage I 
Stage II and 

III Stage IV Total cost Stage I 
Stage II 
and III Stage IV  50000  

50.05 33.048 26.622 109.72 $26,443 $112,512 $1,101,953 $1,272,319 $2,486,784 450.45 615 570 1635 81745342 84232126 

86.45 37.638 29.376 153.464 $36,985 $194,340 $1,255,001 $1,403,938 $2,853,279 778.05 700 629 2107 105341098 108194376 

185.64 86.904 57.222 329.766 $79,474 $417,319 $2,897,727 $2,734,754 $6,049,800 1670.76 1616 1225 4512 225591982 231641782 

44.59 17.136 14.994 76.72 $18,490 $100,238 $571,383 $716,593 $1,388,214 401.31 319 321 1041 52047059 53435274 
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Table A 5 
 

ROI With and Without Utility With 20%, 50%, and 80% Screening 

 

 20% Screening 50% Screening 80% Screening 

County 
ROI w/out  
utility ROI with utility 

ROI w/out  
utility ROI with utility 

ROI w/out  
utility ROI with utility 

Alameda -$109.21 -$522.67 -$112.04 -$644.31 -109.745 -532.136

Butte -$98.38 -$387.52 -$100.84 -$482.39 -98.930 -395.057

Contra -$102.41 -$422.45 -$105.15 -$532.97 -102.968 -430.576

Del Norte, Siskiyou, Lassen, Trinity, Modoc, 
Plumas, and Sierra County $338.87 $1,708.73 $384.83 $2,255.40 341.389 1744.192

El Dorado -$99.55 -$395.02 -$102.06 -$493.00 -100.100 -402.786

Fresno -$112.05 -$516.85 -$114.83 -$640.92 -112.571 -526.975

Humboldt -$103.44 -$556.36 -$106.00 -$657.67 -103.981 -564.940

Imperial -$110.59 -$405.55 -$113.27 -$525.48 -111.110 -415.598

Kern -$43.74 -$1,091.49 -$44.59 -$1,109.27 -43.987 -1094.570

Kings -$116.32 -$951.30 -$118.98 -$1,063.71 -116.814 -961.969

Lake -$96.94 -$428.84 -$99.54 -$526.98 -97.501 -435.885

Los Angeles -$105.21 -$491.70 -$108.03 -$607.83 -105.757 -500.346

Madera -$109.04 -$540.16 -$111.93 -$663.44 -109.583 -549.517

Marin -$101.92 -$219.57 -$104.64 -$333.97 -102.470 -227.561

Mendocino -$100.86 -$526.76 -$103.25 -$618.85 -101.398 -534.972

Merced -$100.56 -$399.37 -$103.37 -$511.07 -101.123 -406.984

Monterey -$106.99 -$429.17 -$109.88 -$552.50 -107.540 -438.116

Napa -$100.76 -$197.46 -$103.27 -$301.48 -101.304 -205.465

Nevada -$89.50 -$249.28 -$91.94 -$336.95 -90.064 -254.546



 

 

98

 20% Screening 50% Screening 80% Screening 

County 
ROI w/out  
utility ROI with utility 

ROI w/out  
utility ROI with utility 

ROI w/out  
utility ROI with utility 

Orange -$102.44 -$432.70 -$105.19 -$543.55 -102.994 -440.819

Placer -$97.45 -$487.43 -$100.04 -$584.56 -98.010 -494.633

Riverside -$101.23 -$384.27 -$103.85 -$489.21 -101.778 -392.272

Sacramento -$104.16 -$586.00 -$106.94 -$696.48 -104.711 -594.474

San Benito -$108.84 -$1,080.56 -$111.86 -$1,192.66 -109.395 -1089.591

San Bernardino -$105.00 -$562.13 -$107.83 -$676.67 -105.548 -570.707

San Diego -$97.68 -$445.00 -$100.39 -$547.90 -98.248 -452.100

San Francisco -$106.13 -$497.07 -$109.05 -$618.48 -106.686 -505.784

San Joaquin -$100.64 -$561.93 -$103.18 -$659.05 -101.183 -569.923

San Luis -$101.24 -$556.61 -$104.02 -$663.85 -101.799 -564.464

San Mateo -$105.79 -$387.02 -$108.61 -$506.78 -106.337 -395.797

Santa Barbara -$98.55 -$266.06 -$100.74 -$352.60 -99.084 -273.951

Santa Clara -$101.71 -$498.62 -$104.58 -$611.77 -102.277 -506.445

Santa Cruz -$108.71 -$684.11 -$111.07 -$780.32 -109.214 -693.971

Shasta -$106.25 -$229.19 -$108.73 -$338.39 -106.773 -238.596

Solano -$112.92 -$641.99 -$115.73 -$764.67 -113.447 -652.178

Sonoma -$100.63 -$356.72 -$103.07 -$454.28 -101.170 -364.808

Stanislaus -$98.78 -$459.37 -$101.52 -$564.48 -99.344 -466.691

Sutter -$98.93 -$574.92 -$101.66 -$676.99 -99.494 -582.340

Tehama, Glenn, and Colusa County -$207.65 -$643.18 -$207.81 -$835.14 -208.628 -660.999

Tulare -$116.79 -$597.10 -$119.49 -$722.78 -117.281 -608.218

Tuolumne, Calaveras, Amador, Inyo, 
Mariposa, Mono, and Alpine County -$101.14 -$559.03 -$103.90 -$665.48 -101.701 -566.883
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 20% Screening 50% Screening 80% Screening 

County 
ROI w/out  
utility ROI with utility 

ROI w/out  
utility ROI with utility 

ROI w/out  
utility ROI with utility 

Ventura -$99.73 -$425.86 -$102.30 -$525.83 -100.284 -433.599

Yolo -$99.36 -$807.60 -$102.25 -$910.73 -99.928 -815.056

Yuba -$90.27 -$517.18 -$92.75 -$602.17 -90.839 -522.901
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Appendix – Survey Tools 

 

Part I. Lung Cancer and Screening and Disinvestments 

1. How many current cases of lung cancer do you have in your county? If you do not 
know, do you have the most recent data available, and could you provide us this 
data? 
 

2. Could you provide us the demographics of those who are currently affected? (i.e., 
race, gender) 
 

3. How many lung cancer deaths do you have per year?  
 

4. About how much (in USD) does lung cancer cost in your county, i.e., treatments, 
other medical expenses? How much loss in productivity is this?  
 

5. How much (in USD) is disinvested from programs in the most recent year? 
 

6. Which programs were disinvested in that year?  
 

7. What were some reasons these programs were disinvested? 
 

Part II. Organization in Local Health Departments 

Please indicate on the scale (1 (strongly disagree) to 5 (strongly agree) how much you 
agree with each statement.  

 

# Question or Statement 
Strongly 

disagree 
Disagree Neutral Agree 

Strongly 

agree 

Organizational Capacity: Governance and Decision-Making Structure 

1. The structure of my local health 
department is conducive to 
implementing effective programs. 

1 2 3 4 5 

2. The board of political appointees plays a 
significant role in the decision-making 
processes for my local health 
department. 

1 2 3 4 5 

3. The staff of my local health department 
have the freedom to act independently 
when it comes to implementing 
programs. 

1 2 3 4 5 

4. 
The top official of my local health 
department has a lot of authority. 

1 2 3 4 5 
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5. The project coordinator of my local 
health department has a lot of 
autonomy. 

1 2 3 4 5 

6. 
The board of health’s governance at my 
local health department matters. 

1 2 3 4 5 

7. The county board members are engaged 
when it comes to my local health 
department’s program development and 
implementation. 

1 2 3 4 5 

8. 
The county board members are 
supportive. 

1 2 3 4 5 

Organizational Culture 

9. 
My local health department’s leadership 
and teamwork dynamic is positive. 

1 2 3 4 5 

10. 
My local health department has a shared 
leadership approach. 

1 2 3 4 5 

11. 
My local health department can easily 
adapt and innovate to new programs. 

1 2 3 4 5 

12. My local health department believes in 
constructive feedback for improvement 
when it comes to innovating and 
implementing programs successfully.  

1 2 3 4 5 

Organizational Prioritization Structure 

13. 
My local health department knows how 
to identify priorities. 

1 2 3 4 5 

14. My local health department has guiding 
principles or criteria for prioritizing 
decisions. 

1 2 3 4 5 

15. 
My local health department can 
prioritize decisions. 

1 2 3 4 5 

16. There are factors or barriers that limit 
my local health department’s 
prioritization decisions. 

1 2 3 4 5 



 

 

104

17. 
My local health department follows 
evidence-based practices. 

1 2 3 4 5 

18. My local health department has 
considered using/currently uses Return 
on Investment (ROI). 

1 2 3 4 5 

19. 
My local health department has 
considered using/currently uses budget 
analysis. 

1 2 3 4 5 

 
 
Is there anything else you would like to tell us in regard to decision-making and 
prioritization at your local health department? 
 
Are there any questions from above that you would like to provide more context to or 
propose solutions for? 
 
 

 
 




