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2016 reflections on the favorable cost-benefit of lung cancer screening
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Abstract: This article gives a basic background on the confusing and often politicized topic of cost-benefit

analysis in healthcare, using lung cancer screening as a case study. The authors are actuaries who work with the

insurance industry, where real-world data is used to produce audited financial figures; other disciplines which work

with cost-benefit analysis include those academic disciplines where randomized controlled trials may be perceived

as the gold standard of evidence. In recent years, the finance and academic sectors of healthcare have begun to

converge, as academic disciplines have come to increasingly appreciate real-world data, and insurers increasingly

appreciate classical evidence-based medicine. Nevertheless, the variation of results in cost-benefit analyses for

particular treatments can be bewildering to medical experts unfamiliar with real-world healthcare financing.
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Rational economic behavior theory suggests that those trying
to maximize healthcare value should favor interventions
that cost less and have the same or better outcomes than
the alternatives. The weak economy has increased interest
in cost-benefit analysis as well as interest in comparing
alternatives, often called cost-effectiveness analysis.
Spending on healthcare is revenue to hospitals, physicians,
pharmaceutical companies and others. For this spending,
what benefits or outputs accrue to the patient, to the
employer, to the payer or to society? In the world of cost-
effectiveness, the option that costs less for similar outputs is
better. But advocates, practitioners, policymakers and patients
may wonder about conflicting cost-effectiveness results for
lung cancer screening (and other interventions), with one
study reporting screening costs under $30,000 (1) per quality-
adjusted life year gained, which would meet most criteria
for good cost-effectiveness, but another study estimating the
costs at more than $110,000 (2).

As with other areas of study, details matter in cost-
effectiveness studies. In the authors’ experience, large
differences in studies’ outcomes generally reflect large
differences in basic assumptions. For example, the biggest
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difference in the two studies mentioned in the previous
paragraph was that the $30,000 figure is based on the
assumption that lung cancer screening was about as effective
in shifting diagnosed cancers to early, curable stages as in
the National Lung Screening Trial (NLST) (3), while for
the $110,000 figure, lung cancer screening had zero impact
on stage at diagnosis or mortality, and the only benefit was
from an accompanying smoking cessation program.
Screening often receives higher scrutiny than narrowly-
focused interventions, in part because screening can affect
millions of lives. For example, the population eligible for
lung cancer screening according to NLST criteria is about
8.6 million based on the 2010 census (4). Annual screening
at $200 per screening would cost $1.72 billion if all eligible
people were screened. Contrast this to a rare disease such
as amyotrophic lateral sclerosis (ALS), with about 6,400
patients diagnosed each year (5). A hypothetical $100,000
one-time treatment for ALS would cost $640 million
per year, but would affect far fewer patients. While cost-
effectiveness analysis is used in comparing different ways
to spend the healthcare dollars, issues such as scale, societal
benefits, and practicality must also be considered (6).
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The growing importance of cost-benefit studies

US spending on healthcare has increased from 13.3% of
gross domestic product (GDP) in 1995 to 17.5% in 2014 (7);
many other countries are likewise struggling with their
health spending. Healthcare spending growth has, in effect,
squeezed income and spending on other services such as
education. Ultimately, payers can simply pay less or otherwise
constrain spending. To promote a possibly more palatable
alternative to crude cost cutting, interested organizations
(for- and non-profit) employ economists and others to create
arguments supporting increased spending on their products
or services. Governments, advocacy, industry, and lobbying
organizations, and medical supply and pharmaceutical
companies all hire economists and other researchers to
support their positions. Most research examines incremental
changes in the context resulting of the status quo of
healthcare financing and structure and, therefore, could be
perceived as supporting the status quo. Studies that consider
broad system change are ambitious and rare (8).

The literature that has emerged assigns value to an
amazing array of benefits that could accrue from spending
on a particular intervention, whether that intervention is a
drug, service, device, surgery or even research; the benefits
considered often extend beyond improvements in health.
These benefits include promises of reduced spending on
some other healthcare services and better productivity by
employees with a particular condition (or whose spouse
or dependent has a particular condition). Most research
focuses on therapies that represent additional spending;
relatively few address inefficiencies in the status quo, even
though widely cited estimates from diverse organizations
characterize about 30% of US healthcare spending as waste.
This is puzzling because the potential financial gain from
waste dwarfs the gains innovative therapies claim.

As healthcare spending has grown faster than GDP, the
amount of research into the value of healthcare interventions
has also grown. Various terms are used for the study of cost
and value, including cost-benefit (assigning a value to an
outcome), cost-effectiveness (comparing the relative benefits
of two or more options), and incremental cost effectiveness
(a variation of cost effectiveness). As academic research
into the health economics has grown, nomenclatures and
specialties were invented. For example, the term “quality
adjusted life years” (QALYs) attempts to include perceived
patient values on their preferences for quality of life in
addition to simple survival and was developed in the
1970s (9). Using QALYs, we might compare a ventilator
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treatment that extends a person’s life by 6 months and
costs $250,000 to a treatment that extends a person’s life
by 2 months, but in a wheelchair, and costs $100,000;
the limits of the usefulness of such comparisons has been
noted (10). The term “pharmacoeconomics” was apparently
first publicly used in 1987 by an employee of Upjohn, now
part of Pfizer (11); today pharmacoeconomics courses and
degrees are offered at dozens of colleges (12), and the field
has a professional society and journal (13). The costs of
absenteeism due to illness or accident have been financed
for decades through disability insurance, but “presenteeism”
is a more recent introduction in the years around 2000 (14)
and refers to reduced productivity by workers who are
present on the job.

Despite the increasing concern over value in healthcare,
cost-benefit studies are generally not easily incorporated
into insurance decisions. The US insurance industry,
including the federal Medicare program, uses actuaries
and not economists to set rates and other financial items,
and companies are required by regulators to have sign-
offs by actuaries. Cost-benefit studies are often performed
by economists. Actuaries typically work in an environment
where cost data is audited. In health insurance, forecasts
(especially those used to develop premium rates) will be
compared to the actual results that will appear in audited
financial statements; the data used for analysis typically
comes from sources that balance to audited financial
statements. Economists may examine the relationship of
supply and demand and how large- or small-scale forces
affect consumption of particular items. To oversimplify, an
economist may forecast how public health interventions like
vaccination will affect the nation’s prosperity or a society’s
willingness to pay for the vaccination, while an actuary will
forecast how much a payer may spend on such vaccinations.
Understanding the different approaches of actuaries
and economists can help explain why payers may not be
influenced by seemingly strong cost-benefit analyses, and to
recognize potential pitfalls in such analyses.

According to the US Bureau of Labor Statistics, in 2014
the pharmaceutical manufacturing industry employed about
90 economists and no actuaries, while the health insurance
industry employed about 50 economists and over 2000
actuaries (15).

Cost-benefit study unorthodoxy: differences with
clinical trials in goals and methods

Most cost-benefit studies of emerging technologies are
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projections based on models as opposed to results of
prospectively designed trials. Academic researchers who
believe randomized controlled trials are the gold standard of
evidence may tend to disregard such projections. However,
such models are generally the best or only tools available to
individuals who must make decisions about how to allocate
limited resources.

An alternative to modeling might seem to be the
tabulation of clinical trial costs. The actual costs incurred in
clinical trials are problematic for the purpose of modeling
population impacts. Trial costs reflect the institutions
participating in the trial, which may be academic institutions
and not community-based providers. Some of the procedures
or drugs provided to patients because the patient is in a
clinical trial may not be appropriate or necessary or practical
if the care were rendered outside the trial. There may be
duplication of trial services with the patient’s routine, non-
trial care; alternatively, services not obtained through the
trial may not be captured in the patient record. Furthermore,
payment mechanisms and the collection of data for “payable
services” in a clinical trials are likely different from prevailing
payment systems. So, even if costs are comprehensively
tabulated during the trial period, significant adjustments
would be required. So, even if clinical trial costs are tabulated,
the resulting cost-benefit study will be very much about
modeling.

There are many technical approaches to modeling
cost-benefit, and particular studies may combine different
methods, almost as an assembly line may combine parts
from different manufacturers. Methods include stochastic
simulations and probabilistic/deterministic approaches.
These methods typically implement the results of decision
trees that capture important outcomes, which, in turn, may
have been developed from clinical trials or observational
studies. Generally, studies begin with a target population (for
example, smokers and ex-smokers) which is a segment of a
larger national population.

The goal of most cost-benefit studies is to determine
answers for a population, but it is common to get there by
simulating individuals from this population (perhaps defined
by their age, sex, smoking history or other characteristics).
These individuals will be treated (virtually, of course)
according to the rules of the decision trees chosen by the
modeler. For many models, one decision tree will reflect
the status quo of treatment (e.g., no lung cancer screening),
while other decision trees will have the same patients go
through the steps of the intervention—and will reflect
expected results of the intervention [e.g., the process of low
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dose computed tomography (LDCT) screening and follow-
up]. Often the intervention “arm” tests various scenarios
(e.g., different ages for the first annual LDCT screening).

Modeling is very different from analyzing the results
of clinical trials. Those accustomed to analyzing clinical
trial results may be puzzled that modelers combine data
from disparate sources as a basic premise of randomized
controlled trials is to eliminate or randomize outside
influences. For example, the age-sex distribution of smokers
and ex-smokers may come from a government survey
[e.g., the National Health and Nutrition Examination
Survey (NHANES)], while the status quo incidence and
survival of lung cancer by stage, age, and sex may come
from registry data [e.g., Surveillance, Epidemiology and
End Result (SEER)], the costs of treating cancer from yet
another source (e.g., the Medicare 5% limited dataset),
and the stage-shift created by screening from yet another
source [e.g., the International Early Lung Cancer Action
Program (IELCAP)]. Needless to say, much thinking and
care is needed when combining data from multiple sources.
Non-practitioners may be comforted by knowing that such
melding is common in actuarial work: it was how actuaries
first developed survival curve methodologies 100 years
before Kaplan-Meier’s famous 1957 paper (16), and the
use of multiple sources is noted in Actuarial Standards of
Practice (17).

Basics of cost-benefit analysis

Cost-benefit analysis is typically measured as “cost per
life-year saved” or “cost per QALY saved”. These may be
presented as “$30,000 per life-year saved”, or “$30,000
per QALY saved”. The numerator is the cost, and the
denominator is usually an outcome. Costs and outcomes are
separate metrics but must be defined consistently, and their
definitions must vary depending on the situation (and the
intended audience). This section examines key choices in
the definition of cost and outcome metrics.

Table 1 shows key considerations and illustrates how
these can vary under different circumstances. Note that the
choices of cost and outcome can be highly “correlated”: a
correctly performed payer-perspective analysis will measure
outcomes relevant to payers, and will in turn require the use
of a cost basis appropriate to payers.

The incremental cost-effectiveness ratio (ICER) is a
derivative concept, where two interventions are compared
by examining the difference in costs and the difference in
outcomes.
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Table 1 Key choices and considerations when defining cost and outcomes metrics

Key cost and

) o Considerations
benefit definitions

Perspective: cost While different perspectives can produce very different results, high quality analyses will clearly state their perspective,

to whom? which makes interpreting their results easier. For example, from Medicare’s perspective, a lung cancer screening is
cost-effective because it costs less than $20,000 per life year saved (which is less than the conventional $X value per
additional year of life), with the main cost being a LDCT ($230). By contrast, a busy hospital outpatient center that has
a backlog of commercial patients where it can receive $500 per scan could see each LDCT of a Medicare beneficiary,
with Medicare’s $230 reimbursement, as having poor cost-effectiveness

Possible perspectives include—payer cost: amounts paid by the insurer, which may include the amount the patient
pays (e.g., cost-sharing or non-covered expenses); provider cost: amounts incurred by the provider of a service,
including labor, overhead, margin, supplies, etc.; employer cost: cash expenses for benefits paid, which may include
expenses incurred for lost productivity or allocated costs for program administration; societal cost: may include
non-monetary costs such as patient travel time, imputed cost of family care-givers, or cash costs for extra child-

care required by treatment. Helping patients choose wisely is a cornerstone of many healthcare reforms, such as
transparency in the price and quality of individual providers or in the patient outcomes of different interventions. Often
the patient perspective is used by patient advocacy groups when they identify patient hardships or inequities in their
efforts to influence payers or employers to provide more generous coverage

Cost basis Accounting data is often widely available, but many analyses do not clearly state their cost basis

Variations in cost basis include—time frame: healthcare inflation and changes in technology means that the most
accurately developed costs of care rendered a decade ago can have little relevance today; fee schedules: historical
commercial fees, Medicare fees, medicaid fees, provider billed charges, payer allowed amounts, or paid amounts by
insurer; reported costs: perhaps as reported in a clinical trial or through a survey of providers or patients, or it may be
anecdotal (18); trends: applied to historical costs to bring results to a more recent or future year; allocated costs: labor
rates, overhead, multipliers for converting lost wages to lost revenue, incremental administrative expenses associated
with the intervention

Included costs Which costs are tabulated? For example, screen-identified early stage lung cancer patients who are treated will live
much longer than if they were diagnosed at a later stage. Are the normal medical costs in those extra survival years
included in the cost of the intervention

Costs that may be included are—direct intervention: the narrowly-defined costs of the drug, screening, or other
intervention; associated costs: other costs such as “shared decision-making” visits; follow-up costs: biopsies as well
as repeat CT scans for nodules >6 mm or less than 10 mm; treatment and recovery costs: e.g., less invasive VATS
sub-lobectomy versus open pneumonectomy; survival costs: costs due to extra survival years

Cost offsets Some interventions replace or reduce services that would otherwise be provided. For example, a guided bronchoscopy
biopsy may replace a CT-guided needle biopsy for a nodule that might be cancer. Such cost reductions or increases
are typically netted against the cost of the intervention. “Incremental cost effectiveness ratio” (ICER) is a way of
comparing the cost effectiveness of two different interventions

While careful consideration of offsets is important, in the authors’ experience, cost reductions are minor unless a
technology is truly revolutionary. For example, technologies that can shift the site of service (from a hospital setting to
an office setting) or otherwise change the system of care tend to reduce overall costs. For example, CT colonography
could reduce the cost of colorectal cancer screening and increase compliance by its lower cost, by eliminating
anesthesiology, and reducing biopsies (19)

“Return on investment” (ROI) is a very simple (often too simple) ratio of outputs to inputs. For example, an ROI of 2:1
may mean that a payer saves $2 for every $1 spent on a given intervention. Unfortunately, many times the timeframe
for the ROI may not be carefully defined, making it difficult to compare different interventions. Does the benefit emerge
over 6 months or 6 years

Table 1 (continued)
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Table 1 (continued)
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Key cost and
benefit definitions

Considerations

Modeling resource Compliance. Does the analysis assume perfect compliance and perfect follow-up? Many screening studies model the

utilization

Time value of
money

Mortality rate

Quality of life

results of perfect compliance, which helps make studies comparable. Of course, perfect compliance is not realistic

Clinical protocol versus real-world experience: clinical protocols may be more or less expensive than real-world
experience due to differences in the utilization of services. For example, protocols may call for shared decision-making
visits before each screening, but these services may not be billed if those services are delivered at the same time as
an office visit, or they may not be billed at all. Alternatively, the clinical trial’s results may depend on patient support or
motivation, which may be diminished in a real-world environment

Medical inflation has been increasing prices (and utilization) for decades. The cost per hospitalization three years from
now is likely to be higher than it is today. In an inflationary environment, one dollar today is worth more than one dollar
a year from now. These “present value” dynamics are essential to financial reporting for long-term contracts (such as
some life insurance policies), and they are a great source of confusion in cost-benefit studies

A simple and transparent approach is to assume no medical inflation and no discounting (or, the equivalent, that the
discount rate and inflation rate are equal)

Some economists believe that discounting is also appropriate to survival: that a person’s year of life today is worth
more than that person’s year of life in the future. Interestingly, Congressional Budget Office projections are not
presented on a “present-value” basis

Reducing mortality is, of course, a critical goal of lung cancer screening, as most patients with late stage lung cancer
die within 2 years. Mortality data may be found in clinical trials, although it is easy to misinterpret the data. For
example, in NLST, the observed 20% mortality reduction has been widely misinterpreted as the impact of screening.
However, the 20% reduction was observed after the initial and two subsequent screenings, and then the trial was
stopped. The cause of the mortality reduction was that lung cancers were found at a much earlier and curable stage.
Modeling the shift to earlier stage diagnosis and the mortality associated with each stage produces a much higher (80%)
reduction in mortality

Classical quality-of-life values range from 1 for a year of perfect health to 0 for death. These values are assembled from
population interviews using questions such as “Is 6 months (or 4 months, etc.) of life with perfect health equal to a year

suffering with (stage 2B lung cancer, etc.)?” If 6 months of perfect health is equal to a full year with the condition, 0.5
QALY is assigned. A large literature of QALY assignments is available (20)

QALYs are, of course, the results of subjective judgments. Results of surveys are likely to differ by age and gender
and socio-economic and cultural characteristics. For example, surveys of Orthodox Jews in Israel may have different
results than surveys of Catholics in northern Spain, and Millennials’ survey results are likely to differ from those of Baby

Boomers

LDCT, low dose computed tomography; CT, computed tomography; VATS, video-assisted thoracic surgery; NLST, National Lung

Screening Trial; QALY, quality adjusted life years.

The favorable cost-benefit of lung cancer
screening

Insurance programs in the US use monthly cost per covered
life to manage many aspects of their business. Metrics
developed this way are termed, per-member-per-month
(PMPM). Estimating the cost of services is, of course, a
simpler exercise than estimating cost-benefit, but even
here different assumptions lead to different results. Roth
et al. (21) estimated costs to Medicare of screening at $2.22
PMPM, more than double the $1.02 PMPM developed by
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Pyenson. Both estimates are relatively modest compared
to the Medicare $672 PMPM expenditure for 2012 part
A and part B benefits. The most significant differences in
the two studies are that Roth assumes a somewhat higher
average fee for LDCT than Medicare’s reimbursement
plus additional physician evaluation or counseling services
associated with the screening process. Despite differences
in assumptions, both estimates support the low cost of lung
cancer screening.

Cost-benefit studies of lung cancer screening fall into
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Table 2 Comparison of key assumptions for several recent cost-effectiveness studies of lung cancer screening

Component

Black et al. (22) (NLST)

Valenti et al. (1)

Pyenson et al. (23)

Demographic

Age (years)

Stage shift for base case

Pack-years

Discount rates for life-years/cost/inflation
Time horizon

Cost per LDCT*

Basis for price of LDCT

Utilization for screening follow-up
Price of care

Indirect cost

Medicare
55-74

NLST

>30
3%/3%/0%
Lifetime

$285

2009 Medicare

NLST data
Repricing NLST data

Time and travel

Commercial Medicare
50-64 50-74
I-ELCAP I-ELCAP
>30 >30
0%/0%/0% 0%/0%/0%
Spending to age 65 Lifetime
$180 $178

Medicare diagnostic fee [2011] adjusted
downward for screening

I-ELCAP data

Actual commercial data

Medicare fee [2014]

I-ELCAP data

Actual Medicare data

Base year 2009
Cost per QALY saved $81,000
Cost per life-year saved $52,000

none none
2012 2014
$28,240 n/a

n/a $18,452

*, Medicare has significantly reduced its fee for LDCT in recent years. Table adapted from Curl et al. (24) and expanded. NLST, National
Lung Screening Trial; I-ELCAP, International Early Lung Cancer Action Program; LDCT, low dose computed tomography; QALY, quality

adjusted life years.

two categories based on whether they assume screening
is effective in increasing the portion of early stage cancers
detected—the stage-shift. NLST demonstrated this clinical
effectiveness in 2011 through a randomized controlled
trial. However, the stage shift demonstrated over the prior
decade in Claudia Henschke’s I-ELCAP observational
studies proved to be consistent with the later NLST stage-
shift results. Modeling based on either NLST or Henschke
are the major sources for recent studies.

Table 2 compares key assumptions for recent studies on
the cost-effectiveness of LDCT screening.

Discussion

In retrospect, evidence for the effectiveness and cost-
effectiveness of lung cancer screening for high-risk
populations should have been considered conclusive long
before NLST results were published. To the authors, the
key evidence was as follows:
(I) Most lung cancer is concentrated in a group of
identifiable high-risk patients—smokers, ex-
smokers, and certain environmental/occupational

© Annals of Translational Medicine. All rights reserved.

exposures. Screening does not need to be done for
everyone. This contrasts to colorectal and breast
cancers where screening extends to the entire
population based on age. In contrast to the 8.6
million eligible for LC screening, the FDA reports
about 39 million actual mammograms annually (not
all of which are screening) (25);
(I) Treated, early stage lung cancers have dramatically
better survival than late-stage lung cancers (26).
Stage IIIB non-small cell lung cancer (NSCLC)
in the under-65 population has over six times the
mortality of treated stage 1A. The corresponding
figure for stage IV NSCLC is more than ten time
that of treated stage 1A;
I-ELCAP’s long observational series demonstrates
that LDCT screening dramatically shifts diagnosed
lung cancers to earlier stages (27);

i

)

LDCT screening is low-cost. Medicare reimbursement
was less than $200 per LDCT in 2014 (23).

The combination of concentrated risk, large mortality
differences, demonstrated early detection ability, and low
cost all point to large opportunities. This explains why
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researchers who incorporate the above elements develop
similar, favorable results—despite some factual errors and
methodological disputes.

Detailed cost-benefit analyses have provided some
interesting findings. The medical costs in the US of treating
patients with early stage or late stage lung cancers did not
differ by as much as we would have hoped. This is perhaps
an artifact of US reimbursement. In other countries, the
less intense treatments for early stage cancers may be much
lower than for later stage cancer. The fact that survivors
of early stage lung cancers live extra years and incur other
medical costs means that saving lives incurs extra costs. We
also found that even large variations in how patients are
followed after the annual screening or after the finding of
a suspicious nodule have little impact on cost-effectiveness.
That’s because very few patients require any subsequent
work-up, so the cost of the LDCT dominates screening
cost.

There are several lessons of the effectiveness and cost-
effectiveness of lung cancer screening for public health and
healthcare spending:

(I)  Scale matters. High-frequency, concentrated risks,
high mortality, and high costs mean the topic is
important;

(II) Effectiveness is critical. Many medical cost efforts
are focused on “high cost patients”, for obvious
reasons (28). However, the ability to affect future
costs after the patient has begun to incur high costs
has proved elusive, as has the ability to predict at-risk
patients and to intervene to alter their course (29);

(III) Real-world healthcare financing is important.
Real-world data can be ugly—it may be full of
administrative errors, inappropriate treatments,
extraneous influences, and various biases. However,
when it comes to payers’ audited financial statements,
real-world data is what is available to them. Cost
effectiveness studies will be more credible to payers to
the extent that assumptions are based on real-world
data.
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