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Abstract
Regulatory impact analyses of proposed environmental, occupational, and consumer product safety
regulations often rely on ametric known as theValue per Statistical Case of Cancer (VSCC), that is, the
public’s willingness to pay (WTP) for reductions in the risk of developing cancer. In this paper, we ask
whether the VSCC depends on cancer survival prospects. We develop a simple theoretical model that
shows that under standard assumptions the VSCC is decreasing in the chance of surviving cancer. We
empirically test this prediction bymeans of a stated preference survey, where we ask subjects aged 45–
60 from the general population in the Czech Republic to report information about their WTP for
reductions in the risk of getting cancer. One half of the sample was told that, if they got cancer, the
5-year survival rate was 60 % (corresponding to the average survival chances across all types of
cancer), while the other half was told that it was 75 %. Consistent with the theoretical model, we find
that the VSCC is larger in the former group. The ratio between the VSCC of the two groups is
approximately equal to the ratio between the conditional cancer mortality risks implied by the survey’s
survival rates, suggesting that the VSCC is proportional to conditional cancer mortality. Our findings
have important policy implications in the context of regulations that focus on pollutants linked to
cancers with different chances of survival.

1. Introduction

With an estimated death toll of almost 10 million people worldwide, cancer is among the
leading causes of death (Sung et al., 2021). Both genetic and environmental factors
contribute to the development of cancer, but evidence from twin studies (Ahlbom et al.,
1997; Lichtenstein et al., 2000) suggests that genetic factors are minor contributors to most
types of tumors, while lifestyle and environmental factors play amajor role in causing cancer
(Perera, 1997). Exposure to hazardous substances via food, water, air, and dermal contact is
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one of these factors. Although the contribution from industrial chemicals, air pollutants, and
other toxic substances to cancer is difficult to quantify, existing estimates are in the range of
5–15 % (Madia et al., 2019).

Many substances can cause cancer in multiple organs. Hexavalent chromium com-
pounds, for example,may cause both lung cancer and cancer of the small intestine depending
on their particle size (Thompson et al., 2011). Arsenic, a common pollutant in drinking
water, increases the risk of malignant tumors of bladder, lungs, kidneys, and liver (Palma-
Lara et al., 2020). Exposure to per- and poly-fluoroalkyl substances has been linked to
testicular cancer as well as kidney cancer (Steenland & Winquist, 2020). The resulting
cancer diseases are not equal as incidence and survival rates vary widely by age, gender, and
across cancer types (Sung et al., 2021). This variability raises several challenges for policy
analysts that seek to quantify the benefits of reductions in cancer risks associated with
proposed or existing environmental or product safety regulations.

This matter is further complicated by the fact that some such analyses assess the lifetime
excess cancer cases avoided by the regulations, and others the prevented cancer deaths. In
theory, it is straightforward to convert the Value per Statistical Case of Cancer (VSCC)—the
appropriate metric to monetize the benefits of cancer risk reductions—into a cancer Value
per Statistical Life (VSL) to evaluate prevented cancer deaths, as the latter is simply equal to
the former, divided by the conditional probability of dying from cancer (Alberini & Ščasný,
2018, 2021). In practice, however, this calculation becomes problematic when a regulation
addresses substances that cause different types of cancer and/or cancer in different organs
(perhaps as a result of different exposure pathways) and with different survival prospects:
What if the VSCC itself depends on the survival prospects?

This question is the primary motivation of this paper. Since evidence from previous
research that contrasts different illness types is mixed,1 we ask whether a unique VSCC or
cancer VSL applies to cancer diseases with very different survival prospects. Intuitively,
reducing the risk of more severe cancers should be worth more than reducing the risk of less
severe ones and, as cancer mortality is determined by both incidence and severity, the same
conclusionmight apply tomore common cancers compared to rarer ones (Rheinberger et al.,
2016).

Establishing whether one VSCC fits all is particularly important when examining the
benefits of programs that either address multiple pollutants at the same time (e.g., through
hazardous waste site remediation) or tackle one pollutant that may cause cancer in multiple
organs. To this end, we first develop a theoretical model where, under general assumptions,
the VSCC is shown to increase with (conditional) cancer mortality risk.

Since existing estimates of the VSCC (e.g., Gayer et al., 2000, 2002; Davis, 2004) do not
allow us to test the predictions from this theoretical model, we turn to a stated preference
study where the conditional mortality risk is varied across two groups of subjects. We
explore if, and by howmuch, the VSCC inferred from our subjects’ responses increases with
the conditional mortality risk. Our online survey on cancer risk reductions was administered
to samples from the adult population in the Czech Republic in 2019. Specifically, we deploy

1While Alberini and Ščasný (2013), Viscusi et al. (2014), and McDonald et al. (2016) find evidence for a
(substantial) cancer premium, Hammitt and Haninger (2010), Adamowicz et al. (2011), and most recently Jin et al.
(2020) do not find significant differences in the willingness to pay to avoid or reduce the risk of different illnesses.
Here, we focus on different types of cancer and thus control for the dread factor commonly attributed to cancer
diseases.
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a split-sample approach, where half of the respondents report information about their
willingness to pay (WTP) for reductions in the risk of developing cancer with 5-year survival
chances that were 15 % larger than those received by the other half of respondents.

Our study design follows a WTP elicitation method that has proven to be robust in
previous studies (Alberini & Ščasný, 2018, 2021).2 A key difference with respect to other
stated preference studies in the health risk literature (e.g., Hammitt & Haninger, 2010;
Viscusi et al., 2014; Bosworth et al., 2015; Jin et al., 2020) is that the cancer risk reductions
offered to respondents are described by two probabilities—that of developing cancer and that
of dying from cancer conditional on developing it in the first place. In more abstract terms,
we conceive of cancer as a compound lottery inwhich the first draw decideswhether one gets
the disease, and the second decides whether one survives (Rheinberger et al., 2016). This
design allows us to estimate both the VSCC, that is, the WTP for a marginal reduction in the
cancer incidence rate, and the cancer VSL, that is, the WTP for a marginal reduction in the
unconditional risk of dying from cancer.

Survey respondents were asked to indicate whether they would stay with a specified risk
of cancer and a specified chance of 5-year survival, or reduce the former at a cost. The 5-year
survival rate was 60% for one half of the respondents and 75% for the other. The cancer risk
reductions varied across and within respondents, as each respondent faced three
dichotomous-choice questions constructed in this fashion. We find that the WTP is strictly
proportional to the size of the resulting unconditional cancer mortality risk reduction,
implying a constant cancer VSL. As predicted by theory, the VSCC is lower when the
chance of surviving cancer is higher and exhibits proportionality to the conditional cancer
mortality. Moreover, it increases significantly with the respondent’s income.

Impact assessments carried out in support of proposed hazardous substance regulations
sometimes predict the total number of cases of cancer that would be avoided by restricting or
prohibiting the use of certain substances or by removing them from the environment—
without distinguishing between different types of cancer. Our results suggest that, when such
assessments do distinguish for the type of cancer, the public’s valuation of the benefits of
such regulations takes into account, at a minimum, the survival chance of each specific type
of cancer.

The remainder of our paper is structured as follows. Section 2 provides theoretical
background. Section 3 describes the design of our study, section 4 the empirical model,
and section 5 the data. Section 6 presents the results. Section 7 concludes.

2. Theoretical background

While the VSL is generally defined as theWTP for a marginal change in one’s risk of dying
from any cause (Schelling, 1968), it is possible to derive twometrics that are more specific to
cancer (or other serious diseases). The first is the cancer VSL, that is, theWTP for amarginal

2Using the full sample of responses from this survey, Alberini and Ščasný (2021) show that the questionnaire
produces reliable results, in that the tradeoffs between income and risk reductions are stable when the survey is
administered to similar but separate samples of respondents 5 years apart. Any differences in VSL or VSCC are
attributed to respondent income and cancer dread level. Alberini and Ščasný (2018) show that the cancer VSL is
stable with respect to changes in the econometric model mean to decompose the unconditional mortality risk
reduction to be valued into baseline cancer risk, change in such risk, initial conditional survival, and improvement in
conditional survival.
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change in one’s unconditional risk of dying from cancer; the second, the VSCC, is the WTP
for a marginal change in one’s risk of developing cancer—a necessary precursor to dying of
cancer. Both the cancer VSL and the VSCC are useful ex ante measures of the benefits of
health and safety regulations, as they can be applied to value reductions in exposure to a
variety of pollutants and other toxic substances.

However, in many cases such regulations protect against either exposure to different
chemicals (giving rise to so-called mixture toxicity) or different exposure modes (e.g.,
respiratory and dermal exposure to a toxic substance). Therefore, it is often impossible to
predict in which organ cancer will develop. From a policy perspective, it is important to
account for differences in incidence and survival rates of various cancers, as this will often be
the key determinant of a regulation’s benefits (Cropper et al., 2011). The question is thus
whether different survival prospects should affect the rate at which people trade off income
against reductions in the risk of developing cancer.

In this section, we present a simple theoretical model to examine this question. Formally,
we define the cancer VSL as the rate at which one is prepared to trade off income y for
reductions in the risk of dying from cancer m. To account for the fact that people may die
from other causes than cancer (Eeckhoudt & Hammitt, 2001), we use θ to denote the risk of
dying from a competing risk. Individuals will develop cancer with probability p and, if they
do develop cancer, they will have a conditional probability q of dying from it. The
unconditional probability of dying from cancer is thus given by m= pq.3

As in Alberini and Ščasný (2021), we assume that the utility of income in the healthy state
is U yð Þ, the utility of income when the individual has or has had cancer but is alive is V yð Þ,
the utility of income when dying from cancer isW yð Þ, and that when dying from any other
cause is G yð Þ. Combining these assumptions yields the following expression for expected
utility:

EU= 1�θð Þ 1�pð ÞU yð Þþ 1�θð Þp 1�qð ÞV yð Þþ 1�θð ÞpqW yð ÞþθG yð Þ: (1)

If we normalize the bequest utility, that is, the utility of income when dead, to zero
(Rosen, 1988), we have W(y)=G(y)=0. It then becomes straightforward to derive the
cancer VSL as:

VSLC � dy

dm
= q�1 U yð Þ� 1�qð ÞV yð Þ

1�pð ÞU0 yð Þþp 1�qð ÞV0 yð Þ : (2)

The second term in the right-hand side of Eq. (2) is the usual utility differential between
the healthy and the sick state, divided by the expected marginal utility of income.4

Eq. (2) shows that this term gets scaled by the inverse of the risk of dying when sick.
On differentiating Eq. (1) with respect to the probability of developing cancer, we obtain a

formal definition of the VSCC:

VSCC� dy

dp
=

U yð Þ� 1�qð ÞV yð Þ
1�pð ÞU0 yð Þþp 1�qð ÞV0 yð Þ : (3)

3Gentry and Viscusi (2016) and Rheinberger et al. (2016) characterize similar three-stage expected utility
models.

4 It is noteworthy that neither (1) nor (2) depend on the chance of dying from any cause other than cancer. This is
however not the case when W(y) and G(y) are different from zero.
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Eq. (3) clarifies the proportional relationship between the cancer VSL and the VSCC—the
former is equal to the latter divided by the conditional probability of dying from cancer.

Based on these definitions, we ask whether differences in the survival prospects of cancer
affect the two cancer metrics. On taking the partial derivative of the cancer VSL and VSCC
with respect to the conditional probability of dying from cancer, we obtain

∂VSLC

∂q
=
�q�2 U yð Þ�V yð Þð Þ 1�pð ÞU0 yð Þþp 1�qð ÞV0 yð Þ½ �þpV0 yð Þ U yð Þ�V yð Þð ÞþqV yð Þ½ �

1�pð ÞU0 yð Þþp 1�qð ÞV0 yð Þ½ �2 ,

(4a)

and

∂VSCC

∂q
=
V yð Þ 1�pð ÞU0 yð Þþp 1�qð ÞV0 yð Þ½ �þpV0 yð Þ U yð Þ�V yð Þð ÞþqV yð Þ½ �

1�pð ÞU0 yð Þþp 1�qð ÞV0 yð Þ½ �2 : (4b)

From Eqs. (4 a) and (4 b) one sees immediately that ∂VSCC=∂q is strictly positive, whereas
∂VSLC=∂q cannot be unambiguously signed. We empirically test these predictions by
developing a survey instrument that elicits information about theWTP for various reductions
in the risk of developing cancer. The questionnaire is administered to two independent
samples of individuals. One sample was told that the chance of 5-year survival since the
diagnosis is 60%, which is the average survival chance inWestern countries across all types
of cancers for people aged 45–60; the other was told that it is 75%, roughly corresponding to
the 5-year survival chance for kidney cancer patients.5

If our theoretical predictions hold, we should obtain a lower VSCC for the setting that
resembles kidney cancer—assuming that the expected utility model is a reasonable approx-
imation of people’s preferences and that they are capable of processing probabilities
correctly. How much larger is an empirical question, which we seek to answer below. We
also seek to answer the question whether the cancer VSL held by the two samples differs
from each other, and, if so, by how much.

3. Study design

In our survey questionnaire, respondents were asked to indicate whether they would pay a
specified amount of money to reduce the risk of developing cancer from its current level
(25 in 1000 over 5 years, which is equivalent to 5 in 1000 per year). While this baseline risk
was the same for all respondents, the risk reductions varied across andwithin respondents, as
each respondent was asked a total of three valuation questions. The risk reductions were
randomly selected out of an array comprised of 2, 3, and 4 in 1000 over 5 years.

The questionnaire informed the respondents about the survival rate at 5 years from
diagnosis. Specifically, we told respondents in Wave 1 that the 5-year survival rate was
60 %, for an annual mortality rate of 0.097 (9.7 %). In Wave 2, which was conducted
3 months later and with different subjects, the 5-year survival rate was 75 %, which implies
an annual mortality rate of 0.056 (5.6 %). Clearly, respondents in Wave 2 were asked to

5 See https://seer.cancer.gov/statfacts and https://ecis.jrc.ec.europa.eu for US and EU survival statistics,
respectively.
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consider less fatal cancers, although they saw the same combinations of side effects and other
cancer descriptors as the respondents inWave 1. In bothwaves, the respondentswere told the
5-year survival rate, but we did not present the corresponding annual mortality rate to them.
The study design is summarized in Table 1.

Since the unconditional chance of dying from cancer is the product of the risk of
developing cancer and the conditional chance of dying from it, a reduction in either of these
risks implies a reduction in the unconditional chance of dying from cancer. Holding
conditional mortality constant, a larger reduction in the risk of developing cancer therefore
means a larger unconditional mortality risk reduction. To illustrate, the baseline cancer risk
was 25 in 1000 over 5 years for each respondent. When multiplied by 0.097 (the annual
mortality rate assigned to all respondents inWave 1), this yields an absolute cancer mortality
risk of 48.6 in 100,000 per year. If the risk of cancer were reduced by 5 in 1000 over 5 years
(which is equivalent to 1 in 1000 per year), then the reduction in unconditional mortality risk
would be 9.7 in 100,000 per year. Similarly, when multiplied by 0.056 (the annual mortality
rate assigned to all respondents inWave 2), the baseline cancer mortality risk would be equal
to 28.0 in 100,000 per year and the mortality risk reduction following from a 1 in 1000
reduction in annual cancer risk would be 5.6 in 100,000 per year.

We did not present the above calculations to the respondents but, effectively, the subjects
in the two waves combined were asked to consider a total of six hypothetical reductions in
unconditional cancer mortality risk, ranging from 2.24*10-5 to 9.71*10-5 per year. Table 2

Table 1. Summary of the survey design.

Attributes Baseline (Wave 1) Baseline (Wave 2)
Alternative (both
waves)

Chance of getting
cancer

25 in 1000 over 5
years

25 in 1000 over 5
years

Reduce by 2, 3, or
5 in 1000 over 5
years

5-year survival chance 60 % 75 % Same as in the
baseline

Quality of life effects Level 0 = no
impairment

Level 1 = no heavy
physical work

Level 2 = unable
to work

Level 3 = confined
to bed half of the
time

Level 0 = no
impairment

Level 1 = no heavy
physical work

Level 2 = unable
to work

Level 3 = confined
to bed half of the
time

Same as in the
baseline

Pain Mild
Moderate

Mild
Moderate

Same as in the
baseline

Cost per year for each of
the 5 years in CZK
(PPS €)

0 0 2200 (131)
4300 (256)
7000 (417)
10,000 (596)
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provides a summary of the risk variations in both waves. Moreover, we did not mention
which organ would be affected by cancer, but we did describe the cancer disease in terms of
its impact on quality of life during and after treatment (from perfectly normal life to being
confined to bed half of the time) and pain (mild or moderate). We varied quality-of-life
impacts and pain—if one gets cancer—from one valuation question to the next, but not
within a valuation question. In other words, respondents could reduce their risk of devel-
oping cancer (and of experiencing the described consequences), but they could not “buy” a
change in the severity of these consequences.6

In sum, respondents received three dichotomous choice WTP questions. Each question
asked whether they would choose to pay a specified sum to reduce their risk of getting some
form of cancer that would be accompanied by certain impacts on quality of life and pain. The
cancer risk reduction and the cancer severity (as measured by impacts on quality of life and
pain) varied from oneWTP question to the next, and across respondents. The 5-year survival
chance was held constant within a questionnaire but varied across the two samples of
respondents. Figure 1 shows a sample choice card for each of the two waves.

4. Econometric model

The responses to the choice questions can be used to estimate the WTP for either the cancer
risk reduction or the mortality risk reduction implied by it and derive the two key metrics for
benefit-cost analysis—the VSCC and the cancer VSL.7 We assume that the responses to the

Table 2. Risk variations in Wave 1 and Wave 2.

Risk descriptor Wave 1 Wave 2

Baseline risk of developing
cancer

25 in 1000 over 5 years
(5 in 1000 per year)

25 in 1000 over 5 years
(5 in 1000 per year)

Conditional mortality in the
5 years after cancer
diagnosis: baseline risk

9.71 � 10-2 per year 5.59 � 10-2 per year

Unconditional mortality:
baseline risk

4.86 � 10-4 per year
(approx. 5 in 10,000)

2.80 � 10-4 per year
(approx. 3 in 10,000)

Unconditional mortality:
risk reduction

3.88 � 10-5 per year
5.83 � 10-5 per year
9.71 � 10-5 per year

2.24 � 10-5 per year
3.35 � 10-5 per year
5.59 � 10-5 per year

6Holding the levels of one or more attributes constant (sometimes referred to as “attribute level overlap”) has
been proposed as a practical and appealing approach to improve choice consistency, make choice tasks easier,
reduce respondent fatigue (Jonker et al., 2019), and perhaps limit attribute non-attendance (Jonker et al., 2018).

7We note that, with few exceptions (e.g., Krupnick et al., 2002, or Alberini et al., 2004), most empirical work
estimates the VSL from a specific cause of death. For example, compensating wage studies (e.g., Viscusi, 1993,
2013) obtain aVSL forworkplace accidents. Information about car purchases and the technical characteristics of the
car can be used to infer the VSL in the context of road traffic accidents (Andersson, 2005; O’Brien, 2018). Existing
VSCCs often refer to a specific type of cancer, such as pediatric leukemia (Davis, 2004). By contrast, in this survey
we intentionally kept the type of cancer and the affected organs unspecified to avoid distracting the respondents with
unnecessary details, and to make results more transferable to other situations.
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WTP questions are driven by the respondent’s trueWTP, which we denote as WTP*, which
remains unobserved because our questionnaire does not ask respondents to report exact
WTP amounts (more on this below). We assume that this unobserved WTP* for the risk-
reducing alternative depends on the magnitude of the risk reduction as follows:

WTP∗ij = exp αð Þ∗ ΔRij

� �γ∗exp εij
� �

, (5)

where ΔR denotes the reduction in either the risk of developing cancer stated in that
alternative (e.g., 1 in 1000 per year) or the unconditional mortality risk implied by that
alternative (e.g., 9.71*10-5), and ε is a normally distributed error term with mean zero and
variance σ2.

On taking logs, Eq. (5) becomes:

log WTP∗ij

� �
= αþ γ log ΔRij

� �þ εij: (6)

The sign andmagnitude of γ are of particular interest. At aminimum, γ should be positive and
significant, as one would expect theWTP to be greater for a larger risk reduction. If γ is equal
to one, this means that the WTP is perfectly proportional to the size of the risk reduction
(Corso et al., 2001), implying a single cancer VSL (if ΔR stands for the unconditional
mortality risk reduction) or a single VSCC (if ΔR denotes the reduction in the risk of
developing cancer) equal to exp(α).

If we pool the data obtained from both waves, Eq. (6) needs to be amended to:

log WTP∗ij

� �
= αþ γ log ΔRij

� �þδDiþ εij, (7)

where Di is a dummy that takes on a value of 1, if subject i is assigned the higher survival
chance. Our theoretical model suggests that δ should be negative whenWTP* is theWTP to
reduce the risk of getting cancer (in which case ΔR denotes the change in the chance of
getting cancer), as we expect the VSCC to be larger, the smaller the baseline survival chance
is. Our model does not offer an unambiguous prediction for the sign of δ when WTP* is the
WTP to reduce unconditional mortality risk (in which case ΔR is the reduction in the
unconditional mortality risk).

As mentioned, we do not observe the respondent’s exact WTP* for a specified risk
reduction. All we can infer from the responses to the WTP questions is whether the latent
WTP* amount is greater than the cost of the risk-reducing alternative—if the respondent
chooses that alternative—or otherwise. This results in a binary choice model that describes
the probability of selecting the risk-reducing alternative as a function of the magnitude of its
risk reduction and cost:

Pr ichoosesjð Þ= Pr WTP∗ij ≥Cij

� �
=Pr log WTP∗ij

� �
≥ log Cij

� �� �
=Φ aþb log ΔRij

� �þ c log Cij

� �� �
,

(8)

where Φ �ð Þ denotes the standard normal cdf, a= α=σ, b= γ=σ, and c= �1=σ.
This model is appropriate if one choice task is considered in isolation (or if the respondent

only answers one WTP question) and results in a probit model that, for now, contains only
one regressor in addition to the log of the risk reduction, namely the log of cost. The original
parameter α in Eq. (5) is recovered as the intercept from the probit model, divided by the
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negative of bc; similarly, the standard deviation of ε is obtained as (�1=bc). In our survey,
however, each respondent answered threeWTP questions and the corresponding error terms
are likely to be correlated due to unobserved characteristics of the respondent or individual
perceptions that affect each choice task. If we assume that the correlation between any two
pairs of responses is the same, that is, E εi1 εi2ð Þ=E εi1 εi3ð Þ=E εi2 εi3ð Þ, then the model
becomes a random effects probit.

Figure 1. Sample choice card from Wave 1 (top) and Wave 2 (bottom).
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If we further constrain γ = 1, Eq. (7), which refers to the WTP for a cancer mortality risk
reduction, simplifies to:

log
WTP∗ij
ΔRij

� �
� log cancerVSL∗

ij

� �
= αþ εij, (9)

and log Cij=ΔRij

� �
, that is, the natural logarithm of the cost per unit of risk reduced, enters in

its binary choice econometric counterpart. In its simplest variant, the binary choice model
includes only the log cost per unit of risk reduced. In more complex variants, α is replaced
by a linear combination of variables denoting respondent sociodemographics and risk
perceptions.

5. Data

The survey questionnaire was administered in two waves—in May and October 2019,
respectively—to two samples selected to be representative for income and education of the
population of the Czech Republic aged 45–60. Attention was restricted to persons aged 45–
60 for two main reasons. First, our experience is that it is extremely difficult to get younger
persons to focus on adverse health outcomes—especially mortality outcomes—in surveys.
Second, their cancer risk is very low, as 9 out of 10 cancers are diagnosed in people 45 and
older, which makes it challenging to represent it using the conventional risk communication
graphs (Ancker et al., 2006).

By contrast, among older people the chance of getting cancer increases sharply with
age. Theory suggests that the WTP to reduce the risk should increase with the baseline
risk (Pratt & Zeckhauser, 1996), an effect that may be partially or completely offset by
the elderly’s shorter remaining life expectancy (Krupnick et al., 2002; Krupnick, 2007).
To avoid having to disentangle these opposing effects, we limit the sample to
45-60-year-olds and we show the respondents the average risk of getting cancer in this
age group.

The questionnaire was identical across the two waves in all respects but the survival
prospect if one develops cancer. This prospect was 60 % at 5 years in Wave 1 and 75 % at
5 years in Wave 2, which correspond to 40 and 25 % 5-year mortality rates, respectively.

The valuation section of the questionnaire was preceded by (i) questions about the health
status of the respondents (in SF-36 type of format), (ii) a simple probability tutorial, (iii) the
cancer incidence rate and average 5-year survival rate, (iv) a short description of the possible
effects of cancer on quality of life (including possible impacts on family life and mental
health), and (v) measures that can reduce the chance of getting cancer and/or the chance of
dying from it, such as regular health screenings (mammograms, pap smears, colonoscopies,
etc.), a healthy diet and lifestyle, and environmental programs.

As previously mentioned, throughout the questionnaire we always referred to a generic
cancer, without identifying the organ that might develop cancer or naming specific types of
cancer. We felt that doing so would have interfered with the respondent’s comprehension
of the probabilities and would have limited our ability to apply the results of our study to a
broad range of cancer diseases. In the valuation questions, the impact of cancer on quality
of life was described in terms of limitations to everyday activities (none; unable to do
heavy physical work; unable to work; bedridden half of the time) and pain level (mild or
moderate).
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The respondents—all members of European National Panels (formerly known as Czech
National Panel)—completed the questionnaire online.8 After dropping “speeders” and
respondents who failed a simple probability quiz, our final sample size is comprised of
468 completed questionnaires fromWave 1 (containing 1404WTP responses) and 550 from
Wave 2 (containing 1650 WTP responses), respectively. Descriptive statistics of the two
samples are displayed in Table 3. They suggest that, after dropping speeders and persons
who failed the probability quiz, the final samples were faithful to the sampling quotas and
similar in terms of sociodemographics, as well as familiarity with and dread of cancer
diseases.9

A slight majority of the respondents were male. About one-third had a university degree
and some 45 % had earned their high school diploma. More than half of the respondents
reported that a family member had or had had cancer, and over 70 % knew of a friend or
acquaintance that had or had had cancer. The level of cancer dreadwas similar across the two
waves, with more than half of the respondents indicating that they had “high” or “very high”
levels of cancer dread.

Comparison with the sociodemographics of the Czech population aged 45–60 (shown in
Table A.1 in the Appendix) shows that our two samples are very similar to the population in
terms of income. They were also somewhat more highly educated, and we had a slight
overrepresentation of men.

6. Results

6.1 Basic checks

We start by examining the quality of the responses to the stated preference questions.
Economic theory and common sense suggest that the share of respondents who choose the
risk-reducing option should be increasing with the size of the risk reduction and decreasing
with the cost of the option. This appears to be the case with our samples: 37.00 % of the
respondents opt for the 2 in 1000 (in 5 years) cancer risk reduction, 43.97% for the 3 in 1000
reduction, and 49.85% for the 5 in 1000 reduction. Figure 2 shows that the percentage of the
respondents who choose reducing the risk over the status quo decreases monotonically in the
cost amount.

Next, we fit random effect probit models where the latent dependent variable is
log(WTP*), and the right-hand side includes logged cost and dummies for the size of the
cancer risk reduction. This is the least restrictive specification, in that this model does not
assume strict proportionality or any particular functional form of the relationship between

8Ryan et al. (2020) compared a contingent valuation study based on an internet panel with a mail survey using
the electoral list and found that internet panels generate valid results and are cost-effective. Ščasný and Alberini
(2012) compared self-administered web-interviews using members from an internet panel with an in-person,
computer-assisted version of the same survey. Controlling for sample differences, they concluded that the two
survey modes produce similar WTP estimates and that a properly designed and administered online survey is a
reliable method for contingent valuation questionnaires.

9We asked respondents to rate each of a number of potential causes of death (car accidents, domestic accidents,
chronic respiratory illnesses, emergency surgery, being disabled and completely dependent on others, and cancer)
on a scale from 1 (= not dreaded at all or very low dread) to 5 (= very highly dreaded). The “high dread” dummy
used in this paper takes on a value of one if the respondents selected a score of 4 (“high dread”) or 5 (“very high
dread”).
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the cancer risk reduction and the WTP. Whether we fit the model to Wave 1, Wave 2, or the
pooled sample, all of the estimated coefficients have the expected signs and are statistically
significant at the conventional levels.10 We use them to compute the (median) WTP for the
three cancer risk reductions. As shown in Table A.2, in all samples, the WTP increases
monotonically with the size of the cancer risk reduction. Notably, for each given cancer risk
reduction the WTP is lower in Wave 2 than in Wave 1, which is consistent with the
predictions from the theoretical model (as the WTP is equal to the VSCC multiplied by
the size of the risk reduction).

6.2 The cancer VSL

Turning to the cancer VSL, we first present the results of a random effects probit model
where the latent variable is log(WTP*), which is regressed on the log of the reduction in the
unconditional cancer mortality risk. We pool the data from the two waves. As shown in

Table 3. Sample sizes and characteristics of the respondents.

Wave 1 Wave 2

Sample sizes
Full sample 641 749
Clean sample (excluding speeders or respondents

who failed the probability quiz)
468 550

Number of WTP responses in the clean sample 1404 1650
Characteristics of respondents (clean samples)
Male 53.9 % 52.6 %
Average net monthly household income 47,520 CZK

(€2,834 in 2019
PPS EUR)

46,552 CZK
(€2,639 in 2019€

PPS EUR)
Did not report income 5.4 % 15.1 %
High school diploma 46.6 % 44.6 %
Some years of college education 1.7 % 1.3 %
College degree or post-graduate studies 34.3 % 31.1 %
Has or has had cancer 4.9 % 5.7 %
Family members have (had) cancer 51.4 % 51.1 %
Close friends or acquaintance have (had) cancer 74.7 % 70.8 %
Cancer dread
1 (lowest) 6.5 % 9.6 %
2 12.7 % 12.6 %
3 23.7 % 23.9 %
4 22.2 % 20.3 %
5 (highest) 34.9 % 33.7 %

10Results are available from the authors upon request.
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col. (A) of Table 4, the survey responses meet the usual expectations, in that respondents are
more likely to choose the risk-reducing alternative when the mortality risk reduction is
larger, and its cost is lower.
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Figure 2. Percentage of the respondent who choose the risk-reducing option over the status
quo, by cost amount.

Table 4. Cancer VSL estimation results from random effects probit models. The latent
variable is the WTP for reducing the unconditional risk of dying from cancer. T statistics

in parentheses.

Model specification (A) (B) (C)

log(ΔMORT) 0.7891*** 0.7997*** –

(7.42) (7.14) –

log(Cost) �0.6535*** �0.6532*** –

(�9.39) (�9.39) –

log(Cost/ΔMORT) – – �0.6924***
– – (�11.36)

Wave 2 dummy – 0.0560 �0.0031
– (0.31) (�0.02)

Constant 13.1257*** 13.1995*** 12.4951***
(10.41) (10.27) (11.15)

VSL,
million PPS € (s.e.)

– – 4.123
– – (5.41)

Log-likelihood �1565.5 �1565.44 �1566.1
No obs. 3054 3054 3054
Sample Wave 1þ2 Wave 1þ2 Wave 1þ2

Note: t-test of equality of the coefficients for log(ΔMORT) and -log(cost) is chi2 = 1.23 (p = 0.2668) for model (A) and chi2 = 1.33
(p = 0.2495) for model (B).
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The coefficients on these variables imply that γ is not statistically different from one, which
means that the WTP is strongly sensitive to scope.11 The specifications in cols. (B) and
(C) include a coefficient on the dummy for Wave 2, which is in both cases statistically
insignificant. Taken together, these two results imply a single cancer VSL that holds for both
waves. Themodel in col. (C) imposes the additional constraint that γ be equal to one and results
in an estimate of the cancer VSL equal to €4.123 million (s.e. €762,085) (2019 PPS EUR).

This figure is consistent with recommendations for the EU ($3.7 million, 2005 USD)
based on meta-analysis of stated preference studies conducted by OECD (Lindhjem et al.,
2011), as well as earlier stated preference studies in the Czech Republic. In Alberini and
Ščasný (2013), for example, the cancer VSL is 30.9 million Czech crowns (CZK). 12 On
adjusting this figure for the income of the 2019 samples (using an income elasticity of one),
we obtain €3.4 million (2019 PPS EUR).

Even after adjusting for the currency and year of the study, our cancer VSL estimate is
substantially lower than the value of $6.03 million predicted for the Czech Republic in
Viscusi (2020), where a VSL value for the US based on compensating wage studies is
transferred to other countries assuming a unit income elasticity.13 It is also half to one-third
of the VSL values (€9–13 million, 2019 PPS EUR) inferred from labor market studies
conducted in the Czech Republic (Ščasný and Urban, 2008; Melichar et al., 2010), although
it should be noted that one of these two studies used subjective risks as reported by the
workers and resulted in a VSL of €4.25 million (2019 PPS EUR).

6.3 The VSCC

Cols. (A) and (B) of Table 5 are similar to cols. (A) and (B) in Table 4, except that this timewe
relate the WTP to the size of the cancer risk reduction, instead of the cancer (unconditional)
mortality risk reduction. The results suggest that theWTP is reasonably proportional to the size
of the risk reduction (γ≈ 1), but this time the Wave 2 dummy has a negative and strongly
significant coefficient δ. Again, col. (C) imposes proportionality, keeps the Wave 2 dummy,
and predicts a VSCC of €400,000 (s.e. €74,013) for Wave 1, and a VSCC of €229,000
(s.e. €42,091) for Wave 2 (both in 2019 PPS EUR). In cols. (D) and (E), we separate the
samples but retain the constraint that γ= 1, arriving at very similar VSCC estimates of
€413,000 (s.e. €68,499) and €208,000 (s.e. €46,484), respectively (in 2019 PPS EUR).

Notice that the ratio between the VSCC estimates for Waves 1 and 2 is close to the ratio
between the baseline risk reductions presented in the two survey variants. To see this, recall

11 Coefficient γ should be positive and significant, implying that the WTP grows with the size of risk reduction.
Theoretically, it should be equal to one (Hammitt & Graham, 1999). However, this requirement is rarely met in
empirical studies. In a VSL meta-analysis, Lindhjem et al. (2011) found that only 199 of 405 studies had reported a
split-sample scope sensitivity test. Of these 199 studies, 79 passed a weak form of the test, meaning that the VSL
exhibited at least some sensitivity to the size of risk reduction.

12 Alberini and Ščasný (2013) elicited preferences for mortality risk reductions from a sample of parents with
mean age 39.6, drawn primarily from the largest and most polluted cities in the Czech Republic. The survey
questionnaire also elicited the VSL in the context of road traffic accidents and respiratory illnesses, providing
evidence in support of the notion of a “cancer premium.”

13 Assuming that the VSL transfer estimates in Viscusi (2020) are expressed in 2021 dollars, and using the fact
that the CPI in the Czech Republic increased by about 7% between 2019 and 2021, and that the average exchange
rate in 2021 between one Czech crown and one US dollar was 0.0461, the VSL from our study amounts to $3.40
million (2021 dollars).
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Table 5. VSCC estimation results from random effects probit models. The latent variable is the WTP for reducing the risk of developing
cancer. T statistics in parentheses.

Model specification (A) (B) (C) (D) (E)

log(ΔRISK) 0.8004*** 0.7997*** – – –

(7.15) (7.14) – – –

log(Cost) �0.6541*** �0.6532*** – – –

(�9.39) (�9.39) – – –

log(Cost/ΔRISK) – – �0.6924*** �0.7869*** �0.6145***
– – (�11.36) (�8.41) (�7.60)

Wave 2 dummy – �0.3855** �0.3854** – –

– (�2.22) (�2.21) – –

Constant 11.1397*** 11.3349*** 10.8806*** 12.3891*** 9.2540***
(10.56) (10.67) (11.10) (8.28) (7.19)

VSCC,
Million PPS € (s.e.)

– Wave 1: 0.400 0.413 0.208
– – (5.41) (6.02) (4.47)
– Wave 2: 0.229 – –

– – (5.45) – –

Log-likelihood �1567.86 �1565.44 �1566.1 �726.221 �838.836
No obs. 3,054 3,054 3,054 1,404 1650
Sample Wave 1þ2 Wave 1þ2 Wave 1þ2 Wave 1 Wave 2

Note: t-test of equality of the coefficients for log(ΔMORT) and -log(cost) is chi2 = 1.32 (p = 0.2502) for model (A) and chi2 = 1.33 (p = 0.2495) for model (B).
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that the annual conditional cancer mortality risks are qW1= 0.097 and qW2= 0.056,
respectively. The ratio between these two baseline risks is thus qW1=qW2 = 1.74, whereas
the ratio between the two VSCC values ranges between 1.75 and 1.99, depending on the
model specification. This is in the ballpark of what one would expect from theory and
suggests that our respondents paid due attention to both dimensions of cancer risk.

The specifications reported in Table 6 are variants of col. (C) of Table 5. They refer to the
underlying WTP for cancer risk reductions, impose the restriction that γ = 1, include the
Wave 2 dummy, and further include, at a minimum, log household income (set to zero when
missing) and a companion dummy denoting that the respondent did not report income.
Income is an important determinant of theWTP. Specifically, model (A) in Table 6 produces
an estimate of the income elasticity, when income is known, of the VSCC equal to 0.51

Table 6. Estimation results from random effects probit model with additional regressors.
The latent variable is the WTP for reducing the risk of developing cancer. T statistics in

parentheses.

Model specification (A) (B) (C)

Constant 7.1691*** 6.9388*** 7.0097***
(3.84) (3.69) (3.65)

log(Cost/ΔRISK) �0.6945*** �0.6941*** �0.6946***
(-11.39) (-11.38) (-11.38)

Wave 2 dummy �0.3930** �0.3915** �0.4083**
(-2.23) (-2.23) (-2.31)

log(High_income) 0.3511** 0.3611** 0.3782**
(2.27) (2.33) (2.32)

Missing_income 3.9813** 4.0775** 4.2683**
(2.4) (2.45) (2.44)

Cancer – �0.1980 –

– (-0.49) –

Family_cancer_yes – 0.0971 –

– (0.48) –

Family_cancer_dk – 0.2377 –

– (1.1)
High_dread – 0.0973 0.0928

– (0.53) (0.51)
High school diploma – – �0.2370

– – (-1.04)
Some college – – 0.1138

– – (0.17)
College – – �0.1519

– – (-0.6)
Log-likelihood �1563.10 �1562.24 �1562.32
No obs. 3,054 3,054 3,054
Sample Wave 1þ2 Wave 1 Wave 2
Income elasticity 0.51 0.52 0.54
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(s.e. 0.225). Respondents who chose not to report their household income appear to hold
higher VSCC values.

In cols. (B) and (C), we added various dummies capturingwhether the respondent has had
cancer, whether family members have had cancer, whether he or she dreads cancer highly,
education dummies, and whether the respondent believes that not smoking is an important
behavior that avoids cancer (which could capture both concern about lung cancer and
confidence that cancer can be controlled through behaviors and preventive actions). None
was significantly associated with theWTP for the risk reductions. The income elasticity was
consistently estimated between 0.51 and 0.56 across all specifications, and the coefficient on
the Wave 2 dummy ranged between �0.39 and �0.43, indicating that the VSCC at higher
survival is 65–68 % of the VSCC based on a lower survival chance.14

7. Conclusions

We have developed a theoretical model that suggests that the VSCC increases with the risk of
dying fromcancer, conditional on getting cancer in the first place. The theoreticalmodel does not
unambiguously sign the effect of this conditional risk of dying from cancer on the cancer VSL.

We test these predictions with a dedicated survey where respondents were to report
information about their WTP to reduce the risk of getting cancer. The conditional mortality
rate was varied across two independent samples of subjects, allowing us to isolate the effect
of lower (higher) survival chances on the WTP.

In addition to allowing us to test the predictions of the theoretical model, this study design
offers another important advantage. Health risk valuation efforts must deal with the fact that
it is extremely difficult to communicate probabilities to members of the general public.
Earlier studies have detected that respondents confuse absolute and relative risks (Baron,
1997), struggle with mathematically distinguishing between smaller and larger risks
(Hammitt & Graham, 1999), and tend to overstate small risks and understate larger ones
(Kahneman, 2003). By decomposing the unconditional cancer mortality risk into the
probability of getting cancer and the probability of surviving cancer, and presenting
respondents with both probabilities, we believe we helped people process probabilities.
Indeed, we were able to collect survey responses driven by WTP amounts that are perfectly
proportional to the size of the risk reduction and hence result in a single VSL figure,
regardless of the size of the risk reduction offered to the respondent.

We find empirical evidence in support of the theoretical prediction that the VSCC
decreases with increasing survival prospects. Indeed, we find that the VSCC reduces by
43–50 % if the baseline 5-year survival chance is raised from 60 to 75 %. As such an
improvement corresponds to a 42 % reduction in the annual baseline mortality risk, these
results seem entirely consistent with the proportional relationship between cancer VSL and
VSCC suggested by our theoretical model.

We conclude that the assumption of a one-size-fits-all cancer VSL appears to be justified
on both theoretical and empirical grounds, whereas a “generic”VSCC based on the average

14All of the models in this paper omit the quality-of-life descriptors (limitations to everyday activity and pain)
because in these rounds of surveys, as well as in an identical survey conducted in 2014 (Alberini & Ščasný, 2018)
there were either not found to be significant determinants of the choice to “buy” or decline the risk-reducing option,
or implied a counterintuitive correlation with the WTP (Alberini & Ščasný, 2021).
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survival rates is not. Indeed, our experimental findings suggest that the VSCC increases in
proportion to increases in baseline cancer mortality. A direct policy implication of this
finding is that since the public’s valuation varies with at least one of the characteristics of the
type of cancer(s) to be addressed by a regulation, a VSCC based on average survival chances
is likely to overestimate the value of reducing less fatal cancers and underestimate the value
of reducing more fatal cancers.

These considerations and suggestions should, as always, be interpreted with caution. In
addition to varying the chance of survival across two groups of respondents, we varied other
characteristics of the cancer within and across respondents. But these characteristics, namely
the impact on quality of life experienced during and after treatment, and the level of pain did
not seem to matter. This could have been due to the fact that our descriptions—developed
with guidance from oncologists—did not resonate enough with our respondents or lost
salience to them as they remained unchanged across the status quo and the risk-reducing
alternative. It is also possible that the respondents commingled these measures of severity
with the chance of survival and therefore paid no further attention to them.

Moreover, our study design only included two values of the chance of surviving cancer—
the average one (60 %) and a higher one (75 %), which implies less fatal cancers. It seems
reasonable to assume symmetry, namely that the VSCC should be higher for more fatal
cancers, in proportion to this cancer’s conditional mortality rate relative to the average, but
we have not yet had an opportunity to empirically test this conjecture. Should future research
find experimental evidence in favor of it, policy analyses would be able to “scale” the
average-survival VSCC upward or downward as needed, in proportion to the ratio of a
cancer-specific conditional mortality rate to that of the average cancer.
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Appendix

Table A.1. Comparison between the two samples and statistics for the population aged
45–60 in the Czech Republic. Averages for key sociodemographics.

SILC
2019a Wave 1 Wave 2

High school diploma 0.360 0.466 0.446
Some years of college 0.016 0.017 0.013
College degree or post-graduate studies 0.16 0.343 0.311
Males 0.481 0.539 0.526
monthly household income (CZK), after-tax, if family

head or spouse is aged [45, 60] 47688 47520 46552
aEuropean Union Survey of Income and Living Conditions (SILC). These statistics are computed using the population weights
provided within the SILC dataset.
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Table A.2. WTP for each risk-reducing option (2019 PPS EUR). Standard errors in
parentheses.

Reduction in cancer risk WTP Wave 1 WTP Wave 2 WTP Pooled

0.0004 (2 in 1000 over 5 years)
189.61 42.63 103.45
(37.55) (20.35) (30.90)

0.0006 (3 in 1000 over 5 years)
235.32 111.09 171.39
(44.53) (36.97) (29.05)

0.0010 (5 in 1000 over 5 years)
391.34 234.86 318.04
(71.93) (67.86) (50.16)
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