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BACKGROUND: Systematic screening skin examination
has been proposed to reducemelanoma-relatedmortality.
OBJECTIVE: To assess the potential effectiveness of
screening, in a demographic at high risk of melanoma
mortality.
DESIGN: A cohort Markov state-transition model was
developed comparing systematic screening versus usual
care (no systematic screening). In the base case, we eval-
uated a sensitivity and specificity of 20% and 85%, re-
spectively, for usual care (incidental detection) and 50%
sensitivity and 85% specificity from systematic screening.
We examined a wide range of values in sensitivity
analyses.
PARTICIPANTS: Potential screening strategies applied to
a hypothetical population of 10,000 white men from ages
50–75.
MAIN MEASURES: Incremental cost-effectiveness ratio,
measured in cost per quality adjusted life year (QALY).
KEY RESULTS: Using base case assumptions, screening
every 2 years beginning at age 60 reduced melanoma
mortality by 20% with a cost-utility of $26,503 per QALY
gained. Screening every 2 years beginning at age 50 re-
ducedmortality by30%with an incremental cost-utility of
$67,970 per QALY. Results were sensitive to differences in
accuracy of systematic screening versus usual care, and
costs of screening, but were generally insensitive to costs
of biopsy or treatment.
CONCLUSIONS: Assuming moderate differences in accu-
racy with systematic screening versus usual care, screen-
ing for melanoma every 2 years starting at age 50 or 60
may be cost-effective in white men. Results are sensitive
to degree of difference in sensitivity with screening com-
pared to usual care. Better studies of the accuracy of
systematic screening exams compared with usual care
are required to determine whether a trial of screening
should be undertaken.

KEY WORDS:melanoma; screening; Markov model; cost-effectiveness.

J Gen Intern Med

DOI: 10.1007/s11606-019-05443-3

© Society of General Internal Medicine 2019

INTRODUCTION

Approximately 10,000 Americans die annually from melano-
ma.1 According to Surveillance, Epidemiology, and End Re-
sult (SEER) data from the National Cancer Institute (NCI), the
incidence of invasive melanoma has increased dramatically
from 8 per 100,000 in 1975 to 25 per 100,000 in 2014.2 Given
that mortality has also increased over the same time period,
efforts have been made to encourage population-based screen-
ing by clinicians, including primary care physicians, to im-
prove early detection.3 In 2016, the US Preventive Services
Task Force (USPSTF) concluded that there was insufficient
evidence to assess the balance of benefits and harms of visual
skin examination by a clinician to screen for melanoma in
adults.4 However, the Agency for Healthcare Research and
Quality (AHRQ) suggested future research focus on assessing
the effectiveness of targeted screening higher risk patient
populations.5

While melanoma incidence has risen across demographic
sub-groups, increases in mortality have been largely concen-
trated amongwhite men over 65 years old, for whommortality
has increased from 9 to 24 per 100,000 between 1975 and
2014.2 In contrast, melanoma mortality among white women
over 65 years old has increased from 6 to 9 per 100,000
between 1975 and 2014. Given this disproportionate burden
of melanoma-specific mortality among older white men,
targeting this easily identifiable high-risk sub-group for
screening may be a reasonable intervention strategy. For that
reason, we sought to use modeling to study cost-effectiveness
of melanoma screening in white men.
While a randomized trial is theoretically attractive for de-

termining the effectiveness of periodic skin examinations,
such a trial would require very large sample sizes to adequate-
ly power comparisons, andmany years of follow-up, making it
quite expensive.6 In the absence of large randomized con-
trolled trials comparing screening strategies, clinical decision
analysis and cost-effectiveness or cost-utility modeling can be
used to explicitly compare alternative clinical options.
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Previous cost-effectiveness analyses of melanoma screening
have suggested that screening could potentially be cost-
effective in certain high-risk groups such as those with a
family history of melanoma.7 These studies, however, did
not focus on the importance of the sensitivity and specificity
of the screening visual skin examination. We define “system-
atic screening” as skin examination in the absence of skin-
related complaints by a primary care provider (PCP), com-
pared with “usual care,” defined as incidental diagnosis by a
PCP or self-detection by a patient leading to a clinic visit.
In this analysis, we developed a Markov model to evaluate

the cost-effectiveness of a set of skin cancer systematic screen-
ing strategies compared with usual care (no systematic screen-
ing) in a hypothetical population of 10,000 white men aged
50–75. Furthermore, we varied the sensitivity and specificity
of the visual skin examination compared to usual care in order
to evaluate the impact on the cost-effectiveness of different
screening strategies.

METHODS

Overview and Model Structure

We developed a cohort state-transition Markov model to eval-
uate several screening strategies of different starting ages and
intervals for screening, compared to usual care (Figure S1). A
hypothetical population of 10,000 white men begins in the
healthy state and then may transition every 12 months. We
used annual cycles as they are commonly used and mimic
annual visits for routine PCP visits. We modeled “undetected”
and “detected” melanoma in situ, localized disease, regional
disease, and metastatic disease as separate health states; costs,
quality of life, and mortality rates differ in each state.
Our primary outcome measure was the incremental cost-

effectiveness ratio (ICER), measured in cost per quality adjusted
life year (QALY). We assumed a willingness to pay (WTP)
threshold of ≤ $50,000 per QALY in the base case, but we also
examined other thresholds within the cost-effectiveness accept-
ability curves (CEAC). Total costs (in 2018 US dollars) and
QALYs were calculated (discounting at 3%/year for costs and
utilities) over a lifetime horizon using a US health care system
payer perspective, as recommended by the Second US Panel on
Cost-Effectiveness.8 We also report clinical outcomes including
melanoma mortality, incidence of melanoma by stage, and total
cost of screening for each screening strategy. Total cost of
screening was the sum of the cost of screening exams and
biopsies for each strategy, less the sum of cost of biopsies in
the base case (no screening) strategy.

Melanoma Incidence and Rates of Progression

We used age-adjusted melanoma incidence data from 2008 to
2012 SEERMedicare data for Caucasian men.8 We calibrated
the transition probabilities for melanoma progression in the
base model (no screening, i.e., usual care) to approximate data

on age-adjusted melanoma mortality rate from 2008 to 2012
SEERMedicare data for Caucasian men, life expectancy after
melanoma diagnosis, and melanoma stage distribution at di-
agnosis.9 More details of the model calibration are included in
Table S2.

Screening Strategies

The median age of melanoma diagnosis is 63 years, and the
median age at death is 69 years. Given that nearly 70% of
melanomas are diagnosed after 55, we began our screening
strategies at age 50 with intervals of 1, 2, or 5 years.9 We also
modeled identical intervals beginning at age 60. Screening
continued until patients reached age 75.

Test Characteristics for Usual Care vs. Skin
Cancer Screening: Sensitivity and Specificity

Because of the limited data on the accuracy of screening or
usual detection, we modeled a wide range of test performance
characteristics. In the base case “no screening” arm, we as-
sumed a sensitivity and specificity of 20% and 85%, respec-
tively, for detection of any stage of melanoma, based on usual
care and incidental detection; we assumed a sensitivity and
specificity of 50% and 85%, respectively, for systematic
screening examinations.10–12 The sensitivity of usual care or
screening determined the transition probabilities between the
“undetected” and “detected” health states (Figure S1). The
specificity determined the number of false positive screens,
which we accounted for in the model by incurring cost of
screening and biopsy while remaining in the “healthy” state.

Cost and Utility Inputs

Table 1 contains the base case estimates and ranges for our key
parameters. Screening costs were determined by the average
total allowed amount for a level 3 evaluation and management
examination of a return Medicare patient.13 We assumed
screening and biopsy costs of $73 and $105, respectively.13

Costs for treatment were determined based upon previously
published literature, which report approximate costs by melano-
ma stage, as well as expert opinion.14, 15 Cost estimates for stage
3 and 4 melanoma relied heavily on expert opinion, given that
published data are not readily available in the era of immuno-
therapy and targeted therapy for melanoma. We therefore varied
costs widely. We chose health state utilities based on previous
estimates and expert opinion.14, 16 We assumed a decrement in
quality of life after diagnosis of melanoma in situ because of the
potential for anxiety related to diagnosis of cancer.17

Deterministic and Probabilistic Sensitivity
Analysis

We conducted one- and two-way sensitivity analyses to ex-
amine the influence of key parameters. In the one-way analy-
sis, we examined the effect of varying costs and health state
utilities on preferred screening strategy. We used a two-way
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analysis to show how preferred screening strategy changes
when we varied sensitivity of usual care as well as sensitivity
of the screening visual skin examination.
To represent the collective uncertainty in our analyses, we

conducted a global probabilistic sensitivity analysis (PSA) using
second-order Monte Carlo simulation (n = 1000 trials) to deter-
mine the effect of parameter uncertainty on the probability of
cost-effectiveness (Crystal Ball, Oracle). The parameter ranges
used in the PSA are reported in Table 1. We used gamma
distributions to parameterize costs and beta distributions to pa-
rameterize health state utilities.18 We did not vary transition
probabilities probabilistically given that we calibrated these pa-
rameters to observed melanoma mortality rate and stage distribu-
tion at diagnosis. Finally, we show CEACs to illustrate how the
probability of cost-effectiveness changes with willingness-to-pay
threshold.19 This study was exempt from IRB.

RESULTS

Base Case

Our main results are shown in Table 2. Screening every year
starting at age 50 had the fewest deaths from melanoma.
However, this screening strategy was also associated with
the highest number of detected MIS cases, the highest total
cost of skin cancer screening, and the highest total healthcare
costs per individual.
Annual screening starting at age 50 was associated with the

highest total QALYs (per individual) over a lifetime horizon,
followed by annual screening starting at age 60. “No screen-
ing” had the lowest QALYs and lowest costs. Assuming a
WTP of $50,000 per QALY gained and our base case esti-
mates of sensitivity of usual care and screening, the preferred
screening strategy was screening every 2 years starting at age

Table 1 Key Model Parameters

Parameter No Screening Range Source

Utilities
Undetected MIS 1 – Expert opinion, King 2011
Undetected local disease 1 – Expert opinion, King 2011
Undetected regional disease 0.75 0.70–0.80 Tran 2018, King 2011
Undetected metastatic disease 0.50 0.45–0.55 Tran 2018, King 2011
Detected MIS 0.95 0.90–1.0 Tran 2018, King 2011
Detected local disease 0.95 0.90–1.0 Tran 2018, King 2011
Detected regional disease 0.75 0.70–0.80 Tran 2018, King 2011
Detected metastatic disease 0.50 0.45–0.55 Tran 2018, King 2011
Healthy 1 –

Screening costs
Cost of screening exam $73 +/− 20% Medicare 2018
Cost of biopsy $105 +/− 20% Medicare 2018

Treatment costs (applied for one cycle)
MIS $1962 +/− 20% Styperek 2012
Local disease $12,932 +/− 20% Styperek 2012
Regional disease $150,000 +/− 50% Expert opinion
Metastatic disease $250,000 +/− 50% Expert opinion

Post-treatment costs (per year)
MIS $73 +/− 20% Medicare 2018
Local disease $73 +/− 20% Medicare 2018
Regional disease $10,000 +/− 50% Expert opinion
Metastatic disease $10,000 +/− 50% Expert opinion

Test characteristics for usual care
Sensitivity 20% 10–60% Expert opinion
Specificity 85% Not varied Expert opinion

Test characteristics for visual skin exam
Sensitivity 50% 30–90% Chen 2001; Aitken 2006; Fritschi 2006
Specificity 85% Not varied Aitken 2006; Fritschi 2006

Melanoma in situ (MIS); all costs in USD 2018

Table 2 Model Outcomes over a Lifetime Horizon (50 years) for 10,000 50-Year-Old Men

No Screening Annual screening,
starting at:

Biennial screening,
starting at:

Screen every 5
years, starting at:

50 years 60 years 50 years 60 years 50 years 60 years

Total cost of screening $0 $17.7M $11.4M $8.9M $5.9M $3.4M $2.7M
Number of detected MIS cases 129 195 185 170 163 149 147
Number of detected local melanomas 61 49 53 58 60 63 63
Number of detected regional melanomas 15 9 10 12 13 16 16
Number of detected metastatic melanomas 23 11 14 16 18 22 22
Number of melanoma deaths (detected and undetected) 20 10 12 14 16 19 19
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60, with an ICER of $26,503 per QALY gained (Table 3).
Screening every 2 years starting at age 50 had an incremental
cost per QALYof $67,970 and would be the preferred strategy
using aWTP threshold of $100,000 per QALY gained. Annual
screening at 50 had an ICER of $116,640 and would be
preferred strategy at higher WTP thresholds.

Deterministic Sensitivity Analysis

When we varied individual parameters throughout the ranges
listed in Table 1, we found that the preferred screening strategy
was sensitive to costs of screening and metastatic melanoma
treatment, but not sensitive to costs of individual screening
exams, biopsy, melanoma treatment, nor to variation in health

Table 3 Base Case Incremental Cost-Effectiveness Ratios for Six Screening Strategies

Screening strategy QALYs/person Costs/person ΔCosts ΔQALYs ICERs (ΔCosts/ΔQALYs)

Annual screening, starting at age 50 18.2993 $1762 $478 0.0041 $116,640
Annual screening, starting at age 60 18.2952 $1284 – – WD*
Screening every 2 years, starting age 50 18.2952 $1279 $238 0.0035 $67,970
Screening every 2 years, starting age 60 18.2917 $1046 $109 0.0041 $26,503
Screening every 5 years, starting age 50 18.2889 $988 – – WD*
Screening every 5 years, starting at age 60 18.2876 $937 $168 0.0065 $25,915
No screening 18.2811 $769 – – –

*Weak dominance (WD): an alternate strategy is both more effective (higher QALYs) and has a lower ICER

Table 4 Effect of Varying the Accuracy of Screening and Usual Care on (A) Preferred Strategy at a WTP of $50,000/QALY Gained and (B)
Incremental Cost-Effectiveness of the Base Case Preferred Screening Strategy (Every 2 Years, Starting at Age 60)

a

b

*Weak dominance (WD): an alternate strategy (screening every 2 years starting at age 50) is both more effective (higher QALYs) and has an ICER that
is lower than the strategy shown in Table 4B (screening every 2 years, starting at age 60)
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state utilities (Table S1). Notably, screening was no longer
preferred at a screening cost greater than $146, which was a 2-
fold increase in cost over our base case assumption of $73 per
screening exam. When the cost for metastatic melanoma treat-
ment was increased to $750,000 to account for the introduc-
tion of new immunotherapy treatments, 20 we found that
annual screening starting at age 60 was the preferred strategy.
Because of the importance of the differential sensitivity of

usual care and screening, we performed two-way sensitivity
analyses by varying the sensitivity of usual care (10–60%) and
the sensitivity of screening (30–90%). We found that the
ICERs and preferred screening strategies varied significantly
with changes in the sensitivity of usual care vs. sensitivity of
screening (Table 4).
Table 4 shows how the ICERs changed for our preferred

screening strategy atWTP threshold of $50,000/QALY gained
of every 2 years starting at age 60. For screening every 2 years
starting at age 60, we found that the ICER remained under
$50,000/QALY gained for two scenarios: (1) sensitivity of
usual care = 10%, sensitivity of screening ranging from 30
to 70%; and (2) sensitivity of usual care = 20%, sensitivity of
screening ranging from 50 to 90%.
Assuming a WTP of $50,000/QALY gained, screening

every 2 years starting at age 60 was the preferred strategy only
for the base case scenario (Table 4). When sensitivity of
screening improves, or sensitivity of usual care gets worse,
the preferred strategy is to screen every 2 years starting at age
50. Furthermore, for screening to be cost-effective compared
with usual care, we see that the difference in sensitivity of
usual care vs. screening must be at approximately + 30 per-
centage points or more, at least for cases where usual care is
less than 40% (Table 4).

Probabilistic Sensitivity Analysis

At a WTP threshold of $50,000 per QALY gained, the pre-
ferred screening strategy is to screen every 2 years starting at
60, with an ICER of $26,664 (95% CI $18,135–$36,390) and
a probability of cost-effectiveness of 94%. However, both the

preferred strategy and probability of cost-effectiveness vary
dramatically by WTP threshold (Fig. 1). Using a WTP thresh-
old of $25,000 per QALY gained, no screening was the
preferred strategy in 61% of simulations, with screening every
2 years starting at age 60 being the preferred strategy in 38% of
simulations. At a WTP threshold of $100,000 per QALY
gained, the preferred strategy was to screen every 2 years,
starting at age 50. However, this was the preferred strategy in
only 52% of simulations; screening every year starting at age
50 was the preferred strategy in 32% of the simulations.
The CEACs change dramatically under different assump-

tions for sensitivity of usual care vs. screening. When both
usual care and systematic screening have relatively high sen-
sitivity for detecting melanoma (usual care 60%; screening
90%), we found that no screening is the preferred strategy for
the entire range of tested WTP thresholds (CEAC not shown).
However, under more favorable screening assumptions, no
screening was preferred (Figure S2).

DISCUSSION

We found that screening every 2 years has the potential to
reduce melanoma mortality by 20 to 30% in older white men
aged 50–75 under reasonable assumptions about the accuracy
of systematic screening examinations by clinicians compared
with usual care. Given a willingness to pay of $50,000 per
quality adjusted life year gained, screening should begin at age
60; if society is willing to pay $100,000 per life year gained,
screening should begin at age 50. Cost-effectiveness was
minimally dependent upon input costs of screening or mela-
noma treatment costs, but strongly dependent upon the as-
sumptions made about the sensitivity of systematic screening
compared with usual care, defined as no systematic screening
(incidental detection).
Our results suggest that accurately quantifying the

sensitivity of screening examinations compared with usual
care is an important factor in determining the effectiveness
and cost-effectiveness of screening. We consider “usual care”

Figure 1 Cost-effectiveness acceptability curve using base case parameters. Proportion cost-effective represents the proportion of trials (out of
1000) for which each screening strategy was preferred at the corresponding willingness-to-pay threshold along the x-axis.
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as melanoma incidentally detected by patients or by physi-
cians during routine clinical exam, in the absence of system-
atic screening. Importantly, the higher the sensitivity of usual
care, the less cost-effective systematic screening. Unfortunate-
ly, there are no high-quality studies comparing the sensitivity
of screening examination to usual care. One fair quality cohort
study performed in Queensland, Australia, assessed the effec-
tiveness of skin cancer screening of clinicians and reported a
40.2% sensitivity and 86.1% specificity at 36 months of
follow-up.11 However, this study did not measure usual care:
clinicians were trained and encouraged to perform skin exam-
inations to detect skin cancer.21 A separate Australian cohort
study evaluated the effectiveness of melanoma screening by
dermatologists or plastic surgeons and reported a sensitivity of
69.7% at 12 months, declining to 49% at 24 months of follow-
up. Specificity in this study was 97.6%.12 While this study did
measure sensitivity and specificity of screening among der-
matologists and plastic surgeons, it did not measure the sensi-
tivity and specificity of usual care. Importantly, while there are
many studies of diagnostic accuracy which report sensitivity
for the diagnosis of melanoma ranging between 42 to 100%
among primary care clinician (PCP) and 81 to 100% among
dermatologists, most of these studies involve the evaluation of
images of individual pigmented lesions, which does not rep-
resent true screening or usual care.10 In practice few patients
have full body skin exams, less than one third of primary care
clinicians report screening their patients for skin cancer, and in
a national survey of white middle-aged and older white men,
only 15.7% reported having a skin exam in the past year.22, 23

Previous cost-effective modeling studies have attempted
to approximate the effects of screening versus no screen-
ing.24–26 One modeling study of adults above 20 years old
estimated that a one-time skin cancer screening would
cost $29,170 per year of life saved compared to no screen-
ing. In men over 50, the cost was $15,580.26 The model
was sensitive to the cost of screening, melanoma preva-
lence, and the probability of detecting localized disease;
however, investigators did not vary the sensitivity or
specificity of the screening examination, rather they as-
sumed the difference in screen versus no screen as the
difference in distribution between an America Academy of
Dermatology screening program and SEER stage distributions.26,
27 In an Australian study modeling screening for melanoma by
PCPs, investigators varied the sensitivity of visual screening and
found that at a sensitivity of 60%, screening every 2 years for 20
years was cost-effective at $25,000 per life year saved for men
aged 50 years and $43,000 per life year saved for women aged 50
years.25 However, this study did not adequately define the param-
eters of their usual care estimates. Lack of detailed evaluation of
usual care is shortcoming of previous work modeling skin cancer
screening strategies. Our study addresses this shortcoming by
varying the sensitivity of usual care against the sensitivity of
screening, which is a critical in the decision of whether or not to
implement a screening program.

Our modeling has several strengths. Given the uncer-
tainty about accuracy, we focused on the importance of
sensitivity of systematic screening compared with usual
care. Furthermore, in this analysis, we updated costs from
previous studies and conducted multiple sensitivity anal-
yses, including probabilistic analysis.24 As with previous
studies, we found that melanoma screening could be cost-
effective in a high-risk group at a willingness to pay of
$50,000 per QALY.24–26

There are other risks associated with skin cancer screen-
ing that were not integrated into the model. Screening has
potential associated harms including biopsy scarring, skin
infections, and risk of overdiagnosis and overtreatment of
cancers that may not be destined to progress. Overdiag-
nosis is of particular concern in melanoma in which inci-
dence has quadrupled in the United States, and mortality
across the population has not increased at a commensurate
rate.28, 29 As part of skin cancer screening, it is also likely
that incidental non-lethal, non-melanoma skin cancers
(which are more common than melanoma) such as basal
cell carcinoma and squamous cell carcinoma will be de-
tected, resulting in an reduced morbidity, but an increase
in cost.30

Limitations

Our modeling study has limitations. Although the natural
history data is based on the most current resources, modeling
the behavior of melanoma and its relationship with screening
involves uncertainty. Somemelanomas may have a long radial
growth phase, making them amenable to discovering during
screening. However, some melanomas may have a rapid ver-
tical growth phase causing them to quickly invade local tis-
sues, making them less amenable to the benefits of screening.
We attempted to mitigate this shortcoming by calibrating
model transition probabilities to approximate age-adjusted
melanoma mortality rate from SEER Medicare data for white
men as well as published reports of stage distribution for
melanoma at diagnosis.We limited the population in this study
to middle-aged and older white men because we wanted to test
the best case for screening in a high-risk group. Our findings
may not be applicable to other groups such as younger men,
women, and non-whites. Further modeling work will examine
the cost-effectiveness in lower risk groups, such as women and
non-white men.

CONCLUSION

Screening for melanoma every 2 years starting at age 50 or 60
may be cost-effective in white men. Results are sensitive to the
degree of difference in sensitivity with screening compared to
usual care. Future studies should consider a more accurate
determination of the sensitivity and specificity of systematic
screening for melanoma as compared to usual care.
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