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ABSTRACT

The high prevalence of severe pressure ulcers (PUs) is an important issue that
requires to be highlighted in Japan. In a previous study, we devised an advanced
PU management protocol to enable early detection of and intervention for deep
tissue injury and critical colonization. This protocol was effective for preventing
more severe PUs. The present study aimed to compare the cost-effectiveness of

the care provided using an advanced PU management protocol, from a medical
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provider’s perspective, implemented by trained wound, ostomy, and continence
nurses (WOCNs), with that of conventional care provided by a control group of

WOCNSs. A Markov model was constructed for a 1-year time horizon to determine

DOL10.1111/wrr.12350

the incremental cost-effectiveness ratio of advanced PU management compared

with conventional care. The number of quality-adjusted life-years gained, and the
cost in Japanese yen (¥) ($US1 =¥120; 2015) was used as the outcome. Model
inputs for clinical probabilities and related costs were based on our previous
clinical trial results. Univariate sensitivity analyses were performed. Furthermore, a
Bayesian multivariate probability sensitivity analysis was performed using Monte
Carlo simulations with advanced PU management. Two different models were
created for initial cohort distribution. For both models, the expected effectiveness
for the intervention group using advanced PU management techniques was high,
with a low expected cost value. The sensitivity analyses suggested that the results
were robust. Intervention by WOCNSs using advanced PU management techniques
was more effective and cost-effective than conventional care.

The prevalence of pressure ulcers (PUs) in Japan has been
reported to be 2.0%,! which is lower than the prevalence of
12.3% reported by the International Pressure Ulcer Preva-
lence Survey.” However, severe PUs defined as full-
thickness skin loss account for 43.0% of the PUs that
develop in Japanese patients," Wthh is much higher than
the 14% reported by another survey Thus, although pre-
ventive measures are well-applied in Japan, the high preva-
lence of severe PUs is an important issue that requires to be
highlighted, particularly because patients with severe PUs
often either require long-term hospltahzatxon or have
comorbidities, such as infection.* S Thus, these extended
hospitalizations are associated with higher costs, which rep-
resent a significant unnecessary cost to the health and social
care system.”’ Recently, pathological examinations have
focused on deep tissue injury (DTI) caused by PU deteriora-
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tion. Furthermore, the concept of critical colonization, in
which wound healing may be delayed in the absence of the
typical clinical features of infection, is being increasingly
recognized.

In a previous study,® we devised an advanced PU manage-
ment protocol to enable early detection of and intervention for
DTI and critical colonization. Furthermore, we demonstrated
the effectiveness of such a protocol implemented by wound,
ostomy, and continence nurses (WOCNs). An advanced PU
management protocol based on a review of the literature and
opinions from experts was devised to prevent deterioration and
facilitate healing. In the past, DTI and critical colonization
could be assessed only orossly, and intervention was thereb%
delayed, which resulted in severe PUs and delayed healing.’
On the basis of objective indices provided by ultrasonography
and a noncontact thermometer, care can be provided in a timely
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manner, which may prevent severe PUs and accelerate healing.
This protocol included six steps: (1) ultrasonography to assess
deep tissue; (2) use of a noncontact thermometer to detect criti-
cal colonization; ' (3) conservative sharp debridement; (4)
dressing selection; (5) negative-pressure wound therapy; and
(6) vibration therapy as an adjunct treatment to improve tissue
microcirculation.

This advanced PU management protocol is effective in
terms of preventing more severe PUs; however, there has
not been an economic evaluation. Therefore, the present
study evaluated the economic efficiency of introducing this
protocol in clinical practice. The present study aimed to
compare the cost-effectiveness from the medical provider
perspective of care provided by trained WOCNs who fol-
lowed an advanced PU management protocol with that of a
control group of WOCNSs who provided conventional care.

METHODS

A decision analytics model with a cohort model of 75-
year-old patient was constructed for a 1-year time horizon
to compare the incremental cost-effectiveness ratio (ICER)
of advanced PU management with that of conventional
care. Model inputs were taken from the data of a previous
study,® which was a multicenter, 3-week, prospective sur-
vey, clustered, nonrandomized, controlled tr1a1 conducted
between July and December 2009 across Japan.® The pres-
ent study used the pooled data of both the intervention
group and control group from the original trial.

The study protocol and documents were submitted to
and approved by the Research Ethics Committee of the
University of Tokyo, Graduate School of Medicine
(#2,436) and of each participating institution.

Model and time horizon

A Markov model (Figure 1) was constructed (TreeAge Pro
2015 Software INC., Williamstown, MA) on the basis of the
wound-healing process; the model was used to compare the
cost-effectiveness of advanced PU management with that of
conventional care. The health statuses used in the model
were d1/2, D3/4/5, DU, and healed according to the depth
exudate, size, infection/inflammation, granulation tlssue
necrotic tissue, and pocketing (DESIGN-R) score.'>'* The
DESIGN-R validated PU status assessment tool included
assessment of the depth, exudate, size, infection/inflamma-
tion, granulation tissue, necrotic tissue, and pocketing. The
total score was calculated from six items, excluding the
depth, and ranged from O to 66 points, with higher scores
representing more severe PUs. The inter-rater reliability and
predictive validity for wound healing of this scale have been
established previously.'*™!

Patients could experience continuous progression of PU
states defined by the depth scores of d1/2 (dl, persistent
redness; d2, lesion extends into dermis), D3/4/5 (D3,
lesion extends into the subcutaneous tissue; D4, lesion
extends to muscle, tendon, and bone; D35, lesion extends
into the articular or body cavity or is impossible to mea-
sure the depth), and DU (unstageable for necrotic tissue)
over 3-week cycles for up to 17 stages. A l-year time
horizon means that essentially most of the PUs were con-
sidered to have healed. Generally, a 2-week period is rec-
ommended for evaluation;15 however, one Markov cycle
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length corresponded to 3 weeks because the ongmal study
focused on DTI and critical colonization.® Thus, DTI
required a 3-week period for evaluation because DTI does
not involve disruption of the skin integrity initially.'®

Mortality and recurrent PU after healing were not incor-
porated into the model because the duration of analysis
was only 1 year.

Costs

The cost items were calculated by microcosting. Treatment
costs and labor costs for health professionals were deter-
mined as direct-cost items. Costs of intervention, such as
ultrasonography, noncontact thermometer, and vibration,
were calculated according to the frequency of use. Capital
costs for apparatuses used in advanced PU management
were calculated on the basis of straight-line depreciation
over a S-year service life from the purchase unit price.
The cost of ultrasound as precision equipment was calcu-
lated to depreciate over a 4-year service life. Costs of
treatment materials, such as tape and gauze, were calcu-
lated according to amount used and market product price.
For ointment and dressing costs, the National Health Insur-
ance reimbursement list and drug price were used. Labor
costs were calculated by the flscal year 2013 Basic Survey
on Wage Structure mean wages'’ for each job category to
calculate wages per hour on the basis of actual recording
of time spent on treatment. Considering that pressure redis-
tribution mattresses were selected for treatment purposes,
calculations of the costs of use of pressure redistribution
mattresses were included.

For the purpose of this study, the analysis was per-
formed from the viewpoint of the medical provider, so
direct nonhealth care costs paid by the patient were not
calculated. In addition, overhead costs, such as medical
facility costs (land, buildings), whether or not the interven-
tion was performed, shared services (administrative depart-
ments, other), preparation of medical facility, and fuel,
were not included. For currency conversion purposes, it
was assumed that ¥10,000 was equivalent to $US83.3
(SUS1 = ¥120; 2015).

The average treatment costs and standard deviations for
3 weeks for each health state are shown in Table 1. Dis-
counting was not applied considering the 1-year time hori-
zon for this model.

Probabilities

Probabilities from the original study were used in the
model to direct the probability of different health states at
each division node (Table 1). A researcher and a plastic
surgeon determined the health states on the basis of photo-
graphs taken during the initial intervention and after 3
weeks, without evaluating the exudate amount, wound
size, and pocketing (undermining). For the researcher and
a plastic surgeon who were both blinded to the two proto-
col groups, the intraclass correlation coefficient was 0.85.
Two models were created, and simulations were per-
formed with 100% distribution on d1/2 for the first cohort
in Model 1 and 100% distribution on D3/4/5 in Model 2.
By analyzing Models 1 and 2, it was possible to simulate
changes in the severity of PUs over 1 year. In particular, it
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Figure 1. Morkov Model depicting the management of PU. Note: The health states used in the model were d1/2, D3/4/5,
DU, and healed and were based on the DESIGN-R scores. Patients could experience continuous progression of PU states d1/
2, D3/4/5, and DU over 3-week cycles for up to 17 stages. D3/4/5 were based on the depth scores (d, D score) of the

DESIGN-R tool. DU, (unstageable). PU, pressure ulcer.

was possible to clarify the effectiveness of advanced PU
management techniques for severe PUs using Model 2.

Utilities

The utilities for various health states with this model were
obtained from the literature: grade 1/2 was 0.68, grade 3/4
was 0.36, and healing PU was 0.8."% Primary data were
not available in the literature for the utility score of DU;
this model used the 0.36 score from the previous report,'*
which was based on the healing speed being comparable
with that of D3/4/5 (Table 1). We estimated the standard

deviation of each utility by varying the base utility case
estimates over a range of +£50%.

Sensitivity analyses

The univariate sensitivity analyses were performed by
varying the base case estimates by *£20.0% and assessing
the impact on the model results. Ranges for costs were
derived from the 95% confidence intervals of the original
data and are summarized in Table 1.

A Bayesian multivariate probability sensitivity analysis
was performed using Monte Carlo simulations with
advanced PU management. Probability sensitivity analysis
applied a distribution for each variable to characterize the
impact of uncertainty on all parameters simultaneously.
Beta distributions were used for variables with values rang-
ing between 0.0 and 1.0 (i.e., probabilities), and gamma dis-
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tributions were used for two parameters (utilities and costs),
considering the means. The result of this analysis enabled a
cost-effectiveness acceptability curve to be constructed,
showing the probability of advanced PU management to be
cost-effective at varying levels of willingness to pay for
additional quality-adjusted life-years (QALY).

RESULTS

Cost-utility analysis

The results of the cost-utility analysis using the Markov
model are shown in Table 2. Two different models were
created for initial cohort distribution, and for both models,
the expected effectiveness for the intervention group using
advanced PU management techniques was high, with a
low expected cost value, which meant that advanced PU
management was dominant. In particular, in Model 2 in
which severity was D3/4/5, the expected cost value for the
intervention group for 1 year was ¥130,567, whereas it
was approximately twice as high for the control group at
¥256,068. The QALY value was 0.07 QALY higher for
the intervention group, which showed a greater effective-
ness for the severe PU model.

The results of distribution simulations for Models 1 and
2 are shown in Table 3. In Model 1, 99.7% of the d1/2
intervention group had healed after 1 year, and only 0.23%
of PUs had worsened from d1/2 to D3/4/5 and not healed
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Table 1. The details of the data associated with treatment
of PUs based on original study

Base value Sensitivity
Markov state probabilities range
Intervention group
d1/2 — Healed 0.67 0.54-0.80
di1/2 — D3/4/5 0.00 0.00-0.02
d1/2 — DU 0.05 0.04-0.06
D3/4/5 — Healed 0.13 0.10-0.15
D3/4/5 — d1/2 0.10 0.08-0.12
D3/4/5 — DU 0.08 0.06-0.09
DU — Healed 0.00 0.00-0.02
DU — d1/2 0.1 0.08-0.13
DU — D3/4/5 0.56 0.44-0.67
Control group
d1/2 — Healed 0.60 0.48-0.72
d1/2 — D3/4/5 0.01 0.01-0.02
d1/2 — DU 0.14 0.11-0.17
D3/4/5 — Healed 0.09 0.07-0.11
D3/4/5 — d1/2 0.00 0.00-0.02
D3/4/5 — DU 0.16 0.13-0.19
DU — Healed 0.05 0.04-0.05
DU — d1/2 0.07 0.05-0.08
DU — D3/4/5 0.34 0.27-0.41
Utilities (SD) Range
Intervention/control group
di1/2 0.68 (0.34) 0.54-0.82
D3/4/5 0.36 (0.18) 0.29-0.43
DU 0.36 (0.18) 0.29-0.43
Healed 0.80 (0.40) 0.64-0.96
Cost (SD) 95%Cl
Intervention group
di1/2 16,218 (17,562) 10,746-21,691
D3/4/5 22,754 (12,855) 18,587-26,921
DU 50,111 (35,645) 32,435-67,787
Healed 0 0 0-0
Control group
di1/2 13,742 (13,124) 10,658-16,826
D3/4/5 35,297 (27,576) 25,519-45,075
DU 26,295 (25,037) 18,683-33,907
Healed 0 0 0-0

Notes: Cost (¥)
SD, standard deviation; Cl, confidence interval.

after 1 year. In comparison, 96.5% of the PUs in the con-
trol group had healed, whereas 3.2% of PUs had not
healed after 1 year.

In Model 2, which represented severe PUs at D3/4/5,
97.6% had healed after 1 year in the intervention group,
whereas 2.0% of PUs remained at the severe level of D3/4/5

918

130

Kaitani et al.

or DU. In contrast, in the control group, 86.0% of severe
PUs had healed, whereas 13.0% remained as severe PUs
after 1 year, with 8.7% classed as D3/4/5 and 4.3% as DU.

Sensitivity analysis

Results of the univariate sensitivity analysis on Model 1,
which varied the utility values, costs, and values for transi-
tion probability, showed that parameters with a high effect
on ICER were utility values for the state of healing from d1
in the control group, total mean costs for D3/4/5 in the con-
trol group, utility values for the state of DU from dl in the
control group, total mean costs for DU in the control group,
and total mean costs for d1/2 in the control group; however,
none of the parameters affected the dominant result. Simi-
larly, in Model 2, the intervention group remained dominant
even when the parameter values were changed.

Probabilistic sensitivity analysis using Monte Carlo sim-
ulation was also performed, and when ICER threshold val-
ues for 1 QALY were set at ¥0-7 million, the cost
effectiveness acceptability curves for Models 1 and 2
showed that the probability of ICER falling into the
threshold values was 86.0%-89.0% (Figure 2).

DISCUSSION

The originality of the present study is that it is the first to
show empirical clinical evidence of the efficiency of an
advanced PU management protocol for DTI and critical
colonization, which are issues associated with severe PUs.
Results of simulation of the process of healing PUs using
models for analysis have shown high effectiveness and
low cost. Evaluating this evidence against the five grades
of recommendation for “grades of recommendation for the
adoption and appropriate utilization of new technologies”
advocated by Laupacis et al., the evidence fits the highest
priority standard of “ 9pelling evidence for adoption and
appropriate umhza\mon”,l therefore, the evidence suggests
that the PU management protocol deserves to be intro-
duced as a top priority.

The Markov model analysis results for Model 2 showed
that 97.6% of severe PUs in the intervention group healed
within 1 year, whereas the rate of healing for the control
group remained at 86.0%. Previous studies have reported
estimated values for healing thhm 1 year of 78.8% for
Stage III and 59.1% for Stage IV;?° comparison with these
results suggests that the effectiveness of intervention in the
present study can be considered high.

Cohort distribution results for Model 1 show that the
rates of progression of DU from d1/2 PUs to severe PUs
in 3 weeks (1 stage after) from the start of intervention
were 4.8% for the intervention group and 13.9% for the
control group. This progression of DU from d1/2 may indi-
cate DTI. After 1 year, the percentage of PUs that had not
healed in the intervention group was 0.3%, whereas it was
higher (3.5%) in the control group. This suggests that the
introduction of advanced PU management techniques can
prevent aggravation through DTI and that introduction of
the technique could have considerable clinical significance.

A high expected QALY was obtained for the interven-
tion group for both models in the Markov model results.
The gap with the control group was largest in Model 2 for
severe PUs, with an incremental effect of 0.07 QALY.
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Table 2. The results of the cost-utility analysis using the Markov model

Model Costlyen)* 4 Cost(yen) QALY 4 QALY ICER(yen/QALY)
Model 1. d1/2

Control 67,907 — 0.74 — —
Intervention 35,217 —32,690 0.77 0.03 Dominant
Model 2. D3/4/5

Control 256,068 — 0.59 — —
Intervention 130,567 —-125,501 0.66 0.07 Dominant

Note: Yen; ¥10,000 = $US83.3 (as of 2015).
ICER, incremental cost-effectiveness ratio.

Considering that the incremental effect in Model 1, which
was the minor PU model, was 0.03 QALY, it can be
argued that the impact of intervention through advanced
PU management techniques is particularly observable for
severe PUs, for which improvement in patient quality of
life (QOL) through intervention is marked. Previous stud-
ies'© evaluating new techniques related to PUs by analyz-
ing cost effectiveness have reported an incremental effect
of 0.01-0.03 QALY for new techniques. Although the
intervention technique in the present study was different, it
seems that the incremental effect of 0.07 QALY in the
present study is high as an intervention effect for PUs.
Effects of PUs on health-related QOL have been reported
for problems, such as pain and distress in changing body
position, change in body image, loss of privacy throu%h
treatment, and isolation from family and friends.?'™*
These negative effects have been reported to Earticularly
escalate as the severity of the ulcer increases.** Through
prevention of severe PUs and promotion of healing of
severe PUs, intervention through advanced PU manage-
ment techniques can make a substantial contribution to the
improvement of health-related QOL of patients.

In model analysis, sensitivity analysis was performed for
the parameters, but none of the results had an effect on
dominance, which suggested that the results were robust
even if some of the parameters were uncertain. The present
study focused on differential effects between the interven-
tion and control groups, so estimations of overhead costs,

Table 3. The results of 1-year distribution simulations for
Models 1 and 2 unit : %

Health states Intervention Control
after 1 year group group
Model 1 Healed 99.7 96.5
Severe PU 0.23 3.2
(D3/4/5,DU)
Model 2 Healed 97.6 86.0
Severe PU 2.0 13.0
(D3/4/5,DU)

Notes: D3/4/5, based on the depth score (D score) of the
DESIGN-R tool; DU, (unsteageable)

Wound Rep Reg (2015) 23 915-921 © 2015 by the Wound Healing Society

such as basic hospital inpatient costs and the time required
for preventive care (for example, changing body position),
were not included. For this reason, the results do not
reflect the full costs required for all aspects of PU treat-
ment, and this should be considered in any comparison
with other research results.

The utility value used in the present study was extrapo-
lated from previous studies, and the results were measured
by medical staff on a rating scale. It has been reported
that, generally, utility values obtained from proxy assess-
ment tend to be lower than those obtained by patient
assessments,> However, because the focus of the present
study was on the difference in the effects between the
intervention and control groups, it is unlikely that any
uncertainty in parameters because of assessments being
made by medical staff had much effect. Sensitivity analy-
sis of the utility value was performed by changing the
value +20.0%; however, there was yet no change in the
dominant result. Therefore, the results appeared to be
robust.

In terms of transition probability, one-way sensitivity
analysis with changing of the value +20.0% was performed;
however, there was no change in the dominant result. In the
cost-effectiveness acceptability curve obtained through
probabilistic sensitivity analysis, ICER stayed within thresh-
old levels for the intervention group in Models 1 to 2 at a

"
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Figure 2. The cost effectiveness acceptability curve. Note:
ICER stayed within threshold levels for the intervention
group in Models 1 to 2 at a rate of >80.0 percent. ICER,
incremental cost-effectiveness ratio.
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rate of >80.0%, which stochastically supported the high effi-
ciency of advanced PU management techmques

Estimations were made for the economic effect of the
introduction of advanced PU management techniques to a
500-bed (N) general hospital. The case hypothesized for
these estimations was severe PUs and was based on the
assumption of a mean bed occupancy rate of 81.0%" and
PU prevalence rate (Pr) of 20%, of which 43.0% were
severe PUs (Ra) at >Stage IIL The mean hospital stay
was assumed to be 30.6 days.”’” On the basis of these
assumptions, the number of patients with severe PUs per
year could be estimated as follows: N X 0.81 X Pr X Ra
X 365/30.6 =41.5 persons per year. Based on the figure
of ¥125,501 in Model 2, that is, the difference between PU
treatment costs of the intervention group and control
group, estimations of the amount for the sum of 41.5 per-
sons show a cost difference of approximately ¥5.2 million
per year.

The total number of hospital beds in Japan in 2013 was
1,573,772.%7 On the basis of this fact, the effect on medi-
cal costs across Japan was estimated using the formula
above. In this case, the number of patients with PUs would
be 130,767, and assuming intervention through the intro-
duction of advanced PU management techniques for these
patients, it is estimated that approximately ¥16.4 billion
could be saved per year, which would be extremely effi-
cient in national health care cost budget cuts.

In the present study, death and recurrence were not
established as situation parameters. It is extremely rare for
PUs to be a direct cause of death, and the mean age of the
patients in the model was 75 years, an age at which the
rate of natural death for men is 0.030 and for women is
0.013%%; thus, the effect on results over the analysis period
of 1 year was considered to be extremely small. Similarly,
regarding recurrence of PUs, both the intervention group
and control groups in the study received conservative treat-
ment, so there were no factors contributing to different
rates of recurrence between the two groups, and this effect
was not studied because the period of analysis was 1 year.

The utility values used in the model analysis were based
on values used in previous studies, and utility values used
in research conducted outside Japan were used. There is a
possibility that health preferences of Japanese people dif-
fer, but data from surveys of PU patients in Japan do not
exist, so there is a limitation in the data that can be
extrapolated.

CONCLUSIONS

The aim of the present study was to examine the effective-
ness of an advanced PU management technique protocol
by evaluating its efficiency and the possibility for clinical
introduction through implementation of a cost-utility anal-
ysis in which QALY and medical costs were estimated.
Analysis performed using Markov models over a 1-year
time horizon resulted in clarification of the following
points:

1. Intervention by WOCNs using advanced PU manage-
ment techniques was more effective and cost less than
existing management care, which indicated high
efficiency.
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2. Results of cost-effectiveness acceptability curves pro-
duced through probabilistic sensitivity analysis sup-
ported the high efficiency of the technique, with an
ICER probability within 86.0%—-89.0% of threshold val-
ues for the intervention group.
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Abstract

Objective: There have been few cost-effectiveness analyses of population-based colorectal cancer
screening in Japan, and there is no consensus on the optimal use of total colonoscopy and the
fecal immunochemical test for colorectal cancer screening with regard to cost-effectiveness and
total colonoscopy workload. The present study aimed to examine the cost-effectiveness of colorectal
cancer screening using Japanese data to identify the optimal use of total colonoscopy and fecal
immunochemical test.

Methods: We developed a Markov model to assess the cost-effectiveness of colorectal cancer
screening offered to an average-risk population aged 40 years or over. The cost, quality-adjusted
life-years and number of total colonoscopy procedures required were evaluated for three screening
strategies: (i) a fecal immunochemical test-based strategy; (ii) a total colonoscopy-based strategy;
(iii) a strategy of adding population-wide total colonoscopy at 50 years to a fecal immunochemical
test-based strategy.

Results: All three strategies dominated no screening. Among the three, Strategy 1 was dominated
by Strategy 3, and the incremental cost per quality-adjusted life-years gained for Strategy 2 against
Strategies 1 and 3 were JPY 293616 and JPY 781 342, respectively. Within the Japanese threshold
(JPY 5-6 million per QALY gained), Strategy 2 was the most cost-effective, followed by Strategy 3;
however, Strategy 2 required more than double the number of total colonoscopy procedures than
the other strategies.

Conclusions: The total colonoscopy-based strategy could be the most cost-effective for population-
based colorectal cancer screening in Japan. However, it requires more total colonoscopyprocedures
than the other strategies. Depending on total colonoscopy capacity, the strategy of adding total

© The Author 2015. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com
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colonoscopy for individuals at a specified age to a fecal immunochemical test-based screening may

be an optimal solution.

Key words: colorectal cancer screening, cost-effectiveness analysis, fecal immunochemical test, total colonoscopy

Introduction

Colorectal cancer (CRC) has markedly increased and is now the se-
cond most commonly diagnosed cancer and the third leading cause
of cancer-related mortality in Japan (1). For the secondary prevention
of CRC, a Japanese population-based CRC screening system has used
the 2-day fecal immunochemical test (FIT) as a primary screening pro-
cedure on the basis of the evidence regarding its effectiveness for CRC
screening (2). The effectiveness of the fecal occult blood test (FOBT)
for reducing CRC-associated mortality has been clearly shown in sev-
eral randomized controlled trials (3-7), whereas other case—control or
cohort studies have shown the effectiveness of FIT for CRC screening
and the superior sensitivity of FIT for CRC compared with that of
FOBT (8-14). Japanese population-based CRC screening is offered
to the entire population aged 40 years and over, and total colonoscopy
(TCS) is performed for those with a positive FIT result. Recently, how-
ever, it has been reported that TCS-based CRC screening, in which
TCS is performed as a primary screening procedure, is effective for re-
ducing CRC incidence and mortality, based on long-term follow-up
data in cohort studies (15,16). In this context, an analysis of the opti-
mal combination of TCS and FIT for population-based CRC screening
is required because there is yet no consensus regarding the issue.

Cost-effectiveness analysis is an essential part of the evaluation
of screening strategies. Several cost-effectiveness analyses of CRC
screening have been reported from the USA and several other countries
(17-24). In Japan, however, there have been only limited analyses
(25,26). Recently, by analyzing the TCS screening database of our in-
stitution’s cancer screening division and the Japanese nationwide sur-
vey data of CRC screening, we reported that not only FIT butalso TCS
might be cost-effective for primary screening (27). However, the study
retrospectively evaluated only the cost of identifying a CRC patient;
further study using a Markov model analysis is necessary to evaluate
the true cost-effectiveness of Japanese CRC screening.

In the present study, we aimed to identify the optimal combination
of TCS and FIT for population-based CRC screening in the Japanese
setting from the perspective of cost-effectiveness. To evaluate cost-
effectiveness, we performed a Markov model analysis using Japanese
clinical and cost data. To determine the optimal screening strategy, we
also considered the number of TCS procedures required.

Patients and methods

Decision analytic model

We developed a state-transition Markov model that simulated the nat-
ural history of CRC development, and the actual cost-effectiveness
was analyzed by Monte Carlo simulation using Tree Age Pro 2014
(TreeAge Software Inc., Williamstown, MA, USA) (28). In a Markov
model, clinical situations are described in terms of discrete health
states, ‘Markov states,” that individuals can be in; an individual is al-
ways in one of these states, and all events of interest are modeled as
transitions from one state to another. In this study, the natural history
of CRC development was simulated as a transition from normal epi-
thelium to low-risk adenomatous polyps sized 1-4 and 5~9 mm, to
high-risk polyps, to CRC (from Dukes’ A to Dukes’ D), and ultimately

to death from CRC, with reference to previous studies (17-24). There-
fore, the Markov states were set as shown in Fig. 1. In addition, the
detection status of colorectal polyps and CRC (‘detected’ or ‘undetect-
ed’) was considered, with CRC screening affecting the transition from
‘undetected’ to ‘detected.” CRC was defined, according to the inter-
national classification, as a malignant epithelial tumor originating in
the large bowel with invasion beyond the muscularis mucosae (29).
High-risk polyps included intramucosal cancers and adenomas with
a diameter >10 mm, with high-grade dysplasia, or with villous hist-
ology (>25%) (30). The study setting was Japan and the Initial popu-
lation comprised 100 000 individuals aged 40 years who were at an
average risk of CRC. The screening and analysis continued through
the lifetime of the cohort. The time frame of the analysis was divided
into 1 year, during which individuals were in the same health state be-
fore having the opportunity to transition to another state. The transi-
tion was governed by transition probability values mostly estimated
from Japanese literature as described later. Japanese data for age-
specific CRC incidence rates was the basis for determining the number
of individuals in the population would develop CRC without any
screening or intervention (1).

The validity of the model was assessed by comparing the lifetime
cumulative risks for CRC incidence and mortality for the 40-year-old
Japanese population estimated from the model of this study with those
estimated from Japan’s Cancer Registry and Statistics (http:/gdb.
ganjoho.jp/graph_db/gdb1?smTypes=67, Cancer Information Ser-
vice, National Cancer Center, Japan) (1). When estimating these
risks using the model, CRC screening with FIT (primary screening)
and TCS (for those with a positive FIT) were considered with uptake
rates set at 37 and 55% for FIT and TCS, respectively, based on the
data of current Japanese uptake rates (31,32).

CRC screening strategies
To evaluate the optimal use of TCS and FIT for CRC screening, a total
of three CRC screening strategies with TCS and/or FIT, including a

Normal epithelium

Low-risk polyp
sized -4 mm

( Low-risk polyp
sized 5-9 mm

High-risk polyp

| Dukes’ACRC

Dukes' B CRC . Dukes’ C CRC Dukes'DCRC |

CRC death

Figure 1. The natural history model of colorectal cancer. CRC, colorectal
cancer.
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FIT-based strategy which mostly corresponded to the current strategy
of Japanese population-based CRC screening and other two strategies
which used TCS more actively than the current strategy, were exam-
ined in this study (Fig. 2).

Strategy 1: a FIT-based screening strategy

The population is offered FIT at the age of 40 years. When the test is
negative, it is repeated annually. Individuals with a positive FIT result
are invited for TCS examination; any polyps found are removed and
surveillance TCS is repeated every 3 years until no more polyps are
found. When the results on TCS are normal, FIT is resumed S years
after the TCS (Fig. 2a).

Strategy 2: a TCS-based screening strategy

The population is offered TCS as primary screening at the age of 40
years. When the test is negative, TCS is repeated 10 years later. If
polyps are found, they are removed and surveillance TCS is repeated
every 3 years until no more polyps are found. When the TCS results
are normal, TCS is resumed 10 years later (Fig. 2b).

Strategy 3: a strategy of adding population-wide TCS for 50-year-old
individuals to a FIT-based screening

This screening strategy is the same as Strategy 1 for individuals aged
40-49 years. The difference is that at the age of 50 years the whole
population undergoes TCS, apart from those who underwent TCS
in their 40s. After TCS, the screening continues according to the
TCS results as with Strategy 1 (Fig. 2c).

Model parameters

Model parameters, including transition probabilities, test characteris-
tics and cost, are summarized in Table 1. Most data were based on Ja-
panese data (1,33-38), except for some data that were only available
from foreign studies (20,39). The disease progression parameters from
normal epithelium to colorectal polyps and cancer were calculated on
the basis of the CRC incidence data from a study of 25 population-
based cancer registries for the Monitoring of Cancer Incidence in
Japan project (1), and the polyp prevalence data at Cancer Screening
Division, Research Center for Cancer Prevention and Screening, Na-
tional Cancer Center, Tokyo, Japan (33). The possibility of new
polyps developing after endoscopic removal of polyps was estimated
with reference to the data from the Japan polyp study (34). The refer-
ences for the data regarding other transition probabilities are provided
in Table 1 (20,38,39).

With regard to the parameters of test characteristics, the sensitiv-
ities and specificities of FIT for colorectal polyps and cancer were set
on the basis of data from detailed previous studies by Morikawa et al.
(35,36). The sensitivities and specificities of TCS for colorectal polyps
and cancer were set according to the data from the Japan polyp study
(34). The possibility of complication (perforation and bleeding) fol-
lowing TCS were estimated from the nationwide report from the
Japan Gastroenterological Endoscopy Society (37).

The cost included the screening-related cost and CRC treatment-
related cost. The screening-related cost was set on the basis of Japanese
national reimbursement tables. The CRC treatment-related cost was
calculated from the cost of the treatment procedure, hospitalization, ad-
juvant chemotherapy and follow-up care on the basis of Japanese na-
tional reimbursement tables and expert discussion.

The uptake rate of each test (FIT and TCS) was also built into this
analysis. The CRC screening uptake rate in Japan has been increasing,
but the current rate (~30-40%) is lower than the Japanese govern-
ment’s target values (50%) and the cut-off value for the desirable

level of the uptake rate (65%) provided in the European guidelines
(31,40). These guidelines based their evidence on performance indica-
tors for FIT on data with a FIT uptake rate of 61.5% (41). From this, it
ideally appears that an uptake rate of at least 60% is required for
population-based CRC screening. Thus, in the present study, all
uptake rates were first set at 60% in the base case analysis and then
changed in the sensitivity analyses.

Cost-effectiveness analysis
The cost-effectiveness analysis was performed from a healthcare
payer’s perspective. The effectiveness of screening was measured in
terms of the quality-adjusted life-years (QALYs) gained. Costs and
QALYs were discounted at an annual rate of 3% (42). Strategies
that were more costly and less effective than other strategies were
ruled out by simple dominance. Among the remaining strategies, the
incremental cost-effectiveness ratio (ICER) was evaluated. ICER was
determined for a strategy by comparing the additional cost and effect-
iveness of the strategy with those of a less costly and less effective strat-
egy; ICER was calculated as the difference in costs divided by the
difference in effectiveness.

To compare the demand for endoscopic resources between differ-
ent screening strategies, the number of TCS procedures performed in
each strategy was also calculated.

Sensitivity analyses

In addition to the base case analysis, scenario analyses were performed
with regard to the uptake rates (10% and 100%), the initial age of
screening (50 years), and the age for population-wide TCS in Strategy
3 (40-60 years). A probabilistic sensitivity analysis was performed for
the parameters of transition probabilities, costs, test characteristics,
uptake rates and quality of life scales. In a probabilistic sensitivity
analysis, these multiple parameters were varied simultaneously. We
used B distributions for the parameters for which we could acquire
raw data (the denominator and numerator of parameters), including
the sensitivities of FIT and TCS, the probability of perforation after
TCS, and that of new polyps developing after polyp resection, and
gamma distributions for the other variables with a range of +25%.
A cost-effectiveness acceptability curve was drawn to show the cor-
relation between the probability of being chosen as the most cost-
effective scenario for each strategy and the willingness-to-pay (WTP)
values for one additional QALY gained. The WTP value is the max-
imum cost that an individual is willing to pay to gain one additional
QALY, and the value varies according to country; the Japanese thresh-
old is reported to be JPY 5-6 million per QALY gained (43).

Results

Validity of the model

The cumulative risks for CRC incidence and mortality for the Japa-
nese 40-year-old population estimated from the Cancer Registry and
Statistics and those estimated from the model are shown in Fig. 3. The
risks estimated from the model generally matched those from the Can-
cer Registry and Statistics, particularly <65 years of age. After the age
of 65 years, the risks estimated from the model were slightly lower
than those estimated from the Cancer Registry and Statistics.

Base case analysis
The outcomes for the three screening strategies and for no screening in
the base case analysis are summarized in Table 2. Without any
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(a) TCS (3 years after):
polyp () - polyp resection > TCS (3 years after)
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— polyp resection pOYP
TCS (3 years after)
non-compliance
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}:i\sﬁ%‘i — TCS: polyp (-} (5 years after)
year-old
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-+ TCS non-compliance
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(b) TCS (3 years after): ’
polyp (+) — polyp resection TCS (3 years after)

FIT (1 year after)

TCS: polyp (+) TCS (3 years after):
— polyp resection polyp (<) F—=3>TCS (10 years after)
TCS (3 years after)
non-compliance
Average-
;’i‘ﬁd TCS: polyp () TCS (10 years after)
persons
TCS non-compliance
(C) TCS (3 years after):
polyp (+) — polyp resection TCS (3 years after)
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— TCS: polyp (+) Tcs (i]y eax;:;‘ﬂer). [—-———> FIT (5 years after)
—» polyp resection Libiedd
TCS (3 years after)
non-compliance
[ Average. | FIT positive > FIT (5 years after)
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year-old |\
persons e
FIT positive
— TCS non-compliance

TCS at the age of
50 years
ity |
Those who did not
undergo TCS in their
40s are invited for
i TCS at 50 years.

Figure 2. Three screening strategies analyzed in this study. (a) Strategy 1: A fecal immunochemical test-based screening strategy. FIT, fecal immunochemical test;
TCS, total colonoscopy. (b) Strategy 2: A total colonoscopy-based screening strategy. (¢) Strategy 3: A strategy of adding population-wide total colonoscopy for
50-year-cld individuals to a fecal immunochemical test-based screening. During the first 10 years (40-49 years), individuals follow Strategy 1. All of those who
did not undergo total colonoscopy during the first 10 years undergo total colonoscopy at the age of 50 years.
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Table 1. Model parameters in the cost-effectiveness analysis

Model parameters Baseline value References
Transition probabilities (per year)
Probability of progression to CRC
From normal epithelium to 1-4 mm sized low-risk polyp 3.4-6.6% (different by age) 33
From 1-4 mm low-risk polyp to 5-9 mm low-risk polyp 1.4-5.6% (different by age) 33
From 5-9 mm low-risk polyp to high-risk polyp 1.3-5.6% (different by age) 33
From high-risk polyp to Dukes’ A CRC 3.4% 20, 39
From Dukes’ A CRC to Dukes’ B CRC 58.3% 20, 39
From Dukes’ B CRC to Dukes’ C CRC 65.6% 20, 39
From Dukes’ C CRC to Dukes’ D CRC 86.5% 20, 39
Probability of death from CRC
Dukes” A 1.7% 38
Dukes’ B 3.2% 3
Dukes’ C 72% 3
Dukes’ D 28.4% 38
Probability of symptomatic presentation of CRC g
Dukes” A 6.5% 20, 39 z
Dukes’ B 26.0% 20, 39 §
Dukes’ C 46.0% 20, 39 §
Dukes’ D 92.0% 20, 39 o
Probability of developing polyps following endoscopic polyp resection 5
Developing low-risk polyp (1-4 mm) after endoscopic polyp resection 10.0% 34 =
Developing low-risk polyp (5—9 mm) after endoscopic polyp resection 5.3% 34 =2
Developing high-risk polyp after endoscopic polyp resection 0.7% 34 E\
Probability of recurrence after treatment of colorectal cancer 2
Dukes’ A 0.8% 38 5
Dukes’ B 2.8% 38 2
Dukes’ C 7.1% 38 E
Test characteristics :i'
FIT p
Sensitivity for 1-4 mm low-risk polyp 6.3% 35,36 ©
Sensitivity for 5~9 mm low-risk polyp 7.9% 35,36 i
Sensitivity for high-risk polyp 26.5% 35,36 8
Sensitivity for Dukes’ A CRC 52.8% 35, 36 2
Sensitivity for Dukes’ B CRC 70.0% 35, 36 =
Sensitivity for Dukes’ C and D CRC 78.3% 35,36 =
Specificity for colorectal polyp and CRC 94.6% 35,36 §
TCS Q
Sensitivity for 1-4 mm low-risk polyp 74.1% 34 2
Sensitivity for 5-9 mm low-risk polyp 86.5% 34 f‘:
Sensitivity for high-risk polyp 97.6% 34 E
Sensitivity for CRC (Dukes’ A-D) 99.9% 34 s
Specificity for colorectal polyp and CRC 100.0% 34 =
Probability of perforation after TCS without endoscopic polyp resection 0.01% 37 2
Probability of perforation after TCS with endoscopic polyp resection 0.06% 37 &
Probability of death following perforation 6.7% 37 s
Probability of bleeding after TCS with endoscopic polyp resection 0.5% 37 4
Cost (JPY) Japanese national >
reimbursement tables
FIT 1600
TCS 15500
Endoscopic resection of low-risk polyp 50000
Endoscopic resection of high-risk polyp 157114
Annual cost of CRC management by Dukes classification
Dukes’ A (1 year) 1319816
Dukes’ A (2-5 years) 35570
Dukes’ B (1 year) 1399034
Dukes’ B (2-5 years) 35570
Dukes’ C (1 year) 2340416
Dukes’ C (2-5 years) 44972
Dukes’ D (1 year) 2687125
Dukes’ D (2-5 years) 2544972

CRGC, colorectal cancer; FIT, fecal immunochemical test; TCS, total colonoscopy.
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screening, there would be 9541 CRC cases among the cohort of
100 000 individuals, and the calculated QALYs and total cost per per-
son were 22.8 and JPY 156 1285, respectively. Compared with no
screening, all three screening strategies (Strategies 1, 2 and 3) experi-
enced fewer CRC cases, gained more QALYs, and were less costly; i.e.
all three strategies dominated no screening.

Among the three strategies, simple dominance of Strategy 3 over
Strategy 1 was observed: Strategy 3 resulted in more QALYs and
less cost than Strategy 1. Compared with Strategies 1 and 3, Strategy
2 yielded more QALYs, but involved greater cost. The ICERs per
QALY gained for Strategy 2 against Strategies 1 and 3 were JPY
293 616 and JPY 781 342, respectively.

With regard to the number of TCS procedures, Strategy 2 required
the most procedures (294 322 procedures per 100 000 population),
followed by Strategy 3 (126 171 procedures per 100 000), and Strat-
egy 1 (100 740 procedures per 100 000).

Scenario analyses
When the uptake rates decreased to 10%, Strategy 2 showed simple
dominance over no screening and the other two screening strategies,

7.0 1
=4~ Incidence risk (model)

6.0 1 g Incidence risk (Cancer Registry and
Statistics)

=i~ Mortality risk (model)

5.0 e — .
== Mortality risk (Cancer Registry and %
Statistics) /

Age (years)

Figure 3. Comparison between cumulative risks for colorectal cancer incidence
and mortality estimated from the study model and those estimated from the
Cancer Registry and Statistics.

Table 2. Results of the base case analysis

whereas the ICER per QALY gained for no screening against Strategy
3 was JPY 218 464 (Table 3). When the uptake rates increased to
100%, all three screening strategies showed simple dominance over
no screening, and the ICERs per QALY gained for Strategy 2 against
Strategies 1 and 3 were JPY 126 810 and JPY 19475, respectively
(Table 3).

When the initial age of screening changed to 50 years, all three
screening strategies dominated no screening, and the ICERs were
JPY 87 804 and JPY 125 953 per QALY gained for Strategy 2 against
Strategies 1 and 3 (Table 3).

The results for QALYs, costs and required number of TCS proce-
dures when the age for population-wide TCS in Strategy 3 was chan-
ged between 40 and 60 years are shown in Table 4. Compared with the
base case scenario of Strategy 3 with TCS at 50 years, the strategy with
population-wide TCS at the age of 40 years resulted in fewer QALYs
and higher cost. In contrast, when the population-wide TCS was per-
formed at 55 years, more QALY were gained with lower cost than
when the TCS was performed at 50 years. The ICER per QALY gained
for the strategy with TCS at 53 years against the strategy with TCS at
60 years was JPY 206 113. Against the strategy with TCS at 55 years,
the ICER per QALY gained for the strategy with TCS at 45 years was
JPY 782 013. The strategy with TCS at 45 years yielded more QALYs
and was less costly than Strategy 2, and the ICER per QALY gained
for this strategy against Strategy 1 was JPY 151 856. The required
number of TCS procedures decreased as the age for population-wide
TCS increased.

Probabilistic sensitivity analysis

The probabilistic sensitivity analysis performed for no screening and
the three strategies (Strategies 1, 2 and 3) and the cost-effectiveness
acceptability curve showed a correlation between the probability
of being chosen as the most cost-effective scenario for each strategy
and the WTP values (Fig. 4). In the figure, the horizontal axis repre-
sents the WTP value for one additional QALY, with a range of JPY
0-10000 000, and the vertical axis represents the probability of
being chosen as the most cost-effective scenario for each strategy.
When the WTP value was set at JPY 5000 000, the probability of
being chosen as the most cost-effective scenario was 2.2% for no
screening, 21.0% for Strategy 1, 48.7% for Strategy 2 and 28.1%
for Strategy 3. When the age for population-wide TCS was changed
to 45 years in Strategy 3, the probability resulted in 2.4% for no
screening, 21.8% for Strategy 1, 53.2% for Strategy 2, and 22.6%
for Strategy 3.

No screening Strategy 1 Strategy 2 Strategy 3
Cost (per person, JPY) 156 125 94733 99930 93 523
QALYs (per person) 22.7986 23.0001 23.0178 23.0096
CRC cases (per 100 000 persons) 9541 3926 2989 3625
TCS procedures (per 100 000 persons) — 100 740 294322 126171
Incremental cost per QALY gained (JPY)
vs. No screening — Dominates® Dominates Dominates®
vs. Strategy 1 Dominated® — 293616 Dominates®
vs. Strategy 2 Dominated® see Strategy 2 vs. 1 - see Strategy 2 vs. 3
vs. Strategy 3 Dominated® Dominated® 781342 —

*Dominates’ denotes a strategy (column) that is less costly and more effective than its comparator (row).

5Dominated’ denotes a strategy (column) that is more costly and less effective than its comparator (row).

QALY, quality-adjusted life-years.
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Table 3. Results of the scenario analyses on the uptake rates and initial age of screening

No screening Strategy 1 Strategy 2 Strategy 3
Uptake rates: 100%
Cost (per person, JPY) 154 694 99382 104 961 103789
QALYs (per person) 22.8026 23.0770 23,1210 23.0608
Incremental cost per QALY gained (JPY)
vs. No screening — Dominates® Dominates® Dominates®
vs. Strategy 1 Dominated® — 126 810 Dominated®
vs. Strategy 2 Dominated® see Strategy 2 vs. 1 — see Strategy 2 vs. 3
vs. Strategy 3 Dominated® Dominates® 19475 —
Uptake rates: 10%
Cost (per person, JPY) 153653 152928 137289 151710
QALYs (per person) 22.8209 22.8278 22.8753 22.8120
Incremental cost per QALY gained (JPY)
vs. No screening — Dominates® Dominates® See No screening vs. 3
vs. Strategy 1 Dominated® — Dominates® see Strategy 1 vs. 3
vs. Strategy 2 Dominated® Dominated® — Dominated®
vs. Strategy 3 218464 77010 Dominates® —
Starting age: 50 years
Cost (per person, JPY) 154107 99793 104 069 99 043
QALYs (per person) 22.8194 23.0845 23,1332 23.0933
Incremental cost per QALY gained (JPY)
vs. No screening — Dominates® Dominates® Dominates®
vs. Strategy 1 Dominated® — 87 804 Dominates®
vs. Strategy 2 Dominated® see Strategy 2 vs. 1 - see Strategy 2 vs. 3
vs. Strategy 3 Dominated® Dominated® 125953 —

*Dominates’ denotes a strategy (column) that is less costly and more effective than its comparator (row).

>Dominated’ denotes a strategy (column) that is more costly and less effective than its comparator (row).

Table 4. Results of the scenario analyses on the age for population-wide total colonoscopy in Strategy 3

40 years 45 years 50 years 55 years 60 years

Cost (per person, JPY) 99 602 97 679 93523 92 049 91142

QALYs (per person) 22.9979 23.0195 23.0096 23,0123 23.0079

TCS procedures (per 100 000 persons) 138 687 133193 126171 123659 123106

Incremental cost per QALY gained (JPY)
vs. 40 years — Dominates® Dominates® Dominates® Dominates®
vs. 45 years Dominated® — see 45 years vs. 50 years  see 45 years vs. 55 years  see 45 years vs. 60 years
vs. 50 years Dominated® 420284 — Dominates® see 50 years vs. 60 years
vs. 55 years Dominated® 782013 Dominated® — see 55 years vs. 60 years
vs. 60 years Dominated® 564055 1.400 462 206113 —

*Dominates’ denotes a strategy (column) that is less costly and more effective than its comparator (row).

5Dominated’ denotes a strategy (column) that is more costly and less effective than its comparator (row).
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Figure 4. Probabilistic sensitivity analysis performed for the three strategies
(1, 2 and 3) and no screening.

Discussion

This study examined in detail the cost-effectiveness of CRC screen-
ing with FIT and/or TCS in the Japanese settings by performing a
simulation model analysis. For this analysis, we constructed a
model of CRC using Japanese clinical data. The validity of the
model was indicated by the finding that the cumulative risks for
CRC incidence and mortality estimated from the model and the
Cancer Registry and Statistics matched mostly, particularly for peo-
ple <65 years of age. Although these risk estimates differed slightly
after the age of 635 years, we believe that it does not matter in this
study. On the contrary, the difference strengthens the evidence for
the favorable cost-effectiveness of CRC screening indicated by the
model analysis because the lower CRC incidence and mortality es-
timated from the model means that it may be more difficult to prove
the (cost-)effectiveness of screening using the model than with real-
life data.
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Our results indicate that CRC screening with FIT and/or TCS was
superior to no screening from the perspective of cost-effectiveness in
most cases. This finding agrees with previous foreign cost-effectiveness
studies on CRC screening (17-24). However, when the uptake rates
decreased to 10%, the ICER per QALY gained for no screening
against Strategy 3 was well below JPY 5-6 million. Considering that
this amount is the upper limit of the WTIP value for one additional
QALY in Japan (43), it is postulated that the superiority of CRC
screening to no screening in terms of cost-effectiveness will be more
difficult to maintain when uptakes rates are low. To maintain the su-
perior cost-effectiveness of CRC screening, it will be essential to
achieve high screening uptake rates.

Despite a number of previous cost-effectiveness studies on CRC
screening, there has been no consensus on the optimal use in terms
of cost-effectiveness of FIT and TCS for population-based CRC
screening (17-26). In the base case analysis of this study, the ICER
per QALY gained for Strategy 2 against Strategy 1 was lower than
the upper limit of the WTP value in Japan and Strategy 3 showed sim-
ple dominance over Strategy 1, which suggests that the strategies that
use TCS more actively (Strategies 2 and 3) could be more cost-effective
than the FIT-based screening strategy (Strategy 1). Furthermore, the
sensitivity analyses showed that the strategies with greater use of
TCS (Strategies 2 and 3) could be more cost-effective than the FIT-
based screening strategy (Strategy 1) in most cases. This finding may
largely be due to the much lower fee per TCS procedure in Japan than
in other countries. Comparing cost-effectiveness between Strategies 2
and 3, the base case and sensitivity analyses showed that Strategy 2
was more cost-effective than Strategy 3 in many cases. However, the
sensitivity analyses showed that the superiority of Strategy 2 against
Strategy 3 with regard to cost-effectiveness was not always the case
and that Strategy 3 could be more cost-effective than Strategy 2
under certain sets of model parameters and the age for population-
wide TCS in Strategy 3.

If TCS is to be used more actively for population-based CRC
screening, its safety and the availability of TCS resources require dis-
cussion. First, with regard to the safety of TCS, recent foreign studies
have reported that the perforation rate of TCS without polypectomy
was 0.01-0.03%, which is a very low rate that indicates the safety
of screening TCS (44-48). Similarly, in Japan, the corresponding
rate has been reported to be low, as shown in Table 1 (37). Given
the safety of screening TCS, it may be possible to use it more actively
than the currently performed FIT-based CRC screening. However, the
risk of perforation associated with TCS cannot be completely ignored
at present, particularly for the elderly population (44-48). Second, the
capacity for screening TCS in Japan has not been clarified, with some
surveys currently in progress, including the Japan endoscopy database
project (UMIN000016093). Nevertheless, it is obvious that TCS cap-
acity is limited in Japan and that we must arrange the CRC screening
system to meet this limitation. Considering the limited TCS capacity,
the TCS-based screening (Strategy 2), which requires more than
double the number of TCS procedures than the other strategies in
this study (Strategies 1 and 3), is likely to be the most difficult to
implement.

From the cost-effectiveness aspect only, the TCS-based strategy
may be the best; however, considering cost-effectiveness, safety,
and the TCS capacity issue together, we postulate that the strategy
of adding population-wide TCS at a specific age to the FIT-based
strategy (Strategy 3) may be an optimal option for population-based
CRC screening in Japan. With regard to the optimal age for
population-wide TCS in Strategy 3, TCS at 45 years was the most
cost-effective under the condition of the upper limit of WTP being

JPY 5-6 million, according to the scenario analyses in this study.
Considering that it is necessary to set the age for population-wide
TCS as a range rather than one specific age to achieve a higher
uptake rate, it appears that TCS within the age range 45-55 years
would be acceptable from the perspective of cost-effectiveness on
the basis of the study results. This would also be expected to improve
the safety of the procedure because of the relatively younger age.
With regard to the TCS capacity, although more TCS procedures
may be required than with the FIT-based strategy, the increase is con-
sidered not to be too great; the number of TCS procedures required in
Strategy 3 (TCS at 45-55 years) compared with those required
in Strategy 1 was 123 659-133 193 vs. 100 740 per 100 000 indivi-
duals, whereas Strategy 2 required 294 322 TCS procedures per
100 000 individuals.

This study had several limitations. First, the natural history model
of CRC in this study was based on currently available Japanese
data; as a result, it was completely based on the concept of the
adenoma-carcinoma sequence on which the previously reported
cost-effectiveness analyses were based (17-24). However, other
CRC pathways, such as the serrated pathway and the de novo path-
way, have been reported, and it may be necessary to include these in
the natural history model of CRC in future analyses, after the collec-
tion of a sufficiently large body of data on serrated polyps or de novo
cancers (49,50). Second, the values of model parameters set in the base
case analysis could vary case by case in the real world. However,
sensitivity analyses, including probabilistic sensitivity analyses, were
performed for the parameters. Third, indirect costs such as productiv-
ity loss cost due to CRC treatment were not considered in this study.
Because limited data are available on indirect costs in Japan at present,
it is currently difficult to include these costs in the cost-effective ana-
lysis. However, the cost-effective analyses in this study were performed
form the healthcare payer’s perspective in Japan, and thus we believe
that no inclusion of indirect cost was appropriate for the analyses.
For future cost-effectiveness analyses that include other perspectives,
inclusion of data on the indirect costs associated with CRC in Japan
would be warranted.

In conclusion, the present study examined the cost-effectiveness
of population-based CRC screening in Japan. The CRC screening
strategies with more active use of TCS could be more cost-effective
than the FIT-based screening strategy. The TCS-based screening
strategy could be the most cost-effective; however, considering the
safety and limited capacity of TCS resources in addition to cost-
effectiveness, the strategy of adding population-wide TCS for indivi-
duals in the age range 45-55 years to the FIT-based screening may
be an optimal solution.
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Objectives: The combination use of gefitinib and epidermal growth factor receptor (EGFR) testing is a
standard first-line therapy for patients with non-small cell lung cancer (NSCLC). Here, we examined the
cost-effectiveness of this approach in Japan.
Materials and methods: Our analysis compared the ‘EGFR testing strategy’, in which EGFR mutation testing
was performed before treatment and patients with EGFR mutations received gefitinib while those without
mutations received standard chemotherapy, to the ‘no-testing strategy,” in which genetic testing was not
conducted and all patients were treated with standard chemotherapy. A three-state Markov model was
constructed to predict expected costs and outcomes for each strategy. We included only direct medical
costs from the healthcare payer’s perspective. Outcomes in the model were based on those reported in
the Iressa Pan-Asia Study (IPASS). The incremental cost-effectiveness ratio (ICER) was calculated using
quality-adjusted life-years (QALYs) gained. Sensitivity and scenario analyses were conducted.
Results: The incremental cost and effectiveness per patient of the ‘EGFR testing strategy’ compared to
the ‘no-testing strategy’ was estimated to be approximately JP¥122,000 (US$1180; US$1=]P¥104 as of
February 2014) and 0.036 QALYs. The ICER was then calculated to be around JP¥3.38 million (US$32,500)
per QALY gained. These results suggest that the ‘EGFR testing strategy’ is cost-effective compared with
the ‘no-testing strategy’ when JP¥5.0 million to 6.0 million per QALY gained is considered an acceptable
threshold. These results were supported by the sensitivity and scenario analyses.
Conclusion: The combination use of gefitinib and EGFR testing can be considered a cost-effective first-line
therapy compared to chemotherapy such as carboplatin—paclitaxel for the treatment for NSCLC in Japan.
© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Individualized medicine

1. Introduction diagnosed at an advanced stage [3,4]. Standard first-line therapy

for advanced NSCLC consists of systemic platinum-based doublet

Lung cancer is the most common cause of death from cancer
worldwide, representing nearly 20% of all cancer deaths [1]. In
Japan,lung canceris the leading cause of death, accounting for more
than 70,000 deaths in 2013, and both the morbidity and mortal-
ity continue to increase [2]. Thus, lung cancer is one of the most
important public health issues.

Approximately 80% of all lung cancer cases are non-small cell
lung cancer (NSCLC). The majority of patients with NSCLC are
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chemotherapy, including cisplatin or carboplatin, combined with
taxanes, pemetrexed and gemcitabine. Although several combina-
tions are used, none has yet shown superiority [5-7].

Recently, targeted therapies have been developed to provide
alternative treatment options for this disease. Gefitinib is an orally
administered epidermal growth factor receptor tyrosine kinase
inhibitor (EGFR-TKI) which was first approved in Japan in 2002.
In 2004, two pivotal studies revealed that the presence of genetic
mutation in the kinase domain of EGFR strongly correlates with
increased responsiveness to EGFR-TKI [8,9]. Subsequently, four
randomized Phase 3 clinical trials, including the Iressa Pan-Asia
Study (IPASS), assessed gefitinib as first-line therapy for advanced
NSCLC patients with EGFR mutation [10-13]. In the subgroup of
patients with EGFR mutation, progression-free survival (PES) was

0169-5002/© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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significantly longer and the response rate was significantly higher
with gefitinib than with platinum-based doublet chemotherapy.
Further, patients receiving gefitinib had a lower incidence of
severe adverse events compared to those receiving chemotherapy.
Nevertheless, the final results of IPASS confirmed that there
was no difference in overall survival (OS) between gefitinib
and carboplatin-paclitaxel (CBDCA+PTX) [14]. On the basis of
this evidence, the Pharmaceuticals and Medical Devices Agency
(PMDA) approved revised labeling for gefitinib that limited its
indications to locally advanced or metastatic NSCLC patients with
EGFR mutations in 2011.

The Japanese national health insurance system provides uni-
versal coverage to all citizens. However, as in other developed
countries, burgeoning medical costs caused by the aging population
and the evolution of novel but costly health care technologies is an
emerging social problem. The medical costs for cancer treatment
continues to increase, and at about JP¥3812 billion (US$37 billion;
US$1=]JP¥104 as of February 2014) represented 13.5% of all medi-
cal costs in 2012 [15]. The current labeling for gefitinib for NSCLC
requires EGFR mutation testing for all patients to identify eligible
treatment candidates. It is therefore important to justify this addi-
tional cost. To our knowledge, however, no such cost-effectiveness
analysis of gefitinib has yet been conducted in Japan.

Here, we evaluated the cost-effectiveness of combination use of
gefitinib and EGFR mutation testing as first-line therapy for NSCLC
patients in Japan.

2. Methods
2.1. Decision model structure

We compared the cost-effectiveness of the two treatment
strategies from the perspective of healthcare payer (Fig. 1). In the
‘EGFR-testing strategy’ (strategy 1), testing for EGFR mutations
was performed before treatment was determined; patients who
tested positive for EGFR mutation received gefitinib as first-line
treatment, and those who tested negative received CBDCA+PTX
as first-line treatment. We assumed that 32% of patients tested
positive [16]. In the ‘no EGFR-testing strategy’ (strategy 2),
genetic testing was not conducted, and all patients were treated
with CBDCA +PTX. The treatment-related costs and outcomes for
patients without EGFR mutation in both strategies were assumed
tobe the same as they all received CBDCA + PTX as first-line therapy.
Therefore, only the EGFR testing fee was included as the difference
in the two treatment strategies.

The measure of this cost-effectiveness analysis was incremental
cost-effectiveness ratio (ICER). Quality-adjusted life-years (QALYS)
gained was used as an outcome to calculate the ICER. In this anal-
ysis, willingness-to-pay (WTP) was set to JP¥5.0 million to 6.0
million (US$48,100 to 57,700) for one additional QALY based on
a Japanese study [17]. We adopted a 2% discount rate per year for
both costs and outcomes [18].

Strategy 1
Testing

1st-line: Gefitinib

<
1st-line: CBDCA+PTX

@,
1st-line: CBDCA+PTX

<
1st-line: CBDCA+PTX

Fig. 1. Treatment strategies evaluated in this analysis. CBDCA + PTX, carboplatin—
paclitaxel; EGFR, epidermal growth factor receptor; M, Markov model.

EGFR test

Strategy 2
No testing

2.2. Patients and treatment

For this analysis, the base-case patient population was assumed
to be Japanese patients who were 18 years of age or older, had
histologically confirmed stage IlIB or [V NSCLC with an ECOG per-
formance status from O to 2, and had no history of chemotherapy.

The patients were assumed to receive either of the therapies
below according to the Japanese drug package inserts, identical to
the regimen used in IPASS:

e gefitinib (250 mg/day, administered orally) until disease progres-
siomn,

e paclitaxel (200 mg/m?, administered intravenously) followed by
carboplatin (at a dose calculated to produce an area under the
concentration-time curve of 6.0 mg/ml/min, administered intra-
venously) in cycles of once every 3 weeks up to 6 cycles.

2.3. Disease modeling

We constructed the Markov model including three health states
for analysis: progression-free survival, progressive disease, and
death (Online Data Supplement Fig. 1). Patients move from one
state to another during each cycle length of 3 weeks. The time
horizon of 5 years was adopted to reflect the limited remaining
life of the patients. Weibull curves were extrapolated to fit to
Kaplan-Meier survival curves of IPASS [10,14]. The scale param-
eter (1) and shape parameter (y) were estimated using SAS
9.3 software (SAS Institute Inc., Cary, NC, USA). These parame-
ters were used to measure the probabilities of transition at the
time point of cycle t, according to the following formula [19]:
P(t)=1—exp[A(t—1)Y — AtY]. The fitted Weibull curves for patients
with EGFR mutation and the estimated parameters are provided in
the Online Data Supplement Fig. 2 and Table 1.

2.4. Costs and utility

Costs were estimated from the health care payer’s perspec-
tive; therefore, only direct medical costs were included. The
medical costs considered in this model included drugs, outpa-
tient chemotherapy, EGFR testing, disease monitoring and hospital
administration (Table 1). To calculate the cost of each drug, we
assumed a body surface area of 1.73 m? and glomerular filtration
rate of 97.6 ml/min based on the median age of patients in IPASS
[10]. For the first cycle of treatment, the patients were consid-
ered to be hospitalized. Premedication for CBDCA + PTX consisting
of dexamethasone, granisetron, ranitidine, and diphenhydramine
was to be used according to the regimen used at the Cancer Insti-
tute Hospital of the Japanese Foundation of Cancer Research (JFCR)
[20]. Treatment regimens used after disease progression in IPASS
varied, as they were at the physician’s discretion. Therefore, we
applied the costs of docetaxel monotherapy after disease progres-
sion as the base case. The costs of terminal and best supportive care
were expected to be the same in both strategies, so they were not
included in this analysis. Costs were calculated according to the
Japanese 2012 drug tariff and medical care based on fee for service
[21,22].

Because health utility measurements were not available in
IPASS, utility scores for each state were adapted from other litera-
ture [23,24]. In our study, utility values were adjusted according to
response rate, types of Common Terminology Criteria (CTC) grade
3/4 adverse events, route of administration and disease progres-
sion (Table 2). CTC grade 2 hair loss was also included as it has been
reported to have a deleterious impact on health-related quality of
life (HRQoL) [23-25].
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Table 1
Costs and number of times of healthcare services per patient cycle.

Lyl

Parameter Unit cost (JP¥ [US$]) Gefitinib Carboplatin + paclitaxel Subsequent therapy
1st cycle Subsequent cycle 1st cycle 2nd to 6th cycle After 6th cycle
Drug costs [21]
Gefitinib 6526.2 [62.8] 21 21
Carboplatin 66,806 [642.3] 1 1
Paclitaxel 112,043 [1077.3] 1 1
Premedication 7464.5 [71.8] 1 1
Subsequent treatment® 111,895 [1075.9] 1
Qutpatient chemotherapy [22} .
Outpatient service fee 690 [6.6] 1 1 1 1
Prescription fee 420 [4.0] 1
Prescription fee for anticancer drug 700 [6.7] 0.75
Outpatient chemotherapy 5800 [55.8] 1 1
Intravenous drip fee 950[9.1] 1 1 1
Preparation in sterile environment 500 [4.8] 1 1 1
EGFR testing fee [22] 21,000 [201.9] 1
Disease monitoring [22]
Blood drawing fee 160 [1.5] 1 1 1 1
Peripheral blood test fee 210([2.0] 1 1 1 1 1 1
Peripheral blood test diagnostic fee 1250 {12.0] 0.75 Q.75 0.75 Q.75 Q.75 Q.75
Biochemical test fee 1210[11.6] 1 1 1 1 1 1
Biochemical test diagnostic fee 1440 [13.8] 0.75 0.75 0.75 0.75 0.75 0.75
Tumor marker test fee 4000 [38.5] 0.75 0.75 0.75 0.75 0.75 0.75
CT scan with a contrast medium 14,500 [139.4] 0.5 0.5 0.5 0.5 0.5 0.5
CT scan diagnostic fee 4500 [43.3] 0.75 0.75 0.75 0.75 0.75 0.75
Hospital fee [22]
From 1st to 14th day 20,160 [193.8] 14 14
From 15th day 17,580 [169.0] 7 7
Total (JP¥[USS]/cycle) 580,413[5580.9]  155,908[1499.1] 610,126[5866.6]  211,476[2033.4] 17,913[172.2] 137,058[1317.9)

CT, computed tomography; EGFR, epidermal growth factor receptor.

2 The cost of docetaxel therapy (60 mg/m? per cycle) was used in the base-case.
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