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ABSTRACT

Introduction Although there is a lack of data on health-
state utility values (HSUVs) for calculating quality-adjusted
life-years in Japan, cost—utility analysis has been
introduced by the Japanese government to inform decision
making in the medical field since 2016.

Objectives This study aimed to determine whether the
Lloyd model which was a predictive model of HSUVs for
metastatic breast cancer (MBC) patients in the UK can
accurately predict actual HSUVs for Japanese patients with
MBC.

Design The prospective observational study followed by
the validation study of the clinical predictive model.
Setting and participants Forty-four Japanese patients
with MBC were studied at 336 survey points.

Methods This study consisted of two phases. In the

first phase, we constructed a database of clinical data
prospectively and HSUVs for Japanese patients with MBC
to evaluate the predictive accuracy of HSUVs calculated
using the Lloyd model. In the second phase, Bland-Altman
analysis was used to determine how accurately predicted
HSUVs (based on the Lloyd model) correlated with actual
HSUVs obtained using the EuroQol 5-Dimension 5-Level
questionnaire, a preference-based measure of HSUVs in
patients with MBC.

Results In the Bland-Altman analysis, the mean
difference between HSUVs estimated by the Lioyd model
and actual HSUVs, or systematic error, was —0.106. The
precision was 0.165. The 95% limits of agreement ranged
from —0.436 t0 0.225. The t value was 4.6972, which was
greater than the t value with 2 degrees of freedom at the
5% significance level (p=0.425).

Conclusions There were acceptable degrees of fixed and
proportional errors associated with the prediction of HSUVs
based on the Lloyd model for Japanese patients with MBC.
We recommend that sensitivity analysis be performed
when conducting cost-effectiveness analyses with HSUVs
calculated using the Lloyd model.

INTRODUCTION

Breast cancer is a common malignant disease
among Japanese women. In 2017, approx-
imately 91000 Japanese women had newly
diagnosed with breast cancer, and 15000
Japanese women died from breast cancer.'

,! Eisuke Inoue,? Koichiro Tsugawa®

Strengths and limitations of this study

» We investigated whether health-state utility values
(HSUVs) calculated using the Lloyd model can ac-
curately predict the actual HSUVs for Japanese pa-
tients with metastatic breast cancer (MBC).

» Even in Japan, it is possible to estimate the predic-
tive value of HSUVs from clinical data and perform a
cost-effectiveness analysis.

» Our methods can be applied to assess the accuracy
of other clinical prediction models as well.

» Our clinical database for validating the HSUVs pre-
dictive model, at a single institution, was relatively
small (336 survey points of 44 Japanese patients
with MBC) and included repeated measurements.

» The Lloyd model can predict an acceptable degree
of the actual HSUVs for Japanese patients with MBC;
however, we recommend that sensitivity analysis
be performed when conducting cost-effectiveness
analyses with HSUVs calculated using the Lloyd
model for uncertainty of predictive HSUVs data.

Although metastatic breast cancer (MBC)
is difficult to cure, advances in treatment
since the 1990s, especially with the advent
of new innovative drugs, have led to gradual
improvements in survival after recurrence.’”
While these innovative drugs provide signif-
icant benefits to patients with MBC, they are
extremely expensive. The budget impact is a
key concern in Japan, which has a universal
healthcare system.” Increasing treatment
costs are also a challenge for patients and
healthcare providers in the USA and Europe.
The US Centres for Medicare and Medicaid
Services estimates that spending on health-
care in America will increase from US$3.6 tril-
lion in 2018 to nearly US$6.0 trillion by 2027,
with the cost of drugs, including anticancer
agents, expected to contribute significantly to
this increase.”

Against this backdrop, a system was estab-
lished in Japan since 2016 to reflect the results
of a cost-utility analysis using quality-adjusted
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life-years (QALYs) as an outcome in determining the effec-
tiveness of high-cost pharmaceuticals and medical devices
chosen by the government. These are new decision-making
processes for the pricing of health technologies. The cost
per QALYs threshold is set at ¥5million (nearly fifty thou-
sand dollars) per QALYs. This should be determined with
reference to certain factors such as the opportunity cost
of the healthcare system, the cost of already-reimbursed
technologies (eg, haemodialysis cost for end-stage renal
disease), incremental cost-effectiveness ratio thresholds and
gross domestic product per capita in foreign countries and
willingness-to-pay surveys in Japan.”® In 2016, two anticancer
agents, including trastuzumab emtansine for the treatment
of patients with MBC, were included in a pilot of the Japa-
nese version of health technology assessment.

For effective allocation of healthcare resources, it is
necessary to evaluate the clinical and cost-effectiveness.”
Model-based analysis plays an important role in deter-
mining the cost effectiveness of chemotherapy agents
because it requires a combination of multiple data
sources.®” However, clinical researchers in Japan have not
had to collect basic data, such as health-state utility values
(HSUVs), for health technology assessment because,
unlike in Europe and in many non-European coun-
tries, health technology assessment has not been actively
applied to health policy decision making since the 1990s.”
Therefore, in Japan, basic data for CUA of MBC treat-
ment is needed. This is especially needed to estimate
HSUVs and calculate QALYs for CUA use.

The most common measure of the outcome in CUA is
QALYs. In the QALY method, quality adjustment is based on
aset of values called HSUVs, which suggests the relative desir-
ability of the health condition. These utilities reflect the value
of the health-state and improvement in health condition.
The Japanese Guideline for Preparing CostEffectiveness
Evaluation to the Central Social Insurance Medical Council
recommends that when QALYs is calculated, HSUVs should
be reflective of the value in a general population (using a
preference-based measure (PBM) or direct methods, such
as the standard gamble (SG) and the time trade-off (TTO)).
Moreover, if Japanese HSUVs are newly collected for CUA,
the use of PBMs with a value set developed in Japan using
TTO (eg, the EuroQol 5-Dimension 5-Level (EQ-5D-5L)
questionnaire®) is recommended as the first choice.” As
described in detail in the Methods section, in our study, data
for HSUVs were collected using EQ-5D-5L, following the
guidelines.

In 2016, we were mandated to use CUA to determine
the treatment of MBC, using the earlier database before
the Central Social Insurance Medical Council established
the Japanese Guidelines for the Preparation of Cost-
Effectiveness Assessments. Therefore, we were faced with
a situation of available clinical data, but no HSUV. We
included existing clinical data into a mathematical model
to estimate the HSUVs in patients with MBC and used
the results for the CUA. Lloyd et al’ developed a predic-
tive model of HSUVs for MBC patients in the United
Kingdom. The Lloyd’s predictive model established as

a base, one hundred members of the UK general public
who rated the burden of progressive, responding and
stable disease on treatment; and also, febrile neutropenia
(FN), stomatitis; diarrhoea/vomiting; fatigue; hand-foot
syndrome (grade 3/4 toxicities) and hair loss, using
SG to determine HSUVs. We predicted that the Lloyd
model may be useful for estimating HSUVs for patients
registered in databases containing clinical data only,
including several MBC databases in Japan. However, the
Lloyd model’s accuracy in predicting HSUVs for Japanese
patients with MBC has not yet been validated.

This study aimed to determine whether the Lloyd model
(an HSUV prediction model) can accurately predict the
actual HSUVs for Japanese patients with MBC.

METHODS

We validated the predictive accuracy of HSUVs estimated
by including clinical data from Japanese patients with
MBC into the Lloyd model. The study consisted of two
phases. In the first phase, we constructed a database of
clinical data and HSUVs for Japanese patients with MBC
in a real-world setting to evaluate the predictive accu-
racy of HSUVs calculated using the Lloyd model. In
the second phase, we assessed how accurately predicted
HSUVs (based on the Lloyd model) correlated with
actual HSUVs obtained using preference-based health
status measures in Japanese patients with MBC.

HSUVs and patient-reported outcomes

The first phase of our study involved developing a compre-
hensive database of HSUVs and patientreported outcomes
(PROs) for Japanese patients with MBC, which is linked
to patients’ social background and treatment history, and
PRO surveys of adverse events from anticancer agents using
a questionnaire. The study sample included patients who
attended the Outpatient Breast Clinic at the Department
of Breast and Endocrine Surgery, St. Marianna University
School of Medicine, Kawasaki, Japan, between May 2016 and
September 2018. The inclusion criteria were (1) Japanese
women aged >20 years, (2) a histopathological diagnosis of
breast cancer and (3) provision of written informed consent
for study participation. Exclusion criteria were (1) under-
going active treatment for mental disorders and (2) partici-
pation in other clinical trials.

We developed this longitudinal study to collect clin-
ical data on patients’ disease conditions and treatments.
Patients’ social background factors (age, educational level,
marital status, residential environment, employment status
and household income) were examined; and breast cancer
condition survey (including breast cancer subtypes, number
of metastatic organs, metastatic organ sites and treatment
response, and HSUVs (measured using the EQ-5D-5L. ques-
tionnaire) were completed at entry, as per the study schedule
(figure 1).

The EQ-5D-5L is a PBM scale developed by the EQ groups,”
and this is a target measure of how accurately the Lloyd’s
model predicts the HSUV, measured by this questionnaire,
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[Basic information of participants]
(D Patient social background (Age, education

level, marital status, residential environment,

employment status, household income)
(2) Breast cancer condition survey (breast cancer
subtypes, number of metastatic organs,

metastatic organ sites, treatment response)

[QOL survey questionnaire]
(D EQ-5D-5L

[Adverse events PRO survey in patients on drug therapy]
diarrhoea, constipation, nausea, vomiting, headache, hot flashes,
oral mucositis, dry mouth, dysgeusia, anorexia, concentration
imaging, arrhythmia, peripheral sensory neuropathy, vaginal

dryness, fever, fatigue, edema limbs, insomnia, dyspnea,

restlessness and hand-foot syndrome

Figure 1 Characteristics of Japanese patients with metastatic breast cancer in the health utility values and patient-reported

outcomes database. EQ-5D-5L, EuroQol 5-Dimension 5-Level;

in our study. This descriptive system comprises five dimen-
sions: mobility, self-care, usual activities, pain/discomfort and
anxiety/depression. Each dimension has five levels: no prob-
lems, slight problems, moderate problems, severe problems
and extreme problems. Using this questionnaire form, 3125
health-state patterns, ranging from 11111 (representing
the best health-state) to 55555 (worst health-state), can be
defined. These 3125 health-state patterns may be converted
into a country-specific single index value (so-called HSUVs)
using country-specific value sets, which have been derived
from large country-specific validation studies using time-
trade-off /discrete choice methodology and which anchor 1
for ‘perfect health’ and 0 for ‘dead,” respectively.'’ In other
words, the HSUVs calculated using the EQ-5D-5L. are a value
of the respondent’s health status from the general public’s
perspective.

The results of a PRO survey of drug therapy-related
(hormone therapy, chemotherapy, and targeted molec-
ular therapy) adverse events were also evaluated with
treatment response. Drug therapy-related adverse events
questionnaires were completed following the Common
Terminology Criteria for Adverse Events V.4.0." The ques-
tionnaire included five levels of severity: ‘none’ to grades
1-4. The 21 items surveyed were: diarrhoea, constipation,
nausea, vomiting, headache, hot flashes, oral mucositis,
dry mouth, dysgeusia, anorexia, concentration imaging,
arrhythmia, peripheral sensory neuropathy, vaginal
dryness, fever, fatigue, limb oedema, insomnia, dyspnoea,
restlessness and hand-foot syndrome (figure 2).

Patients receiving hormone therapy for the treatment
of MBC were surveyed every 9+3 weeks using HSUVs and
PRO surveys of adverse events. Patients receiving chemo-
therapy or molecular targeted therapy were interviewed

Metastatic breast cancer

PRO, patient-reported outcome; QOL, quality of life.

every 6+3 weeks using HSUVs and PRO surveys of adverse
events. Patients receiving radiation therapy were evalu-
ated once during the treatment period using HSUVs.

Research assistants distributed the questionnaires to
the participants before the physician’s examination and
collected them approximately 30 min later. All data were
collected in the same manner. All data were collected in
accordance with the protocol. There were no missing
data in the repeated measures.

Validation of the predictive accuracy of HSUVs based on the
Lloyd model

The Lloyd model evaluated the clinical data of Japa-
nese patients with MBC to predict HSUVs.” The model
consisted of population-based societal preferences for
distinct stages of MBC and six common toxicities. Health
states were developed based on literature review, iterative
cycles of interviews and a focus group with clinical experts.
This predictive model established as a base, 100 members
of the UK general public who rated the burden of progres-
sive, responding and stable disease on treatment; and
also, FN, stomatitis; diarrhoea/vomiting; fatigue; hand-
foot syndrome (grade 3/4 toxicities); and hair loss, using
SG to determine HSUVs. The Lloyd model was based
on the logistic model using the linear combination of
disease states and toxicities. Stable disease on treatment
had a utility value of 0.72, with a corresponding gain of
p=0.07 following a treatment response and a decline by
0.27 for disease progression. Toxicities led to declines in
utility between 0.10 (diarrhoea/vomiting) and 0.15 (FN).
The Lloyd model’s estimated HSUVs were compared with
those measured using the EQ-5D-5L. questionnaire to
verify the Lloyd model’s reliability.

Survey schedule EX&lee of survey
Hormone therapy IW (£3W)
Chemoterapy 6W (+£3W) U U U U U
Molecular target W (£3W)
” =5
theregy DTX+Pmab+Tmab T-DM1 * k%
Radiation therapy One time

Figure 2 Longitudinal study schedule based on patients’ disease condition and treatment. DTX, docetaxel; Pmab,
pertuzumab; T-DM1, trastuzumab emtansine; Tmab, trastuzumab; W, weeks.
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Statistical analyses

Correlation analysis between the predicted HSUVs based on the
Lloyd model and actual HSUVs obtained using the EQ-5D-5L
questionnaire

We first examined the distribution of both data from
the predicted HSUVs based on the Lloyd’s model and
the actual HSUVs derived from the Japanese value set
obtained using the EQ-5D-5L questionnaire. When
the data were normally distributed, we used Pearson’s
product rate correlation coefficient, and when they were
skewed, we used Spearman’s rank correlation coefficient.

Validation of the predictive accuracy of HSUVs based on the
Lloyd model

The Bland-Altman analysis was used to determine
how accurately predicted HSUVs (based on the Lloyd
model) correlated with actual HSUVs obtained using
the EQ-5D-5L. questionnaire. The presence or absence
of fixed or systematic errors (ie, bias) and precision
were determined by calculating the SD of the difference
between measured and predicted values. The 95% limits
of agreement (LOA) were calculated as bias +2SD. Confi-
dence intervals at the upper end of the 95% LOA were

calculated as bias + 2 SD &t x 351?2 , where t is defined

as the 97.5%-tile value of t distribution and n is defined as
the number of samples. Cls at the lower end of the 95%

LOA were calculated as bias — 2 SD 4+t X 4/ 35D?

Since we repeatedly used and reviewed datrall from the
same subjects, accuracy and the 95% LOA were corrected
for repeated measurements using the analysis of variance
(ANOVA) method.'? Results obtained from the same
subject contained both patientspecific and method-
dependent errors that were not completely independent
and needed to be corrected. This is because the mean
bias is not affected by repeated measurements; however,
precision and the 95% LOA are. The method is described
in the following steps:

Step 1: Perform a one-way ANOVA with the patient in-
cluded as a random factor.
Step 2: Determine the variance of the differences be-
tween repeated measurements in the same patient.
Step 3: Determine the variance of the differences in
measurements between patients.
Step 4: Since the variance of the differences in meas-
urements between patients determined in step 3 de-
pends on the number of samples (n), we divided by
> mi)Q—Z mi?
(n—1) > mi
repeated measurements in each patient to obtain the
variance of the differences in measurements between
the corrected patients, which equals the variance of
the differences in measurements derived using the
corrected measurement method.
Step 5: The ‘variance of the differences between re-
peated measurements in the same patient’ determined
in step 2 plus the ‘variance of the differences in meas-
urements between the corrected patients’ (ie, ‘the vari-

, where m is defined as the number of

Survey frequencies of each patient
5

B

|
i
i

'SURVEY FREQUENCIES (NUMBER OF TIMES)
-

5 5 5
B B B ’3‘
2 1 2
ol \ e ANNRRANN 5s el

=]

Figure 3 Survey frequencies of each of the 44 patients with
metastatic breast cancer.

ance of the differences in measurements derived using

the corrected measurement method’) determined in

step 4 equals the variance of the differences in meas-
urements obtained by repeated measurements.

Step 6: The square root of the variance obtained in

step 5 is used to calculate precision (the SD of the dif-

ferences in measurements taking into account repeat-
ed measurements).

Finally, a correlation significance test was performed
to determine the presence of a proportional error."
Proportional agreement analysis was used to determine
the presence or absence of a proportional error by testing
the correlation’s significance. Significance level was set at
0.05. All statistical analyses were performed using JMP
V.15.1 (SAS Institute).

Patient and public involvement

It was not appropriate or possible to involve patients or
the public in the design, or conduct, or reporting, or
dissemination plans of our research.

RESULTS

HSUVs and PROs

Forty-four Japanese patients with MBC or recurrent breast
cancer were studied at 336 survey points. Figure 3 shows
the details of the survey frequencies of the 44 patients.
The clinical characteristics are summarised in table 1 and
adverse events are summarised in table 2.

Correlation analysis between the predicted HSUVs based on
the Lloyd model and actual HSUVs obtained using the EQ-5D-
5L questionnaire

The results of the distribution of both data from the
predicted HSUVs based on the Lloyd model and the
actual HSUVs obtained using the EQ-5D-5L. question-
naire are shown in figure 4. The predicted HSUVs based
on the Lloyd model and the actual HSUVs obtained using
the EQ-5D-5L. questionnaire were both highly skewed
towards 1.0. We, therefore, carried out a correlation
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Table 1 The clinical characteristics in Japanese patients
with MBC

Table 2 The adverse events in Japanese patients with
MBC

Variable Patients (n=44)

57.4+11.6 (29-80)

Age at enrolment (years),
mean+SD (range)

Breast cancer subtype, survey frequency N (%)
HR+/HER2- (luminal) 30 68.1
HR-/HER2+ (HER2) 4 9.1
HR+/HER2+ (luminal-HER?2) 4 9.1
HR-/HER2- (triple-negative) 5 111
Unknown 1 2.3

No of metastatic organs, survey frequency N (%)
1 19 46.3
2 7 171
>3 15 36.6

Potentially life-threatening organ metastases survey N (%)
frequency
(liver, lung, brain)

+ 27 61.4
- 17 38.6
Metastatic organs (including duplicates), survey N (%)
frequency
Liver 13 29.5
Lung 17 38.6
Brain 4 9.1
Bone 16 36.4
Distant LNs 17 38.6
Breast/skin 22 50.0

HER2, human epidermal growth factor receptor 2; HR, hormone
receptor; LN, lymph node; MBC, metastatic breast cancer.

analysis using Spearman’s rank correlation coefficient p,
which was 0.1379. This means that there was no simple
correlation between the predicted HSUVs based on the
Lloyd model and the actual HSUVs obtained using the
EQ-5D-5L questionnaire.

Validation of the predictive accuracy of HSUVs based on the
Lioyd model

The results of the Bland-Altman analysis are shown in
figure 5 and table 3. We first examined the fixed error.
The mean difference between HSUVs estimated by
the Lloyd model and actual HSUVs measured using
the EQ-5D-5L. questionnaire, or fixed error (bias), was
-0.106. The precision was 0.165. The 95% LOA ranged
from -0.436 to 0.225. The upper end of the 95% LOA CI
ranged from 0.042 to 0.407, while the lower end of the CI
ranged from —0.618 to -0.253.

We corrected for the accuracy of repeated measure-
ments using a one-way ANOVA with the patient included
as a random factor. The results are shown in table 4. The
variance in measurement differences caused by repeated

Adverse events (44 eligible patients, 336

survey points) (including duplicates) N (%)
Diarrhoea 46 (13.7)
Vomiting 21 (6.3)
Stomatitis 49 (14.6)
FN 0 (0.0)
Fatigue 218 (64.9)
Hand-foot syndrome 18 (5.4)
Hair loss 96 (28.6)

Disease states (44 eligible patients, 336 survey points)
Treatment response (stable disease) 334 (99.4)
Disease progression 2 (0.6)

Mean HSUVs derived from EQ-5D-5L 0.83172

(44 eligible patients, 336 survey points)

EQ-5D-5L, the EuroQol 5-Dimension 5-Level questionnaire; FN,
febrile neutropenia; HSUVs, health-state utility values; MBC,
metastatic breast cancer.

measurements in the same patient was 0.014. The vari-
ance of the differences in measurements between patients
was 0.116-0.014=0.102. The variance of the differences in
measurements between the corrected patients was 0.014.

The sum of the ‘variance of the differences between
repeated measurements in the same patient’ and the
‘variance of the differences in measurements between
the corrected patients’ (ie, the variance of the differences
in measurements obtained by repeated measures) was
0.0141+0.0135 = 0.0276. The square root of this variance,

HSUVs based on the Lloyd model

0 0.2 0.4 0.6 0.8 1
HSUVs measured using EQ-5D-5L
questionnaire

Figure 4 Correlation analysis of between the predicted
HSUVs based on the Lloyd model and actual HSUVs
obtained using the EQ-5D-5L questionnaire. EQ-5D-5L,
EuroQol 5-Dimension 5-Level; HSUV, health-state utility
values.
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HSUVs based on the Lloyd model
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(HSUVs measured using EQ-5D-5L questionnaires) + (HSUVs based on the Lloyd model)/2

Figure 5 Validation of the predictive accuracy of HSUVs
based on the Lloyd model by the Bland-Altman analysis.
EQ-5D-5L, EuroQol 5-Dimension 5-Level; HSUV, health-state
utility values.

which is the precision (ie, the SD of the differences in
measurements, taking into account repeated measure-
ments) (table 5), was 0.166.

Second, a correlation significance test was performed to
determine the presence of a proportional error. For a sample
size of 336, the t value for 2 ddf at the 5% significance level
was 4.30. In the Bland-Altman analysis, where y=0.24894and

V=3 vielded a t value of 4697,
which was greater than the t value with 2 df at the 5% signif-

n=336, the formula t = v

icance level (p=0.425). We concluded that there was a signif-
icant correlation, suggesting that a proportional error exists.

DISCUSSION
This study determined whether the Lloyd model, which
was the only prediction model that can infer HSUVs from

Table 3 The results of the Bland-Altman analysis

HSUVs based on the lloyd model 0.72627
HSUVs measured using EQ-5D-5L 0.83172
questionnaires

Difference in mean bias -0.1055

SE 0.009

No of samples 336
Precision 0.165
Correlation 0.24894

t value 11.7207
95% LOA -0.436,0.225

EQ-5D-5L, EuroQol 5-Dimension 5-Level; HSUVs, health-state
utility values; LOA, limits of agreement.

Table 4 ANOVA for the calculation of agreement with
multiple observations per individual

ANOVA df SS MS
Subject (between columns) 43 5.003 0.116
Residual (within columns) 292 4.108 0.014
Total 335 9.111

ANOVA, analysis of variance; MS, mean square; SS, sum of
squares.

clinical data, can accurately predict the actual HSUVs
for Japanese patients with MBC. Our results showed
that there were fixed and proportional errors associ-
ated with the prediction of HSUVs based on the Lloyd
model for Japanese patients with MBC. We, therefore,
investigated the clinical significance of a mean difference
(bias) of 0.106 between them. McClure et al' reported
that the simulation-based instrument-defined minimally
important difference (MID) estimate (mean=SD) for
each Japanese-specific scoring algorithm was 0.048+0.004.
Differences in MID estimates reflect differences in
population preferences in valuation techniques used,
as well as in modelling strategies. After excluding the
maximum-valued scoring parameters, the MID estimate
was 0.044+0.004. These results suggest that the differ-
ence between our estimates of HSUVs based on the Lloyd
model and the actual measurements of HSUVs based on
the EQ-5D-5L is larger than the MID of the EQ-5D-5L.
In other words, the mean difference (bias) of 0.106 was
found to be clinically meaningful.

Although we showed an error between the predicted
HSUVs and the actual HSUVs, we still considered the
Lloyd model to be useful for predicting HSUVs in Japa-
nese patients with MBC. The first reason is that HSUVs
obtained in this study are in close agreement with previous
studies using PBMs, such as EQ-5D, or direct methods,
such as the SG and the TTO.""™ The mean HSUV for
Japanese patients with MBC in this study was 0.726 based
on the Lloyd model and 0.831 using the EQ-5D-5L ques-
tionnaire. The difference between predicted and actual
HSUVs was 0.105. For example, Tachi et al'® reported
HSUVs calculated using the EQ-5D ranging from
0.73+0.18to 0.84+0.17 for Japanese patients with breast

Table 5 Fixed error between HSUVs estimated by the
Lloyd model and those measured using the EuroQol
5-Dimension 5-Level questionnaire

No correction Correction

for repeated for repeated
Fixed error measurements measurements
Mean difference -0.106
(bias)
Precision 0.165 0.166
95% LOA -0.436 to 0.225 -0.438 to 0.227

HSUV, health-state utility value; LOA, limits of agreement.
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cancer, including those receiving chemotherapy for MBC.
The range of variability they report for these HSUVs is
comparable to the fixed error found in our study. Tachi
et al” and Chou et al’ also reported that adverse events
during chemotherapy were associated with lower HSUVs,
as did Lloyd et al.” Second, the guidelines for conducting
cost-effectiveness analyses in Japan’s healthcare sector
recommend that sensitivity analysis be conducted. Cost-
effectiveness analysis involves uncertainty in the analytical
framework and the data itself. The results are reanal-
ysed under different conditions to see how they change.
Since HSUVs are also assessed for uncertainty under
different conditions, we suggest that the Lloyd model can
be applied to Japanese patients with MBC. An error of
approximately 0.1 between predicted and actual HSUVs
in our study is within the sensitivity analysis range. Finally,
as far as we know, the Lloyd’s model was the only math-
ematical model that allowed us to infer HSUVs from the
available clinical data. We used the results of the quality of
life (QOL) questionnaire, which we previously studied, to
estimate HSUVs based on the report of a mapping algo-
rithm. For example, Hagiwara et al** developed mapping
algorithms, which can be used to generate the EQ-5D-5L
index from the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire Core
30 or The Functional Assessment of Cancer Therapy-
General in cost-effectiveness analyses for Japanese MBC
patients. Thus, mapping is a useful method when data
on disease-specific QOL measures are available, but
when only clinical data are available, the Lloyd’s model
is currently the only way to estimate HSUVs in patients
with MBC.

This study has several limitations. First, the initial
phase of this study was to construct a database of clin-
ical data and HSUVs for Japanese patients with MBC in
a real-world setting to evaluate the predictive accuracy
of HSUVs calculated using the Lloyd model. However,
because our database was constructed at a single insti-
tution, it was relatively small (336 survey points of 44
Japanese patients with MBC) and included repeated
measurements. Therefore, a simple Bland-Altman anal-
ysis was not sufficient to evaluate the accuracy of the
Lloyd model. Instead, we adopted the Bland and Altman
method' to correct the results. The precision with and
without correction for repeated measurements was 0.165
and 0.166, respectively, with a difference of 0.001. The
difference in precision was small, even after correction,
because the number of repeated measurements was less
than the number of subjects. Second, there is a poten-
tial bias in the frequency of adverse events, a parameter
that was substituted into the Lloyd model. For example,
our adverse event data did not show the occurrence
of FN. One reason for the absence of FN, despite the
reported frequency of FN in our study regimen of up to
68.8%, is that we treated our high-risk FN patients with
‘pegfilgrastim’ (recombinant human granulocyte colony-
stimulating factor analogue filgrastim).** Thus, the fact
that the frequency of adverse events changed over time

due to the development of supportive care may be key
in determining which adverse events to select as param-
eters when building a predictive model of HSUVs in the
future. In fact, we predicted that since the Lloyd model
was developed in the UK, there could be some differences
in the coefficients and their impact between the UK and
Japan. Therefore, it would be better to develop a Japa-
nese model, rather than to apply the UK-based model.
We attempted to develop a model using our data and
compared the significant factors and their coefficients
with those of the Lloyd’s model. However, we were unable
to develop a comparable Japanese model because of
the substantial differences in the frequencies of adverse
events and the extent of disease progression between
our data and the background data of the Lloyd’s model.
Finally, we were unable to verify whether the HSUV esti-
mates from the Lloyd model, which models HSUV using
clinical factors alone, may potentially differ from those
measured using a PBM, such as EQ-5D-5L. This is because
HSUV is generally affected independently by physical,
mental, and social factors. In other words, the difference
between the EQ-5D-5L-measured values of HSUV and the
estimated values of HSUV using the Lloyd model found
in our study may have been caused by a combination of
(1) the limitations of the Lloyd model itself, as described
above, and (2) the differences in the background of the
development of the model, since the Lloyd model was
created for the general UK population, whereas our
cohort included Japanese breast cancer patients. Another
limitation of our examination was that it was not possible
to determine the factor that caused this difference.

CONCLUSION

In conclusion, we showed that there were fixed and
proportional errors associated with the prediction of
HSUVs based on the Lloyd model for Japanese patients
with MBC. When cost-effectiveness analyses are conducted
using HSUVs calculated using the Lloyd model, we recom-
mend that sensitivity analysis be performed, assuming
an error in the HSUVs. In the future, the authors plan
to apply the methods of Lloyd et al to build a predictive
model of HSUVs in Japanese MBC patients.
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