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ABSTRACT
Background Cancer is a big threat to human health and imposes a heavy financial burden on
health care systems worldwide. Cost-utility analyses (CUAs) have been widely used to measure
cost-effectiveness of new cancer treatments. In a CUA, health utilities (HUs) are used to calculate
quality-adjusted life years (QALYs) and thus play an important role in determining cost-

effectiveness results.

Methods Oncology CUAs that were included in the Cost-Effectiveness Analysis (CEA) Registry
of the Center for the Evaluation of Value and Risk in Health (CEVR), published in English through
2016 and reported HUs and QALY's were identified and included in the study. Data were collected
from the oncology CUAs and referenced original HU studies. The consistency of HUs were
assessed by comparing both health state descriptions and utility values between the oncology

CUAs and corresponding original HU studies.

Results In total, 912 out of 1062 CUAs that investigated cancer diseases from the CEVR CEA
Registry and 5583 HUs used in them were included in the analysis. 1353 HUs (24.2%) were
measured along with the CUAs (defined as primary data) and 4230 HUs (75.8%) were derived
from other sources (defined as secondary data). Out of the 3360 HUs for which the original studies
were identified and compared with the CUAs, 1348 (40.1%) had the same health state descriptions
and utility values, 633 (18.9%) differed only in value, 390 (11.6%) differed only in description,
and 989 (29.4%) differed in both description and value. Among the 2012 HUs had either or both
descriptions and utility values different from original HU studies, 377 (18.7%) of them were used

without explanation, and 143 (7.1%) were derived from different diseases.
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Conclusions Our study found there were discrepancies in using published health utilities in

oncology CUAs. Consistent use of health utilities needs to be improved.
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CHAPTER 1. INTRODUCTION

Cancer is the term given to a collection of related diseases characterized by the rapid creation,
growth, and spread of abnormal cells in the body. There are more than 100 types of cancer, and
each type is usually named for the organs or tissues where the cancer starts.! Cancer is one of the
leading causes of morbidity and mortality worldwide? and, in 2018, there were an estimated 18.1
million new cancer cases and 9.6 million deaths globally* 4. By 2030, there is expected to be 23.6
million new cancer cases per year.? According to Canadian Cancer Statistics, there were more
than 200 thousand estimated new cancer cases and 80 thousand deaths due to cancer in Canada in
2017. Cancer is responsible for about 30.3% of all of deaths in Canada (based on 2012 estimates).

About 1 in 2 Canadians are expected to be diagnosed with cancer in their lifetime. >

The rapid scientific progress in oncology has led to new diagnosis tools and therapies for cancer.
These advancements have made a significant contribution to the early detection of cancers and
improved survival rates. Although the number of newly diagnosed cancer cases have increased,
the overall survival rates of cancer patients are increasing as well, which leads to the growing
number of cancer survivors in Canada.® The age-specific lifetime cancer prevalence among
Canadians aged 12 years and older increased slowly from 5.9% in 2005 to 6.8% in 2015.° However,
apart from the advancements, new cancer therapies are more expensive. The total costs of cancer
care in Canada increased steadily from $2.9 billion in 2005 to $7.5 billion in 2012 (in 2015
Canadian dollars (CAD)), with hospital care expenditures, physician care and drug expenditures
accounting for the three largest portions 7. In addition to these direct medical costs, indirect costs
associated with cancer also result in a heavy financial burden on both patients and society, e.g. loss
of income of both cancer patients and caregivers. A Canadian national wage loss associated with

new cancer cases in 2009 was estimated to be $3.18 billion (in 2009 CAD).®?
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Cancer remains a big threat to public health and a heavy financial burden to both individuals and
national health care systems. Advancement in cancer treatment is fast, and choices among
alternative treatments in clinical practice are often needed. Therefore, it is requisite for all
stakeholders, especially decision-makers, to be able to compare both the health and economic
influences, or the cost-effectiveness, between multiple treatment strategies. As a result, health
economic evaluation (HEE) has been routinely conducted to support reimbursement decisions for

cancer-related interventions.

Cost-effectiveness evidence is required for a reimbursement decision to be made in many
jurisdictions °. The health benefits in HEEs are usually measured using disease-specific outcomes
or generic indicators such as life-years (LYs) gained or quality adjusted life years (QALYs). A
HEE that uses QALY as the outcome measure—thus incremental cost-utility ratio (ICUR) as the
summary measure, is called a CUA. CUA is recommended by many decision makers worldwide

due to its comparability across diseases.

In a CUA, the comparison between a new intervention and a standard care is made by a ratio of

the difference in costs to the difference in QALYsS:

(G - G)

ICUR =

QALYs are calculated by weighting the time spent in a health state by the quality of life (QoL)
weight associated with that state. HUs are cardinal preferences anchored at 0 (denotes death) and
1 (denotes perfect health) and are often used as QoL weights, which represent an individual’s
preferences for health states. HUs can be measured directly using established techniques or
indirectly using pre-developed instruments '°- !!' The most commonly used direct preference

measurement methods are the Standard Gamble (SG), time trade-off (TTO) and a variety of rating
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scales (RSs). Pre-developed preference measurement instruments include the EuroQoL Group 5-

Dimension (EQ-5D) Questionnaire, the Health Utilities Index (HUI), the Quality of Well-Being

(QWB), and the SF-6D questionnaires.

The SG is a preference elicitation method based on the fundamental axioms of expected utility
theory developed by von Neumann and Morgenstern in 1947 (also known as von Neumann-
Morgenstern (vNM) utility theory).'> The SG is considered a standard method for measuring
health utilities with uncertainty.!> '* The TTO method was developed by Torrance et al. in 197215,
Both of the two methods are choice-based. The rating scales, on the other hand, request subjects
to assign numerical values to provided health states.!> Two commonly used rating scales are visual
analogue scale (VAS) and category scaling. The rating scales are more straightforward and easier

to use, compared to SG and TTO, especially in community-based samples. '

There are a number of preference-based instruments that are used to measure health utilities
indirectly. One of the earliest preference-based instruments is the Quality of Well Being (QWB)
developed in the 1970s.!' The HUI and the EQ-5D, two most commonly used generic preference-
based multi-attribute instruments, were developed in 1982 !7 and 1990 8, respectively, and have
been used increasingly since available. Generally, indirect methods are more feasible and time-

efficient in measuring HUs than direct methods.

As one kind of the primary input data in CUAs, HU parameters are used to quantify the health
benefits of interventions of interest, and thus could potentially impact the cost-effectiveness
conclusions. Schackman et al. ' reported that, after reviewing 94 sensitivity analyses (SAs) of
HUs with quantitative results from 36 pharmaceutical CUAs, 41 (44%) HU SAs resulted in cost-
utility ratios that were higher or lower than the specified thresholds compared with base-case

results, suggesting CUA outcomes are sensitive to HUs. This is especially true when CUAs
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investigate treatments for chronic conditions and long-term consequences.?’ As chronic diseases
tend to impact patients’ QoLs over a long period, both the time and HRQoL consist of the input
parameters of health benefit measured in CUAs (i.e. difference in QALYs between different

strategies), and thus, are influential to the cost-effectiveness outcomes.

As cancer treatments have effects on both patient’s length and QoL, the application of HUs has a
direct impact on the robustness of CUA outcomes, and is indirectly influential to health policy
making. Most economic evaluation guidelines have an explicit, albeit general, statement about
utility measurements 2!, possibly due to a lack of standard methods. We are interested in finding

out the application situation of HUs in published oncology CUAs.

We aimed to review the application of HUs in published oncology CUAs and assess the
consistency in using HUs between the oncology CUAs and original HU studies. Chapter 2
describes a registry-based review of published oncology CUAs by descriptively analyzing their
methodology characteristics, including perspective, time horizon and uncertainty analysis. Chapter
3 describes the characteristics of HUs used in the included CUAs and assessed the consistency
between those CUAs and original studies, regarding both health state descriptions and utility

values. The last chapter presents the limitations of the study and conclusions
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CHAPTER II. REGISTRY-BASED REVIEW OF PUBLISHED COST-UTILITY

ANALYSES IN ONCOLOGY

Previous guidance and reviews of health economic evaluations

It is important to ensure the quality of economic evaluations in health care, given their role in
health policy making. There are a large number of guidelines providing recommendations for best
practice of HEEs.?>">> Edwards et al.2° performed a systematic review of published guidance for
HEESs between 1990 and 2012, in which 16 guidance papers were identified and reviewed. Given
the variation in interventions (e.g. public health interventions versus clinical interventions) and the
complexity of health care environment, a general consensus was reached that wider social and
environmental costs and benefits should be taken into consideration, especially when it comes to
public health interventions. Several key methodological challenges were mentioned, including the
difficulty in evaluating costs and benefits of a specific public intervention in real world, the health
inequity, and the insufficiency of using QALY's as the primary outcome of a complex intervention
given related non-health outcomes and other relevant costs and effects.® Philips et al. investigated
existing HEE guidelines extensively and built a general framework to help assessing the quality of
HEEs.?? The study reported disagreements among previous guidelines in three aspects: structure,
data and consistency. Major contradictories among guidelines involved data identification (i.e.
arguments about data derived from expert opinions in the study) and the assessment methods of

parameter uncertainty.

Among all the diseases and therapies that need to be evaluated, cancer and its treatments is one of
the challenging issues in health care. Since the 1990s, cost-effectiveness evidence of oncological
treatments has been required to inform decision making for health care reimbursement in many

jurisdictions, such as Canada and the UK.?”~2° The specific considerations when applying CUAs
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in oncology have been investigated and discussed. A retrospective review by Yong et al.’’
evaluated the quality of economic evaluations of anticancer drugs reviewed by the Committee to
Evaluate Drugs/Cancer Care Ontario (CED/ CCO) between April 2007 and March 2008, and
concluded that 5 of the 15 included HEEs have methodology problems that prevent the advisory
committee from using the analysis results. Those problems were classified into three categories:
inappropriately estimating health benefits (e.g. estimating HUs or generalizing of clinical
evidence), assuming costs in favor of manufactures, and lack of analysis validity (e.g. insufficient
SAs). The Canadian Agency for Drugs and Technologies in Health (CADTH) provides specific

guidance for the HEEs of oncology treatments.?’

According to the previous studies by Edwards ¢ and Philips >, a consistent agreement regarding
all the HEE methods recommended by the variety of guidelines has not been reached. Besides,
there are still methodological challenges and issues found in guidelines and published HEEs,
including the time horizon, complexity of decision models, data identification and assessment of
uncertainty. 2> 23 26:30-32 However, for cancer specifically, there is no review of methodology in
published CUAs. The objective of this review was to identify and outline the main characteristics

of published CUAs in oncology included in the CEVR CEA Registry *.

Methods

Source of published CUAs in oncology

The CEVR CEA Registry (https://cevr.tuftsmedicalcenter.org/databases/cea-registry) is a database

of more than 8,000 HEEs on various diseases and treatments published since 1976.%3 The CEVR
CEA Registry searches all HEEs indexed in MEDLINE with keywords including “QALYSs”,

“quality” and “cost-utility analysis”. The major inclusion criteria used by the registry are original
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HEEs published in English and measuring health benefits using QALY's. After abstract screening,
eligible studies were included for full-text review, information of interest will be collected by 2
trained reviewers independently on 3 aspects: 1) article and methods; 2) ratio and 3) utility

weight.3

According to the registry, the classification of diseases is determined by a clinician and labeled by
the variable “Primary Disease ID” (Primary DID). Among all those categories, the diseases of
interest consist of malignant neoplasm, colorectal cancer, lung cancer, breast cancer, cervical
cancer, uterine cancer, ovary cancer, prostate cancer, hematologic cancers (lymphomas and
leukemia) and other neoplasms.>* Our study included all CUAs that were classified as cancer-

related diseases in the primary disease categories in the registry.

For the purpose of this study, all the information from the Article and Methods Section and the
Utility Weight Section from the registry was downloaded for further use via sponsorship access
(Academic and Non-profit Partners). Data from the registry was downloaded, filtered (by the

Primary DID) and organized in the STATA 14 software** (details in Appendices Table S1).
Study inclusion and data collection

All the CUAs in cancer identified in the CEVR CEA Registry were reviewed in full text. The
inclusion criteria were being included in the CEVR CEA Registry, being original CUAs published
between 1976 and 2016, written in English, investigated cancer or neoplasm as their primary

diseases, and reported at least one health state description and utility. No other limit was performed.

We defined original HU studies as those which measured and reported HUs. A CUA might contain

original HU studies or obtain HUs from external sources. In the latter case, we identified and
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retrieved the original health studies from external sources whenever possible to compare the HUs

used in the CUA with those reported in the original studies.

The final data extraction contents consisted of the basic study information, demographics of the

patient population, the treatment information, the information related to the CUA and HUs (Table
1).

The basic study information includes publication year, perspective, time horizon, and the target
cancer classifications according to the CEVR CEA Registry. We also extracted additional study
characteristics including the study design, the treatment stage, the number of HUs and uncertainty
analyses from the CUA. For the treatment stage of each study, it was classified into six categories:
1) prevention and diagnosis stage, including prevention, screening, gene mutation tests,
surveillance and diagnosis for new cancer cases, and staging or assessing the node/metastasis
status in cancer patients; 2) first-line treatment; 3) second- and/or third-line treatment, including
best supportive care; 4) adjuvant/neoadjuvant treatment for cancer recurrence; 5) post-treatment
follow-up, e.g. watchful waiting and rehabilitation; and 6) other treatment stages, including
unstated stage and multiple treatment lines. The classification was judged by searching for the
related statements, e.g. “first line”, “newly diagnosed”, “adjuvant”, “best supportive care”. If the
key phrases were not available, the judgment would be made by the author depending on the
treatment goal, target population and interventions in CUAs. For the number of HU references per
study, all the studies that were referenced in the oncology CUAs (with a reference number) for HU
inputs, whether or not reported HU indexes directly, were counted. For the uncertainty analysis,
whether or not the deterministic and probabilistic SAs (DSAs and PSAs) were performed were

found out, especially for HU parameters. If there was no DAS conducted in a CUA, then whether

or not a case-scenario analysis involving HU parameters were reviewed.
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The review results were presented in three continuous time periods (1988-2000, 2001-2010 and
2011-2016) and then in total numbers, respectively. As there were limited oncology CUAs
identified before 1990, those studies were combined to the next decade and analyzed as the first
time period (1988-2000). As there were different numbers of studies in each time period, the
proportion and number of each method characteristic were both used in results. In this format, the
change trend of characteristics in oncology CUAs over the last almost three decades (from 1988

to 2016) could be compared between each time period.

Data extraction, management and descriptive analyses were performed using a pre-developed and

tested data extraction form in Microsoft Excel, Version 16.16.9 (2018).

Table 1. Data extraction form of CUAs

Study information and characteristics Data usage
Provided by the CEVR
CEA Registry and used

i

Title, abstract, first author, publication year, study countries and regions ',

sponsorships, target cancer classification, perspective, time horizon and ICUR. ) o
in analysis directly

Study design: if any decision analytic model was used, e.g. the Markov model.
The target population.

Treatment stage of the target intervention : the line of treatment. Additional data
Number of HUs (with utility values reported) extracted
Total number of references of HUs (assigned a reference number in text). i

Uncertainty analysis on HUs ™

The study countries and regions refer to the geographical jurisdiction to which the study’s results were applied.

i The treatment setting was classified into the following types: prevention/diagnosis, first line; second/third line,
adjuvant/neoadjuvant treatment; post-treatment follow-up and others.

i The references of HUs refer to all the references related to the HUs that are referenced in the CUAs.

¥ Uncertainty analyses include deterministic and/or probabilistic sensitivity analyses and scenario analyses.
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Results

As shown in Figure 1, there were a total of 1062 articles published between 1976 and 2016
included in the registry under the primary disease of cancer or neoplasm (the database was assessed
on May 1, 2018). One study was removed as duplicate. Then 149 CUAs were excluded after
screening with 122 reporting no HU value, 24 that are not CUAs or original CUAs, 1 review of
economic evaluations, 1 study not in English and another one investigating non-cancer disease. As
a result, 912 CUAs (85.9%) were included in the review, all assessed in full text with assistance

from the Health Science Librarians at McMaster University (details in Appendices Table S2).

The main characteristics of the included CUAs were summarized in Tables 2-4.

1062 records identified through the Tufts CEA Registry
database searching

1061 records after duplicate removed

149 of full-text articles excluded, with reasons:

No health utility values n=122
Not (original) CUAs n=24
Review n=1

Not in English n=1

Not for cancer n=1

1061 of full-text articles assessed for
eligibility

912 studies included in review

Figure 1. Flow chart of the registry-based review

10
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Characteristics of the CUAs in oncology

Publication year Although the registry database aims to include CUAs that were published since
as early as 1976, the first CUA in oncology was not identified until 1988. In general, the number

of published CUAs in oncology has increased over time, especially since 2005 (Figure 2).
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Figure 2. Number of published oncology CUAs by year

Study country and sponsorship The numbers and proportions of study countries and
sponsorships are listed in Table 2. About 40% (366 out of 912) of published CUAs for cancer were
performed in the United States (USA). The two most common sponsorship types were government
organizations and industry (pharmaceutical and medical device companies), each accounting for

about 27% of all the funding sources.

11
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Table 2. Study country and sponsorship of the 912 CUAs in oncology !

Countries and regions Number Proportion Sponsorships Number Proportion
UsS 366 40.1% Government 249 27.3%
Canada 103 11.3% Industry 248 27.2%
UK 99 10.9% No information 186 20.4%
Netherlands 53 5.8% Foundation 89 9.8%
China " 40 4.4% None 78 8.6%
A;rs;zila ij ;222 Health care organization 39 4.3%
Italy 21 2.3% Professional' me@bership 20 520,
Sweden 20 2.2% organization

Others 208 22.89% Others 75 8.2%

Total 949 104.1% Total 984 107.9%

"One CUA could have more than one study country and/or one type of sponsorship. Thus, the total number of study
countries and sponsorships are both more than 912.

iiExcluded Taiwan.
"' The industry refers to pharmaceutical and medical device companies.

Target cancer Table 3 shows that the most frequently investigated type of cancer in the published

oncology CUAs was malignant neoplasms (69.3%), followed by breast cancer (13.6%).

Table 3. Primary cancer types of the 912 CUAs in oncology*

Primary Disease ID

Cancer category Number Proportion
in the registry

2 Malignant neoplasms 632 69.3%
122 Breast cancer 124 13.6%
127 Hematologic cancers (Lymphomas, Leukemia) 35 3.8%
128 Other neoplasms 30 3.3%
121 Lung cancer 28 3.1%
120 Colorectal cancer 27 3.0%
126 Prostate cancer 23 2.5%
125 Ovary cancer 8 0.9%
123 Cervical cancer 5 0.5%

* The primary cancer types were classified by the CVER CEA Registry without detailed definition.

Model of the 912 CUAs 840 CUAs (92% of 912) used model. 539 model-based CUAs (64% of
840) used Markov model, making this the most commonly used model type. A decision tree was

often used in combination with the Markov model (60 out of 840, 7.1%) in these studies (Table 4).

12
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Table 4 Characteristics of included CUAs in oncology published between 1988 and 2016

Basic characteristics 1988-2000  2001-2010  2011-2016 Total
(n=58) (n=283) (n=571) (n=912)

Study type

Model-based study 53 (91.4%) 267 (94.3%) 520 (91.1%) 840 (92.1%)

Trial-based study 5 (8.6%) 16 (5.7%) 51 (8.9%) 72 (7.9%)
Perspective!

Health care payer 43 (74.1%) 229 (80.9%) 429 (75.1%) 701 (76.9%)

Societal 15(25.9%) 51 (18.0%) 15 (2.6%) 81 (8.9%)

Others 0(0) 0(0) 66 (11.6%) 66 (7.2%)

Not stated / Unclear 0(0) 3 (1.1%) 61 (0.5%) 64 (0.7%)
Time horizon !

Lifetime 28 (48.3%) 145 (51.2%) 253 (44.3%) 426 (46.7%)

Non-lifetime 17 (29.3%) 122 (41.7%) 251 (44.0%) 390 (42.8%)

Not stated 13 (22.4%) 16 (7.1%) 67 (11.7%) 96 (10.5%)
Intervention setting

Prevention/diagnosis 12 (20.7%) 46 (16.3%) 130 (22.8%) 188 (20.6%)

First-line 7(12.1%) 41 (14.5%) 122 (21.4%) 170 (18.6%)

Second and/or third line(s) 7(12.1%) 47 (16.6%) 68 (11.9%) 122 (13.4%)

Adjuvant/neoadjuvant treatment 12 (20.7%) 68 (24.0%) 64 (11.2%) 144 (15.8%)

Post-treatment follow-up 1 (1.7%) 10 (3.5%) 17 (3.0%) 28 (3.1%)

Others 19 (32.8%) 71(25.1%) 170(29.8%) 260 (28.5%)
Median (range) of HU number in each CUA 4 (1-24) 4 (1-27) 4 (1-46) 4 (1-46)
Median (range) of HU references number in 1 (0-5) 2(0-18) 2 (1-77) 2(0-77)

each CUA

ICUR

Reported

Not reported

Unclear '
DSA/Scenario analysis

DSA incorporated HUs
DSA did not incorporate HU
No DSA, but scenario SA tested HUs
Others
PSA
PSA incorporated HUs
PSA did not incorporate HUs
No PSA
HUs were not tested in neither DAS nor PSA

55 (94.8%)
3(5.2%)
0

25 (43.1%)
10 (17.2%)
16 (27.6%)
7 (12.1%)

0(0)
0(0)
58 (100%)
33 (56.9%)

276 (97.5%)
7(2.5%)
0

189 (66.8%)
53 (18.7%)
24 (8.5%)
17 (6.0%)

133 (47.0%)
14 (4.9%)
136 (48.1%)
56 (19.8%)

488 (85.5%)
25 (4.4%)
58 (10.2%)

391 (68.5%)
76 (13.3%)
52 (9.1%)
52 (9.1%)

383 (67.1%)
13 (2.3%)
175 (30.6%)
94 (16.5%)

819 (89.8%)
35 (3.8%)
58 (6.4%)

605 (66.3%)
139 (15.2%)
92 (10.1%)
76 (8.3%)

516 (56.6%)
27 (3.0%)
369 (40.5%)
183 (20.1%)

HU Health utility; ICUR Incremental cost-utility ratio; DSA Deterministic sensitivity analysis; PSA Probabilistic

sensitivity analysis; SA sensitivity analysis.

i Information of study perspective and time horizon are provided by the CEVR CEA Registry.
ii «“Other perspective” includes limited societal, health care sector and other perspectives.

iii “Unclear" resulted from missing data from the CEVR CEA Registry.
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Perspective The health care payer perspective was used in about 80% (701 out of 912) of CUAs,
making it the most frequently used perspective. The proportion of cancer CUAs that used the
societal perspective decreased continuously from 25.9% (1988-2000) to 18.0% (2001-2010) and

finally to 2.6% (2011-2016) (Table 4).

Time horizon The proportion of oncology CUAs that adopted life time horizon was relatively

stable over the three time periods — ranging between 44.3% and 51.2% (Table 4).

Treatment stage Our results show that, except for other treatment stages (n=260, 28.5%), cancer
prevention and diagnose stage, was the most commonly studied stage, accounting for 29.5% (269

out of 912) of oncology CUAs (Table 4).

HU The total number of HUs extracted from the included CUAs were 5583, excluding anchor
HUs (i.e. HUs equal to 1 or 0, denotes perfect health or death, respectively). From 1988 to 2016,
the maximum number of HU parameters in the CUAs increased from 24 to 46, while the median
number remained the same, which was 4 (Table 4). The number of HU references in one CUA

(recorded in reference lists) increased from 5 in 1988 to 77 in 2016. The median number of HU

references was 1 in 1988-2000 and 2 in 2001-2010 and 2011-2016.

ICUR Only about 35 (3.8% of 912) of the oncology CUAs did not report ICUR in their results.
Furthermore, according to the CEVR CEA Registry, only 2 of the 35 studies did not report

sufficient data for readers to calculate the ICUR.
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Sensitivity analyses As shown in Table 4, overall, out of 912 CUAs, 744 (81.6%) and 543 (59.5%)
of them performed deterministic SAs (DSAs) and PSAs, respectively. The proportion of oncology
CUAs performing DSAs increased from 60.3% (1988-2000) to 85.5% (2001-2010) and to 81.8%
(2011-2016). The proportion of those performing PSAs increased largely from 0 (1988-2000) to
52.0% (2001-2010) and to 69.4% (2011-2016) over the time periods. 183 out of 912 (20.1%)
CUAs did not incorporated HUs in either DSA or PSA. This proportion deceased from 56.9%

(1988-2000) to 19.8% (2001-2010) and to 16.5% (2011-2016).

The proportion of oncology CUAs conducted DSAs increased from 43.1% (1988-2000) to 66.8%
(2001-2010) and to 68.5% (391 out of 571). The proportion of those performing PSAs increased
from 0 (1988-2000) to 47.0% (2001-2010) and 67.1% (2011-2016). The proportion of oncology
CUAs performed scenario SAs for HUs that did not perform DSA incorporating HUs decreased
from 27.6% (1988-2000) to 8.5% (2001-2010) and slightly increased to 9.1% (2011-2016). In total,

there were 10.1% (92 out of 912) of this kind of CUAs.

Discussion

This chapter reviewed the basic information and methodology of 912 oncology CUAs published
between 1976 and 2016 and included in the CEVR CEA Registry database. Overall, the number
of published CUAs in oncology has been increasing significantly since 2005 — the publication
number of oncology CUAs in 2005 was twice more than the average publication number between
2001 and 2004, and 6 times more than that in the first time period (1988-2000). The US, Canada
and the UK are the top three countries where these CUAs were conducted. The sponsorships from
government and medical industry were the two most common funding sources. Among all the

cancer diseases, malignant neoplasms and breast cancer were the top two types of cancer that had
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been investigated as the primary disease. The majority of these CUAs were model-based, adopted

the health care payer’s perspective, and reported ICURs.

The growing trend of the quantity of oncology CUAs (Figure 2) in this study is consistent with
that of general CUAs overall from previous studies?>*. The number of HU parameters and the
number of related references in published oncology CUAs had both increased largely over time as

well.

According to the primary disease classification by the CEVR CEA Registry, apart from malignant
neoplasms, breast cancer has received the most attention. When it comes to the treatment setting,
the increasing proportion of CUAs on cancer preventions or diagnoses reflects the fact that the
early detection and prevention technologies of cancer have received growing attention. This is
likely due to the development of new diagnostic and preventative technologies in recent years,

such as the gene mutation detect assays and cancer prevention vaccines.

Most guidelines recommend a life-time horizon for HEEs in order to capture all the important
differences between options.?? The CADTH specific guideline for oncology products recommends
using a lifetime horizon by extrapolating data using acceptable modelling techniques.?’ Despite
the fact that cancer has a long-term effect on patient lives, less than half of those published CUAs
adopted a lifetime time horizon. This is probably related to the poor prognosis of some cancer
patients and the lack of long-term follow-up data. Additionally, the CEVR CEA Registry does not
indicate the detailed method that was used to classify the CUAs as adopting the life-time horizon
or not, as a result, the proportion of oncology CUAs did not use a lifetime horizon, could be
overestimated. For example, the proportion of the 5-year relative survival rates for people

diagnosed with distant-stage cancer is usually less than 30%.3% 37 It is possible that CUAs focusing
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on such cancer patients with poor prognosis used a time horizon of only several decades and were

not recorded as a “lifetime” horizon in the registry.

The results of a CUA could be largely affected by uncertainty if not handled properly. The
parameter uncertainty of individual HU parameters used in CUAs in oncology can be assessed by
DSAs, while the overall parameter uncertainty and decision uncertainty can be assessed by PASs.?*
Based on our results, the proportion of oncology CUAs performing uncertainty analyses of HU
input has not been high, either, with only 66.3% (605 of 912) of which performed DSA and 56.6%
(516 of 912) performed PSA. Even in the latest period (2010-2016), the proportions of CUA
incorporating HUs in DSA and PSA were both less than 70%. The study by Yong JH et al.
demonstrated that, from the reviewers’ perspective, one of the common issues was that insufficient
sensitivity analysis would weaken readers’ confidence in economic outcomes and hinder the cost-

effective results from being used.*® Our results confirmed this problem.

Additionally, our findings indicate that the ranges of HUs used in DSAs were sometimes arbitrary.
For example, the CUA of lung carcinoma by de Lima Lopes et al.*® varied all the input parameters,
including HUs, in the range of 50% to 200%, without specifying any justification for using that
range. In another case, the CUA of breast cancer by Pandharipande et al.>* tested the all the 4 utility
values used in DSA. The 4 health states are systemic chemotherapy, tamoxifen treatment,
metastatic breast cancer and post-adjuvant therapy, with the utility value (and SA ranges) equal to
0.72 (0.5-1), 0.82 (0.5-1), 0.4 (0.2-1) and 0.92 (0.5-1), respectively. The SA ranges of the 4 HUs
are different from their mathematic dispersions (e.g. SD, 95% CI or interquartile) in original

studies when available. In this condition, the SA results could be confusing when being translated.

Our findings also indicate, oncology CUAs that target treatments for certain cancer types were

relatively infrequently studied, including cervical cancer, ovary cancer, prostate cancer and uterine
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cancer. This type of CUAs are expected and probably needed in the future. When conducting a
CUA for cancer treatments, health economists should use a lifetime horizon, or use a time horizon
long enough to capture all the possible life expectancy with reasonable explanation, and perform
both DSA and PSA for all key input parameters, as recommended by guidance. Reporting
transparency and necessary explanation (e.g. for varied ranges in SAs) are always needed for the
purpose of application. Future studies and guidance of determining the appropriateness of varied

ranges for uncertainty analysis in CUAs are welcomed.

Conclusion

We found there is an increasing interest in conducting CUAs in oncology over time. The majority
of oncology CUAs used the model-based approach, adopted the health care payer’s perspective,

and reported ICURs but lacked the use of long-time horizon and sufficient SA related to HUs.
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CHAPTER III. CONSISTENCY IN USING HEALTH UTILITIES BETWEEN
PUBLISHED CUAS IN ONCOLOGY AND REFERRED ORIGINAL HEALTH UTILITY

STUDIES
Previous guidance and reviews of health economic evaluations

HU is a key parameter for estimating the health benefits and cost-effectiveness outcomes in CUAs.
HUs can be measured directly using established techniques (e.g. the SG and TTO),'> 5 or
indirectly using pre-developed instruments (e.g. the EQ-5D and the HUT).!”- 8 Although multiple
guidelines recommend standard methods of implementing a CUA2"4%_ there are still issues and
challenges found during the procedure of using HUs. Previous reviews investigated various aspects
in the application of HUs and production of utility-weighted QALYs.*!~*3 Arnold D et al. reviewed
and compared health states measured by both the direct and indirect methods (SG and TTO vs EQ-
5D, SF-6D and HUI) from same patients in previous studies. Jacek et al. reviewed 3 indirect
measurement methods (QWB, EQ-5D and SF-6D) by comparing hypothetical health states head-
to-head. Their findings indicate that utility values measured by different methods could be
substantially different from each other 4*. Roberta et al. suggested that the HUs used in one CUA
should be obtained from the same data source or measured by the same method, and the final
choice for the data source and any other adjustments made should be explained clearly.*! Other
methodological issues in published CUAs found in previous large reviews include the lack of

13544 and

transparency and consistency in reporting, especially in those published before 200
insufficient SA of inputs *°. We are interested in looking for issues in the application of HUs in

published CUAs in oncology, from early to recent years, and comparing the methodology practice

over time to capture any changes.
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According to the systematic reviews of published guidance for HEEs, by Edwards®® and Philips??,
a consistent agreement regarding all the HEE methods recommended by the variety of guidelines
has not been reached. There are still methodological challenges and issues found in guidance and
published HEEs.*® For example, adoption of time horizon, complexity of decision models, data
identification and assessment of uncertainty. 22 23 26: 30.45.46 When it comes to HUs, generally,
referencing HU sources, justifying the derivation methods for utility values when needed, and
testing the parameter uncertainty all contribute to the “good practice” of HEEs. While at the same
time, the standard approach of justifying the derivation methods for HU weights, deriving HUs
from expert opinions and conducting SAs regarding HUs (e.g. determining the varied ranges of

HU weights) remain unclear and need further investigation. 22

The objective of this chapter is to review the application of HUs in the published CUAs in
oncology, by descriptively analyzing the data sources, references, measurement methods and
respondents of those HUs, and assessing the consistency of health state descriptions and utility

values between those used in CUAs and those from the original HU studies.

Methods
Inclusion criteria and identification of original HU studies

All the HUs used in the 912 oncology CUAs included (see Chapter 2), except anchor states of full
health (equal to 1) and death (equal to 0), were extracted if they were reported with specified utility

values.

We defined the secondary HUs as those were first measured in previous studies and then used in

oncology CUAs; and the primary HUs as those measured and used along with the CUAs. We
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identified the original HU studies of these secondary HUs by tracking corresponding references in

the oncology CUAs.

During the tracking process, the full text of referenced studies and all other studies went through
were accessed, identified original studies were downloaded in full-text for further data collection,
whenever available. Ideally, the original HU studies would be retrieved by simply accessing the
referenced studies in oncology CUAs. However, if the referenced studies used secondary HUs, too
(e.g. another CUA), then their references would be tracked again until the original HU studies were
obtained, or not accessible. For each HU, the process of locating its original HU study was
recorded by a number named “reference level”, which was defined as the number of referenced

studies went through to locate its original study.

In other words, if a secondary HU was referenced correctly, its reference level would equal to 1.
Otherwise, its reference level would be 2 or more. The “reference level” can indicate the directness

and accuracy of HU references in oncology CUAs.

Data extraction

The data extraction was performed by one reviewer (ZC) in a pre-developed and tested template.
The form collected information on descriptions of health states, utility values, statistical ranges
(e.g. 95% confidence interval (CI), standard error (SE), or standard deviation (SD)), measurement
methods, the demographics of respondents, reference levels, publication years and first authors of

original HU studies (last 3 items applied to secondary HUs only) (Table 5).
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Corresponding information from the CEVR CEA Registry was used as comparisons to ensure the
validity of data extraction, including but not limited to health states, utility values, statistical ranges,

measurement methods, sample size and type of respondents (Table 5).

Table 5. Data Extraction Form of HUs

HU Extracted data from original HU
Extracted data from CUAs
studies
Primary HU: Health state description, utility value, varied
measured in ranges tested in SAs, measurement N/A

oncology CUA method(s), the demographics of respondents

Study information First author and publication year of

(collected before in Chapter 2) the original HU studies, reference

Second HU: level, target disease;
measured in and Corresponding health state
obtained from description, utility value, statistical

Health state description, utility value, varied

external source(s) ranges (e.g. 95% CI, SE, or SD)

ranges tested in SAs
measurement method(s), the

demographics of respondents

HU health utility; 95% CI 95% confidence interval; SE standard error; SD standard deviation

Consistency of secondary HUs

The HU consistency was assessed by comparing both the HU descriptions and utility values of
each HU parameter between the oncology CUAs and original HU studies, given adjustments and

assumptions on input parameters are often needed.

All the data collection, management and consistency assessments were performed in Microsoft

Excel, Version 16.16.9 (2018).
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Results

In total, 5583 HUs with specified utility values were extracted from the 912 published CUAs in
oncology identified in the CEVR CEA Registry for descriptive analysis. The diagram of the review

process was shown in Figure 3. The main characteristics of the collected HUs were shown in

Tables 6-7 and Figures 4-7.

5583 HUs
from 912 oncology CUAs

}

4230 secondary HUs
from 769 oncology CUAs

Went through
2090 references +
793 papers during

tracking process

870 HUs tracked to
inaccessible sources

1353 primary HUs
from 278 oncology CUAs 20 HUs could not be located
in references

3340 secondary HUs
from 664 oncology CUAs

l

Pub year No.of HUs  No. of CUAs Pub year range No. of original HU
Pub year range No. of HU No. of foriginal dies found
1988-2000 244 40 of CUAS 0.0 S CUAs of origina studies foun
studies (referenced, tracked)*
2001-2010 417 96
1988-2000 103 25 1983-1999 36 (33,3)
2011-2016 692 142
2001-2010 919 202 1983-2010 399 (317, 82)
Total 1353 278
2011-2016 2318 437 1985-2016 861 (664, 197)
Total 3340 664 1983-2016 1296 (1014, 282)

Figure 3. Diagram of the consistency assessment of HUs used in oncology CUAs

* “Referenced” HU studies refer to the original ones that were referenced directly in CUAs (reference level=1).
“Tracked” HU studies refer to those being identified during the tracking process, with reference levels larger than 1.

Overview of reviewing process

As shown in Figure 3, 1353 of the 5583 (24.2%) HUs were measured alongside 278 CUAs, 4230
(75.8%) came from published literature in 769 CUAs (the median number of references was 4).

During the process of identifying original studies of HUs, there were totally 2883 references went
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through (2090 referenced studies in CUAs and 793 references tracked through reference lists
whenever available). Furthermore, the number of corresponding original HU studies that were
finally tracked to was narrowed down to 1296, in which the original HU data was measured and
reported. As one HU original study could be referenced by multiple CUAs, there could be overlaps

between and in each time interval.

Characteristics of the HUs used in oncology CUAs

The proportion of oncology CUAs that used primary HUs decreased from 69.0% (1988-2000) to
33.9% (2001-2010) and to 24.9% (2011-2016). On the contrary, the proportion of oncology CUAs
that used secondary HUs, which increased from 43.1% (1988-2000) to 71.4% (2001-2010) and to

76.5% (2011-2016) (Figure 3 and Table 6).

Publication year For the secondary HUs, the earliest publication years of the original HU studies

that were tracked to were 1983 (Figure 3).

Original sources and reference levels 212 out of 5583 (3.8%) of all the extracted HUs were
cited with incomplete or no reference. These 212 HUs were extracted from 40 different oncology
CUAs (4.4% of 912). 462 (8.3%) were tracked to inaccessible sources, including unpublished
sources, abstracts, books, posters, reports not in English, and so on. These 674 secondary HUs,
combined with 196 (3.5%) ones tracked to studies without HU data (totally n=870, 15.6%), were

not analyzed afterwards due to lack of information.

24



MSc Thesis — Zhiyuan Chen; McMaster University — Health Research methodology 2019

For the reference level in Table 6, our analyses only included HUs that could be tracked to reviews
or individual studies, the numbers of which were summed to 3340. The maximum reference level
tracked was 4. The proportion of 1%-level reference is 78.0% (2606 out of 3340), while that of 2"

or more level is 22.0% (734 out of 3340).

Measurement methods To assess the measurement methods of the extracted HUs from oncology
CUAs, all the primary HUs and secondary ones from accessible published reviews and individual
studies were included. The total number was summed to 4693. As shown in Table 6, the subgroup
classifications consisted of direct and indirect measurement methods, other methods (expert
opinions and author assumptions), multiple methods and unclear ones. 2303 of the 4693 HUs
(49.1%) were measured directly, making it the largest method classification. The proportion of
HUs measured directly reduced from 56.2% (1988-2000) to 54.8% (2001-2010) and to 45.7%
(2011-2016), while that measured indirectly increased fast from 7.8% (1988-2000) to 25.4%
(2001-2010) and to 38.9% (2011-2016). The proportion of HUs determined by expert opinions
and author assumptions declined from 36.0% (1988-2000) to 18.1% (2001-2010) and to 13.5%

(2011-2016).

As shown in Figure 4, for each kind of specified measurement method, the most frequently used
direct and indirect methods were the SG and EQ-5D, taking up 27.7% (n=1298) and 19.8% (n=928)
of all the 4693 HUs, respectively. Apart from the commonly used methods, “Other direct methods”
(n=47, 1.0%) consisted of the Disability Weight (n=18), Reference Gamble (n=7), Direct Question
Objective (DQO, n=1), and single question asking participants to assign HU values (n=21). “Other

indirect methods” (n=39, 0.8%) consisted of the Quality of Well Being (QWB, n=29), Assessment
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of Quality of Life (AQoL, n=4), 15D (n=3), Utility Based Quality of Life Questionnaire-Cancer

(UBQ-C, n=2) and Quality of Life in Reflux and Dyspepsia Patients (n=1).

Other direct methods Unclear

0% ' o 7%
TTO |

15.2%

\_HALex
QoL 1nstruments 1.4%
0,
e SF 6D
0.7%

Other 1nd1rect methods
0.8%

Figure 4. Measurement method classifications of the 4693 HUs used in oncology CUAs

* The total percentage of all the methods is more than 1 because some HUs were measured by more than 1 method.

Besides, under indirect method classification, 327 (7.0%) HUs were first measured as HRQoL
scores with instruments including Short-Form 12 (SF-12), Short-form 36 (SF-36), EORTC QLQ-
C30, EORTC QLQ Head and Neck Module (EORTC QLQ-H&N35), and Functional Assessment
of Cancer Therapy (FACT) questionnaires. These HRQoL data were multi-dimensional indexes
that do not capture individual preference and could not be used in CUA directly. In this case, a
mapping method, by transforming the HRQoL scores to a preference-based HU value by an
established statistical algorithm, is required.*’~** However, in fact, among those 327 HUs, only

204 of them (4.3% of 4693) were reported with a mapping method (i.e. mentioned in text and/or
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reference). At the same time, the other 123 (2.6%) HUs were used directly or transformed to HU
indexes simply by dividing by the scale of QoL questionnaire (also called “linearly scale” in some

CUAs). For example, a CUA of nivolumab for advanced renal cell carcinoma in 2018.%°

Furthermore, the change trends of HUs measured with 7 specified methods on a yearly basis are
shown in Figures 5.1 to 5.7 (directly with TTO, SG, and RS techniques, indirectly with EQ-5D
and HUI questionnaires, measured with HRQoL instruments first and those determined by expert
opinions/author assumptions, respectively). The proportions of HUs measured with the SG and
TTO methods tended to increase (Figures 5.1 and 5.2), while that measured by RS tended to
decrease over time (Figure 5.3). In oncology CUAs published before 2000, very few HUs were
measured by EQ-5D and none measured by HUI instruments. Afterwards, the proportions of HUs
measured with EQ-5D and HUI instruments both tended to increase, especially for EQ-5D (Figures

5.4 and 5.5).
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5.3 Rating Scale
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5.5 Health Utility Index
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5.7 Other Methods -- Expert Opinions and Author Assumptions

700

11
600 P

70 65
500
40
400 Expts/Assumpt
[ | Non-Expts/Assumpt
300
35 593
3 491 497
200 22 23 423
29 341
o B .
;3 15 10 14 B 173 178
D
9 20 24 93
0 7osopos s BE NG Lol R
0o 6 0 0 4 8 5 6 8 PR N®
R N I S, W S~ S N A S S S S RN I SRR I TR G
FFIPIII TIPS F S

Figure S. Change trends of 7 measurement methods of HUs used in oncology CUAs
Figure 5.1 SG Figure 5.2 TTO Figure 5.3 RS Figure 5.4 EQ-5D Figure 5.5 HUI Figure 5.6
Transformed from QoL scores Figure 5.7 Other methods (expert opinions and author

assumptions)
* One HU could be measured by multiple methods.

Respondents of HUs When it comes to the subjects who rated HUs, patients (with the target
cancer or related cancer disease) in oncology CUAs, accounted for 38.7% of the 4693 HUs
(n=1816), making it the largest group among all the respondents. Samples from general population
(also known as community-based samples) accounted for 22.5% (n=1055). Health professionals,
including physicians, nurses, other medical staff and academic researchers, took up to 31.9%
(n=1497). Among those health professionals who assigned HU values, about half of them (n=745,
15.9%) were measured with specified methods, while the other half (n=752, 16.0%) came from

simply “expert opinions” or author assumptions. The 325 (6.9%) HUs left were judged being rated
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by more than one kind of respondents, including 107 (2.3% of 4693) HUs derived from pool data

) &

in reviews of HUs (Table 6 and Figure 5).

Other mixed respondents Pool data from
4 6% rev1ews/systematlc reviews

A &

2.3%

Health Professionals
31.9%

Patients
38.7%

Figure 6. Respondents of the 4693 HUs used in oncology CUAs

Our outcomes also indicated that the proportion of HUs elicited from patients increased from 16.7%
(1988-2000) to 37.2% (2001-2010) and to 41.9% (2011-2016), and the proportion of those from
general population increased from 7.8% (1988-2000) to 21.3% (2001-2010) and to 24.7% (2011-
2016). On the opposite, the proportion of HUs elicited from health professionals decreased from
71.8% (1988-2000) to 38.6% (2001-2010) and to 24.3% (2011-2016), making the remarkable

reduction among all the subject types (Table 6).
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Table 6. Characteristics of the 5583 HUs used in oncology CUAs

Characteristic classification 1988-2000 2001-2010 2011-2016 Total
(n=355) (n=1550) (n=3678) (n=5583)
Source of HUs
Primary HUs 244 (68.7%) 417 (26.9%) 692 (18.8%) 1353 (24.2%)
Secondary HUs from accessible original source (subtotal n=3360)
Published review ' 2 (0.6%) 48 (3.1%) 176 (4.8%) 226 (4.0%)
Published individual study 101 (28.5%) 871 (56.2%) 2142 (58.2%) 3114 (55.8%)
Published study with non-related HUs' 1 (0.3%) 2 (0.1%) 17 (0.5%) 20 (0.4%)
Secondary HUs from inaccessible original source (subtotal n=870)
Unpublished source 0(0) 48 (3.1%) 92 (2.5%) 140 (2.5%)
Wrong reference (study without HU) 4 (1.1%) 48 (3.1%) 144 (3.9%) 196 (3.5%)
No/incomplete reference 0(0) 63 (4.1%) 149 (4.1%) 212 (3.8%)
Other inaccessible sources *! 3 (0.8%) 53 (3.4%) 266 (7.2%) 322 (5.8%)

Reference level of secondary HUs
(for published reviews and individual studies, subtotal n=3340)

1% level 98 (95.1%)  729(79.3%) 1779 (76.7%) 2606 (78.0%)
2 Jevel 4 (3.9%) 182 (19.8%) 500 (21.6%) 686 (20.5%)
31 or 4% Jevel 1 (1.0%) 8 (0.9%) 39 (1.7%) 48 (1.4%)

Measurement method
(for primary HUs and secondary ones from accessible reviews/individual studies, subtotal n=4693)

Direct measurement 195 (56.2%) 732 (54.8%) 1376 (45.7%) 2303 (49.1%)
Indirect measurement 27 (7.8%) 339 (25.4%) 1170 (38.9%) 1536 (32.8%)
Other methods . 125(36.0%) 242 (18.1%) 405 (13.5%) 772 (16.5%)
(expert opinions and author assumptions)
Multiple methods ¥/ 0(0) 14 (1.0%) 35 (1.2%) 49 (1.0%)
Unclear 0(0) 9 (0.7%) 24 (0.8%) 33 (0.7%)
HU respondent
(for primary HUs and secondary ones from accessible reviews/individual studies, subtotal n=4693)
Cancer patients 58 (16.7%) 497 (37.2%) 1261 (41.9%) 1816 (38.7%)
Samples from general population 27 (7.8%) 284 (21.3%) 744 (24.7%) 1055 (22.5%)
Health professionals i 249 (71.8%) 517 (38.6%) 732 (24.3%%) 1497 (31.9%)
Mixed respondents ¥ 13 (3.7%) 39 (2.9%) 273 (9.1%) 325 (6.9%)

CUA cost-utility analysis; HU health utility

i The publication years of the extracted HUs were recorded according to the oncology CUAs in which they were used.
ii «“Published review” refers to systematic reviews and reviews of HUs, with reference level equal to 2

i «Non-related HUs” refer to HUs in referenced studies that could not be matched to the extracted ones, for either
health states or utility values, and disabled reviewers to locate potential original HUs.

vi“Unpublished source” refers to the CUA that provided the HU for the first time, while saying that it was measured
in a separate study (e.g. a phase III trial). In this case, the CUA was not a primary study.

¥ Incomplete reference included a last name and a year only, or the reference of related database only. In this case, the
original HU studies were inaccessible due to lack of information. The referenced databases consisted of the CEVR
CEA Registry*® and the CEA Registry by Harvard School of Public Health 3!,

Vi “Other inaccessible sources” refer to conference proceedings, books, drug manufacturer-provided data, papers not
in English and so on.

vii“Multiple methods” refer to 2 or more measurement method types (among direct, indirect or other methods).

viii “Health professionals” includes physicians, nurses, other medical staffs, researchers in health science and so on.
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ix «“Mixed respondents” refer to pool data in (systematic) reviews and samples from more than one type of respondents
above.

Consistency of using HUs

Secondary HUs tracked to accessible studies, including those without health-utility-related data,
were included for the consistency assessment (subtotal n=3360). In general, the consistency of
HUs between the oncology CUAs and original HU studies were classified and assessed based on

both the two components of a HU parameter— the health state description and utility value.

According to our findings (Table 7 and Figure 7), 1348 of the 3360 secondary HUs (40.1%)
derived from accessible sources in oncology CUAs were the same in both description and value
as those in original HU studies. This number decreased from 68.3% (1988-2000) to 33.6% (2001-

2010) and then increased slightly to 41.5% (2011-2016). 633 (18.9%) and 390 (11.6%) differed

only in value and description, respectively, compared with the original studies. 989 (29.4%) had
both the descriptions and values different from those in original studies. This number increased

from 8.7% (1988-2000) to 34.0% (2001-2010) and then slightly decreased to 28.6% (2011-2010).

Among the 633 HUs with different value only, 132 (20.9%) were derived from the utility

decrements (i.e. disutilities) or increments from original HU studies, or vise versa.

Out of those HUs with different description only (n=390), 247 (63.3%) were derived from same
disease, but different severity and/or history (n=100, 25.6%), different interventions, adverse
events or comorbidities (n=126, 32.3%), different respondent demographics (n=17, 4.4%), or no
explanation (n=4, 1.0%). 143 (36.7%) were derived from different diseases, due to adverse events,
comorbidities or other related health states that could happen in target patients (n=87, 22.3%), or

with no explanation (n=56, 14.4%) (Table 7).
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Among all the HUs with either or both description and value different from those in original studies,

about 377 out of 2012 (18.7%) of them were different, but without explanation (Table 7).

Table 7 Consistency of HUs between oncology CUAs and original HU studies

Component 1988-2000 2001-2010 2011-2016 Total
All HUs n=104 n=921 n=2335 n=3360
Same description and value 71 (68.3%) 309 (33.6%) 968 (41.5%) 1348 (40.1%)
Different value only 10 (9.6%) 158 (17.2%) 465 (19.9%) 633 (18.9%)
Different description only 14 (13.5%) 141 (15.3%) 235 (10.1%) 390 (11.6%)
Different description and value 9 (8.7%) 313 (34.0%) 667 (28.6%) 989 (29.4%)
Different value only n=10 n=158 n=465 n=633
For utility increment/disutility 0(0) 23 (14.6%) 109 (23.4%) 132 (20.9%)
With other explanation 4 (40.0%) 114 (72.2%) 292 (62.8%) 410 (64.8%)
Without explanation 6 (60.0%) 21 (13.3%) 64 (13.8%) 91 (14.4%)
Different description only n=14 n=141 n=235 n=390
Same disease, with justification for
Different severity/history 4 (28.6%) 40 (28.4%) 56 (23.8%) 100 (25.6%)
Different interventions/ AES/ 6(42.9%)  S3(37.6%) 67 (28.5%) 126 (32.3%)
comorbidities
Different patient demographics 0(0) 11 (7.8%) 6 (2.6%) 17 (4.4%)
No explanation 0(0) 4 (2.8%) 0(0) 4 (1.0%)
Different disease, with justification for
AE/comorbidity/other related HS 2 (14.3%) 13 (9.2%) 72 (30.6%) 87 (22.3%)
No explanation 2 (14.3%) 20 (14.2%) 34 (14.5%) 56 (14.4%)
Different description and value n=9 n=313 n=667 n=989
With explanation 5 (55.6%) 208 (66.5%) 550 (82.5%) 763 (77.1%)
Without explanation 4 (44.4%) 105 (33.5%) 117 (17.5%) 226 (22.9%)

AE adverse event, HS health state
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Figure 7. Change of consistency in the 3360 HUs overtime (1988-2016)

Discussion and recommendations

This chapter aimed to review the basic characteristics and assess the consistency of the HUs
applied in oncology CUAs published between 1976 and 2016, based on the CEVR CEA Registry.
Overall, the number of the oncology CUAs between 2011 and 2016 was about 10 times of that
between 1988 and 2000, the same pattern existed for the number of extracted HUs at the same
time. As time passed by, keep using HU data from old original HU sources published decades ago

(Figure 3) seems to be questionable.

Our findings indicated that most of the secondary HUs used in oncology CUAs (2606 out of 3340,
78.0%) were cited directly from original sources, whenever accessible. Overall, about 50% of the
HUs used were measured directly, while the other half measured by indirect (34.2%) or other

methods (16.5%). Cancer patient is the largest kind of respondents among all the 4693 accessible
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HUs, accounting for about 38.7%, followed by health professionals (31.9%) and samples from

general population (22.5%).

The application of indirect methods (e.g. EQ-5D and HUI) were barely used before 2000, probably
because the relatively late development of these preference-weighted HRQoL questionnairs
compared with direct methods — the SG and TTO were first developed in the 1950s and the 1970s,'%

15 while the EQ-5D and HUI were first developed in the 1990s and 1980s,!”- '8 respectively.

The proportion of HUs measured by SG, TTO technique and EQ-5D questionnaire tended to
increase gradually in oncology CUAs from 1988 to 2016. In the same period, the proportion of
HUs came from health professionals without any specified measurement method in oncology
CUAs tended to decrease steadily. Those came from patients and community-based samples
tended to increase fast, on the contrary. These practice trends are similar to those from the previous
review of published CUAs in 2006 *. All these findings indicate the remarkable development of

HU principles, sources and applications in the cancer-related cost-effectiveness field.

Overall consistency results

For the consistency of using HUs between oncology CUAs and original sources, first, the
proportion of the same HUs from original HU studies (40%) might be overestimated. Because
some difference was found being made without reasonable explanations during reviewing process,
and the rightness of all those adjustments made was relatively subjective and beyond the scope of

our study.

18.7% (377 out of 2012) accessible secondary parameters different from original studies were used

without any explanation. Furthermore, the estimation of some different HUs with explanation were
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questionable. For example, 36.7% (n=143) of the 390 secondary health states with different values
only were derived from different disease (e.g. heart disease or hip fracture) due to common side
effects, comorbidities, other related health states in target cancer patients or no explained reason.
It is a questionable change of applying a HU weight from other disease on certain health condition
in cancer patients by simply changing the health state description. Such result is probably due to
lack of ideal cancer-related HUs. This finding reflects the needs of future studies measuring a
series of cancer-related HUs or other HRQoL scores in the same context, especially HUs for
common side effects and comorbidities in cancer patients. Besides, more studies and guidance of

a reliable HU adjustment process are welcome as well.

Additional to the inconsistency and questionable adjustments in some HU used in oncology CUAs,

several other issues exist between the ideal methodology and real-world practice.

Reporting issue: lack of transparency and accuracy

The accuracy and transparency of reporting in published oncology CUAs needs to be further
improved. First, for referencing, 3.5% of all the 5583 HUs (n=196) were tracked to studies with
no HU data, and 3.8% of them (n=212) had no reference or incomplete references that made
readers unable to find the source. Among the HUs that were tracked to accessible HU studies, 22.0%
(734 out of 3360) cited the original studies indirectly. Instead of increasing over time as we
expected, the proportion of direct references (1% level reference in our findings) actually decreased

from 95.1% (1988-2000) to 79.3% (2001-2010) and to 76.7% (2010-2016).
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Furthermore, when the oncology CUAs referenced HUs indirectly from non-original studies (e.g.
previous CUAs using secondary HUs), the health state descriptions and/or utility values were
usually adjusted in the referenced studies to fit their contexts. Thus, it is highly possible that the

indirect referencing of HUs was inaccurate and inappropriate.

For example, the CUA by Janice et al.’? investigated treatments for stage I and II endometrial
cancer. Corresponding HU parameters were cited from a published CUA in 2002.> However, the
cited HUs were actually originally measured in another study °* (the original HU study 1988) and
were already adjusted in the referenced CUA (Table 7). Beside the HUs, information about the
population was different as well. Given the difference between the demographics of the
respondents in the original study and the target cohort in the example CUA, the HU parameter
“stage Il endometrial cancer” (with a utility value equal to 0.56) and its variance lack validity and
explanation, even if it was tested widely in SAs. The health state “stage I endometrial cancer” was
different from that in the original study too. The cost-effectiveness outcome based on this input

parameters lacked robustness as a result.
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Table 8. Example of the inaccuracy of HUs results from indirect reference in an oncology CUA

Study and Original HU study
Example CUA 2007 >2 Reference CUA 2002 3 "
Pub year 1998
Endometrial cancer Atypical squamous cells of Chronic conditions,

Target Disease ) o ) ) 4
(stage I and II) undetermined significance including cancers '

) ) Hypothetical adolescent The US general females
Hypothetical women diagnosed _ ] )
Population girls entered the model at with genital cancer,
at the age of 63 in Ontario CA.

age 13 years in US. n=27, mean age =39.

Health state | i) Stage I endometrial cancer 1) Base case: local cancer
Female genital cancer
description ii) Stage Il endometrial cancer i1) Regional cancer
Utility value )
1) 0.68 (0.50-0.80) 1) 0.68 (0.60-1.00) 0.68
(plausible N B ) )
Ji i) 0.56 (0.40-0.70) i) 0.56 (0.40-1.00) (interquartile 0.48-0.84)
range)"

HS Health State HU health utility
f‘Based on NHIS (the National Health Interview Survey) data.
"The plausible ranges in 2 CUAs refer to the range tested in SAs.

Additionally, cases of inaccurate and/or non-transparent reporting were also found in oncology
CUAs which cited 1-level HU references. For example, in a CUA of detection technology for
oesophageal or gastric cardia cancer >°, the authors built a decision analytic model with 4 health
states and stated that “life expectancy and QALYs are taken from a previous study”¢. The
estimated health outcomes (LYs and QALY's) associated with each health state were reported right
afterwards without their corresponding utility values. The process of this economic analysis was

highly non-transparent.

Take the study by S. Abellea et al.’’ as another example. Beside the 2 HUs derived from literature,
the authors in this study mentioned the HU of “a disease-free survivor” and utility decrements due

to chemotherapy-induced toxicities from other published studies. However, neither the health
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states nor corresponding utilities were stated clearly. As a result, the application of HU parameters

was obscure and only part of the HU input was extracted from the study.

Second, for the reporting of measurement methods of HUs in oncology CUAs, chances were that
the measurement method(s) of the secondary HU was not specified, while there were multiple HU
weights from more than one measurement methods in the original study(ies). At the same time,
the utility values in the oncology CUA was different from those in the original source(s). In this
case, the information in the oncology CUA was insufficient for readers to judge how the parameter
was originally measured and adjusted, if needed. As a result, the reporting in such oncology CUAs

was inaccurate and lacked basic information.

Simply “borrowing” a HU from a non-primary study, with or without further adjustment, is not a
reliable way to perform a CUA. For the purpose of transparency and accuracy in reporting, CUA
authors should at least briefly introduce the population and measurement method of the HUs used
based on the original HU study(ies). The reference(s) should be recorded directly and accurately,
accompanied with clear explanations if needed. A lack of either could lead to information loss

and/or confusion and prevent cost-effective results from being used.

Misunderstanding the concept of HU

HRQoL and HU have different definitions. HRQoL is a multi-dimensional concept incorporating
related factors, including physical and emotional factors, while the HU score is a cardinal index
for measuring HRQoL under uncertainty, on the 0-1 scale.*®>° HU is one of many approaches that
measures HRQoL numerically. An HU value, represents the strength of the individuals’

preferences for alternative health outcomes.’*~ HUs can be measured, directly or indirectly, by a

41



MSc Thesis — Zhiyuan Chen; McMaster University — Health Research methodology 2019

number of techniques and instruments. HEE researchers can also convert them from HRQoL data
using mapping algorithms when there is no ideal HU data available. The application of HRQoL-

score-derived HUs in published CUAs in oncology, however, was problematic.

Our findings (Figure 3 and text) show that 37.6% of the HRQoL-derived HUs (123 out of 327)
were transformed improperly to HU weights (by “linearly scale”), or were used directly with no

mapping process at all.

Take a CUA of stage III ovarian cancer treatments as an example. The four HU parameters used
in this study were first measured with the FACT-Ovarian (FACT-O) questionnaire in a previous
study, then transformed to “quality of well-being index values” by directly dividing by a maximum
FACT-O score of 156 in the CUA. ®!- %2 Two of the HU parameters were further adjusted based on
QoL increasement, measured by the EORTC QLQ-C30 questionnaire from another study.®® This
whole estimation process reflected a confusion between HRQoL scores and HUs and partial
understanding of QALY Other cases of misusing HUs also include generating HU weights from
event rates, or even usefulness of certain health service (e.g. patients’ preference of hospice

services® ). None of the numbers described above was a proper HU application.

Given the conditions described above, some of which still could be found in the last decade, the
understanding and applying of HU remained to be problematic. We suggest that special attention
should be paid when researchers try to transform HRQoL data to obtain HU scores or cite HUs
that were converted from HRQoL scores in other studies. An established mapping function and
proper referencing are needed. Furthermore, the mapping method should be validated with out-of-
sample data in order to assure the validity and reliability of the method *8. Guidance about selecting

mapping methods to derive HUs from HRQoL data is expected in the future.
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Difference between HU values measured by different methods

First, although the CADTH guideline in 2009 recommends using SG or TTO techniques when
HUs are elicited directly,?” about 10% of the HUs used in oncology CUAs were elicited by the RS.
An RS is generally easy for non-professional subjects to understand; however, it measures HUs
without uncertainty. Thus, the RS produces non-utility values and is not an ideal rating approach,

if assessed strictly.

Second, on average, it was estimated that 36.5% (333 out of 912) of oncology CUAs used HUs
elicited by more than 1 specified method. The number of this kind of studies grew gradually as
time passed by (Figure 9). This is probably resulted from the availability of more published cancer-
related HU studies, as well as the unclear reporting of the measurement methods of HUs used in
some oncology CUAs. When there was more than one available measurement method used in the
same health state, CUA authors usually simply chose the mean or median estimates from multiple
available utility values as their HU input. However, the difference between utility values for the
same health state resulting from different measurement methods does exist and could lead to bias

59, 66

if not handled properly.

Of note, for the same health state, the SG score is usually higher than the TTO score.®® Additionally,
the utility values measured by direct methods tend to be larger than those measured by indirect
methods.”” Several previous studies also advised that the uncertainty of a HRQoL-derived HU
could be underestimated (i.e. a narrower CI).>% 6758 As a result, we suggest that researchers try to
use all HUs measured by the same method in one CUA,>° or at least use all the HU inputs measured
either directly or indirectly. Otherwise, a reasonable adjustment involving all the eligible HU

values is needed.
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Means versus Medians

Among HU studies, some provide median estimates, some provide means, and some report both.

Some authors stated that the medians are less sensitive to extreme scores, so that they report the

median utility values as the primary outcome,’® while the mean estimates of HUs were found to

be the most commonly recommended and used input parameters for CUAs. Furthermore, chances

were that some CUA authors cited both median and mean HU values from literature in one study.

Guidance and consensus about the choice between mean and median HU estimates for CUA are

needed.
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Figure 8. Oncology CUAs that used HUs from multiple measurement methods (study n=912)
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Conclusion

The increased number of HUs and corresponding references per study indicated that the
application of HUs in published oncology CUAs gradually became more complex over time. The
measurement methods and respondent sampling of HUs used in oncology CUAs tended to be
relatively less arbitrary, given the increased use of HUs measured by SG, TTO or EQ-5D, and the

deceased use of HUs derived from simply “expert opinions” or author assumptions.

The consistency assessment showed that about 19% of HUs with either or both descriptions and
values different from those in original studies without any explanation. Approximately 7% with
different descriptions only were derived from different diseases, the estimation of which may be

questionable.

Some other methodology issues were also found during the review, including the inaccurate and
non-transparent reporting methods, misunderstanding of the concept of HU and the mixed use of

HUs measured with different methods without proper adjustment.
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CHAPTER 1IV. CONCLUSION
Limitations

The study has some limitations. The collection of cancer-related HUs was not comprehensive. This
study only identified eligible oncology CUAs published in English and were indexed in MEDLINE
(according to the CEVR CEA Registry). It is possible that some eligible CUAs included in other
databases were missing. CUAs published after 2016 were not included due to time limit. Besides,
the data extraction processes were not performed in duplicate. In order to control the internal data
validity, the corresponding HU information from the registry database was used as references.
Although the data extraction bias may not be avoided completely, considering the large volume of
studies included, we suppose that the features and issues found are representative in published
oncology CUAs and HUs used. Third, we did not assess the quality of original HU studies. It was
also beyond the scope of our study to judge if the changes and explanations that CUA authors

made for the health utilities were reasonable or not.

Conclusions

In total, 912 oncology CUAs published between 1988 and 2016 and 5583 HUs used in them were

identified and reviewed in this registry-based study.

Overall, the increasing interest and development of conducting oncology CUAs and application of
related HUs were obvious, especially after 2000. At study level, the majority of oncology CUAs
used the model-based approach, adopted the health care payer’s perspective, and reported ICURs

while many lacked the use of life-time horizon and sufficient SA related to HUs.
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At individual HU level, the consistency of the secondary HUs with accessible original studies
remained problematic. About 19% of the secondary HUs with different description and/or values
were used in CUAs without explanation, and 7% of those secondary HUs different from original
ones were derived from different diseases. The majority of cancer-related HUs were derived from
literature with original sources referenced in CUAs of cancer disease. The most commonly used
direct and indirect measurement methods were SG and EQ-5D, respectively. Patients were the
most commonly involved respondents. Beside the consistency problem, the other issues found
included non-transparent reporting, inaccurate references, misunderstanding of the concept of HU,
and lack of reasonable adjustment for the weighted utility values derived from multiple
measurement methods. We also highlighted the continued need for studies investigating
adjustment methods for those HUs of cancer-related side effects and/or comorbidities derived from

original studies of different diseases.

Some method issues like non-transparent and/or inaccurate reporting and misunderstanding of
HUs could be avoided completely if researchers pay enough attention, while the others need further

investigation and explicit guidance.
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APPENDICES

Table S1. Data provided by the CEVR CEA Registry that were used in this study

Item

Description & Coding

Article and Methods Section

Article ID

ID number in the registry

PubMed ID

Title of article

Primary author last name

Primary author first name

Journal abbreviation

Published date

Primary disease ID (DID)

Country of study

Affiliation of author(s)

Classification: academic organizations; health care organizations;
governmental organizations; Pharmaceutical, biotech or medical device
companies; Contract researcher/consultant; Other; no information.

0=False, 1=True

Study sponsorship/funding

Classification: governmental organizations; foundation/nonprofit
organizations; pharmaceutical, biotech or medical device companies;
health care organizations; professional membership organization; paper
explicitly states no funding; no information; other.

0=False, 1=True

Time horizon

Time horizon state ID

Stated time horizon clearly.

1=Yes, 2=No

Time horizon units ID

O=lifetime, 1=weeks, 2=months, 3=years

Time horizon magnitude

Number of time unit.

Reader perspective 1D

Perspective judged by the registry.
1=Societal, 2=Health care payer, 254=Not stated/could not determine,
250=0ther.

Incremental analysis not

reported

Incremental analyses were not reported.

0=False, 1=True
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Incremental analysis

incalculable

Sufficient data were not provided in the study to repeat the ICER
calculation.

0=False, 1=True

Sensitivity analysis

Classification: bounded SA (best-and-worst case scenario), PSA,
univariate SA (one-way SA), multivariate SA, no SA, unspecified SA.

0=False, 1=True

Utility Weight Section *

Data source of the weight

Classification: primary data, secondary data, not stated or could not

determine.

Direct elicitation

Direct elicitation ID

Is the weight based on direct elicitation?

0=No, 1=Yes, 3= Not stated or could not determine

Elicitation methods (if

based on direct elicitation)

Classification: TTO, Person Trade Off, magnitude estimation,

author/clinical judgment, RS, unknown/not stated, not applicable, other.

Measurement scale(s) used

Classification: QWB scale, EQ-5D, SF-36/12/6D, HUI, Generic health

status instrument, other generic instrument, other non-generic

instrument, unknown/not stated, not applicable.

Sample population type

Classification: community, clinician judgment, author, patient

relatives/proxies, unknown/not stated, other.

Sample size

This refers to the utility study sample size.

Weight range

Lower and upper values of weight range.

* Instead of being used directly, utility weight data from the registry was used as reference only, in order to control

the internal data validity during data collection.
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Table S2. Number of CUAs for cancer/neoplasms included in the review and initially identified in the

CEVR CEA Registry*

Pub year No. of Included CUA Total No. of CUA in Registry
1988 1 1
1989 0 0
1990 1 2
1991 4 4
1992 2 2
1993 4 4
1994 2 2
1995 2 6
1996 7 7
1997 10 10
1998 7 9
1999 5 7
2000 13 17
2001 10 10
2002 11 12
2003 16 17
2004 17 21
2005 30 31
2006 24 26
2007 40 45
2008 38 42
2009 39 48
2010 58 62
2011 52 59
2012 82 94
2013 102 120
2014 115 125
2015 113 151
2016 107 128
Total 912 1062

* There is no CUA of cancer included in the CEVR CEA Registry from 1976 to 1987.
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