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Abstract

Many developed countries are facing increasing medical expenditures because of the growing elderly population
and sophistication of medical technology. Under these circumstances, health technology assessment (HTA) has been
introduced in these countries to pursue efficient medical care within limited financial resources. In Japan, a cost-
effectiveness evaluation system has been in operation since 2019 for adjusting drug price after being marketed.
During the short history of the cost-effectiveness evaluation system in Japan, several concerns have been highlighted.
This study analyzed and evaluated HTA in the United Kingdom (UK), or appraisals, which has an extensive record,
to obtain suggestions for addressing the concerns in Japan’s cost-effectiveness evaluation system.

One of the concerns is regarding the evaluation timeline. The timeline for the evaluation is fixed, regardless of the
characteristics of the targeted medicines, and Japan’s cost-effectiveness evaluation system does not necessarily
assume the existence of medicines that require more time for cost-effectiveness analysis or discussions on their
appropriateness. Therefore, we evaluated the characteristics of the medicines that affected the time required for
appraisal, using publicly available documents from National Institute for Health and Care Excellence (NICE) —the
HTA agency in the UK—the European Medicines Agency, and the European Commission.

The results indicated that the appraisals for orphan medicinal products (OMPs) extended the time between
regulatory approval and appraisal completion, which may result in limited access to them. This is because they take
more time for discussion at NICE after manufacturers' evidence submission. The appraisals for anti-cancer medicines
also required more time for discussion; however, the preparation in advance of the appraisal, such as determining the
analysis framework, did not result in access restrictions. In the case of OMPs’ appraisals, considering similar
preparation in advance would be useful for timely and appropriate decision-making.

Another concern is regarding conformity to analytical guidelines of the cost-effectiveness analysis. With regard to
the utility values, Japan’s analytical guideline prioritizes values measured by specific methods for appropriate
populations. However, it is ambiguous whether this condition should be applied in all cases. Therefore, using NICE's
publicly available documents for appraisals of anti-cancer medicines, we ascertained whether the utility values in
manufacturers' evidence submissions conformed to the guideline. Thereafter, we evaluated whether their conformity

would bias acceptance of manufacturer-proposed utility values by NICE. If they were not accepted, we also examined



the reasons.

The results indicated that manufacturers’ conformity to analytical guidelines for utility values was not related to
acceptance of manufacturer-proposed utility values by NICE. However, the reasons for non-acceptance differed
depending on conformity to guidelines. When manufacturers conformed to them, the main reasons for non-
acceptance were discrepancies from the actual medical practice in the UK and inappropriate data adjustment. In the
case of non-conformity, the main reason was the quality of the information sources. This suggests that conformity to
guidelines may have inherent concerns. When manufacturers evaluate quality-of-life in clinical trials with the
intention of utilizing them in cost-effectiveness analysis, the quantity and quality of the data should be confirmed in
advance and their appropriateness should be discussed before initiation of trials.

This study address two unique concerns in Japan’s cost-effectiveness evaluation system; however, the strategies
for overcoming them are identical. Manufacturers and HTA bodies, including the HTA agency, should mutually
collaborate and prepare for cost-effectiveness evaluation from the clinical development stage of each medicine to

make timely and high-quality decisions.
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1. Introduction

1.1. Rising Medical Expenditures

Medical expenditures have been increasing in countries worldwide. Among the Organisation for Economic Co-
operation and Development (OECD) member states, the annual total medical expenditures per capita, adjusting for
purchasing power parity, averaged $3,061 in 2011 and $4,086 in 2019—an increase of $1,026 over nine years. In
Japan, the annual total medical expenditure per capita was $3,740 in 2011 and $4,691 in 2019—an increase of
approximately $950 during the same period. Thus, in the OECD member states, total medical expenditures per capita
are on the rise; there is a similar trend in Japan [1].

The ratio of total medical expenditures to gross domestic product (GDP) as an indicator of the impact of medical
expenditures on financial conditions has also been increasing. Among the OECD member states, total medical
expenditures as a proportion to GDP averaged 8.6% in 2011 and 8.8% in 2019—an increase of 0.2 points over nine
years. In Japan, the proportion of total medical expenditures to GDP was 10.6% in 2011 and 11.0% in 2019—an
increase of 0.4 points during the same period. Thus, among the OECD member states, the financial burden of rising
medical expenditures has been mounting; there is a similar trend in Japan [1].

Two factors are implicated as causes of rising medical expenditures in Japan. The first is an increase in the
proportion of the elderly population. As summarized in Figure 1-1, the total population in Japan peaked at
128,080,000 in 2008, and thereafter, began to decline. As of April 1, 2022, the total population of Japan was
125,190,000—a slight decrease compared to the peak. However, the population ratio by age group changed during
this period. As of April 1, 2008, the population aged 65 or older accounted for 21.8% of the overall population of

Japan; it accounted for 29.0% as of April 1, 2022—an increase of 7.2 points over 14 years [2].
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Figure 1-1 Trends in Japan's Total Population and the Proportion of the Population Aged 65 or Older [2]

The annual total medical expenditures per capita in Japan differs by age group. According to the 2019 government
statistics, the annual medical expenditures were smallest among those aged 20-24 years—approximately 86,000 yen.
In contrast, among the 65-69 years age group, the expenses were approximately 502,000 yen—S5.8-times higher
compared to the 20-24 years age group. Furthermore, for those in the 75-79 years category, the annual medical
expenditures were approximately 790,000 yen—415,000 yen higher than the expenses for the 20-24 years old. An
increase in the proportion of people aged 65 years or older, who require more medical services under conditions
where the total population is largely constant, is a significant factor behind the surge in medical expenditures [3].

The second factor is innovation in medical technology. Figure 1-2 presents factor analyses of the annual growth in
medical expenditures. One factor behind the increase in medical expenditures was the increase in the proportion of
the elderly population; however, that factor alone accounts for only approximately half of the growth. Between 2011
and 2015, medical expenditures increased by approximately 2.5% on average, compared to the previous year. Of the
increase, 1.4% is explained by factors other than the increase in the proportion of elderly population, increase or
decrease in population, and revision of medical fees. Examining the “Other in all instances” factor, hospital inpatient
costs accounted for 0.2%, hospital outpatient costs accounted for 0.4%, pharmacy costs were 0.7%, and dentistry
costs accounted for 0.1%. Pharmacy costs—approximately 20% of medical expenditures—make the largest

contribution to the “Other in all instances” category [3]. Moreover, breaking down the pharmacy costs factor, fees



for medical service professionals accounted for 0.1% and medicine costs were 0.6%, with medicine costs, primarily,

raising medical expenditures [4].
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Figure 1-2  Factor Analysis of Growth in Medical Expenditures [4]

In the background of increase in medicine costs is the application of medicines utilizing advanced science and
technology. The humanized anti-human IL-6 receptor monoclonal antibody tocilizumab: the first antibody drug to be
created in Japan, was put into practical use in 2005 [5]. With the development of science and technology ever since,
not only monoclonal antibody medicines, but other modalities such as antibody drug conjugates, nucleic acids, and
therapeutic cells have also been put into practical use as medicines. Medicines utilizing these innovations are often
priced higher than conventional medications [6], and when new medicines are used by many patients, the resulting
financial impact becomes a concern.

Nivolumab, which is an anti-programmed death receptor-1 monoclonal antibody, was listed in Japan’s Drug Price
Standard in 2014 for the indication of malignant melanoma. Considering the limited number of patients utilizing that
medicine, the drug price of the 100 mg/10 mL strength was calculated to be 729,849 yen using the cost accounting
method [7]. Subsequently, other indications including non-small cell lung cancer, renal cell cancer, and Hodgkin

lymphoma were added to this medicine, and the number of patients eligible for nivolumab increased. Consequently,



the increased health expenditures associated with nivolumab have become a financial burden. To address this issue,
a new mechanism was introduced to flexibly adjust prices of medicines that have experienced market expansion
above a certain scale [8]. The factors responsible for the surge in medical expenditures include the increase in the
practical use of expensive medicines utilizing innovative technology and rise in the number of patients treated
because of the expansion of indications.

Given the background of the rising proportion of the elderly population and advances in medical technology, it is
likely that rising healthcare expenditures is not a temporary phenomenon. These background conditions are found
not only in Japan, but in other developed countries as well, and are recognized as risks to the sustainability of
healthcare [9, 10]. Health technical assessment (HTA) has been introduced worldwide to manage changes in medical
expenditures, while promoting advances in science and technologies. HTA has been proposed as a means to continue

to deliver more efficient medicines using limited resources.

1.2. Implementation of Health Technology Assessment in Foreign Countries

The International Network of Medical Technical Assessment Institutions (INAHTA), in which public agencies
from various countries participate, defines HTA as “a multidisciplinary process that uses explicit methods to
determine the value of a health technology at different points in its lifecycle. The purpose is to inform decision-
making in order to promote an equitable, efficient, and high-quality health system” [11]. This definition aims to
evaluate medicines from a wide range of perspectives and is a broader concept than clinical trials by manufacturers
to confirm the efficacy and safety of medicines and regulatory review. However, there is a narrower interpretation of
HTA focusing on its economic impact [12]. Currently, many countries have established specialized agencies for
HTA—the HTA agencies—that evaluate cost-effectiveness based on the effectiveness obtained from newly
introduced medicines and the associated required costs. Based on the result of the cost-effectiveness analysis, the
agencies ascertain the propriety of insurance reimbursement or set the price of medicines.

The National Institute for Health and Care Excellence (NICE), established in the United Kingdom (UK) in 1999,
is a representative of the HTA agencies. NICE assesses the cost-effectiveness of certain medicinal products

determined to have a significant financial impact, and makes recommendation for their use under the National Health



Service (NHS)—a process known as appraisal. In the appraisal process, a manufacturer first assesses the cost-
effectiveness of a medicine in accordance with the analysis guidelines. Next, a technology appraisal committee
(TAC)—an internal NICE organization—reviews the medicine after critical examination by the evidence review
group (ERG), consisting primarily of experts from universities. NICE makes recommendations regarding
reimbursement, considering factors other than cost-effectiveness, including end-of-life care. In principle, there are
three types of NICE judgements: recommend for use under NHS; not recommend for use; or recommend for a smaller
group of patients than originally stated by the marketing authorization (MA), described as optimized [13].

HTA in NICE is associated with limited access to medicines. Therefore, the system is constantly amended based
on feedback from stakeholders, such as patient groups. For example, the Cancer Drugs Fund (CDF) was established
under NHS England in 2011 to address issues related to limited access to expensive anti-cancer medicines [14]. CDF
targets anti-cancer medicines that are not recommended for use under NHS. Beginning in 2016, a new system was
established to ensure the sustainability of the fund, clarifying CDF budgets and benefits. Under the new system,
NICE can make new decisions to recommend medicine use within the CDF budget [15]. In November 2021, the idea
of an Innovative Medicines Fund (IMF), which expanded the concept of CDF beyond anti-cancer medicines, was
suggested; its implementation is underway [16].

As of April 2022, a total of 1,032 medicines were covered by appraisals, of which 859 (83%) were recommended
for some form of use. As shown in Figure 1-3, among 392 anti-cancer medicines covered by appraisals, 191 were
recommended for use under NHS, 61 were recommended for limited patient populations, and 51 were recommended
for use within CDF. In total, 303 anti-cancer medicines (77%) were recommended for some form of use [17]. A new
pricing agreement between the Association of the British Pharmaceutical Industry and the Department of Health and
Human Services of the UK was reached in January 2019, and all new medicines were eligible for appraisal after April

2020 [18]. It is expected that the number of NICE appraisals will continue to increase in the future.
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Figure 1-3 Results of Appraisals in NICE

The HTA concept also exists in countries other than the UK. In France, HTA is required when manufacturers
negotiate medicine prices for public insurance. If manufacturers wish to set higher reimbursement prices, in certain
cases they conduct cost-effectiveness analyses of the medicinal products. The HTA agency in France—the Haute
Autorité de Santé (HAS)—reviews manufacturers’ cost-effectiveness analyses and validates them by issuing one of
three assessments: minor, important, or major issues found. Results of the cost-effectiveness analyses are not reflected
in reimbursement prices, but manufactures are forced into stringent price negotiation when the HAS recognizes major
issues, even if the medicinal product has obvious health benefits compared to the previous standard of care [19].

In Germany, the HTA agency—the Institut fiir Qualitit und Wirtschaftlichkeit im Gesundheitswesen (IQWIG)—
functions in the context of the broader HTA definition. Medicines are reimbursed at the price set by the manufacturers
for six months after their launch. In parallel, the Gemeinsamer Bundesausschuss (G-BA)—the decision-making body
for the public insurance systems—assesses the additional health benefits of the medicines. Added benefits are
assessed in terms of impact on life expectancies, symptoms, quality-of-life, and adverse events, and do not include
an economic perspective. IQWIG assesses added health benefit based on the protocol developed by G-BA and reports
the results. If there are no additional benefits, the price may be lowered to reference prices of similar medicines.
However, if there are additional benefits, price negotiations are held between the insurer federation and the

manufacturers. If no agreement is reached after the negotiations, arbitration led by a third-party is conducted; cost-



effectiveness will only be assessed when the arbitration ends in failure [20]. As of April 2022, there have been no
instances requiring cost-effectiveness evaluation, that is, there have been no cases of the HTA in the narrow view.
The narrower view of HTA, determining whether or not to reimburse for medicines or to set their prices, is
implemented in Sweden and other Nordic countries, in Eastern Europe, and in the Netherlands [21, 22]. Canada,
Australia, and other non-European countries have similar mechanisms [23, 24]. The HTA is employed to provide

medicines efficiently and continuously in countries worldwide.

1.3. Implementation of Health Technology Assessment in Japan and Its Challenges

In Japan, a cost-effectiveness evaluation system for certain medicines and medical devices was implemented in
April 2019. In discussions regarding system design, three priorities were established: not hindering access to
pharmaceuticals, considering financial impact, and positioning the new system as a supplement to the existing drug
pricing system [25]. These aims are strongly reflected in the current system.

In HTA in other countries, the propriety of the reimbursement is often ascertained based on the results of cost-
effectiveness evaluation. Restriction of access to medicines may occur if reimbursement is denied. To avoid this issue,
under the HTA system in Japan, a portion of a medicine’s price is calculated based on the standard price-setting
system in Japan, and is adjusted based on the results of a cost-effectiveness evaluation after being marketed. HTA in
the UK targets all new medicines, including medicines for expanded indications, whereas the Japanese system targets
a few types of medicines—those with a significant financial impact. Notably, there is a shortage of personnel who
can conduct cost-effectiveness analyses at both manufacturers and universities. Furthermore, given that this system
is positioned as a supplement to the existing medicine-pricing system, the range of drug-price adjustments is limited.
In principle, the price-adjustment target is limited to a proportion of the product price: the utility premium. When the
price of a medicine is calculated using the cost accounting method, the portion of the operating profit is also subject
to price adjustment. To avoid excessive price adjustments, the upper limit of the price adjustment range is set after
considering the overall price of the medicine [26, 27].

The evaluation workflow in Japan is similar to that in the UK. First, at the general meeting of the Central Social

Insurance Medical Council (CSIMC), the targeted medicines are selected based on their financial impact. The



manufacturers discuss the framework for cost-effectiveness analyses with the Center for Outcomes Research and
Economic Evaluation for Health (C2H)—the HTA agency in Japan. Thereafter, manufacturers conduct the cost-
effectiveness analysis of the targeted medicine based on analytical guidelines. Their analysis is critically examined
by academic groups comprising university researchers. Based on the analyses by manufacturers and reviews by
academic groups, the overall results are summarized by the cost-effectiveness expert committee organized by experts
in clinical medicine, statistics, medical economics, and bioethics. The results are finalized after approval by the
general meeting of CSIMC, and medicine prices are adjusted accordingly [26].

Several years have passed since the system was implemented. As of April 2022, evaluation of seven medicines has
been completed, and price adjustments have been made; however, many issues have emerged in that process.

The first concern is the timeline for cost-effectiveness evaluation. Under the Japanese system, manufacturers
conduct analyses within 270 days, regardless of the nature of the targeted medicine. The critical review period for
the academic groups is set at 90 or 180 days, depending on whether re-analysis of evidence submitted by
manufacturers is needed [28]. HTA in the UK defines a standard timeline for appraisal completion. However, the
duration may vary depending on the nature of the medicine as specified in the analytical guidelines—a difference
from the Japanese system [13]. When it is difficult for manufacturers to comply within the specified period, they are
required to report this at the general meeting of CSIMC. If the report is not approved, the cost-effectiveness of the
targeted medicine is considered to be the lowest possible regardless of the results of the analyses. This rule motivates
manufacturers to quickly analyze; however, lack of time can impact the quality of analysis. Early completion of the
critical review component is often required at the CSIMC meeting, which motivates academic groups to complete
their reviews as soon as possible. Moreover, insufficiency of review period for academic groups raises concern about
the quality of their deliverables.

The second concern is compliance with analytical guideline. C2H has developed technical guidelines for cost-
effectiveness analysis [29] based on HTA in foreign countries; therefore, they are generally not unique in their
description. However, information availability about utility value, or health-related quality-of-life (HRQOL) scores,
which are significant parameters of cost-effectiveness analyses, significantly differs between other foreign countries

and Japan. Therefore, concern regarding compliance with analytical guideline also exists.



Analytical guidelines in Japan stipulate that utility values should be measured using a preference-based measure;
thus, utility values measured using a tool called EuroQol 5 Dimensions (EQ-5D) should be prioritized. Estimation of
utility values from other sources is also acceptable if EQ-5D values do not exist. Utility values measured in Japan
prioritize the data from foreign countries. However, in Japan, the number of existing research studies that measure
HRQOL is lower than in other countries [27]. Under these circumstances, it is tempting to use the EQ-5D data from
relevant clinical trials of the medicines designated for cost-effectiveness analysis to meet the first priority criteria.
However, during cost-effectiveness analyses by manufacturers, the follow-up period for each subject is often
inadequate, especially in clinical trials of anti-cancer medicines. Additionally, the EQ-5D data obtained from these
subjects are not considered to be sufficiently informative. In these cases, there is no definitive answer to the question
of whether a limited information source that meets the conditions of priority should be used, or whether other

abundant sources that do not meet priority criteria should be used.

1.4. Research Purpose

The purpose of this research is to obtain ideas for addressing the concerns regarding the cost-effectiveness
evaluation system in Japan from HTA systems in foreign countries. HTA in the UK was the primary subject of the
research, for two reasons. First, NICE has completed more than 1,000 medicine appraisals, and there are many cases
to be analyzed. Second, documents prepared by manufacturers and HTA agencies are widely disclosed in the NICE
appraisal process, and various types of information can be utilized for the analysis. To achieve the study objectives,
the following research questions (RQ) were posed, and answers sought through analysis of appraisals in NICE.
RQ 1:  Are there any characteristics of medicines that impact the appraisal-completion timeframe?
RQ2: Is manufacturer conformance to analytical guidelines associated with TAC’s acceptance of manufacturers’

proposed utility values?



2. Literature Review
This chapter comprehensively reviews existing studies relevant to RQ1 and RQ2 to clarify what has been

elucidated and what remains unknown. The review will provide insights to develop novel research plans.

2.1. Existing Studies Relevant to RQ1

Several studies about the time spent on HTA agencies’ decision-making were inspired by concerns regarding
restricted access to medicines through HTA implementation. For example, Stoykova et al. studied the time lag
between when efficacy evidence was obtained and when cost-effectiveness evidence was obtained. Thirty NICE
appraisals that were completed by October 2001 were investigated. The study identified a time lag of 3.2 years from
when exploratory evidence on effectiveness was obtained to when the first evidence of cost-effectiveness was
obtained. It is difficult to fully eliminate this time lag, as cost-effectiveness analysis is usually based on efficacy
evidence. However, the study determined that NICE could reduce the time lag by actively leading decision-making
under uncertainty [30]. This study did not directly investigate restricted access to medicines through the
implementation of HTA; however, it did increase risk awareness.

Several studies have focused on the period from MA of a medicine to decision-making by the HTA agency,
exploring if any restricted access to new medicines occurred based on HTA implementation. Akehurst et al. compared
the time from the MA of 12 anti-cancer medicines to decision-making by HTA agencies among eight European
countries. In Germany, the period was 119 days—the shortest period among the eight countries; in Spain, it was 713
days—the longest. These results should be interpreted with caution because each country implements HTA
differently; however, these findings demonstrated that HTA agencies take considerable time for decision-making [31].

Ford et al. studied the differences between NICE and the Scottish HTA agency known as the Scottish Medicines
Consortium (SMC). They compared the time from MA of medicines to decision-making by HTA agencies using
appraisals that had been completed by August 2010. Results indicated that the decisions about reimbursement made
by the two agencies were identical. However, they identified that the HTA agency decision-making time was shorter
for SMC rather than for NICE. One of the reasons for NICE’s delayed decision-making was discussions involving

many stakeholders [32]. Similarly, Varnava et al. found that SMC and the Welsh HTA agency known as the All Wales
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Medicines Strategy Group had shorter duration from MA to the HTA agency’s decision-making compared to NICE
[33]. Many studies have focused on the time required for HTA agencies to make decisions. However, the primary
objective of these studies was to describe the time period; they did not consider the factors impacting the time period.

Several other studies have focused on factors affecting the time spent on decision-making by HTA agencies.
Barham et al. investigated the factors affecting the time taken from the initiation of appraisals in NICE to the
publication of decision-making guidance. Evaluation of 18 appraisals completed by 2008 revealed that the single
technology assessment (STA) process introduced by NICE in 2005 reduced the appraisal period of anti-cancer
medicines compared to the multiple technology assessment (MTA) process [34].

Casson et al. examined factors impacting the time taken from the development of an analytical framework, known
as the scope document in NICE, to the release of decision-making guidance. The study covered the appraisal of non-
anti-cancer medicines, differing from the study by Barham et al. Casson et al. focused on 196 appraisals completed
by February 2010, revealing that the STA process reduced the period for appraisals compared to the MTA process—
same as Barham et al.’s results. The Casson et al. study also revealed that decisions by NICE tended to be delayed in
both STA and MTA processes, compared to the standardized timeline. They quantitatively demonstrated that
publication of decisions tended to be delayed because of manufacturers’ appeals for NICE’s decision-making.
Furthermore, they identified that appraisals of anti-cancer medicines took longer to yield decisions compared to other
medicines [35]. Walton et al. quantitatively demonstrated that frequent NICE committee meetings to organize
discussion points delayed its decision making [36].

Concerns have been raised about restricted access to medicines because of HTA implementation. Several studies
have investigated the time taken from MA of medicines to decision-making by HTA agencies. Many researchers have
attempted to determine the factors affecting decision-making time. A few studies have investigated if systems
introduced to reduce the time required for appraisal, such as the STA process in NICE, are performing as expected.
Others have quantitatively demonstrated the effects of factors that could be expected to be involved in prolonging
the appraisal processes, such as the number of committee meetings.

However, research on the following two questions has been limited. First, whether the characteristics of medicines

themselves affect the time-to-decision-making in NICE? Previous studies have focused on whether elements of the
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appraisal processes, such as appeals by manufacturers or newly introduced systems including the STA process, affect
NICE time-to-decision-making. There have been very few studies on the nature of medicines themselves, including
application types or relevancy to orphan medicinal product (OMP) or anti-cancer medicines.

Second, whether there are factors affecting the time from MA to NICE decision-making? Many studies have
examined the factors affecting the duration of the NICE appraisal process. For manufacturers who intend to introduce
medicines to the market earlier, it is crucial to anticipate the period from MA of their medicines to decision-making
by HTA agencies, as any knowledge about that time period provides significant insights for considering a launch

strategy.

2.2. Existing Studies Relevant to RQ2

Prior to the publication of NICE’s guidelines regarding the analytical method—the method guide—in 2004, only
one study on utility values, referred to by studies regarding cost-effectiveness analyses, had been conducted. Brauer
et al. investigated the process of obtaining utility values in 306 studies of cost-effectiveness analyses published
between 1998 and 2001. They identified that 36% of the studies estimated utility values using direct elicitation,
including the standard gamble method, time trade-off (TTO) technique, and rating scale method; 25% estimated
utility values based on clinical judgment and expert opinions. Only 23% of the studies estimated utility values using
preference-based outcome measures that were to be recommended later in NICE’s method guide. However, the
proportion of studies referring to utility values measured by preference-based outcome measures gradually increased
during Brauer et al.’s study period, which was likely due to the simplicity of measurement [37].

The method guide recommended that manufacturers use EQ-5D results obtained in the relevant clinical trials of
appraised medicines as the source for utility values in cost-effectiveness analyses. Subsequently, NICE published
three technical support documents to supplement the method guide. The first document summarized the technical
considerations for mapping techniques that could be employed when manufacturers cannot follow the recommended
approach [38]. The second discussed possible options to estimate utility values when manufactures cannot follow the
recommended approach. For example, it suggested the option of using general preference-based outcome measures

other than EQ-5D, using direct elicitation such as TTO, or using interviews with patients and experts [39]. The third
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document outlined points to remember when manufacturers employ utility values from various information sources
in cost-effectiveness analyses. The issues emphasized by the document included utility value measurements for
patients prior to taking medicines, utility values decrease over time, and uncertainty of these values [40].

After the method guide was published, several studies examined sources of utility values in cost-effectiveness
analysis studies and HRQOL assessment conducted in clinical trials, expecting their use in HTA. Longworth et al.
investigated the implementation of EQ-5D to assess HRQOL for several diseases. They clarified that EQ-5D could
sensitively detect changes of HRQOL in skin manifestations and several cancers, but could not detect changes in
hearing impairment. However, they identified that EQ-5D could detect HRQOL changes in hearing impairment by
adding queries to the EQ-5D questionnaire [41].

Reed et al. focused on breast cancer and examined the status of HRQOL assessments conducted in clinical trials
until October 2011; the number of studies evaluating HRQOL has been increasing year by year. They concluded that
the European Organization for Research and Treatment of Cancer (EORTC) was the cancer-specific HRQOL measure
used most frequently, followed by the Functional Assessment of Cancer Therapy (FACT); only one study used EQ-
5D. They concluded that EQ-5D was not the best method to capture HRQOL changes resulting from the progression
of breast cancer and associated medication, and proposed the use of cancer-specific measures in HTA [42].

Adlard et al. conducted a comprehensive review of studies of cost-effectiveness analyses for pediatric diseases and
investigated those studies’ sources of utility values. Forty-three studies published from 2004 to 2010 were identified,
11 of which used EQ-5D from relevant clinical trials as the source of utility values, in line with the NICE method
guide. However, the 11 studies utilized modified EQ-5D for pediatric respondents—studies in which adult EQ-5D
questionnaires were presented to pediatric patients and studies in which adults responded on behalf of pediatric
patients. Adlard et al. proclaimed the need for standardization of methodologies for cost-effectiveness analyses of
pediatric medications [43]. Studies by Longworth et al., Reed et al., and Adlard et al. summarized the sources of
utility values in cost-effectiveness analyses or HRQOL measures conducted in clinical trials.

Several other studies analyzed the sources of utility values in NICE appraisals. Tosh et al. analyzed the sources of
utility values for 39 appraisals conducted between 2004 and 2008, and identified that only 56% of manufacturers’

analyses followed the method guide in terms of utility values. When manufacturers did not conform to the method
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guide, they could not conduct the HRQOL assessment in relevant clinical trials, or it was difficult to utilize the utility
values from relevant trials because of inappropriate validation [44].

Rose et al. also analyzed the sources of utility values, focusing on 12 appraisals of medicines for breast cancer
conducted between 2006 and 2017. They revealed that more than half of the manufacturer analyses included in the
appraisals did not follow the NICE method guide. As noted by Reed et al., this choice likely reflects the current
feeling that EQ-5D is not the best method for capturing HRQOL changes because of progression of breast cancer and
associated medication [45]. Hill focused on 40 appraisals of pediatric medicines and analyzed the sources of those
appraisals’ utility values. Just as Adlard et al. indicated, a wide variety of sources were used in manufacturers’
analyses included in appraisals [46]. These studies indicate that utility values have been obtained from a variety of
sources in NICE’s appraisals.

Evidently, many studies on HRQOL assessment have been conducted since the publication of the NICE method
guide. Multiple studies have been conducted to analyze HRQOL measures used in clinical trials and other studies to
assess the sources of utility values in cost-effectiveness analyses, focusing on specific disease areas. Several studies
have focused on the utility values cited in manufacturer analyses that were then included in NICE appraisals. These
studies have shown that clinical trials have utilized a variety of measures to assess HRQOL, and that EQ-5D—
recommended by the method guide—is not always used. Study results have also revealed that manufacturer analyses
included in NICE appraisals do not always conform to the method guide regarding utility values.

Few studies have assessed whether manufacturer-proposed utility values estimated by a variety of measures are
acceptable to the NICE TAC. It is crucial for manufacturers who bring appraisals to NICE to ascertain whether their
utility values can be passed to the committee. This information may aid manufacturers’ consideration of development

strategies, including HRQOL assessment in clinical trials.
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3. Research 1: Medicine Characteristics Affecting the Time to Guidance Publication by NICE

3.1. Introduction

In England, NICE plays a role in appraising new medicines that have received regulatory approval, with a view to
make recommendations regarding their cost-effective use in the NHS. In the STA process, which covers a single
medicine for a single indication, NICE develops a final scope (FS) after topic selection, which defines diseases,
patients, and medicines covered by the appraisal. The submitting company discusses with NICE on how the decision
problem will be addressed, and then, submits evidence. An ERG, which is independent of the NICE and the
submitting company, is in charge of evaluating the manufacturer’s evidence submission to identify its strengths and
weaknesses. Based on the evidence submitted by the manufacturer and the evaluation of the ERG, one or more
appraisal committee meetings are held to develop a final appraisal determination (FAD) document. Finally, NICE
publishes technology appraisal guidance [47].

According to the standard timeline, NICE spends approximately 40 weeks to make a recommendation, which is
generally after MA [30, 47]. This slow approach to the publication of guidance was criticized, especially considering
medicines for life-threatening diseases or diseases with low treatment satisfaction, because patients have limited
access to new medicines during the time gap between MA and guidance publication [48, 49]. Following the criticism,
NICE took several measures to accelerate the process of guidance publication. For example, it established the STA
process that reduced the time for guidance publication [50]. Since 2015, more than 300 guidance documents have
been published, and more than 80 percent of them were achieved via the STA process [51, 52]. Furthermore, the
recent appraisal process, which came into effect in 2018, established a policy that enabled cancer medicines to have
shorter timelines for FS development [53].

Previous studies have shown that introducing the STA process contributed to speeding up the process of guidance
publication [32, 34, 35]. Moreover, one study suggested that cancer medicines prolonged the appraisal process post
FS development [35]. To the best of our knowledge, there are no studies on the various appraised medicine
characteristics that affect the speed of guidance publication by NICE. We believe that the time gap between MA and
guidance publication, rather than the total time NICE spends during the appraisal processes, is noteworthy, for the

following two reasons. Firstly, the importance of implementing more and faster NICE appraisals for new medicines
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and delivering a faster adoption of the most clinically and cost effective medicines is emphasized in the 2019
voluntary scheme for branded medicines pricing and access (VPAS), which announced that all new medicines will
undergo an appropriate NICE appraisal by April 2020 [54]. Secondly, the time gap between MA and guidance
publication better reflects the accessibility to new medicines; however, there is limited evidence regarding this time
gap [32, 34, 55].

The aim of the present study was to investigate various appraisals or medicine characteristics that affect the time
gap between MA and guidance publication by NICE, and explore the factors influencing this time gap by focusing

on the cost-effectiveness analyses included in these appraisals.

3.2. Methods
3.2.1. Data Sources

We used publicly available documents from the websites developed by NICE, the European Medicines Agency
(EMA), or the European Commission (EC). These included the FS, the first appraisal consultation document or the
FAD issued by NICE, the annual reports issued by the EMA, and the Union Register of medicinal products developed

by the EC.

3.2.2. Inclusion and Exclusion Criteria

We considered all technology appraisals (TAs) designated as STAs and completed by July 2020 for inclusion.
However, we excluded appraisals completed before August 2016, as they followed a different process from the recent
appraisal process. We also excluded appraisals if they were among the following: 1) terminated appraisals, 2)
appraisals for medical devices, 3) appraisals that reviewed previous appraisals, and 4) appraisals that had been
replaced by subsequent reviews. Additionally, we excluded appraisals if MA had been granted before any scope
documents were published by the NICE because such cases follow a considerably different process as compared to

the standard process [53].

3.2.3. Key Dates and Periods

From each TA report, we extracted the dates of the following: 1) FS publication, 2) FAD publication, 3) validation
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of MA application by the EMA, and 4) MA. Based on the dates, we calculated the following time periods: 1) total
number of months between MA and FAD publication (MA to FAD), 2) total number of months between validation
of MA application and FS publication (VAL to FS), and 3) total number of months between FS publication and FAD
publication (FS to FAD). The relationship among these three time-periods are summarized in Figure 3-1. We assumed
that the MA to FAD period represented the period wherein patients had limited access to new medicines. After
identifying medicine characteristics that were associated with longer or shorter MA to FAD period, we subsequently
evaluated their influence on the VAL to FS and FS to FAD periods to explore the reason for this association, while
focusing on the appraisal processes. We assumed that the VAL to FS period reflected how quickly NICE undertook
topic selection and finalized the FS and that the FS to FAD period represented how long NICE spent time on
discussions before FAD publication. VAL was used as an alternative indicator of the start date of the topic selection
stage by NICE because the start date itself is not publicly available. We understand that it is possible to evaluate

medicine characteristics affecting the length of the topic selection and scope development stage based on the period

from VAL to FS.
MA Validation of MA MA to FAD
MA application | TeTTeTTerTeroeee
~ N
HTA

VAL to FS FS to FAD

Figure 3-1 Key Periods Associated with the Evaluation Processes in MA and HTA
Abbreviation: FAD, final appraisal determination; FS, final scope; HTA, health technology assessment;

MA, marketing authorization; VAL, validation of marketing authorization application.

3.2.4. Appraised Medicine Characteristics Associated with Key Periods

We identified the appraised medicine characteristics associated with key periods—MA to FAD, VAL to FS, and
FS to FAD—based on literature review and considering the underlying appraisal processes. For example, it is logical
that fewer appraisal experiences in a certain disease category could prolong the time required to provide the FS and

FAD. Several studies have suggested that the appraisals of cancer medicines are complex and uncertain, given that
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they tend to be associated with a high incremental cost-effectiveness ratio (ICER) gap between manufacturers and
ERGs. Thus, such appraisals could take longer than usual to be completed [56, 57]. Therefore, we included the
following variables: 1) year of appraisal completion, defined as the publication year of the FAD (2016-18, 2019—
20); 2) application type (initial application, extension application); 3) total number of previous appraisals in the same
disease category; 4) cancer medicines (no, yes); 5) OMPs designated by the EMA (no, yes); and 6) accelerated
assessment (AA) granted by the EMA (no, yes). Disease categories were based on the “conditions and diseases”

classification formulated by the NICE [58].

3.2.5. Factors Influencing the Period from FS to FAD

Once we had identified medicine characteristics that were associated with longer or shorter periods from MA to
FAD, and their association with longer or shorter VAL to FS or FS to FAD periods, we used nine detailed variables
regarding cost-effectiveness analyses to explore the reason why the identified characteristics were related to longer
or shorter VAL to FS or FS to FAD periods. The variables regarding cost-effectiveness analyses were as follows: 1)
medicine cost (10,000 pounds/month or less, more than 10,000 pounds/month); 2) total number of comparators
specified in the FS (two or less, more than two); 3) ICER gap between the manufacturers’ ICER bid in their initial
evidence submission and the ERG’s ICER described in its initial report, both of which were based on the list price of
appraised medicines (20,000 pounds/quality-adjusted life-year [QALY] or less, more than 20,000 pounds/QALY);
and 4) innovative technology acknowledged in the TA (non-innovative, innovative). Furthermore, factors regarding
clinical trials included in the cost-effectiveness analyses were as follows: 5) number of subjects (500 or less, more
than 500); 6) time from MA validation to approval, which represents the speed of the regulatory approval process
(300 days or less, more than 300 days); 7) phase (others, phase 3); 8) double-blinded randomized control trial
(DBRCT) (no, yes); and 9) comparators in the clinical trials (not specified in the FS as a comparator in the cost-

effective analyses, specified in the FS).

3.2.6. Statistical Analysis

Multiple linear regression analysis was used to examine the association between the characteristics of appraised
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medicines and the MA to FAD period. In the analysis, we used Cook’s distance (Di) to test for highly influential
observations, which were defined as having a Di larger than 0.5 and conducted a sensitivity analysis by excluding
these data. Subsequently, we performed the same analysis to examine the association between these characteristics
and the VAL to FS and FS to FAD periods. In addition, linear regression analyses were used to identify associations
between the factors in the cost-effectiveness analyses and the FS to FAD period. We conducted a univariable analysis
to narrow down the variables to be used in the multivariable analysis. As there were a few preliminary findings of
the association, baseline variables (p < 0.10) in the univariable analysis were included in the multivariable analysis.
For each analysis, we calculated the unstandardized partial regression coefficient (B) and 95 percent confidence
interval (CI). We chose a complete—case analysis because the proportion of missing data was low. Variance inflation
factors were calculated to assess multicollinearity between variables; factors greater than ten were considered to
represent multicollinearity. All statistical analyses were conducted using StatsDirect ver. 3.3.3 (StatsDirect Ltd.,

Cheshire, UK). Values were considered statistically significant at p < 0.05.

3.3. Results
3.3.1. Overview of the Investigated STAs

One hundred and sixteen appraisals met the criteria for analysis, and an overview is presented in Table 3-1. Of the
appraisals, 64 percent (74/116) were completed between 2016 and 2018, and 60 percent (69/116) were derived from
the initial MA application. NICE had experienced less than ten appraisals in the same “conditions and diseases” for
approximately 39 percent (45/116) of the appraisals and more than twenty appraisals for 30 percent (35/116).
Furthermore, 62 percent (72/116) of the appraisals were cancer medicines and 22 percent (25/116) were OMPs; only
5 percent (6/116) were granted AA. Table 3-1 summarizes the factors influencing the FS to FAD period. In case of
factors in the cost-effectiveness analyses, the monthly medicine cost was more than 10,000 pounds in 21 percent
(24/116) of the appraised medicines. The total number of comparators specified in the FS was more than three in 58
percent (67/116) of appraisals. Moreover, the ICER gap between the manufacturer and ERG was more than 20,000
pounds/QALY in 40 percent (37/93) of appraisals, whereas only 14 percent (16/116) of medicines were referred to

as innovative, and their values were not fully captured by their ICER. In terms of the factors regarding clinical trials
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included in the cost-effectiveness analyses, the total number of subjects was more than 500 in 52 percent (60/116) of
the appraised medicines, the time from validation of MA application to approval was more than 300 days in 50
percent (53/106) of appraisals, 85 percent (99/116) were of phase 3 trials and 54 percent (63/116) were of DBRCTs,
and the comparators of 43 percent (50/116) of the trials were specified in the FS as comparators of the cost-

effectiveness analyses.
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Table 3-1 Summary of 116 STAs Investigated

Total® 2016-2018 2019-2020
(N=116) (N=74) (N=42)
Characteristics of appraised medicines
Application type — no. (%)
Initial application 69 (59.5) 45 (38.8) 24 (20.7)
Extension application 47 (40.5) 29 (25.0) 18 (15.5)
Previous appraisal — no. (%)
<10 45 (38.8) 32 (27.6) 13 (11.2)
10 to 20 36 (31.0) 26 (22.4) 10 (8.6)
>20 35(30.2) 16 (13.8) 19 (16.4)
Cancer medicine — no. (%)
No 44 (37.9) 28 (24.1) 16 (13.8)
Yes 72 (62.1) 46 (39.7) 26 (22.4)
OMP — no. (%)
No 91 (78.4) 59 (50.9) 32 (27.6)
Yes 25(21.6) 15 (12.9) 10 (8.6)
Accelerated assessment — no. (%)
No 110 (94.8) 69 (59.5) 41 (35.3)
Yes 6(5.2) 5(4.3) 1 (0.9)
Factors regarding cost-effectiveness analyses
Medicine cost
< 10,000 pound/month 92 (79.3) 62 (53.4) 30 (25.9)
> 10,000 pound/month 24 (20.7) 12 (10.3) 12 (10.3)
No. of comparators in the FS
<2 49 (42.2) 27 (23.3) 22 (19.0)
>2 67 (57.8) 47 (40.5) 20 (17.2)
ICER gap between the manufacture and the ERG*
<20,000 pound/QALY 56 (60.2) 35 (37.6) 21 (22.6)
> 20,000 pound/QALY 37 (39.8) 22 (23.7) 15 (16.1)
Innovative technology
Non-innovative 100 (86.2) 62 (53.4) 38 (32.8)
Innovative 16 (13.8) 12 (10.3) 4(3.4)

Factors regarding clinical trials included in cost-effectiveness analyses

No. of subject
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<500 56 (48.3) 36 (31.0) 20 (17.2)
> 500 60 (51.7) 38 (32.8) 22 (19.0)

Time to approval®

<300 days 53 (50.0) 32 (30.2) 21 (19.8)

> 300 days 53 (50.0) 32 (30.2) 21 (19.8)
Phase

Others 17 (14.7) 10 (8.6) 7 (6.0)

P3 99 (85.3) 64 (55.2) 35(30.2)

Double-blinded randomized control trial

No 53 (45.7) 38 (32.8) 15 (12.9)

Yes 63 (54.3) 36 (31.0) 27 (23.3)
Comparator

Not specified in the FS 66 (56.9) 36 (31.0) 30 (25.9)

Specified in the FS 50 (43.1) 38 (32.8) 12 (10.3)

* Percentages may not total 100 because of rounding.

T Previous appraisal means the total number of previous ones in the same “condition and diseases” categories.
[58]

# Ninety-three or 106 appraisals were available because of some missing entries.

Abbreviation: ERG, evidence review group; FAD, final appraisal determination document; FS, final scope;
ICER, incremental cost-effectiveness ratio; OMP, orphan medicinal product; QALY quality-adjusted life year.

3.3.2. Association of the Appraised Medicine Characteristics with Key Periods
The median value of the MA to FAD period was 5.5 months (Figure 3-2). The periods from VAL to FS and FS to

FAD among the appraised medicine characteristics are shown in Figures 3-3 and 3-4, respectively.
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Figure 3-2 Box-and-Whisker Plot of the MA to FAD Period among Apprised Medicine Characteristics
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Figure 3-3 Box-and-Whisker Plot of the VAL to FS Period among Apprised Medicine Characteristics
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Figure 3-4 Box-and-Whisker Plot of the FS to FAD Period among Apprised Medicine Characteristics
The upper and lower whiskers are the upper or lower quartiles plus 1.5 times the interquartile distance.
The horizontal lines that split the boxes in two represents median values, which are also expressed as the
black diamonds on the boxes. The white and black circles denote outliers of 1.5 and 3 times the
interquartile range, respectively.

Abbreviation: AA, accelerated assessment; FAD, final appraisal determination, MA, marketing

authorization; OMP, orphan medicinal product.

There were positive associations between OMPs and the MA to FAD period (B = 3.042, 95 percent CI = 1.100-
4.984). This means that OMPs were associated with a 3.042-month increase in the MA to FAD period. Cancer
medicines and extension applications were negatively associated with the VAL to FS period (B = —3.405, 95 percent
CI = —6.343 to —0.467 and B = —5.908, 95 percent CI = —8.564 to —3.252, respectively). There were positive
associations between cancer medicines or OMPs and the FS to FAD period (B = 2.366, 95 percent CI = 0.464—4.268
and B = 2.833, 95 percent CI = 0.727—4.940, respectively) (Table 3-2). There was no multicollinearity between
variables.

We identified TA429, which was in scope development for more than one year, as a highly influential observation
[59]. We conducted a sensitivity analysis excluding this observation and obtained a result consistent with the main

findings (Appendix Table 1).
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Table 3-2 Multivariable Analysis of Appraised Medicine Characteristics Associated with Key Periods

MA to FAD VAL to FS” FS to FAD
Characteristics Unstandardized Unstandardized Unstandardized
(no. of appraisals) coefficients P value coefficients P value coefficients P value
month, (95%CI) month, (95%CI) month, (95%CI)
Completion year
2016-2018 (74) Reference Reference Reference
0.194 -0.850 1.202
2019-2020 (42) (-1365,1.753) 9805 (3402, 17020 0310 (04892803 0162
Application type
Initial (69) Reference Reference Reference
. -0.572 -5.908 -0.049
Extension (47) (-2150,1.005)  O47* (8564, 3252) <0001 (1750 1662) 093
Previous appraisal
. -0.015 -0.005 -0.033
lappraisaladded (4 77 0047y 0631 (0105,0005) 1 (0.100,0.035) O340
Cancer medicine
No (44) Reference Reference Reference
0.302 -3.405 2.366
Yes (72) (-1453,2.056) O3 (6343,-0467) 002%  (0464,4268) 0013
OMP
No (91) Reference Reference Reference
3.042 -0.242 2.833
Yes (25) (1.100,4.984) 0002 (3355 9868y 0878 (0727, 4940y 0009
AA
No (110) Reference Reference Reference
Yes (6) 2478 0.139 -4.019 0.141 -1.202 0.514

(-0.877, 5.833)

(-9.390, 1.351)

(-4.840, 2.436)

* 109 appraisals were available, because there were some missing entries in the European Medicines Agency’s
validation date. Among the 109 appraisals, the 67 were completed from 2016 to 2018, the 69 were initial
application, the 68 were cancer medicines, the 25 were OMPs, and the 6 were granted accelerated assessment.

Abbreviation: AA, accelerated assessment; CI, confidence interval; FAD, final appraisal determination; FS, final
scope; MA, marketing authorization; OMP, orphan medicinal product; VAL, validation of marketing
authorization application

3.3.3. Association of Factors in the Cost-Effectiveness Analysis with the FS to FAD period

In the preceding analysis, we found a positive association between OMPs and the MA to FAD period and that
OMPs were also associated with a longer FS to FAD period compared to non-OMPs, while there was no association
with longer or shorter VAL to FS periods. Based on the results, in the subsequent analysis, we focused on the

association of detailed factors regarding cost-effectiveness analysis with the length of the FS to FAD period to explore
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the reason why OMPs were related to a longer FS to FAD period. The univariable analysis revealed that the ICER
gap between manufacturers and ERGs and the time from MA to approval were associated with an increase in the FS
to FAD period. The FS to FAD period negatively associated with the following attributes: total number of comparators
specified in the FS, DBRCT, and clinical trials in which the comparators were specified in the FS. Among them, the
ICER gap was not used in the multivariable analysis, because it had a large number of missing entries. The
multivariable analysis showed that independent factors associated with a shorter FS to FAD period were DBRCT and
clinical trials in which the comparators were specified in the FS (B =—2.183, 95 percent CI = —3.733 to —0.633 and
B =—2.637, 95 percent CI = —4.267 to —1.006, respectively) (Table 3-3). There was no multicollinearity between

variables.
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Table 3-3 Univariable and Multivariable Analyses of Factors Influencing the FS to FAD Periods

FS to FAD
Univariable Multivariable (N=106)
Factors
(no. of appraisals) Unstandardized
P value coefficients P value
month, (95%CI)
Factors regarding cost-effectiveness analyses
medicine cost
<10,000 pound/month (92)
0.524
> 10,000 pound/month (24)
No. of comparators in the FS
<2 (49) Reference
0.092
>2(67) -1.474 (-2.993, 0.045) 0.057
ICER gap between the manufacture and the ERG
<20,000 pound/QALY (56) 0.009 NA*
> 20,000 pound/QALY (37) '
Innovative technology
Non-innovative (100)
- 0.289
Innovative (16)
Factors regarding clinical trials included in cost-effectiveness analyses
No. of subject
<500 (56)
0.201
> 500 (60)
Time to approval
<300 days (53) 0.064 Reference
> 300 days (53) ' 0.698 (-0.792, 2.188) 0.355
Phase
Others (17)
0.163
Phase 3 (99)
Double-blinded randomized control trial
No (53) Reference
0.035
Yes (63) -2.183 (-3.733, -0.633) 0.006
Comparator
Not specified in the FS (66) 0.021 Reference
Specified in the FS (50) ' -2.637 (-4.267, -1.006) 0.002

* JCER gap was not used in the multivariate analysis because it had large number of missing entries.
Abbreviation: ERG, evidence review group; FAD, final appraisal determination; FS, final scope; ICER;

incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

The multivariable analysis, including the ICER gap, is shown in Appendix Table 2, in which similar trends to those

observed in the main findings were obtained. For OMPs, clinical trial designs are shown in Table 3-4 and their time
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between the validation of MA application and approval is shown in Appendix Table 3.

Table 3-4  Clinical Trial Designs referred to by the Cost-Effectiveness Analyses in the OMPs’ appraisals

DBRCT
Total
Yes No
OMP, n (%) * 25 (100) 9 (36) 16 (64)
Non-OMP, n (%) * 91 (100) 54 (67) 37 (33)

* Percentages may not total 100 because of rounding.
Abbreviation: DBRCT, double-blinded randomized control trial; OMP, orphan medicinal product.

A clinical trial’s comparator is specified in the FS as a

Total comparator in cost-effectiveness analyses
Yes No
OMP, n (%) * 25 (100) 8(32) 17 (68)
Non-OMP, n (%) * 91 (100) 42 (46) 49 (54)

* Percentages may not total 100 because of rounding.
Abbreviation: FS, final scope; OMP, orphan medicinal product.
3.4. Discussion

In the present study, we assessed the appraised medicine characteristics that affect the speed of guidance
publications by NICE. Among the 116 STAs, 25 had OMP designations. The OMPs were associated with a longer
MA to FAD period than non-OMPs, and they had a positive association with the FS to FAD period. In terms of
clinical trial-related factors included in each cost-effectiveness analysis, non-DBRCTs and comparators of trials not
specified in the FS as the comparator in the cost-effectiveness analyses were associated with a prolonged FS to FAD
period.

Earlier studies that assessed the association between the appraisal processes and the time to guidance publication
by NICE showed that introducing the STA process or no appeals from manufacturers improved the speed of guidance
publication [32, 34]. However, in these studies, little attention was paid to the appraised medicine characteristics that
contributed to this. In addition, in these studies, only one of the periods was considered—the time to guidance
publication by NICE or the time gap between MA and guidance publication. In contrast, in the present study, we
included characteristics of both appraisal processes and appraised medicines. Considering a broad range of

characteristics, we evaluated NICE appraisal processes (represented by the VAL to FS and FS to FAD periods) along
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with the time gap between MA and guidance publication (represented by the MA to FAD period).

The present study showed a positive association between OMPs and the MA to FAD period. This may be explained
by the association of longer FS to FAD period with OMPs than with non-OMPs, because there was no association
between OMPs and other processes related to health technology assessment and MA, including the period between
VAL and FS or between validation of MA application and approval. This longer FS to FAD period with OMPs would
have partially been caused by their clinical trial designs, which were included in the cost-effectiveness analyses; 64
percent (16/25) of the trials with OMPs were non-DBRCTs, and 68 percent (17/25) used comparators not specified
in the FS as a comparator in the analyses.

The prolonged period from FS to FAD in non-DBRCTs was probably due to the complicated evaluation of the
added health benefits or potential biases. Of the non-DBRCTs, 26 percent (14/53) were non-randomized and were
single-arm trials, which made it difficult to estimate the additional effectiveness of the appraised medicines. In most
cases, published data were referred to; however, manufacturers and ERGs were required to carefully evaluate the
heterogeneity between study populations and generalizability of the results to patients in the NHS [60-62].

In non-DBRCTs, biases derived from subjective outcome evaluations are inevitable because of their non-blinded
setting. Utility data, which are essential for cost-utility analysis, are usually collected via questionnaires from patients,
which would lead to a bias [63, 64]. To confirm their reliability, manufacturers and ERGs also should refer to other
data sources, leading to a long FS to FAD period.

For the cost-effectiveness analyses, no information was available on comparators when comparators not specified
in the FS were used in the clinical trials. In such cases, external references are necessary to evaluate the added health
benefits of appraised medicines. For example, when only placebo-controlled trials are available, manufacturers
usually conduct network meta-analyses, connecting the appraised medicines and comparators via placebo data [65,
66]. In the appraisal of ustekinumab for the treatment of ulcerative colitis, the manufacturer extracted relevant
information from more than ten trials to evaluate the added health benefits of ustekinumab with five comparators. In
this appraisal, the FS to FAD period was 12 months, which is longer than the median value (10 months) of 116 STAs.
These processes supposedly require time, because NICE carefully discusses imbalances among the extracted trials;

this may lead to a long FS to FAD period [67].

29



Both OMPs and cancer medicines were associated with a longer FS to FAD period than other medicines; this was
consistent with a previous study finding, that is, cancer topics prolonged the time to guidance publication [35],
whereas cancer medicines had no association with long MA to FAD periods. This was probably because the VAL to
FS period was approximately 3.4 months shorter with cancer medicines than with non-cancer medicines. This can
partially be explained by the new appraisal process, which came into effect in 2018, and showed that cancer medicines
had a shorter topic selection stage, than non-cancer medicines [53]. Unlike cancer medicines, OMPs are not
considered to shorten the VAL to FS period.

This study had some limitations. We could not consider the discounts offered by manufacturers, because discount
information was not publicly available. These discounts were assumed to improve the ICER of the appraised
medicines, probably leading to a shortened FS to FAD period. We could not take into account whether budget impact
tests were implemented in parallel with each appraisal. Commercial discussions between manufacturers and the NHS
England after such tests will allow NICE to plan potential changes to the timelines of appraisals, probably leading to
a lengthened FS to FAD period. We did not deal with the quality of the cost-effectiveness analyses submitted by the
manufacturers; this might affect the length of the F'S to FAD period as well. It was impossible to quantify their quality,
but we confirmed that almost all manufacturers conducted analyses using the submission template formulated by
NICE. We could not take into consideration the scientific advice offered by NICE because the process is not disclosed.
Such scientific advice would help manufacturers to understand the perspective of decision makers, which might
shorten the STA process.

In summary, the findings of the present study suggest that OMPs are associated with a longer time between MA
and guidance publication by NICE than non-OMPs; this may be attributed to the prolonged FS to FAD period.
Limited access to new medicines for orphan diseases, along with low treatment satisfaction, negatively affects
patients. To address this issue, increased efforts are needed to shorten NICE appraisal process for OMPs, which will

help the VPAS commitments to assess all medicines as rapidly as possible and achieve their fast adoption.
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4. Research 2: Acceptability of Manufacturer-Proposed Utility Values for NICE Cancer Medicine Appraisals

4.1. Introduction

In England, NICE performs appraisals of new medicines in terms of their cost-effectiveness for the NHS, and
makes recommendations for the NHS based on these appraisals. Through examination of evidence submitted by
medicine manufacturers and evidence review groups, the TAC determines and publishes TA guidance, which
represents the TAC’s final recommendation regarding the technology in question [53].

The cost-effectiveness of an appraised medicine is typically expressed in terms of cost per healthy year gained, or
cost per QALY gained, when compared to a comparator medicine. QALY are calculated by estimating the number
of years of life a patient has left after receiving the treatment in question, and weighting each year using a HRQOL
score [68]. According to the NICE’s guide concerning the TA method (henceforth referred to as “the NICE method
guide”), measurement of changes in HRQOL should be based on direct self-reports from patients, and the utility of
these changes should be determined by comparing the reported HRQOL with public preferences using a choice-based
method. NICE encourages the use of the EQ-5D, which has been evaluated in relevant clinical trials for measuring
the HRQOL. When EQ-5D data are not available, NICE suggests that utility values be estimated by mapping other
HRQOL measures or health-related benefits observed in relevant clinical trials to the EQ-5D, or that EQ-5D data be
obtained from existing literature [69].

Some studies have suggested that the EQ-5D lacks sensitivity to changes in health [70, 71]; therefore, it seems
logical that manufacturers, who naturally seek to underline the HRQOL-improving effect of their test medicines,
would prefer to use more specialized scales in their clinical trials. In fact, it is much more common for manufacturers
to employ disease-specific measures for the health condition of interest than use a general scale. For example, cancer-
specific measures that are directly relevant and sensitive to cancer symptoms are used to evaluate the HRQOL of
patients with cancer. Two common cancer-specific HRQOL measures are the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC QLQ-C30) and the Functional Assessment
of Cancer Therapy General (FACT-G) [72, 73].

A descriptive study has examined the HRQOL measures used in clinical trials of health technologies relating to

the treatment of breast cancer and pointed out a marked heterogeneity in terms of which measures were used [42].
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Other studies have focused on the sources of utility values used in manufacturers’ cost-utility analyses in NICE TAs
and elucidated lacking or poor compliance with the NICE method guide for HRQOL [42—45]. However, to our
knowledge, no previous study has investigated whether the TAC accepted manufacturer-proposed utility values and
the reasons for non-acceptance.

The aim of the present study was to investigate whether the TAC’s acceptability of manufacturer-proposed utility
values is dependent on the information sources; this was examined by focusing on STAs of cancer medicines, which

represent over half of all NICE technology appraisals conducted in the past five years.

4.2. Methods
4.2.1. Data Sources and Eligibility Criteria

We examined documents that are publicly available from the NICE’s website. The files in question included the
manufacturers’ evidence submission as part of their initial appraisal consultation documents and the TA guidance
prepared by NICE. Our inclusion criterion was any STA for a cancer medicine completed between January 2011 and
December 2020 because, in cases of multiple technology appraisals, manufacturers’ evidence submission often did
not include the information sources of manufacturer-proposed utility values. We excluded appraisals if they were: 1)
terminated before completion, 2) appraisals of medical devices, 3) appraisals that reviewed previous appraisals, or 4)
appraisals that had been replaced by subsequent reviews. We also excluded appraisals for which the economic model
considered health states other than pre-progression, post-progression, and death during cancer treatments because
manufacturers need to estimate more utility values when their economic model was more complicated. For example,
in the appraisal of trastuzumab emtansine for adjuvant treatment of human epidermal growth factor receptor 2-
positive early breast cancer, the manufacturer developed a Markov model with seven health states and estimated six
utility values [74]. Estimating more utility values may elevate the risk of non-acceptance by the TAC independent of

the information sources of manufacturer-proposed utility values.

4.2.2. Data Extraction from Manufacturers’ Evidence Submissions

For each appraisal, we collected data regarding the HRQOL measures from the manufacturers’ submitted evidence.
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First, we examined the “clinical effectiveness evidence” section of the manufacturers’ evidence submission and
identified the clinical trials from which evidence was used in the economic model (such clinical trials are henceforth
referred to as “main trials”). If two or more clinical trials were listed, we selected the one from which data were used
to estimate effectiveness of the appraised medicine as the main trial.

Second, again examining the “clinical effectiveness evidence” section, we identified the HRQOL measures applied
in the main trials. HRQOL measures were classified into four categories: 1) EQ-5D, 2) EORTC QLQ, 3) FACT, and
4) others, respectively. The EORTC QLQ and FACT categories included both general measures (such as the FACT-
G and EORTC QLQ-C30) and cancer-specific measures (such as the FACT-Breast or EORTC QLQ-BR23).
Instruments other than the EQ-5D, EORTC QLQ, and FACT were classified as “others.”

Third, we identified the information sources of manufacturer-proposed utility values for pre- and post-progression
states. The information sources were classified into three categories: 1) EQ-5D, 2) mapping other measures to the
EQ-5D, and 3) using existing literature or TA guidance. If the manufacturers’ evidence submission adopted a time-
to-death approach to estimate the patients’ utility values, we interpreted this as using the same information source for
both pre- and post-progression states.

Forth, we identified the median follow-up period at the time of manufacturers’ evidence submission and the
frequency of EQ-5D measurements in the main trials to explore the reason for the TAC’s acceptance of the
manufacturer-proposed utility values. The EQ-5D measurement frequency was classified into four categories: 1) at
least once every two weeks, 2) at least once a month, 3) at least once every two months, and 4) less than once every
two months. If two or more categories were applicable to one submission, we chose one that appeared with the highest
frequency among them. When the EQ-5D measurement frequency was not constant during the follow-up period, we

adopted one immediately after the treatment initiation of the investigational medicines.

4.2.3. Data Extraction from TA Guidance
We examined TA guidance to determine whether manufacturer-proposed utility values for pre- and post-

progression states were subject to objection by NICE. We considered the values to be unacceptable for the TAC if
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the TAC’s comments included words such as “inappropriate,” “inadequate,
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unfit,” “irrelevant,” and/or
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“unacceptable.” In contrast, we considered the values to be acceptable if the comments included antonyms of the
above-mentioned words, or if there were no comments regarding the manufacturer-proposed utility values.

In cases where the manufacturer-proposed utility values were not accepted by the TAC, we investigated the reason
for non-acceptance based on the description in the TA guidance regarding appropriateness of these values. Reasons
were classified into three categories by referring to an existing published taxonomy of errors and threats to the
credibility of health economic models [75] and based on discussions between the researchers: 1) inappropriate value
for the UK population (e.g., using a higher utility value than that for the general UK population), 2) inappropriate
data adjustment (e.g., no adjustment for age or gender), and 3) unreliable data source (e.g., using an extremely limited
number of subjects). If more than two reasons were mentioned in the TA guidance, we only considered the most
discussed one as the cause for non-acceptance in each appraisal because the less-discussed reasons alone were not

necessarily sufficient to cause non-acceptance by the TAC.

4.2.4. Statistical Analysis

We categorized manufacturers’ evidence submissions into those in which the information source for the utility
values was the application of the EQ-5D in the main trials and those in which utility values were obtained through
the other methods, respectively, and then used Fischer’s exact test to assess the hypothesis that there were differences
between these groups in the TAC’s acceptance of the utility values. We also compared the reasons for non-acceptance
of the manufacturer-proposed utility values stated in the TA guidance from both groups based on the hypothesis that
there were differences between them in the reasons for non-acceptance by the TAC.

As exploratory analyses, we extracted manufacturers’ evidence submissions in which the information source for
the utility values was the application of the EQ-5D in the main trials, and then, used Mann-Whitney U test to assess
the hypothesis that the median follow-up period at the time of submission were different between the type of the
TAC’s judgement (acceptable or unacceptable). We also compared the frequency of EQ-5D measurements in the
main trials between them using Fischer’s exact test based on the hypothesis that there were differences in the
frequency.

These analyses were conducted separately for pre- and post-progression states. All analyses were performed using
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StatsDirect ver. 3.3.3 (StatsDirect Ltd., Cheshire, UK). P values less than 0.05 were considered to be statistically

significant.

4.3. Results
4.3.1. Characteristics of the Main Trials in Terms of Health-Related Quality-of-Life Measurement Approach

A total of 414 appraisals were completed between January 2011 and December 2020. Among them, 200 STAs
were for cancer medicines. We investigated 136 appraisals, after excluding 64, in the present study. The number of
STAs for cancer medicines showed an increasing trend over time; between 2011 and 2014, there were approximately
five per year, while between 2017 and 2020, there were approximately twenty per year. The number of STAs in which
the manufacturers’ evidence submission contained main trials including EQ-5D measurements also increased over
time, rising from 10 percent during 2011 and 2012 to 82 percent during 2019 and 2020. There were few main trials
in which HRQOL was measured only through the EQ-5D; most featured multiple assessments combining both the

EQ-5D and cancer-specific measures such as the EORCT QLQ and FACT (Figure 4-1).
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Figure 4-1 Health-Related Quality-of-Life Measurements Used in the Main Trials
Abbreviation: EORTC QLQ: European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire; EQ-5D: EuroQol 5 Dimensions; HRQOL: health-related quality-of-life; FACT: Functional

Assessment of Cancer Therapy.
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4.3.2. Information Sources for Utility Values in the Manufacturers’ Evidence Submissions

The information sources of the manufacturer-proposed utility values for both pre- and post-progression states are
shown in Figures 4-2. There was an increase over time in the proportion of submissions for which the information
source was the EQ-5D. For 2011-2012, the EQ-5D was the information source for 20 percent of the pre-progression
state and 10 percent of the post-progression state; however, this rose to 84 percent and 56 percent, respectively, for
2019-2020. When considering the entire research period (i.e., 2011-2020), post-progression utility values, when

compared to pre-progression values, were relatively heavily sourced from existing literature or TA guidance rather

than the EQ-5D.
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Figure 4-2 Information Sources of Manufacturer-Proposed Utility Values
Note. (A) Utility values for the pre-progression state, (B) utility values for the post-progression state.
Abbreviation: EQ-5D: EuroQol 5 Dimensions; TA: technology appraisal.

Table 4-1 shows the relationship between HRQOL measures used in the main trials and the information sources of
manufacturer-proposed utility values. In ninety-one appraisals, manufacturer-proposed utility values for the pre-
progression state were sourced through the application of the EQ-5D in the relevant clinical trials. Eighty-seven of
them used the EQ-5D in the main trials, while the remaining four used the EQ-5D in relevant clinical trials of
appraised medicines other than the main trials. In twelve appraisals, manufacturer-proposed utility values for the pre-
progression state were sourced by mapping other HRQOL measures to the EQ-5D using the existing published

algorithms. The HRQOL evidence mapped into the EQ-5D were measured in all the main trials. In thirty-three
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appraisals, manufacturer-proposed utility values for the pre-progression state were sourced from existing literature
or TA guidance. Forty-five percent of them measured HRQOL using the EQ-5D or other measures in the main trials,
but used existing literature or TA guidance to estimate manufacturer-proposed utility values. For the post-progression

state, compared to the pre-progression state, a higher number of appraisals (72 percent) fell into this category.

Table 4-1 Relationship between Information Sources for Manufacturer-Proposed Utility Values and Health-

Related Quality-of-Life Measurements Performed in the Main Trials

HRQOL measurements
in the main trials, n (%)
Method used in manufacturers’ evidence Total
.. o Evaluated
submission n (%) Not
Including Not including evaluated
EQ-5D EQ-5D
Pre-progression
EQ-5D 91 (100) 87 (96) 4 (4 0(0)
Mapping other measures to the EQ-5D 12 (100) 0(0) 12 (100)® 0(0)
Existing literature/TA guidance 33 (100) 2 (6) 13 (39) 18 (55)
Post-progression
EQ-5D 65 (100) 62 (95) 3(5)® 0(0)
Mapping other measures to the EQ-5D 7 (100) 0(0) 7 (100)° 0(0)
Existing literature/TA guidance 64 (100) 27 (42) 19 (30) 18 (28)

Abbreviation: EQ-5D: EuroQol 5 Dimensions; HRQOL: health-related quality-of-life; TA: technology appraisal.
2 These indicate the appraisals where manufacturers used EQ-5D carried out in the relevant clinical trials other
than the main trials as the information sources of manufacturer-proposed utility values.

® For the pre-progression state, manufacturers mapped eight EORTC QLQ, two FACT, and two MOS 36-Item
Short-Form Health Survey (SF-36) to the EQ-5D, and for the post-progression state, they mapped four EORTC
QLQ, one FACT, and two SF-36 to the EQ-5D.

4.3.3. The TAC’s Considerations of the Information Sources of the Manufacturer-Proposed Utility Values

Table 4-2 shows the TAC’s judgements on the manufacturer-proposed utility values by the type of utility values
(EQ-5D in the main trial or others). Fisher's exact test revealed no significant differences between the type of utility
values in the TAC’s judgement (acceptable or unacceptable) for both pre- and post-progression states. For pre- and
post-progression states, 67 percent (58/87) and 56 percent (35/62), respectively, of the manufacturer-proposed utility
values derived from the application of the EQ-5D in the main trials were accepted by the TAC; meanwhile, 59 percent

(29/49) and 57 percent (42/74), respectively, of the utility values derived from other means were accepted.
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Table 4-2 The TAC’s Judgments on the Manufacturer-Proposed Utility Values

Information sources of manufacturer-proposed Total TAC’s judgment, n (%) p value®
utility values n (%) Acceptable  Unacceptable
) EQ-5D in the main trials 87 (100) 58 (67) 29 (33)
Pre-progression state 0.458
Others 49 (100) 29 (59) 20 (41)
) EQ-5D in the main trials 62 (100) 35 (56) 27 (44)
Post-progression state 1.000
Others 74 (100) 42 (57) 32 (43)

Abbreviation: EQ-5D: EuroQol 5 Dimensions; TAC: technology appraisal committee.
2 Fischer’s exact test was conducted to test the hypothesis that there are differences in the proportion of acceptance
by the TAC between the “EQ-5D between the main trials” and “others” groups.

In regard to the manufacturer-proposed utility values that were not accepted by the TAC, we compared the reasons
for non-acceptance stated in the TA guidance by the type of utility values (EQ-5D in the main trial or others). Table
4-3 presents information on the statistically significant differences consequently found in the reasons for non-
acceptance between the type of utility values for both the pre- and post-progression states. Among the manufacturers’
evidence submissions that featured the EQ-5D in the main trials as a utility-value source, major reasons for non-
acceptance were inappropriate values for the UK population (52 percent for pre-progression state and 41 percent for
post-progression state) and inappropriate data adjustment (45 percent for pre-progression state and 52 percent for

post-progression state). For the other group, reliability of the data source was a common reason for non-acceptance

(50 percent for pre-progression state and 34 percent for post-progression state).
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Table 4-3 Reasons for the TAC’s Non-Acceptance of Manufacturer-Proposed Utility Values

Information sources
for manufacturer-proposed

Reasons for non-acceptance by the TAC utility values, n (%) p value?
EQ-5D
in the main trials Others
Total 29 (100) 20 (100) -
Pre- Inappropriate value for the UK population 15 (52) 7 (35)
progression - -
state Inappropriate data adjustment 13 (45) 3 (15) <0.001
Unreliable data source 1(3) 10 (50)
Total 27 (100) 32 (100) -
Post- Inappropriate value for the UK population 11 (41) 14 (44)
progression - -
state Inappropriate data adjustment 14 (52) 7 (22) 0.014
Unreliable data source 2(7) 11 (34)

Abbreviation: EQ-5D: EuroQol 5 Dimensions; TAC: technology appraisal.

2 Fischer’s exact test was conducted to test the hypothesis that there is a difference in the reasons for non-

acceptance by the TAC between the “EQ-5D in the main trials” and “others” groups.
4-3-4. The Factors Affecting TAC’s Acceptance of the Manufacturer-Proposed Utility Values

Figures 4-3 shows the median follow-up period in the main trials at the time of manufacturers’ evidence
submissions in which the information source for the utility values was the application of the EQ-5D in the trials.
When the TAC accepted the manufacturer-proposed utility values for pre-progression state, the main trial had longer
median follow-up period (78.0 weeks) than the unacceptable cases (47.6 weeks); however, there was no difference

in median follow-up period between the type of the TAC’s judgement about utility values for post-progression state

(66.8 weeks for acceptable cases and 53.3 weeks for unacceptable cases).
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Figure 4-3 Median Follow-up Period of the Main Trials at the Time of Evidence Submissions
The upper and lower whiskers are the upper or lower quartiles plus 1.5 times the interquartile distance. The
horizontal lines that split the boxes in two represents median value. The white circles denote outliers of 1.5
times the interquartile range. Mann-Whitney U test was performed to assess difference between the type of

the TAC’s judgement.

Table 4-4 shows frequency of EQ-5D measurement in the main trials included in the manufacturers’ evidence
submissions in which the information source for the utility values was the application of the EQ-5D in the trials.
Measurement frequency was different between the type of the TAC’s judgement about utility values for both pre- and
post-progression states. When the TAC accepted the manufacturer-proposed utility values for pre-progression state,
74 percent (43/58) of the main trials measured EQ-5D at least once a month, while 38 percent (11/29) fell into this
category in the unacceptable case. When the TAC accepted the manufacturer-proposed utility values for post-
progression state, almost all (97 percent, 34/35) of the main trials measured EQ-5D at least once every two months,

while 74 percent (20/27) fell into this category in the unacceptable case.
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Table 4-4 Frequency of EQ-5D Measurement in the Main Trials

Frequency of EQ-5D measurement, n (%)

, Total a
TAC’s judgment n (%) Once every Once a Once every Lesser p value
two weeks month two months extent
Pre- Acceptable 58 (100) 6 (10) 37 (64) 10 (17) 50)
progression 0.002
state Unacceptable 29 (100) 0(0) 11 (38) 11 (38) 7 (24)
Post- Acceptable 35 (100) 39 19 (54) 12 (34) 1(3)
progression 0.007
state Unacceptable 27 (100) 0(0) 17 (63) 3(11) 7 (26)

Abbreviation: EQ-5D: EuroQol 5 Dimensions; TAC: technology appraisal committee.
2 Fischer’s exact test was conducted to test the hypothesis that frequency of EQ-5D measurement in the main trials
was different between the type of the TAC’s judgement.

4.4. Discussion

In the present study, we assessed whether the NICE TAC’s acceptance of manufacturer-proposed utility values is
dependent on the manufacturers’ information sources for these values. The number of appraisals for which the EQ-
5D was the information source of the manufacturer-proposed utility values increased consistently over the period of
2011 to 2020. The TAC’s acceptance of the manufacturer-proposed utility values was not dependent on the
manufacturers’ information sources, or whether they met the NICE method guide; the primary reasons for non-
acceptance by the TAC differed between the manufacturers’ evidence submissions that featured EQ-5D-sourced
utility values and those that sourced utility values through other means.

Several previous studies have assessed information sources of manufacturer-proposed utility values [43—45]. These
studies highlighted that there is variation in the methods manufacturers use to select and incorporate utility values in
economic models, and that a large proportion of manufacturers’ evidence submissions does not include data that
accords with the NICE method guide. However, in these studies, little attention was paid to the TAC’s acceptance of
the manufacturer-proposed utility values. From the perspective of manufacturers, applying the EQ-5D in main trials
seems important for meeting the NICE method guide but, due to the EQ-5D’s lower sensitivity in comparison to
disease-specific measures, the EQ-5D is not always useful for elucidating the HRQOL-improving effect of test
medicines. Thus, in the present study we focused on the relationship between the information sources for
manufacturer-proposed utility values and the TAC’s acceptance of these values.

The present study showed that, between 2011 and 2012, 20 percent of the manufacturers’ evidence submissions at
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least partially met the NICE method guide regarding utility values; this percentage is comparable to that reported in
a previous study, which showed that between 2004 and 2008, 32 percent of appraisals of cancer medicines satisfied
these guides [44] and that between 2019 and 2020, approximately 80 percent of submissions were assumed to meet
the guides to some extent. Considering the present finding of an upward trend in the proportion of main trials in
which the EQ-5D was applied with other measurement tools, it is conceivable that manufacturers are increasingly
attempting to propose utility values that meet the NICE method guide.

The present study found that, among the manufacturer-submitted evidence analyzed, utility values for the post-
progression state were less likely to meet the NICE method guide than those for the pre-progression state. In other
words, a considerable number of manufacturers ceased to use the EQ-5D as a source of utility values when they
considered the post-progression state. This may be explained by the limitations concerning investigating the HRQOL
of patients after disease progression. Several manufacturers’ submissions mentioned that they collected HRQOL data
in the pre-progression state only [76, 77]. Other submissions ceased using the EQ-5D in the post-progression state
because they only collected the EQ-5D at the initial point of progression [78] or because their EQ-5D data were
highly immature at the time of the preparation of the evidence submission [79]. This indicates that, even in cases
when the EQ-5D was applied in the main trials, it was difficult to meet the NICE method guide regarding utility
values during the post-progression state. NICE are currently reviewing the method guide to set a hierarchy of
preferred methods for measuring HRQOL for when their preferred methods are not available or not appropriate,
which will be helpful for manufacturers to estimate utility values during the post-progression state [80].

The present study showed that more than one-third of the appraisals for which manufacturer-proposed utility values
were sourced through the application of the EQ-5D in the main trials were not accepted by the TAC. Thus, meeting
the NICE method guide is not a sufficient condition for TAC’s acceptance. In contrast, more than half of the appraisals
for which manufacturer-proposed utility values were not sourced by the EQ-5D in the main trials were accepted by
the TAC if manufacturers considered the best available data. A reason for this may be because manufacturers could
refer to several completed appraisals for similar cancer types and treatment lines as over half of all NICE technology
appraisals conducted in the past ten years are for cancer medicines. Utility values based on precedent appraisals

would be at a low risk of non-acceptance by the TAC because they have been already discussed within NICE. These
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two factors may contribute to the finding that the TAC’s acceptance of the manufacturer-proposed utility values was
not dependent on whether the utility values were sourced through the application of the EQ-5D in the main trials.

The present study categorized the reasons the TAC did not accept manufacturer-proposed utility values into three
groups, and the submissions in question were differentiated depending on whether the information source for the
manufacturer-proposed utility values was EQ-5D obtained during the main trials. Issues concerning the reliability of
the data source, which could arise as a result of investigation of a small number of subjects or use of an unclear
protocol [81, 82], are considered resolvable, because manufacturers could design detailed plans for improving their
application of EQ-5D measurement in their main clinical trials.

In contrast, issues concerning inappropriate values for the UK population and inappropriate data adjustment are
not always resolvable. For example, manufacturer-proposed utility values derived from multi-regional clinical trials
have the potential for providing inappropriate values for the UK population because there may be differences between
the UK and other countries or between patients included in clinical trials and patients in the UK in real-world settings
regarding timings of diagnoses, supportive therapies, and intrinsic characteristics [77, 83]. Several manufacturer-
proposed values estimated by mapping other HRQOL measures to the EQ-5D were not accepted by the TAC because
they used inappropriate value sets that had not yet been validated. Such cases would be resolved by conducting
additional validation studies. Meanwhile, adjustment of utility values based on aging may be difficult because, in
many cases, the total evaluation period used for the EQ-5D in clinical trials is shorter than that used in epidemiologic
studies referred to in appraisals [84]. In short, manufacturer-proposed utility values sourced from applying the EQ-
5D in main trials are valuable in terms of showing reliability; however, their use might cause other issues due to the
particular characteristics of clinical trials.

In contrast, there were some characteristics of the appraisals that may lead to their acceptance by the TAC. The
present study showed that long-term survival follow-up at the time of manufacturer’s submission and frequent EQ-
5D measurements during the main trial resulted in lowering the risk of non-acceptance. In this case, the manufacturers
can confirm the trend of utility decrement over time using evidence obtained through the main trials, and then
consider whether they need an adjustment of utility values based on aging [85]. There may be other characteristics.

For example, appraisals for first-line cancer treatment or for cancers associated with good prognoses also have the
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potential to reduce the risk for non-acceptance [86, 87]. This could be because the general condition of the patients
at the time of treatment initiation is more favorable than other cases, which results in a similarity in patients’ general
conditions between clinical trial settings and real-world settings in UK. The EQ-5D carried out in these main trials is
expected to be considered appropriate for the UK population. These cases were thought to mitigate the unfavorable
characteristics of clinical trials.

This study has several limitations. First, we did not consider any medicines or associated indications that were
outside the scope of the NICE technology appraisals; therefore, the situation regarding HRQOL evaluations in clinical
trials concerning such medicines was not examined in this study. Second, when evaluating the TAC’s acceptance of
utility values, we considered only the information source of the manufacturer-proposed utility values, not the absolute
values of the HRQOL or the quality of the referenced HRQOL studies. Moreover, we did not consider the quality of
the main trials or the cost-effectiveness analyses conducted by the manufacturers; this might affect the TAC’s
acceptance as well. Further studies are needed to confirm the impacts of these variables. Third, the presence of
subjectivity in the selection of the main trials and the leading cause for non-acceptance cannot be excluded. However,
we attempted to base our selection solely on the description in the manufacturers’ evidence submission and the TA
guidance to mitigate the subjectivity.

In summary, the present study’s findings suggest that manufacturers make efforts to apply the EQ-5D in their main
clinical trials with the aim of utilizing the resultant scores for the NICE technology appraisals; however, to obtain
TAC acceptance in this regard, it is not sufficient merely to meet the NICE method guide. Manufacturers must
consider in advance the possible differences between their clinical trial settings and real-world settings in UK, as well
as the prospective quality of the EQ-5D data available from their trials, and then refine plans for EQ-5D measurement

in order to obtain convincing evidence.
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5. Overall Discussion and Conclusion
5.1. Answers to RQ 1 and Strategies for Overcoming the Concerns

Research 1 attempted to ascertain whether there are medicine characteristics that impact the duration of appraisal
completion. The appraisals of OMPs required more time for discussion at NICE after manufacturers' evidence
submissions. This can result in restrictions on access to the medicines in question. Additionally, the facts that the
main clinical trials for the medicines in the appraisal were not DBRCT, and the comparators of the clinical trials and
the cost-effective analysis did not match, were associated with longer discussion duration at NICE. These two factors
were found to be more prevalent for OMPs compared to non-OMPs.

In the UK, HTA is conducted to determine reimbursement of medicines; Japan conducts it to partially adjust the
drug price set under the existing system. Although the purpose of HTA is different between the two countries, it is
possible that more time could be spent in the HTA agency’s discussions for appraisals of OMPs in Japan as well. This
is because the process of discussion on the validity for manufacturers' evidence submission is equally necessary,
regardless of the purpose of HTA.

In Japan's cost-effectiveness evaluation system, two of the eight products for which evaluations were completed
by July 2022 were OMPs [88, 89]. However, as both evaluations were conducted immediately after the system was
launched, it is difficult at this point to assess whether the fact that the product is an OMPs impacted the time required
for the appraisal. In other words, even if there was an impact on the time required for the appraisal, it is difficult to
determine whether the impact was due to the fact that it was an appraisal for an OMPs or due to the degree of
familiarity with the appraisal itself.

One method of reducing the impact on the time required for appraisals is to reduce the time required for discussions
at the HTA agency after the manufacturers' evidence submission. However, this is not a problem that can be solved
by the accumulation of cases, as this study found that the accumulation of appraisal experiences in the same disease
area was not associated with a shorter or longer FS to FAD period. Even if the accumulation of cases were associated
with a reduction of the period, the accumulation of cases itself is difficult in appraisals of OMPs.

However, as a method to reduce the impact on the time required for appraisal, it is possible to improve the timeline

required for preparation prior to initiating manufacturer’s analyses—that is, selecting targeted medicines for
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appraisals and determining the analysis framework. For example, in NICE’s appraisal of anti-cancer medicines, a
system that does not restrict access to medicines, even if it takes more time for discussion, works well by accelerating
the process of targeted medicine selection. In Japan's cost-effectiveness evaluation system, the selection of targeted
medicines is made at the time of price listing, after which discussions on the analysis framework are initiated. By
devising this process, delays in decision-making could be avoided in appraisals of medicines that are expected to take

more time for discussion in HTA agencies.

5.2. Answers to RQ 2 and Strategies for Overcoming the Concerns

Research 2 attempted to ascertain whether manufacturers' evidence submissions that conformed to analytical
guidelines biased TAC's judgement for manufacturer-proposed utility values. The research found that irrespective of
manufacturers' evidence submissions conforming, or not conforming, to NICE's analytical guidelines, it did not bias
TAC's acceptance of the manufacturer-proposed utility values. However, focusing on the cases in which TAC did not
accept manufacturer-proposed utility values, the study showed that manufacturers' evidence submissions conformity
to analytical guidelines biased the reasons for non-acceptance. In cases where manufacturers' evidence submissions
were not in conformity to the guidelines, the main reason for non-acceptance was the quality of the information
sources. In contrast, when they did conform, the main reasons were discrepancies from the actual medical practice in
the UK and inappropriate data adjustment.

Conformity to analytical guidelines is one of the criteria to ensure that the utility values estimated by
manufacturers' evidence submissions remain above a certain level of validity, and it does not guarantee acceptance
by TAC. In other words, in the case of information sources that are highly restricted or biased, it is unreasonable to
claim its validity on the basis of mere conformity to analytical guidelines. Based on the purpose of the appraisals,
manufacturer-proposed utility values should be estimated from the perspective of utilizing the most appropriate
information sources from among the numerous options available, and it is desirable to recognize that the analytical
guidelines serve as one guiding principle for this process.

In Japan's cost-effectiveness evaluation system, analytical guidelines provide recommendations on information

sources for utility values, similar to those in the UK. However, at present, there are few examples of evaluations, and
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it is difficult to assess whether the same trend can be seen in Japan for manufacturer-proposed utility values as in the
present research. However, a close examination of appraisals for which evaluations had been completed by July 2022
revealed that although manufacturer-proposed utility values met the recommendations of analytical guidelines, there
was a case in which such values were not accepted by HTA agencies because of inappropriate handling of the values
[90]. It is anticipated that the validity of manufacturer-proposed utility values will continue to be a major issue in
appraisals, and the impact on the appraisal timeline will also remain a concern. In such cases, the strategy proposed
by this research, which is to thoroughly review the quality of the EQ-5D data obtained from main clinical trials in
advance of their initiation, is expected to be useful in facilitating the appraisal process.

Manufacturers' evidence submission to the HTA agency must be completed within 270 days of the selection of the
targeted medicines, which makes it difficult to obtain new data after selection. In this case, manufacturers have no
other choice but to consider the relative appropriateness of the limited number of options available at that time. In
order for manufacturers to estimate manufacturer-proposed utility values that meet the purpose of appraisal based on

guideline descriptions, strategic preparation from the clinical development stage is considered necessary.

5.3. Recommendations to Manufacturers

To overcome the two concerns related to Japan's cost-effectiveness evaluation system raised in this study, we
propose the following three points to manufacturers that play a part in this system. First, we propose that in-house
experts in health economics participate in the planning of main clinical trials that form the basis of regulatory approval
applications, to provide suggestions based on their use in HTA. The participation of such experts is expected to
facilitate discussion of the frequency of the EQ-5D measurement and the overall study design from a higher-order
perspective of ensuring acceptable quality for HTA agencies, rather than merely measuring EQ-5D to meet analytical
guideline recommendations.

Second, we suggest that the preliminary consultation between manufacturers and the HTA agency after targeted
medicines selection should disclose and discuss in detail the information sources of the parameters to be used. If
possible, manufacturers should present multiple proposals to the HTA agency for discussion and comparison, which

is expected to clarify the advantages and challenges of each source of information. This is expected to be useful in

47



facilitating discussions at the HTA agency after the manufacturers' evidence submission.

Third, we suggest that manufacturers begin preparations for information sources of parameters used in cost-
effectiveness analyses earlier to enable in-depth discussions during the preliminary consultation with the HTA agency.
Considering that many of the parameters would be based on main clinical trials that will form the basis of regulatory

filings, it is preferable to begin the preparation from the planning stage of such clinical trials.

5.4. Recommendations to HTA Bodies

Similarly, we propose the following three points to HTA bodies, including the HTA agencies responsible for the
operation of Japan's cost-effectiveness evaluation system. First, a forum should be established for discussions with
manufacturers from the drug development stage with a view to HTA. For example, we believe that there is a
requirement of a system that enables representatives of HTA agencies to participate in consultation between
manufacturers and the Pharmaceuticals and Medical Devices Agency prior to the commencement of main clinical
trials that will form the basis of the application. Currently, the administrative body in charge of reviewing new
medicines for their approval is different from that in charge of HTA, so these is a high barrier to its implementation.
However, it is considered to be an effective method of ensuring that data for highly reliable HTA is obtained from
clinical trials. Such methods have already been utilized in the UK and the EU, and are considered helpful when
designing the system [91, 92].

Second, we suggest that manufacturers and the HTA agency begin high-level discussions regarding the cost-
effectiveness analyses prior to preliminary consultation. Given the current preliminary consultation timeline, there is
insufficient time to sort through the available information sources and their priorities. Consequently, in a few cases,
they may have to be discussed after the results of manufacturers’ analysis have been obtained, and there are concerns
about the impact on the appraisal timeline. Commencing discussions of a highly specialized nature earlier is expected
to reduce this risk. A framework for discussions between manufacturers and the HTA agency at the pre-selection
stage already exists, and it would be desirable to strengthen the HTA agency structure to facilitate this and encourage
manufacturers to make further use.

Third, we propose that reports on the results of appraisals be made public, focusing on the discussion process and
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reasons for decisions, which are currently scarcely disclosed. Knowledge from publicly available information would
be useful to many stakeholders in terms of allowing manufacturers prepare higher quality data and avoiding

duplication of discussions among the manufacturers and the HTA agency in appraisals.

5.5. Conclusion

This study addressed two concerns in the cost-effectiveness evaluation system in Japan through two researches.
Both concerns are unique; however, their solutions lie in the same direction: manufacturers and HTA bodies should
collaborate and begin preparing for cost-effectiveness evaluation from the clinical development stage of each
medicine with a view to implementing it in the future. Although it remains vague until drug price calculation whether
cost-effectiveness evaluation will be necessary, strategic preparation from a more up-front stage is necessary to make
timely and high-quality decisions.

Given that the cost-effectiveness evaluation system in Japan has a short history of operation and its objectives
differ from those in other countries, it is assumed that new concerns will continue to emerge. We hope that a system
will be established to continuously provide more efficient medicines within limited financial resources through
organic collaboration and constructive discussions between manufacturers and HTA bodies. Finally, we believe this

study will be significant in this regard.
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Appendix Table 1 Multivariable Analysis of Appraised Medicine Characteristics Associated with Key Periods
(Excluding One Outlier)

MA to FAD VAL to FS* FS to FAD
Characteristics Unstandardized P value  Unstandardized P value  Unstandardized P value
(no. of appraisals) coefficients coefficients coefficients

month, (95%CI)

month, (95%CI)

month, (95%CI)

Completion year

2016-2018 (73) Reference Reference Reference
0.332 -0.705 1.221
2019-2020 (42) (-1.116, 1.780) 0.650 (-3.164, 1.754) 0.571 (-0.477, 2.920) 0.157
Application type
Initial (68) Reference Reference Reference
. -0.604 -5.922 -0.053
Extension (47) (-2.068,0859) 03 (8479 3364y <0001 (1770, 166ay 0972
Previous appraisal
. -0.017 -0.007 -0.033
Pappraisaladded 074 6 041y 99%%  (0103,00000 28 (oa01,0035 0338
Cancer medicine
No (44) Reference Reference Reference
-0.031 -3.830 2.321
Yes (71) -1.666,1.603) 270 (6673,-0088) 0990 (0403, 4235y 0018
OMP
No (91) Reference Reference Reference
2.508 -0.858 2.761
Yes (24) 0.690,4327) 2007 (3880 2.164) 07 (0.628,4804) 0012
AA
No (110) Reference Reference Reference
Yes (5) -0.482 0.779 7449 0.010 -1.604 0.426

(-3.877,2.913)

(-13.093, -1.806)

(-5.587,2.379)

* 108 appraisals were available, because there were some missing entries in the European Medicines Agency’s
validation date. Among the 108 appraisals, the 66 were completed from 2016 to 2018, the 68 were initial
application, the 67 were cancer medicines, the 24 were OMPs, and the 5 were granted accelerated assessment.

Abbreviation: AA, accelerated assessment; CI, confidence interval; FAD, final appraisal determination; FS, final
scope; MA, marketing authorization; OMP, orphan medicinal product; VAL, validation of marketing authorization

application
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Appendix Table 2 Multivariable Analysis of Factors Influencing the FS to FAD Periods (Including ICER Gap)
Multivariable analysis (N=84)

Factors . .
(no. of appraisals) Unstandardized coefficients P value

month, (95%CI)

Factors regarding cost-effectiveness analyses

No. of comparators in the FS

<2(49) Reference

>2(67) -1.659 (-3.438, 0.120) 0.067
ICER gap between the manufacture and the ERG

<20,000 pound/QALY (56) Reference

> 20,000 pound/QALY (37) -1.491 (-0.264, 3.246) 0.095

Factors regarding clinical trials included in cost-effectiveness analyses

Time to approval

<300 days (53) Reference

> 300 days (53) 0.937 (-0.823, 2.697) 0.292
Double-blinded randomized control trial

No (53) Reference

Yes (63) -1.878 (-3.799, 0.042) 0.055
Comparators

Not specified in the FS (66) Reference

Specified in the FS (50) -1.931 (-3.953, 0.092) 0.061

Abbreviation: ERG, evidence review group; FAD, final appraisal determination; FS, final scope; ICER;
incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
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Appendix Table 3 Time from Validation of MA Application by the EMA to Approval in Case of OMPs

Time to approval, n (%) * Median (day) Range (day)
OMP, 20 (29) 333 204-666
Non-OMP, 49 (71) 344 154-1604

* Only appraisals for initial application were included.
Abbreviation: MA; marketing authorization, OMP: orphan medicinal product.
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