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ABSTRACT

To improve population health and ensure value for money, decision-making in
health care must rely on transparent and well-informed evaluations of the
expected costs and effects of new health interventions. The purpose of this
thesis was to generate and evaluate evidence on the clinical effectiveness and
cost-effectiveness of interventions introduced within the cancer care pathway
to inform future policy discussions and decision-making. The thesis focuses
on two areas: reimbursement decisions for cancer drugs and colorectal cancer
(CRC) screening in Sweden, using descriptive analysis, econometrics, and
health economic modeling.

Papers I-II assessed the evidence on clinical effectiveness and cost-
effectiveness underlying reimbursement decisions for new prescription cancer
drugs, using public decision dossiers and published literature. The findings
show that a considerable proportion of reimbursement decisions rely on
inconclusive evidence regarding improvements in overall survival (OS) and
quality of life (QoL). Paper III-IV evaluated the effectiveness, cost-
effectiveness, and inequality impact of organized CRC screening programs in
reducing incidence and improving quality-adjusted life years, using secondary
literature and registry data. The results indicate that CRC screening effectively
improves health outcomes and is cost-effective; however, the benefits are
unevenly distributed across socioeconomic groups.

In conclusion, the thesis findings imply uncertainty regarding cancer drugs’
value for money and the benefits ultimately realized by patients and society.



Furthermore, organized CRC screening reduces disease burden and improves
population health; yet it may exacerbate existing socioeconomic inequalities
in health.

Keywords: health economics, reimbursement, cancer drugs, colorectal
cancer, screening, QALY socioeconomic status, inequality, Sweden
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SAMMANFATTNING PA SVENSKA

Halso- och sjukvardssystemet utmanas stindigt av begrinsade resurser som
forsvarar mojligheten att mota befolkningens hélsobehov. For att siakerstilla
en effektiv resursanvindning som leder till forbéttrad hilsa och nytta for
samhiéllet behdvs ett transparent och vélinformerat beslutsfattande. Denna
avhandling syftade till att generera och analysera evidens for klinisk
effektivitet och kostnadseffektivitet for interventioner inom canceromradet, for
att informera framtida policy diskussioner och beslutsfattande.

Avhandlingen fokuserar pa tva omraden: 1) subventionering av
cancerldkemedel och ii) kolorektalcancer (KRC) screening. Delarbeten I-II
analyserar evidensen for klinisk evidens och kostnadseffektivitet som stodjer
subventioneringsbeslut i Sverige under 2010-2020 baserat pa offentliga
beslutsdokument och en systematisk dversikt av tidigare litteratur. Data som
analyserades deskriptivt och med logistiska regressionsmodeller visade att
evidensen for nya cancerldkemedels effektivitet i att forbattra 6verlevnad och
hilsorelaterad livskvalitet ofta var begrinsad, dven flera ar efter godkdnnande.
Delarbeten III-IV  utvdrderar effektivitet, kostnadseffektivitet och
fordelningseffekter av KRC-screening genom ekonometriska analyser och
hilsoekonomisk modellering. Studierna visar att screeningen ar effektiv i att
minska nya cancerfall samt mojliggor tidigare upptéckt och 6kad hélsa till en
rimlig kostnad, men nyttan férdelas ojdmlikt mellan socioekonomiska grupper.

Sammanfattningsvis visar avhandlingen att subventioneringsbeslut f{or
cancerldkemedel ofta baseras pa begrinsad evidens om forbéttringar i
overlevnaden och livskvalitet, vilket skapar osdkerhet kring den faktiska nyttan
patienter och samhillet far for pengarna. Vidare framkommer att KRC-
screening dr effektivt och kostnadseffektivt i att minska sjukdomsboérdan for
KRC men riskerar att forstirka befintliga socioekonomiska skillnader i hélsa.
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RESUMEN

El sistema de salud enfrenta limitaciones de recursos que dificultan satisfacer
las necesidades de la poblacion y exigen procesos de priorizacion y decisiones
informadas que mejoren la salud y el bienestar de la poblacion. El propoésito de
esta tesis doctoral es generar y evaluar evidencia sobre la eficiencia clinica y
la costo-efectividad de intervenciones introducidas en la atencion médica del
cancer—en particular tratamientos farmacoldgicos y programas de cribado—
para apoyar los procesos de decisiones.

La tesis se estructura en cuatro estudios cientificos. Los Estudios I-II examinan
la evidencia que sustenta las decisiones de reembolso de tratamientos
oncolodgicos en Suecia entre 2010 y 2020. Utilizando expedientes de decision
oficiales y revisiones sistémicas de la literatura previa, los analisis descriptivos
y de regresion logistica mostraron que, para una proporcion considerable de
los tratamientos aprobados, la evidencia sobre mejoras de la supervivencia y
la calidad de la vida relacionada con la salud era limitada. Los estudios I1I-1V
evaluan la efectividad y costo-efectividad del cribado de cancer de colon
utilizando datos secundarios y registros y aplicando métodos del control
sintético, diferencias en diferencias y modelos analiticos de decision. Los
resultados indican que el cribado reduce la incidencia del cancer y aumenta los
afos de vida ajustados por calidad a un costo razonable, aunque con beneficios
distribuidos de forma desigual entre grupos socioecondomicos.

En conclusién, la tesis muestra que la evidencia utilizada para apoyar las
decisiones de reembolso de tratamientos oncologicos es limitada en relacion
con los resultados clinicos mas relevantes para los pacientes y presenta una
considerable incertidumbre sobre su costo-efectividad. Asimismo, demuestra
que el cribado de cancer de colon es una intervencion efectiva y costo-efectiva,
pero corre el riesgo de ampliar desigualdades en salud en la poblacion.
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1 INTRODUCTION

The health care system constitutes a fundamental sector in most countries and
enables the provision of health care services and goods to meet the demand for
health and health care.' Many countries allocate a considerable share of their
national resources to health care, with health care expenditure amounting to
10.4% of the gross domestic product (GDP) across European countries in
2022.%2 Over time, health care expenditure has risen and is projected to increase
at a faster rate than economic growth and governmental revenue in many high-
income countries.” Raising concerns regarding the long-term financial
sustainability of health care expenditures and emphasizing the limitations of
current resources.”

Sweden is a high-income welfare state that devotes a relatively large share of
public funds to health care. In recent years, spending reached 11.2% of GDP
and around 19% of total public expenditure.* * Swedish health outcomes are
strong in international comparisons, characterized by high longevity and
declining mortality rates in many disease areas. At the same time, the system
has reported constraints and challenges, including personnel shortages,
inequalities in health outcomes, as well as budget deficits across many Swedish
regions and municipalities, responsible for funding and providing healthcare.™
" Constraints that further are reflected in extended waiting times for specialized
care, and bed capacity shortfalls leading to overcrowding and replacements
across the regions.>® Despite progress in several quality indicators, the current
pressures highlight the limitations in available resources and the mismatch
between resources and needs.

Cancer represents one of the largest contributors to disease-related costs in
Sweden, indicating a substantial burden through reduced health, productivity
losses, and direct health care expenditure.’ It is a leading cause of morbidity
and mortality, with around 70,000 new cases and 23,000 deaths annually,'® !
and is expected to increase over time if no further preventive measures are
taken.'? In Sweden, national policies—in line with the European Union (EU)—
have been established with the explicit aim of reducing the incidence of
cancers, extending survival, improving quality of life (QoL) among cancer
patients, and reducing inequalities in cancer outcomes across population
groups and regions.'> '
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Research advances in treatments and diagnostics for cancer have been
remarkable over time and continue to emerge, enabling the introduction of new
interventions and technologies within cancer care.'” These developments give
rise to potential opportunities to improve health outcomes and care. However,
they also impose new financial and organizational demands on the system—
necessitating additional decisions and prioritizations.

In a context with scarce resources, the supply and consumption of health care
services are limited by budget constraints and capacity limits.'® Every
investment inevitably entails an opportunity cost—the benefits forgone by not
directing the resources to another intervention, health area, or sector.'
Consequently, societies must make trade-offs and agree upon how to ensure
efficient use of the available resources, given the objectives of the system.

To enable effective and transparent resource allocations, decision-makers must
be informed about the costs and consequences of different investments,
understanding both the value for money and the effects of various decisions,
as well as the underlying mechanisms driving specific outcomes.'® This is
especially important in a largely publicly funded system, where collective
resources also support other fundamental societal functions that influence
health, such as education and social protection.’

This thesis places itself within the context of these broader challenges of health
needs, high cost, and limited resources. Using health economics as a
methodological toolkit, it seeks to support transparent and informed decision-
making, focusing on the objectives of improved survival, QoL, and reduced
avoidable inequalities in the work towards a reduced cancer burden. The work
examines the introduction of cancer interventions over the last decades,
ranging from pharmaceutical treatment to screening programs, in a Swedish
setting. Specifically, the thesis contributes new evidence to two areas: i) the
assessments of economic evidence underlying cancer drug reimbursement, in
a setting of rapidly evolving prices over time, and ii) the evaluation of
colorectal cancer (CRC) screening as medical prevention to reduce the burden
of disease and preventable death in Sweden.

The thesis is structured as follows. The remainder of Chapter 1 presents the
background to this work, including the burden of cancer, pharmaceutical
introductions, CRC screening, and relevant international and Swedish
literature. Chapter 2 outlines the aims of the thesis. Chapters 3 and 4 describe
methodological approaches and present the results. Chapter 5 discusses the
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findings and limitations, followed by Chapters 6 and 7, which conclude with
policy implications and future research directions.

1.1 The burden of cancer diseases

Cancer is the composition of a large group of heterogeneous diseases that are
defined by the uncontrolled proliferation of cells with the ability to spread and
grow across a cell’s normal boundaries.'” Cancer can arise in every part of the
body and entails varying levels of malignancy, progression, and burden of
disease for individuals."’

The burden of cancer diseases has been growing over time, with a steady
increase in global incidence since 1980, especially in high-income countries.'®
While incidence has increased, significant advancements have been made in
overall health and the understanding of cancer, which have enabled new
treatments and improvements in the survival rates of many cancers over time.
Despite these positive developments, cancer continues to be a leading cause of
the burden of disease.'® ' Solely in the last years, one in five individuals has
been diagnosed with cancer globally, and one in nine males and twelve females
have died from it, causing 100 million disability-adjusted-life-years in a year,
reflecting its public health impact and loss.”” While cancers are largely
prevalent across most populations globally, the risk of cancer and cancer-
related death has increasingly been associated with socioeconomic status
(SES), and inequalities in cancer outcomes are clear both across and within
countries.**?!

The burden of cancer not only imposes significant detriments on individuals’
and relatives’ health but also causes great economic and societal loss. In a
report from 2025, Manzano et al. estimated and compared the total cost of
cancer for the European region over time.*” The authors estimated that the total
economic burden of cancer in Europe for 2023 amounted to 228 billion EUR,
corresponding to approximately 1.3% of the EU's total GDP in 2023.%** The
health care cost of cancer was estimated to be 146 billion EUR, constituting
more than half of the total economic burden of cancer. Since 1995, the cost of
cancer care has increased by 135%.% Although a significant share of these
increases is expected due to a growing number of cancer cases, the cost for
cancer care has been growing at a faster rate than the cancer incidence in
Europe, indicating an overall increase in the cost per cancer patient.”***



Health Economic Aspects of Cancer Care

While the cost of cancer care encompasses a broad range of different services,
such as diagnostic procedures, follow-up visits, and operations, cancer drugs
have constituted a growing share of the costs and are further expected to do
s0.**?* In Europe, cancer drug expenditure increased by 200% up to 2018, and
its share of the total health care cost increased from approximately 12% in 2005
to 45% in 2023 (excluding discounts®).?> **

In Sweden, cancer likewise constitutes one of the main public health diseases,
and around 600,000 people currently live with or have received a diagnosis of
cancer during their lifetime.'™ '* Even though the country has a high cancer-
related survival rate in comparison to other countries, with steady improvement
over time, the disease is still one of the leading causes of death in Sweden.'*
The cost of cancer as a share of the total cost for diseases in the country has
slowly grown over time, and constitutes approximately 9% of the total direct
cost of care in Sweden, equivalent to the share of circulatory diseases.’ Also in
Sweden, cancer drugs constitute a growing share of the cancer care cost and
are additionally one of the main drivers of pharmaceutical expenditure within
the health care system.”?”** As the economic burden of the disease is closely
linked to the prevalence of the disease, further increases are expected.

Both national and international projections of the societal cost of cancer
indicate an increase in the economic burden in the upcoming decades.” %’
Based on global projections for 204 countries, the global economic burden of
cancer between 2020 and 2050 is estimated to 25.2 trillion international
dollars, which is more than the total GDP of the EU in 2024.% For Sweden, the
projected cost is equivalent to 88,116 million dollars, which is more than the
entire Swedish health care budget for 2023.* %

Approximately half of the projected costs are expected to be driven by lung
cancers, cancers in the colon and rectum, breast cancer, liver cancer, and
leukemia.” High-income countries are further expected to account for a larger
share of the economic cost due to higher productivity and higher treatment
costs.”

 Cancer drugs are often negotiated and covered by discounts. Consequently, the net
prices of new cancer drugs are often smaller than the official list prices. However, due
to confidentiality these prices are not known which leads to some uncertainty regarding
the actual cancer drug expenditure.
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Figure 1. Annual cancer incidence per 100,000 persons over time in Sweden. Data based on the
National Board of Health and Welfare.>’

1.2 Cancer drugs - from lab to patient

The pharmaceutical developments and delivery of new treatment options in the
field of cancer have been striking over the last decades. As the understanding
of cancers has grown, new therapies have been developed targeting various
mechanisms of the disease.' ?* Cancer research and development have been
dominating pharma for the past years, and while other research areas, such as
obesity and neurology, are growing, cancer remains an area with the most
initiated trials globally, accounting for 41% of all newly initiated trials in
2024.%

For a new drug substance to be introduced and marketed within the health care
system, a market authorization is required.”” For Sweden and other members
of the EU, market authorization decisions for cancer drugs must be handled by
the European Medicines Agency (EMA) through a centralized procedure.
EMA is a regulatory body responsible for evaluating new drugs to ensure a
positive balance between the risks and benefits of new developments. The
focus of a market authorization decision is thus mainly to ensure that patients
are not excessively harmed in relation to the benefits that a drug provides.*
After a regulatory approval has been issued through the centralized procedure,
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pharmaceutical companies are free to market and introduce the drug in all
countries within the EU, Norway, Liechtenstein, and Iceland.*> ** For drugs
not handled through the centralized procedure, often generic drugs or non-
prescription-based drugs, evaluations and market authorizations can be granted
on a national level. In Sweden, this is handled by the Swedish Medicinal
Products Agency.*

Box 1. EMA regulatory pathways

Market authorizations for cancer drugs are granted by EMA. A market
authorization can be granted through different pathways depending on the
disease context and available evidence for the drugs at the time of application.
The pharmaceutical developer is responsible of applying for market
authorizations through these pathways and for submitting available evidence
for its drug.”

Regular authorization

The main pathway for standard market authorization approvals. To receive an
approval, the drug must be shown to have a positive benefit-risk balance.’> A
regular, standard market authorization grants the applicant a market
authorization to sell and market its drug throughout all countries within the EU
and EEA under an initial period of 5 years (after which it can be renewed for
an unlimited market authorization period).*>** The final decision is made by
the European Commission based on EMA’s recommendation.

Conditional authorization

A conditional market authorization is a regulatory authorization pathway that
aims to facilitate the availability of drugs that address an unmet medical need
by enabling approvals on less complete clinical data and conditioned on the
fulfilment of specific obligations.’® A conditional approval implicates that the
applicant can follow-up with more comprehensive post-approval data to
confirm the clinical benefits and fulfil the conditions for a standard regulatory
approval. This pathway is intended for orphan diseases, or diseases that are
life-threatening and causes significant debility among patients and where no
available treatment currently exist or if alternatives exist—that the new product
may have such major therapeutic benefits that a rapid access outweighs the
risks of not having more data at approval. An authorization through this
pathway can also be made in the context of great public health threat.*
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A market authorization through the conditional authorization pathway is valid
for one year and can be annually renewed or converted to a regular
authorization.*

Exceptional Circumstances

This route implicates a market authorization that is given despite that more
updated and comprehensive data cannot be granted after the approval. Unlike
for conditional approval, a market authorization for exceptional circumstances
cannot be converted to a regular approval.®

1.2.1 Evidence requirements for market
authorization approvals

For a drug to receive market authorization, evidence indicating a positive
benefits-risk balance is required. The evidence for market authorization must
be based on a range of clinical studies, including exploratory studies of dosing,
toxicity, treatment activity, and confirmatory trials assessing the efficacy and
harms of the drug.*® According to EMA guidelines for the approval of new
drugs, data on the efficacy and harms of a drug should be based on randomized
controlled trials (RCT) when feasible.’” However, ethical considerations such
as rarity and severity of the disease must be taken into account, and
requirements of the level and completion of data can vary depending on the
disease context and authorization pathway, such as for the conditional market
authorization (Box 1).*’

EMA does not provide a clear definition of what constitutes a clinical benefit;
however, a clinical outcome has generally been defined as a measure that
captures how a patient survives, functions, or feels.*® In many settings,
biomarkers or intermediate outcomes can be used to indicate and predict a
clinical benefit, so-called surrogate outcomes. While no clear definition has
been made, surrogate outcomes are often defined as intermediate outcomes
used to substitute for or predict the main outcome that is of relevance for the
patient.*®

For cancer trials, the preferred endpoint to demonstrate clinical benefit for
EMA is overall survival (OS).*” Other endpoints such as progression-free
survival (PFS), disease-free survival, and episode-free survival are considered
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acceptable as primary endpoints based on the assumption that these, in general,
are expected to be associated with worsening of, e.g., symptoms and QoL.*”*’
The inclusion of patient-reported outcomes, such as QoL, is optional, but is
encouraged to be included as a secondary endpoint.’” The preference and
acceptability of endpoints and study designs, differ based on, e.g., the
treatment intent, the disease indication, and available treatment alternatives.*”
% For example, conditional market authorizations may have less stringent
requirements at the time of approval, given the perceived need and therapeutic
advantage for an indication.*’

1.2.2 Evidence supporting market authorization of
cancer drugs

Previous literature has documented an increasing share of market
authorizations for cancer drugs over time, both in terms of standard regulatory
approval and through authorization pathways aimed at shortening assessment
times, such as accelerated approvals or conditional authorizations.***> Within
the EU, conditional authorization pathways (Box 1) are extensively used by
cancer drugs, with more than half of drugs with a conditional approval between
2006 and 2016 having a cancer indication.*"*

The evidence supporting the market approval of cancer drugs and their clinical
benefits over time is well documented and has raised considerable debate over
the last decades.***’ Several studies have assessed the evidence of clinical
benefit and reported an increasing use of intermediate outcomes and
biomarkers (hereafter surrogate outcomes) to infer clinical benefit, such as
objective response rates and PFS.*>*? These intermediate outcomes are many
times limited in conferring direct conclusions regarding improvements in OS
and QoL and have raised questions regarding the actual clinical benefit accrued
for patients, and if improvements are made in outcomes that are of main
importance for patients.** #3337

Other concerns that have been reported are the share of market approvals being
supported by single-arm trials, which lack a control arm, and thus prevent the
possibility and validity of drawing causal inferences of the clinical
effectiveness of a drug.*’> % This has been observed particularly within
conditional and accelerated pathways, but also for non-rare disease
indications.’® > The lack of RCT data, which has been the gold standard for
evidence of clinical efficacy, has been particularly observed for cancer drugs,
which have been shown to constitute 66% of approvals based on single-arm
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studies by the EMA and the Food and Drug Administration (FDA, the US
counterpart to the EMA) from 1999 to 2014.%°

In a recent study evaluating global phase 3 cancer trials to confirm the
effectiveness of drugs, the researchers found that only 32% of trials show
superior improvements in QoL or OS compared to an alternative or placebo,
despite most trials being focused on metastatic diseases—a disease stage where
QoL is of great importance for patients and demonstration of OS benefits may
require shorter time.'-

For a considerable share of drugs approved through conditional or accelerated
assessments, a lack of confirmatory evidence and non-fulfilment of the
conditions for which approval was made upon have been further observed,
with confirming evidence often consisting of results on the same or new
surrogate outcomes.* ** % In a study by Naci et al. 2024, a follow-up of FDA
approvals of cancer drugs that are based on surrogate outcomes was conducted.
The study found that for most approvals, around 63%, continued to lack
conclusive evidence of improvements in OS after a follow-up of at least 4.3
years and 8.2 years in median.** This has also been found for approvals made
by the EMA, with a considerable share of cancer drugs being approved with
uncertain evidence regarding the comparative effectiveness of improving OS
and QoL, and low estimated clinical benefit using established benefit
assessment tools,* 3¢ 37- 6. 66

1.2.3 Validation of surrogate measures

The reported use of surrogate outcomes and single-arm trials has been a source
of debate as to their ability to accurately enhance evidence of benefits in the
survival and QoL of patients.®””® The use of surrogate outcomes can have an
important role in reducing trial durations and improving timely access to
patients, as well as reducing the risk of bias due to cross-over and subsequent
treatments in curative or chronic settings with long expected follow-up.®
However, given that a surrogate outcome is not the desired outcome per se, its
use further requires a solid validation of surrogacy to ensure the expected
benefits on the outcomes that are of most importance for patients.®®

For an endpoint to be validated as a surrogate for the final endpoint, it must be
shown that i) the evaluated endpoint is associated with the final endpoint of
interest on an individual level and ii) that the effect from a treatment on the
potential surrogate can be used to predict the effect on the final endpoint.”
While associations between two endpoints can be shown on the individual
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level, several factors, including measurement biases, confounding, biological
heterogeneity, and side effects, can impact the relationship between two
endpoints. Thus, an effect on an endpoint capturing, e.g., delayed progression
or tumor shrinkage, does not always translate into improvements in how long
a patient lives or feels.®>7* The predictability of treatment effects relies on that
there exists at least some causal link between the intermediate and final
endpoint, such that the effects on the final endpoint go ‘“through” the
intermediate endpoint, entirely or in part, mediating the treatment effect.”
Thus, to ensure that the relationship between a potential surrogate and final
endpoint predicts treatment effects, trial-level evidence is additionally
needed.>"*

Validation studies for intermediate endpoints often used in cancer care, such
as PFS, show variability and heterogeneity in how well they function as
surrogate outcomes across cancer settings.”* A few endpoints currently used
in cancer evaluations have been validated as surrogate outcomes for specific
cancer types and settings, such as metastasis-free survival in localized prostate
cancer, disease-free survival in CRC and gastric cancer in the adjuvant setting,
as well as PFS in advanced CRC disease.”” " At the same time, several studies
have found limited validation of commonly used surrogate outcomes, with low
predictability and weak correlations between, e.g., PFS and OS or QoL.” 8%
The use of weakly validated surrogate outcomes creates uncertainties about the
clinical benefits and limits the possibility of evaluating the comparative effects
of a drug, evidence that is important for further assessments of a drug’s cost-
effectiveness and value for money.'® %

1.2.4 Health technology assessments (HTA)

While a market authorization is the main requirement for the availability of a
new drug, the accessibility and broader use of a drug within the health care
system are dependent on the coverage and reimbursement of the drug within
each country.*?

Contrary to market authorizations, pricing and reimbursement decisions are
handled within each jurisdiction in the EU. Reimbursement decisions in
Europe are often informed by HTA processes.”> An HTA process is defined as
a systematic assessment of a technology's value and impact in a specific
context, aimed at informing decision-makers to improve policy decisions
within the healthcare system.® Most countries have HTA agencies responsible
for the assessment and appraisal of new technologies according to their own
contextual assessment criteria.*® Most decision criteria include requirements
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on clinical effectiveness, economic impact, and cost-effectiveness, as well as
social value judgments.®

In 2025, a new HTA regulation was implemented within the EU, defining a
new framework of joint assessments for the clinical comparative effectiveness
and level of evidence of cancer drugs and advanced therapy medicinal products
across EU members.®” The assessment of costs, cost-effectiveness, value
judgments, organizational and ethical considerations will, however, continue
to be made at the national level within each HTA jurisdiction.®’

Cost-effectiveness analyses

The cost-effectiveness analysis (CEA) is the most common type of economic
evaluation within the health care sector and reimbursement processes.'® 8% It
aims to inform decision-makers on costs, effects, and value for money of new
interventions.

A CEA estimates the additional cost required to generate one extra unit of
health improvement when comparing a new intervention (Treatment A) with a
relevant alternative (Treatment B).'® This is done by evaluating the change in
cost in relation to the change in health outcomes—expressed as the incremental
cost per unit of effect gained—and is estimated by the incremental cost-
effectiveness ratio (ICER):

Cost, — Costg

ICER =
QALY, — QALY

The ICER is compared against a cost-effectiveness threshold that reflects a

decision-maker’s willingness to pay for an additional unit of health benefit.'®
89

Health outcomes in a CEA are expressed in natural units, such as life-years
gained, cancer cases averted, or sick leave-days avoided.'® However, when the
aim is to inform the allocation of resources to optimize population health
within the limits of the system, the outcome measure should ideally be generic
and comparable across health areas to capture the main aspects of a health
benefit in the health system.'® This is particularly important when considering
the potential health losses from displaced resources, which can impact other
patient groups and disease areas within the system.'®
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The quality-adjusted life year (QALY) is the main generic outcome measure
used in cost-effectiveness analyses.”’® A QALY combines the duration of how
long a person lives with considerations of the QoL-level over that period and
provides a summary measure of the health benefit. In Sweden—and most
settings where economic evaluations are used to support healthcare decision
making—QALY is the recommended or mandated outcome measure to use in
a CEA.%’ 88, 90

A CEA fundamentally relies on comparative evidence of both the effects and
costs of an intervention relative to the next best alternative, assessed over a
time horizon long enough to capture all relevant differences between the
strategies.'® Evidence for a CEA can be collected alongside a clinical trial or
synthesized within a decision-analytical modelling framework, which enables
consideration of a variety of evidence sources and extrapolation of outcomes
over the relevant time period.'® To ensure that an evaluation is informative for
decision making, all relevant evidence on comparative effectiveness and cost
implications should be considered. Within a modelling framework, data can be
used from multiple sources—such as RCTs, cohort studies, or registries—and
the suitability of each data source depends largely on the decision problem,
available evidence, and specific question sought to be answered.'®

For evidence of clinical effectiveness, particularly in the context of new
technologies where data often are limited for pharmaceuticals, the comparative
estimates used in the analyses must be unbiased and reflect treatment effects
on relevant outcomes relative to an appropriate comparator.'® When QALY is
used as the main outcome, evidence on how the technology affects both
survival and QoL is therefore crucial. Given the evidence-based framework of
economic evaluations, the reliability of cost-effectiveness results depends
critically on the quality, validity, and relevance of the underlying data. Thus,
the type and level of evidence used are key to the credibility of cost-
effectiveness results.'®

1.2.5 Swedish HTA processes

In Sweden, most health care is provided and funded through public taxes at a
regional level.* However, the funding and reimbursement of drugs are handled

® When using a generic outcome such as a QALY the analysis is instead referred to as
a cost-utility analysis. In this thesis cost-effectiveness analysis will be used as the
overarching term for both analyses.
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in two separate segments: one for outpatient drugs and another for inpatient
drugs.”

Drugs in the outpatient sector in Sweden consist of both prescription-based
drugs and over-the-counter drugs.”’ While over-the-counter drugs are financed
privately, prescription-based drugs can be included in the national benefits
scheme and be reimbursed based on a cost-sharing policy aimed to regulate
financial security (Hogkostnadsskyddet in Swedish).”* The cost-sharing policy
for prescription drugs is a combined deductible and co-insurance scheme with
a maximum cap rolling over 12 months.”* Since 2025, this maximum cap is
3800 SEK. Patients pay a deductible of a maximum of 3800 SEK, after which
the cost is fully reimbursed through governmental grants directed to the
regions. For prescription-based drugs, the decision of reimbursement and
inclusion within the benefits scheme is made through a centralized national
process handled by the national HTA-agency, the Dental and Pharmaceutical
Benefits Agency (hereafter TLV, the Swedish acronym for Tandvérds- och
likemedelsformansverket).”!

The application for reimbursement is initiated by the pharmaceutical
companies, which are responsible for submitting evidence of clinical
effectiveness and cost-effectiveness.” TLV is then responsible for the HTA
process, making an expert judgment and assessments of the submitted evidence
for a Swedish context. The applications are evaluated based on criteria
including need, cost-effectiveness, and clinical benefit.”* The final decision is
made by the Pharmaceutical Benefits Board—appointed by the government
and including representatives from patients, health professionals, and
academia—based on TLV’s assessment and recommendations, and applies on
a national level.” %

For hospital-administered drugs, the process of procurement and assessment
of new drugs is handled on a regional level and thus follows a different
pathway within each region.”’ For drugs with high expected costs and
organizational impact, often including cancer treatments, procurement and
decision processes are usually made jointly through the Council of New
Therapies.”' The Council of New Therapies is responsible for deciding which
drugs to include through a joint national procurement based on suggestions
from the regions and a horizon scanning group. If included, the council is
further responsible for price negotiations and market entry agreements on
behalf of the regions and evidence assessments.”’ The assessment through the
Council for New Therapies is made with support from other HTA agencies,
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such as TLV, which also provides assessments of the cost-effectiveness for
these drugs upon request.”* After the assessment, the council is responsible for
national recommendations on the use of the new drug. The final decision is,
however, made within each region, and no obligation to follow the council’s
recommendation exists.”!

The Ethical Platform

According to the Health and Medical Services Act, decisions and priorities
within health care in Sweden are to be guided by the principles of human
dignity, needs and solidarity, and cost-effectiveness.”* *® The principle of
human dignity is the main principle that is to underlie all decisions, preceding
all other principles, and implies that prioritizations and decisions within the
health care system are not allowed to discriminate across groups based on
factors such as age, sex, social and economic position, or ethnicity.”” Everyone
should be regarded as an equal. The principle of need and solidarity reflects
the aim of equity and implies that precedence should be given to those with the
greatest needs within society. Thus, for example, those with a higher severity
should be prioritized. The cost-effectiveness principle implies that decisions
and priorities must ensure that the costs implied are reasonable given the
medical, humanitarian, and economic aspects of the decision. The principle of
cost-effectiveness is to be regarded as inferior to the other principles.’* *°

The use and implementation of the ethical platform in Swedish decision-
making by TLV has been shown for the principles of need and solidarity, as
well as the principle of cost-effectiveness.” * Indicating that both the level of
severity and cost-effectiveness are of importance for reimbursement decisions
of new drugs, with the likelihood of reimbursement increasing with higher
levels of severity and decreasing with higher levels of cost per QALY. The
definition of what constitutes a severe disease and the threshold for the
acceptable cost per QALY has, however, not been explicitly defined.”® *
However, implicit thresholds discerned from previous decisions indicate
thresholds that range around 500,000 to 1,000,000 SEK per QALY for
moderate to very high severity levels, and in recent years up to 2,000,000 SEK
for rare and severe diseases.”® '
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1.2.6 Evidence of the prices and clinical benefits of
authorized cancer drugs

As mentioned, cancer drugs have received increasing attention due to rapid
increases in prices and the growing share of the cost of cancer care that is
constituted by pharmaceuticals.” '*'"'> While part of these trends is expected
due to a growing number of cancer patients, a non-negligible share of these
increases can likely be related to the introduction of new pharmaceuticals with
increasingly high prices.'**

It is well documented that cancer drugs constitute one of the therapeutic areas
with the highest drug prices, particularly so within the US.''% In a previous
study examining the pricing of monoclonal antibody therapies across several
disease areas in the US, cancer indications were among those with the highest
prices and accounted for approximately 85% of therapies with annual
treatment costs exceeding 100,000 US dollars.'"”” Cancer drugs have further
been observed to increase by approximately 10% annually in the US, with
cancer drugs continuing to display among the highest drug prices in absolute
terl’l’lS.lOS’ 109

While the US reflects a special case of price development due to, e.g., the
previous lack of possibilities of price negotiations for governmental bodies and
HTA processes,* studies have also found increasing launch prices over time
for cancer drugs in European settings.'” "% "' In a study examining drugs
approved in the US, Germany, and Switzerland, cancer drugs were consistently
found to have rising median launch prices between 2011-2023 across all
countries.''” Another study found that cancer drugs were approximately three
times more expensive than non-cancer drugs in some European countries and
the US, even after adjustment for efficacy, regulatory, and epidemiological
factors.'"®

To enable an accurate analysis of cancer drug costs and prices, the discussion
of high treatment costs should be made in relation to the health benefits and
value they generate for patients and the health care system.'® It is possible that
a treatment is expensive and increases costs, but if it simultaneously delivers a
substantially improved benefit compared to existing alternatives, the additional
cost may be justified.'® If this is the case, the cost per unit of health gain could
be considered reasonable, and the benefits could outweigh the resources used,
making us better off with the new treatment, despite the high costs. This is the
perspective that is used when assessing a drug’s value for money.”
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The development of new drugs has contributed to important advances in cancer
treatment and led to significant improvements in patient outcomes.'® In the
early 2000s, the introduction of the drug Imatinib marked a breakthrough in
the treatment of hematological cancers, with substantial improvements in the
cure and survival for patients.®® "> However, on a systematic level, the
association between clinical benefit and price increases has been more
contested. While studies have indicated positive associations between cancer
drug prices and clinical efficacy,'® % "Sothers have observed a lack of
alignment with clinical benefit and quality of evidence, also when accounting

for other factors such as designation, novelty, and level of severity.* 4% 10> 1.
114,115

It is important to note the use of confidential rebates when raising the
discussion of cancer drug prices. In Europe, many cancer drugs are negotiated
and introduced through market entry agreements—contracts that are made to
manage financial risks and uncertainties with the implementation of the
drugs.''® These contracts can include price reductions and rebates linked to
budget impacts or performance of the drugs, and are often confidential to the
public. These confidential rebates limit the transparency of cancer drug
prices—the true amount of spending on cancer drugs—and consequently the
impact of the observed price developments. Evidence indicates that
confidential rebates are likely to increase with list prices.”* ' In a study
examining potential rebates in the EU, comparisons between list and reported
prices suggested that while some countries obtained substantially lower prices
for certain drugs—in some cases approaching 50% of the list price—
reductions were often modest.''” In a study from the US, considerable rebates
have been observed for branded prescription drugs, with discounts increasing
as list prices rose. Nevertheless, net prices increased by approximately 60%
between 2007 and 2018."® In cancer-specific analyses, net prices of cancer
drugs have also been shown to increase over time, with weak associations with
clinical benefit.'"* How these observations can be generalized to a European
setting is, however, uncertain.

The observations of approved cancer drugs and their prices have raised
questions about the value for money of new cancer drugs, which outcomes
matter most, and how to ensure that the resources invested in cancer drugs are
used effectively.*® ' However, most previous work has studied the clinical
evidence of market-authorized drugs. Far less is known regarding the evidence
supporting drug reimbursement decisions in settings where value-based
pricing and formal HTA are implemented, especially in a Swedish setting.'"*"

16



Gabriella Chauca Strand

12l Given that this context entails a different trade-off—specifically that of
benefits and costs—and relies on criteria such as cost-effectiveness and social
value assessment, different evidence standards and requirements on benefits
would be expected.
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1.3 Cancer prevention and early detection

Given the projected growth in the societal and economic burden of cancers—
not the least by the expected challenges of high cost and value-assessment of
cancer treatments—there is increasing emphasis to mitigate the expected
disease burden through prevention and early detection.'***

The prognosis and curability of many cancers vary largely based on the stage
of diagnosis, age, and timely access to treatment, with early-stage cancers and
younger patients often having better survival rates.'** The cause of cancer and
how to prevent the disease remain under research; however, current evidence
suggests that approximately 40% of all new cancer cases are attributable to
modifiable risk factors related to environmental exposures and lifestyle.'”
While a significant share of cancers evidently can be mitigated through
lifestyle prevention, a considerable share still lacks clear modifiable factors
that limit early prevention.'* Consequently, tools for early detection and timely
access to health care treatment are essential alongside primary prevention for
improving patient outcomes and reducing the burden of cancer disease.'**

Screening is a form of medical prevention aimed at improving early detection
of a disease through clinical examination and tests among asymptomatic
populations.'”® Screening can be delivered in multiple forms and be
population-based or targeted towards specific sub-groups with high risk, an
organized program—systematically offered at a national or regional basis—or
opportunistic, i.e., non-systematic, and physician-initiated through routine
practice or on patient request.'

In 2002/2003, the Council of the EU and the US Preventive Services Task
Force (USPSTF) issued recommendations to offer systematic population-
based screening for colorectal, breast, and cervical cancer.'”’ Since then, the
recommendations have been wupdated and extended to include
recommendations for piloting and research on the implementation of screening
for lung and prostate cancer, albeit to a limited extent, focusing primarily on
high-risk profiles.'* Globally, several countries, mainly concentrated in high-
income countries, have implemented organized or opportunistic screening for
the main cancers: breast, cervical, and CRC.!*-13?

1.3.1 Screening principles

Screening for cancer has the potential to be effective in improving survival and
reducing the overall burden of disease. However, it also risks harm in terms of
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overdiagnosis, which can lead to unnecessary overtreatment and burden on
individuals who otherwise would be unaffected by the disease.'** According to
the World Health Organization’s (WHO) principles of organized screening,
screening must be motivated by a high incidence and public health concern of
the disease. The disease should be well understood, with clear evidence of the
disease progression and the possibility of detecting the disease in a phase of
limited symptoms, where the probability of spontaneous diagnosis is small.'*
Treatments for the disease at detection must also be available, with a clear
diagnostic criterion for their use. The applied examination test should be
validated and acceptable among the intended population. Finally, the incurred
costs of the screening must be balanced against the benefits, and the health care
system must have adequate resources to handle the increased rise in
diagnoses.'?> 134

While the core principles of screening from the WHO remain, additional
updates have been made by screening committees and organizations, not least
regarding equity concerns.'” '** In 2022, the European Commission
committed to the aim of reducing inequalities in cancer knowledge, prevention,
diagnosis, and care within the EU." Consequently, Europe’s cancer beating
plan and screening recommendations within the EU have additionally
emphasized the importance of considering and monitoring inequalities in
quality assessments and evaluations of screening programs.'*'?® As the disease
burden and health care capacities, as well as the acceptance of tests, can vary
across settings and change over time, continuous monitoring and contextual
evaluations of implemented programs are warranted.'*> '**

1.3.2 Evidence requirements and screening
principles in Sweden

In Sweden, the evaluation of screening for cancer is guided by 14 principles
developed by the National Board of Health and Welfare.'*> These principles
largely align with the principles from the WHO but further emphasize concerns
for specific evidence requirements, primary outcomes, and ethical
considerations in regard to inequality in the evaluation of screening programs
that are or will be implemented.'” '*° According to these guidelines, the
effectiveness of screening should be supported by RCT evidence on the effects
on mortality, morbidity, or disability as primary outcomes.*> As for the
evaluation of a drug’s effectiveness for market authorizations, the stringency
of these requirements depends on the ethical and practical possibilities to
ensure such evidence. Thus, evidence from various studies with different study
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designs that focus on intermediate outcomes explaining the disease state with
and without screening may be used to strengthen the evidence base for
screening effectiveness when RCT data are lacking.'** The guidelines further
emphasize the need for cost-effectiveness evidence based on long-term
evidence of the effects and costs of screening through health economic
modelling, as well as ethical considerations of the impact of screening on long-

term “equality”.'?

1.3.3 The potential of screening in CRC

CRC constitutes one of the leading causes of avoidable mortality globally and
in Sweden."** ¥ Among cancers, CRC is the second leading cause of cancer-
related deaths and the third most common cancer in terms of incidence
worldwide. In 2019, approximately 1.9 million new cases were diagnosed, and
900,000—1 million deaths due to CRC occurred, constituting around a tenth of
all cancer-related deaths."® ' The incidence and mortality rate of CRC,
however, vary greatly across regions worldwide, with estimates indicating a
10-fold variation across regions."*’ In Sweden, the burden of CRC is high and
likewise constitutes one of the leading causes of death among men and
women.'* 2

Based on the current evidence and knowledge, CRC has a hereditary
component but is mainly characterized by sporadic cancers. Most CRC cases
are believed to develop from pre-cancerous adenomas and polyps in the colon
or rectum.'**'*? The natural progression of the disease from an adenomatous
polyp is believed to take approximately 10—15 years; however, it may vary

based on location, type of adenomatous polyp, and hereditary composition.'*"-
142

The risk of CRC has been strongly associated with older age, familial history
of CRC, as well as behavioral and lifestyle factors.'?* 3% 141143144 Evidence of
the risk of cancer across socioeconomic groups has, however, been mixed
across European countries and North America.'* In Sweden, no clear
conclusions have been made regarding the association of colon cancer
incidence and SES, and only small differences in incidence across educational
levels for rectal cancers have been observed.'*® Reports, however, suggest a
lower likelihood of early-stage diagnosis for low SES areas compared to high
SES areas, with a 23% difference in the odds of early detection.'*’

As with many other cancer forms, the probability of survival and treatment of
CRC is largely associated with stage as well as age at diagnosis.'** At earlier
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stages, CRC has a high probability of cure and a 5-year survival rate of over
90% compared to 20% at late-stage cancers; likewise, older age groups have
been shown to have a reduced rate of survival compared to younger age
groups.'* 18199 Although the evidence of the risk of cancer across SES groups
has been mixed across European countries and North America,'* differences
in survival have been observed, with lower SES groups having lower rates of
survival from CRC globally**'* and in Sweden.'*" '#°

Screening for CRC consists of an examination of asymptomatic individuals to
detect undiagnosed cancers and remove pre-cancerous adenomas.'** Given the
typically slow disease progression of CRC from pre-cancerous adenomas and
the improved prognosis with early-stage diagnosis, screening offers a dual
opportunity to reduce the risk of CRC development and improve patient
outcomes through timely diagnosis and treatment.'*?

Specifically, CRC screening is expected to yield: 1) a long-term preventive
effect through the detection and removal of adenomas, observable as a
reduction in overall population incidences, and 2) a shift in the stage and age
at diagnosis among the invited cohorts—observed as a short-term increase in
screening-eligible age-groups—and subsequent reductions in advanced-stage
incidence and post-screening age-groups (as screened individuals grow older).
These effects are further expected to lower CRC-specific mortality in the
population.'*!

The dual impact expected from CRC screening distinguishes it from most other
cancer screening interventions, which primarily aim to improve early diagnosis
without offering the possibility of direct prevention.'*® Compared to screening
strategies such as prostate and breast cancer screening, which are solely based
on early detection, the risk of overtreatment and overdiagnosis has been less
emphasized for CRC."** Although the dual impact of screening and its
preventive effect may reduce the extent of these risks compared to other
screening programs, it is important to note that it still poses a risk of incurring
harm by detecting polyps and cancers that would have remained clinically
insignificant for some individuals, which must be considered.'*?
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Box 2. Main methods for CRC screening

Stool-based methods

Stool-based tests are non-invasive
screening methods that detects
unobservable blood in the stool,
which can indicate CRC or
precancerous lesions. !

The two main stool-based test are the
Guaiac fecal occult blood test
(gFOBT) and Fecal
immunochemical test (FIT). Both are
home-based test which can be easily
conducted by individuals. Currently,
FIT is the dominating stool-based
strategies.

Stool-based tests are valuable as a
first step in screening, however, to
attain benefits, a positive result must
always be confirmed by endoscopic
examination, such as colonoscopy
which allows for both diagnosis and
removal of potential findings.'!

FIT is easier to conduct and
does not require any dietary
restrictions at collection as
some programs with gFOBT,
making it a more convenient
option for most individuals and
increasing participation.'>! 152

FIT quantitively measure blood
per gram of stool as compared to
gFOBT which mainly have been
qualitative (yes or no). This
allows for the possibility of
tailoring cut-off thresholds to
determine a result can be
regarded as positive. The lower
the threshold, the more sensitive
the test becomes in signaling
abnormalities and thus the need
of further examinations.'!

Endoscopic methods

Endoscopic examinations are
invasive screening methods and
consists of clinically examining parts
or the entire large intestine with an
endoscope.'>!

The two main endoscopic methods
for CRC screening are
sigmoidoscopy and colonoscopy. A
sigmoidoscopy examines the lower
part of the colon while a
colonoscopy examines the entire

Both procedures enable the
removal of potential findings
such as adenomas and polyps,
and colonoscopy is particularly
sensitive as the whole colon is
visualized.!!

Both methods require
preparation with dietary
restriction and intake of
laxatives the day(s) before
examination, which can lead to
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colon for abnormal findings. discomfort and reluctance to
participation.'>!

Few countries have implemented
endoscopic measures as the
primary method for screening.
Clinical evaluations of
colonoscopy as the primary
strategy for CRC screening against
alternatives are currently being
evaluated.'331%

1.3.4 Implemented screening strategies for CRC in
Sweden

Recommendations of screening for CRC have been clearly emphasized;
however, the methods and delivery vary, with no clear consensus on the
optimal strategy across settings.'** Available methods mainly include stool-
based tests and endoscopic examinations.'>® These methods have different test
characteristics and vary in invasiveness as well as their acceptability across
populations (Box 2), which additionally have a large influence on resource
requirements and the overall effectiveness of applied strategies.'*®

Screening for CRC has been implemented opportunistically or organized in the
majority of countries in Europe, Oceania, and North America."”* In an
overview of screening strategies, the most common methods used are biennial
fecal immunochemical tests (FIT) offered through an organized program to the
general population aged 50-74. However, geographic variation exists in the
chosen strategies with differences in starting age, tests, and frequency of
teStil’lg.153’ 157,158

Likewise, participation has been observed to vary across countries, with rates
ranging between 15% and 74% in European countries with organized
screening programs.'**'®? The participation rate has been observed to vary with
the type of screening method chosen, the age of eligible cohorts, civil status,
and SES factors.'>* °* 11192 Consistently across screening programs, a lower
participation rate has been observed with decreasing SES.

In Sweden, an organized CRC screening program was first implemented in the
regions of Stockholm-Gotland in 2008-2009, constituting 2 out of 21 regions
(Figure 2).'® The program consisted of biennial guaiac fecal occult blood
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testing (gFOBT) targeting asymptomatic individuals aged 60—69 years, and
colonoscopy examination following a positive test result. In 2015, the program
changed from using gFOBT as the main test to using FIT with a positivity
threshold of 80 pg/g feces for men and 40 pg/g for women.'® Overall,
participation in the regions of Stockholm-Gotland has increased over time,
reaching an average participation rate of 71% in recent years.'®* '

In 2021, the remaining regions in Sweden initiated their implementation of the
program, following the experiences of screening in Stockholm-Gotland and
extending the target population to ages 60—74 years.'® In 2026, all regions are
expected to have completed their implementation and roll-out of the

programs.'®’

_ Implemented strategies

Screening strategies tested in clinical trials

Figure 2. Implemented CRC screening strategies in Sweden. In the regions of
Stockholm-Gotland, the initial program was targeted towards the age group 60—69
and did not use sex-specific cutoffs.

In addition to the pilot program, a Swedish screening trial was initiated in 2014
following a proposal from the Swedish Ministry of Health and Social Affairs
in Sweden to increase knowledge regarding mortality effects and the
effectiveness of different screening methods.'® The trial aimed to evaluate two
additional screening strategies: 1) FIT with a cutoff threshold of 10 pg/g feces,
at the ages of 60 and 62, followed by colonoscopy given a positive FIT result,
and 2) Primary colonoscopy at the age of 60.'*
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The evaluated strategies reflect differences in test characteristics and frequency
compared to each other, and the ongoing screening program in Sweden.'¢* ¢
For example, the low positivity threshold for FIT indicates a considerable
difference in regard to the sensitivity in detecting different lesions compared
to the strategy used in the pilot and national screening program in Sweden.'*®
17 Colonoscopy is, in turn, expected to be more sensitive and specific in the
diagnosis of an advanced lesion compared to FIT testing, but is also expected
to have a lower acceptability and participation due to its invasiveness.'>" '3
The strategies thus reflect different expectations in regard to their effectiveness
and impact on the population, as well as on the required cost and colonoscopy
capacity in the country,'>! 13156

1.3.5 Current evidence supporting CRC screening

Most evaluations of the effectiveness of CRC screening have focused on the
effects of reducing mortality and total CRC incidence.">* '®® Randomized trials
of flexible sigmoidoscopy and gFOBT have shown clear evidence of a
reduction in CRC-specific mortality but shown mixed results regarding
incidence effects.'”® ' By contrast, RCT evidence regarding FIT and
colonoscopy has been limited for both mortality and incidence effects.
However, emerging trial evidence suggests reductions in CRC incidence with
colonoscopy screening, although lower than expected compared to previous
observational studies.'*> 1% '** 1 Given the long disease progression of CRCs
and the expected mechanisms of CRC screening, reductions in CRC incidence
may require considerable follow-up in controlled studies.'>> '”° Furthermore,
the generalizability of trial results to real-world screening programs may be
limited by differences in participation rates, applied thresholds, and system
capacities.

Most program-specific evaluations have consisted of observational studies,
which have indicated changes and reductions in both incidence and
mortality.'”"'”> The studies have typically relied on time-trend analyses of
overall or age-specific incidences and mortality, with limited possibilities of
controlling for potential confounding.'”""'”> In Sweden, evaluations of the
Stockholm-Gotland program have indicated reductions of 14% in CRC-
specific mortality between early and late/never adopters. Evidence on the
effects on incidence from the program has, however, previously been
limited.'”* "’

Efficacy data from the first experiences of the SCREESCO trial in Sweden are
yet to be reported. However, preliminary updates indicate a relatively low
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participation rate compared to the ongoing program, with average participation
rates of 35.1% and 55.5% for the Primary colonoscopy arm and FIT arm,
respectively.'>* In a model-based CEA of the SCREESCO strategies and an
adaptation of the Stockholm-Gotland program, all screening strategies were
found to be cost-effective against no screening, consistent with previous
economic evaluations of CRC screening.'”®!'” The study further indicated that
biennial FIT was found to be cost-effective against colonoscopy, yielding
higher costs but also better effects.'’®

Distributional impacts

Evaluations and cost-effectiveness analyses of CRC screening have mainly
focused on average effects in the total population.'”'® Like in many other
programs, evidence from the Swedish SCREESCO trial has reported social
gradients in participation, which were further found to differ between the
evaluated strategies.'”® Yet, despite documented variation—and stated
objective of reducing inequality in cancer screening and cancer outcomes in
many contexts—few economic evaluations account for these differences in the
assessments of long-term effects and costs of screening.'”'%!
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1.4 Inequality and health in Sweden

Reducing inequalities in health has long been emphasized in health policy
objectives in Sweden and is emphasized in the Health and Medical Services
Act’s goal of health, as well as in newer public health policies.”® '3 ¥ As a
country, Sweden has been recognized for its welfare system, characterized by,
e.g., redistributive policies, social support, and universal access to essential
social functions such as education and health care.

Despite the explicit objectives of equity, the development of income-related
and social inequalities in health has not aligned with these objectives. Studies
increasingly report growing socioeconomic and regional differences in health
outcomes and access to care in Sweden.® '3+1% Since the 1960s, income-related
inequality in life expectancy has shown a significant increase, with differences
between individuals at the top and bottom income percentiles more than
doubling by the year of 2010.'*

The observed differences and increase in income-related inequality have been
largely attributable to treatable and preventable diseases such as cardiovascular
diseases and cancer, not only in Sweden but across settings." '*> While several
studies indicate that socioeconomic differences in cancer care persist,
including differences in the probability of emergency surgery and in the receipt
of pre- and post-operative treatments,'** '*’ studies additionally indicate that a
part of the inequalities in life expectancy may be driven by upstream causes
related to lifestyle and health behavior, as well as timeliness in diagnosis, and
usage of available interventions,'®* 85 188190

In Sweden, avoidable mortality, defined as deaths due to preventable and
treatable causes, has been largely attributed to cardiovascular diseases, lung
cancer, cerebrovascular diseases, as well as CRCs.'*

Given the current developments and updated objectives focusing specifically
on inequalities that are avoidable and systematic,'*'* ! a better understanding
of how different interventions impact health and the distribution of these
benefits is of importance to monitor and inform decision-makers on the
observed differences between sub-groups in society.
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1.5 Thesis rationale

Previous research has observed that the evidence supporting market
authorization has been surrounded by uncertainty due to the use of non-
comparative study designs, unrepresentative trials, and the use of unvalidated
surrogates, which makes the benefits assessment of the drugs inherently
difficult.>® ¢ 2 These uncertainties can largely impact cost-effectiveness
evaluations and the information given to decision-makers. Although cost-
effectiveness analyses have a legal role in Swedish health care decision-
making and are systematically used in drug reimbursement decisions, little is
known regarding the type of evidence supporting these analyses and decisions
in a Swedish context.

In the prevention work of cancers, population-level screening has long been
proposed as an effective tool for reducing CRC incidence and mortality, and
was introduced in Sweden in 2008.'"* '® Previous studies have indicated
differences in screening participation across sociodemographic groups
internationally and in Sweden."** '®* Despite these developments and concern
for equity, few evaluations have assessed the effectiveness of implemented
screening programs in reducing disease, and their impact on health inequality
in a Swedish setting.

This thesis addresses these gaps by assessing two distinctive but also
complementary areas in the work towards a society with a decreased cancer
burden and improved, equitable patient outcomes. The main contributions of
my thesis are twofold: The first part, including Papers I and II, provides
information on the evidence of effectiveness and cost-effectiveness used to
support new cancer drugs in a Swedish health care setting. The second part,
covering Papers III and IV, contributes to information on the effectiveness of
CRC screening implemented in Sweden in reducing the burden of disease and
expands on the cost-effectiveness frameworks to assess how alternative
screening strategies impact inequality. The contributing assessments of the
thesis focus on the objectives of improved OS, QoL, and reduced avoidable
inequalities that have been emphasized in policy and public health objectives
on cancer care and Swedish health care.
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2 AIM

The overall aim of this thesis was to generate and evaluate evidence on the
effectiveness and cost-effectiveness of interventions introduced across the
cancer care pathway—specifically in the areas of drug treatment and
screening—to inform future policy discussions and decision-making.

The thesis thus has a two-fold focus, addressed in four separate studies. The
specific aims of the included studies were the following:

Paper I: To assess the clinical and cost-effectiveness evidence supporting
reimbursement decisions for cancer drugs in Sweden over the period 2010—
2020.

Paper II: To summarize the post-reimbursement evidence on the clinical
benefit of cancer drugs in improving OS and QoL among eligible patient
groups.

Paper III: To evaluate the impact of organized CRC screening on overall and
age-specific incidences among individuals aged 60-74 years in Sweden.

Paper IV: To evaluate the cost-effectiveness and distributional impact of
organized CRC screening using Primary colonoscopy at age 60, Two rounds
of FIT at ages 60 and 62 (cutoff >10 pg/g), and Biennial FIT from ages 60—74
(cutoff >80 ng/g)
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3 MATERIAL AND METHODS

3.1 Sample and data collection

The papers included in this thesis are based on a variety of quantitative
methodological approaches and data sources (Table 1). In the following
section, an overview of the data sources, sample, and analytical approaches
will be presented.

Table 1. Overview of the applied study approaches

Paper [ Paper II Paper II1 Paper IV

M Prescription- Cancer drugs with ~ Adults aged SES-cohorts aged
based cancer uncertain OS, QoL  60-74 years 30 years
drugs effects

TLV decision ~ PubMed, Cancer registry, Secondary data,
dossiers 2010—  ClinicalTrials.gov ~ SCRCR 1970— registry data,
2020 2019 expert opinion

@% Descriptive, Systematic review, Synthetic control,  Markov/

logistic analysis narrative analysis  Differences-in- decision-tree
differences model, DCEA
Reimbursement RCT evidence, Overall and age- QALY, absolute
:=] decisions, OS, OS, QoL specific CRC and relative
QoL incidences inequality

In Paper I, which focused on the evidence of clinical effectiveness and cost-
effectiveness at the time of reimbursement, the sample consisted of all decision
dossiers covering reimbursement applications and decisions for prescription-
based new cancer drugs over the period 2010-2020. A new drug was defined
based on TLV’s definition as any drug whose active substance has not
previously been reimbursed, or already reimbursed substances that have a new
approved indication, new packages or dosages of already reimbursed drugs, if
it applies to a new patient group, or new administration modes of an already
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reimbursed drug.'”® Decision dossiers and decision summaries by TLV were
retrieved directly upon request to the agency or, when available, from TLV’s
official database of decision appraisals and summaries. A quantitative content
analysis of decision-dossiers that claimed added clinical benefit or was
assessed by a CEA, were used to extract data on trial characteristics (pivotal
study, study design, trial phase), outcomes (primary and secondary outcome
measures, OS, QoL, results data), cost-effectiveness (cost per QALY, type of
evaluation), disease characteristics (drug-indication, number of eligible
patients, severity level), and decision outcomes.

In Paper II, which reviewed post-reimbursement evidence of reimbursed
cancer drugs, the sample was constituted by cancer drugs that were reimbursed
based on inconclusive data of improvements on OS and QoL, based on the
findings from Paper 1. A systematic data collection for each cancer-drug
indication was made from published literature in PubMed and
ClinicalTrials.gov."™ As such, the eligible patient group for each reimbursed
drug constituted the study sample for each specific search.

In paper IlI, which evaluated the implemented organized CRC screening
program in the region of Stockholm-Gotland, the study population was
constituted by adults aged 60-74 in Sweden. Data on all CRC cases and
population sizes stratified by sex and age were collected from publicly
available data from the Cancer registry and Total Population Registry for the
period 1970-2019, held by the National Board of Health and Welfare and
Statistics Sweden, respectively.'”” We additionally collected CRC case data
from the quality registry, Swedish Colorectal Cancer Registry, between 2003—
2019. These cancer cases were linked to data on educational attainment and
country of birth from the Longitudinal Integrated Database for Health
Insurance and Labor Market Studies'’® '’ by Statistics Sweden. The dataset
consisted of aggregated data, stratified on 5-year age groups, sex, region, and
year for the primary analysis. For the secondary analysis, the dataset was
additionally stratified on education and country of birth.

To evaluate the cost-effectiveness and distributional impact of CRC screening
in Paper IV, hypothetical cohorts of 30-year-old adults with varying SES in
Sweden were used as the study population. Data used to inform the model were
retrieved from published literature, expert opinion, model calibration, and
registry data. Data on cancer cases and population sizes were retrieved from
the Cancer Registry, Swedish Colorectal Cancer Registry, and the Total
Population Registry over the period 2017-2019'"> "7 and were used to inform
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incidence targets for the model calibration. Data on CRC cases and population
sizes were aggregated and stratified by 5-year age groups, and the regional
division = Demographic  Statistical  Areas, (DeSO; Demografiska
statistikomraden in Swedish), which are small area units developed to enable
local-level analyses of sociodemographic changes and segregation. Each
DeSO contains approximately 700-3,000 inhabitants.'*®

Data on adenoma and polyp prevalence, used as an additional target for the
model calibration, were retrieved from the Swedish Quality Registry for
Colonoscopies and Colorectal Cancer Screening. Adenoma prevalences were
stratified by 10-year age groups over the period 2023-2024. Finally, data on
the number of deaths aggregated and stratified by 5-year age-groups, sex, and
DeSO over the period 2018-2019 were retrieved from Statistics Sweden.

3.2 Ethical considerations

The papers in this study have mainly used data from published, secondary data
sources. Papers I and II did not involve any human participants and relied on
publicly available decision documents and secondary data. In Papers III,
individual-level data were used. All data was anonymized and de-identified
before it was delivered to us researchers, and all results were aggregated before
publication. Paper IV mainly consisted of secondary data. Individual-level data
of cancer cases were used but were further de-identified before being delivered.
Registry data for adenomas were aggregated on the population level with no
possibility for re-identification before being delivered to us researchers.
Finally, mortality data were aggregated on the DeSO level and are not regarded
as personal information. All registry data with sensitive information was
handled and reported cautiously. The use of individual-level data was based on
approval from the Swedish Ethical Review Board ([2018/782-32])
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3.3 Analytical methods

The analytical approach chosen to answer a research question must be adapted
to be fit for purpose. This thesis focuses on two research areas with different
research questions. The first part sought to understand the basis supporting the
evidence used in decision-making and how these factors relate to a certain
outcome. This was handled by using descriptive and narrative analyses in
Papers I and II. The other part sought to evaluate the impact of a screening on
effects and costs across sub-groups of the population and was handled by using
quasi-experimental and decision-analytical methods.

In this section, an overview of the applied analytical methods used in the thesis
is provided.

3.3.1 Assessment of the evidence base underlying
reimbursement decisions

To understand the characteristics of the evidence used in the evaluation of
clinical effectiveness and cost-effectiveness for cancer drugs and how these are
associated with reimbursement outcomes, the extracted variables from the
quantitative content analysis for Paper I were summarized descriptively.
Logistic regression analyses were applied to examine the relationship between
the likelihood of reimbursement approval and the characteristics of the
evidence used in the appraisals made by TLV. The choice of explanatory
variables to determine the regression model was based on previous literature
and known principles, such as the ethical platform, which ought to inform
decision-making in Sweden. Additionally, we evaluated model performance
using the Akaike Information Criterion (AIC) and the Bayesian Information
Criterion (BIC). The primary models included the cost per QALY, study
design, and clinical outcome as explanatory variables and used a dichotomized
reimbursement decision as the outcome.

3.3.2 Systematic review

To assess the post-reimbursement evidence of the effects on OS and/or QoL
for drugs included in the Pharmaceutical Benefits Scheme in Sweden with
limited evidence of clinical effectiveness at approval (as identified in Paper I),
a systematic review for each cancer drug indication included in the sample was
conducted in Paper II. A systematic review aims to synthesize and generate an
up-to-date summary of the evidence on an intervention, fit for a pre-specified
research question with clear eligibility criteria.'” In this paper, separate
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reviews were conducted for each drug indication; consequently, although a
general research question was developed, the eligibility criteria were
individually set for each review to reflect the actual drug-patient-indication for
which reimbursement was granted. Restrictions were made to RCTs,
publications one year before the reimbursement decision and up to the year
2022 (an additional update was made in 2023), and literature published in
English or Swedish.

Following the specification of the inclusion and exclusion criteria, the search
strategy was consulted with a librarian to develop the overall foundation of the
search strings, as recommended.*”’ Given the scope of the study, a broad search
strategy was implemented.

All search results were reviewed and selected in two steps: First, all
titles/abstracts were screened for potential studies; secondly, a full-text
screening was conducted to identify eligible studies for final inclusion.’ All
review processes were conducted by me, and one additional reviewer for each
review. Thus, screening was conducted by at least two reviewers as
recommended.”” The process of identification, screening, and selection of
studies was reported with the Preferred-Reporting Items for Systematic
Reviews and Meta-analyses Flow chart.

Data extraction was guided by a pre-specified extraction template with the
variables to include decided in priori. Data were categorized into trial
characteristics, such as funding sources, trial setting, study design, sample size,
outcome measurement, such as pre-specification of clinically minimal
differences, type of measurement instruments used for QoL, analysis methods,
and study results.

Given the aim of assessing evidence of clinical effectiveness regarding OS and
QoL, a drug was defined as having evidence of clinical benefit for its indication
if at least one study indicated statistically significant improvements in either
OS or QoL for the eligible patient group. The extracted data were primarily
summarized narratively and presented based on the updated, follow-up data for
each eligible drug-indication.
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3.3.3 Synthetic control analysis and differences-in-
differences

A quasi-experimental design was used to evaluate the real-world effects of
introducing an organized CRC screening program in the regions of Stockholm-
Gotland. The implementation of the national program, where 2 out of 21
regions in Sweden were exposed to the roll-out while the remaining regions
did not, during the first decade, created a quasi-experimental setting that
allowed potential causal inferences about the effects of screening.'® In paper
111, this setting was analyzed using a synthetic control approach and difference-
in-differences analysis.

In a synthetic control analysis, a counterfactual outcome is estimated by
constructing a weighted combination of multiple unexposed controls (the
synthetic control) that best predicts the treatment outcome in the pre-
intervention period.””! This synthetic control reflects the expected trajectory of
the treated units had the intervention not been implemented—and can thus be
compared to the observed post-intervention outcome of the treated regions to
estimate the intervention effect.” We implemented this approach, using
annual data on CRC incidence in all Swedish regions over the period 1970—
2019. We defined the pre-treatment period between 19702007, and the post-
intervention period from 2008, which corresponds to the initial roll-out of the
screening program in Stockholm-Gotland,'®® which was defined as the treated
unit. The remaining 19 regions were defined as controls.

To construct a control that reflects the counterfactual for the treated, we used
a Bayesian structural time series analysis method, as proposed by Brodersen et
al.,**> which can be viewed as a Bayesian extension of the standard synthetic
control. In this framework, we modelled the treatment outcome trajectory as a
combination of i) a weighted contribution of the controls in explaining the
treated outcome, and ii) a latent local-level trend component which reflects the
unobserved underlying development in CRC incidence over time that is not
explained by the control regions.*”” As compared to a standard synthetic
control method, the contribution of the control regions was here determined
through the use of a spike-and-slab prior.*** Through this, a variable selection
is conducted to include control regions that best predict the outcome of the
treated in the pre-intervention period, while forcing the more uninformative
control regions towards zero. All hyperparameters used to inform the priors
were determined using an empirical Bayes approach and were thus based on
data from the pre-intervention period.”** By conducting posterior sampling, the
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Bayesian application generates a distribution of predictions of the
counterfactual and, therefore, its uncertainty.

In a secondary analysis, a frequentist difference-in-differences approach was
applied.”” This method similarly estimates the expected effect by evaluating
the differences between the control and treatment in the pre-intervention period
and the post-intervention period. However, rather than relying on a synthetic
control to predict the counterfactual trend of the treated groups in the post-
intervention period, the difference-in-differences analysis assumes that the
trends observed in the pre-intervention period for the treated and control
groups will also hold in the post-intervention period.’” This assumption—the
parallel trends assumption—is crucial for the causal interpretation of the
estimated differences between the groups following the implementation of the
screening program.”®”?

To assess the plausibility of the assumptions in the analyses, we conducted
sensitivity analyses, including i) negative control analysis,”™ applying the
same analysis on different age groups, and ii) in-time placebo analyses,*”
shifting the intervention year to a period where no such intervention was
implemented. If no significant effect is observed in these settings, where no
such effect should be observed, this can provide credibility to the observed
effects in our analysis.*”

3.3.4 Distributional cost-effectiveness analysis

In Paper 1V, the expected cost-effectiveness and distributional impact of CRC
screening using Primary colonoscopy at age 60, Two rounds of FIT at ages 60
and 62 (cutoff >10 pg/g), and Biennial FIT from ages 60—74 (cutoff >80 nug/g)
were estimated using a distributional cost-effectiveness approach (DCEA).
While a standard CEA evaluates the incremental cost and effect of an
intervention for the average individual—often expressed as an ICER or
incremental net benefits“—a DCEA extends the standard cost-effectiveness
framework by additionally examining the distribution of these costs and
benefits.?"’

¢ Cost-effectiveness can also be expressed as incremental net health benefits or
incremental net monetary benefits. These measures reflect the net effect (the effect —
the opportunity cost) of a new intervention compared to an alternative in terms of
health units or monetary units.?%

36



Gabriella Chauca Strand

Methodologically, a DCEA is based on standard CEA methods but extends the
analysis to incorporate equity considerations (Box 3).?*” Important features of
a DCEA are to estimate the distribution of cost and health benefits, and to
quantify inequalities in the distribution of the health outcome with an
intervention. It further includes analyzing how these inequalities impact the
expected value from an intervention.?’” In the case that an intervention leads to
opposing impacts, e.g., an increase in overall health but also increased
inequalities, a DCEA additionally explores the potential trade-off that exists
between the objectives of maximizing overall health and reducing health
inequalities.”’

Box 3. Extensions beyond conventional cost-effectiveness analyses

DCEA CEA
1. Estimates baseline health for Estimates baseline health for the total
equity-relevant sub-cohorts population
2. Estimates incremental effects Estimates incremental cost and
and cost for each sub-cohort with | effects for the total population with
the new intervention the new intervention
3. Estimates NHB, NMB, Estimates ICER, NHB, NMB

considering the distribution of
opportunity costs

4. Quantifies the change in the
health distribution and inequality -
with the new intervention

5. Estimates the inequality-related
health loss and potential trade-off -
between efficiency and equity
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This is done by incorporating societal and decision-makers’ concern for
inequality to quantify the perceived inequality-related value loss that arises and
what this means for the cost-effectiveness estimates for an intervention.*”’

An estimation of the distribution of outcomes is achieved by stratifying the
analysis by an “equity-relevant” variable—a variable that reflects the
characteristics for which an outcome can differ between population groups—
such as, e.g., sex, age, geographical areas, or SES. For the analysis to be
informative, the chosen equity variable should reflect differences in health of
relevance to the decision-maker and policy context.*’’

The DECA framework includes a descriptive component of inequality—
quantifying the inequalities in absolute or relative terms; and an evaluative
component—determining what inequalities we should consider and if these
impact our perceived value from an intervention.””’ For this consideration, it is
important to distinguish between inequalities and inequities. While the terms
inequality and inequity often are used interchangeably, the term inequality
generally refers to measurable differences, regardless of why they arise, and
whether we find them unjust or avoidable.*® In contrast, inequities reflect
differences between groups that are considered unfair and avoidable, often
reflecting deeper, structural differences in the determinants of health.?”® The
latter term thus depends on normative value judgments, which are specific to
each decision context. As different decision-makers can make different
judgments of the same inequalities, I consequently present the results using the
term inequalities.

Decision-analytical model

To conduct the DCEA, a combined decision-tree and Markov model was
developed to estimate the cost and effects (measured in QALY) of CRC
screening in Sweden. The model, illustrated in Figure 3, consists of three
components, which represent a simplified reflection of the natural progression
of CRC and screening/surveillance pathways. The Markov component reflects
the CRC development, where individuals can transition between defined health
states governed by annual probabilities of developing low and high-risk
adenomas or serrated polyps (abnormal tissue growth from which most cancers
develop),'** undiagnosed CRC, and diagnosed CRC stages. The cohorts enter
the model in a healthy state at the age of 30. In all stages, the cohorts face both
an age-specific and, when applicable, a cancer-specific mortality risk. At the
age of 60, the screening component is introduced, reflecting alternative
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screening and surveillance pathways. This sub-model incorporates the
probabilities of participation, true/false positives and negatives, and clinical
diagnosis. Based on the detected findings from screening, individuals are
reallocated to appropriate health states, such as diagnosed CRC, surveillance,
or return to their health state.
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Figure 3. Schematic overview of the included model components to evaluate CRC
screening. The components integrate i) the natural progression of CRC from a healthy
state to cancer, and ii) A screening component for FIT and Colonoscopy, which
captures participation choices, test outcomes, and subsequent health transitions.

Each health state in the model incurs a cost and a health effect, which is
summarized over a lifetime horizon. This time horizon was chosen to capture
all effects and costs that can be incurred from the intervention, as
recommended for cost-effectiveness analyses.'® Given the long-term effect and
impact on mortality from CRC screening, the cohorts were followed until death
or the age of 100 years.

To explore the distributional impact of screening, hypothetical cohorts were
characterized to reflect varying levels of SES, and the models for each cohort
were adapted to account for differences in mortality and screening uptake. SES
was based on area-level economic standards, using the Swedish DeSO
classification. Each DeSO was assigned to one of five SES groups (SES 1 [Low
SES] — SES 5) according to the proportion of residents living on a household’s
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disposable income within the lowest national income quartile. The use of area-
level economic standard as a proxy for SES was made due to data availability.

Estimating health impacts and cost-effectiveness

From the model, the expected costs and effects were estimated for each SES
sub-cohort and screening strategy. Based on these, I calculated the incremental
health effects and costs, i.e., the difference in effects and costs of a strategy,
compared to no organized screening, and incrementally by increasing costs, as
in a standard CEA.'¢

Cost-effectiveness was assessed by estimating the incremental net health
benefit (NHB). The incremental net health benefit of an intervention is a
measure that expresses the net benefit of an intervention in terms of health.?%
As previously mentioned, when new interventions are funded, resources are
reallocated, which leads to health being forgone elsewhere in the system, as
we cannot invest in everything that could potentially improve health. The
incremental net health benefit takes this health loss into account by taking the
health gained with a new intervention compared to a relevant alternative,
minus the health forgone due to its costs and displacement of other services
(i.e., the opportunity costs).?*

Ina DCEA, it is essential to account for all relevant sources of inequality across
the equity-relevant group, including opportunity costs. As differences may
exist in, e.g., underlying health status and substitution possibilities—which
impact the magnitude of the health loss for a group as services are displaced—
consideration of how opportunity costs are distributed in the population is
essential in a DCEA.*"” However, studies on opportunity costs and their
distributions are limited, and no estimates currently exist for Sweden.
Therefore, I assumed a distribution of opportunity costs based on estimates by
Love-Koh et al.** for the UK, where the lowest SES group was assumed to
bear the largest share of forgone health.

The incremental NHB of a screening strategy for sub-cohort i, was estimated
by,

incremental NHB; = AQALY; — (

ATotal Cost>
A i
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Where A is the cost-effectiveness threshold (i.e., the marginal cost of producing
one additional QALY elsewhere in the system). A positive incremental NHB
indicates that the intervention is cost-effective and leads to an overall net health
gain for the population. In my analysis, I applied a threshold of 400,000 SEK
based on empirical estimates of the cost-effectiveness threshold in a Swedish
setting 2'*-2!!

Estimating inequality in health and improvements

As previously mentioned, inequality assessment in a DCEA can consist of i) a
description of inequalities and ii) an evaluation of the impact of these
inequalities in terms of value losses and their impact on the cost-effectiveness
estimates.*"’

For the descriptive part, we summarized inequalities in the distribution of NHB
and the expected lifetime health using common inequality measures such as
the absolute and relative difference between the highest and lowest SES
groups, as well as the slope index of inequality and the relative index of
inequality. Compared to simply estimating the difference between the highest
versus lowest SES groups, the slope index of inequality (SII) provides a
regression-based measure of absolute inequality that incorporates information
from the entire health distribution across SES sub-groups.?'* *"* The SII is
estimated as the linear slope of the health outcome on the fractional rank of
each group and reflects the predicted absolute difference in outcomes between
the highest and lowest SES groups when considering the entire SES gradient.
The SII was estimated by

SI = COU(Ri , hl)
Var (Rl)

Where R; is the fractional rank of sub-group i, and h; is the mean health
outcome for sub-group i. The relative index of inequality was, in turn,
estimated as the SII divided by the mean health.'* *'* This expresses the
absolute difference between the group relative to the mean health outcome for
a strategy, enabling a comparison across strategies with varying mean health
outcomes.

To evaluate the impact of the observed inequality under different strategies, it
is essential to account for how much society and decision-makers “care” about
inequality—and how much overall health they are willing to sacrifice to
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achieve a more equal distribution.””” Thus, for the evaluative part, we used the
Extended Concentration Index (ECI), which allows us to reflect our levels of
aversion to unequal distributions when estimating inequality. *'**'* The ECI is
a relative measure of socioeconomic differences in health. Compared to the
other measures, the ECI estimates not only how health is concentrated across
the population but also allows us to add distributional weights to SES groups
based on their socioeconomic ranks (Low SES = 0, and High SES = 1) so that
inequality is reflected based on our concern for more deprived groups.”'* *'°
With no aversion to inequality, everyone gets equal weights, and the inequality
estimate will be expressed as 0, irrespective of how unequal the distribution
actually is. As the weights increase, the expression of the inequality will
increase. For this analysis, the weighting parameter value was based on
previous estimates of inequality aversion in Sweden.?'®

To quantify what we would be willing to give up to achieve a more equal health
distribution, we use the ECI estimation to derive the level of health that we
would be willing to accept to achieve a more equal distribution of health in
society; the equally distributed equivalent health (EDEH).*”” The EDEH
reflects the inequality-adjusted mean health outcome, and the difference
between the EDEH for one strategy compared to an alternative generates the
inequality-weighted incremental NHB, which reflects the inequality-adjusted
cost-effectiveness estimate. By comparing the unweighted and the inequality-
weighted incremental NHB, we get a quantity of the net inequality impact in
terms of health. The EDEH in this thesis was derived by

EDEH; = (1 — ECIy) * ug
where pg reflect the mean expected lifetime health under strategy s.
Sensitivity analysis

Given the structural and parameter assumptions of decision-analytical models,
sensitivity analyses are recommended to assess parameter uncertainty and its
impact on results.’” 1 conducted a probabilistic sensitivity analysis by
assigning probability distributions to each model parameter. From these
distributions, 1,000 samples were drawn and results for each iteration
calculated, generating an estimation of the uncertainty of the main results.*”
Additionally, I conducted one-way sensitivity and scenario analyses, varying
the cost-effectiveness threshold, weighting parameter, QoL-weights, and
alternative assumptions of the distribution of opportunity costs.
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4 RESULTS

4.1 Cancer drug reimbursement

4.1.1 Evidence used for reimbursement decisions
In Paper I, a total of 56 decision dossiers covering 41 different drug substances
over the period 2010-2020 were included. The analysis showed that TLV
classified all cancer drugs as having a high severity level and approved
approximately 80% of all reimbursement applications during this period.
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Figure 4. Number of drug indications with limited or conclusive evidence of overall
survival (OS) and quality of life (QoL) supporting reimbursement.

A general lack of QoL reporting was observed across appraisals, despite that
more than half of the underlying clinical trials included QoL as an outcome.

When considering evidence for reimbursed cancer drugs, the findings indicate
that around 50% of the approved drug indications were based on limited
evidence of comparative effectiveness—defined as having inconclusive
evidence or reliance on non-comparative study designs of the effects on OS or
QoL (Figure 4). Also, among reimbursed cancer drugs with conclusive OS
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evidence, most lacked data reporting on QoL outcomes. Among reimbursed
cancer drugs, the average cost per QALY gained was approximately 750, 000
SEK.

Based on regression analyses, cost-effectiveness was found to be influential on
TLV’s final decision, with higher costs per QALY having a reduced
probability of reimbursement. Furthermore, the findings suggested that
submissions with direct and conclusive evidence on OS or QoL were less likely
to receive reimbursement than those primarily supported by surrogate
outcomes such as PFS. However, uncertainty surrounding the results limits
firm conclusions. The estimated QALY gains for the submissions likewise
tended to be higher when surrogate outcomes were used compared with when
direct OS evidence was available.

Target advanced dis. °
Report QoL-results ®
Report OS-results )
Phase Il trial ®
Industry funded ®

Blinding in trial )

0 25 50 75 100

Percentage of included trials

Figure 5. Percentage of the included trials with specific trial characteristics and
reported results on overall survival (OS) and quality of life (QoL).
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4.1.2 Post-reimbursement evidence

In Paper II, a follow-up was conducted on the drug indications with limited
evidence of OS and QoL effects, as identified from Paper 1. In total, 22 drug
indications were included in the review of post-reimbursement evidence, of
which 16 were found to have additional evidence from an RCT. Among the six
drugs without updated RCT evidence, three had an orphan drug status. Most
of the reviewed indications targeted patient groups with advanced metastatic
disease and reported results on OS, while approximately 58% of the included
studies reported results on the effects on QoL (Figure 5).

After a mean follow-up of 6.6 years, approximately 32% of the drug
indications that initially relied on limited evidence at the time of
reimbursement showed conclusive effects of improvements in OS or QoL in at
least one trial (Table 2). Of these, 4 and 2 drugs demonstrated improvements
in OS and QoL for the concerned indication, respectively. One drug was found
to have updated evidence with clear improvement in both OS and QoL for its
indication (Table 2). This improvement in QoL was also found to be clinically
meaningful based on a pre-specified threshold in the trial.

Table 2. Updated evidence of improvements in overall survival and quality of life

Quality of life
No evidence of Evidence of
Overall survival improvement improvement
No evidence of improvement 15 (68) 2(9)
Evidence of improvement 4 (18) 1(5)

Number of drug-indications with post-reimbursement evidence of improvements in overall
survival and quality of life, n=22. Percentages are presented in parentheses. Evidence of
improvement is defined as having at least one study indicating statistically significant
improvements in overall survival or quality of life.
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4.2 Evaluation of CRC screening

4.2.1 Impact of screening on CRC incidence

In Paper III, the impact of screening on overall and age-specific CRC
incidences was evaluated in the region of Stockholm-Gotland. The focus on
age-specific incidences was made to capture the dual expectation of CRC
screening in 1) increasing early detection, and ii) reducing incidences due to
the removal of precancerous polyps. A dual impact that can be obscured when
solely analyzing overall incidences.
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Figure 6. CRC incidence trend and cumulative case differences over the period 1970—
2019 for the age-groups 60—69 and 70-74. Figures are adapted based on Chauca
Strand et al.*'® a-b. Illustrates estimated trends in incidence rates between Stockholm-
Gotland (solid line) and the synthetic control (dashed). c-d. Illustrates the estimated
cumulative differences in CRC cases between Stockholm-Gotland and the synthetic

control.

The results from Paper I1I confirmed these expectations and indicated an initial
rise in incidence among younger screening-eligible age groups, followed by a
reduction as previously screened cohorts aged into the older age group, 70-74

years (Figure 6).
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In the primary analysis, the age-specific incidence among individuals aged 70—
74 years was reduced by -44 cases per 100,000 person-years (95% CI: -58; -
31) in the treated regions compared with the untreated regions (Figure 6). This
reduction among the older age group is likely a combined result of the
preventive effect of CRC screening through the removal of polyps and the shift
towards earlier detection of already developed cancers.
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Figure 7. CRC incidence trend and cumulative case differences over the period 1970—
2019 for the total study population (60-74). Figures are adapted based on Chauca
Strand et al’'$ a. Estimated trends in incidence rates between Stockholm-Gotland
(solid line) and the synthetic control (dashed). b. Illustrates the estimated cumulative
differences in CRC cases between Stockholm-Gotland and the synthetic control.

When considering the entire population aged 60-74 years, the overall
incidence was reduced by -8 cases per 100,000 person-years (95% CI: -14; -2)
on average in the post-implementation period (Figure 7). In total, this
corresponded to a prevention of 304 CRC (95% CI: -527; -91) cases in the age
group 60-74 years in the treated regions compared with the control regions
(Figure 7).

The secondary analyses using a differences-in-differences approach and data
from the quality registry for CRC likewise confirmed a reduction in both
overall and age-specific incidence rates. Sensitivity analyses using negative
controls and in-time place analysis showed no conclusive changes in incidence
among non-eligible age-groups (55-59), indicating that the observed effect
was specific to the screening-relevant groups, and lends additional support for
a causal interpretation.
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4.2.2 Cost-effectiveness and inequality

Paper IV evaluated the cost-effectiveness and inequality impact of three CRC
screening strategies: 1) Primary colonoscopy at age 60, ii) Two rounds of FIT
at ages 60 and 62 (cutoff >10 nug/g), and iii) Biennial FIT from ages 60-74
(cutoff >80 ng/g) compared with no organized screening. Overall, the results
from this study indicate that all screening strategies led to net health gains
across all SES groups compared to no organized screening. Biennial FIT
yielded the most health gains and costs but remained cost-effective compared
to Primary Colonoscopy at a cost-effectiveness threshold of 400,000 SEK.
However, the distribution of these gains was unequal across SES groups, with
the lowest SES group generally acquiring lower NHB compared to the highest
SES group.

Baseline ineq. M Ineq. increase Preceeding strat. B Ineq. increase
No org. screening 1 b
Two-rounds FIT A

Primary Colonoscopy 1

1
-
©

Biennial FIT 4 E
2630 2650 2670 2690 2630 2650 2670 2690
Absolute gap in QALE Absolute gap in incremental NHB

Sl Lower  Upper Sl Lower  Upper
No org. screening 2656 1752 3575 NA NA NA
Two-rounds FIT 2678 1780 3593 22 0 48
Primary Colonoscopy 2697 1810 3609 19 0 39
Biennial FIT 2702 1809 3616 5 -32 40

Figure 8. Absolute inequalities in estimated lifetime health (QALE) and incremental
net health benefits (NHB) measured using the Slope Index of inequality (SI1). a. reflects
absolute inequality in QALE for all screening strategies compared to no organized
screening. b. reflects absolute inequality in the estimated NHB from the incremental
comparisons: each strategy is compared with the one above (ranked by increasing
costs). Results are presented per 1,000 persons for each sub-cohort, and 95%
uncertainty intervals are based on probabilistic sensitivity analyses.
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The model estimated that absolute differences in expected lifetime health
(QALE) between the group with the highest and lowest SES, as measured by
the SII, increased by 46 QALY s per 1,000 persons with Biennial FIT compared
to no organized screening (Figure 7). When compared with Primary
colonoscopy (the next best alternative), Biennial FIT increased absolute
inequality with approximately 5 QALY per 1,000 persons in the base-case
analysis (Figure 8).

Table. 3 Estimated unweighted and inequality-weighted incremental NHB

Versus No organized screening

Unweighted Inequality- Net Inequality
iNHB weighted iNHB impact
Two-rounds FIT (10png/g) 5326 4635 -690
Primary colonoscopy 9910 8560 -1351
Biennial FIT (80pg/g) 11373 9930 -1442

Versus Two-round FIT (10pg/g)

Primary colonoscopy 4585 3925 -660

Versus Primary colonoscopy

Biennial FIT (80pg/g) 1462 1371 -92

Unweighted and inequality-weighted incremental net health benefits (iNHB) in QALY for
the total population (n = 149 212). Unweighted results reflect the expected net health benefit
without considering the value lost due to inequality and the net inequality impact reflects the
value loss due to inequality. FIT, fecal immunochemical testing.

Incorporating inequality aversion to estimate the potential societal value losses
associated with increased inequalities indicated a reduction in the estimated
NHB by -1442 and -92 QALYs compared to no organized screening and
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Primary colonoscopy, respectively. Despite these losses, Biennial FIT
continued to yield a positive NHB, further indicating its cost-effectiveness
compared to Primary Colonoscopy (Table 3).
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Figure 9. Proportion of simulations from the probabilistic sensitivity analysis in which
the absolute inequality in incremental net health benefits compared to no screening is
greater than or equal to the corresponding value on the x-axis. The dots depict the
proportion of simulations that indicate a reduction in the absolute inequality. Absolute
inequalities are measures with the SII and are expressed per 1,000 persons.

The conducted probabilistic sensitivity analyses showed that around 97% of
simulations indicated inequality in NHB for Two-rounds FIT and Primary
Colonoscopy, respectively, compared to no screening (Figure 9). For Biennial
FIT, 92% of simulations indicated an increase in inequality. Incremental
comparisons between Biennial FIT and Primary Colonoscopy were surrounded
by larger uncertainty, with 63% of simulations indicating an increase in
absolute inequality in NHB. The uncertainty was primarily driven by
uncertainty in participation rates and test characteristics.
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Scenario analyses considering alternative structural and parameter
assumptions altered the magnitude of the estimated inequalities, but overall
conclusions remained.

51



Health Economic Aspects of Cancer Care

5 DISCUSSION

Given finite resources, it remains impossible for health systems to provide
unlimited services, and prioritization of investments is necessary. Health
economic evaluations aim to inform such prioritizations by evaluating the costs
and effects of interventions to ensure that the implied consequences of the
investment lead to an overall improvement in value and population health.
Within this context, and focusing specifically on cancer interventions, this
thesis had the aim to generate and evaluate evidence of clinical effectiveness
and cost-effectiveness in areas of drug reimbursement and screening in a
Swedish setting.

In the following section, I will discuss and situate the findings of the included
studies in relation to the broader literature, methodological considerations, and
finalize with potential policy implications that can be drawn from these.

5.1 Evidence supporting the reimbursement
of cancer drugs

The pathway from development to patient access of a drug is largely regulated
and involves several decision processes, all of which are associated with its
uncertainties and specific costs. While market authorization ensures that a drug
has a reasonable and acceptable benefit-risk balance,’” and can be sold on the
market, actual patient access often depends on national reimbursement and
coverage decisions, especially for highly-priced drugs.'® As new therapies
often come at high costs, third-party payers must determine whether a new
treatment provides enough value for the incurred costs.

The first two papers of this thesis assessed the role and characteristics of the
evidence of clinical effectiveness and cost-effectiveness underlying
reimbursement decisions in Sweden. The findings from Paper I indicate that
cost-effectiveness is an important factor in explaining reimbursement
outcomes: with a higher cost per additional QALY reducing the likelihood of
reimbursement. On average, the accepted cost per QALY for reimbursed drugs
was estimated to be approximately 750,000 SEK per QALY which aligns with
earlier studies suggesting an implicit threshold of 1 million SEK for drugs
targeting a severe disease.”® ' These findings thus confirm that the cost-
effectiveness principle is applied in practice, as suggested by previous
studies.” ' At the same time, the results further reveal limitations in the
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evidence-based claims of clinical effectiveness and cost-effectiveness results.
Around half of all reimbursement approvals were supported by uncertain
evidence regarding the comparative effectiveness on OS and QoL at the time
of decision. This uncertainty arose from the use of unvalidated surrogate
outcomes, imprecise and inconclusive effect estimates on OS and QoL, and the
use of single-arm studies, characteristics that have been observed in previous
literature evaluating both cancer drug trials and evidence used for market
authorizations. For example, Grossmann et al.”’ analyzed the availability of
QoL data at the time of EMA approval in 2009-2015 and observed that around
53% of approvals lacked QoL assessments when approved for market
authorization, which aligns with the observed lack of reporting of QoL data in
the study. In a study of reimbursement recommendations between 2011-2020
in Canada, Meyer et al.'® also found that around 50% of the drug
recommendations had no demonstrated OS benefit at the time of
recommendation; however, no assessment of QoL was made.

Paper II extended the analyses from Paper I and demonstrated a reduction of
the observed uncertainties after follow-up, with improved evidence base and
updated data confirming the benefits regarding OS and QoL for some drugs.
However, for more than a third of the initial reimbursement drug approvals,
clear evidence of their effects on patients’ survival and QoL remained limited.
The results of these studies align with the patterns of previous international
findings in regards to observed limitations in the evidence supporting cancer
drugs.’® 7465120 For example, Davis et al. showed that only 35% and 10%
of cancer drug-indications approved by EMA between 2009-2013
demonstrated improvements in OS and QoL, respectively, at the time of market
authorization, but also that additional evidence of OS improvements was
accrued after follow-up.” In the US, Naci et al. found that 41% of market
authorization approvals by the FDA had limited data on OS improvements at
approval, with more than 60% of drugs with updated evidence showing no
statistically significant improvements after a median of 8.2 years of follow-
up.® Gréssmann et al.*® followed up on evidence on OS benefits among EMA
approvals in 2009-2015. The authors likewise found an improvement in the
evidence base, but further report both negative and a lack of reporting of OS,
with a third of cancer drugs continuing to have uncertain OS benefits after
follow-up.®

In comparison to most of the previous studies, the papers of this thesis focus
on a reimbursement setting, where a value-based framework and cost-
effectiveness are explicitly considered.”> While our results indicate that this
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framework additionally may filter out drugs with sub-optimal data of clinical
effects, the persistence of a considerable share of drugs with uncertain
evidence further highlights a challenge in assuring the value for money of new
cancer drugs. A value-based decision and assessment depend on reliable
evidence,'® yet such evidence is lacking for many cancer drugs at the time of
reimbursement.

Given scarce health care resources, allocating funds to expensive therapies
with modest or uncertain benefits risks displacing other important alternative
interventions and health benefits elsewhere in the health care system.'®?!” The
results thus raise important considerations of opportunity costs and potential
health losses for cancer patients and other patient groups. While my studies
cannot directly estimate these potential losses, previous work from the UK
suggests that, when opportunity costs are incorporated, a considerable share of
currently approved cancer drugs may lead to net health losses at the population
level " Although such estimations are limited by difficulties of estimating
opportunity costs, these findings emphasize the importance of discussing the
risks and the need to reduce uncertainties of the value for money of new cancer
drugs. Further research on opportunity costs and displaced care in this
context—and how well current cost-effectiveness thresholds reflect realistic
opportunity costs—is needed to ensure a transparent and informed discussion
of the potential trade-offs that currently are made.

5.1.1 Value assessments beyond health

The outcomes we choose to include in our evaluation and how we choose to
estimate them unavoidably incorporate value judgments of what constitutes
“value” in evaluations. A standard cost-effectiveness framework incorporates
implicit assumptions of an equal value weight of a QALY, irrespective of who
the beneficiary is and when the benefits are accrued.'® *’ This assumption is
increasingly being contested.*?%**

In Sweden, cost-effectiveness is one of three ethical principles used to guide
decision-making within health care. Preceding in importance are the principles
of human dignity and need, and solidarity.”® According to the principle of need
and solidarity, individuals who are worse off and in the most need are to be
prioritized and have more of the available resources. This means that decision-
makers may be willing to accept an intervention even if it is more costly or
uncertain, if it targets a disease of high severity and need.”” While previous
studies have shown that severity is considered in Swedish reimbursement
decisions,” * no formal quantification of severity has previously been
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explicitly made, which can obscure transparency and evaluation of the
expected evidence based on severity level in this context.

Almost all cancer drugs included in Papers I and II were classified as
addressing diseases with the highest severity, limiting the possibility of
estimating how evidence standard and willingness to pay vary with disease
burden. Nevertheless, separate comparisons of orphan and non-orphan drugs
indicate that the cost per QALY accepted was higher for orphan drugs, but also
that the cost per QALY accepted on average was higher for drugs with
uncertain evidence, also among orphan drugs—suggesting that other
considerations within these categories influence decisions which we have not
accounted for. Likewise, in Paper 11, drug-indications with no RCT-evidence
equally targeted an indication with orphan status as those that did not.

These findings highlight the importance of transparency in how severity, rarity,
unmet needs, and uncertainty are assessed and influence acceptable levels of
evidence. This is something TLV has proposed in recent developments of the
evaluation of rare and severe diseases, in which a quantitative approach to
assess severity, in addition to the current qualitative assessment, will be
considered.””® Future research on how these quantifications and how effect
sizes in relation to identified needs will be formalized may be warranted.

5.1.2 Use of surrogate outcomes

While improvements in OS and QoL are regarded as the main benefits of
importance for patients. It is important to emphasize the challenges that can
arise when assessing these benefits in cancer care. Demonstrating gains in OS
can require long follow-up in trials and be influenced by subsequent
treatments, especially within early-stage or neo-/adjuvant settings.
Consequently, the use of surrogate outcomes, such as PFS and DFS, can be of
use within these settings to reduce trial time and costs.®® However, questions
have been raised regarding whether surrogate outcomes are currently being
overused.®® "

The findings of Papers I and II demonstrate a high reliance on surrogate
outcomes also in areas with advanced and metastatic diseases, where
assessments of OS data may be more feasible. Given that patients may have a
stronger preference for more certain OS data compared to outcomes such as
PFS, irrespective of severity, these results indicate a need to align current
evidence requirements with patient preferences.”**
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Moreover, the lack of reported QoL data despite being an important
consideration of patient benefits and well-being highlights an area in need of
improvement.” As survival improves, evidence on QoL and clinically
meaningful improvements will become increasingly important to reflect
clinical benefit. Ensuring a consistent and transparent framework for assessing
QoL and surrogate validation data will be of importance to strengthen the
evidence of improvements in outcomes that really reflect benefits that are
meaningful for patients.

5.1.3 Reimbursement approval # implementation

The implications and discussion of uncertain evidence on clinical benefit must
also be considered in relation to the extent of implementation of evaluated
drugs and their actual financial impact on the health care system.

In Sweden, a positive reimbursement decision allows a drug to be included in
the pharmaceutical benefits scheme, but this does not necessarily translate to
widespread use of a drug.”* Ultimately, the actual implementation of a drug
depends on clinical guidelines and judgments by prescribing physicians.
Physicians may therefore act as an additional filter, limiting the use of drugs
with uncertain evidence and potentially low value. If such a selection is made,
the potential consequences of reimbursing drugs with uncertain evidence may
be less problematic than suggested.

Empirical work partly indicates that revenues from cancer drugs tend to be
higher for the drugs that demonstrate substantial patient benefits.®® Although
drugs with low benefits were also observed to recover revenues quickly, these
observations suggest that prescriptions somewhat align with the expected
effectiveness of cancer drugs.®® Future research is needed to analyze how this
applies to a Swedish context to understand the impact of uncertain evidence on
broader resource allocations.

5.2 Reducing the burden of CRC with
organized screening

The findings from the first two papers of this thesis highlighted challenges of
high cost, uncertain clinical benefit, and cost-effectiveness associated with
many cancer drugs at reimbursement. These challenges are expected to grow
with the introduction of advanced therapy medicinal products such as gene
therapies, which may have great potential to improve patient outcomes but
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often come at high prices and rely on data from small patient samples and
surrogate outcomes to assess long-term benefits.*" *As many of these drugs
come at very high costs, further pressure on health care budgets is expected.*

In view of this, the role of prevention and early detection through effective and
cost-effective interventions becomes crucial. By reducing cancer incidences
and improving patient prognoses, preventive intervention has the potential to
reduce the burden of cancer diseases and contribute to a more long-term
sustainable cancer care and costs.'* ?* Evaluations of the effectiveness and
cost-effectiveness of these interventions, considering the national objectives,
are thus essential."?

The last two papers of this thesis focused on evaluating CRC screening in
Sweden, considering both improvement in overall population health and
inequality. Paper III evaluated the organized CRC screening program piloted
in the regions of Stockholm-Gotland. The results demonstrate that the
implementation of Biennial stool-based screening (gFOBT /FIT) for the age
group 60-69 led to an initial increase in incidence, followed by a clear
reduction among the older age groups aged 70-74 years. A modest but clear
reduction in total incidences was also observed, aligning with previous studies
of CRC incidences following screening.'”"" 7173

The findings reflect the expected dual impact of screening: a temporary rise in
detected cases due to earlier diagnosis, followed by a long-term reduction in
incidence, as new cancer cases are prevented. Compared with prior research,
which has mainly focused on overall incidence,'>® '*® our results highlight the
importance of analyzing age-specific incidences or stage-specific incidence
data over a long period to capture these effects. Previous studies have shown
that diagnosis at earlier ages markedly reduces excess mortality, also when
accounting for stage.'* ¢ Therefore, analyses of age-shifts in detection may
suggest benefits for patients, beyond the direct prevention of new cases.'** '
22 The difficulties of analyzing the impact of screening on CRC incidences
and data availability underscore the choice of outcomes and their importance
in ensuring an analysis that accurately reflects the benefits and expectations of
interventions in improving patient outcomes and reducing the burden of
disease. Given that data on CRC stratified by age groups may be more
accessible than stage-specific incidences, these types of analyses can be useful
to better understand the impact of screening on incidences and overall burden
of disease in settings where stage-specific CRC data may be less readily
available.
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Importantly, while a reduction in overall incidences can be regarded as an
outcome in itself,'” stage- or age-specific incidences mainly act as
intermediate outcomes—reflecting upon the expected mortality reduction due
to earlier detection. While the impact of earlier staging and age on excess
mortality is well documented, these relationships can further be impacted by
factors such as the availability and timely access to treatment, which are
context specific. Thus, it is further important to ensure evidence of the impact
of screening on outcomes such as mortality and QoL. In recent studies of the
benefits of the screening program in Stockholm-Gotland, Ribbing-Wilén et
al.'”” and Blom et al.'”® have confirmed effectiveness in improving detection
at earlier stages and reduction in cancer-specific mortality.'’®'”” Together with
these studies, our findings indicate that the screening program with Biennial
gFOBT/FIT is effective in reducing the burden of disease of CRC in a Swedish
setting. While previous RCT evidence of the effectiveness of Biennial FIT has
been limited, results from gFOBT trials have shown reductions in mortality
and mixed evidence in regards to its impact on overall incidence.'®®
Observational studies in international settings like Taiwan, Italy, and the
Netherlands, however, draw similar conclusions about the effectiveness of
screening, showing clear reductions in both incidence and mortality from
screening with Biennial stool-based tests.'”" 7> 17

5.2.1 Cost-effectiveness of CRC screening
strategies in Sweden

Like the results from Paper IV, previous Swedish and international economic
evaluations have demonstrated that CRC screening is cost-effective compared
with no organized screening.'”® ' In Sweden, Aronsson et al.'”® evaluated
Biennial FIT, Primary Colonoscopy, and Two rounds of FIT, and found
Biennial FIT to be cost-effective against Primary colonoscopy and no
organized screening.'’”® While previous studies have mainly focused on
average population outcomes, our paper additionally incorporates concerns for
inequality in the cost-effectiveness assessment by using a distributional cost-
effectiveness framework. The findings in this thesis further confirm that
Biennial FIT offers good value for money in a Swedish setting; however, they
also indicate that screening may exacerbate existing SES inequalities in health
compared with alternative strategies such as Primary Colonoscopy. While all
SES sub-groups benefited from screening—and no group was left worse off—
the average health gain was greater among those with higher SES. These
findings indicate that the organized screening program may exacerbate existing
health gaps, given the observed SES-specific inequalities in participation from
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the current Swedish trial.'® By quantifying these inequalities, our study
provides valuable information to develop strategies aimed at improving uptake
among deprived groups.

The inclusion of inequality aversion in a DCEA provides an explicit and
transparent way to quantify how much population health decision-makers are
willing to forgo to reduce inequality.””’ This incorporation is an important
feature of a DCEA and generates a basis to conduct decision-making with two
objectives. Importantly, when exploring the potential trade-off between
improving overall population health and reducing inequality, our results
indicate a modest reduction in the perceived value of screening. Consequently,
screening with Biennial FIT remained cost-effective also after adjusting for
inequality aversion, and the trade-off in this context can be considered
limited—under the assumed participation rates. Previous DCEA studies of
CRC screening have mainly focused on targeted strategies to improve uptake,
which have reported somewhat stronger trade-offs, indicating that strategies
aimed at reducing inequality can come at some cost of efficiency.”’
Implementing the use of a DCEA in the evaluation of future evaluations of
targeted interventions may be warranted.

5.2.2 Judgements about inequalities

Within the EU cancer beating initiative and Sweden’s public health objectives,
as well as cancer-specific objectives, there are explicit goals of reduced
inequalities and inequities—defined as unavoidable, unmotivated, or
systematic inequalities in health.'* '#>'?!-2%¥ The findings of our study indicate
inequalities across SES sub-cohorts in the population. However, interpreting
whether the observed differences constitute inequities or actionable
inequalities requires normative value judgment and an understanding of the
reasons why inequalities in screening participation exist and the structural
components they are rooted in.””® Assessment of these reasons goes beyond the
scope of this thesis. However, previous studies of non-participation report a
lack of knowledge and perceived CRC risks, and misconceptions of screening
benefits and risks.””’ In a Swedish setting, Wangmar et al.**® likewise found
that lack of knowledge and understanding of CRC risk and screening was
prominent among non-participants. However, in contrast to previous
quantitative work in the US, they did not find any educational differences
between participants and non-participants in Sweden.”" #' Additional
qualitative research could be useful to understand the drivers for non-
participation across sociodemographic sub-groups in a Swedish setting.
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Finally, to understand the role of DCEA in a Swedish priority setting requires
a discussion of how the current DCEA framework aligns with the ethical
platform and the Health and Medical Care Act.”® While the principles of need
and solidarity support prioritizing disadvantaged groups with more need, the
principle of human dignity cautions against discriminating and prioritization
based on factors such as age, sex, and social position.”” While the alignment
between SES and health is evident in many settings,'®* considerations of how
and if DCEAs can align with these principles of the system are needed.

5.3 Methodological considerations

All methodical and analytical approaches have inherent strengths and
limitations in addressing a research question. Consequently, the results of this
thesis must be interpreted with consideration of the methodological limitations
underlying the analytical approaches and assumptions of each paper. In the
following section, the main limitations of each paper are summarized.

When conducting document-based data collection, dual screening for data
review and extraction is generally recommended to reduce the risk of
misinterpretation, omission of relevant information, and observer bias.'”>** In
Paper 1, all data extraction was undertaken by me. A pre-specified extraction
template was used, and the collection primarily focused on objective and
factual variables that could be directly retrieved from the dossiers. As such, the
degree of interpretive judgments was limited, potentially reducing the need for
multiple coders. In some instances where interpretation and unambiguity
clearly arose, discussions with co-researchers were additionally made. Despite
these applications, it cannot be excluded that some information may have been
overlooked or can be interpreted differently by other reviewers. However, the
risk that these potential errors are of such impact that the overall results of
Paper I change is likely to be small.

In Paper I, the analysis primarily focused on the clinical evidence reported in
the pivotal trials underpinning reimbursement decisions and cost-effectiveness
analyses. However, in a share of cases, additional data—such as indirect
comparisons or systematic reviews—were reported to inform the relative
effectiveness of a drug against alternative comparators. Although indirect
comparisons often rely on strong assumptions and may have a higher risk of
bias,”* their relevance must be judged in relation to the specific decision
question, and they constitute an important component of the total evidence
base. This limitation also applies to Paper 11, where observational studies were
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excluded. To obtain a comprehensive understanding of the available evidence
and its limitations, these complementary sources should be taken into account
when interpreting the results. Future studies, including all types of study
designs, would be useful to further understand the evidence base underlying
the reimbursement of new cancer drugs.

A systematic review is generally recommended to be based upon multiple
databases and include an assessment of the risk of bias, to ensure a
comprehensive understanding of the evidence available to address a specific
research question. Using several data sources and formal quality assessment
helps to minimize bias, reduce the risk of omitting relevant studies, and provide
insight into the uncertainty and overall level of evidence available.>” In Paper
II, two well-established databases were used, covering a large share of
published studies and registered trials.'”* »** While this likely captures a
majority of the relevant available evidence, there is a risk that some studies
may have been missed. However, the probability that these potential omissions
would substantially change conclusions is considered low. Given the main aim
of Paper II to assess the extent and type of updated RCT evidence for OS and
QoL, as well as the large number of drug-indications included for follow-up,
no quality and risk of bias assessment was conducted. While this was not in
scope with the research question, considerations of the quality and risk of bias
of the included studies would give additional insights into the strength of the
evidence supporting improvements in these outcomes.

In Paper III, we used a synthetic control approach to estimate the impact of
CRC screening on age-specific incidences. For a synthetic control approach to
support causal inferences, a number of assumptions must hold beyond a good
pre-intervention fit between the controls and the treated. Firstly, there should
not be any spillover effects from the intervention to the control regions—thus,
the implemented program should not influence the CRC incidences in the
control regions. Secondly, the relationship between the control and treated
regions should remain stable over time. This implies that no other events or
shocks that differentially impact the control and treatment groups should occur
after the intervention. A potential threat to the latter is the introduction of the
SCREESCO trial in 2014, which offered screening for CRC to subgroups of
the population in all regions except Stockholm-Gotland. Given that this trial
was conducted solely in control regions, this may have had an impact on CRC
incidences, potentially distorting the counterfactual predictions and biasing the
results downward. However, given that the SCREESCO trial mainly targeted
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populations aged 60—62 and constituted a limited share of our included study
population, this bias may likely be limited."**

Another potential threat is that of spill-over effects from the organized
screening program. Previous studies have shown that the use of colonoscopies
increased across all regions over the period 2006-2015.>*° However, as this
increasing trend was observed also before 2008, when the screening program
was introduced, this may partly reflect a general increase in diagnostic
colonoscopy in the nation rather than direct spillover effects from the program.
Nevertheless, we cannot rule out that some of the observed trends may be due
to increased awareness and influences of clinical practice from the treated
regions. If so, this would likely suggest an underestimation of the estimated
screening impact.

Decision-analytical modeling aims to provide a simplified but informative
reflection of disease progression and the impact of interventions, incorporating
evidence from multiple data sources.?!” For a model to be informative, it must
reproduce outcomes with reasonable accuracy to ensure confidence in the
results.”'” In Paper IV, a Markov cohort model was developed to reflect the
natural history of CRC using model calibration against Swedish incidence and
adenoma targets. This was required due to the unobservable nature of the
adenoma-carcinoma sequence and diagnosis. A concern of this approach was
the limited number of calibration targets relative to the number of estimated
transition parameters, which allows multiple parameter combinations to fit the
data equally well (i.e., they are not uniquely identified). Although the resulting
parameters cannot be directly validated against real-world observable data, the
calibration resulted in low adenoma transition probabilities among cohorts
aged over 80 years compared to assumptions made in previous studies,'” '*°
which may have led to an underestimation of the natural adenoma incidence
and CRC incidence in older non-screening eligible age-groups. However,
given the slow adenoma-carcinoma progression, incident low-risk adenomas
arising beyond the age of 80 years are expected to have a limited contribution
to CRC incidence. In addition, as these cohorts are not targeted by the
screening strategies, the impact on the estimated screening benefits is likely
small.

The model also tended to underestimate the incidence of stage I-II cancers,
particularly among older age groups, which may overestimate screening
benefits. Nevertheless, as all strategies were simulated within the same model
framework, the incremental estimations of effects and costs remain valid, with
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likely limited impact on the overall conclusions. To strengthen validity,
predicted screening benefits and estimated number needed to screen were
compared to previous trial results. These showed a slight overestimation;
however, they were within the confidence limits of previous results.”*
Parameter uncertainty, including age-specific values, was further explored
through probabilistic sensitivity analyses.

A further limitation in Paper IV concerned assumptions of test performance
and participation parameters for screening with Biennial FIT. Data for FIT
testing with a positivity cutoff of 80 ng/g were limited, and the SES gradients
of participation were derived from other screening settings, adding uncertainty
to comparative results. This was reflected in sensitivity analyses. The national
screening program in Sweden also applies sex-specific FIT positivity cut-offs
(80 pg/g and 40 pg/g for men and women, respectively). To simplify the
model, these were not modeled, and consideration of potential gender
differences was not made. Omitting potential sources of inequality,
irrespective of the perceived unfairness, may bias the estimated inequality
estimates. While sex differences in lifetime health are expected, the sex
distribution across SES groups was nearly equal; thus, the risk of confounding
the estimated inequality may be limited.

5.4 Policy implications

Given the findings from Papers I and I, this thesis emphasizes the need to
reduce both uncertainty and the risks associated with limited evidence of
clinical benefits and cost-effectiveness for reimbursed cancer drugs. Improved
follow-up and re-evaluation of cancer drugs reimbursed with limited evidence
are needed to ensure the realization of claimed benefits at reimbursement. The
widespread use of surrogate outcomes and inconsistent reporting of QoL data
emphasize the importance of transparent evidence requirements that align
across HTA and regulatory agencies. Furthermore, a clear, explicit framework
for how severity, unmet need, and meaningful clinical effects are defined could
improve consistency and accountability in reimbursement decisions.

The observed and growing challenge of high-cost cancer treatment, uncertain
benefits, and increasing cancer incidence underscores the importance of
effective preventive interventions. The findings from Papers III and IV support
the effectiveness and cost-effectiveness of CRC screening in a Swedish setting
but also indicate that unequal participation patterns exacerbate existing SES
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inequalities in health. Targeted interventions to increase uptake in more
deprived areas are needed to mitigate these increases.

Finally, as equity and inequality should be considered in Swedish decision
settings and public health work™ ' '"'__and the emphasis on extending
current assessment frameworks to capture additional aspects of value grows—
a DCEA provides a formalized approach to make the trade-offs between equity
and population health improvements explicit. DCEA allows equity
considerations to be explicitly integrated, both when assessing drug coverage
decisions and severity considerations, and when evaluating targeted
interventions designed to reduce health inequalities. Given the reality of scarce
health care resources, it is crucial to make these value judgments and the
implied trade-offs transparent to ensure that decisions align with the public’s
preferences for an optimal use of collective funds. Further assessments and
prerequisites for the use of DCEA within a decision-making process in Sweden
are recommended.
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6 CONCLUSION

This thesis examined two distinctive but complementary aspects of the work
towards reducing the cancer burden and achieving the objectives of improved
survival, QoL, and reduced inequality in cancer.

The findings indicate that reimbursement for cancer drugs is often surrounded
by considerable uncertainty regarding clinical benefits in terms of OS and QoL
for patients, both at the time of reimbursement and after several years of
follow-up. Strengthened mechanisms, such as aligning evidence requirements
at regulatory agencies to ensure trial reporting on patient-relevant outcomes,
follow-up, and re-evaluations of approved drugs, are essential to ensure that
limited resources assure real value for patients.

In addition, the thesis demonstrates that CRC screening with Biennial FIT
among adults aged 60—74 years is effective in reducing the incidence of CRC
and increasing healthy life-years at a reasonable cost, thus providing good
value for money. However, it also suggests that existing SES inequalities in
health may widen with unequal participation patterns across the population.
Further interventions to improve screening uptake in deprived groups could
help to mitigate the exacerbation of health inequalities.
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7 FUTURE PERSPECTIVES

The analyses of cancer drugs in this thesis were limited to prescription-based
drugs and focused on OS and QoL as the main outcomes. Future research
should expand these analyses to include decision-making for hospital-
administrative cancer drugs, which constitute a considerable share of new
cancer drugs. Analyses of these regional processes could help to give a more
comprehensive picture of evidence considerations and decision-making of
cancer drugs in a Swedish setting. In addition, understanding the actual use and
implementation of reimbursed and recommended cancer drugs—relative to
their evidence base and costs—could increase understanding of the practical
implications of the limitations identified in Papers I and II.

Moreover, studies exploring how patients and physicians perceive the benefits
and uncertainties of surrogate outcomes and preferences in the trade-off
between timely access and evidence uncertainty of these among Swedish
patients would provide valuable insights into this decision context.

The findings from Papers III and IV show that while CRC screening with
Biennial FIT is cost-effective, it may also lead to a modest increase in SES
inequalities in health. While this study relied on assumptions regarding
participation from trial experiences in Sweden, future studies should examine
inequalities in participation within the national CRC screening program across
SES groups to reduce the uncertainty of current estimates. Additional studies,
combining quantitative and qualitative approaches, are further needed to
understand non-participation and inform the design of interventions aimed at
improving participation among deprived groups in Sweden.

Finally, further work on opportunity costs in health care is essential to ensure
transparency and informed priority setting. Understanding how coverage
decisions and investments influence regional and hospital budgets, and the
potential consequences of resource displacements, is needed for our
possibilities to quantify the consequences of current decision patterns.
Research on opportunity costs, despite its inherent challenges, is crucial to
align current cost-effectiveness frameworks with the real constraints of health
care systems—and for making explicit the magnitude of the trade-offs that are
made with considerations of different value aspects within the current
framework.
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USE OF GENERATIVE Al

Al was solely used for grammar and language editing to improve readability.
No Al tools were used to draft studies or substantive sections of the thesis, nor
to generate or analyze data. All Al-assisted edits were reviewed by the author,
who takes full responsibility for the content of the thesis.
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