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Abstract 

Introduction: Pathogenic mutations in the TP53-gene is present in about 50% of all somatic cancers. 

The TP53 gene’s function is to stop cancer cells from dividing, thus protect us from cancer. When this 

gene is not functioning properly, carriers face 70-100% risk of developing cancer in their lifetime. 

Early diagnosis of cancer improves survival and currently individuals with pathogenic hereditary 

mutations in this gene are entitled to an extensive surveillance program to increase early detection of 

cancer. A new study, the Swedish TP53 study (SWEP53), is investigating a surveillance program 

offering whole-body magnetic resonance imaging (WBMRI) of confirmed carriers. It is not known if 

the potential health effects of such surveillance programs justify the additional costs. The objective of 

this thesis was to determine whether any of the surveillance programs are cost-effective in Sweden. 

Methods: A novel decision analytic model was developed using a health care perspective covering the 

lifetime of carriers of mutations in TP53. Nine different cancers were modelled. All cancers carry a 

cost. an impact on health-related quality of life and survival. Three separate scenarios were 

investigated; no surveillance, surveillance by current standard of care and surveillance using WBMRI 

as proposed in the SWEP53-study. The total costs and total quality adjusted life years (QALY) of each 

scenario were used to calculate incremental cost-effectiveness ratios for the current standard of care 

and the SWEP53-protocol. 

Results: Surveillance of both male and female carriers of pathogenic mutations in TP53 carries an 

incremental cost-effectiveness ratio of 748 194 SEK. Surveillance using is WBMRI carries a cost of 

more than seven million SEK. If the annual probability of diagnosis is ca 40-50 percentage points 

higher than in the standard of care this may change to a level similar to SOC in the current analysis. 

The greatest uncertainty of the results lay in the estimation of the impact on survival from cancer 

diagnosis and annual probability of diagnosis. 

Conclusion: The incremental cost per QALY of the current surveillance program is likely acceptable 

in Sweden given the rarity and severity of being a carrier of a hereditary pathogenic mutation in TP53. 

Surveillance using WBMRI carries an incremental cost per QALY that is much higher than what is 

traditionally acceptable in Sweden. The clinical benefit of surveillance using WBMRI in relation to 

current surveillance is unclear and more data is needed. This analysis is made under great uncertainty 

but shows that when analyzing hereditary mutations, it is imperative to consider the whole spectrum of 

attributed disease as this greatly impacts the cost-effectiveness of e.g. surveillance. These estimates 

may be uncertain but as of today this is the only and the best estimate available. 
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1. Introduction  

In recent years major breakthroughs have been made in genomics[1], our understanding of our genome 

and the role it plays in disease has increased substantially[2]. Today it is possible to analyze a person’s 

entire genome faster and cheaper than ever [3, 4]. These technological advances pose a great challenge 

to the health care sector. Now patients can access their own genetic risk profiles and demand care 

based on this, regardless of whether treatment exist or not, and genetic markers are routinely used in 

the clinic to guide diagnosis, treatment and to identify patients at risk of disease[2].  

This new possibility to access our genetic data and determine our risk profiles has imposed new issues 

for policy makers. As it is unclear when it is cost-effective to (1) acquire and (2) act on genetic 

information. As genetic variations carry different implications for our health today and in the future, 

there is a need to both further investigate the clinical implications but also the costs and 

reimbursement implications of genetic information.  

One particularly interesting component is the TP53-gene which has the very delicate function/task of 

protecting us from cancer. Our cells are constantly dividing to replace those that die and during this 

process of cell division there is a risk that DNA mutates (i.e. the DNA sequence is changed and the 

cell does not work properly), when this happens the TP53 gene is activated producing the p53 protein 

that finds the mutation and either stops the cell from dividing, repairs the mutation or instruct the cell 

to ‘die’. In close to 50% of somatic (caused by spontaneous mutations) cancer, a damaged version of 

TP53 is present [5]. But if the mutation is hereditary, meaning that it is inherited from a parent or the 

DNA has been damaged early in cell division after conception and thus is present in every cell in the 

body, a person lack the protection of this guardian of the genome and the lifetime risk of cancer is 70-

100%[6].  

In Sweden today, carriers of such mutations are entitled to surveillance. The contents of this 

surveillance program are based on the individual family history of cancers e.g. if a parent had 

colorectal cancer you are surveilled for this cancer. The only universal surveillance, meaning that all 

carriers are offered surveillance of this cancer, is for female breast cancer[7].  

Health insurance is universal and publicly funded in Sweden[8]. In such a public health care system 

resources are inherently scarce and demand for health is constantly high and ever increasing. This 

means that informed decisions are need to determine where resources should be allocated to generate 

as much health as possible give a constrained budget. These decisions must at the same time take into 

account that some conditions are more severe, some patients are more frail and that no one should take 

president in receiving said care based on their social status nor their age[8]. 
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The need of allocating resources to interventions that are cost-effective, e.g. produce health at a rate 

that society deems acceptable is most notably demonstrated when the Dental and Pharmaceutical 

Benefits Agency (TLV) make decisions whether to subsidize drugs and other medical technologies[9]. 

These decisions are most often informed by cost-effectiveness analysis where the costs and effects of 

two of more scenarios are compared [10].  

Currently, a study conducted at the Karolinska Institute called the Swedish p53 Study (SWEP53). This 

study aims to develop a surveillance program where all confirmed carriers, regardless of family 

history, will be surveilled using whole-body magnetic resonance imaging (WBMRI) [5]. The cost-

effectiveness of these programs have not yet been investigated in a Swedish setting. 

1.2 Purpose, research question and demarcation 

The purpose of this thesis is to explore whether current Swedish surveillance and the prospective 

SWEP53-surveillance of carriers of pathogenic mutations in TP53 are cost-effective. 

1.2.1 Research questions 

- Is current surveillance or surveillance using the program proposed in SWEP53 of 

patients with pathogenic mutations in TP53 cost-effective given the Swedish healthcare 

system? 

1.2.2 Demarcation 

The setting will be Swedish since the question of cost-effectiveness might have a different answer 

given prevalence, healthcare system and more in other countries. 

1.3 Previous research 

As of today, there has only been one attempt at analyzing the cost-effectiveness of surveillance of 

individuals who are carriers of pathogenic mutations in TP53. Tak et al [11] analyzed the cost-

effectiveness of current guidelines from the National Comprehensive Cancer Network (i.e. no specific 

surveillance) and a surveillance program formulated by Villaini et al [12] in an American setting. The 

authors utilized a model in which individuals either are cancer free, having a developed cancer or 

cancer survivors. This means that they make no distinction between the type of cancer developed and 

being in the cancer state would reflect the average type of cancer. They use fixed rates of cancer 

development in the age spans of 0-15 years, 16-45 years and >45 years. In addition to this they use a 

fixed survival which only varies between surveillance program, i.e. they fail to take into account the 

varying severity and prevalence of specific cancers in their analysis.  
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They find that the cost per additional life year gained was $17 125, i.e. on average it would cost 

$17 125 to extend the life-expectancy of a mutation carrier with one year. This is this the only 

published work that has a similar approach regarding surveillance programs of genetic mutations in 

general, and TP53 in particular, that choose to use the genetic mutation as the core of the analysis 

(instead of using it as a risk-marker for a particular phenotype1 such as breast cancer).  

These results are not directly translatable into a Swedish setting. This is both due to the structure of the 

American health care system, which is to a great extent privatized, which differs substantially from the 

Swedish public health care system[13] and due to the assumptions made in their analysis regarding 

key parameters (e.g. risk of cancer, cancer mortality and no simultaneously occurring primary cancers 

which is a real issue in TP53 carriers[14]). This highlight the need for investigating whether 

surveillance of this high-risk population is cost-effective in Sweden.  

Albeit that the surveillance of mutation carriers, with focus being on the mutation itself, is limited 

there has been some work where a traditional approach has been utilized, to use a certain phenotype(s) 

and use TP53 (usually in combination with other genetic variations) as a risk-marker for the specified 

phenotype[15-20]. 

1.4 Ethics 

This thesis has been the fruit of work conducted in accordance with the Swedish Research Council’s 

handbook Good research practice[21].As the data presented in this thesis is acquired from published 

sources there exists no requisite to take any particular precautions when handling and presenting it. 

The thesis has been written by the stated author alone.  

This work is a part of a research project at the Centre for Medical Technology Assessment (CMT) at 

Linköping University[22], where I am currently employed as a research assistant. It is part of the 

center’s mission to support the national initiative Genomic Medicine Sweden (GMS)[23] with health 

economic research to aid the implementation of genomics into clinical practice. This work has been 

undertaken independently. 

 

 

1 A phenotype is the expression of a genetic mutation, e.g. blue eyes or cancer.  
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2. Introduction to genetics 

Mendellian inheritance is the principle of traits that are inherited from one generation to the next, first 

proposed by Johann Mendel in 1865. Ever since they have been the foundation on which our 

understanding of genetic disorders and predisposition[24]. Fast forward to 1953 when the double helix 

was described by Francis Crick and James Watson[25] who proved that our DNA consist of two 

strands of base pairs consisting of the amino acids cytosine (C) that pairs with guanine (G) and 

thymine (T) that pairs with adenine (A), these simple pairings make up the blueprint of all living 

things[26] with the only exception being RNA-viruses[27]. 

Our genes code for proteins, the building blocks that make us what we are. However, when the 

blueprint for a gene, or the sequence of base pairs that make up a gene has a flaw, be it a missing pair 

or pairs (deletion) or a misplaced pair or pairs (translocation) or any other mutation the gene might not 

work as intended and code for a different protein or not code for any protein whatsoever. This may 

carry life changing consequences. Such as onset of cancer or other disease[26]. 

These mutations may be inherited from parents to children, they are then called germline mutations or 

they can occur at random in our bodies as our cells divide, then they are called somatic mutations[28]. 

Somatic mutations are only present in cells that are descendant from the originally mutated cell and 

occur nowhere else in the body, germline mutations are found throughout the body in every cell[28]. 

2.1 TP53 

If the mutation occurs in the TP53 gene causing it to not work properly, it codes for tumor protein p53 

or just p53, this protein binds to DNA and if the DNA in a cell is damaged in a way that compromises 

the function of the cell, p53 either activates other proteins to repair the damage or instruct the cell to 

self-destruct. This property has given TP53 the name guardian of the genome [6]. any other mutations 

would be left unchecked and the risk of developing tumors would grow substantially, thus somatic 

mutations in this gene are highly prevalent in many forms of cancer[29, 30] but hereditary mutations 

are more rare[31].  

A hereditary mutation mean that a person lacks the protection that this gene provides in his or her 

entire body from birth, giving an extremely high risk of developing multiple forms of cancer. For men 

the lifetime risk is about 70% and for women 100%[14, 32], the difference is mainly attributed to early 

onset breast cancer (BC) [14], this general cancer syndrome is named Li-Fraumeni syndrome[33]. 

There is a notion within the research community to refrain from the traditional definition and instead 

refer to this as heritable TP53 related cancers or hTP53c, the rationale is currently unpublished. 
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Currently, those who are known carriers of a mutation in TP53 are entitled to annual check-ups with 

specialists, magnetic resonance imaging (MRI) scans of the breast for women and, if there is family 

history of cancer, surveillance in accordance with the guidelines regarding that form of cancer[7].  

It is thus deductible that individuals carrying a mutated copy of the TP53 gene lack all or some of its 

protective properties. Mutations in the TP53 gene are linked to a plethora of different forms of cancer, 

e.g. lung-, brain-, and hematological cancers as well as early on-set breast cancers and childhood 

carcinoma [14, 33]. The phenotypes that are frequent in carriers of mutations in the TP53 gene were 

described by Frederick Li and Joseph Fraumeni in 1969[34] and were subsequently called the li-

Fraumeni syndrome. Not all those who are diagnosed with the syndrome carry a mutation in TP53, 

some 25% have no such mutation [35]. 

The prevalence of hereditary mutations in TP53 is estimated to 1:5000-1:20000 individuals, which in 

Sweden means between 500 and 2000 individuals[5]. In the European union (EU), a disease is defined 

as rare when the prevalence is no more than 1:2000 individuals[36]. Sweden however adopts a 

narrower definition of 1:10000 individuals[37]. It is thus likely that pathogenic mutations in TP53 

would be regarded as a rare condition both in Sweden and in the EU. 
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3. Methods background 

This section will explain the core principles of why and how cost-effectiveness analysis is used and 

undertaken in the evaluation of health care interventions.  

3.1 Cost-effectiveness analysis of health care interventions 

To estimate the cost-effectiveness of healthcare interventions it is necessary to identify all relevant 

evidence. Both regarding costs and health outcomes. The relevance of costs is dependent on the 

perspective of the analysis. The analysis may include costs incurred solely in the healthcare sector, a 

payer perspective. Otherwise it includes all costs regardless of where they are incurred, a societal 

perspective. The societal perspective includes costs incurred both in the healthcare sector and society 

as a whole[38].  

The Quality Adjusted Life Year (QALY) is a generic measure where the quantity of life is weighted 

by the health-related quality of life (HRQoL) see Figure 1 [38, 39]. By using a common outcome 

measure it is possible to compare the amount of health generated by one or another intervention in the 

healthcare sector. This measure is the most frequently utilized in cost-effectiveness analysis of health 

care interventions[38]. 

 

Figure 1. Measuring QALYs. Each year has a HRQoL-weight ranging from 0 to 1. The QALYs generated is simply the area 

under the curve each year, in this figure the QALYs over 5 years total 2.7. Figure is not to scale. 

 

To determine cost-effectiveness of a new intervention it must be put in relation to the current practice 

(which might be doing nothing), thus all costs and health outcomes attributed both to the new 

intervention and the current practice. By doing this, it is possible to calculate the incremental total 

costs and the incremental total QALYs, i.e. how much more (or less) does the new intervention cost 
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and how much more (or less) health is produced. The ratio between these incremental costs and 

QALYs then say at what cost the new intervention produce 1 QALY in relation to the current practice, 

this ratio is called the incremental cost-effectiveness ratio (ICER). The ICER is calculated using 

equation 1[38].  

𝑒𝑞. 1 
𝐶𝑜𝑠𝑡𝑁𝐼 − 𝐶𝑜𝑠𝑡𝐶𝑃

𝑄𝐴𝐿𝑌𝑁𝐼 − 𝑄𝐴𝐿𝑌𝐶𝑃
=  

∆𝐶𝑜𝑠𝑡

∆𝑄𝐴𝐿𝑌
= 𝐼𝐶𝐸𝑅 

Equation 1. ICER = incremental cost-effectiveness ratio, CP = current practice, NI = new intervention 

To exemplify this, let’s assume that there is a new drug called Maybepass, this drug is used to treat the 

condition grade-o-anxiety. The total costs of treating an individual with Maybepass is 2000 SEK and 

produce 15 QALYs. If the individual would not have been treated with Maybepass the total costs 

would be 1500 SEK but would only produce 10 QALYs. The ICER of this scenario would then be 100 

SEK, meaning that on average Maybepass produce one additional QALY at the cost of an additional 

100 SEK. 

𝑒𝑞. 2 
2000 − 1500

15 − 10
=  

500

5
= 100 

3.1.2 Estimating cost-effectiveness 

In medicine, great dependence is put on randomized controlled trials (RCT) to estimate the effects of 

novel drugs and clinical interventions[40]. Even though RCTs are a great source of data it would be 

highly impractical if even feasible to base a cost-effectiveness analysis solely on results of such an 

RCT, this as RCTs often have trial-specific end-points, they do not capture effects outside the time 

horizon of the trial, they seldom keep track of all relevant resource consumption and more[38].  

Instead it is common to use decision analytic models, i.e. mathematical models that incorporate 

evidence from multiple sources. These models create a simplified version of the real world to estimate 

the total costs and effects of an intervention. One type of decision analytic model is the Markov-model 

in which a cohort of simulated individuals are subjected to a number of probabilities and events that 

simulate the real progression of e.g. a disease[41].  

To better explain this process, I return to the previous scenario with the disease grade-o-anxiety and 

the novel treatment Maybepass, and we have accepted that it would not be feasible to conduct an RCT 

to capture the true costs and QALYs of Maybepass on grade-o-anxiety, and thus construct a markov-

model (Figure 2, Figure 3) to estimate the total costs and QALYs of either treating or not treating 

individuals with this disease. 
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Figure 2. The markov model to simulate costs and QALYs when 

 estimating the effects of Maybepass on grade-o-anxiety 

 

The time-horizon is set to be 10 years, then maybepass will not have any more effect, and assume that 

if treatment is successful, the patients is cured and will not get grade-o-anxiety again (1) and that to be 

eligible for treatment it is needed to be affected by the disease. It is assumed that if a person is free 

from grade-o-anxiety no costs are incurred and the HRQoL-weight is 0.8. If affected by the disease a 

cost of 1000 SEK per year is incurred and the HRQoL-weight is 0.5, the annual cost of treatment is 

1000. If a person dies, no costs are incurred and the HRQoL-weight is 0. Even though this is not a 

fatal disease, there is still a risk to have an adverse reaction to Maybepass, which is fatal (2). Once free 

of the disease, it is still possible to die from other causes (3).  

Maybepass is a great drug, when treated there is an annual 25% probability to be free of disease. If not 

treated, this probability is estimated to be just 10%. The risk of fatal adverse events when treated with 

Maybepass is 0.1% and the risk of dying from other causes is 0.5%. The markov-model, programmed 

here in excel, would then generate an ICER of 922 SEK, Figure 3. The upper column on the left show 

the input parameters explained earlier as transition probabilities between the three health states, 

HRQoL-weights and costs (1). The two right columns (2) show the evolution of the disease in the two 

scenarios, the upper when the cohort is treated with maybepass and the bottom one when not treated 

with maybepass. In the first year or cycle, all individuals in both scenarios are afflicted by the disease 

and then each year the proportion of individuals in each state changes and generate a different cost and 
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number of QALYs. The total costs and total QALYs are shown in the bottom left column (3). The 

incremental costs and QALYs are then used to calculate the ICER, which in this case is 922 SEK. 

 

Figure 3. Markov-model and input parameters used to model estimate the cost-effectiveness of Maybepass using Microsoft 

Excel spreadsheets[42]. 

  

3.1.3 Interpreting the ICER 

To find an ICER is simply to find an estimation of the costs and QALYs of one reality in relation to 

another, this does not necessarily say anything about the new intervention’s cost-effectiveness. Thus, it 

is necessary to set the ICER in relation to the willingness-to-pay for increasing health by e.g. one 

QALY, this value usually referred to as a threshold for cost-effectiveness. The value is most often 

arbitrary, without any ‘real’ data to support it[43]. But attempts have been made to estimate it as either 

the consumption value of health, meaning the value of private consumption forgone (e.g. how much 

health would have been produced if the resources were allocated elsewhere in the health care system) 

or the marginal cost of producing health elsewhere in the health care sector, i.e. if resources were 

allocated to any other intervention or technology how much would it, on average, cost to produce one 

additional QALY [44].  
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A threshold-value is however not always needed to determine cost-effectiveness. If the new 

intervention incurs a lower cost but generates more QALYs it is by default cost-effective and should 

always be implemented and if the opposite is true, that it incurs more costs and generate fewer QALYs 

it is never cost-effective and should never be implemented. The threshold is needed when the costs 

incurred as well as the QALYs generated is higher as well as when the costs incurred are lower and the 

QALYs are fewer. This relation between incremental costs and QALYs can be illustrated in the so 

called cost-effectiveness plane (Figure 4) [45].  

 

Figure 4. The cost-effectiveness plane[38]. By plotting incremental costs and QALYs it is possible to determine whether the 

novel intervention should always be implemented, never implemented, or set in relation to the threshold value and maybe be 

implemented. 

In Sweden, the threshold has for many years been illusive and arbitrary. A lot due to the writings in 

the Swedish Health and Medical Services Act2 which says that care should be (1) equal, no 

discrimination based on age, social status, employment (2) prioritized in a way that those who need the 

most care be granted privilege (3) promoting cost-effective interventions[8]. Currently in Sweden, an 

incremental cost per QALY below 500 000 SEK is regarded as a moderate cost per QALY[46] and as 

such cost-effective[47].  For more rare (or orphan) conditions an ICER of up to ca 1 000 000 SEK is 

acceptable [48]. A recent study estimated that the marginal cost of a life-year in the Swedish 

healthcare sector is 367 507 SEK[44].  

 

2 Hälso- och sjukvårdslagen 
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4. Methods 

In this section, the methods used to estimate the cost-effectiveness of the investigated surveillance 

programs are outlined. First, the decision problem and the investigated strategies are detailed. Second, 

details of the developed Markov model are provided. Third, data inputs are provided and discussed, 

and finally analysis methods are presented. 

4.1 Decision problem 

Three scenarios were identified as previously noted, no surveillance, family history guided 

surveillance and SWEP53 surveillance protocol (Figure 5). The analysis starts at birth, following 

either a strictly male or female cohort. It has a life-time perspective (no more than 100 years). The 

cohort consists of newborns with a confirmed pathogenic mutation in TP53. All costs and QALYs are 

discounted by 3% in the base-case. The analysis has a health-care perspective, i.e. does not consider 

costs and QALYs outside of the health care sector. If the cohort is female, the current surveillance and 

the SWEP53 strategies allow for prophylactic removal of both breasts. 

 

 

Figure 5. Graphical representation of the decision problem with the three identified scenarios 

In the no surveillance scenario (1) there is no explicit surveillance of patients with pathogenic 

mutation in TP53. Thus, the cohort is not offered prophylactic surgery and any cancer will be detected 

when symptomatic. 
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In the scenario with family history guided surveillance (2), henceforth called the standard of care 

(SOC), all female mutation carriers will be offered prophylactic removal of the breasts and annual 

MRI of the breast. Both male and female carriers are offered visits with clinical experts and based on 

their family history of cancer they will be surveilled for this particular cancer. The surveillance costs 

of these scenario were set to a proxy indicated by the available guidelines for that cancer. In the 

scenario where surveillance follow the SWEP53-protocol[5] (3), women are offered prophylactic 

removal of the breasts. But all individuals will be offered both visits to specialists as well as WBMRI 

annually. 

4.2 Model structure 

A novel markov structured cost-effectiveness model was developed using Microsoft Excel[42]. The 

Markov-model developed for this analysis consists of a total of one-hundred and sixty-six (166) 

individual states that the cohort may transition to. Each of these states (see Figure 6) has an assigned 

annual cost (Table 7) and HRQoL-weight (Table 5) and transition between states is dependent on 

several different probabilities of events occurring in sequence during the modelled life-time (Table 2, 

Table 3, Table 4). The total number of QALYs and the total life-time costs are then summarized and 

used to estimate the incremental cost-effectiveness ratios. 

 

Figure 6. Markov structure 

Irrespective of surveillance program, the disease progression or disease pathways are modelled in the 

same way. The arrows and numbers indicate transition possibilities. The circular arrows indicate that 

in any given cycle, if no transition occurred, the individual remain in that state.  
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The cohort all start in the healthy state, from here there is a probability in each cycle to either develop 

an undiagnosed cancer (1) (one of nine, see Table 1) or remain in the healthy state. From the 

undiagnosed cancer state it is possible to develop another undiagnosed cancer (2) which is then in one 

of three groups (Table 1). In addition to developing undiagnosed cancers there is also a possibility to 

develop a second cancer but having both the first primary cancer and the second primary cancer 

diagnosed (3). It is assumed that individuals cannot have one diagnosed and one undiagnosed cancer 

at the same time in the model. If individuals do not develop a new primary cancer their original 

primary cancer can be diagnosed (4).  

If the individual has one diagnosed primary cancer and does not develop a second primary cancer he 

or she remains in the cancer state for five years and starting the fifth year there is a possibility to be 

deemed in remission (7, 8), i.e. free of cancer, this parameter is based on the ten-year survival rate[49]. 

If a second primary has been developed and the five-year survival thus is unknown for this 

combination of cancers individuals can enter remission from day one, and the probability of this is 

assumed to be the average of the remission rates for the nine different kinds of cancer in the base case. 

It is assumed that undiagnosed cancer will not go into remission. When individuals have entered 

remission, there is a chance of cancer recurring, meaning that they get a relapse (9). From all states 

there is an annual probability of dying (10). 

Group Cancers 

A • Breast cancer 

• Prostate cancer 

B • Lung cancer 

• Leukemia (hematological cancers) 

• Brain cancer 

• Soft-tissue sarcoma 

• Osteosarcoma 

C • Colorectal cancer 

• Adrenocortical carcinoma 

Table 1. Grouping of cancers. The grouping is completely arbitrary and has no clinical foundation. I based the arbitrary 

grouping on survival, cost and recurrence. 
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4.3 Data input 

No systematic review of the literature has been performed as the scope of this thesis and the number of 

needed parameters would make such an approach to be excessively time consuming and impossible to 

complete given the timeframe. However, several targeted searches of PubMed, Google Scholar and 

other relevant sources were conducted during this work.  

For each parameter where the mean value (used in the base case) is attributed with uncertainty I 

assigned an appropriate distribution for the probabilistic sensitivity analysis. For transition parameters 

and HRQoL I used a beta distribution which ranges between 0 and 1 and the alpha and beta parameters 

are based on the individuals with and without the event. For costs of cancer I used a gamma 

distribution that takes on a value between 0 and infinity, the alpha and beta values are based on the 

standard deviation and the mean value. 

4.3.1 Cancer incidence, remission and recurrence 

The probability of mutation carriers to opt for bilateral mastectomy was assumed to be equal to that of 

women with BRCA1-mutation as the BRCA1 and BRCA2 genes are the most well-studied genes with 

high penetrance in BC at 60%[50]. The removal of both breasts result in a 90% risk reduction of 

developing BC[51]. For carriers of mutation in the BRCA1 and BRCA2 genes, studies have found that 

age 25 and 30 are optimal ages to initiate preventative measures, including surveillance and 

prophylactic surgery[52], however as the risk of early-onset BC is high (or higher) in TP53 

carriers[14] with incidence being high earlier than in BRCA mutation carriers[53] at 15% and 4% 

respectively at age 30, it seems fair to assume that such surgery would be undertaken earlier in TP53 

carriers at the age of 20. 

The cancer incidence was extracted from Mai et al [14], using the WebPlotDigitizer[54] application 

available as freeware online, in which cancer risks of TP53 mutation carriers in the National Cancer 

Institute Li-Fraumeni Syndrome Cohort are available. In total the data used represents 286 individuals, 

from 107 families, with a confirmed mutation in TP53. The limited number of individuals in the 

dataset may prove that the incidence rates are over- or underestimated. Albeit it is the best available 

source to my knowledge.  

By using equation 3 the cumulative rates of cancer were reworked into annual rates corresponding to 

the best available datapoints in the graphs. The annual incidence rate (AIR), is thus one minus the 

proportion of individuals who are cancer-free (CF) at time t, divided by the number of cancer-free 

individuals in at time t-1 exponentiated to one divided by the period of time since the last observable 

(TP) shift in incidence, see Table 2 for a summary of cumulative incidences that these estimates are 

derived from. 
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𝑒𝑞 3.  𝐴𝐼𝑅 = 1 − (
𝐶𝐹𝑡

𝐶𝐹𝑡−1
⁄  )

1/𝑡𝑝

 

Recurrence rates of cancer were derived from the literature and then by using the formula in equation 

2 they were transformed into annual recurrence rates. The recurrence rates are the same for both sexes 

as the sources did not report different rates and when ranges were available the highest value was used 

in the model as to not underestimate this risk, see Table 2. 

Parameter Base case Distribution Distribution parameters, α - β Reference 

Prophylactic bilateral 

mastectomy 

0.60 Beta 127 84 [50] 

Risk-reduction from 

mastectomy 

0.90 Beta 6 53 [51] 

Cancer cumulative cancer incidence at age 70 (%) 

Breast cancer  53.63 [1.23*] Beta AD AD [14], *[55] 

Soft-tissue sarcoma 14.46 [22.77] Beta AD AD [14] 

Brain cancer 5.91 [19.50] Beta AD AD [14] 

Prostate cancer 0 [1.39] Beta AD AD [14] 

Osteosarcoma 6.76 [10.80] Beta AD AD [14] 

Lung cancer 3.08 [5.06] Beta AD AD [14] 

Leukemia 6.50 [1.58] Beta AD AD [14] 

Colorectal cancer 6.62 [22.35] Beta AD AD [14] 

Adrenocortical 

carcinoma 

3.57 [3.18] Beta AD AD [14] 

Total cumulative 

incidence (might not add 

up due to rounding) 

100 [87] - - - [14] 

Remission probabilities (ten-year survival) 

Breast cancer  86.10 [73.70] Beta 344 [295] 56 [105] [49]  
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Soft-tissue sarcoma 58.40 [63.60] Beta 234 [254] 166 [146] [49] ** 

Brain cancer 63.50 [45.40] Beta 261 [182] 139 [218] [49] 

Prostate cancer - [87.90] Beta - [352] - [48] [49] 

Osteosarcoma 58.40 [63.60] Beta 234 [254] 166 [146] [49] ** 

Lung cancer 17.40 [10.90] Beta 70 [44] 330 [356] [49] 

Leukemia 60.10 [50.60] Beta 240 [202] 160 [198] [49] 

Colorectal cancer 62.80 [58.00] Beta 251 [232] 149 [168] [49] 

Adrenocortical 

carcinoma 

38.00 [38.00] Beta 283 [232] 117 [142] [49]*** 

Cancer recurrence 

Cancer Annual 

probability in 

model 

Cumulative incidence 

(source) 

Distribution Distribution 

parameters 

Source 

Breast cancer 0.007 3,4% over 53 months 

(4.46 years) 

Beta 86 11133 [56] 

Soft-tissue sarcoma 0.016 8% over five years Beta 37 2180 [57] 

Brain cancer 0.700 70% in first year  Beta 59 25 [58] 

Prostate cancer 0.042 35% cumulative over ten 

years (men only) 

Beta 13 306 [59] 

Osteosarcoma 0.030 6% over two years Beta 20 645 [60] 

Lung cancer 0.113 26,4%over 30 months 

(2.5 years) 

Beta 28 215 [61] 

Leukemia 0.066 29% over five years Beta 20 288 [62] 

Colorectal cancer 0.045 17% over four years Beta 52 1080 [63] 

Adrenocortical 

carcinoma 

0.052 24.5% over five years Beta 17 313 [64] 

Table 2. AD = Age dependent, female [male], ** osteosarcoma and soft tissue sarcoma were reported as one survival, *** 

ten-year survival not available, instead the five-year overall survival used. 
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4.3.2 Cancer diagnosis 

The most uncertain parameter in this analysis, together with the mortality multiplier for undiagnosed 

cancers is the probability of being diagnosed each cycle. The model uses an annual probability, thus 

does not take into account the time since getting the cancer, this is for many forms of cancer not likely 

but as no data is available to my knowledge I assume a linear annual probability. The only available 

data is that WBMRI had a detection rate of 7% previously undiagnosed cancers, this would imply that 

the SWEP53 scenario would have a 7% higher detection rate than the current family history 

surveillance[65].  

WBMRI has been found to have 100% sensitivity and 94% specificity[66]. Thus, the probability that 

any cancer be detected/diagnosed in the SWEP53 scenario was set to 0.94. The probability of cancer 

being detected/diagnosed in the SOC scenario was assumed to be 0.87 on average since WBMRI has a 

7% higher detection rate at 94%. For the no surveillance scenario, the probability was assumed to be 

equal to the cumulative incidence rates for each cancer. The probability of dual cancers was assumed 

to be the same as single cancer in the SWEP53 and SOC scenarios, in the no surveillance scenario it 

was set to the average of the specific rates of all cancers.  

Cancer diagnosis/detection  

 Scenario, probability of diagnosis 

Cancer No surveillance 

female[male] 

SOC SWEP53 

Breast cancer 0. 5363 [0.0123] 0.87 0.94 

Soft-tissue 

sarcoma 

0.1446 [0.2277] 0.87 0.94 

Brain cancer 0.0591 [0.1950] 0.87 0.94 

Prostate cancer 0 [0.0139] 0.87 0.94 

Osteosarcoma 0.0676 [0.1080] 0.87 0.94 

Lung cancer 0.0308 [0.0506] 0.87 0.94 

Leukemia 0.0650 [0.0158] 0.87 0.94 

Colorectal 

cancer 

0.0662 [0.2235] 0.87 0.94 
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Adrenocortical 

carcinoma 

0.0357 [0.0318] 0.87 0.94 

Dual cancers Defined in model 0.87 0.94 

Table 3. Cancer diagnosis rates for either surveillance scenario. The no surveillance detection is the same as the 70-year 

incidence. Assumed distribution parameters based on the 400 individuals in Mai et al [14] 

4.3.3 Mortality 

The mortality rates of men and women were collected from Statistics Sweden3 as annual death rates in 

2018 per 100 000 persons [67]. The cancer specific mortality rates were then estimated using equation 

3. These mortality rates were then used to calculate the average mortality of the dual cancer states as a 

function of the average of each group. 

The model does not include increased mortality in those with recurrent cancer. From all states there is 

a possibility of death. In the healthy and remission states the mortality is that of the general Swedish 

population, in the single cancer states the mortality rate is cancer specific, in the states with two 

concurrent cancers the mortality rate is the average rate of the cancers included in that group. 

Undiagnosed cancers have a higher mortality rate than diagnosed cancers. The relative five-year 

survival[49] has been used to calculate the cancer specific mortality of each cancer from the baseline 

mortality[67]. The cancer mortality is age dependent and was calculated using equation 4, where the 

cancer specific mortality (CM) equals one minus one minus the baseline mortality or standard 

mortality (SM) multiplied by the relative five-year survival (5YS) which is transformed to a one year 

linear survival by exponentiating to the power of one through five. 

𝑒𝑞. 4 𝐶𝑀 = 1 − (1 − 𝑆𝑀) ∗ 5𝑌𝑆1/5 

As the dual cancer states consists of an explicit primary and the average risk of subsequent cancers in 

one of three groups (a, b and c. Table 1) the mortality rates of these groups are also based on the 

average mortality of the cancers in either group, i.e. if the first primary is in group a and the second in 

group b the mortality in the state ab is the average of a plus the average of b. This is an assumption 

and the mortality is highly uncertain but there is no data available of individuals with a mutation in 

TP53 and with two coexisting primary cancers and to perform my own analysis of this would be vastly 

time consuming. 

 

 

3 Statistiska Centralbyrån 
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The main difference between the three different scenarios are the rates of detection and the 

prophylactic bilateral mastectomy for women in the current surveillance as well as the SWEP53-

protocol. The mastectomy and the rate of such is equivalent in these scenarios. I have found no 

published estimates of the reduction in mortality by being diagnosed as opposed to being undiagnosed. 

It was therefore assumed that the annual mortality rate of those with an undiagnosed cancer would be 

twice that of having a diagnosed cancer. 

Parameter Base case Distribution Distribution parameters Reference 

Mortality, baseline mortality and five-year relative survival used for cancer specific mortalities using equation 2. 

Standard mortality 

(baseline) 

AD - - - [67] 

Breast cancer 0.920 [0.855] - - - [49] 

Soft-tissue sarcoma 0.633 [0.685] - - - [49] *** 

Brain cancer 0.6940 [0.500] - - - [49] 

Prostate cancer - [0.934] - - - [49] 

Osteosarcoma 0.633 [0.685] - - - [49] *** 

Lung cancer 0.240 [0.168] - - - [49] 

Leukemia 0.385 [0.349] - - - [49] 

Colorectal cancer 0.676 [0.642] - - - [49] 

Adrenocortical 

carcinoma 

0.38 [0.38] 

Overall survival 

- - - [64] In 

model 

reworked to 

relative 

survival 

Mortality multiplier 

undiagnosed cancer 

2 1-5 - - Assumed* 

Table 4. Relative survival rates for males and females that are the foundation for cancer specific mortality in the markov 

model. In the PSA the multiplier was randomly set in the range of 1-5, as is used in the one-way sensitivity analysis 
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4.3.4 Health related quality of life 

The baseline HRQoL estimates for men and women separately were found in the literature[68] the 

baseline HRQoL is only applied to the healthy state, before any cancer. The cancer specific HRQoL 

[69-76] was found in the literature and reworked into an annual decrement (reduction from base line 

HRQoL) applied each year. When the cohort moves into a diagnosed, single cancer state, they remain 

there for five cycles representing five years. The initial decrement is then decreased by 0.01 per cycle, 

i.e. HRQoL-weights increase each year, as it is assumed that cancer patients will adapt to their new 

reality. 

The HRQoL decrement for the states in the model with two cancers was estimated to be the highest 

value of any of the cancers in each group, e.g. if one cancer is in group a and the other in group c, the 

highest value of either group will be applied as the HRQoL decrement for that state. This is due to the 

lack of data regarding patients with two simultaneously present primary cancers using the exact types 

of cancer used in this model. When individuals enter the remission state, they still carry a decrement 

of 0.01, as it is assumed that the worry of recurrence as well as having had a cancer hinder them from 

returning to the baseline. 
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Parameter Base case Distribution Distribution parameters Reference 

HRQoL 

Decrement Distribution Parameters Source 

Baseline AD [AD] - - [68] 

Breast cancer 0.19 Beta 294 546 [73] 

Soft-tissue sarcoma 0.31 Beta 36 80 [72] 

Brain cancer 0.30 Beta 49 115 [70] 

Prostate cancer 0.15 Beta 95 536 [71] 

Osteosarcoma 0.32 Beta 37 79 [72] 

Lung cancer 0.347 Beta 35 65 [74] ¤ 

Leukemia 0.33 Beta 857 1741 [76] 

Colorectal cancer 0.19 Beta 10 41 [75] 

Adrenocortical carcinoma 0.39 Beta 108 162 [69] # 

Dual cancer Defined in model - - - - 

Remission 0.01 Beta 4 396 Assumption 

Table 5 Health-related quality of life. (*) No HRQoL data available for ACC, renal cancer assumed best substitute 

4.3.5 Costs 

As the purpose of this model is not to estimate the cancers related to TP53 per se, but rather the 

surveillance of individuals at-risk of developing these cancers, the cancer states were assigned an 

average cost per year to the health care provider for each cancer. These values were found in a report 

issued by the Swedish Institute for Health Economics [77] in which the total costs of each cancer was 

reported, these costs were then divided by the five-year prevalence estimates of both men and women 

in Cancer i siffror 2018, issued by the Swedish Board of Health and Welfare[49]. Note that 

osteosarcoma and soft tissue sarcoma were reported as one cost and one prevalence estimate and thus, 

these carry the same cost. The cost of productivity losses, surveillance and informal care were 

deducted to maintain a health care perspective and to avoid double-counting of the surveillance 

program. 



 

22 

 

Cancer Total cost (SEK)[77] Total five-year prevalence 

(persons) [49]  

Model cost (SEK) Comment 

Leukemia 484 800 000 1 228 394 788  

Breast cancer 1 290 100 000 35 356 36 488  

Prostate cancer 1 347 600 000 45 766 29 445  

Lung cancer 1 230 200 000 6 930 177 518  

Osteosarcoma 128 700 000 1 465 87 849 Reported with STS in 

sources 

Soft tissue sarcoma - - 87 849 Reported with OSC 

in sources 

Colorectal cancer 1 540 100 000 7 483 205 813  

Brain cancer 467 500 000 4 951 94 425  

Adrenocortical 

carcinoma 

340 200 000 5 694 59 747 No cost-estimates 

available, renal 

cancer used as proxy 

Table 6. Total cost, prevalence of cancer cost of cancer used in model 

 The cost of surveillance was estimated independently for the two surveillance schemes evaluated 

where they differ. Both recommend annual visits to specialists and MRI of the breast as well as 

prophylactic removal of both breasts[5, 7]. The cost of prophylactic removal of the breast was set to 

97 728 SEK[78]. 

For the current practice, where surveillance is dependent on the family history of cancer, the 

guidelines (where available) were identified and one specific (non-genetic) form of surveillance or 

diagnostics was used as a surrogate cost for this surveillance program as no cost-estimates were 

available for the entire surveillance scheme of specific cancers, see Table 2. These costs were then 

weighted by the incidence of cancer used in the model as it could be assumed that the incidence would 

be the same for the parent who also carry a mutation in TP53. It was assumed that no mutations were 

de-novo4. It was assumed for the current practice that the cancer specific cost would be an addition to 

 

4 Meaning that the mutation occurred early in the cell division and was not passed down from a parent. 
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the specialist visit cost. The annual surveillance cost for the SOC scenario was estimated to 6 134 SEK 

in the base case. 

For the SWEP53-scenario where all individuals follow the same surveillance no specific surveillance 

was needed in relation to any relative. The costs of this scenario WBMRI and annual visits with a 

specialist. The total annual surveillance cost in this scenario was set to 8 336 SEK. The cost of 

mastectomy was added as a one-off cost at the age of 20. The initial healthy state and the remission 

states are assumed to carry no costs besides surveillance costs, undiagnosed cancers also carry 

surveillance costs where applicable. The costs were not reported with any standard deviation; thus a 

10% deviation was assumed for the costs of cancer. The unit costs of medical interventions in the 

surveillance programs were not assumed to vary. 

Costs (SEK) 

Medical 

intervention 

Related cancer Cost base case Distribution Parameters Source 

(code) 

Mastectomy Breast cancer 97 728 - - - [78] (K01N) 

MRI Breast cancer 2 472 - - - [78] 

(M2200) 

Colonoscopy Colorectal cancer 7 613 - - - [78] (E4300) 

Computer 

Tomography 

(CT) 

Lung cancer 3 605 - - - [78] (83981) 

MRI Brain cancer 2 884 - - - [78] 

(M1000) 

CT Adrenocortical 

carcinoma 

3 090 - - - [78] (83980) 

MRI Osteosarcoma 3 090 - - - [78] 

(M5500) 

MRI Soft tissue 

sarcoma 

3 090 - - - [78] 

(M5500) 

PSA-test Prostate cancer 122 - - - [79] (P-

PSA, total) 

Blood test Leukemia 3 699 - - - [78] (H1) 
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WBMRI - 5 320 - - - [80](M7500) 

Specialist visit - 3 016    [78] 

(BTML01Å) 

Cancer Annual cost Distribution Parameters Source 

Breast cancer 36 488 Gamma 100 365 [77] 

Brain cancer 94 425 Gamma 100 944 [77] 

Prostate 

cancer 

29 445 Gamma 100 294 [77] 

Lung cancer 177 518 Gamma 100 1 775 [77] 

Adrenocortical 

carcinoma 

59 747 Gamma 100 597 [77]* 

Osteosarcoma 87 849 Gamma 100 878 [77] 

Colorectal 

cancer 

205 813 Gamma 100 2 058 [77] 

Soft tissue 

sarcoma 

87 849 Gamma 100 878 [77] 

Leukemia 394 788 Gamma 100 3 948 [77] 

Dual cancers Defined in model - - - - 

Table 7. Costs of prophylactic surgery, cancer-specific surveillance and cancer states. (*) no specific cost of ACC, renal 

cancer assumed as proxy. 

4.4 Analysis 

The base case analysis was that of a deterministic ICER estimation given the mean parameter values 

as reported under paragraph 4.3 Data input. The base case discount factor for costs and QALYs was 

set to 3% in accordance with TLV recommendations [10] and a male and female cohort was analyzed 

independently. The scenario with no surveillance is used as the reference for SOC and SOC as 

reference for SWEP53.  

4.4.1 One-way sensitivity analysis 

One-way sensitivity analysis was conducted for the parameters where the base case parameter was 

based on arbitrary assumptions as well as for the discount rate, see Table 8. In order to investigate the 
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effect on the potential cost-effectiveness depending on what parts of the risk profile associated with a 

pathogenic mutation in TP53 that is included in the analysis, I also varied how many of the nine 

cancers to be included. As the various possible combinations are way too many to be able to be 

covered in this thesis, I arbitrarily chose scenarios that I deemed interesting. The most interesting is of 

course the only cancer with a prophylactic risk reducing option, namely female breast cancer and 

various combinations including other cancers for the female cohort. For the male cohort I estimated 

the effects of only including cancers with higher risk at older ages, i.e. prostate cancer and lung cancer 

with incidences in younger ages in Mai et al [14] being none or close to none. 

Parameter Base case Range Increment 

Mortality multiplier 

from 

diagnosis/detection 

2 1-5 0.5 

 

Discount rate 0.03 0-0.05 0.05 

Male and female 

cohort 

Separate analysis Costs and QALYs of 

both males and 

females added together 

to see the ICER of 

surveilling both sexes 

- 

Types of cancers 

included in analysis 

Nine cancers 1-9 1 

Probability of 

diagnosis in the SOC 

scenario 

0.87 0.50-0.94 0.1 

Table 8. List of one-way sensitivity analyses 

4.4.2 Probabilistic sensitivity analysis 

In addition to the OWSA two separate probabilistic analyses (PSA) were run for a female and male 

cohort independently. In a PSA the model draws a random value from the distribution of parameters 

with an attributed uncertainty. This process is repeated over 10 000 iterations, capturing the span of 

the uncertainty of estimates in the model. 
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4.5 Rationale of assumptions 

As noted in the previous sections, a great deal of assumptions have been made. In this section I will 

list these assumptions and describe the rationale behind them. 

4.5.1 Limiting the spectrum of possible cancers to nine 

Hereditary mutations in TP53 disrupt a crucial part of the body’s protection against cancer. And the 

associated cancers are many[6, 14, 31, 33]. As Mai et al[14] was used for incidence estimates, it was 

deemed reasonable to restrict the analysis to these cancers as they were the ones presented separately 

and thus likely to be the most prevalent. It is not likely that including more rare forms, albeit with 

TP53 standards, as the impact on the result of the analysis would likely be minimal as they would the 

make for a very small portion. It might have been possible to bundle them by using the other state 

reported in Mai et al but to find HRQoL, costs and other data to model that would be near impossible. 

4.5.2 Cancer remission 

There was little to no data on cancer remission. To use the ten-year relative survival reported by 

Socialstyrelsen [49] seems reasonable as having an active cancer for ten-years ought to be a good sign. 

I have not found any other way of measuring this. It is also assumed that no sporadic remission occurs, 

albeit it has been described in the literature [81] this is disregarded as the probability of this occurring 

is low and no TP53 specific data is available. 

4.5.3 Grouping of cancers for dual cancer states 

The grouping of cancers was done to reduce both the computational burden as well as the complexity 

of the model in order to ensure completion within the timeframe of this course. It is likely that in later 

versions of this work, cancers will be modeled separately. However, there is no data on the co-

occurring mortalities and HRQoL available, this makes the grouping of cancers makes even more 

sense.  

4.5.4 Regarding prophylactic bilateral mastectomy 

There are no available data on how, when and where women with hereditary mutations in TP53 opt for 

prophylactic removal of the breasts. Estimates show that for mutation carriers in the BRCA1/2 genes, 

7 years after testing the uptake for PBM was 60% and 43% respectively for BRCA1 and BRCA2[50]. 

The assumption that 60% of women with pathogenic mutation in TP53 would opt for mastectomy is 

likely viable. As is the assumption that this would occur at an earlier age than for BRCA carriers, as 

the incidence is much higher in younger ages. 
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4.5.5 One diagnosed and one undiagnosed cancer 

In the model it is assumed that you are not able to have one diagnosed and one undiagnosed cancer. 

This is due to modelling limitations, it would simply be overwhelming to add states to capture this, 

also as the cohort is under very meticulous surveillance in the SOC and SWEP53 scenarios it is 

unlikely that they will go undiagnosed here. 

4.5.6 De novo mutations 

The assumption that there are no de novo mutations in this cohort does not impact the core of the 

analysis, however it allows for the assumption that the probability of cancer diagnosis in the no 

surveillance scenario to be equal to the lifetime risk. Since this risk estimate would then be true for 

any generation of carrier. 

4.5.7 HRQoL in adrenocortical carcinoma 

I found no references describing HRQoL in patients with adrenocortical carcinoma. As the 

adrenocortical glands are directly attached to the kidney the assumption to use renal carcinoma as a 

proxy would seem valid. 

4.5.8 Mortality undiagnosed cancers 

All the cancer related mortalities and relative survival data used in the model is based on diagnosed 

patients. There is thus no data available for TP53 related cancers that are undiagnosed. By adding a 

multiplier, as a hazard ratio, to the annual rate of death due to any cancer I try to capture the benefit 

from early diagnosis. The impact of this parameter wears off at a hazard ratio multiplier of 1.5-2.5.  
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5. Results 

 Note: the interpretation of ICERs in this chapter should be that for SOC, the reference is the no 

surveillance scenario and for SWEP53 the reference is SOC, i.e. the potential cost-effectiveness of 

SOC is in relation to no surveillance and the potential cost-effectiveness of SWEP53 is in relation to 

SOC.  

5.1 Base case  

In the base case all cancers are included, and the mean values of each parameter is used in the model.  

For a female cohort the SOC and SWEP53 scenarios have ICERs of 680 296 SEK and 10 233 289 

SEK respectively.  

 

 

 

 

 

For a male cohort the ICER for the SOC is 816 091 SEK and the ICER in the SWEP scenario is about 

half that of the female cohort at 5 134 998 SEK. 

 No surveillance Family history 

(SOC) 

SWEP53 

Costs (SEK) 102 579 527 702 622 731 

QALYs 22.884 23.404 23.423 

ICER (SEK) Reference 816 091 5 134 998 

Table 10. Base case results for a male cohort 

When combining the total costs and QALYs for the male and female cohort, here I have assumed that 

half are male and half female, this does not impact the ICER. When combining the male and female 

cohorts the SOC has an ICER of 748 194 SEK and SWEP53 has an ICER of 7 684 144 SEK. 

 No surveillance SOC SWEP53 

Costs (SEK) 65 853 535 456 661 862 

QALYs 23.995 24.685 24.697 

ICER (SEK) Reference 680 296 10 233 289 

Table 9. Base case results for a female cohort 
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 No surveillance Family history 

(SOC) 

SWEP53 

Costs (SEK) 84 216 531 579 642 297 

QALYs 23.439 24.045 24.060 

ICER (SEK) Reference 748 194 7 684 144 

Table 11. Base case results for a male and female cohort 

5.2 One-way sensitivity analysis 

Several OSAs were performed to show the impact of arbitrarily assumed parameters as listed in 

section 4.4.1.  

5.2.1 Mortality multiplier of undiagnosed cancers 

As the clinical benefit of early diagnosis of cancer in carriers of pathogenic hereditary mutations in 

TP53 is unknown, I varied the mortality multiplier (as a hazard ratio applied annually) for being 

undiagnosed in relation to diagnosed ranging from no increased mortality to a tenfold increase from 

being undiagnosed in relation to diagnosed. The analysis was performed both for a male and a female 

cohort. 

 

Figure 7. Impact on the ICER from varying the mortality multiplier in the SOC scenario 

For both the male and the female cohorts and regardless of surveillance program analyzed the impact 

on cost-effectiveness is the greatest from no clinical benefit to some benefit which is unsurprising. 

However, the effects seem to wear off and level out at around a multiplier of 1.5 to 2, in the SOC 

scenario the effect from a five to a tenfold increase is minimal regarding the ICER. 
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Figure 8. Impact on the ICER from varying the mortality multiplier in the SWEP53 scenario 

 

5.2.2 Discount rate 

As per TLV guidelines[10] the discount rate was set to 3% in the base case with sensitivity analysis 

using 0% and 5%. In the female cohort the ICER for SOC and SWEP53 dropped, in relation to the 

base-case of 3%, to 191 873 SEK and 1 881 846 SEK respectively. The incremental QALYs were 

3.469 and 0.079 for SOC and SWEP53 respectively. 

 No surveillance SOC SWEP53 

Costs (SEK) 169 355 834 955 984 229 

QALYs 52.399 55.868 55.947 

ICER (SEK) Reference 191 873 1 881 846 

Table 12. No discounting in a female cohort 

When applying a 5% discount rate the ICER increased both in the SOC and SWEP53 scenario, in 

relation to the base case of 3% discounting, to 1 034 268 SEK and 13 466 382 SEK respectively. The 

incremental QALYs are reduced to 0.405 and 0.009 respectively. 
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 No surveillance SOC SWEP53 

Costs (SEK) 32 138 450 957 573 725 

QALYs 16.982 17.387 17.396 

ICER (SEK) Reference 1 034 268 13 466 382 

Table 13. 5% discounting in a female cohort 

For a male cohort, no discounting resulted in an ICER of 248 403 SEK and 1 145 274 SEK, and the 

incremental QALYs were 2.455 and 0.095 for SOC and SWEP53, respectively.  

 No surveillance SOC SWEP53 

Costs (SEK) 218 614 828 415 937 479 

QALYs 47.622 50.077 50.172 

ICER (SEK) Reference 248 403 1 145 274 

Table 14. No discounting in a male cohort 

When 5% discounting is applied the ICER shift upwards, similar to the female cohort, to 1 055 631 

and 6 316 432 with incremental QALYs of 0.366 and 0.015 respectively for SOC and SWEP53 

 No surveillance SOC SWEP53 

Costs (SEK) 55 226 441 485 534 131 

QALYs 16.308 16.673 16.688 

ICER (SEK) Reference 1 055 631 6 316 432 

Table 15. 5% discounting in a male cohort 
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5.2.3 Varying included cancers in a female cohort 

By varying the types of cancer included in the model, we estimate the cost-effectiveness of different 

strategies altogether. This is intended to capture the issue of arbitrarily selecting a portion of the risk-

profile associated with a genetic mutation.  

The female breast cancer is the only type of cancer where prophylactic surgery, or preemptive surgery 

is available as an option. Thus, the first analysis I did was to only include breast cancer, i.e. only 

surveilling the female cohort for breast cancer risk and only including this in my analysis of cost-

effectiveness. The surveillance for only breast cancer increased the ICER to 730 902 SEK and 

149 126 631 SEK in the SOC and SWEP53 scenarios, respectively. 

 No surveillance SOC SWEP53 

Costs (SEK) 34 980 372 064 666 992 

QALYs 27.142 27.603 27.605 

ICER (SEK) Reference 730 902 149 126 631 

Table 16. Results of surveilling females solely for their risk of breast cancer, disregarding any other related cancers to 

mutation 

I then ran the analysis individually for the remaining cancers as well as investigated the impact of 

adding them to the analysis based on their life-time risk of developing cancer followed by adding them 

based on their individual ICERs. 
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 SOC SWEP53 

ICER 

Soft tissue sarcoma 1 796 243 82 699 975 

Brain cancer 10 407 359 617 887 344 

Osteosarcoma 2 402 019 169 800 275 

Leukemia 10 396 570 483 481 017 

Lung cancer 710 893 527 36 377 765 668 

Colorectal cancer 2 130 132 116 682 960 

Adrenocortical carcinoma 17 351 145 2 878 621 484 

Table 17. Results from surveilling a female cohort based on each cancer, besides breast cancer, in a female cohort 

The cancer with the lowest individual ICER was soft tissue sarcoma with an ICER of 1 796 243 SEK 

in the SOC scenario and the highest in lung cancer with an ICER of 710 893 527 SEK. In the SWEP53 

scenario ICERs ranged from 82 million to 36 billion SEK. I then added each cancer one-by-one based 

on their individual life-time risk, starting with breast cancer.  

 

Figure 9. Effect on ICER by adding cancers based on lifetime risk (SOC) in a female cohort 

When adding cancers based on their life-time risk of cancer, the lowest ICER is found when 

combining breast cancer with soft tissue sarcoma and osteosarcoma at 585 451 SEK. The ICER was 

then somewhat stable 100 000 SEK above this. 
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Figure 10. Effect on ICER by adding cancers based on lifetime risk (SWEP53) in a female cohort 

In the SWEP53 scenario the ICER ranges between 150 to 10 million SEK and is decreasing more per 

each cancer added to the analysis.  

 

Figure 11. Effects on ICER by adding cancers based on individual ICER (SOC) in a female cohort 

The change of order of inclusion makes the combination of breast cancer, soft tissue sarcoma, 

colorectal cancer and osteosarcoma to have the lowest ICER of 559 857 SEK which is lower than the 

lowest ICER when adding cancers based on life-time risk in the SOC scenario. 
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Figure 12. Effects on ICER by adding cancers based on individual ICER (SWEP53) in a female cohort 

In the SWEP53 scenario, the range of ICERs remain the same as in the life-time risk ordering of 

cancers. No combination reaches an ICER low enough to potentially be seen as cost-effective using 

any traditional threshold for cost-effectiveness. 

5.2.4 Varying included cancers in a male cohort 

For males there is no prophylactic option that intuitively carries a lot of the surveillance program on its 

own, so just as in the female cohort I estimated the cost-effectiveness of including each cancer on its 

own at first followed by adding them in sequence, starting with the highest life-time risk to the lowest 

until all of the nine cancers were included i.e. the base case scenario. Finally, I added them in the order 

of their individual ICERs to see what combination of cancers had the lowest ICER. 
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Cancer SOC SWEP53 

ICER 

Soft tissue sarcoma 1 587 647 45 732 280 

Colorectal cancer 1 988 063 32 121 832 

Brain cancer 8 044 646 222 195 571 

Osteosarcoma 1 272 182 68 437 979 

Lung cancer 288 241 420 14 848 643 630 

Adrenocortical carcinoma 11 316 111 2 079 734 765 

Leukemia 40 893 505 2 564 370 175 

Prostate cancer 113 546 580 1 332 911 369 380 

Breast cancer 25 463 518 3 898 203 718 

Table 18. Results from individual cancer analysis in a male cohort 

The cancer which has the lowest individual ICER in the SOC scenario is osteosarcoma with an ICER 

of 1 272 182 SEK and the highest is lung cancer with an ICER of 288 241 420 SEK. In the SWEP53 

scenario ICERs ranged from 32 million up to 1.3 trillion SEK.  

 

Figure 13. Effect of ICER by adding cancers based on life-time risk (SOC) in a male cohort 
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When adding cancers to the analysis based on their lifetime risk the lowest ICER is found when all 

cancers are included in the analysis, i.e. the base case, however the ICER is rather stable after the 

addition of osteosarcoma. 

 

Figure 14. Effect of ICER by adding cancers based on life-time risk (SWEP53) in a male cohort 

In the SWEP53 scenario, the lowest ICER is also found when including the full spectrum of cancers. 

However, it is much higher than what traditionally is seen as cost-effective in Sweden. 

 

Figure 15. Effect of ICER by adding cancers based on individual ICER (SOC) in a male cohort 

When instead adding cancers based on their individual ICERs it seems that the lowest ICER is found 

when including osteosarcoma, soft tissue sarcoma and colorectal cancer with an ICER of 754 615 

SEK. Adding more cancers does not seem to impact the ICER in any significant way as it is very close 

to the base case estimate of 816 091 SEK. 
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Figure 16. Effect of ICER by adding cancers based on individual ICER (SWEP53) in a male cohort 

In the SWEP53 scenario, the lowest ICER estimate is found when including all cancers except lung 

cancer at 5 160 413 SEK.  

5.2.5 Varying the probability of cancer diagnosis 

As the purpose of the SWEP53 scenario is to improve the rate of early diagnosis of cancers, I varied 

the probability of detection in SOC to see the impact on the ICER incremental probability of diagnosis 

has on the potential cost-effectiveness of SWEP53. In the base case the probability is set to 0.94 for all 

cancers in the SWEP53 scenario, which is based on clinical studies [65, 66]. I varied the probability of 

diagnosis in the SOC scenario to capture this, ranging from 0.5 to 0.94 (i.e. no difference in 

probability of diagnosis) 

 

Figure 17. Variation in ICER due to probability of cancer diagnosis in SOC in a male cohort 

In the male cohort, an annual probability of diagnosis that is 0.44 percentage points higher in the 

SWEP53 scenario than in the SOC scenario (0.50) scenario would make the SWEP53 surveillance 

program ICER 712 167 SEK. When no clinical benefit from using WBMRI (probability of diagnosis 

in SOC is equal to that of SWEP53) the ICER is 296 875 352 SEK. 
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Figure 18. Variation in ICER due to probability of cancer diagnosis in SOC in a male cohort 

In the female cohort, an annual probability of diagnosis that is 0.44 percentage points higher in 

SWEP53 than in SOC would give an ICER of 1 219 714 SEK and when no clinical utility from using 

WBMRI the SWEP53 is dominated by the SOC, meaning that it produces less health at a higher cost. 

5.3 Probabilistic sensitivity analysis 

The results from 10 000 iterations (samples) are presented for each scenario separately for the male 

and female cohorts as well as combined. The distribution of estimates is exclusively in the north-

eastern quadrant, implying that given the assumptions and specifications of this analysis SOC 

generates more QALYs at a higher cost than no surveillance and SWEP53 than SOC, this implies that 

we need to address the value of the threshold in order to determine whether either scenario is cost-

effective or not. The spread of the ICER estimates also suggest that the base-case results are uncertain. 

 

Figure 19. Scatterplot female SOC             Figure 20. Scatterplot female SWEP53 

In the female cohort the estimated incremental costs in SOC varies between 432 992 SEK and 493 386 

SEK. The incremental QALYs from 0.626 to 1.227. In the SWEP53 scenario, the incremental costs 

range between 120 145 SEK and 132 918 SEK and the incremental QALYs from 0.007 to 0.046. 
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Figure 21. Scatterplot male SOC              Figure 22. Scatterplot male SWEP53 

In the male cohort, the incremental costs and QALYs range from 402 134 SEK to 459 201 SEK and 

0.459 to 1.003 QALYs in the SOC scenario. In the SWEP53 scenario incremental costs range from 

850 000 SEK to 1 300 000 SEK and QALYs from 0.010 to 0.065.  

  

Figure 23. Scatterplot both sexes SOC              Figure 24. Scatterplot both sexes SWEP53 

 

When adding the cohorts together, still assuming a 50% male and 50% female distribution, 

incremental costs and QALYs in the SOC scenario range from 421 378 SEK to 463 512 SEK and 

0.589 to 1.072 QALYs. In the SWEP53 scenario incremental costs range from 107 343 SEK to 

114 418 SEK and incremental QALYs range from 0.012 to 0.050. All iterations, for both cohorts, fall 

in the north-eastern quadrant of the cost-effectiveness plane which means that cost-effectiveness 

depends on the threshold value. The ranges of both incremental costs and QALYs show that there is a 

degree of uncertainty, the uncertainty is greater regarding QALYs than regarding costs. 
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6. Discussion 

First, I will answer the research question, then I will problematize the different assumptions and data 

used in this analysis. Finally, I will comment on the implications for policy and future research. 

6.1 Cost-effectiveness of surveillance of carriers of pathogenic mutations in 

TP53 

Given the assumptions, available data and modelling in this study surveillance of carriers of 

pathogenic mutations in the TP53 gene using the current standard of care or the SWEP53 protocol 

carry incremental costs per QALY that are higher than the arbitrary threshold of 500 000 SEK that is 

traditionally used to assess cost-effectiveness in Sweden. The ICERs of the female and the male 

cohorts are 680 296 SEK and 816 091 SEK respectively and the combination of both male and female 

cohorts result in an ICER of 748 194 SEK in the SOC scenario. For the SWEP53 scenario ICERs 

range from five million SEK for a male cohort and ten million SEK in a female cohort incremental 

costs per QALY in these ranges are highly unlikely to be acceptable in Sweden as the additional health 

that is produced using this surveillance program is minimal in relation to the costs. 

However, if accepted as a rare and severe condition the incremental cost per QALY of surveillance 

using the SOC could be acceptable as the ICERs of both male and female cohorts independently and 

in combination are below 1 000 000 SEK. Any form of cancer is likely regarded as a severe condition, 

however genetic predisposition to cancer does not necessarily need to be regarded the same way since 

before any cancer is developed a carrier is clinically healthy. The rarity of hereditary pathogenic 

mutations in TP53 is unknown as the incidence and prevalence is unclear but current estimates range 

from one in five thousand individuals to one in twenty thousand individuals, given that the life-time 

risk of cancer is 70-100% it is most likely that an incremental cost per QALY for surveillance of 

carriers of hereditary pathogenic mutations TP53 of up to 816 091 SEK would be acceptable, given 

the writings in the Health and Medical Services Act[8] regarding how access to health care should be 

prioritized.  

This analysis is to my knowledge the first of its kind where mutations in a particular gene and the most 

prevalent phenotypes related to this gene is the basis of analysis. The only previous study of 

individuals with pathogenic mutation in TP53 has not made any distinction regarding the spectrum of 

cancers related to the mutation [11]. Other studies that have included TP53 and other genetic 

variations have based their analysis of a phenotype rather than particular mutations [15-19, 53]. 
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6.2 Uncertainty of the results 

This analysis is subject to a great deal of uncertainty as there is limited data available. Most 

significantly this uncertainty lies in the HRQoL estimates, the clinical benefit of diagnosis of cancers, 

also the timing of which such diagnosis is made – especially when cancer is caused by hereditary 

mutations. Even more uncertain is the effect on these estimates when patients have more than one 

primary cancer at the same time. The uncertainty of parameters and estimates are why decision 

analytic modelling is used to inform decisions regarding health and health policy. It is not possible to 

start an RCT and wait for 30 years to see what the actual health outcomes and costs are, decisions 

must be made now based on the evidence we have now. This is what I have done in this analysis.  

For reference, the current approaches to limiting the effects of the COVID-19 pandemic differ between 

countries and are (hopefully) based on a scientific approach of the evidence available when decisions 

are made regarding how best to limit the impact on the population and at what cost. Whether these 

decisions are the best or not cannot be evaluated before implementation. Instead they must be made 

here and now and then in retrospect investigated to determine if the financial costs were justified in 

relation to the actual health benefits of them. 

I have found no data regarding impacts on HRQoL from multiple cancers simultaneously occurring. 

My attempt to capture this by grouping cancers, using the greatest HRQoL-decrement (i.e. the lowest 

HRQoL) in each combination might be over- or underestimating the impact of this. Also, the HRQoL 

data I have is not specifically for cancers that are due to mutations in TP53, it is possible that a cancer 

that is attributed to a hereditary mutation in this gene might come with a much higher decrement as 

individuals know that they have a very high risk of more cancers, at the same time as it might be much 

lower as these individuals already know that they will almost certainly will get cancer during their life 

and has such been able to prepare for it.  

The magnitude of clinical benefit from early diagnosis is unclear, for cancer in general and hereditary 

TP53 related cancers in particular. It is however undisputable that early diagnosis increases survival in 

cancer[82]. The impact of this on the ICER seem to wear off when the mortality multiplier is >2-3 in 

the sensitivity analysis in this analysis. I used a universal multiplier, which in itself is highly uncertain 

as some cancers are more rare than others in this analysis and as such the available treatments, both 

surgical and medical might differ, e.g. breast cancer is one of the most common cancers and surgical 

removal of both breasts or parts of breasts are routine. Adrenocortical carcinoma however is rarer, and 

I can only speculate on how much research has been done regarding treatment for this form of cancer, 

but likely it is much less than what has gone into breast cancer.   
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The lifetime risk of cancer given that pathogenic mutations in TP53 are in themselves rare, and the 

associated cancer risk not has been definitely determined the true cancer risk may be much higher or 

even lower than what has been reported in Mai et al [14]. If incidence and thus life time risk of cancer 

is higher than what has been described in the literature, the cost-effectiveness of surveillance programs 

of these mutations and carriers of such mutations would likely increase as more cancers would then be 

diagnosed early and subsequently less people would succumb to these cancers.  

The probability of diagnosis is one of the most important yet uncertain parameters in this analysis. In 

my analysis I used an annual probability that does not change over time. This is highly unlikely 

accurate as the further cancers progress, the more symptoms are likely to present themselves. In the 

SOC and SWEP53 scenarios, this probability is assumed the same for all cancers at 0.87 and 0.94 

respectively. In the no surveillance scenario, which is the scenario with little to no data available, the 

assumption was made that the probability of diagnosis is equal to the life-time risk after consulting a 

colleague who is an oncologist here at CMT. The cancers included that have an already present 

screening program in place are breast cancer and colorectal cancer. However, these screening 

programs are not initiated at birth but rather later. E.g. all women over 40 are offered biannual 

screening for breast cancer using mammograms, this would imply that the probability of diagnosis 

would be much higher for women over 40, the model does not account for this. 

In the SOC scenario, where the surveillance is dependent on family history of cancers the mean 

probability of diagnosis would probably vary more between cancers than in the SWEP53 scenario 

where WBMRIs are intended to capture all malignancies. As the clinical utility of WBMRI compared 

to SOC is unknown, I varied the probability of diagnosis in SOC to see what impact this had on the 

cost-effectiveness of SWEP53. I show that in order for SWEP53 to be cost-effective, the clinical 

utility in regard to probability of diagnosis needs to be somewhere between 40 and 50 percentage 

points higher in the SWEP53 scenario than in SOC. 

I did not vary the probability of diagnosis in the no surveillance scenario as It would not be possible 

for me to make credible assumptions regarding the probability of diagnosis in that scenario without 

making this the focus of the thesis, which it is not. Instead, this finding warrants further clinical studies 

regarding the diagnosis of cancers and the timeframe from tumor formation to diagnosis. Both for 

hereditary TP53 related cancers and cancer in general.  

The number of included cancers in this analysis is limited to nine, however clinical studies have found 

a lot more than these cancers to be attributed to mutations in TP53[14, 33]. Even though the 

prevalence and incidence of other cancers might be lower, I assume this is why Mai et al [14] chose to 

report incidence for the included cancers separately, they might still carry extensive mortality and 

HRQoL implications that this analysis does not capture. Early onset would also be highly impactful as 
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discounting seems to reduce the benefit of surveillance, likely due to the clinical benefit occurring 

later in time. Perhaps including a cancer state to capture this plethora of other cancers would have 

helped in building credibility to the results, but it is more likely that the level of uncertainty attributed 

to such a vast number of cancers with highly varying incidence would overshadow what the analysis 

now show. If I had instead used the same approach as Tak et al [11], and used the esimates of 

Chompret et al [32], using a universal cancer risk for three age groups, I would have captured all 

related cancers but would then have lost the value of added information that comes with distinguishing 

between cancers and their individual incidence and HRQoL impacts.  

The necessity of distinguishing between cancers is most evident when I include only some of the 

related cancers in the analysis. Another interesting, but in this analysis unexplored, attribute of 

WBMRI as a surveillance method is that mot all diseases or conditions that are detectable with MRI 

are cancers. It is likely that incidental findings of other clinical changes that may or may not be 

clinically actionable could change the cost-effectiveness of this approach.  

The optimal timing of surveillance initiation may be different between cancers, in the SOC scenario it 

is likely that surveillance for female breast cancer should start after women develop breast tissue as the 

risk before this is close to none. Surveillance for female breast cancer initiated at age 30 or 40 has 

been shown to be potentially cost-saving in Sweden[18]. Lung cancer and prostate cancer also have 

very low to no incidence in younger individuals, thus it would likely be both from a clinical and cost 

perspective to initiate surveillance for these cancers later in a person’s lifetime. This analysis and 

model do not allow for this variation of surveillance initiation. However, when only including cancers 

with high incidence in early years, the lowest individual ICERs are found, both in male and female 

cohorts. The ICER for female breast cancer is higher on its own that in combination with other 

cancers, despite being the only cancer where 90% of the risk can be negated by prophylactic surgery.  

It seems like the clinical benefits occur later in life, as varying the discounting rate has significant 

impacts on the cost-effectiveness of both scenarios. Ceteris paribus, no discounting resulted in ICERs 

of 191 873 SEK and 1 881 846 SEK for a female cohort in the SOC and SWEP53 scenarios 

respectively. In the male cohort the ICERs for SOC and SWEP53 were 248 403 SEK and 1 145 274 

SEK respectively. The higher interval, five percent discounting gave ICERs of 1 034 268 SEK and 

13 466 382 SEK in SOC and SWEP53 respectively in a female cohort. For the male cohort ICERs 

were 1 055 631 SEK and 6 316 432 SEK respectively for the SOC and SWEP53 scenario. This would 

mean that due to the discounting factor is highly impactful on the results of the analysis since most of 

the survival benefits are likely to occur later in life.  

Uncertainty is higher in QALYs than costs. The PSA show that the spread of estimates is much higher 

for the incremental QALYs than the incremental costs. In the female cohort, the highest incremental 
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QALY estimate is 1.96 times that of the lowest. The highest incremental cost estimate is 1.13 times 

the lowest in the SOC scenario. This relation is true for both the male and female cohorts as well as 

the SOC and SWEP53 scenarios. This uncertainty is highly attributable to the impact on mortality 

from diagnosis, as the probabilistic distribution ranges from 1-5.  

The cancer-specific costs used in this analysis are based on the total cases, regardless of whether they 

are due to hereditary mutations in TP53 or not. As such, they do not capture the potential increase in 

cost due to being attributed to TP53, or the potential reduction in cost due to early diagnosis. I did not 

vary the costs to accommodate this in this analysis. Also the costs of surveillance may be higher or 

lower, as I have arbitrarily chosen a diagnostic procedure to act as surrogate for family history guided 

surveillance. It is likely that undiagnosed individuals will visit e.g. a general practitioner before 

diagnosis is made and thus incur costs to the health care system prior to diagnosis. I found no data 

regarding health care consumption prior to diagnosis, related to later diagnosed cancers and thus 

assumed the costs of undiagnosed to only be the surveillance cost in the SOC and SWEP53 scenarios. 

6.3 Implications for further research 

All the beforementioned uncertainties highlights the need for more data and in the light of this 

analysis, more Swedish data. This shows that regardless of whether the SWEP53 protocol for 

surveillance is cost-effective or not the study will most surely generate invaluable insights both into 

the properties of hereditary mutations in TP53 and the clinical utility of WBMRI as a diagnostic tool 

for surveillance of individuals at high risk of cancer and other diseases. It also shows that there is a 

need for studies regarding the HRQoL aspect of hereditary diseases, or diseases that are attributable to 

hereditary mutations.  

By showing that the potential cost-effectiveness of a surveillance program of carriers of pathogenic 

mutations in TP53 varies depending on the included cancers it would be fair to say that in future 

studies of this sort it is advisable that researchers include the full spectrum of disease attributable to 

hereditary mutations, e.g. when analyzing the cost-effectiveness of screening for breast cancer risk 

based on hereditary mutations in a number of genes[15-18] it is important to include the full spectrum 

of diseases that these mutations are linked to. This would imply that shifting from phenotype driven to 

genotype driven analysis would sometimes be advisable. 

In this analysis I did not include a HRQoL impact from knowing that you are a carrier of a pathogenic 

mutation. For future research, especially when investigating different genetic testing scenarios, it is 

likely imperative that these impacts are take into account. It would likely add to the potential cost-

effectiveness if the no surveillance scenario included a HRQoL decrement from not being offered 

surveillance. The individuals in this scenario are still confirmed mutation carriers. 
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6.4 Implications for policymakers and health care providers 

As it is likely that surveillance of carriers of pathogenic mutations in TP53 using the SOC carries a 

cost that is acceptable in Sweden, it is important that policymakers define whether being a carrier of 

genetic variations that give an increased risk of disease should be regarded as a condition or whether 

these markers should be ignored until e.g. cancer is developed. To identify someone as a carrier of a 

pathogenic mutation they must be subjected to a genetic test. The information gathered in this test may 

or may not have significant impacts on the HRQoL of this individual, if the genetic test investigates 

variations in genes that currently are not linked to any condition or that the linked condition perhaps is 

untreatable and the risk of disease developing is not definitive it may be cost-ineffective to acquire this 

information as the testing consumes resources and the information acquired may generate negative 

health effects that cannot be alleviated by treatment, i.e. the health care provider informs a person that 

he or she is at risk of developing disease – not that the person has a disease. Because of this, it is likely 

necessary to investigate whether the acquisition of this information, given the impact it has on HRQoL 

of the patient and whether the risk and e.g. clinical actionability, generate health at a cost that is 

acceptable.  

In the case of TP53, I have shown that surveillance of mutation carriers generates health at a cost that 

may be acceptable in Sweden, since TP53 carries high risk of cancers that are clinically actionable. 

For many other genes, the related disease might not be clinically actionable, or surveillance of these 

persons may not be cost-effective. In such cases it would be ill-advised to acquire the information that 

they are carriers of such variations. Both as the testing carries a cost and that if nothing can be done to 

alleviate risk or alter treatment after disease onset, this would imply unnecessary strain on both the 

health care sector as well as the patient in form of e.g. potential worry.  
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7. Conclusion 

The current surveillance program of pathogenic mutation carriers in the TP53-gene likely carries a 

cost per QALY that is acceptable in current decision-making practice in Sweden, given the rarity and 

severity of the condition. Surveillance with WBMRI as per the SWEP53 protocol does likely not 

generate health at a cost that is acceptable in Sweden given the information available today and the 

assumptions made in this analysis, albeit if the annual probability of diagnosis is much higher than in 

the current standard of care, surveillance using the SWEP53 protocol may yet prove generate health at 

an acceptable cost. However, with the current evidence, this is not the case. More data regarding 

pathogenicity and risks of cancer attributed to TP53 is needed, as well as data regarding HRQoL, 

impacts of multiple primary cancers occurring simultaneously.  

The scope of genetic risk in cost-effectiveness analysis of or including genetic information may have a 

significant impact on the outcome of the analysis and this calls for a potential shift from traditional 

methods of phenotype-driven analysis to genotype driven analysis when the analysis incorporate 

information regarding hereditary mutations. Despite this analysis being subject to many uncertainties 

and the pathogenicity of, and impact on HRQoL et cetera from, mutations in TP53 this is the first and, 

as of the date of completion, best estimate regarding cost-effectiveness of surveillance programs of 

pathogenic mutation carriers in the TP53 gene in Sweden. 
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