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Introduction
Demand and supply, rationing of effective medicines, issues about prices and technology assessment
models have to be addressed in a new way. New developments, increasing burden due to noncommunicable diseases in an aging population, increasing health care costs are all phenomena that
increase the risk of unjustified rationing in health care.
Cost for research and development (R&D) have to be in balance with expected sales and incomes (S&I).
If such a situation is out of balance, e.g. by establishing toxic prices for a certain medication, legal issues
about fraud must be considered. Financial toxicity has reached the discussion of pharmacy regulators
[1] and may lead to a situation, where appropriate use of such medication must be rationed (regulatory
limitation). Pharmaceutical enterprises are free to price their products in many markets including the
US1 and Europe. And retail prizes go up and up2. Aims to restrict free prizing to 0.5 Mia € per annum
have been negotiated by the German political authorities and pharmaceutical companies3. However,
pharmaceutical companies are key players in national economies and health care systems. This
reinforces their power up to a situation, where the balance between the financial possibilities of national
economies and pharmaceutical financial greed is lost.
The World Health Organization says: "Governments need to develop strategies and put appropriate
legislation and sanctions into place to reduce corruption and criminal activity"4. The problem is: how
can toxic pricing be defined and be made amenable to criminal complaints? Toxic pricing can be
detected in two ways, when we consider the financial input and output of a pharmaceutical company.
At the input level we count for costs due to R&D, marketing and regulatory frameworks. At the output
level we can observe - over time - world wide realized revenues or we can estimate expected revenues
per period of time. With both methods, estimates on input and output can be made and the likelihood of
discrepancies between them can be established.
Within the legal framework in Switzerland, pharmaceutical companies face legal issues when prices
reach levels of profiteering (Article 157 Swiss Criminal Law5), while on the other hand, medications
granted by Swissmedic cannot legally be rationed by the Federal Office of Public Health [2].
Within this area of conflict therefore, both pharmaceutical companies and national health care authorities
both produce a situation, which is not acceptable for those who need effective medical inventions.
Current pricing of PCSK9-inhibitors is 18.37 CHF per day and eventually reimbursed by health insurers,
if a patient is in secondary prevention and has an LDL cholesterol above 3.5 mmol/l despite optical
medical treatment. Occasionally, in patients having undergone a recent second cardiovascular event,
also a PCSK9-inhibitor therapy in patients with an LDL above 2.5 mmol/l may be reimbursed at current
prices.
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This approach is therefore mainly LDL driven. However, the value of a therapy is mainly driven by a
patient’s risk and this risk should therefore be included for calculation of value-based prices. Based upon
the published results of FOURIER and ODYSSEY, variables that are relevant for the calculation of
treatment effects have become available (Table 1).

Table 1: Variables defining value of PCSK9-inhibitors

Relative risk reduction RRR in % per 1 mmol/l LDL reduction
On treatment LDL reduction in % with

Evolocumab

Alirocumab

10.6

15.5

58

44

A patient’s LDL level
Risk in secondary prevention

Literature [3]

Direct + indirect costs of a cardiovascular event over 10 years

251’000

Choice of CHF/QALY that are acceptable
Bonus for R+D in %
Primary and secondary risk calculator

150’000

150’000

25

25

https://docfind.ch/AspirinStatinCompass.xlsx

Clinical examples
Alice Meyer is a 65 year old female in secondary prevention with a treated blood pressure of 120 mm
Hg, with diabetes Type II, previous aortocoronary bypass operation, previous myocardial infarction
without heart failure, renal impairment (GFR 41 ml/min), non-smoker, Cholesterol 5.2 mmol/l, HDL
1.1 mmol/l, LDL 2.2 mmol/l with some statin intolerance and with use of Ezetimibe 10 mg/d. Here 10year risk is calculated to be 50.4% in 10 years to experience another cardiovascular event. According to
Table 1, value-based Price PEP/day is on average price of 6.18 CHF/day. For the same patient but with
an LDL of 3.6 mmol/l, average price would be CHF 10.34/day in this case.
Peter Mueller is a 55 year old non-smoking, statin-intolerant man in primary prevention presenting with
extensive carotid atherosclerosis (total plaque area 120 mm2, arterial age 73 years), confirmed by
presence of coronary calcifications (Agatston Score 169, arterial age 76 years), treated blood pressure
of 125 mm Hg, Cholesterol 6.6 mol, HDL 1.1 mol, LDL 3.4 mmol/l with Ezetimibe 10 mg/d (baseline
LDL in the last years below 5.0 mmol/), non-diabetic. Using chronological age, this patient is at
intermediate risk, but because of advanced atherosclerosis, the target of preventive therapy we calculate
his risk using an arterial age of 73 years, which puts this patient into the high risk category
(FRAMINGHAM calibrated with 0.7 for Switzerland 29%, SCORE low risk populations 7.6%, SCORE
SMB 42% (SMB=Swiss Medical Board assumption). For further negociation, an average price could be
calculated, CHF 8.08 CHF/day in this case.
The calculations are available in the internet (www.docfind.ch/PEPPricing.xlsx)
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Discussion
We describe a novel risk- and value-based price model using two different ways of cost-efficiency
calculations (see Appendix). First, risk calculations should be performed and audited by independent
medical staff based upon a patient’s clinical chart in order to exclude price frauds at any level and
requests and patient variables are recorded nationally by the Federal Office of Public Health. We
developed such a risk calculator for primary and secondary prevention that is available in the Internet
(https://docfind.ch/AspirinStatinCompass.xlsx). The prices calculated are comparable to a more
sophisticated analysis provided by PICORI [4].
Based on the risk calculations in primary or secondary prevention, the MD transmits a request for
reimbursement to the health insurer and requests the delivery of the drug from the pharmaceutical
company or a pharmacy. The price payed could be the average of the two models. After one year,
quarterly measured on-drug LDL levels are used to correct for the initial price.
This approach relieves the threat of legal persecution for those involved in defining prices or rationing
and is likely to guarantee expected sales and incomes to the pharmaceutical companies producing
PCSK9-inhibitors.
Further, as calculated in the Appendix, we expect several thousand avoided cardiovascular events in
Switzerland, if a more aggressive lipid lowering therapy could be installed (Appendix, Table 5).

Conclusion
We would like to conclude with words by Prof. Th. Szucs paper about the enigma of value [5]:
“Introducing payers and health economists into the process could surely make health care more
affordable in the future, given the important budget impacts ahead. Moreover, authorities need to keep
in mind what our systems are based on: solidarity and equity. In order to guarantee a sustainable system,
future pharmaceuticals are to be made accessible to patients who are in true need by finding ‘‘the right
price.’ “.
We are confident that our work assists to improve the transparency about the value of LDL lowering
lipid therapy and may lead to novel price models that are truly value-based.
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Appendix:

Background Paper regarding further scientific information
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Introduction
Morbidity and mortality due to atherosclerosis is highly prevalent worldwide [6,7] and could be prevented by up
to 90%, if all risk factors were treated [8]. One major and independent risk factor is cholesterol [9] and lowering
LDL cholesterol with statins reduces the risk of cardiovascular events by a relative risk of 21% per 1 mmol/l LDL
reduction achieved [10,11]. Moreover, atherosclerosis detected by imaging is a marker of all-cause mortality
[12,13] and may personalize preventive therapies [14–16]. In the Cardiovascular Disease Policy Model, a
simulation model of US adults aged 35 to 94 years, adding PCSK9 inhibitors to statins in primary prevention of
subjects affected by heterozygous familial hypercholesterolemia (FH) was estimated to prevent 316’300 major
adverse cardiac events (MACE) and to prevent 4.3 million MACE [17]. The total amount of LDL- and
apolipoprotein B accumulation during lifetime is correlated to an exponential increase in cardiovascular morbidity
and mortality [18].
There is therefore an important public health potential for PCSK-9 inhibitors to further decrease the cardiovascular
disease burden in both primary and secondary prevention, but cost-issues might mitigate the benefit that could be
derived from such therapies [19].
Evolocumab (Repatha, Amgen), a PCSK9-inhibitor, was found in Fourier study to reduce cardiovascular events
by a relative risk of 10.6% per 1.0 mmol/l LDL reduction for the primary endpoint. Median LDL was 2.38 mmol/l
at baseline and reduced to 0.83 mmol/l. The observed relative risk reduction of 10.6% was lower than could be
expected from aggregated statin studies (CTT metaanalysis: RRR 21%) [10,20,21]. Recently, data have been
published on the ODYSSEY OUTCOME study [22]. In this trial involving 18’924 patients with acute coronary
syndromes within the past 12 months, patients were treated with either alirocumab, a PCSK9-inhibitor or placebo
on top of standard lipid lowering therapy. The primary outcome of time to first coronary heart disease death,
nonfatal myocardial infarction, ischemic stroke, or hospitalization for unstable angina compared with those given
placebos was reduced by 15% from 11.1% to 9.5%, an absolute risk reduction of 1.6% and a number-needed-totreat of 63 after a median observation time of 2.8 years. The average baseline LDL was 2.26 mmol/l and reduced
by an average of 0.98 mmol/l with intention-to-treat alirocumab, therefore, per 1.0 mmol/l LDL reduction, the
relative risk reduction of the primary outcome was 15.5%, which is comparable to the Fourier study. This lower
RRR is important for value-based calculations and the reasons for it remain to be evaluated. From Mendelian
studies it appears that PCSK-9 Inhibitors may have weaker effects on very-low-density lipoprotein lipids compared
with statins [23].
The burden of atherosclerosis increases with age, as we have shown in a cross-sectional observation for a Swiss
and a German group of healthy subjects [15]. If indicated by cardiovascular risk estimates – especially when
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documented by the presence of atherosclerosis assessed by carotid plaque imaging – any attempt should be made
to lower LDL cholesterol [24,25]. While statins are now available as a generic at relatively low costs (CHF 0.35 0-68 per day), PCSK9-inhibitors are new-comers in the market and sold in Switzerland at costs of CHF 18.37/day
(CHF 6’705/year). Such costs have been termed toxic, because they can hardly be afforded even in rich
industrialized countries [26–28]. By consequence, it is recommended to save costs to health care systems by
rationing PCSK9-inhibitors in those not at highest risk. Indeed, Swiss health care authorities decided in 2017 not
to reimburse Evolocumab in patients with a baseline LDL < 3.6 mmol/l.
Quality of life measurements integrated into QALY have been criticized for subjectivity and ethical considerations
[29], calculations of value-based prices are difficult [5] and the results of such fixed pricing are dependent on the
average risk levels and the chosen cutoff of CHF or USD per QALY gained [30,31]. As an alternative, estimates
of direct and indirect costs per cardiovascular event can be related to costs of a lipid lowering drug and the
individually expected achieved LDL reduction. When individual preventive costs are equal to avoided costs, then
we define this to be value-based in our individual pricing model.
In this study we first calculate value-based fixed pricing using a QALY model proposed by the Swiss Medical
Board SMB [32] at the CHF 150’000/QALY gained level; second, we calculate value-based individual pricing in
primary and secondary prevention using risk estimates and base-line LDL levels (instead of QALY). Third, we
estimate the reduction of cardiovascular disease burden in Switzerland by implementing aggressive lipid-lowering
with statins and PCSK9-inhibitors in primary care subjects affected by prognostically relevant carotid
atherosclerosis and with a baseline LDL level of at least 2.6 mmol/l.
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Methods
Calculation of medical effects and costs
Calculation of individual risk in primary prevention: in every subject we used the following risk calculators: 1)
Framingham for cardiovascular events [9], 2) pooled cohort equation as proposed by the cholesterol guidelines of
ACC/AHA in 2013 [33], 3) SCORE for fatal cardiovascular events multiplied by 5.5 in order to obtain an estimate
of the CTT combined outcome (as proposed by the Swiss Medical Board in 2014 [34]). Additionally, we used two
posttest risk calculators: 1) arterial instead of chronological age in order to include the atherosclerotic burden into
the risk estimate of an individual [35]; 2) the posttest risk using the total carotid plaque area (TPA), sensitivity and
specificity and the Bayes formula has been described elsewhere [14].
Estimation and calculation of individual risk in secondary prevention: The risk for a second event in secondary
prevention is not well known in Switzerland. Based upon a Swiss survey, the second event risk is 2.5% for an
acute coronary syndrome in the first 100 days in patients without familial hypercholesterolemia and this risk
flattens down to another 2.5% for the rest of the first year [36]. Assuming a linear increase in risk beyond the first
100 days, then the 10-year risk would be 35% for a second acute coronary syndrome with about another 5% risk
for a third event in 10 years. Similarly, according to the Swiss SPUM cohort, at 1 year 2.5% recurrent myocardial
infarctions and 1.3% cerebrovascular events occurred, by extrapolation to ten years equaling an event rate of 38%
[37]. In the Fourier study, the incidence rate for the primary endpoint was 21% in 3 years in North America or
about 70% in 10 years, whilst in Europe the primary endpoint was reached in 13.1% in 3 years or about, by
extrapolation, 44% in 10 years.
For individual risk calculation we recommend the risk calculator developed by Dorresteijn [38], which we have
adopted from 5 years by linear extrapolation to 10 years and with the assumption, that cardiovascular events occur
after 5 years in average and that for every event there will be another event with a risk of 50% over 5 years during
the remaining 5 years, which increases the risk calculated by the calculator by 25%.
Calculation of absolute risk reduction over 10 years: Per 1 mmol/l LDL reduction we calculated for
Evolocumab a relative risk reduction (RRR) of 11% for the combined CTT outcome. Example: as found in the
Fourier study, PCSK9-inhibitors reduced LDL by 58% [21]. LDL was therefore reduced from baseline 2.38
mmol/l by 1.6 mmol/l with a RRR of 11% per 1.0 mmol/l, which results in a total RRR of 18% (1.6 x 11%) for
the Fourier study group. Per 1 mmol/l LDL reduction we calculated for Alirocumab a relative risk reduction
(RRR) of 14% for the primary outcome per 1.0 mmol/l LDL reduction. Example: as found in the ODYSSEY
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OUTCOMES study, PCSK9-inhibitors reduced LDL by 53% [22]. LDL was therefore reduced from baseline
2.38 mmol/l by 1.1 mmol/l with a RRR of 14% per 1.0 mmol/l, which results in a total RRR of 15 % (1.1 x 14%)
for the ODYSSEY OUTCOMES study.
Calculation of direct and indirect medical costs: Direct and indirect costs of fatal and non-fatal myocardial
infarction and stroke were assumed to be 251’622 per event, irrespective of additional cost over time after the
event.

Based

on

the

final

Swiss

report

on

NCD

costs

2014

[39]

for

the

year

2011

(www.docfind.ch/CVDCosts2011.xlsx):
•

Acute myocardial infarction cost estimates Swiss Francs 4'798'000'000

•

Stroke cost estimates Swiss francs 3'168'000'000

•

Swiss death registers found 7’703 deaths due to ischemic heart disease in the year 2011.

Assuming that for every death there are 3 non-fatal myocardial infarctions (based on Framingham Data), we
estimate the number of fatal and non-fatal myocardial infarctions to be 38’515 (Switzerland, 2011). Assuming a
ratio of myocardial infarction and stroke of 3.5, which is comparable to the ratio derived from Framingham risk
charts (4.5 in male and 2.6 in female, average 3.5), then 11’805 strokes are estimated to have occurred in 2011.
The sum of first myocardial infarctions and strokes is therefore 50’320. For subsequent events we estimate
additional rate of 34% for myocardial infarction and of 24% for stroke over a period of 5 years [40]. Direct and
indirect costs for myocardial infarction are divided by 37’578 patients with events, resulting in 147’995 Swiss
Francs per myocardial infarction or 345’125 per stroke. Accounting for the case-mix estimate, the average costs
per patient are 251’622 Swiss Francs. In view of the fact that avoidable cost was calculated over a time of 10 years,
these costs per patient may even underestimate true costs, since we did not include an additional cardiovascular
event that may have occurred in years 6 to 10. In order to achieve a conservative estimation of costs, we used
avoidable direct and indirect medical costs of 200’000 Swiss francs per event (coronary revascularization
included). Our cost estimate is comparable to the key inputs in the economic model of Fonarow et al [30] and is a
conservative estimate of direct and indirect costs associated with cardiovascular diseases in Switzerland.
Ideal costs were calculated as follows: based on the expected absolute risk reduction obtained by the individually
expected magnitude of treatment on LDL reduction, an individual’s NNT was calculated for a 10-year period. The
price of the drug was customized in such a way that treatment costs equal CHF 200’000 (which is the expected
direct and indirect cost of a prevented cardiovascular event).
Further, we calculated the potential for cost-savings over 10 years in Swiss subjects aged 40 years or more by
making the following assumptions: primary care subjects from our database had to have a posttest risk for CVD
of at least 20% and an LDL of at least 2.5 mmol/l. Posttest risk was calculated using either arterial age (aa) [35]
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or the Bayes theorem (pt) [14] derived from the amount of carotid plaque and SCORE, PCE and FRAM as the
pretest estimate. We did not recalibrate the pretest estimate for Switzerland [41]. We used the average LDL and
average risk and the RRR for statins and the two PCSK-9 inhibitors (21% and 16% respectively), assuming that
the RRR is around 16% for PCSK-9 inhibitors after the first year of treatment [21]. Further we assumed that statins
reduce LDL by 50% and corrected this down to 35% in order to account for statin intolerance in the whole of our
population. For PCSK-9 inhibitors we assumed a 56% LDL reduction of a period of 10 years. Finally, we assumed
that the proportion of the treatment group selected by the posttest risk algorithm corresponds to the proportion of
subjects in the general populations that might present high risk and LDL > 2.5 mmol/l and assuming that out of
8.4 Mio inhabitants (in 2016) in Switzerland, 4.48 Mio inhabitants are aged 40 years or more (Swiss federal bureau
of statistics). We estimated direct costs to be 100’000 SFr per event and indirect costs to be 100’000 Sfr. per event,
summing up to 200’000 Sfr. per event.
Calculation of cost/QALY using a Swiss Model
According to the Swiss Medical Board, cost-efficiency for cardiovascular events can be calculated based upon an
effect model developed for statins [32]. In brief, the SMB model for calculating cost/QALY is as follows. For one
fatal cardiovascular event (myocardial infarction, stroke, coronary revascularisation), 4.5 nonfatal events occur.
The cost is CHF 8500 per fatal event and CHF 25 000 per nonfatal event in the first year and CHF 8000 in
subsequent years. Loss of QALY is 1.0 for fatal and 0.2 for nonfatal events. The annual preventive medical cost
per individual is CHF 365.00 for statins and CHF 170 for medical monitoring (Total CHF 470). All cardiovascular
events occur uniformly after 50% of the total observation time of five years. Loss of QALY at 2.5 years was
therefore 2 × 2.5 ×1 = 5.0 QALY for fatal events and 9 × 2.5 × 0.2 = 4.5 QALY for nonfatal events, and thus 5.0
+ 4.5 = 9.5 QALY in 1000 persons or 0.0095 QALY per person. When this effect model is applied to a 10-year
period, then 4 fatal events and 18 non-fatal events can be prevented; therefore, 4 × 5 × 1 = 20 QALY for fatal and
18 × 5 × 0.2 = 18 QALY for nonfatal events, or a total of 38 QALY losses, can be prevented in 1000 persons,
which is 0.038 QALY per person. Therefore, the effect model is 4 times higher in 10 years when compared with
5 years. For this paper, we evaluated annual costs for the PCSK9 inhibitor Evolocumab in order to obtain a
threshold of CHF 150’000/QALY gain at various 10-year risk levels, for which we found the formula annual costs
= [risk x 0.1852-0.4655] x 365.
Subject selection
Primary care subjects were assessed at the practice based level as described elsewhere [15,35,42]. In the Swiss
(CH) Imaging Center in Olten, subjects were referred by their primary care physician (57%) or self-referred to the
vascular risk foundation (43%; www.varifo.ch). In the German (DE) Center in Koblenz, all subjects were referred
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within a workplace medicine setting [43]. Subjects had to be free of cardiovascular symptoms or diseases. The
medical history was assessed, laboratory values, blood pressure determined locally and entered into a data spreadsheet (Excel, Microsoft, Richmond, USA).
Description of atherosclerosis imaging
Burden of longitudinal carotid plaque surface was imaged with a high-resolution ultrasound linear transducer probe
(7.5–12.0 MHz), which identified plaques with intimal thickening ≥1.0mm. The longitudinal area of all plaques
was summed up to the total plaque area (TPA) in mm2. All TPA measurements were made by M.R. in Olten and
by A.A. in Koblenz. Intraobserver reproducibility by author M.R. for both carotid arteries in 57 patients showed a
correlation coefficient of r2 0.964 (left carotid artery: r2 0.944, both arteries r2 0.986). For the cutoffs of TPA 0–
9mm2, 10–49mm2, 50–99mm2 and ≥100mm2 Kappa value was good with 0.80 (95% CI: 0.69–0.90). Intraobserver
reproducibility was tested for both carotid arteries in 56 patients by for author A.A with a correlation coefficient
of r2 = 0.976 (left carotid artery: r2 0.949, both arteries r2 0.953). For the cutoffs of TPA 0–9mm2, 10–49mm2, 50–
99mm2 and ≥100mm2 Kappa value was very good with 0.97 (95% CI: 0.92–1.00).
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Results
We assessed 2’202 healthy Swiss and 2’942 healthy German subjects as described elsewhere [15]. From this
original group, we selected subjects (41% women) with a selected age between 30 and 75 years (average 53±8),
leaving a group of 4’389 subjects. The details of the clinical characteristics are outlined in Table 1. Depending on
the risk calculator used, the group was placed into a low (Swiss adopted PROCAM, pooled cohort equation) to
intermediate risk (FRAMINGHAM, SCORE). On average, the integration of the posttest risk based on carotid
plaque resulted into a shift from intermediate to borderline high risk. Average systolic blood pressure was slightly
elevated (127 mm Hg) and average LDL cholesterol was 3.8 mmol/l.
The calculation of ideal PEP prices is possible with the formula [(a x RISK + b) x LDL - 0.3288], where (a) was
0.0529, 0.0575, 0.0253, 0.0337, 0.0384 for Atorvastatin, Rosuvastatin, Ezetimibe, Evolocumab and Alirocumab
respectively, and where (b) was -0.00003, 0, 0, -0.00003 and -0.00007, respectively.
For the typical study patient from Fourier and Odyssey, baseline LDL was 2.38 mmol/l and the cardiovascular risk
extrapolated to 10 years was 51% in Fourier and 38% in Odyssey. Table 2 shows, that using a fixed price model,
current costs/d are overpriced between 68% and 83%.
Table 3 displays the result of individual pricing using the PEP model for statins, Ezetimibe, Evolocumab and
Alirocumab. Based on a patient’s baseline LDL and the expected 10-year risk, the range of acceptable value-based
prices show a large variability.
The number of subjects with posttest risk of 20% or more (based on carotid plaque imaging) and with a baseline
LDL > 2.5 mmol/l ranged between 14% (arterial age pooled cohort equation) and 38% (Bayes posttest Framingham
CVD equation, Table 4).
Table 5 shows the calculated potential for cost-saving of LDL lowering on preventable cardiovascular events in
Switzerland is around 7’371 (20%) regarding preventable CVD events out of about 37’578 total events with costsavings of 1.47 Billion of Swiss francs per year (737 Mio Sfr saved direct or indirect costs, respectively).
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Discussion
To the best of our knowledge, this is the first study that tried to estimate the potential benefit of PCSK9-inhibitors
in primary care and to furnish a value-based price of PCSK9-inhibitors across various levels of cardiovascular risk
and LDL levels in primary and secondary prevention.
In this study we calculated fixed pricing of the typical Fourier and Odyssey patient using a Swiss QALY and our
PEP model and found that PCSK-9 inhibitors are overpriced between 68% and 83%. As calculated by Arrieta
using a life-time Markov model for Fourier patients at the threshold of 100’000/QALY gained ($ 5’459),
overpricing was found to be 62% [31].
In order to eliminate the poor reproducibility and subjectivity inherent to QALY calculations [29,44], we propose
a different model that we term individual pricing, where QALY is replaced by preventive and evidence-based
effects of the relative risk reduction inherent to LDL lowering drugs [21]. Therefore, we calculated personalized
value-based prices for a wide range of clinical scenarios with 10-year cardiovascular risk ranging between 10%
and 100% and baseline LDL ranging between 2.0 mmol/l and 5.0 mmol/l. As can see from Table 3, the range of
value based daily prices is very large for PCSK-9 inhibitors ranging between CHF 0.30 to CHF 16.52. For the
QALY model, prices could be about 50% higher, which gives an estimate of the ranges for value-based pricing
using the two models.
Following a strategy in primary prevention, where we would lower LDL in every subject with a cardiovascular
risk of 20% or more in 10 years and a baseline LDL of > 2.5 mmol/l, we found an average LDL of 4.15 mmol/l in
such subjects from Switzerland and Germany that subsequently, according to published effects on LDL lowering
of these drugs [22,45] could be lowered to 1.5 mmol/l using the combination of statins and PCSK9-inhibitors. The
therapeutic effects are expected – by averaging two risk models using FRAM and PCE with inclusion of risk
prediction with carotid plaque imaging – to prevent 7’600 cardiovascular events or 20% of all cardiovascular
events annually in Switzerland with cost-savings of about 1.53 Billion Swiss Francs in a population at risk of 4.5
Mio subjects with an expected high risk of 20% in 14% to 38% of this population.
In secondary prevention, we estimated the risk of subsequent cardiovascular events to be around 40% in 10 years
in Switzerland, which matches the extrapolated 10-year event rate in the FOURIER study (in Europe the primary
endpoint was reached in 13.1% in 3 years or about, by extrapolation, 44% in 10 years). In the typical Fourier
patient with a baseline LDL of 2.38 mmol/l, a treated risk of 40% using Evolocumab would lead to an ideal daily
price of CHF 4.60/QALY (Alirocumab CHF 5.56/QALY) and in the PEP model value-based prices would be CHF
2.88/day and CHF 3.32/day respectively.
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Both in primary and secondary prevention, using a risk estimation and a patient’s LDL level allows for stratified
calculations of value-based costs using individual pricing (Table 3). However, the exact risk for subsequent events
in primary care is difficult to estimated. For the practical estimation of an individual’s risk for subsequent
cardiovascular events in Europe we recommend to use the calculator proposed by Dorrestejin et al [38]. This
allows for the same way to calculate LDL-based personalized individual prices as for primary prevention.
Dorrestejin used the data from the Treating to New Targets trial and age, sex, smoking, diabetes mellitus, total
cholesterol, high-density lipoprotein cholesterol, systolic blood pressure, history of myocardial infarction,
coronary artery bypass grafting, congestive heart failure or abdominal aortic aneurysm, glomerular filtration rate,
and treatment status (ie, atorvastatin 80 mg or 10 mg). The calculator is available online
(www.docfind.ch/AspirinStatinCompass.xlsx)
In July 2017, the Swiss Federal Office of Health has limited Evolocumab to those in secondary prevention with a
baseline LDL of at least 3.5 mmol/l. As outlined in Table 3, even at a baseline risk of 50% and LDL of 5.0 mmol/l,
ideal costs cannot be higher than about CHF 10.00/d. Therefore, when patients are treated in secondary prevention
with PCSK-9 inhibitors in Switzerland, prices are not value-based using personalized pricing.
However, rationing of effective drugs because of toxic prices is not a responsible choice. The burden of
cardiovascular disease is a leading cost driver and once effective drugs such as PCSK9-inhibitors are available,
they should be available for all high-risk subjects. Governments should buy these drugs in order to create a
situation, were a new price model includes a sales guarantee for 10 years, and prices should be adjusted posteriori
based on sales figures.
Based upon our assumptions, the potential for prevention with LDL reduction is high with cost-savings of 1.5
Billion Swiss Francs per year if only high-risk patients with an LDL of > 2.5 mmol/l at baseline in primary care
were treated with a combination of statins and PCSK9-inhibitors. The limitation to treat only patients in secondary
prevention or patients with familial hypercholesterolemia is not a clinical but an economic decision of health care
authorities, who are confronted with toxic prices of PCSK9-inhibitors.
Value-based fixed price costs in primary and secondary prevention using QALY models are 68% to 82%
overpriced. Poor reproducibility of QALY models and inherent problems to the subjectively determined amount
of QALY, however, limit their use and scientific rationale. Personalized price value-based models can replace
QALY by the calculation of an evidence-based effect of LDL lowering. Individually determined costs have the
potential to reduce the rationing of PCSK9-inhibitors in primary and secondary care. The use of PCSK-9 inhibitors
should be broadened in order to achieve lower lipid levels and risk in many of our patients. Our calculations may
help to model value-based prices that can be integrated into new price models, where a sales guarantee for a certain
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period is included, and prices could be adjusted posteriori based on sales figures. This might prevent that
pharmaceutical companies establish starting prices that are toxic for health care systems.
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Tables
Table 1: Clinical data, carotid atherosclerosis and coronary risk in 4’389 primary care subjects

Country
Patients (N)
Women N (%)
Chronological Age (SD)
Arterial Age (SD)
Systolic blood pressure (mm Hg (SD)
Family history for CVD N, %
Smoker N, %
Cholesterol mmol/l (SD)
HDL mmol/l (SD)
LDL mmol/l (SD)
TG mmol/l (SD)

CH
2111
986 (47%)
56 ± 8
49 ± 20
129 ± 15
391 (19%)
443 (21%)
5.9 ± 1.2
1.5 ± 0.4
3.7 ± 1
1.5 ± 0.9

DE
2278
792 (35%)
50 ± 6
43 ± 22
125 ± 16
531 (23%)
533 (23%)
6.1 ± 1.1
1.5 ± 0.4
3.9 ± 0.9
1.7 ± 1.2

ALL
4389
1778 (41%)
53 ± 8
46 ± 21
127 ± 16
922 (21%)
976 (22%)
6.0 ± 1.2
1.5 ± 0.4
3.8 ± 1
1.6 ± 1.1

TPA mm2 , average (SD)
FRAM % (SD)
FRAMAA % (SD)
FRAMPT % (SD)
SCORE SMB % (SD)
SCOREAA % (SD)
SCOREPT % (SD)
PCE % (SD)

51 ± 48
13 ± 9
16 ± 13
22 ± 16
12 ± 12
20 ± 21
25 ± 25
7±6

45 ± 52
11 ± 9
15 ± 15
18 ± 16
7±8
17 ± 24
15 ± 20
5±5

48 ± 50
12 ± 9
16 ± 14
20 ± 16
10 ± 10
18 ± 23
20 ± 23
6±5

PCEAA % (SD)

10 ± 9

9 ± 10

10 ± 9

PCEPT % (SD)
AGLA % (SD)

14 ± 12
4±5

10 ± 11
4±5

12 ± 12
4±5

Legend: (TPA=total plaque area of carotid artery plaques; CVD= cardiovascular disease, FRAM=Framingham
risk; FRAMAA= Framingham risk with arterial age; FRAMPT= FRAM with posttest risk based on the Bayes
theorem of TPA sensitivity and specificity; SCORE SMB= SCORE risk with the extension of the Swiss Medical
Board, SCOREAA= same risk calculated with arterial age; SCOREPT= see FRAMPT, PCE=pooled cohort
equations; PCEAA= PCE risk with arterial age; PCEPT= see FRAMPT; AGLA= PROCAM based coronary risk
calculator with a factor of 0.7 for Switzerland).
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Table 2: Cost/QALY in a typical study patient with baseline LDL of 2.38 mmol/l and a risk of 51% in Fourier and
of 40% in Odyssey. Comparison at the actual daily price (CHF 18.37) and the 150’000/QALY threshold
Evolocumab

Alirocumab

Cost/QALY current price

501’603

581’953

150’000/QALY threshold

CHF 5.49/d

CHF 4.73/d

Overpricing

68%

74%

PEP price/day

CHF 3.76

CHF 3.22

Overpricing

80%

82%
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Table 3: Value based daily medication cost for various risk and LDL thresholds regarding high dose statins,
Ezetimibe, Evolocumab and Alirocumab using the personalized price (PEP) model.
RISK
%
10

20

30

40

50

60

70

80

90

100

LDL mmol/l
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0
5.0
4.0
3.0
2.0

Atorva 40
2.32
1.79
1.26
0.73
4.96
3.91
2.85
1.79
7.61
6.02
4.44
2.85
10.26
8.14
6.02
3.91
12.90
10.26
7.61
4.96
15.55
12.37
9.20
6.02
18.20
14.49
10.79
7.08
20.84
16.61
12.37
8.14
23.49
18.73
13.96
9.20
26.14
20.84
15.55
10.26

Rosuva 20
2.55
1.97
1.40
0.82
5.42
4.27
3.12
1.97
8.30
6.58
4.85
3.12
11.18
8.88
6.58
4.27
14.05
11.18
8.30
5.42
16.93
13.48
10.03
6.58
19.81
15.78
11.75
7.73
22.68
18.08
13.48
8.88
25.56
20.38
15.21
10.03
28.44
22.68
16.93
11.18
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Ezetimibe 10
0.94
0.68
0.43
0.18
2.20
1.70
1.19
0.68
3.47
2.71
1.95
1.19
4.73
3.72
2.71
1.70
6.00
4.73
3.47
2.20
7.27
5.75
4.23
2.71
8.53
6.76
4.99
3.22
9.80
7.77
5.75
3.72
11.06
8.78
6.51
4.23
12.33
9.80
7.27
4.73

Evolocumab
1.36
1.02
0.68
0.34
3.04
2.37
1.69
1.02
4.72
3.71
2.70
1.69
6.41
5.06
3.71
2.37
8.09
6.41
4.72
3.04
9.78
7.76
5.74
3.71
11.46
9.10
6.75
4.39
13.15
10.45
7.76
5.06
14.83
11.80
8.77
5.74
16.52
13.15
9.78
6.41

Alirocumab
1.59
1.21
0.82
0.44
3.51
2.74
1.97
1.21
5.42
4.27
3.12
1.97
7.34
5.81
4.27
2.74
9.26
7.34
5.42
3.51
11.18
8.88
6.58
4.27
13.10
10.41
7.73
5.04
15.01
11.95
8.88
5.81
16.93
13.48
10.03
6.58
18.85
15.01
11.18
7.34

Table 4: distribution and percentages of subjects with high CVD risk (20% or more) based on posttest-calculations
derived from carotid atherosclerotic burden

FRAM

SCORE

PCE

CA

AA

PT

649

1 063

1 667

15%

24%

38%

512

1 215

1 385

12%

28%

32%

111

631

821

3%

14%

19%
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Table 5: expected benefits from population-wide lipid lowering with statins and PCSK-9 inhibitors in those with
high CVD risk (20% or more) based on posttest-calculations derived from carotid atherosclerotic burden and their
observed LDL at baseline (4.14 mmol/l)
Baseline LDL mmol/l
Risk PCE AA
Risk FRAM PT
LDL reduction with statins 50% (-15% intolerance)
RRR with statins % per 1.0 mmol/l LDL
RRR with PCSK9-I % per 1.0 mmol/l LDL (after 1st year)
Achieved LDL reduction in mmol/l with statins
RRR with statins %
Risk Reduction for PCE risk with statin
Risk Reduction for FRAM risk with statin
LDL reduction with PCSK9-Inh. %
Achieved LDL reduction in % with statin + PCSK9-inh.
Achieved LDL reduction in mmol/l *
RRR with PCSK9-Inh %
Risk Reduction for PCE with PCSK9-Inhibitors
Risk Reduction for FRAM with PCSK9-Inhibitors
ARR PCE for statins plus PCSK9-Inhibitors
ARR FRAM for statins plus PCSK9-Inhibitors
NNT PCE for statins plus PCSK9-Inhibitors
NNT FRAM for statins plus PCSK9-Inhibitors
Population at risk
PCE proportion
FRAM proportion
PCE expected 10-year CVD events
FRAM expected 10-years CVD events
PCE prevented events in 10 years
FRAM prevented events in 10 years
Average expected CVD events
Average expected prevented CVD events
Cost per event in 10 years
Prevented costs (in Mio)
Prevented treatment costs (in Mio)

10 year
4.15
28
36
35
21
16
1.5
30.5
8.5
11.0
56
91
1.5
24.2
6.8
8.7
15.3
19.6
6.5
5.1
4477589
643736
1700647
180005
610733
27519
119910
395369
73714
200000
14743
7371

Per year

18001
61073
2752
11991
39537
7371
1474
737

* with statin and PCSK9-Inhibitors LDL is reduced from 4.15 mmol/l to 1.5 mmol/l over 10 years.
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