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Background: External reference pricing (ERP) is used to set pharmaceutical prices to improve affordability, but its application may have negative consequences on patient access—thus, equity—across countries and on global innovation. With the United States contemplating ERP, negative effects could be magnified. Our aim: identify and quantify some major consequences of ERP. Research design, methods: Besides relying on databases and ERP modelling, we developed a heart failure case study. 4-step approach: 1) review ERP policies; 2) establish worldwide “price corridor”; 3) quantify patient access and health outcomes impact by ERP; 4) estimate ERP impact on innovation.
Results: Our ERP referencing analysis highlights its perverse effects especially in lower-income countries. As counterstrategies to protect their revenues, manufacturers often implement tight list price corridors or launch avoidance/delays. Consequences include suboptimal patient access—hence, worse outcomes—illustrated by our case study: 500,000 + QALYs health loss. Additionally, the ensuing revenue reduction would likely cause innovation loss by one additional medicine that would have benefitted future patients.
Conclusion: This research provides key insights on potential unintentional consequences of medicine price setting by ERP worldwide and under a new proposal for the United States. Our results can inform stakeholder discussions to improve patient access to innovative medicines globally.
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1 INTRODUCTION
1.1 Background
External reference pricing (ERP), also referred to as “external price referencing” or “international reference pricing”, is defined by the World Health Organization as “the practice of using the price(s) of a pharmaceutical product in one or several countries in order to derive a benchmark or reference price for the purposes of setting or negotiating the price of the product in a given country” (Espín et al., 2011).
Guidelines recommend applying ERP in combination with other pharmaceutical pricing instruments; however, in many countries it is currently the main or only criterion (Vogler et al., 2015; Habl et al., 2018; WHO, 2020).
ERP is used in numerous countries worldwide (OECD, 2008) [OECD Health Policy Studies, 2008], and its use is growing despite some predictions to the contrary (Persson and Jönsson, 2016). Of 31 European countries, only two are not applying it: furthermore, seven of them apply an algorithm that takes the lowest country price in their basket of comparator countries as a reference (Rémuzat et al., 2015). The price setting mechanisms for pharmaceuticals in the United States are based on complex negotiations amongst the private and public players. Price setting in the United States has, however, not been relying on ERP thus far. Following analyses over the past years—e.g., by The PEW Charitable Trusts (2017) (The Pew Charitable Trusts, 2017)—in 2019/2020, and again in 2021, the United States government, however, proposed to introduce ERP for part of the Medicare program, with one method being yet another version of the lowest country price comparison (Ways and Means Committee, 2019; Congressional Budget Offi, 2021). Most countries applying ERP do so both for determining or negotiating the launch price of the medicine and for post-launch periodic review and price revisions. Comparator country baskets are determined by each country individually, often including countries with very different healthcare systems, wealth status, epidemic, GDP, and public health situation compared to their own.
The recent WHO guideline on country pharmaceutical pricing policies concludes, nonetheless: “On balance, existing evidence suggests that external reference pricing is likely to deliver more desirable than undesirable effects, as indicated by: some (un-appraised) evidence on price reduction at least in the short term (albeit limited in the quantity and quality of evidence); a lack of robust evidence attributing undesirable effects to external reference pricing, including launch delays or product withdrawals in lower-income countries by the manufacturers to avoid prices being referenced; and wide adoption or consideration of external reference pricing as one part of the overall pricing policy” (WHO, 2020).
Given the widespread use of ERP around the globe with each country defining its own set of reference countries, calculation algorithms, and price review intervals, the result is a complex set of pricing outcomes that are sometimes unexpected or even unintended. With no general coordination mechanism for ERP across the countries, many countries cross-reference each other, thereby creating numerous circular references (Toumi et al., 2014). An added complication is the presence of “soft rules”: individual country practices may deviate from their stated regulations. Furthermore, independent within-country policies not directly related to ERP rules—such as general price cuts in difficult economic periods, product-specific price cuts, or internal price referencing with other similar drugs—can produce unintended indirect effects (Gronde et al., 2017) that can ripple through the global ERP “network.” Exchange rate fluctuations are yet a further element that can have such unpredictable impacts. For example, over the year 2020 alone, the EUR-GBP exchange rate has fluctuated by over 13%. Furthermore, even if an ERP-based price review for a given drug in a given country were to produce a higher reference price than the current one, in most countries the price increase would not be granted, either because the respective country uses ERP only for setting the initial price, or because there is explicit limitation on price increases. As a result, trends in the list prices of patented medicines are typically only downward—with the United States as the most notable exception.
Some theoretically justified approaches to “value-based differential pricing”, such as the one proposed by Danzon et al. (2015) (Danzon et al., 2015), would not require countries to reference each other’s prices. But currently as a consequence of all the above practices, pharmaceutical prices are mainly determined globally through an interdependent network that is a complex interactive and nonlinear system. This system produces both static and dynamic effects that are often difficult to foresee from the isolated perspective and perception of individual countries. As a recent conference editorial put it: “many policy-makers and payers around the globe have become aware of the weakness of existing pharmaceutical policies such as EPR” (Abstracts from the 4th In, 2019), and the potential introduction of it in the United States can be considered counterproductive to patient access, too (Fuhr et al., 2019).
ERP has the tendency to promote a narrower range—or tighter “corridor”—of prices across countries than may be desirable under the goal of “optimal global differential pricing” (Danzon and Towse, 2003). In a dynamic global marketplace, a narrow price corridor can have inconsistent, inefficient, and inequitable consequences for countries with different economic status. Across countries, ERP raises the bottom of the pricing corridor, thereby using more of the limited healthcare budgets of lower-income countries, while lowering the top of the corridor, thus allowing the “free-riding” of higher-income countries on the willingness of pharmaceutical companies to adjust drug prices to local purchasing power in lower-income countries (Csanádi et al., 2018; Holtorf et al., 2019). Untenable price levels in lower income countries (Young et al., 2017) can also result in public cost containment policies including both price and volume control measures (Elek et al., 2017; Inotai et al., 2020) while higher income countries seem to provide relatively equal access to essential treatments (Morgan et al., 2017).
In response to ERP policies and practices by the individual countries, profit-maximizing pharmaceutical companies will follow economic incentives (Lakdawalla, 2018) within the constraints and opportunities of this global ERP network to reduce or prevent the international price erosion. For example, they will apply “launch sequence” planning to achieve a higher price corridor and slower price erosion (Kanavos et al., 2020). They will avoid launching in smaller countries with lower price potential, not to jeopardize the price in larger ones (Bauer, 2017). Or they may introduce “gross-to-net” (GTN) strategies to maintain a higher list price while matching willingness and ability to pay of individual countries by providing confidential discounts (Vogler et al., 2020). Or they may withdraw a product to protect their pricing corridor. And/or in some countries they may accept volume control measures to maintain higher prices while limiting the total volume of use and sales, via 1) price-volume agreements, or 2) limiting reimbursement to only a subgroup of eligible patients, to specific prescribing centers, or on a “named-patient basis access” (Löblová et al., 2019).
All of these actions can limit patient access to innovative pharmaceuticals—especially in countries with poor economic status, which can exacerbate the health gap or inequities among populations and countries with different income levels (Kaló et al., 2013).
1.2 Objectives
The goal of this analysis is to identify and to quantify some of the major consequences—intended and unintended—of ERP. To do so, we characterize and model the pricing practices and related incentives in the global ERP network. We assess empirically how individual countries’ choice of ERP instruments and the resulting effects are related to their national income levels as a proxy for their “ability to pay/reimburse.” Also, we review the consequences—overt and covert—of ERP for pharmaceutical prices and patient access. Using a case study of heart failure patients, we quantify the impact of access limitations to an innovative medicine on population health. We also describe the potential long-run impact on innovation, as a reflection of dynamic (in)efficiency. Finally, we discuss the likely impact of the current proposals to implement ERP in the United States, including the effects in the United States and worldwide.
2 MATERIALS AND METHODS
The information for these analyses originated from a combination of desk research, Akceso Advisors’ global pharmaceutical policies database and global pricing database, and a drug sales report from IQVIA, one of the largest Healthcare Data Science Companies. The geographic scope of the analyses included in total 37 countries worldwide with highly developed healthcare systems: the 27 EU countries, Australia, Brazil, Canada, Japan, New Zealand, Norway, South Korea, Switzerland, the United Kingdom and United States. These are all key countries referenced in ERP-based worldwide “system”—or perhaps “network” is a more apt label. Most use ERP to reference other countries for price benchmarking or they are in the reference basket of the other countries.
Our analysis explored four ERP-related aspects or perspectives of interest: 1) the worldwide ERP network, 2) country prices, 3) patient access, and 4) innovation impact.
2.1 Worldwide ERP Network
To assess the impact through the worldwide ERP network, a macroeconomic perspective (i.e., focusing on country GDP), was taken to summarize the extent to which individual countries rely on referencing prices in the countries of similar economic status or not. Nominal GDP per capita (GDP/capita) was used as a proxy for the ability to pay of a country. The most recent (2017) complete set of GDP/capita information was used from WHO. The ERP rules and algorithms were drawn from Akceso Advisors’ global pharmaceutical policies database. For the United States, two of the officially published potential algorithms were applied for comparison (Ways and Means Committee, 2019; Congressional Budget Offi, 2021). The country ERP rules and algorithms were applied to the country GDP/capita values, to calculate the country-specific GDP/capita of the ERP basket (“basket GDP/capita”) for each country. The basket GDP/capita of each country was compared to its GDP/capita to see whether a country was using an ERP methodology to compare “like with like” or not.
2.2 Country Prices: The Price Corridor
To establish the “worldwide price corridor” among 37 countries, the list of all centrally-registered products in Europe during the first half of 2015 was taken as the basis for all of the 37 countries in scope. The rationale for basing this on year 2015 data was that—given typical delays in some of the countries for pricing and reimbursement negotiations—this would allow follow-up to 2020. Thus, within these 5 years, it can be expected that all countries would have a set price for a given compound where the manufacturer intended to launch the drug, and the manufacturer and the payor would have had a chance to reach a mutual agreement.
Overall, 27 medicines were identified and included in the analysis, which utilized current list prices for the 37 countries in scope that were valid in April 2020. Official price sources from the countries were used via Akceso’s ‘Verity Prices and Reimbursements Tool’ to collect published list prices in local currency; for the United States, the Federal Supply Schedule prices were used. Five brands that had published list prices in less than 20% of the in-scope countries (<=7) were excluded, leaving 22 compounds for further analysis (Table 1). Parallel imports in all countries were excluded from the dataset, as the focus was on the pricing impact of ERP, net of arbitrage effects. Prices were normalized to the ex-factory level using standard margins as specified in each country. For purposes of comparison, all prices were converted to USD, applying 3-months average European Central Bank exchange rates as of April 14, 2020. Price comparisons were made in terms of defined daily dose (DDD) based on the International Non-proprietary Name (INN). If the DDD was not available, we used the daily dose per the label. We calculated the days of therapy (DOT) and ex-factory price per DDD or daily dose (if that made sense according to the label). Within each brand, the Stock Keeping Unit (SKU) identifier was used to determine modal strength and form in a given country. We calculated a country-specific average price per DDD per brand. Given the average price per brand in each country, we calculated the average price worldwide per DDD. To normalize the data, calculated the price ratio for the country for the given brand: the country-specific price was divided by the “world-wide” (ww) average price. Finally, for each country, the average of each product-price ratio was computed, to arrive at the average price ratio of all available brands reviewed, across all the countries.
TABLE 1 | List of the compounds used in the Price Corridor analysis.
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Several analyses were performed to assess the impact on patient access, measured in terms of several indicators.
2.3.1 Impact of Country Income on Access
To assess the impact of country income on access, the availability of medicines in higher-income countries was compared with that in lower-income countries. As explained above, 22 identified medicines, in the thirty European countries were all included in this analysis. The top tertile of countries in terms of average GDP/capita (average: $62,893) was compared with the lowest tertile (average: $14,937). Having an officially published price can be considered as a necessary but not sufficient condition for patient access to a medicine. But when the price of a medicine is not listed in the official price sources for a country, this almost certainly means the medicine is not accessible to patients as per its registered label. The lower- and higher-income countries were compared in terms of the median number of drugs with a listed price from amongst the 22 identified drugs.
2.3.2 Impact of Access Limitations on Patient Health Outcomes: A Case Study of Sacubitril-Valsartan (Entresto®, Novartis) for Congestive Heart Failure (CHF)
This case study examines variations in the utilization of an effective, innovative medicine to project the likely reduction in QALYs gained due to access limitations and presumed under-utilization.
2.3.2.1 Selecting a Medicine for a Case-Study Analysis
For a case study of the impact of ERP on access and population health outcomes, we identified a target compound for study from among the innovative medicines launched over the past 5 years. We selected the case study compound based on four criteria: 1) having a similar prevalence for the indication across the countries; 2) addressing a condition with a large patient population (rather than an orphan condition); 3) being available through retail pharmacies thereby providing better quality data on the volume of use; 4) being available in most countries in our study sample; and 5) being seen as an innovative and unique product.
Innovativeness was an important but challenging criterion to implement. For this rating we relied on the French ASMR (Amelioration du Service Medical Rendu, or improvement of medical benefit) rating system. Our review of the French data for 2015–19 found that (excluding indication extensions) 49 assessments had an ASMR rating of 1, 2, or 3 (on a scale from “1” meaning major improvement and to “5” meaning no improvement). The large majority of these were for hospital treatments, some were vaccines, and yet others were orphan drugs. Finally, we found that none of the ASMR 1-2-3-rated compounds were appropriate for our analysis. Among ASMR 4-rated compounds (i.e., those with “minor improvement”), we were able to identify one—sacubitril-valsartan for symptomatic CHF—that fully satisfied our set of criteria. It was a first-in-class retail product that is available in most countries. In addition, the prevalence of CHF is relatively similar across the 34 countries of interest where reliable usage and price data were available.
Two literature searches were conducted to retrieve the prevalence data for CHF as well as the cost-utility modeling studies that could provide an estimate of the projected QALY gain from sacubitril-valsartan treatment.
2.3.2.2 Estimating the Country-specific Prevalence of CHF
The objective was to retrieve prevalence data from the literature for CHF in each country of interest.
The estimates ranged from 1.2% in Belgium to 3.96% in Germany with most prevalence data being estimated based on the general consensus that known heart failure ranges between 1–2% in the developed countries (Störk et al., 2017; Smeets et al., 2019; Groenewegen et al., 2020). Instead of attempting to calculate an average estimate, we decided to rely on the estimate of one country: in this case, Sweden was chosen while others were not for the following reasons: 1) the methodology used to derive epidemiologic data was not of equal quality across studies; 2) some studies used non-standardized criteria while others used standardized criteria; 3) the studies covered different time periods between 2010 and 2019, which could lead to an additional bias when interpreting the findings; and 4) Sweden, on the other hand, had conducted several epidemiological studies on CHF using a rigorous methodology in the last decade. We therefore decided to use the Swedish prevalence estimate of 2.2% reported by Zarrinkoub et al. (2013) (Zarrinkoub et al., 2013).
2.3.2.3 Estimating QALY Impact
A systematic literature research was conducted to retrieve cost-utility studies assessing the value of sacubitril-valsartan in patients with heart failure to collect the present value of projected QALY gains across the studies. The search was conducted in PubMed and Cochrane libraries using the keywords “sacubitril-valsartan,” “QALY”, and “Entresto.” Twenty-eight articles were retrieved, of which were 13 excluded. Reasons for exclusion included 1) the study drug was not sacubitril-valsartan, 2) the condition studied was not CHF, 3) the study did not report QALYs, 4) the comparator to sacubitril-valsartan was not an angiotensin-converting-enzyme inhibitor (Ekman et al., 2008; Pradelli et al., 2009; Taylor et al., 2009; Maniadakis et al., 2011; Baker et al., 2012; García Ruiz et al., 2013; Wu et al., 2013; Stafylas et al., 2015; Chan et al., 2016; Zacà, 2018; Perera et al., 2019; Smith et al., 2019; Ren et al., 2020). The remaining 15 included studies provided 14 cost-utility analyses, and one systematic literature review of CUAs which was used to validate results from the overall search (Gaziano et al., 2016; King et al., 2016; Sandhu et al., 2016; Ademi et al., 2017; Ramos et al., 2017; van der Pol et al., 2017; Gandjour and Ostwald, 2018; Krittayaphong and Permsuwan, 2018; Liang et al., 2018; McMurray et al., 2018; Zueger et al., 2018; Park et al., 2019; Borges et al., 2020; Chin et al., 2020; Liu et al., 2020). The estimated QALY gains for sacubitril-valsartan ranged from 0.29 to 0.79 QALYs (Table 2). Given that a lifetime perspective is preferred in economic analysis for a chronic condition, we excluded studies that considered a time horizon of less than 20 years. Considering only the studies with at least 20 years’ time horizon, different discount rates were used in the individual studies, of 3 and 5%. On average, the studies using 3% showed a QALY gain of 0.66 while those using 5% produced a QALY gain of 0.44. Given that the number of studies was too small for a meaningful regression analysis, we used a simple average of the QALY gain in the selected studies in our model. This resulting average incremental QALYs in present value from the included studies was 0.536. In addition, we conducted deterministic sensitivity analyses for 0.44 QALY gain from studies of 5% discount rate and 0.66 QALY gain from studies with 3% discount rate.
TABLE 2 | List of published sacubitril-valsartan studies reporting QALY gains.
[image: Table 2]To estimate the 1) treated and 2) eligible treatable (but not treated) patient volumes, we used 2019 utilization data from IQVIA.
2.3.2.4 Patients Treated With Sacubitril-Valsartan
The number of sacubitril-valsartan treated patients was estimated for each country in scope. Population size for each country was collected using 2019 Eurostat database for the European and World Bank database for the non-European countries. We then estimated the number of actual sacubitril-valsartan treated patients per 100,000 inhabitants for each country.
2.3.2.5 Patients Eligible for Sacubitril-Valsartan
While the general prevalence of this condition would suggest a certain number of eligible patients for treatment in each country, this may overstate the practically feasible number of patients treatable by a given drug. Therefore, we identified the country with the highest share of patients treated with sacubitril-valsartan as the baseline for all other countries. This showed Germany providing the highest level of access to the drug—with 132.6 patients treated per 100,000 inhabitants. As a feasibility check on this, we found it to correspond to about 12% of the eligible, prevalent CHF patients in Germany with reduced ejection fraction, i.e., the registered indication for sacubitril-valsartan. Being at only 12% of all eligible patients, our maximum baseline can be therefore considered a conservative benchmark for the share of treatable patients. This benchmark of 132.6 patients per 100,000 inhabitants was used in the next steps of the analysis. Population size for each country was then used to calculate the number of treatable patients per country by multiplying it with the German benchmark. Finally, in each country, the actual number of treated patients vs the treatable number were compared to estimate the number of patients who were treatable but not treated, up to the level of the German access level benchmark.
2.3.2.6 QALYs Gained in Treated and Lost in Untreated Patients
For each country, the number of treated patients was multiplied by the present value of incremental QALY, and these were aggregated to a total for all countries, representing the cumulative actual health benefit gain from treatment in our 34 countries. Similarly, for each country, the number of untreated but eligible patients was multiplied by the QALY gain expected should each receive sacubitril-valsartan treatment. Given volume data for the 34 countries, we could estimate the worldwide QALYs lost due to not treating all eligible patients to the benchmark level.
2.4 Impact on Innovation
Assessing the empirical impact of revenues on pharmaceutical R&D is obviously challenging given the lack of a well-researched basis. There are only a few studies that have tried to estimate the “revenue elasticity of innovation”. In addition, this is further complicated by the fact that innovative pharmaceuticals are global goods, whose embedded information has global public good properties. In his comprehensive literature review, Lakdawalla (2018) (Lakdawalla, 2018) concludes: “The preponderance of evidence suggests that raising reimbursements for pharmaceuticals stimulates innovation.” He cites Acemoglu and Linn’s (2004) (Acemoglu and Linn, 2004) estimate that a 1% increase in expected market size being associated with a 4—6% increase in the number of new molecular entities (NMEs) entering the market. Similarly, Dubois et al. (2015) (Dubois et al., 2015) estimate a point elasticity of 0.23 and conclude that the typical required revenue to produce an additional NME is $2.5 billion, while referring also to a range of $1.6 to $2 billion inferred from accounting calculations. These are in the plausible range with DiMasi et al.’s (2016) (DiMasi et al., 2016) estimate of the average development cost of an NME to be $2.6 billion.
Our case study analysis of sacubitril-valsartan can be used to quantify how much additional revenue would be generated for the manufacturer if all patients were treated to the benchmark level, which additional revenue could then be used partially to finance further R&D.
We estimated the average annual treatment cost for each country (based on the per-label recommended dose of two tablets per day at the ex-factory public net price level at 1 July 2020 prices). This was then multiplied by the number of untreated patients eligible for sacubitril-valsartan in each country up to the German access level as the target benchmark. Aggregating these results across countries to estimate additional potential revenues for the manufacturer, and comparing it to the range of $1.6 bn—$2.6 bn per NME provides a high-level estimate of how many additional innovative compounds could be developed given this additional revenue.
3 RESULTS
One indicator of the potentially distorting effects of ERP is the extent to which a country is setting its prices in relation to a set of countries having different economic situation in terms of ability to pay. Figure 1 depicts these relationships by comparing the GDP per capita of a country with the “basket GDP/capita” calculated by applying the country’s ERP algorithm on the basket of countries it is referencing. Countries on—or very close to—the diagonal line, are ones that determine their prices based on the prices of countries of similar income level. Numerous wealthy countries—to the right side of the diagonal line—are, however, attempting to “free-ride” by referencing the prices of lower-income countries. Countries to the left side of the diagonal are benchmarking their prices to countries with a higher income level, thus potentially “shooting themselves in the foot” by importing higher prices. And finally, at the lower end of the line, we find a “Cluster of Minimalists”, i.e., lower income countries that apply a price-minimizing algorithm to their basket seeking even lower prices: countries in this cluster are almost always in the free-rider category. Since the United States does not currently use ERP, the United States indicator is only hypothetical, reflecting the likely impact of proposals under consideration.
[image: Figure 1]FIGURE 1 | ERP affordability (mis)match map—how far is each country setting its prices based on a country basket of similar affordability Notes: United States data are two hypothetical counterfactuals, based on recent government proposals: United States1 calculated as per “Ways and Means” (2019) (Ways and Means Committee, 2019); United States2 calculated as the maximum of “CBO” (2021) (Congressional Budget Offi, 2021); Canada calculated with rules planned to be valid as of 2022.
But what is the impact of these ERP referencing patterns on actual price differentials? Figure 2 summarizes the differences based on the 22 compounds in our 2015 comparison set. Among the countries other than the United States there is no clear correlation between the pharmaceutical price level and the income level of the country. Average pharmaceutical prices are largely independent of GDP/capita: this is quite similar to the pattern shown in Danzon (2018) (Danzon, 2018). In fact, the price corridor of countries is relatively tight, with two noticeable outliers—the United States, which did not apply ERP at the time of the analysis, as an upward outlier and South Korea as a downward outlier. This analysis is generally based on list prices: a net price comparison, which is not feasible to produce due to the confidentiality of rebates and net prices in most countries, would show the United States as less of an outlier, however.
[image: Figure 2]FIGURE 2 | Relative launch product prices vs affordability.
One possible explanation for the tight price corridor independent of the ability to pay among countries using ERP is avoidance strategies driven by the manufacturers’ business objectives to avoid ERP-driven price erosion—the so-called “race to the bottom”. Avoidance strategies result in many new drugs being unavailable to patients in lower ability-to-pay countries due to no launch or extended negotiations, thereby allowing manufacturers to avoid the ERP spillover effect to other, higher-income markets with greater profit potential. For example, lumacaftor/ivacaftor for treating cystic fibrosis had a relatively tight pricing corridor while having listed ex-factory prices only in 12 higher-income European countries 4 years after marketing authorization by EMA. It was not listed in any of the lower-income ones, demonstrating an ‘Avoidance’ strategy (Figure 3).
[image: Figure 3]FIGURE 3 | Lumacaftor/ivacaftor ex-factory prices in all European countries where listed (200mg/125mg, 112x, November 2019 data).
Our access analysis of availability showed that—of the 22 new drugs included in our purposive sample—five years after registration, a median number of 11—or only about 50%—was available in the lower-income countries. In the higher-income countries, this median availability was 18 drugs, or 82%.
Importantly, practically no large country—with a large healthcare market—is among the lower-income ones. Thus, manufacturers are delaying or even avoiding launch in the smaller market-potential countries in order to not jeopardize the revenues and margins of their large markets. And, presumably, even if they do start price negotiations, they are not reaching an agreement due to the mismatch between the ability to pay of the country and the expected price level by the manufacturer. Manufacturers would often be willing to accept lower prices—as shown by, for example, using tender offers that with a few exceptions do not constitute ERP risk—and thereby match the ability to pay of lower-income countries. However, with the prevailing risk of their large markets using national prices for referencing even if in theory they could be confidential net prices, deters them from doing so. Furthermore, recent, newly invigorated demands of certain large countries for price transparency can prompt an even stronger defensive reaction from companies. All of these lead to little flexibility for both list and net prices, further limiting patient access especially in lower-income countries that have lower market potential.
Even if a product is “available” in theory in a country—i.e., has a published, reimbursed price—it normally faces covert access barriers. These are indirectly due to ERP encouraging avoidance strategies that do not support affordable pricing in lower-income countries. This is illustrated in our case study of patient access to sacubitril-valsartan, comparing utilization to a German benchmark. For the 2019 cohort of patients in 34 advanced countries we project a potential aggregate health gain (in terms of discounted lifetime QALYs) of 335,000 for CHF patients receiving sacubitril-valsartan treatment. On the other side, many eligible patients don’t receive this innovative treatment for CHF: taking the German level of access to the medicine as a baseline—which could be considered a conservative estimate of the potential use of this effective treatment—the projected foregone aggregate QALY gain in the other 33 countries would amount to 507,000 QALYs (range: 416,202–624,302 QALYs) according to the sensitivity analyses for different discount rates. Given the nature of this disease condition, this means not only reductions in quality of life, but clearly many human lives are lost prematurely.
4 DISCUSSION
4.1 Key Findings
Pharmaceutical companies operating for profit are the drivers in making innovative medicines available to patients by developing, registering, manufacturing, and marketing them. And these medicines can improve the health status of current and future generations worldwide. A recent analysis of life expectancy gains in the United States between 1990 and 2015 attributed 35% of the 3.3 years improvement to pharmaceuticals (Buxbaum et al., 2020). In pursuit of their profit objectives, companies strive to optimize prices, recognizing that the net realized price of a medicine in a country is constrained by its achievable list price as a ceiling. List prices, in turn, are determined in many markets by ERP policy.
Our analysis shows that many large higher-income countries are free-riding by referencing the prices of countries with less ability to pay. These free-riding countries are able to exploit their monopsony power to gain lower prices than their income could support. Also, perversely, in effect, some lower-income countries are subsidizing some higher-income ones which obtain lower prices than they could actually afford. And due to the nonlinear dynamic of the global ERP network, this subjects pharmaceutical manufacturers to the risk of a “race to the bottom” in pricing. Pharmaceutical companies, therefore, try to maintain a tight list price corridor for their launches and throughout the product lifecycle.
They limit the global pricing corridor mainly by two strategies: 1) setting a floor price and 2) “avoidance” or “launch delay” strategies. By setting a floor price that many lower-income countries cannot afford, this may block the treatment for patient populations in these countries who could benefit from it.
ERP can also trigger additional avoidance strategies by pharmaceutical companies, often manifesting themselves in either non-launch in lower-income countries offering lower market potential, or even withdrawal of the products in case of price revisions—e.g., as in the German G-BA system after 1 year. They fear that cost-containment measures targeting pharmaceutical prices in these countries would threaten prices and thus revenues in other countries via ERP.
ERP indirectly causes additional covert access limitations by which patients are withheld innovative treatments in lower-income countries and even in some higher-income ones that apparently want to go below the floor price.
As our case study with sacubitril-valsartan illustrates, the resulting health loss can be very substantial. For this one compound alone, we arrived at a conservative estimate of an annual loss of 507,000 QALYs in 34 countries, reflecting many avoidable deaths. For reference, although being a conservative estimate, this is an order of magnitude higher than what Uyl-de Groot et al. (2020) (Uyl-de Groot et al., 2020) found with 30,000 life-years lost due to market access delays for two cancer medications in 28 European countries.
In addition to the lives and QALYs lost by limiting access to effective treatments, the implied reduction in revenues means less future innovation: lower utilization also implies lower revenues for manufacturers and can mean fewer funds for R&D. We estimate that providing the same level of access in all investigated countries as in Germany would mean $2.06 billion additional annual revenue from these countries alone in this case study. This reduction can imply less investment in R&D in the long run at a global level, too.
While the lack of data availability allowed us to model only the case of this one innovative treatment, we can extrapolate to very substantial adverse population health consequences if we consider all the current treatments restricted due to ERP, already with the currently operating worldwide system.
Were the United States to implement ERP, the market dynamic would most probably shift considerably towards even more widespread avoidance strategies. We believe the impact should be examined through three channels of impact. First, there would be an impact on the static efficiency for in-market drugs in the United States. In the short run, these price cuts could result in higher utilization. This could, in parallel, freeze any market access rollout in other countries by manufacturers wary of ripple effects. Second, there could be a short-term impact on static efficiency for drugs about to be launched in the United States with manufacturers offering little or no price concession ex-United States compared to previously planned price levels. Furthermore, the accompanying launch avoidance could be extended to large EU countries, Australia, Japan, Korea, resulting in worse global patient access and declines in pharma revenues. Third, there would be the long-term negative impact on innovation (dynamic inefficiency) as fewer medicines are developed. This is due to having fewer funds for R&D, with the ultimate result being fewer new, innovative treatments available to future patients in the world.
4.2 Limitations
For this research we used the published country-specific list prices, or, where available, net prices after official mandatory discounts. While these are the ones being used for actual ERP calculations, for projecting the full dynamic of the access limitations and R&D opportunities, net prices would be preferable. Net prices are, however, confidential in most countries. Although we buttress our general analysis with a single case study, the results are in line with conclusions from the literature and our overall empirical analysis. Of course, the generalizability of our findings could be strengthened by further case studies with a similar analytic approach applied to medicines in other therapeutic areas.
5 CONCLUSION
As implemented today, a WHO pricing guideline concludes that there is a “balance of effects of external reference pricing in favor of implementing the policy” (WHO, 2020), but still this policy has significant unintended consequences—some overt and others less apparent. Clearly, it can limit access to treatments in some markets where manufacturers have less incentive to sell, resulting in worse morbidity and mortality outcomes for today’s patients in those countries. And these revenue reductions—due to higher-income countries demanding the same prices as lower-income countries obtain—will affect future patients by lowering R&D and thus producing less innovation in the long term. Should the United States implement ERP, we anticipate these effects will be magnified, with companies choosing to not launch even in large high-income EU countries to protect their United States prices and hence their global business. The collective result is everyone will be “shooting themselves in the foot” (Incze et al., 2020), reducing pharmaceutical innovation for short-term saving that hurts patients worldwide in the long term. Globally, many patients suffer from health conditions that, without access to effective treatments, could mean they would die prematurely as a result.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS
Each author has contributed significantly to the manuscript: AI: conception, work design, literature review, analysis, data interpretation, draft manuscript, manuscript review. ZK: conception, work design, data analysis, data interpretation, manuscript review. JE: conception, work design, literature review, data interpretation, manuscript review. ÉK: literature review, analysis, data interpretation, draft manuscript, manuscript review. SK: literature research, analysis, data interpretation, draft manuscript, manuscript review. LG: conception, work design, literature review, data interpretation, manuscript review. Each and every author has approved the submitted version and has agreed to be personally accountable for the author’s own contributions and to ensure that questions related to the accuracy or integrity of any part of the work, even ones in which the author was not personally involved, are appropriately investigated, resolved, and the resolution documented in the literature.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Abstracts from the 4th International PPRI Conference 2019: Medicine Access challenge – the Value of Pricing and Reimbursement Policies. (2019). J. Pharm. Pol. Pract. 12, 34. doi:10.1186/s40545-019-0194-x
 Acemoglu, D., and Linn, J. (2004). Market Size in Innovation: Theory and Evidence from the Pharmaceutical Industry. Q. J. Econ. 119 (3), 1049–1090. doi:10.1162/0033553041502144
 Ademi, Z., Pfeil, A. M., Hancock, E., Trueman, D., Haroun, R. H., Deschaseaux, C., et al. (2017). Cost-effectiveness of Sacubitril/valsartan in Chronic Heart-Failure Patients with Reduced Ejection Fraction. Swiss Med. Wkly 147, w14533. doi:10.4414/smw.2017.14533
 Baker, T. M., Goh, J., Johnston, A., Falvey, H., Brede, Y., and Brown, R. E. (2012). Cost-effectiveness Analysis of Valsartan versus Losartan and the Effect of Switching. J. Med. Econ. 15 (2), 253–260. doi:10.3111/13696998.2011.641043
 Bauer, M. (2017). Unintended and Unattended Consequences: The Opportunity Costs of Reducing Exclusivity Rights for Intellectual propertyECIPE Policy Brief, No.4/2017. Brussels: European Centre for International Political Economy ECIPE. Retrieved from https://ecipe.org.
 Borges, M., Afonso-Silva, M., Laires, P. A., Gouveia, M., Alarcão, J., Ascenção, R., et al. (2020). Cost-effectiveness of Sacubitril/valsartan for the Treatment of Patients with Heart Failure with Reduced Ejection Fraction in Portugal. Expert Rev. Pharmacoecon Outcomes Res. 20 (2), 199–205. doi:10.1080/14737167.2019.1628642
 Buxbaum, J. D., Chernew, M. E. M. E., Fendrick, A. M., and Cutler, D. M. (2020). Contributions of Public Health, Pharmaceuticals, and Other Medical Care to US Life Expectancy Changes, 1990-2015. Health Aff. (Millwood) 39 (NO. 9), 1546–1556. doi:10.1377/hlthaff.2020.00284
 Chan, L., Chen, C. H., Hwang, J. J., Yeh, S. J., Shyu, K. G., Lin, R. T., et al. (2016). Cost-effectiveness of Amlodipine Compared with Valsartan in Preventing Stroke and Myocardial Infarction Among Hypertensive Patients in Taiwan. Int. J. Gen. Med. 9, 175–182. doi:10.2147/IJGM.S102095
 Chin, K. L., Zomer, E., Wang, B. H., and Liew, D. (2020). Cost-Effectiveness of Switching Patients with Heart Failure and Reduced Ejection Fraction to Sacubitril/Valsartan: The Australian Perspective. Heart Lung Circ. 29, 1310–1317. doi:10.1016/j.hlc.2019.03.007
 Congressional Budget Office CBO of the U.S.A. (2021). CBO’s Model of Drug Price Negotiations under the Elijah E. Cummings Lower Drug Costs Now Act. A recent US government proposal option for ERP. Working Paper 2021-01 February 2021. Available at: https://www.cbo.gov/publication/56905 (Accessed March, 2021). 
 Csanádi, M., Kaló, Z., Prins, C. P. J., Grélinger, E., Menczelné Kiss, A., Fricke, F.-U., et al. (2018). The Implications of External price Referencing on Pharmaceutical List Prices in Europe. Health Pol. Technology 7, 243–250. doi:10.1016/j.hlpt.2018.07.005
 Danzon, P., Towse, A., and Mestre-Ferrandiz, J. (2015). Value-based Differential Pricing: Efficient Prices for Drugs in a Global Contextimportant Aspects of Global Equity-Based Pricing. Health Econ. 24 (3), 294–301. doi:10.1002/hec.3021
 Danzon, P. M. (2018). Differential Pricing of Pharmaceuticals: Theory, Evidence and Emerging Issues. PharmacoEconomics 36 (12), 1395–1405. doi:10.1007/s40273-018-0696-4
 Danzon, P. M., and Towse, A. (2003). Differential Pricing for Pharmaceuticals: Reconciling Access, R&D and Patents. Int. J. Health Care Finance Econ. 3, 183–205. doi:10.1023/a:1025384819575
 DiMasi, J. A., Grabowski, H. G., and Hansen, R. W. (2016). Innovation in the Pharmaceutical Industry: New Estimates of R&D Costs. J. Health Econ. 47, 20–33. doi:10.1016/j.jhealeco.2016.01.012
 Dubois, P., de Mouzon, O., Scott‐Morton, F., and Seabright, P. (2015). Market Size and Pharmaceutical Innovation. RAND J. Econ. 46 (4), 844–871. doi:10.1111/1756-2171.12113
 Ekman, M., Bienfait-Beuzon, C., and Jackson, J. (2008). Cost-effectiveness of Irbesartan/hydrochlorothiazide in Patients with Hypertension: An Economic Evaluation for Sweden. J. Hum. Hypertens. 22 (12), 845–855. doi:10.1038/jhh.2008.76
 Elek, P., Takács, E., Merész, G., and Kaló, Z. (2017). Implication of External price Referencing and Parallel Trade on Pharmaceutical Expenditure: Indirect Evidence from Lower-Income European Countries. Health Policy Plan 32 (3), 349–358. doi:10.1093/heapol/czw133
 Espín, J., Rovira, J., and de Labry, A. O. (2011). Review Series on Pharmaceutical Pricing Policies and Interventions. Geneva, Amsterdam: WHO/HAI Project on Medicine Prices and Availability. Working Paper No. 1: External Reference Pricing)Retrieved from http://haiweb.org.
 Fuhr, J., Siguad, L., and Pociask, S. (2019). How International Reference Pricing for Prescription Drugs Would Hurt American Consumers. The American Consumer Institute. Retrieved from https://www.theamericanconsumer.org.
 Gandjour, A., and Ostwald, D. A. (2018). Sacubitril/valsartan (LCZ696): A Novel Treatment for Heart Failure and its Estimated Cost Effectiveness, Budget Impact, and Disease burden Reduction in Germany. PharmacoEconomics 36 (10), 1285–1296. doi:10.1007/s40273-018-0688-4
 García Ruiz, A. J., Divisón Garrote, J. A., García-Agua Soler, N., Morata García de la Puerta, F., Montesinos Gálvez, A. C., and Ávila Lachica, L. (2013). Análisis coste-eficacia de los antihipertensivos en dosis fijas [Cost-effectiveness analysis of fixed dose antihypertensive drugs]. SEMERGEN - Medicina de Familia 39 (2), 77–84. doi:10.1016/j.semerg.2012.05.011
 Gaziano, T. A., Fonarow, G. C., Claggett, B., Chan, W. W., Deschaseaux-Voinet, C., Turner, S. J., et al. (2016). Cost-effectiveness Analysis of Sacubitril/valsartan vs Enalapril in Patients with Heart Failure and Reduced Ejection Fraction. JAMA Cardiol. 1 (6), 666–672. doi:10.1001/jamacardio.2016.1747
 Groenewegen, A., Rutten, F. H., Mosterd, A., and Hoes, A. W. (2020). Epidemiology of Heart Failure. Eur. J. Heart Fail. 22, 1342–1356. doi:10.1002/ejhf.1858
 Gronde, T. V., Uyl-de Groot, C. A., and Pieters, T. (2017). Addressing the challenge of High-Priced Prescription Drugs in the Era of Precision Medicine: A Systematic Review of Drug Life Cycles, Therapeutic Drug Markets and Regulatory Frameworks. PLoS one 12 (8), e0182613. doi:10.1371/journal.pone.0182613
 Habl, C., Schneider, P., Sebesta, R., and Németh, G. (2018). Euripid Collaboration Guidance Principles for External Reference Pricing in Europe. Eur. J. Public Health 28, 1. doi:10.1093/eurpub/cky212.217
 Holtorf, A. -P., Gialama, F., Wijaya, K. E., and Kaló, Z. (2019). External Reference Pricing for Pharmaceuticals – A Survey and Literature Review to Describe Best Practices for Countries with Expanding Healthcare Coverage. Value Health Reg. Issues 19, 121–131. doi:10.1016/j.vhri.2019.04.003
 Incze, A., Garrison, L., Espin, J., and Kalo, Z. (2020). International Reference Pricing: U.S. VS. Rest of World–WHO Is Shooting Whose Foot? ISPOR Conference Issue Panel IP2 Virtual Session. May 18th, 2020. 
 Inotai, A., Tomek, D., Niewada, M., Lorenzovici, L., Kolek, M., Weber, J., et al. (2020). Identifying Patient Access Barriers for Tumor Necrosis Factor Alpha Inhibitor Treatments in Rheumatoid Arthritis in Five Central Eastern European Countries. Front. Pharmacol. 11, 845. doi:10.3389/fphar.2020.00845
 Kaló, Z., Annemans, L., and Garrison, L. P. (2013). Differential Pricing of New Pharmaceuticals in Lower Income European Countries. Expert Rev. Pharmacoecon Outcomes Res. 13 (6), 735–741. doi:10.1586/14737167.2013.847367
 Kanavos, P., Fontrier, A. M., Gill, J., and Efthymiadou, O. (2020). Does External Reference Pricing Deliver what it Promises? Evidence on its Impact at National Level. Eur. J. Health Econ. 21 (1), 129–151. doi:10.1007/s10198-019-01116-4
 King, J. B., Shah, R. U., Bress, A. P., Nelson, R. E., and Bellows, B. K. (2016). Cost-effectiveness of Sacubitril-Valsartan Combination Therapy Compared with Enalapril for the Treatment of Heart Failure with Reduced Ejection Fraction. JACC Heart Fail. 4 (5), 392–402. doi:10.1016/j.jchf.2016.02.007
 Krittayaphong, R., and Permsuwan, U. (2018). Cost-effectiveness Analysis of Sacubitril-Valsartan Compared with Enalapril in Patients with Heart Failure with Reduced Ejection Fraction in Thailand. Am. J. Cardiovasc. Drugs 18 (5), 405–413. doi:10.1007/s40256-018-0288-x
 Lakdawalla, D. N. (2018). Economics of the Pharmaceutical Industry. J. Econ. Lit. 56 (2), 397–449. doi:10.1257/jel.20161327
 Liang, L., Bin-Chia Wu, D., Aziz, M. I. A., Wong, R., Sim, D., Leong, K. T. G., et al. (2018). Reply: Cost-Effectiveness of Sacubitril/valsartan versus Enalapril in Patients with Heart Failure and Reduced Ejection Fraction. J. Med. Econ. 21 (2), 1148–1149. doi:10.1080/13696998.2018.1528979
 Liu, X.-q., He, L.-s., Huang, J.-q., Xiong, L.-j., Xia, C., and Lao, H.-y. (2020). Cost-effectiveness Analyses of Sacubitril-Valsartan for Heart Failure. Heart Fail. Rev. 26, 1119–1130. doi:10.1007/s10741-020-09956-6
 Löblová, O., Csanádi, M., Ozierański, P., Kaló, Z., King, L., and McKee, M. (2019). Alternative Access Schemes for Pharmaceuticals in Europe: Towards an Emerging Typology. Health Policy 123, 630–634. doi:10.1016/j.healthpol.2019.05.012
 Maniadakis, N., Ekman, M., Fragoulakis, V., Papagiannopoulou, V., and Yfantopoulos, J. (2011). Economic Evaluation of Irbesartan in Combination with Hydrochlorothiazide in the Treatment of Hypertension in Greece. Eur. J. Health Econ. 12 (3), 253–261. doi:10.1007/s10198-010-0243-5
 McMurray, J. J. V., Trueman, D., Hancock, E., Cowie, M. R., Briggs, A., Taylor, M., et al. (2018). Cost-effectiveness of Sacubitril/valsartan in the Treatment of Heart Failure with Reduced Ejection Fraction. Heart 104 (12), 1006–1013. doi:10.1136/heartjnl-2016-310661
 Morgan, S. G., Leopold, C., and Wagner, A. K. (2017). Drivers of Expenditure on Primary Care Prescription Drugs in 10 High-Income Countries with Universal Health Coverage. CMAJ 189 (23), E794–E799. doi:10.1503/cmaj.161481
 Organisation for Economic Co-operation and Development (OECD) Health Policy Studies (2008). Pharmaceutical Pricing Policies in a Global Market. 
 Park, S. K., Hong, S. H., Kim, H., Kim, S., and Lee, E. K. (2019). Cost-utility Analysis of Sacubitril/valsartan Use Compared with Standard Care in Chronic Heart Failure Patients with Reduced Ejection Fraction in South Korea. Clin. Ther. 41 (6), 1066–1079. doi:10.1016/j.clinthera.2019.04.031
 Perera, K., Ademi, Z., Liew, D., and Zomer, E. (2019). Sacubitril-valsartan versus Enalapril for Acute Decompensated Heart Failure: A Cost-Effectiveness Analysis. Eur. J. Prev. Cardiol. 1, 1. doi:10.1177/2047487319878953
 Persson, U., and Jönsson, B. (2016). The End of the International Reference Pricing System?Appl. Health Econ. Health Pol. 14 (1), 1–8. doi:10.1007/s40258-015-0182-5
 Pradelli, L., Iannazzo, S., and Zaniolo, O. (2009). The Cost Effectiveness and Cost Utility of Valsartan in Chronic Heart Failure Therapy in Italy: A Probabilistic Markov Model. Am. J. Cardiovasc. Drugs 9 (6), 383–392. doi:10.2165/11315730-000000000-00000
 Ramos, I. C., Versteegh, M. M., de Boer, R. A., Koenders, J. M. A., Linssen, G. C. M., Meeder, J. G., et al. (2017). Cost Effectiveness of the Angiotensin Receptor Neprilysin Inhibitor Sacubitril/valsartan for Patients with Chronic Heart Failure and Reduced Ejection Fraction in the Netherlands: A Country Adaptation Analysis under the Former and Current Dutch Pharmacoeconomic Guidelines. Value Health 20 (10), 1260–1269. doi:10.1016/j.jval.2017.05.013
 Rémuzat, C., Urbinati, D., Mzoughi, O., El Hammi, E., Belgaied, W., and Toumi, M. (2015). Overview of External Reference Pricing Systems in Europe. J. Mark Access Health Pol. 3, 1. doi:10.3402/jmahp.v3.27675
 Ren, M., Xuan, D., Lu, Y., Fu, Y., and Xuan, J. (2020). Economic Evaluation of Olmesartan/amlodipine Fixed-Dose Combination for Hypertension Treatment in China. J. Med. Econ. 23 (4), 394–400. doi:10.1080/13696998.2019.1699799
 Sandhu, A. T., Ollendorf, D. A., Chapman, R. H., Pearson, S. D., and Heidenreich, P. A. (2016). Cost-effectiveness of Sacubitril-Valsartan in Patients with Heart Failure with Reduced Ejection Fraction. Ann. Intern. Med. 165 (10), 681–689. doi:10.7326/M16-0057
 Smeets, M., Vaes, B., Mamouris, P., Van Den Akker, M., Van Pottelbergh, G., Goderis, G., et al. (2019). Burden of Heart Failure in Flemish General Practices: a Registry-Based Study in the Intego Database. BMJ Open 9, e022972. doi:10.1136/bmjopen-2018-022972
 Smith, G. H., Shore, S., Allen, L. A., Markham, D. W., Mitchell, A. R., Moore, M., et al. (2019). Discussing Out-Of-Pocket Costs with Patients: Shared Decision Making for Sacubitril-Valsartan in Heart Failure. J. Am. Heart Assoc. 8 (1), e010635. doi:10.1161/JAHA.118.010635
 Stafylas, P., Kourlaba, G., Hatzikou, M., Georgiopoulos, D., Sarafidis, P., and Maniadakis, N. (2015). Economic Evaluation of a Single-Pill Triple Antihypertensive Therapy with Valsartan, Amlodipine, and Hydrochlorothiazide against its Dual Components. Cost Eff. Resour. Alloc 13, 1. doi:10.1186/s12962-015-0036-x
 Störk, S., Handrock, R., Jacob, J., Walker, J., Calado, F., Lahoz, R., et al. (2017). Epidemiology of Heart Failure in Germany: a Retrospective Database Study. Clin. Res. Cardiol. 106, 913–922. doi:10.1007/s00392-017-1137-7
 Taylor, M., Scuffham, P. A., Chaplin, S., and Papo, N. L. (2009). An Economic Evaluation of Valsartan for post-MI Patients in the UK Who Are Not Suitable for Treatment with ACE Inhibitors. Value Health 12 (4), 459–465. doi:10.1111/j.1524-4733.2008.00494.x
 The Pew Charitable Trusts (2017). Payment Policies to Manage Pharmaceutical Costs: Insights from Other Countries. Retrieved from http://pewtrusts.org.
 Toumi, M., Remuzat, C., Vataire, A.-L., and Urbinati, D. (2014). External Reference Pricing of Medicinal Products: Simulation-Based Considerations for Cross-Country Coordination. Final Report. Brussels: European Commission. Retrieved from https://ec.europa.eu.
 Uyl-de Groot, C. A., Heine, R., Krol, M., and Verweij, J. (2020). Unequal Access to Newly Registered Cancer Drugs Leads to Potential Loss of Life-Years in Europe. Cancers (Basel) 12 (8), e2313. doi:10.3390/cancers12082313
 van der Pol, S., Degener, F., Postma, M. J., and Vemer, P. (2017). An Economic Evaluation of Sacubitril/valsartan for Heart Failure Patients in the Netherlands. Value Health 20 (3), 388–396. doi:10.1016/j.jval.2016.10.015
 Vogler, S., Schneider, P., and Lepuschütz, L. (2020). Impact of Changes in the Methodology of External price Referencing on Medicine Prices: Discrete-Event Simulation. Cost Eff. Resour. Alloc 18, 51. doi:10.1186/s12962-020-00247-3
 Vogler, S., Lepuschütz, L., Schneider, P., and Stühlinger, V. (2015). Study on Enhanced Cross-Country Coordination in the Area of Pharmaceutical Product Pricing. Final Report. Luxembourg: Publication Office of the European Union. 
 Ways and Means Committee Staff of the U.S. House of Representatives (2019). A Painful Pill to Swallow: U.S. vs. International Prescription Drug Prices. Washington, D.C.: Recent US government proposal option for ERP. Retreived from https://petrieflom.law.harvard.edu.A.
 Who, (2020). WHO Guideline on Country Pharmaceutical Pricing Policies. Available at: https://www.who.int/publications/i/item/9789240011878 (Accessed March, 2021). 
 Wu, Y., Zhou, Q., Xuan, J., Li, M., Zelt, S., Huang, Y., et al. (2013). A Cost-Effectiveness Analysis between Amlodipine and Angiotensin II Receptor Blockers in Stroke and Myocardial Infarction Prevention Among Hypertension Patients in China. Value Health Reg. Issues 2 (1), 75–80. doi:10.1016/j.vhri.2013.01.005
 Young, K. E., Soussi, I., and Toumi, M. (2017). The Perverse Impact of External Reference Pricing (ERP): A Comparison of Orphan Drugs Affordability in 12 European Countries. A Call for Policy Changeunintended Effects Investigated. J. Mark Access Health Pol. 5 (1), 1369817. doi:10.1080/20016689.2017.1369817.ERP
 Zacà, V. (2018). Sacubitril/valsartan or an Implantable Cardioverter-Defibrillator in Heart Failure with Reduced Ejection Fraction Patients: A Cost-Effectiveness Analysis. J. Cardiovasc. Med. (Hagerstown) 19 (10), 597–605. doi:10.2459/JCM.0000000000000708
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