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A European Union (EU) member state, Cyprus is a country with a population of ~850,000 citizens. According to the Cyprus Ministry of Health, since 2009, more than 3,000 new incidents with neoplasm are diagnosed every year (i.e., 3% increasing rate). Projections estimate an average annual increase of 2.2% of new incidents until 2040. However, the National Health System (NHS) of Cyprus lacks a Positron Emission Tomography/Computed Tomography (PET/CT) care framework and infrastructure. Patients can only have a PET/CT exam in the private sector, either in Cyprus or a neighboring country (e.g., Greece or Israel). This requires the government of Cyprus to cover financial expenses related to medical treatments while the patients may also need to cover their expenses for traveling to a neighboring country. This study presents a cost analysis to examine whether the integration of a PET/CT with, or without, an F18-FDG cyclotron unit in the NHS of Cyprus is an efficient investment that can be recovered within the unit's service life. To perform this study, we estimated necessary resources for purchasing and operating such unit for a period of 15 years. The results of this study indicate that an investment in a PET/CT unit is not financially viable. Alternatives, such as the reimbursement of PET/CT operated by the private sector is recommended.
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INTRODUCTION

Health systems aim to provide a comprehensive range of services to the entire population of a country and ensure equitable access to quality services. One of the main objectives of health systems is the improvement of the population's health and the enhancement of patient experience (1, 2). In the context of evolving pressures and growing demand, the administrators face the challenge of ensuring the sustainability of a high performing health system.

Health system capacity planning is important as it aims to create the conditions for the development of a truly high performing system (3, 4). The responsibility for developing the overall framework for financing and organizing a health care system usually lies with the central government whilst in most countries, health capacity planning takes place at national, regional, or local level. The administration of a health system is often shared by central and regional authorities (5). Key strategy elements in matters of politics, constitutes the introduction of reinforcement tools, such as Health Technology Assessment (HTA), aiming to inform technology-related policy making in health care. The assessment of medical devices and equipment, improves procedures and could also assist to derive important information regarding efficacy, quality, appropriateness, cost–effectiveness and efficiency dimensions of such technologies, determining the conditions for which these health interventions/technologies should be adopted by the health system (6).

Diagnostic equipment, such as the Positron Emission Tomography/Computed Tomography (PET/CT), comprise an important category of a health system capacity. PET/CT units are expensive and therefore operating policies are usually oriented toward achieving universal utilization (7). To avoid excess capacity or unnecessary usage, procurement of PET/CT units must be regulated by the health systems with specific processes. In particular, the planning of hospital capacity involves several dimensions including capital investment in existing facilities and new developments, investment in expensive equipment and technology, service delivery, and allocation of human and financial resources (5).

Cyprus is a small island country located in the Mediterranean Sea, is classified as a developed economy and one that faces similar challenges, such as an aging population and an increase in non-communicable diseases (e.g., cancer, cardiovascular, etc.) with countries of similar size and population (8, 9). Data from the Ministry of Health of the Republic of Cyprus, shows a steady annual increase of 3% in the number of new incidents that have been diagnosed with neoplasm every year since 1998 which now exceed 3,000 per annum (10).

The Ministry of Health of the Republic of Cyprus with the assistance of the European Commission is responsible for the development of strategic and operational blueprints to support planning and implementation of new technologies in the field of health (capacity planning). This can cover issues pertaining health professionals and infrastructure in both the public and the private health sector. This planning process is essential toward ensuring the proper organization and operation of health systems, under the constraints of financial viability and the provision of quality health services. It also helps in optimizing throughput across different areas of health services, to avoid creating shortages or oversupply in various areas of health services. Currently, Cyprus does not have a formalized HTA process for the assessment of medical devices (11). Other countries of similar population size (~850,000 citizens), such as Luxembourg use HTA to inform the development of quality standards with regards to medical devices and/or other technologies. Likewise, Latvia uses HTA to inform pricing decisions for medical devices, while Malta indicated not having a formalized HTA process for medical devices (11).

Cyprus has undergone a major transformation to establish a new National Healthcare System (NHS). It aims to provide universal coverage to its population through the merging of public and private sector, improve accessibility and address inefficiencies in service delivery (12). The NHS of Cyprus is designed with the objective of offering adequate, by European Union standards, health services. However, a PET/CT unit is not currently available in the NHS of Cyprus to support oncologic incidents. Therefore, patients are granted financial support from the government of Cyprus (i.e., Ministry of Health) to perform a PET/CT in the private sector or in a neighboring country, such as Greece or Israel. The present study aims to examine whether an investment by the Cyprus NHS of a PET/CT unit can be financially sustainable without taking into consideration other essential factors, such as the value of extending patients' life expectancy.



MATERIALS AND METHODS

This study is a cost analysis of revenues and expenses for operating a departmental PET/CT that uses F18-FDG radiopharmaceutical. A detailed estimate of the unit's operational expenses (PET/CT unit supplies, overheads, salaries) and revenues has been projected for a 15-year period. The abovementioned procedure has been conducted following the same principles as the ones used in a previous study (13). In this study, a detailed estimation of expenses (unit purchasing and annual service, hospital's overheads, e.g., heating electricity and water supply as well as security or facility management supportive services, salaries, radiopharmaceutical cost, and other examination costs) and revenues (mainly remuneration by the National Organization for the Provision of Health Services) of the PET/CT unit operation for a 15 year period were developed. The referenced study concluded in the base case scenario that the integration of the PET/CT unit by the NHS is not financially viable and therefore two alternatives scenarios are also examined, where in scenario A the intention is to increase the number of served incidents, and scenario B considers the combined purchase of the PET/CT unit with a separate cyclotron unit.

To perform such an analysis, information from different sources has been gathered in line with the World Health Organization (WHO) guidance (14). According to this, it is essential to map in detail the local geographical and public health conditions (e.g., epidemiology), the actual service delivery situation (e.g., availability and accessibility), the medical device situation (including status and condition), the required human resources (availability, capacity and capability) as well as the financial situation (available budget) for analyzing and defining appraisals. For each year considered, detailed analysis of revenues and expenses was performed. Also, all important factors which relate to the present usage of this technology due to oncological incidents, as well as the projections were defined. According to recorded statistics by the Ministry of Health of the Republic of Cyprus, the oncologic incidents have increased by 130.7% among males, 100.1% among females, resulting in an aggregate increase of 114.8% across the entire population between 1998 and 2014 (Supplementary Figure 1) (10). The above data are corroborated by the published information of the Bank of Cyprus Oncology Centre whereby a similar trend is recorded (Supplementary Table 1) (15).

Information regarding the number of patients examined using the PET/CT available in the private sector of Cyprus and for those who received financial support by the NHS to be examined abroad were retrieved from the General Director of the Ministry of Health (16). During 2018, 205 patients had a PET/CT scan in the private sector while another 73 patients have received financial aid by the Cyprus NHS to have the PET/CT scan in neighboring countries, such as Greece and Israel (13). The remuneration of the NHS to support patients for both choices is set at €1,150 per examination. According to WHO's Global Cancer Observatory (17), it is expected that the growth of incidents in Cyprus will increase by 38.1% over the next 22 years (2018–2040), which translates to an annualized growth rate of 2.2% (Supplementary Table 2).

The cost for supplying the unit with the required 18F-FDG radiopharmaceutical from Greece is expected to reflect a price of €700 per examination relying on the Price Observatory of the Greek Ministry of Health (18). Increasing the number of examinations every year can increase the negotiating position of the NHS of Cyprus for discounted prices on consumable, potentially leading to an annual reduction of 1% per unit.

It is essential to point out that the total cost of purchasing and installing a new PET/CT unit capable to support the needs of the NHS of Cyprus is estimated at €2.5 million, including the PET/CT unit purchase, installation and construction works. An expected cost for complementary supporting annual services for such a unit is €120,000.

To determine the labor cost for operation of the unit, we assumed that the following staff are required: one doctor, one medical-physicist, one radiographer, one nurse, and one secretary, all of them with an average of 15 years relevant work experience. These professionals will be remunerated according to the payroll cited by the Treasury of the Republic of Cyprus and adjusting for annual salary increases in line with inflation (1% per year) (19). To perform a cost analysis, a 15-year period is considered reasonable for determining the sustainability of such a decision, as this is considered to be the average Service Life limit of such unit. The integration of a PET/CT technology to the NHS system is expected to produce a further increase of 5% in the usage of this technology by oncologists. For this purpose, the incidents which were reported in 2018 by the Ministry of Health, are expected to increase by the compound effect of the projections of the Global Cancel Observatory and the integration of the technology to the NHS of Cyprus. As a result, growth in the usage of such technology in the upcoming years is presented in Supplementary Table 3.

On an annual basis, staff involved in health activities typically work 220 days a year. Assuming that the entire team dedicates 40% of their work effort, around 2 working days per week, for the operation of a PET/CT unit, the number of daily patients served is expected to triple by 2035 reaching 10.56 patients on daily basis. It is essential to assume that such a decision is taken in the coming months and that a PET/CT unit starts to operate properly by 1st January 2021. Even if there is a necessity to estimate a cost for the facilities that will accommodate the unit, for simplification purposes it is considered that space is already available in the institution that supports centrally the NHS of Cyprus for oncological incidents and that any cost required is included in the €2.5 million mentioned before.

For each examination, some medical consumables must be foreseen for the execution of the scan, such as venipuncture, syringe, oral contrast, and blood sugar test, with a cost of €25 per examination. Finally, it has been estimated that the overheads for an examination is estimated to ~€80 per examination by taking into consideration hospital's handling services, such as security and cleaning, secondary device purchase, operation, and renewal (computers and printings), building renovations, utility bills for heating, cooling, lighting, telecommunications, etc. Since the results of the above-mentioned estimation was not financially viable, two alternative scenarios were examined. The variables used for each scenario are reported in Supplementary Table 4.



RESULTS

Table 1 provides an overview of the projection for the evaluation of the feasibility study, showing a cumulative operating loss of 2.2 million € by 2035. Such a figure significantly deviates from a break-even scenario due to the limited number of patients served on annual basis, translated to max 4.2 patients served on daily basis by 2035, even if the losses per examination are significantly reduced from €550 in 2021 to €87 in 2035.


Table 1. Economic feasibility estimation based on projections.
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Table 2 presents the alternative scenario A, where the intention is to increase the number of incidents to reach a neutral cash flow at the end of 2035. Increasing the number of incidents will impact several parameters (e.g., the purchasing cost per examination will be reduced proportionally from €279 to €121). The only parameter that increases comparing with the estimation that is based on projection, is the labor cost due to the increased human resource capacity with 5 days a week engagement for the involved staff in the PET/CT unit and 50% for the director of the department. Obviously out of such attempt, several unit cost values of the table are adapted because they are sensitive to the number of examinations.


Table 2. Economic feasibility estimation according to alternative scenario A.
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Table 3 shows the alternative scenario B, which combines the purchase of the PET/CT unit, a separate 18F-FDG cyclotron unit of about 2.5 million € (purchasing cost), that will most likely reduce the cost that relates to the supply of the radiopharmaceutical to €200 per examination (20). Comparing with the estimation that is based on projection (Table 1), the only input parameter that varies is the cost of the radiopharmaceutical. Scenarios' cash flow results to a positive cumulative cashflow of 1.7 million € by 2035. Such an amount covers 68% of the purchasing costs for integrating the complementary equipment (cyclotron) by any other public non-profit structure (e.g., structure serving the NHS, research center, university) and as a result contributes to the operational independence of the NHS from external suppliers.


Table 3. Economic feasibility estimation according to alternative scenario B.
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DISCUSSION

In this study, a cost analysis was performed to estimate whether the integration of a PET/CT unit for oncological patients by the NHS of Cyprus is a good return on investment. Our estimations show that an investment of a sole PET/CT unit is not viable. Considering the expenses that the NHS of Cyprus is currently reimbursing for the PET/CT exam in the private sector on an annual basis, such investment is not sustainable in absolute economic terms.

To increase the operable hours of the unit and therefore reduce costs to make the investment viable, it is necessary to find a significant number of patients. Usually, the strategy of a public healthcare system is not to maximize patient flow, but to serve its patients that are typically long-term insured. Respectively, Germany is a typical example of a Long-Term Care Insurance Program where all citizens are covered (21). It is worth mentioning that the General Healthcare System (GHS) of Cyprus is a modern, patient-centric healthcare system with the aim of delivering quality healthcare services to its beneficiaries (22).

An alternative scenario that was examined in our analysis, was to combine the investment of PET/CT scan with a complementary parallel investment by the NHS of Cyprus on a cyclotron unit. Using this approach, the cost for supplying the mandatorily required 18F-FDG radiopharmaceutical, generates more value (€500 in savings per exam) that could be used by the NHS of Cyprus for recovering this additional investment. In this scenario by 2035, an amount of around €1.7 million will constitute additional savings which is not sufficient, given that a cyclotron unit capable to serve a PET/CT unit requires ~€2 million.

A cost analysis of PET/CT has not been widely performed and there are doubts whether countries that do not have sufficient resources should invest in this system (23). Eurostat examined the availability of PET/CT scanners among the EU Member States. The PET/CT units which are available per 100.000 inhabitants within the Union Market is between 0.05 and 0.7 with an average of 0.19. Considering that in Cyprus this number is 0.12 per 100.000 inhabitants we can assume that the already available PET/CT unit belonging to the private sector, serves sufficiently the needs of such medical technology/imaging equipment (24). Examining Member States of the European Union with similar population, Luxembourg (0.2 per 100,000 inhabitants) and Latvia (0.1 per 100,000 inhabitants) have one PET/CT unit each, and Malta has two PET/CT units (0.4 per 100,000 inhabitants) (24, 25).

A previous study examined the cost of providing PET/CT services in an Indian hospital. The average number of daily PET/CT scans was 30 whilst the annual cost of providing PET/CT scan services was estimated to be 65,311,719 INR (Indian Rupees) (USD1,020,496) (26). The unit cost of PET/CT scan was estimated at 9,625.92 INR (USD150 ~ €133), while in the case of Cyprus the examination costs are at least 5 times higher regardless of the initial scenario and the average number of daily PET/CT scans should be at least 15 scans in a normal working day (13), in order to make the investment financially viable.

A previous cost analysis of Berger et al. of six major hospitals and two academic medical centers in the United States, three hospitals manufacture the radiopharmaceutical in their premises, also other three purchase the radiopharmaceutical and two of them do both (27). The total mean cost per scan using manufactured 18F-FDG was $1,885 (around €1,680) and using purchased 18F-FDG was $1,898 around €1,692). Similarly, in our study, one of the two alternative scenarios have examined the option to purchase cyclotron within the hospital, which in the case of Cyprus did not reach a breakeven point within a 15-year period. The installation of a PET/CT unit from the NHS of Cyprus could return its investment if the initiative would be financed or co-financed by third parties, such as EU funds or private sponsorship.

This study has some limitations. Initially, the cost for purchasing a PET/CT unit that will be installed in Cyprus is based on the cost that had been forecasted for Greece. Similar argumentation can be expressed in the second scenario for the purchase of a cyclotron unit. Furthermore, it is essential to underline that since the study focuses on PET/CT units, the values which relate to the cost for supplying the radiopharmaceutical are based either on the price the private sector is currently supplied or the results that have been presented in another scientific article. It is also essential to point out that the examinations forecast which will be executed can be questioned, even if the assumption according to which the annual demand that has been calculated is based on reasonable expectations. Finally, only the NHS currently provides the option to its patients to have a PET/CT exam in private sector, focusing on social impact is not considered essential in this particular case. Despite these caveats, the present study would be useful for policymakers and public health officials of other countries with similar characteristics with Cyprus.



CONCLUSION

To the best of our knowledge, this is the first cost study that examines the economic feasibility of integrating a PET/CT unit in the NHS of Cyprus. Based on this study, from a cost viewpoint, investing in a PET/CT unit by the country is not financially viable, and as a result the write off period will not lie within the reference service life of the unit. Alternatives, such as reimbursement of PET/CT owned/operated by the private sector are recommended. The present study may be useful for examining the integration of expensive healthcare equipment (e.g., PET/MRI) in small sized countries, such as Cyprus.
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