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Background: The emerging risk of personalized medicine is driving drug manufacturers to seek collaborations with advanced 
diagnostic firms, aiming to improve detection and treatment outcomes. However, the government’s regulated pricing in personalized 
medicine affects manufacturers’ strategic decisions, particularly regarding the selection of diagnostic partners. In this context, this 
study investigates whether the government should regulate the price of personalized medicine and how the government’s regulated 
pricing decisions affect drug manufacturers’ diagnostic test choices.
Methods: A stylized analytical model was developed, employing game-theoretic analysis. Numerical studies are also conducted to 
validate our results.
Results: The study reveals that in the absence of the government’s regulated pricing, drug manufacturers benefit from partnering with 
high-level diagnostic firms, enhancing consumer surplus and social welfare. However, when the government regulates pricing, the 
choice of partnering with a high-level diagnostic firm depends on specific conditions, such as low patient sensitivity to treatment 
failure and a low unit cost coefficient of diagnostic effort. The government’s decision to regulate prices is influenced by three key 
parameters: patients’ sensitivity to treatment failure, the unit cost coefficient of the diagnostic test effort, and the proportion of the price 
of specialized drugs in the regulated pricing.
Conclusions: The findings underscore the importance of legal frameworks in the personalized medicine industry. The absence of the 
government’s regulated pricing incentivizes collaborations with high-level diagnostic firms, enhancing consumer surplus and social 
welfare. However, government intervention in pricing makes such decisions contingent on specific conditions, requiring nuanced 
regulatory policies that balance the interests of patients, manufacturers, and diagnostic firms.
Keywords: personalized medicine, partnership, government, regulated pricing, game theory

Introduction
The evolution of medical treatment has witnessed a significant shift from traditional methods to the more tailored 
approach of personalized medicine. Traditional medicine, while beneficial, often employs a “one-size-fits-all” approach, 
particularly evident in the treatment of diseases like lung cancer.1 Unfortunately, this methodology does not account for 
individual genetic differences, leading to ineffective treatment for a significant proportion of patients. For instance, only 
about a quarter of cancer patients respond to these generic treatments due to the lack of consideration for their unique 
genetic makeup.2,3 The advent of personalized medicine, heralded by the decoding of the human genome, has 
revolutionized this landscape. This approach leverages a patient’s genetic profile to categorize them into specific 
subpopulations, thereby guiding more precise medical practices, drug selections, dosages, and timing. Such customiza-
tion ensures that patients receive drugs that are highly effective for their specific condition.4,5 As a result, personalized 
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medicine has demonstrated significant advantages over traditional methods, notably in enhancing patient survival rates 
and improving the overall quality of life.6 Furthermore, personalized medicine has been shown to be more effective and 
efficient than traditional medicine. In 2018, personalized medicine accounted for 42% of all new drugs approved by the 
US Food and Drug Administration (FDA), indicating its rapidly growing importance in healthcare.7,8 Also, recent 
statistics indicate that the global personalized medicine market was valued at USD 529.28 billion in 2023 and is projected 
to grow at a CAGR of 8.20% from 2024 to 2030. Unlike the traditional approach, which often relies on non-personalized 
“blockbuster” drugs designed for the average patient, personalized medicine is based on diagnosing specific biomarkers 
to predict an individual’s reaction to a particular drug. This method not only increases efficiency but also reduces the risk 
of adverse side effects that are often associated with the “one-size-fits-all” approach.9,10

The paradigm of personalized medicine necessitates a synergistic collaboration between specialized drug manufac-
turers and diagnostic firms. This partnership is essential for developing tailored treatments, as the drug manufacturer 
focuses on creating drugs targeting specific biomarkers, while the diagnostic firm develops tests to identify these 
biomarkers in patients.11,12 For instance, the development of targeted cancer therapies often involves identifying genetic 
mutations specific to certain cancer types, and then partnering with diagnostic firms to create tests that detect these 
mutations in patients. A notable example is the development of targeted therapies for HER2-positive breast cancer, where 
drug manufacturers have collaborated with diagnostic firms to create tests identifying patients who would benefit from 
these specialized treatments.13,14 Additionally, personalized medicine is also making strides in other areas, such as type 2 
diabetes and Parkinson’s disease, where tailored treatments are being developed based on individual genetic profiles. This 
cooperative approach ensures that patients receive the most effective treatment for their specific condition, demonstrating 
the practical application of personalized medicine. This partnership model also streamlines the regulatory approval 
process, as drug efficacy can be more clearly demonstrated when paired with effective diagnostic tests, expediting the 
delivery of these innovative treatments to the market.

Despite the advantages of personalized medicine, the rise in adverse events associated with these drugs has led to an 
increase in both mortality and healthcare costs in recent years.15 As highlighted by McKinsey & Company, this emerging 
risk is a growing concern in the sector. In response, drug manufacturers are increasingly motivated to partner with high- 
level diagnostic firms. Such strategic alliances aim to improve detection solutions, thereby mitigating the risks associated 
with personalized medications. This approach enhances treatment efficacy and safety, bolstering consumer confidence in 
personalized medicine. MDI Health, a leader in high-level diagnostics, exemplifies this trend, having secured significant 
investments to expand its diagnostic capabilities. However, choosing a high-level diagnostic partner comes with 
increased costs. Drug manufacturers collaborating with these advanced firms incur higher expenses than those partnering 
with lower-tier diagnostic companies. Moreover, personalized medicine’s need for thorough risk analysis for each patient 
adds to the financial burden for drug manufacturers. This increase in costs and its implications for the industry are 
discussed in the context of personalized medicine’s market dynamics and investment costs.16 Given the aforementioned 
circumstances, the strategic decision regarding the choice of diagnostic firms to partner with is pivotal for drug 
manufacturers. They must consider the technological capabilities and cost structures of these diagnostic firms, as 
inefficiencies in these areas can significantly affect the feasibility of developing diagnostic tests. This leads us to the 
pertinent research question of this study: What is the drug manufacturer’s optimal diagnostic test choices, ie, whether the 
drug manufacturer should partner with the low-level or high-level diagnostic firm considering the risks and costs of 
personalized medicine? This question is central to understanding the balance between risk management and cost 
efficiency in the domain of personalized medicine.

Moreover, in numerous countries, the pricing of drugs and diagnostic tests in personalized medicine is under 
government regulation. For instance, in the United Kingdom, the cost of branded health service medicines is controlled 
through statutory schemes and agreements like the Branded Health Service Medicines (Costs) Regulations 2018 and the 
2019 voluntary scheme for branded medicines pricing and access (VPAS). These schemes, aimed at controlling costs for 
the NHS, highlight the government’s role in pricing regulation within the healthcare sector. In contrast, markets like the 
United States allow pharmaceutical companies to set drug prices freely, leading to higher drug costs and sparking debate 
over pricing policies. Legal frameworks like these influence not only pricing decisions but also how accessible 
personalized medicines become, potentially affecting patient access and equity. The governmental regulation of prices 
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in personalized medicine has significant implications for drug manufacturers, particularly in terms of revenue manage-
ment. It directly influences their decision-making process regarding diagnostic test choices. For example, regulatory 
constraints in Europe might encourage manufacturers to partner with lower-tier diagnostic firms to maintain profitability, 
while in less regulated environments, they may opt for higher-level diagnostics to improve efficacy. However, the extent 
to which government pricing regulation affects the choice of a suitable diagnostic firm by drug manufacturers remains an 
uncharted territory. Additionally, the impact of such regulatory practices on overall social welfare and whether they 
hinder drug manufacturers from opting for high-level diagnostic tests is unclear. To bridge this gap, our study aims to 
develop analytical models for a comprehensive investigation of these aspects. The primary research questions guiding 
our research are: What is the drug manufacturer’s diagnostic test choices without and with the government’s regulated 
pricing? Should the government regulate the price of personalized medicine considering the drug manufacturer’s 
diagnostic test choice?

Previous research on personalized medicine has explored the revenue-sharing and cost-sharing contracts of pharma-
ceutical and diagnostic firms under regulated or free pharmaceutical pricing,17 as well as the strategic decisions 
pharmaceutical firms make in choosing diagnostic firms for collaboration.18 However, to the best of our knowledge, 
the interplay between the government’s regulated pricing decisions and the drug manufacturer’s diagnostic test choices in 
personalized medicine has not been thoroughly investigated. This study endeavors to fill this critical gap in the literature.

To address the above research questions, we formally develop a stylized analytical model and conduct a Stackelberg 
game-theoretic analysis. Specifically, we consider a personalized medicine market with a drug manufacturer, a low-level 
or a high-level diagnostic firm, and a government. The treatment of personalized medicine requires specialized drugs 
from the drug manufacturer and diagnostic tests from the diagnostic firm. The government decides whether to regulate 
the price of personalized medicine or not and the drug manufacturer chooses to partner with the low-level or high-level 
diagnostic firm. When the government decides not to regulate pricing, the drug manufacturer sets the price of specialized 
drugs and the diagnostic firm sets the price of diagnostic tests sequentially. When the government decides to regulate 
pricing, the government sets the price of personalized medicine, which consists of the price of specialized drugs and 
diagnostic tests.

Model Description
We consider a personalized medicine market with a monopolistic drug manufacturer M, which partners with a low-level 
diagnostic firm LD or a high-level diagnostic firm HD.19 Patients purchase personalized medicine at a price that consists 
of the price of specialized drugs and the price of diagnostic tests, and the government may regulate this price. The 
decision that the government decides not to or decides to regulate pricing is denoted by N and R. L and H respectively 
represent that the drug manufacturer chooses to partner with the low-level or high-level diagnostic firm. The personalized 
medicine market is shown in Figure 1 and Table 1 shows the notations used in this study. There are some basic 
assumptions in this study, which are as follows.

1) The level of diagnostic test effort of the low-level diagnostic firm is dL and that of the high-level diagnostic firm is 
dH, where dL<dH. A higher level of diagnostic test effort means lower personalized medicine treatment failure 
probability. For ease of analysis, we assume dL=0 and dH=d (0 <d<1) without loss of generality.

2) The drug manufacturer needs to pay for partnering with the diagnostic firm that provides reliable drug manage-
ment. Since diagnostic tests require a comprehensive risk analysis, recommendation, and report on the effective-
ness of the specialized drug in treating each patient, the cost of diagnostic tests increases with higher demand for 
personalized medicine. Therefore, the unit fee paid by the drug manufacturer to the diagnostic firm is αd, which is 
related to the level of diagnostic test effort.

3) Assume that patients are risk-averse and their willingness-to-pay (WTP) for personalized medicine v is hetero-
geneous and uniformly distributed in the interval [0,1].

4) As describe in Lütkemeyer et al,17 the government is the Stackelberg leader and the drug manufacturer is follower 
in the market. After the government makes the regulated pricing decisions, the drug manufacturer makes the 
diagnostic test choices.
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In practice, the treatment of personalized medicine may result in specialized drug-related risks. Following Bhattacharya et al,20 

we denote the personalized medicine treatment failure probability without diagnostic test as φ, while the treatment success 
probability as 1-φ, which are known to firms and patients based on industry experience. The drug manufacturer chooses low-level 
or high-level diagnostic firms when selling personalized medicine to patients. If the drug manufacturer chooses the low-level 
diagnostic firm, the personalized medicine treatment failure probability is reduced to (1-dL)φ. Accordingly, the personalized 
medicine treatment failure probability is reduced to (1-dH)φ if the drug manufacturer chooses the high-level diagnostic firm.

As mentioned in Section 1, the prices of personalized medicine may be regulated by the government. When the 
government decides not to regulate the prices, the drug manufacturer and the diagnostic firm can freely set the prices to 
maximize their profits. In this case, the drug manufacturer decides the price of specialized drugs PM. first and the 
diagnostic firm decides the price of diagnostic tests piD i 2 L;Hf gð Þ later.18 When the government decides to regulate the 
prices, the government will set the total price of specialized drugs and diagnostic tests to maximize social welfare. We 
denote the total price decided by the government as p and pM=rp, PiD=(1-r)p, where r is the proportion of the price of 
specialized drugs in regulated pricing.

Figure 1 The personalized medicine market.
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When patients decide whether to purchase personalized medicine, they will consider the probability of personalized 
medicine treatment failure. We denote the negative effect of the treatment failure probability on patients’ utilities as γφ, 
where γ is patients’ sensitivity to treatment failure in personalized medicine. Since the personalized medicine treatment 
failure probability is reduced to (1-d)φ. In the case that the drug manufacturer chooses to partner with the high-level 
diagnostic firm, the negative effect of the treatment failure probability on patients’ utilities becomes (1-d)φ. Also, patients 
will consider the price of personalized medicine, which is combined with the price of specialized drugs and the price of 
diagnostic tests. Therefore, when patients make purchasing decisions in the case that the drug manufacturer chooses to 
partner with the low-level diagnostic firm, their utilities (i 2 N ;Rf g) are

Similarly, when patients make purchasing decisions in the case that the drug manufacturer chooses to partner with the 
high-level diagnostic firm, their utilities (i 2 N ;Rf g) are

Based on patients’ utilities, the demand for personalized medicine when the drug manufacturer chooses to partner with the 
low and high-level diagnostic firm are q ¼ 1 � γφþ pM þ pLDð Þð Þ and q ¼ 1 � γ 1 � dð Þφþ pM þ pHDð Þð Þ, respectively. 
Since the success rate of personalized medicine treatment is 1-φ when the drug manufacturer partners with a low-level 
diagnostic firm, both the drug manufacturer and the diagnostic firm earn profits of PMq and pLDq, respectively, with probability 
1-φ. Conversely, if the treatment fails, neither the drug manufacturer nor the diagnostic firm can generate any profit, occurring 
with probability. Therefore, the expected profit of the drug manufacturer is 1 � φð Þ � pM qþ φ� 0, and the expected profit of 
the low-level diagnostic firm is 1 � φð Þ � pLDqþ φ� 0. The expected profits of the drug manufacturer and the low-level 
diagnostic firm, patients’ consumer surplus and social welfare in this case (i 2 N ;Rf g) are

Table 1 Summary of Notations

Notation Description

ν Patients’ willingness to pay for personalized medicine
γ Patients’ sensitivity to treatment failure in personalized medicine

φ The probability of personalized medicine treatment failure

d The level of diagnostic test effort of the diagnostic firm
α The unit cost coefficient of the diagnostic test effort

r The proportion of the price of specialized drugs in regulated pricing

pM The price of specialized drugs
pid The price of low or high-level firm’s diagnostic tests, where i 2 L;Hf g

q The demand for the personalized medicine
�i The drug manufacturer’s or the diagnostic firm’s profit, where i 2 M;LD;HDf g

CS Patients’ consumer surplus

SW Social welfare
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Similarly, with the probability of personalized medicine treatment success 1-((1-d)φ) when the drug manufacturer 
chooses to partner with the high-level diagnostic firm, the expected profits of the drug manufacturer and the high-level 
diagnostic firm, patients’ consumer surplus and social welfare in this case (i 2 N ;Rf g) are

We study a three-stage game without information asymmetry between the firms and the government. Following 
Lütkemeyer et al,17 we set the time sequence of the game, as shown in Figure 2. In the first stage, the government decides 
whether to regulate the price of personalized medicine or not. In the second stage, the drug manufacturer chooses the 
low-level or high-level diagnostic firm to partner with. In the third stage, if the government decides not to regulate 
pricing, the drug manufacturer sets the price of specialized drugs first and the diagnostic firm sets the price of diagnostic 
tests later; if the government decides to regulate pricing, the government sets the total price of specialized drugs and 
diagnostic tests.

Discussion
In this section, we explore the equilibrium outcomes in each case considering the government’s regulated pricing decisions 
and the drug manufacturer’s diagnostic test choices. The proofs of analysis are all in the Supplementary Appendix.

No regulated pricing
We first investigate the case that the government decides not to regulate pricing and the drug manufacturer chooses to 
partner with the low-level diagnostic firm. We solve this game by backward induction. By maximizing the drug 
manufacturer and the low-level diagnostic firm’s profits, Proposition 1 presents the optimal price of specialized drugs 
and diagnostic tests set by the drug manufacturer and the diagnostic firm.

Proposition 1. In Case NL, we have pNL�
M ¼ 1

2 1 � γφð Þ and pNL�
M ¼ 1

4 1 � γφð Þ.

In this case, to guarantee positive demand and prices, and guarantee that the drug manufacturer’s and the diagnostic 
firm’s profits are concave in the decision variables, we assume that 0<γ< 1

φ .

Figure 2 The sequence of the game.
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Next, we investigate the case in which the government decides not to regulate pricing and the drug manufacturer 
chooses to partner with the high-level diagnostic firm. Proposition 2 presents the optimal price of specialized drugs and 
diagnostic tests set by the drug manufacturer and the diagnostic firm.

Proposition 2. In Case NH, we have pNH�
HD ¼

1
2 1 � 2dα � 1 � dð Þγφð Þ and pNH�

HD ¼
1
4 1 � 4dα � 1 � dð Þγφð Þ.

In this case, to guarantee positive demand and prices and guarantee that the drug manufacturer’s and the diagnostic 
firm’s profits are concave in the decision variables, we assume that 0 < α < 1

4d and 0 < γ < 1� 4dα
φ� dφ .

We here compare the equilibrium outcomes of the drug manufacturer partnering with the low-level diagnostic firm 
with the outcomes of partnering with the high-level diagnostic firm. We aim to explore how the drug manufacturer’s 
diagnostic test choices affects the equilibrium outcomes. Theorem 1 presents the impact of the drug manufacturer’s 
diagnostic test choices on the price of specialized drugs and the demand for personalized medicine.

Theorem 1. (i) pNL�
M < pNH�

M ; (ii) qNL�< qNH�.

Theorem 1 shows that if the government decides not to regulate pricing, the drug manufacturer partnering with the 
high-level diagnostic firm results in a higher optimal price of specialized drugs and the demand for personalized medicine 
compared to partnering with the low-level diagnostic firm. This outcome is attributed to the pivotal role of diagnostic test 
efforts in mitigating personalized medicine treatment failure probabilities. Opting for a high-level diagnostic firm, 
characterized by a more comprehensive risk analysis, enhances treatment success probabilities, thereby reducing the 
perceived risks for risk-averse patients. Consequently, patients are more inclined to purchase personalized medicine, 
driving demand. Management implications stem from the insight that drug manufacturers should strategically align with 
high-level diagnostic companies to optimize prices and foster demand in an unregulated pricing scenario. This under-
scores the significance of investing in advanced diagnostic capabilities for drug manufacturers and encourages collabora-
tion between stakeholders to collectively enhance the value proposition of personalized medicine in the absence of 
government intervention.

Based on the above analysis of prices and demand, we next examine how the drug manufacturer’s diagnostic test 
choices affects the drug manufacturer’s profit, consumer surplus, and social welfare.

Theorem 2. (i) �NL�
M < �NH�

M ; (ii) CSNL�< CSNH�; (iii) SWNL�< SWNH�.

Our study’s finding under Theorem 2 (i) highlights a critical aspect of the pharmaceutical industry’s strategic 
decision-making in the context of personalized medicine. Notably, we discover that, in the absence of the government’s 
regulated pricing, the drug manufacturer’s collaboration with the high-level diagnostic firm is invariably more profitable 
than partnering with the low-level diagnostic firm. The result indicates that the drug manufacturer should choose to 
partner with the high-level diagnostic firm without the government’s regulated pricing. This advantage persists even 
when considering the potentially higher costs associated with such a partnership. The underlying reason for this 
phenomenon lies in the greater autonomy in pricing specialized drugs that the drug manufacturer enjoys without 
government intervention. This pricing flexibility allows for more effective revenue management, thereby compensating 
for the higher costs of partnering with the high-level diagnostic firm. These findings have profound implications for drug 
manufacturers, suggesting a strategic shift towards collaborations with high-level diagnostic firms to maximize profits in 
an unregulated market. This strategy not only aligns with the financial goals of the drug manufacturers but also 
potentially enhances the quality and effectiveness of personalized medicine, fostering a more robust healthcare 
ecosystem.

Further, Theorem 2 (ii) and (iii) reveal that the drug manufacturer partnering with the high-level diagnostic firm 
without the government’s regulated pricing generates higher consumer surplus and social welfare compared to partnering 
with the low-level diagnostic firm. This outcome is primarily attributed to the ability of high-level diagnostic tests to 
significantly reduce the personalized medicine treatment failure probability, thereby enhancing patient outcomes and 
satisfaction. Consequently, the heightened consumer surplus denotes the substantial benefit accruing to patients, who are 
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inherently risk-averse in their decision-making. Simultaneously, the broader societal gains, encapsulated by social 
welfare, underscore the positive impact of improved patient outcomes on the government. This insight holds critical 
implications for management decisions, signaling that prioritizing partnerships with high-level diagnostic firms aligns not 
only with enhanced patient well-being but also with maximizing societal welfare. Moreover, this underscores the 
importance of policy considerations, as the government’s regulated pricing may inadvertently impede the optimization 
of patient and societal benefits in the personalized medicine landscape. As diagnostic tests play a pivotal role in 
mitigating specialized drug-related risks, their integration at a high level warrants strategic attention, both from 
a healthcare management perspective and a policy standpoint.

To clearly illustrate our findings in the above theorems, we numerically analyze the effect of the drug manufacturer’s 
diagnostic test choices on the price of specialized drugs, the demand for personalized medicine, the drug manufacturer’s 
profit, consumer surplus, and social welfare by assuming φ=0.3, and d=0.5 α=0.3. The variable difference is used to 
describe the comparison of the two cases. We denote ΔpN�

M ¼ pNH�
M � pNL�

M , ΔqN� ¼ qNH� � qNL�, Δ�N�
M ¼ �NH�

M � �NL�
M , 

ΔCSN� ¼ CSNH� � CSNL�, and ΔSWN� ¼ SWNH� � SWNL�. Figure 3 shows the trends of the variable differences with 
respect to patients’ sensitivity to treatment failure in personalized medicine.

Regulated pricing
We then study the case in which the government decides to regulate pricing and the drug manufacturer chooses to partner 
with the low-level diagnostic firm. By maximizing social welfare, Proposition 3 shows the optimal price of specialized 
drugs and diagnostic tests set in line with a proportion by the government.

Proposition 3. In Case RL, we have pRL�
M ¼

rφ γφ� 1ð Þ

1� 2φ and pRL�
LD ¼

1� rð Þφ γφ� 1ð Þ

1� 2φ .

In this case, to guarantee positive demand and prices and guarantee that social welfare is concave in the decision 
variables, we assume that 0 < φ < 1

2 and 0 < γ < 1
φ .

Figure 3 Trends of ΔpN�
M , ΔqN� , Δ�N�

M , ΔCSN� , and ΔSWN� with respect to y.
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We finally study the case in which the government decides to regulate pricing and the drug manufacturer chooses to 
partner with the high-level diagnostic firm. By maximizing social welfare, Proposition 4 shows the optimal price of 
specialized drugs and diagnostic tests set in line with a proportion by the government.

Proposition 4. In Case RH, we have pRH�
M ¼

1� dð Þrφ 1� dð Þγφ� 1ð Þ

1� 2 1� dð Þφ and pRH�
HD ¼

1� dð Þ 1� rð Þφ 1� dð Þγφ� 1ð Þ

1� 2 1� dð Þφ :

In this case, to guarantee positive demand and prices and guarantee that social welfare is concave in the decision 
variables, we assume that 0<φ< 1

2 and. 0<γ< 1
φ� dφ

We here compare the equilibrium outcomes of the drug manufacturer partnering with the low-level diagnostic firm 
with the outcomes of partnering with the high-level diagnostic firm according to the above results. We aim to explore 
how the drug manufacturer’s diagnostic test choices affect the equilibrium outcomes with the government’s regulated 
pricing. Theorem 3 analyzes the impact of the drug manufacturer’s diagnostic test choices on the price of specialized 
drugs and the demand for personalized medicine.

Theorem 3. (i) pRL�
M < pRH�

M if γ< γ1; otherwise, pRL�
M > pRH�

M . (ii) qRL� < qRH� if γ > γ2; otherwise, qRL� > qRH�.

Theorem 3 (i) shows that with the government’s regulated pricing, the drug manufacturer partnering with the high- 
level diagnostic firm generates a higher optimal price of specialized drugs compared to partnering with the low-level 
diagnostic firm, only if patients’ sensitivity to treatment failure in personalized medicine is sufficiently low; otherwise, it 
generates a lower price. This finding reveals that the government’s regulated pricing decisions affect the optimal price of 
specialized drugs differently depending on the level of diagnostic test effort and patients’ sensitivity to treatment failure 
in personalized medicine. When patients are less sensitive to treatment failure, partnering with the high-level diagnostic 
firm reduces the perceived risk of personalized medicine, thereby increasing patients’ willingness to pay and allowing the 
drug manufacturer to charge a higher price. However, when patients are more sensitive to treatment failure, partnering 
with the high-level diagnostic firm increases the cost of diagnostic tests, which outweighs the benefit of lower treatment 
failure probability and forces the drug manufacturer to lower the price to maintain demand. This finding implies that the 
government should consider the trade-off between diagnostic test effort and treatment failure probability when setting the 
regulated price of personalized medicine and also take into account the heterogeneity of patients’ risk preferences and 
valuations.

Also, Theorem 3 (ii) shows that with the government’s regulated pricing, the drug manufacturer partnering with the 
high-level diagnostic firm generates a higher demand for personalized medicine compared to partnering with the low- 
level diagnostic firm, only if patients’ sensitivity to treatment failure in personalized medicine is sufficiently high; 
otherwise, it generates a lower demand. This finding underscores the pivotal role of diagnostic firm selection in 
influencing patient demand, particularly in scenarios where treatment outcomes are of paramount concern. The heigh-
tened demand when aligned with a high-level diagnostic firm can be attributed to the associated reduction in personalized 
medicine treatment failure probability, a consequence of the rigorous diagnostic efforts. This insight carries substantial 
managerial implications, suggesting that drug manufacturers, in their strategic collaborations, should consider not only 
the cost implications but also the impact on patient demand, especially in a regulated pricing environment. Policymakers, 
too, are urged to acknowledge the intricate interplay between patient preferences and diagnostic strategies when 
formulating regulatory frameworks, as these factors critically shape the dynamics of demand in the personalized 
medicine landscape.

Based on the above results, we next examine how the drug manufacturer’s diagnostic test choices affect the drug 
manufacturer’s profit, consumer surplus, and social welfare with the government’s regulated pricing.

Theorem 4. (i) �RL�
M < �RH�

M if γ< γ3 and α < α1; otherwise, �RL�
M > �RH�

M : (ii) CSRL� < CSRH� if γ > γ2; otherwise, 
CSRL� > CSRH�: (iii) SWRL� < SWRH� if γ > γ4; otherwise, SWRL� > SWRH�:

Theorem 4 (i) reveals that if the government decides to regulate pricing, the drug manufacturer always earns a higher 
profit when partnering with the high-level diagnostic firm compared to partnering with the low-level diagnostic firm only 
if patients’ sensitivity to treatment failure in personalized medicine and the unit cost coefficient of the diagnostic test 
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effort are sufficiently low; otherwise, the drug manufacturer earns a lower profit. In our analysis of the drug manufac-
turer’s diagnostic test choices, we discerned a nuanced interplay between governmental regulation, diagnostic firm 
selection, and profit optimization for the drug manufacturer. This finding, particularly under the government’s regulated 
pricing, highlights the complex dynamics between market forces and regulatory interventions. When the government 
regulates prices to promote social welfare, a high-level diagnostic firm partnership becomes more profitable for the drug 
manufacturer, but only under certain conditions: notably when patients exhibit low sensitivity to treatment failure and 
when the cost coefficient of diagnostic test efforts remains sufficiently low. However, in cases where these conditions are 
not met, regulated pricing may reduce the incentive for manufacturers to invest in high-level partnerships, potentially 
hindering the efficiency of personalized medicine development. This outcome suggests a threshold effect in the strategic 
alliance between drug manufacturers and diagnostic firms. From a managerial perspective, this implies that drug 
manufacturers must carefully evaluate not only the capability of diagnostic firms but also the cost dynamics and patient 
perceptions regarding treatment efficacy. It underscores the need for a more holistic approach in decision-making, taking 
into account the interdependencies between patient attitudes, regulatory landscapes, and partnership strategies. For 
policymakers, the findings advocate for a balanced approach in price regulation, one that considers the unintended 
consequences on innovation and partnership dynamics in the healthcare sector. Such insights contribute to the broader 
discourse on the optimal design of healthcare systems, particularly in the burgeoning field of personalized medicine, 
where the alignment of economic incentives, patient welfare, and technological advancement remains a critical, yet 
challenging, endeavor.

Further, Theorem 4 (ii) and (iii) discuss the effects of the drug manufacturer’s diagnostic test choices on consumer surplus 
and social welfare in the government’s regulated pricing environment for personalized medicine. According to Theorem 4 (ii), 
consumer surplus is lower when partnering with the low-level diagnostic firm compared to the high-level firm if patients’ 
sensitivity to treatment failure is high, and vice versa. This finding suggests that high-level diagnostic partnerships can 
enhance consumer value, particularly when patients are highly sensitive to treatment outcomes. Theorem 4 (iii) follows 
a similar pattern for social welfare: it is lower with low-level diagnostic firm partnerships if patients’ sensitivity to treatment 
failure is high. This result implies that the choice of diagnostic firm has significant implications for overall societal health 
outcomes, especially in contexts where patient sensitivity to treatment failure is a major concern. These insights underline the 
importance of strategic diagnostic firm selection in the personalized medicine market, particularly under the government’s 
regulated pricing. For drug manufacturers, this means balancing the cost of partnering with higher-level diagnostic firms 
against the potential benefits in terms of increased consumer surplus and social welfare. From a policy perspective, these 
findings suggest that regulations should account for the nuanced effects of diagnostic test accuracy and patient sensitivity to 
treatment outcomes on the market dynamics of personalized medicine. Such considerations are vital for optimizing patient and 
societal benefits in the healthcare sector.

To clearly illustrate our findings in the above theorems, we numerically analyze the effect of the drug manufacturer’s 
diagnostic test choices on the price of specialized drugs, the demand for personalized medicine, the drug manufacturer’s profit, 
consumer surplus, and social welfare by assuming φ=0.3, d=0.5, α=0.3, and r=0.7. The variable difference is used to describe 
the comparison of the two cases. We denote. ΔpR�

M ¼ pRH�
M � pRL�

M , ΔqR� ¼ qRH� � qRL�, Δ�R�
M ¼ �RH�

M � �RL�
M , 

ΔCSR� ¼ CSRH� � CSRL�, and ΔSWR� ¼ SWRH� � SWRL� Figure 4 shows the trends of the variable differences with respect 
to patients’ sensitivity to treatment failure in personalized medicine.

Government’s regulated pricing decision
This section delves into the critical analysis of whether the government should regulate pricing in the realm of 
personalized drugs. We willexamine the consequences of such a decision on market dynamics, healthcare accessibility, 
and innovation in personalized medicine. The discussion emphasizes the need to balance economic feasibility for 
producers with affordability for consumers, highlighting the importance of government intervention in shaping 
a sustainable and equitable healthcare landscape. The significance of this analysis is underscored by the growing 
prominence of personalized medicine and its potential impact on future healthcare policies. We use backward induction 
to derive the government’s regulated pricing decisions based on the conditions of the drug manufacturer’s diagnostic test 
choices.
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Theorem 5. The government should adopt regulated pricing if and only if γ<γ5, α<α2and r>r1; otherwise, the 
government should not adopt regulated pricing.

Theorem 5 finds that the government should adopt regulated pricing if and only if patients’ sensitivity to treatment failure 
in personalized medicine and the unit cost coefficient of the diagnostic test effort are sufficiently low, and the proportion of 
the price of specialized drugs in regulated pricing is sufficiently high; otherwise, the government should not adopt regulated 
pricing. The result emphasizes the delicate balance that needs to be maintained in the personalized medicine market. This 
balance pertains to the economic feasibility for producers and the affordability for consumers, highlighting the role of 
government intervention in creating a sustainable and equitable healthcare landscape, especially given the increasing 
importance of personalized medicine. The rationale behind this result is grounded in the dynamics of market forces and 
the impact of government regulation on these forces. When patients’ sensitivity and the unit cost coefficient are low, it 
implies that patients are less sensitive to treatment failure, and the costs of diagnostic efforts are manageable. In such 
a scenario, regulating prices can help in ensuring affordability without significantly compromising the economic incentives 
for drug manufacturers and diagnostic firms. On the other hand, when patients’ sensitivity is high, patients are more sensitive 
to treatment failures, and a higher unit cost coefficient indicates a higher cost for diagnostic efforts. Finally, a high proportion 
of the drug price in the regulated scenario suggests that the government’s intervention primarily affects the drug price rather 
than diagnostic costs, which could be more acceptable for stakeholders while still managing overall treatment costs 
effectively. Under these conditions, regulated pricing could potentially lead to reduced innovation and accessibility in the 
personalized medicine market, as the economic viability for producers might be compromised. Therefore, our finding 
suggests that in such situations, the government should refrain from regulating prices to maintain a healthy balance between 
innovation, accessibility, and affordability in the personalized medicine landscape.

The results in Theorem 5 provide important implications for policymakers. The decision to regulate prices is not just 
an economic calculation but also a strategic one, considering the long-term implications for healthcare accessibility and 
innovation in personalized medicine. Lower patient sensitivity to treatment failure and lower diagnostic test costs suggest 
a market environment where producers can sustain profitability while maintaining reasonable prices for consumers, 

Figure 4 Trends of, ΔpR�
M , ΔqR� , Δ�R�

M , ΔCSR�and ΔSWR� with respect to y.
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making government intervention through price regulation a viable strategy to ensure affordability. However, if these 
conditions are not met, regulated pricing may impede market dynamics, potentially stifling innovation and reducing 
accessibility due to decreased economic incentives for producers. The implications of Theorem 5 are significant in the 
evolving landscape of personalized medicine, highlighting the need for government policies to be dynamically attuned to 
market conditions and patient sensitivities to ensure a sustainable and equitable healthcare ecosystem.

Conclusions
In this study, we conducted a detailed investigation into the interplay between the government’s regulated pricing 
decisions and the drug manufacturer’s diagnostic test choices in the field of personalized medicine. Motivated by the 
need to balance economic feasibility and healthcare efficacy, our research delved into the pivotal question of whether and 
how government intervention in pricing could influence the strategic decisions of pharmaceutical companies, particularly 
in choosing between low-level and high-level diagnostic firms. To systematically analyze these interactions, we devel-
oped a stylized analytical model that employed game-theoretic principles, providing a nuanced view of the market forces 
at play. Our model not only offered insights into the economic implications of these decisions but also shed light on the 
potential impact on healthcare outcomes and social welfare.

Our study yields several critical findings regarding the interplay between the government’s regulated pricing decisions 
and drug manufacturers’ diagnostic test choices in the realm of personalized medicine. First, when the government does 
not regulate the price of personalized medicine, it is advantageous for drug manufacturers to partner with high-level 
diagnostic firms. This choice consistently enhances consumer surplus and social welfare. Second, in scenarios where the 
government regulates the price of personalized medicine, the decision of drug manufacturers to partner with a high-level 
diagnostic firm is contingent upon specific conditions. These include a low sensitivity of patients to treatment failure and 
a low unit cost coefficient of the diagnostic test effort. Such a partnership is beneficial for consumer surplus and social 
welfare, especially when patients’ sensitivity to treatment failure is high. Furthermore, it is evident that the government’s 
regulated pricing weakens the motivation of drug manufacturers to choose high-level diagnostic firms, potentially 
impeding the efficiency of personalized medicine development. The government’s decision to regulate prices is 
influenced by three key parameters: patients’ sensitivity to treatment failure, the unit cost coefficient of the diagnostic 
test effort, and the proportion of the price of specialized drugs in the regulated pricing. The government is more likely to 
regulate the price of personalized medicine when patients’ sensitivity to treatment failure and the unit cost coefficient of 
the diagnostic test effort are low, and when the proportion of the price of specialized drugs in regulated pricing is 
considered. Conversely, the absence of these conditions leads to a non-regulation stance by the government. This 
nuanced approach to pricing regulation reflects a complex balancing act, seeking to optimize outcomes for all stake-
holders in the personalized medicine landscape.

This research underscores the critical role of legal frameworks in shaping the personalized medicine industry. The 
findings reveal that the absence of the government’s regulated pricing incentivizes drug manufacturers to collaborate with 
high-level diagnostic firms, leading to enhanced consumer surplus and social welfare. However, when the government 
intervenes with price regulation, this choice becomes contingent upon specific conditions, such as patient sensitivity to 
treatment failure and the cost-effectiveness of diagnostic efforts. Legally, these insights suggest the need for nuanced 
regulatory policies that balance the interests of all stakeholders—patients, manufacturers, and diagnostic firms. 
Specifically, the government should consider flexible pricing models that incentivize innovation while ensuring afford-
able access to treatments for patients. Such policies could promote equitable outcomes without stifling advancements in 
diagnostics or creating undue financial burdens on healthcare systems. From a managerial perspective, these findings 
emphasize the importance of strategic decision-making in response to varying legal environments. Drug manufacturers 
must navigate these regulations skillfully, aligning their partnership strategies with the legal context to optimize both 
economic and healthcare outcomes. Thus, legal considerations are integral to the effective management of personalized 
medicine, ensuring that regulatory frameworks support innovation while safeguarding patient interests and social welfare.

Our study opens up several avenues for future research. First, while our model provides a nuanced understanding of 
market dynamics, it simplifies complex real-world interactions, which could be further explored through more compre-
hensive models incorporating additional variables and scenarios. Future research could expand on this by integrating 
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more real-world complexities and variables, enhancing the model’s applicability and robustness. Second, our focus on 
game-theoretic principles and economic feasibility might have overlooked certain ethical and policy implications 
inherent in personalized medicine and healthcare decision-making. Future studies should delve into these aspects, 
examining the ethical and policy dimensions of government interventions and pricing strategies. Finally, our research 
points to the critical role of patient preferences and sensitivity in driving government and industry decisions. Future 
research endeavors could benefit from a deeper exploration of patient-centric approaches, analyzing how varying patient 
profiles and preferences impact strategic decisions in personalized medicine. This line of inquiry could lead to more 
patient-focused strategies and policies, ultimately contributing to more effective and equitable healthcare outcomes.
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