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Case Abstract 

The increasing convergence of quantum computing and artificial intelligence (AI) in health 
technology innovation is examined in this case study. The study explores how quantum 
computing is being positioned as a supplementary capability to AI in addressing intricate, 
data-intensive healthcare concerns, drawing on secondary sources. Quantum computing has 
potential benefits in optimization, molecular simulation, and high-dimensional data 
processing, yet AI still dominates clinical decision support, imaging, and predictive analytics. 
The case examines how AI–quantum integration may improve the speed, accuracy, and 
scalability of health technology solutions through institutional and industry-led efforts. To 
assess technology preparedness, ecosystem collaboration, and governance considerations, 
the study takes an innovation and systems viewpoint. The focus of the case is discussion on a 
suitable balance between prospective clinical benefits and related hazards in the face of 
uncertainty around quantum maturity, high prices, and skill gaps. The scope also includes 
identifying healthcare sub-domains where AI–quantum integration is currently possible, such 
as drug discovery, precision medicine, health operations, system optimization, medical 
imaging etc. Analyzing the ethical, legal, and data governance issues that could influence 
responsible adoption in line with both public interest and innovation goals shall remain a 
critical concern to address. 

Background 

Over the past few decades, technology has been at the forefront when discussing the future of any 
domain, whether be it retail, banking, manufacturing, hospitality, etc., with healthcare being no 
exception. Information technology has been transforming the globe at an astounding rate. Digital 
Health has become a buzzword today which signified the nexus of latest technologies in healthcare to 
support data-driven decision making for the patients’ well-being. The first documented use of 
telemedicine, the use of electronic communication for medical purpose dates to 1897. Digital health 
saw its development phase from 1950 to 1999, where advances like DNA sequencing, artificial organs, 
and ultrasound imaging extended digital health beyond telemedicine to encompass roles in diagnosis 
and treatment. The development of digital communication in healthcare was accelerated by the 
emergence of professional associations in the 1980s and 1990s such as the International Medical 
Informatics Association, the American Telemedicine Association, and the European Health Telematics 
Association (EHTEL). The early 2000s saw a shift towards digitization, aided by growing internet 
adoption and with the emergence of new subfields such as mHealth (mobile health), eHealth 
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(electronic health), and personalized health. Companies in Digital therapeutics that used digital 
technologies to treat medical disorders became popular around 2005. The invention of Fitbit in 2007 
signaled the rise of consumer health wearables, bring digital health to every household. In 2017, the 
US Food and Drug Administration (FDA) established the Digital Health Unit to promote digital health 
technology, which marked a significant milestone. Investments in digital health increased by more than 
two-fold, $4.1B in 2014 to $9.4B in 2020, making it central to healthcare innovation. The COVID-19 
pandemic in 2019 paved the way for the rise of adoption of digital health systems globally.  

Early advances in Artificial Intelligence (AI) focused on enabling machines to mimic human decision-
making and actions, with milestones such as the first robotic arm in 1955, ELIZA in 1964 - an early 
chatbot simulating therapeutic dialogue, and Shakey, the first robot capable of interpreting and 
executing human instructions, demonstrating AI’s practical feasibility beyond theory. AI’s medical 
applications gained traction in the 1970s with systems such as INTERNIST-1, which supported clinical 
diagnosis and signaled a shift towards AI as a decision-support tool in healthcare. This was followed 
by influential systems such as MYCIN for antibiotic selection and DXplain for diagnostic assistance and 
medical knowledge access. The modern era of AI began in the early 2000s with advances in computing 
power and data processing, as demonstrated by IBM’s Watson, whose natural language and reasoning 
capabilities expanded AI’s role from symptom-based diagnosis to complex biomedical discovery and 
patient-facing support tools, indicating AI’s growing integration across the healthcare continuum. 
Today, AI is used in advancing personalization in medicine, drug discovery, virtual assistance, 
diagnostics, scheduling, predictive analytics in streamlining operations and many more. Among the 
critical challenges with responsible AI-integration in healthcare lies in data governance and ethical 
considerations including privacy related to patient information, handling of data bias and ensuring the 
human-in-the-loop. Traditional computing methods are frequently limited by their linear scaling and 
processing capabilities, making it difficult to handle and evaluate healthcare datasets that are 
developing at an exponential rate. Quantum computing, conceptually that emerged in 1980s, lauded 
for its ability to analyze big datasets significantly more efficiently than classical computers, could be a 
pivotal answer to these difficulties. While still in the early stages with its penetration in the healthcare 
sector, as early as 2021, the real-world implementations of quantum computing in healthcare are 
emerging. The future will be the AI-Quantum synergy manifesting unparalleled precisions, efficiency, 
and high-level system value, integrated with path-breaking research and innovation in healthcare. 
Quantum maturity, high prices, infrastructure requirements, ethical, legal, and data governance issues 
will remain critical areas to be addressed.   

AI in Healthcare 

Healthcare has been one of the most data-rich sectors, and as per the World Economic Forum report, 
the global healthcare industry had generated approximately 2.3 zettabytes of data by 2020. The digital 
initiatives, growing Electronic Health Records (EHR), advancement in AI technologies in Deep Learning, 
the need for accelerated drug development in therapeutics and building proactive than reactive health 
systems have resulted in the growing adoption of AI solutions in healthcare. AI systems are dynamic 
and autonomous, thereby enabling learning and adapting with the data continuum.  

AI applications are in several health sub-domains. Analysis of large volumes of patient data, lifestyle 
patterns and genomics, detection of patterns through machine learning algorithms have enabled 
prediction of likelihood of diseases in patients to detect early disease indicators and plan preventive 
strategies. Supervised learning algorithms play a key role in predictive analytics. Based on learning 
thousands of medical images, the algorithm detects disease incidence when newer images are shown. 
Repetitive tasks, maintaining clinical records, claims settlement, etc. are carried out through Robotic 
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Process Automation (RPA) to help clinicians utilize their time judiciously. Coordination of patient 
scheduling, patient information dissemination, and such other standard services are carried out using 
Chatbots powered by AI, bringing down the communication overload for clinicians. Conversational AI 
applications with sophisticated chatbots are also context-aware through Retrieval Augmented 
Generation (RAG) techniques, enhancing patient experience as they provide personalized support. AI-
powered wearables help generate and monitor data on a real-time basis, using which healthcare 
professionals will be able to provide remote monitoring including detection of anomalies.  

Menlo Ventures’ Research points to 22% implementation of domain-specific AI tools by healthcare 
organizations by 2025, which is still significantly low. A human-centric approach to identifying 
problems that need solution using AI techniques, piloting, integrating within existing workflows, 
applying tight feedback loops from stakeholders in improvising will augment AI-adoption. Statistical 
validity, establishing clinical and economic utility will further be drivers of adoption. Statistical 
validation is ensured through model performance checks, accuracy, reliability, and calibration. The 
algorithm must be tested in real-time environment, covering geographical and patient diversity to 
bring generalizability in results. Post deployment requires continuous monitoring for adverse events 
and necessary incorporation in the model based on stakeholder feedback. AI is here to stay and grow 
in the upcoming times. Exhibit 1 outlines the short-medium and long-term areas of potential evolution 
of AI technologies. Key challenges in AI implementation will be in the data quality and access, technical 
infrastructure, organizational capacity, explainability, adherence to regulations and following of ethical 
and responsible practices. 

Quantum Computing: An Emerging Capability 

While traditional computing is deterministic, and is quantified by 0 and 1 or bits, quantum computing 
is probabilistic, characterized by qubits, with a continuous probability of being between 0 and 1, 
potentially having the scope to store and process much more information. It adopts a parallel than a 
sequential approach in computing, accelerating the computational speed. At the core of quantum are 
qubits that can exist simultaneously in multiple states due to superposition enabling quantum 
computers to perform many several calculations at once. Computation power has only fast-tracked 
data processing and analysis to support higher accuracy in real-time decision making. With quantum 
computing picking up, developers are creating quantum machine learning algorithmic techniques to 
handle large volumes of data at unprecedented speed. There are several exciting uses for quantum 
computing in the medical field. By analyzing big datasets quickly, it can help with precision medicine 
and precise diagnosis, allowing for early disease detection and individualized therapies. By using 
sophisticated machine learning and simulated atomic models, it improves drug discovery and 
biochemical research. Furthermore, supply chains may be optimized, expenses can be decreased, 
fraud detection can be improved, and data security can be strengthened using sophisticated 
encryption techniques.  

Convergence of AI and Quantum Technologies 

Quantum is changing the frontiers of the health ecosystem. The complexity of health data, 
multidisciplinary and multimodal investigation of disease trajectories, scale, and pace of executing 
research by processing big data at enterprise levels necessitates a quantum-integrated approach to AI 
models and algorithms. Quoting some significant works integrated with industry such as Cleveland’s 
partnered work with IBM in Therapeutics for drug discovery against diseases like COVID using Bayesian 
optimization-prioritized simulation; advanced AI models to analyze the impact of anti-inflammatory 
drugs on seizure recurrence in epilepsy patients; multi-modal analytics tools to optimize human 
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genome sequencing. The landmark ten-year partnership entered in 2021 by them paved the way for 
such state-of-the-art research. Exhibit 2 depicts potential areas of capabilities where quantum-
integrated approach will overcome classical AI related challenges in several sub-domains of healthcare.  

Quantum is particularly gaining high traction in drug discovery acceleration, operational optimization, 
precision diagnostics, and trusted data infrastructure. While AI is used in drug discovery, it still lacks 
identifying early disease markers, which can be bridged through quantum-integrated algorithms 
through its high-level simulation power. Quantum technologies are classified broadly into quantum 
computing, quantum sensing and quantum communication. Quantum computing uses entanglement 
and superposition to model complicated biological systems, speed up structure-based drug creation, 
mimic molecular characteristics, and interactions, and optimize computationally difficult processes, 
which is not in the realm of AI. Quantum sensors have capabilities to advance neurological mapping, 
and pharmaceutical manufacturing by enabling ultra-sensitive imaging and diagnostics through the 
measurement of minute magnetic and bioelectric fields in vivo. Through Quantum Key Distribution 
(QKD) and Quantum Random Number Generators (QRNGs), quantum communications provide 
protection based on both algorithms and the rules of physics, protecting sensitive health data and 
clinical infrastructure. While quantum pushes the limits of science and computation, AI fortifies the 
digital and operational underpinnings of healthcare. Early detection, more accurate treatments, robust 
data infrastructures, and new research capabilities will all be made possible by their integration. 

To drive quantum innovation, the health ecosystem outlines three broad roles – Creators, Deliverers 
and Enablers. Pharmaceutical labs, pharma companies, genetics research institutes, biotech firms, 
diagnostics providers, and technology start-ups will play the role of ‘Creators’ as the originators of 
biomedical breakthroughs. Hospitals, clinics, medical device providers, payer-provider networks, and 
pharmacy chains will be the ‘Deliverers,’ instrumental in turning innovation into tangible health 
outcomes, right at the frontline of patient care. The ‘Enablers’ comprising of regulatory authorities, 
standard setters, global and national health agencies, technology, and infrastructure providers such as 
the IT networks, security, hyperscalers, High Performance Computing (HPC) centers will be at the helm 
of setting fast track approvals for digital health tools, standardize frameworks for data interoperability, 
to shape how new technologies are adopted and scaled.  

The maturity levels of quantum applications are very different, with use case applications in the phase 
of commercial readiness within 2 years, prototype readiness in 3 to 5 years, experimental readiness in 
6 to 10 years and theoretical readiness in a timeline requiring more than 10 years. Let us analyze 
maturity levels for use cases in the Creator-segment of this ecosystem. Quantum technologies in the 
biomedical space, particularly sensors have seen active Research-Use-Only (RUO) deployments and 
have demonstrated commercial readiness. Their integration in existing workflows will be the next 
steps. With prototype readiness and academic validation in place are several use cases in molecular 
dynamics simulations, mRNA secondary structure prediction which require targeted pilots in 
collaboration with pharma companies and validation standards set by regulators to make it actionable. 
Use cases in protein folding prediction and photodynamic property modelling are in the experimental 
phase, demonstrating technical feasibility but not enterprise-ready yet, which require joint academic 
and industry research to validate performance on real data. Use cases such as biological simulation of 
treatment responses are theoretical at present, but would seek investment in exploratory research to 
research on future capabilities. With respect to the Deliverers-segment, Magnetocardiography (MCG) 
for cardiac imaging, operating room block scheduling are among applications that have already seen 
commercial and early clinical use in the US hospitals. Quantum biomarker algorithms, quantum-secure 
hospital data links are among key examples in the prototype phase which require pilot launches in 
specific departments to monitor in real patient cohorts. In the experimental phase of readiness are 
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use cases such as quantum neural networks for surgical risk prediction, early lung cancer detection 
biomarkers using hybrid quantum classical biomarker modelling which seek development of hybrid 
workflows and regulatory compatibility for implementation. Building capacity for clinical validation by 
investing in protocols will support use cases that are in the continuum of quantum-secure healthcare 
networks that are currently in theoretical phase. Regulatory ambiguity is a roadblock that prevents the 
availability of cutting-edge technologies to promote better health systems. Maintaining momentum 
and building trust requires a strong ethical framework that balances innovation and patient safety. This 
shall be discussed elaborately in the upcoming section.  

Co-designed solutions involving research institutions, healthcare organizations, quantum developers, 
and industry is essential to accelerate quantum-led innovation and mitigate risks related to access, 
development, and deployment. Quantum-readiness can be possible only with combined efforts of all 
stakeholders particularly related to validation of quantum computing and sensing tools. Co-investment 
by governments and industry in secure infrastructure and talent development will build capabilities of 
adoption. Leadership alignment to support research priorities engrained in quantum-integrated 
approaches is critical. At the deployment levels, upgrading EHR exchanges, enabling QKD architectures 
for pharmacy systems, imaging transfers, etc. will enable protection of highly confidential clinical 
health workflows. By integrating quantum sensing and diagnostic decision support tools, operational 
efficiency can be achieved through cost reductions. Multiple public and private funded initiatives 
should be operationalized to unlock the value of quantum technologies through R&D. Further 
quantum capabilities need to be built with robust hybrid cloud infrastructure, supporting AI and high-
powered computing.   

Ethical, Governance, and Policy Considerations 

Ethical AI is about responsible integration of AI systems in all phases, starting from design - data input 
phase, development - model building phase, and deployment - implementing the model and 
measurement of performance. In the healthcare context the goal will be to promote patient well-
being, fairness, transparency, and accountability. Ethical AI implementation looks at addressing the 
following key aspects – bias and inequality, data privacy, and consent, explainability, human-in-the-
loop and regulatory challenges. An AI based-model was trained largely on data from US cancer 
patients, when it was deployed in China and a few other regions, it produced inaccurate treatment 
suggestions. Here localization is important coupled with human intervention. While the baseline 
characteristics of the disease may be similar, variation will be in location influence, on treatment 
adopted, genetics that respond to line of treatments, availability of certain drugs etc. A model when 
not trained with representation for diverse cohorts, leads to poor outcomes as the model has never 
learnt those features, resulting in inaccurate predictions. Therefore, bias can make treatments less 
effective for underrepresented populations. There have been several instances of privacy breach seen 
in healthcare. A global tech company accessed millions of patient records to develop an app without 
adequate patient consent or transparency and faced legal action. Some fitness tracking apps were 
found to share user health data with advertisers or third parties without informed consent. AI in 
healthcare depends on large datasets of sensitive patient information. Without proper consent, de-
identification, and storage safeguards, privacy violations can occur. The solution to privacy-
management is Federated Learning, where in AI models train on data from multiple hospitals or 
devices without sharing raw patient data, the learned patterns and model updates are shared ensuring 
privacy and prevention of data leaks. 

Deep learning systems, often act as ‘black boxes’ where there is output, but clearly no know-how of 
how or why it arrived at that decision. In healthcare, clinicians must be able to justify every medical 
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decision with clear reasoning. Lack of explainability can cause clinical hesitation, and reduced adoption 
by doctors. ‘Human-in-the-loop’ ensures that doctors and not machines make final healthcare 
decisions. AI should support, not replace clinical judgment. For example, when certain hospitals in the 
US used fully automated sepsis alert systems, false alarms sometimes overwhelmed clinicians. Systems 
like Johns Hopkins’ Sepsis Watch improved outcomes by ensuring nurses verified alerts before action. 
Although AI assists with precision in surgical robotics, a human surgeon always controls the final 
movement and response. Human oversight ensures accountability and patient safety. Regulatory 
framework in AI, whether globally or in Indian context are clearly fragmented. Implementation tends 
to rely on sectoral rules such as health data, medical devices etc., rather than a unified AI regulatory 
regime. AI that learns and adapts post-deployment creates regulatory challenges not fully addressed. 
Without clear laws, it is uncertain who is liable if AI makes a wrong diagnosis or harms a patient. 

 

In a nutshell, AI and quantum technologies have fragmented regulations creating governance 
complexities. There is a dire need for governance frameworks for ethical implementation of these 
technologies. AI-literate, quantum-aware healthcare professionals at leadership levels will be 
instrumental to enable their implementation. The interoperability gaps due to fragmented digital 
infrastructure can limit the scale of these technologies. Exhibit 3 details out the timelines of major AI 
regulations and governance frameworks.  

Regulatory foundations need to be established, foundational steps would be adoption of National 
Institute of Standards and Technology (NIST) - post-quantum cryptographic protocols across health IT 
baselines and procurement frameworks, launch of hospital-to-hospital QKD pilots to validate secure 
quantum communication in clinical contexts. Setting up of foundational governance and compliance 
runbooks to standardize early adoption is the key. Once pilots are proven in a timeframe of initial two 
years, scalability will be the next step. National alignment on QKD, post-quantum and HPC-integration 
standards across hospitals and agencies will be critical. Institutionalizing in the next seven to ten years 
will need development of cross-border data-sharing frameworks integrating quantum security for 
clinical and research exchange. It will necessitate certification and procurement rules with quantum-
secure standards. Governance frameworks enabling international coordination and oversight will be 
significant in achieving sustainable adoption of quantum technologies. One significant regulation is the 
Quantum Computing Cybersecurity Preparedness Act, a US federal law passed in December 2022 
which required developing a plan for migrating agency IT to post-quantum cryptography (PQC) to 
ensure organizations will be able to resist cyberattacks from advanced quantum computers. There is a 
need to formalize guidelines for healthcare organizations globally for transitioning to quantum-safe 
cryptographic solutions without disrupting the patient care.  

Looking Ahead 

In 2024, the World Health Organization (WHO) outlined a set of strategic priorities to govern the 
responsible integration of AI into healthcare systems. These priorities underline the importance of 
strong expert guidance and governance systems that meet ethical concerns, regulatory constraints, 
and accountability procedures. They also emphasize the significance of developing defined 
benchmarks, testing methodologies, and performance criteria to ensure that AI applications in 
healthcare are safe, dependable, and effective. Recognizing the human dimension of digital 
transformation, the emphasis is in investment in knowledge sharing and workforce development to 
create an AI-ready healthcare workforce. In parallel, applications-oriented, and evidence-based 
research was advocated to determine the real-world effectiveness, practicality, and impact of AI 



 

ISBN code 978-93-83302-83-3  P a g e  | 7 

    
SDM Institute for Management Development (SDMIMD) 

International Case Conference (ICC) 2026 
Theme: Contemporary Context in Innovation, Inclusion, and Impact. 

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 

solutions in healthcare. The importance of localizing and customizing AI models to reflect diverse 
healthcare contexts and population needs, as well as encouraging community engagement and multi-
stakeholder collaboration via platforms that enable shared learning, coordination, and responsible 
innovation is highlighted as the way-forward. 

 

The CB Insights, a market intelligence and analytics company reported Hospital AI Readiness Index that 
evaluated hospitals’ ability to develop and deploy AI using a 0 -100 composite score that combines 
indicators of innovation such as research, patents, and partnerships; and execution including real-
world deployment and operational use of AI tools. These signals are pooled using unique 
benchmarking methods to produce a relative readiness score, which allows for cross-hospital 
comparison (Exhibit 4). Mayo Clinic’s comparatively high level of AI innovation is the main reason it 
leads in AI readiness with over 50 patent applications submitted in fields including cancer and 
cardiovascular health. Its investments in AI-powered businesses in use cases of surgical intelligence 
and clinical documentation have been significant. Intermountain real-time clinical decision support 
platform developed internally is noteworthy. Cleveland on the other hand has strong business 
partnerships such as with PathAI, focused on using pathology algorithms to improve clinical care and 
translational research. Innovations in clinical research coupled with strategic industry collaborations 
will be the catalysts to strengthen development and deployment of latest technology in real-time.  
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Exhibit 1: AI innovation progression 

Timeline Key Healthcare Innovations  

Short-term (< 5 years) AI-enabled research hospitals, Virtual assistants, 

personalized mental health support, disease detection, and 

preventive care  

Medium-term (5 – 10 

years) 

Scalability in AI solutions, customization of healthcare, 

robotic-assisted interventions 

Long-term (> 10 years)  Networked care organizations with unified digital 

infrastructure, autonomous virtual health assistants 

providing predictive care, AI-quantum driven drug discovery 

Source: Compiled from publicly available literature on artificial intelligence in healthcare. 
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Exhibit 2: Potential Capability Areas for AI–Quantum Integration in Healthcare 

Capability Dimension Quantum enhanced 

potential 

Healthcare sub-domain 

Data volume, speed, and 

computational efficiency 

Accelerated optimization 

and simulation for large 

and high-dimensional 

healthcare datasets such as 

molecular structures, 

imaging features, and 

clinical variables, for 

problems that are 

computationally intractable 

using classical methods 

alone 

Molecular modeling in drug 

discovery, large-scale 

epidemiological 

simulations, advanced 

population health modeling 

Complex pattern 

recognition and learning 

Enhanced optimization of 

model parameters and 

exploration of complex 

feature spaces, improving 

training efficiency 

Early disease diagnosis, risk 

stratification, 

personalization in 

treatment 

Cryptography and security High-level encryption and 

decryption through QKD 

Interoperability of health 

data, secure exchange of 

health data and high-level 

data privacy, privacy-

preserving telemedicine 

systems 

Complex optimization 

problems 

Improved solutions for 

combinatorial and 

constrained optimization 

problems that are 

computationally expensive 

for classical systems 

Hospital resource 

allocation, scheduling, 

supply chain optimization 

Molecular simulation Accurate simulation of 

molecular interactions 

beyond limits of classical 

approximations 

Drug discovery, precision 

therapeutics 

 Enhanced probabilistic 

modeling with 

Clinical decision support 
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Explainability and 

uncertainty modeling  

interpretable decision 

support 

Source: Compiled from publicly available literature on artificial intelligence and quantum computing in 
healthcare. 

Exhibit 3: Major AI Regulations and Governance Frameworks 

Region Regulation or 

Framework 

Key Milestones Implementation Timeline 

European 

Union  

EU Artificial 

Intelligence Act 

Proposed: April 2021 

Approved by 

European Parliament: 

March 2024 

Adopted by EU 

Council: May 2024 

Entered into force: 1 August 

2024 

Initial provisions apply:  

February 2025 

General-purpose AI rules: 

August 2025 

High-risk AI obligations: 

2026–2027 

United 

States 

AI Executive Order 

(EO 14110) & 

sector-based 

regulation 

Executive Order 

signed: October 2023 

Effective immediately from 

October 2023; 

implementation through 

federal agencies (no single 

AI Act yet) 

United 

Kingdom 

Pro-Innovation AI 

Regulatory 

Framework 

AI White Paper 

released: March 2023 

Implemented from 2023 

onwards through sectoral 

regulators 

China Algorithm 

Recommendation 

& Generative AI 

Regulations 

Algorithm rules 

issued: 2022 

Generative AI rules 

issued: 2023 

Phased enforcement from 

2022–2023 onwards 

India Digital Personal 

Data Protection 

(DPDP) Act & India 

AI Mission 

DPDP Act passed: 

August 2023 

India AI Mission 

announced: 2024 

DPDP Act effective from 

2023; AI-specific law under 

development 

OECD 

(Global) 

OECD AI Principles Adopted by member 

countries: May 2019 

Effective as global guiding 

principles from 2019 
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UNESCO 

(Global) 

Recommendation 

on the Ethics of AI 

Adopted: November 

2021 

Effective from 2021 

World 

Health 

Organization 

AI Guidance for 

Health 

First guidance 

released: 2021–2023 

Applied as advisory 

standards from 2021 

onwards 

Note: Many AI regulations are implemented through phased or sectoral mechanisms; “effective date” 
may differ from full compliance deadlines. 

Exhibit 4: AI readiness score – Top 10 hospitals  

 

Source: https://www.cbinsights.com/research/ai-readiness-index-healthcare-hospital/ 
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