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ABSTRACT:

Cloud computing has changed how the healthcare industry functions by allowing for the scaling, efficiency and lowering of data storage and management costs.
Advances in big data and the constant need to obtain real-time analytics in healthcare have pushed forward to have robust cloud-native data platforms. This paper
presents an end-to-end method for creating a cloud-native data platform for high-scale healthcare analytics. Data storage on a distributed basis, advanced security
and compliance adherence are all included in the framework, and it is equipped with AI-driven analytics to improve patient care, operations efficiency and
medical research. We investigate cloud structures and data ingestion pipelines necessary for secure and performance-oriented healthcare analytics. We
furthermore greatly compare multiple cloud service providers and their feasibility for healthcare applications. The proposed platform is evaluated in case studies
in predictive analytics, EHR management and telemedicine. This greatly improves data processing efficiency, security and cost optimisation. The research in this
paper fits with the ongoing efforts in cloud-native healthcare digital transformation with insights into designing a scalable and resilient healthcare analytics
platform.
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1. Introduction

Advances in digital health records, wearable sensors, genomics, etc., are leading to exponential data growth in the healthcare sector. [1-4] With so
much data it is still a difficult challenge to manage the data in a way that is efficient and ensures compliance with regulations such as HIPAA and
GDPR.

1.1. Importance of Scalable Healthcare Analytics

Healthcare analytics is redefining the medical industry by making it possible to process real-time data, manage resources efficiently and get the best
possible insights with the help of advanced AI. With exponential growth in healthcare data, a scalable analytics framework is necessary to allow
seamless integration into costing while improving patient outcomes. And here are the following key areas in which it is important:

Figure 1: Importance of Scalable Healthcare Analytics

 Enhanced Real-Time Decision-Making: Scalable Healthcare analytics enables real-time data processing, which helps healthcare
professionals make the right decisions at the right time. By leveraging AI-powered analytics, disease early warning signs are detected,
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patient vitals are monitored, and recommendations are issued instantly, significantly improving clinical outcomes and shortening emergency
response times.

 Efficient Management of Large Healthcare Data: As an increasing volume of patient records, medical imaging, genomic data, and IoT
enabled health monitoring become overwhelming for traditional systems to efficiently handle large datasets. The scalable analytics also
provides optimised storage, fast retrieval and seamless processing of terabytes to petabytes of medical data in healthcare institutions that do
not have performance bottlenecks.

 Cost Optimisation and Resource Efficiency: Traditional healthcare IT infrastructures require a lot of investment in premier hardware,
storage, and maintenance. On the other hand, cloud-based analytics lets organisations scale their infrastructure at very reduced costs by
using pay-as-you-go models, auto-scale resources according to demand and computing resources for data processing. It minimises
infrastructure costs and guarantees high performance.

 Personalised Medicine and Predictive Analytics: Scaling healthcare analytics leverages AI-driven predictive models to support
personalised treatment plans to individual patient needs. With machine learning models, genetic information, lifestyle factors and prior
patient medical records are analysed to predict disease risks, recommend personalised treatments and enhance preventive strategies to
improve patient management.

 Improved Interoperability and Data Integration: Seamless interoperability through multiple healthcare providers, insurance companies,
and research institutions is increased by scalability. "For holistic patient insights and cross-institutional collaboration to take place, we must
understand how to work with diverse data sources like Electronic Health Records (EHRs), wearable devices and telemedicine applications,"
Cole said.

1.2. Role of Cloud Computing in Healthcare Analytics

Healthcare analytics is revolutionised through cloud computing, which offers scalable, cost-efficient, high-performance data computing. As such,
traditional healthcare systems face issues of data silos, slow data processing speed, and high infrastructure costs, which subsequently limit our ability to
gain insights from vast medical information. Cloud-native solutions solve these challenges, allowing real-time data access without friction and with
interoperability; using AI for analysis aims to improve patient care and operational efficiency. Large-scale admissions and procedure data can be easily
procured, stored, and processed in the cloud without additional capital costs. The existing infrastructure is usually sufficient to handle a multitude of
concurrent queries. [5,6] Electronic Health Records (EHRs), medical imaging, wearable devices, and genomics produce petabytes of data in healthcare
organisations. Various cloud platforms, including Amazon Web Services (AWS), Google Cloud and Microsoft Azure, provide on-demand storage and
computing power that lets healthcare providers scale resources dynamically as needed for data processing. These features of flexibility guarantee
efficient workload management of routine and high-volume analytical workloads. Interoperability is another key advantage; cloud systems comprise
data from various hospitals, research institutions and insurance providers. Whereas traditional on-premises systems lack uniformity in data storage,
cloud solutions combine patient data into one place and facilitate cross-data sharing among healthcare professionals. FHIR (Fast Healthcare
Interoperability Resources) further facilitates standardised data sharing and patient-centric care in advanced cloud technologies. Healthcare analytics
also faces a lot of security and compliance concerns, and cloud platforms like very strong encryption (AES-256), identity & access management (IAM)
and HIPAA and GDPR compliance regulations. These features protect sensitive patient information from cyber threats and unauthorised access and
regulate compliance. Additionally, cloud computing makes it possible to apply AI and big data analytics in healthcare to enable predictive diagnostics,
real-time monitoring and personalised treatment recommendations. Training machine learning models on the cloud is possible, and it can help impute
disease patterns, optimise clinical workflows, and improve decision-making to provide better health outcomes.

1.3. Evolution of Healthcare Data Management

How healthcare data is managed has dramatically changed, from archiving healthcare data onto paper records to futuristic cloud-native analytics
platforms. Previously, healthcare providers have created patient data using file-based manual record-keeping systems where patient information was
stored in actual files. The inefficiency, errors, and lack of inter-institutional sharing of medical records made sharing these records problematic,
resulting in significantly fragmented patient care and undermined decision-making. As digital transformation became the norm for healthcare
organisations, they started populating Electronic Health Records (EHRs), improving data storage, retrieval, and accessibility. However, the first-
generation digital healthcare systems were mostly on-premises, costly in infrastructure maintenance and lacked scalability. Data silos were present in
these legacy systems, too, as varied healthcare providers used proprietary formats without any standard from which interoperability could easily be
achieved. Big data analytics and cloud computing drove the next phase in healthcare data management. However, because of medical imaging,
genomics, wearable devices, telemedicine, and the traditional system, it became impossible to deal with the extremely high data streaming. Cloud-
based healthcare solutions offer a scalable storage facility, high-speed processing, Real real-time access as a game changer for healthcare providers.
Modern cloud-native platforms support AI-driven analytics towards predictive diagnostics, early disease detection and personalised treatment plans. It
has also achieved Interoperability with FHIR (Fast Healthcare Interoperability Resources) and API Based Data exchange between different Health
Systems. Along with that, advanced security measures such as AES-256 encryption, identity and access management (IAM), etc., have been
strengthened, and healthcare data management has been evolving to the latest technologies like federated learning, blockchain-based data sharing, and
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quantum-enhanced encryption to increase security, privacy but also efficiency. All this is being adopted (for good) by healthcare, and its future brings a
fully integrated, AI-powered, patient-centric data ecosystem storing and processing medical information to achieve better healthcare outcomes.

2. Literature Survey

2.1. Cloud Adoption in Healthcare

The doctors and patients who take so much care of each other need something scalable, cost-effective and efficient to manage patient's data and utilise
medical applications. With the cloud service models, specifically Software As A Service (SaaS), healthcare organisations can use Electronic Health
Records (EHRs) and telemedicine platforms at very low infrastructure costs. [7-11] PaaS platforms help develop custom healthcare applications, while
IaaS allows hospitals to secure huge amounts of patient data. Clouds promote interoperability of healthcare providers, which helps in the exchange and
sharing of data across various systems, making it easier to work together improving patient care and efficiency of operations.

2.2. Security and Privacy Concerns

Cloud-based healthcare systems face serious security and privacy challenges as patient's data are highly sensitive. The consequences of a data breach
can be serious, exposing it to legal penalties, demoralising the reputation and losing the patient's trust. However, to minimise such risks, healthcare
organisations have taken each step required to mitigate such risks; for instance, data encryption helps to ensure information is not accessible by
unauthorised parties and identity management systems are in place to ensure only those that it permissible to gain access to record high. Also, multi-
factor authentication and role-based permissions help control access to data leaks and cyber threats. These approaches continuously shape and evolve in
ongoing research of cloud security strategies for strengthening compliance with frameworks like HIPAA and GDPR.

2.3. AI and Big Data in Healthcare

The artificially intelligent and big data analytics coupled with cloud computing to do real time insight and take advanced decisions has revolutionised
healthcare. Artificial Intelligence (AI) in predictive analytics with large datasets derived from EHRs and medical imaging is used for early disease
detection, fine-tuning the treatment as per a patient, and precision medicine. Cloud platforms are provided with computational horsepower to run
complex machine learning algorithms expeditiously for diagnosis and running recommendations. Also, AI applications such as Natural Language
Processing (NLP) and machine learning (for example, deep learning) help clinical documentation, automate administrative tasks, and, all the while,
improve quality by identifying trends and patterns that wouldn't exist under natural healthcare.

3. Methodology

3.1. Cloud-Native Architecture Design

A cloud-native architecture is an approach to the new capabilities provided by the cloud to build and deploy applications. This architecture makes
healthcare high availability, scalability and resilience while remaining compliant with industry standards. [12-16] Healthcare applications can leverage
cloud-native design principles to efficiently manage huge amounts of patient data, allow real-time analytics and interoperate with many digital health
services. Microservices, containerisation, and serverless computing are key components of the cloud-native architecture that help enhance flexibility
and reduce the costs of deploying healthcare IT systems.

Figure 2: Cloud-Native Architecture Design

 Microservices and Containerisation: Microservices Architecture is a design approach where a complex healthcare app is designed as a
suite of small, loosely coupled services that are individually deployable, deployable, and scalable. This allows healthcare providers to update
or modify specific functionalities, such as patient records management telemedicine services, without interrupting the system. With
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technologies like Docker, containerisation helps ensure that each microservice will run consistently in any cloud environment by bundling
up these applications along with their dependencies. Kubernetes based orchestration further takes care of workload management by
automating its deployment, scaling, and maintenance of the containerised applications. However, this approach enhances the system's
reliability and optimises the utilisation of resources in healthcare environments while accelerating the software development process.

 Serverless Computing: Serverless computing eliminates the need for managing infrastructure servers, allowing healthcare applications to
run functions dynamically without needing a dedicated server. The model eliminates the operational overhead required for manually
provisioning and maintaining cloud resources. In healthcare, server-less architecture is important in event-driven applications like real-time
patient monitoring and automated medical alerts. The cloud platforms automatically scale resources based on usage demand, which is good
for such a big volume of health data processing or to meet such a big volume of telemedicine consultancies. Moreover, serverless computing
is cost-saving since it charges only for usage. It hence is a cost-efficient answer for any healthcare provider searching for a scalable and
resilient IT solution.

3.2. Data Ingestion and Processing Pipeline

A mature data ingestion and processing pipeline is needed to handle the huge and continuous flow of healthcare data coming from different sources,
including Electronic Health Records (EHR), medical equipment, and patient monitoring systems. With this pipeline, data flows seamlessly, is stored,
and is analysed, resulting in immediate insights to support clinical decision-making. Modern Healthcare providers can encounter large amounts of
structured or unstructured data to be processed efficiently using licensed modern cloud-based technologies maintaining security and compliance. The
pipeline consists of 3 main components: data ingestion, storage, and processing, which use specialised technologies to achieve the best performance.

Figure 3: Data Ingestion and Processing Pipeline

 Data Ingestion: Data ingestion is getting data from multiple sources and brought into the cloud for further processing. Apache Kafka and
AWS Kinesis allow real-time data ingestion by providing a high-throughput event stream and ensuring reliability and scalability. These
tools are used to ingest patient-generated data of the IoT enabled devices, clinical applications and external health information systems in
healthcare. Kafka and Kinesis are designed to ensure fault tolerance, real-time analytics, and seamless integration with downstream
processing frameworks, making them excellent candidates for mission-critical healthcare applications.

 Storage: Storage of large datasets in cloud healthcare systems is very important because it needs to be secure as well as efficient and
scalable. There are technologies Amazon S3 and Google BigQuery that offer durable, secure, and cost effective storage of structured and
unstructured healthcare data. Object storage provided by Amazon S3 is also available with high availability, which is suitable for storing
medical images, EHRs, and genomic data. At the same time, healthcare providers can use real-time SQL analytics on massive datasets
through Google BigQuery. This enterprise-grade data warehouse is fully managed, which allows these organisations to run more complex
queries to manage population health, predict diagnostics and improve operational efficiency. Since HIPAA requires that these be storage
solutions, these solutions ensure compliance with healthcare regulations such as HIPAA and provide a convenient way to access the data for
analytical purposes.

 Processing: Advanced analytics and machine learning models transform raw healthcare data into meaningful insights in the processing
component. Apache Spark is widely used as a distributed data processing platform to solve large-scale data transformation, feature
engineering and real-time analytics problems. It is capable of batch and stream processing and is suited for prospective uses such as patient
risk prediction and medical data aggregation. However, TensorFlow, an open-source machine learning framework, is used for training and
deploying AI-driven models in healthcare. The code at the bottom powers image recognition use cases for detecting anomalies in medical
scans and other use cases of predictive analytics and personalised treatment recommendations. Together, these technologies empower high-
quality data processing and enable the complete use of AI and big data in healthcare.
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3.3. Security and Compliance Mechanisms

One of the key aspects here is the security and compliance of cloud-based healthcare systems to protect from cyber threats and unauthorised access to
sensitive patient data. A security framework should consist of strong encryption techniques, use of strong access controls and meeting regulatory
standing. Healthcare organisations must incorporate advanced security mechanisms within their cloud infrastructure to keep data integrity,
confidentiality, and availability. Encryption strategy and compliance with regulatory matters are the capitals of security and compliance for
safeguarding healthcare data.

 Encryption Strategies: Encryption is one of the fundamental security measures to ensure that unauthorised people and breaches cannot
access Healthcare data. Data at rest, such as patient records, medical images and confidentiality data are secured using AES-256 encryption
to protect it even in unauthorised access. This encryption algorithm is military-grade, so data cannot be decrypted without the appropriate
keys. Transport Layer Security (TLS) is used to encrypt the exchanges of data over the network for the security of the data exchanging
network between healthcare applications, cloud storage, and external systems. TLS prevents the interception or tampering of data in
transmission, providing end-to-end security on telemedicine services, electronic health record exchange, and real-time health monitoring
systems.

 Compliance Adherence: As the lawful and ethical handling of healthcare data relies on compliance with regulatory frameworks, there
must be extreme recourse to ensure that healthcare datasets are handled appropriately and ethically. In the U.S., the Health Insurance
Portability and Accountability Act (HIPAA) and the European Union's General Data Processing Regulation (GDPR) require very strict rules
regarding data privacy, data security and patient rights. The first of these frameworks demands the safety of patient information and
necessitates a deployment of safeguards like access controls, audit logs, data encryption, etc., by healthcare organisations. Identity and
Access Management (IAM) policies also control role-based access controls to prevent unapproved personnel from accessing specific data.
Healthcare data protection laws and the truth that any negligence can be misused to compromise sensitive healthcare data can discourage
harnessing their productivity.

3.4. Machine Learning and AI Integration

Healthcare has transformed diagnoses, treatment planning and operational efficiency by integrating Machine Learning (ML) and Artificial Intelligence
(AI). Using cloud-based AI models, healthcare providers can work with mammoth data sets and real-time, uncover a wealth of patterns, and make data-
driven decisions. With AI, patient care is improved, administrative processes are streamlined, and security is improved by using AI-powered solutions
to detect anomalies and predict potential risks. There are two key applications of AI in healthcare – predictive modelling to detect diseases and anomaly
detection to detect fraud using AI.

 Predictive Modeling for Disease Detection: AI and ML algorithms come into use to predict what may or may not happen to patients using
predictive modelling based on patient data at an earlier stage to identify and address risks. Predictive models based on processing medical
records, genetic data and real-time health monitoring inputs can then forecast the likelihood of diabetes, cardiovascular diseases, cancer, etc.
Doctors can make more accurate, timelier decisions with help from AI-driven diagnostics, which is beneficial in cutting down misdiagnosis
and improving patient outcomes. Continuous training of ML models on new patient data allows for improved accuracy and increased trust in
disease prediction from year to year.

 AI-Powered Anomaly Detection for Fraud Prevention: Healthcare fraud includes activities of illegitimate actions such as insurance fraud,
billing discrepancies and unauthorised accessing of patient records which incur serious financial and security risks. Anomaly detection
systems powered by AI process billing, claims, and access log patterns to detect anomalies that could mean fraud or data breaches. Machine
learning techniques like anomaly detection and behavioural analysis help AI systems flag suspicious activities in real time, thereby curbing
financial losses and supporting compliance with regulatory standards. A scalable fraud detection mechanism is available in cloud-based AI
solutions so there is always continuous monitoring and protection of healthcare data and transactions.

4. Results and Discussion

4.1. Performance Analysis

When it comes to healthcare systems, we observe significant efficiency improvement when comparing traditional and cloud-native healthcare systems.
This is due to data handling being quicker in cloud-native architecture through containerisation, serverless computing, and distributed processing,
which makes operation costs at an all-time low.
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Table 1: Performance Comparison

Metric Improvement (%)

Data Processing Speed 70%

Storage Cost Reduction 50%

Figure 4: Graph representing Performance Comparison

 Data Processing Speed: This helps cloud native systems scale dynamically and distribute workloads across several cloud nodes, which
boosts the data processing speed by 70%. Clouds take a different approach than traditional systems, which live on monolith and on-premise
servers, minimising data calculation time due to parallel processes, auto scale, and real-time analytics. To make such fast execution with AI-
driven healthcare analytics possible, technologies including Apache Spark, Kubernetes, and serverless computing make real-time decisions
in diagnostics and treatment recommendations.

 Storage Cost Reduction: This data in the cloud storage solutions leads to a 50 per cent reduction in storage costs due to cloud-native
architectures for on-demand storage, pay-as-you-go pricing, and automated tiered storage management. Traditional healthcare systems, such
as an on-premise infrastructure with high maintenance cost, are common, while cloud services like Amazon S3, Google BigQuery, and
Azure Blob Storage are efficient and scalable. Cloud storage simplifies data retrieval, archives, and other related tasks through intelligent
lifecycle policies that lower operational expenses.

4.2. Security Impact

We significantly reduce the security risks in cloud native systems by implementing advanced security mechanisms. Data confidentiality is ensured
using encryption while IAM policies control access to be able to access the data.

 AES-256 Encryption: Advanced Encryption Standard (AES-256) is a widely used encryption algorithm used for military-grade healthcare
data security. It protects data at rest (stored) and in transit (data traversing networks) by encrypting them and keeping them confidential and
protected from theft by unsanctioned parties. AES-256 has a 256-bit key length, is nearly unbreakable for brute force attacks and is therefore
considered the best option for securing electronic health records (EHRs), medical imaging files, and genomic data. AWS, Google Cloud,
and Microsoft Azure all implement AES-256 encryption to ensure their systems meet HIPAA and GDPR regulations to protect patient
privacy and data integrity.

 IAM Implementation: Identity and Access Management (IAM) is a security framework that governs user's access to sensitive healthcare
data and cloud resources. IAM controls the access of specific patient records and applications to only the authorised personnel, e.g doctors,
nurses, administrators, based on predefined roles and permissions.

4.3. Case Study: Predictive Analytics in Healthcare

Predictive analytics in healthcare is reshaping how disease is detected early on, what personalised treatment plans look like and how cases can be
managed proactively. But, vast amounts of patient data are both challenging and overwhelming for such traditional healthcare systems, which are
limited by computational power, siloed data, and often by an inability of humans to manually process their data. However, cloud-native AI-driven
predictive analytics leverage high-scale computing, real-time data processing and machine learning models to advance healthcare decision-making. A
case study was conducted using traditional vs. cloud-native systems to show the benefits of cloud-based predictive analytics. In the study, the dataset
processed for early diabetes prediction is from EHR, medical imaging, and patient lifestyle data. In a classical on-premise system, the hardware
resources were huge and the whole data processing process took 10 hours. Another source of operational cost increase was high infrastructure
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maintenance costs, which did not support real time predictive analytics shortly. Instead, the functionality's performance improved greatly using a cloud-
native approach based on Apache Spark for distributed data processing, TensorFlow for AI-driven predictions, and Google BigQuery for scalable
storage. Using the cloud-based system helped decrease the processing time to 2 hours and achieved a 5x speed up over traditional methods. Moreover,
serverless computing and pay-as-you-go pricing models improved the operation costs of the predictive analytics system; hence, they were accessible to
healthcare providers at low cost. The interoperability is also enhanced by the cloud-native system, which integrated seamlessly patient data from
wearable devices, hospital databases, and research institutions to provide a more comprehensive analysis of the health trends of the patient.

4.4 Challenges and Future Scope

Cloud offers dramatic advancements in the accessibility and cost reduction of data and enables AI-based analytics, but implementation is limited due to
many challenges. Data sovereignty is one of the key concerns, as there are very strict regulations that healthcare organisations need to obey, such as
HIPAA (Health Insurance Portability for Accountability Act) in the US and GDPR (General Data Protection Regulation) in the EU. These rules restrict
control over patient data and request organisations to store and process data in a particular area, reducing the cloud solution's scale and flexibility.
Interoperability is another major challenge that many healthcare institutions still face on legacy systems that were not built to be integrated with
contemporary cloud-based platforms. The lack of standardised data exchange protocol leads to compatibility issues as different healthcare providers
cannot readily share and access the necessary patient information without hurdles. It fragments innovation and disrupts the uninterrupted delivery of
patient-centered care. Moreover, it is known that real-time latency is still a very important issue in the healthcare applications like remote surgeries,
emergency diagnostics and real time patient monitoring. In cloud cloud-based environment, high latency can cause delays between the awareness of
medical events and medical decisions, leading to inaccurate and timely decisions. To help Tackle these challenges, Emerging Technologies have
promising solutions. Healthcare security is to be revolutionised by quantum computing, which brings about the introduction of quantum computing to
generate advanced encryption algorithms which protect data and ensure data privacy. Being able to process data faster and more securely makes the
cloud more viable, and with its immense computational power, quantum computing can do that.

5. Conclusion

We present this paper on a cloud-native data platform designed for scalable healthcare analytics, addressing the challenges of data security,
interoperability, and real-time analytics processing. The proposed system improves the efficiency and reliability of healthcare operations by integrating
microservices architecture, serverless computing, secure data management, and AI-driven analytics. Traditionally, healthcare IT infrastructures cannot
provide scalability, high maintenance costs and lack of data fragmentation which limits real-time analytics and predictive diagnostics. On the other
hand, the cloud-native approach embraces containerised microservices in conjunction with serverless computing, providing seamless and cost-
optimised scalability and resource utilisation. However, regarding healthcare cloud adoption, security is in the room since this kind of data is sensitive,
and the regulations related to patient data are heavy on HIPAA and the GDPR. Data at rest is encrypted with AES-256 encryption, TLS is used for data
transmission, and IAM policies are implemented for role-based access control, reducing the chances of data breach and unauthorised access and making
architecture less vulnerable to data breaches. Even further, implementing AI-driven anomaly detection strengthens security, detecting potential fraud,
suspicious activity, and cybersecurity threats in real-time.

Our results show an improvement in a healthcare IT system compared to traditional systems. The healthcare industry has increased data processing
speed by 70 per cent and lowered storage costs by 50 per cent, making the cloud-native architecture more efficient and cost-effective.

In the healthcare field, a case study demonstrated that when using access to cloud-based AI, most of the 10 hours needed to predict disease were now
down to 2 hours, resulting in a prediction giving more time for faster, more accurate clinical decision-making. The paths these represent for cloud-
native systems in transforming patient care, medical research, and innovation are the rapid adoption of cloud-native solutions that yield better quality of
care for patients and better deliverability to the patients. Researchers should look at blockchain-based interoperability to create a secure, decentralised
network for friendly information oversharing among healthcare providers, insurers and research institutes. Furthermore, quantum-enhanced encryption
is predicted to utterly transform data security in cloud environments like patient records protection against attacks of cyberbreakst. Cloud-native
platforms for healthcare will shift to becoming more intelligent, privacy-friendly, highly interconnected ecosystems for next-generation digital
healthcare as AI, federated learning, and edge platforms continue to improve.
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