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Abstract
New cyberattacks are no longer about malware-driven intrusions, but are based on identity-related compromises that utilize legitimate credentials and cloud authentication systems. In this paper, a post-2023 Advanced Persistent Threat (APT) proposal of a scenario involving the theft of Microsoft Azure Entra ID authentication tokens to evade multi-factor authentication and be granted access to a pharmaceutical organization with persistent access is presented in both its strategic and technical cybersecurity analysis. The attack is also mapped on the MITRE ATT&CK framework to assess and assess the techniques, methods and procedures used by the adversary during that initial access, lateral movement, command and control and data exfiltration. Besides this, simulated red team exercise against a hybrid on-premises and cloud environment is carried out to experience a defensive gap and suggest viable mitigation measures to enhance the cyber resilience of the organization.
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The modern threat environment has changed greatly since the year 2023 and is no longer based on opportunistic ransomware campaigns but rather on identity-based and cloud-based Advanced Persistent Threats (APTs). Contemporary attackers have the ability to use compromisers of credentials, cloud authentication tokens, unconfigured identity services, and trusted administrative tools to gain stealthy, long-term access instead of disruptive access. Consequently, companies are forced to implement active security validation strategies to test their preparedness against such advanced attack frameworks (with penetration testing and Red Team operations being some of these strategies).
This paper provides an analysis of a post-2023 APT intrusion case based on the recent identity-based attacks on pharmaceutical and life-sciences organizations where the high-value targets are intellectual property, clinical trial information, and proprietary research. The former includes a strategic threat analysis of a contemporary intrusion, which misuses cloud identity infrastructure and authorized access controls. The adversary behavior is mapped systematically to the MITRE ATT&CK and the framework is used to analyze tactics, techniques, and procedures (TTPs) throughout the entire attack lifecycle, such as initial access, persistence, lateral movement, and data exfiltration [2]. In this analysis, some of the root causes identified include privileges of excessive identity, lax conditional access controls, and scanty insight into cloud authentication activity and are the foundation of practical defensive suggestions.
The second component describes a Red Team attack which has been simulated against a fictitious organization, Cureton Pharmaceutical Company (CPC), which has a hybrid on-premises and cloud environment. The interaction simulates a contemporary APT dedicated to stealing intellectual property in the background using the post-exploitation measures of Living-Off-the-Land Binaries (LOLBins) and encrypted command-and-control (C2) channels to avoid detection [1]. The practice is implemented according to well-established Rules of Engagement (RoE) and a developed threat emulation strategy, and all operations are mitigated to the MITRE ATT&CK framework [3]. Findings are reported using a technical report on defensive teams and the executive-level briefing which describes severe risks and prioritized security solutions.
[bookmark: _Toc216799249]Task 1: Headlines to Techniques Comprehensive Threat Analysis.
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[bookmark: _Toc216799251]Overview of the Attack
The pharmaceutical and healthcare organizations will be among the high-priority victims of the Advanced Persistent Threats (APTs) in in the post-2023 cyber threat environment because of the use of cloud services, hybrid identity infrastructure, and the role of valuable proprietary research data. The recent campaigns witnessed in 2024 showed that ransomware is no longer used, but covert intrusions by bypassing the perimeter identity and secure access technologies, allowing attackers to provide long-term, low-visibility access.
In the case, the attacker took advantage of a zero-day vulnerability in an open secure access gateway that enabled unauthenticated remote code execution. This first attack compromised traditional authentication controls and gave direct access to internal systems. Instead of implementing the destructive malware, the attackers prioritized the stealth-basis operations, such as reconnaissance, credential harvesting, privilege escalation, and gradual exfiltration of valuable research data of the pharmaceutical company.
Despite the lack of disrupted system downtime and service disruption, the organizational impact was the exposure of intellectual property without any authorization, the risk of regulatory compliance, and reputation loss. This methodology is indicative of an emerging trend in post-2023 APT campaigns in which intelligence gathering instead of real-time effects of operations are prioritized [4], [5].
[bookmark: _Toc216799252]Mapping the Attack to Mitra ATT&CK Framework.
The attack had a well-organized lifecycle that matched the modern-day APT tradecraft. With the help of the MITRE ATT&CK framework, adversary activities were aligned with it to determine major strategies and techniques used during the attack chain [6]:
1. Initial Access – Exploit Public-Facing Application (T1190)
The attackers used a zero-day flaw on a secure access appliance to have unauthenticated access to the environment.
2. Execution Command and Scripting Interpreter (T1059)
3. Intrinsic command-line utilities and scripts were run to carry out malicious deeds without the need to add any malware.
4. Application Layer Protocol (T1071) Persistence.
5. A system of encrypted HTTP/HTTPS communication channels was created that could be used to assist with long-term command-and-control (C2) operations.
6. Privilege Escalation Privilege Escalation Exploitation (T1068)
7. Vulnerabilities in local system were exploited to raise the privileges and access administrative level privileges.
8. Defense Evasion - removed Indicator on Host (T1070)
9. The logs and other artifacts used in forensics were either changed or deleted so as to hide their presence and postpone investigation [7].
10. Credential Access - OS Credential Dumping (T1003)
11. Memories and directory services were accessed to obtain credentials used to support lateral movements and access expansion.
12. Discovery and Lateral Movement Remote Services (T1021).
13. The systems were enumerated and other internal assets accessed with the help of SMB and remote management protocols [8].
14. Exfiltration- EXfiltration Over Command and Control Channel (T1041)
15. Tiered research and development information was stolen via coded C2 networks.
In contrast to classic ransomware-based attacks, the goal of the given intrusion was to gain access and steal data and make a living, which can be viewed as an indication of a post-2023 shift towards stealthy operations, identity theft, and long-term spy missions.
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The effectiveness of the post-2023 APT breakage was due to a set of structural vulnerabilities and not a single point of failure. The most important contributing factors were:
1. Weak Perimeter and Secure Access Hardening
When there was exploitation of one of the public-facing secure access systems, it implied lack of effective security validation and control of the perimeter infrastructure.
2. Negligent Identity Protection Controls.
The lack of consistent implementation of Multi-Factor Authentication (MFA) on privileged and remote access accounts allowed the attackers to use spoilt credentials without being detected.
3. Late Patch and Exposure Control.
The availability of unpatched vulnerabilities in externally available systems augmented the attack surface of the organization and lengthened the window of opportunity of the adversary [9].
4. Inadequate Monitoring and Threat Detection.
The current security tools were not able to see identity abuse, encrypted C2 traffic, and movement laterally. Lack of a systematic threat hunting and behavioral analytics enabled the attacker to remain unnoticed over a long period of time.
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According to the nature of the post 2023 Advanced Persistent Threat (APT) efforts, which are based on identity abuse, perimeter exploitation and long-term persistence, the following controls are suggested to help minimize the risk of occurrence and impact of such an intrusion:
1. Powerful Identity Defense and Required MFA.
Multi-Factor Authentication (MFA) has to be strongly aided into all remote points of access, cloud identities, privileged accounts as well as administrative interfaces. APTs are capable of using their credentials and tokens instead of malware more often nowadays, which is why identity protection has become a key defensive measure. Phishing-resistant MFA and conditional access policies can be of considerable use in alleviating the usefulness of account compromise methods [10].
2. On-Going Patch Control and Exposure minimization.
Continuous vulnerability testing and automated patching should be put up by organizations in the case of internet facing infrastructure like VPN gateways, secure access appliances and identity services. Quick fix of known as well as emerging vulnerabilities reduces the window of attack by the attacker in case of a zero-day or n-day vulnerability [11].
3. Network Segmentation Powered by Zero Trust.
Micro-segmentation and Zero Trust policies will have to protect sensitive systems such as pharmaceutical research labs and clinical databases. East-west blocking and enforcing access least-privilege help reduce the scale of motion in the horizontal direction and restrict the spread of access by attackers who have already been compromised [12].
4. State-of-the-art Endpoint and Network Visibility.
Identity misuse, Living-Off-the-Land Binary (LOLBin) abuse and abusive encrypted traffic should be detected by deploying modern Endpoint Detection and Response (EDR) and Network Detection and Response (NDR) platforms. Hardening of the endpoints, e.g., by disabling legacy protocols and unnecessary services also minimizes the foothold and persistence chances of attackers [13].
5. Incident Preparation and Security Consciousness.
Though this situation revolves around technical exploitation, well trained workforce is important in early detection and response. Tabletop exercises, regular security training and incident simulation enhance the readiness of the organization and dwell time during stealthy intrusion is minimized [14].
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investigate post-2023 APT intrusions, which are defined by encrypted communication, credential abuse, and fileless execution, organizations need to use layered detection methods that incorporate both real-time and proactive investigations.
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1. The monitoring of behaviors in networks can be achieved through behavioral monitoring.
The network traffic must be monitored continuously to detect abnormal patterns of authentication, abnormal east-west traffic and suspicious outbound encrypted traffic. Layered behavioral analytics on the top of IDS/IPS systems enable defenders to recognize the deviations of the established baselines which is essential to detecting the concealed lateral movement and data exfiltration efforts [14].
2. Endpoint Detection and Response (EDR)
The ability to see endpoint behavior on a granular basis (through EDR solutions) facilitates the identification of fileless attacks, privilege-escalation efforts, and the use of built-in utilities within the system. Through the identification and combination of telemetry with threat intelligence and ATT&CK on the analytics, EDR systems will be able to reveal adversary activity that circumvents more conventional signature-based defenses.
3. File Integrity Checking (FIM)
In those non-destructive scenarios of APTs, the attackers do not encrypt files, and so it is necessary to have File Integrity Monitoring. FIM identifies unauthorized access or manipulation of sensitive research files, system settings, and audit logs, which can give early signs of compromise and aid in the forensic investigation [15].
4. Proactive Threat Hunting
Threat hunting can be used to supplement automated detection to allow hunters to proactively seek evidence of long-term persistence, abnormal account behavior, and dormant backdoors. Using threat intelligence and MITRE ATT&CK mappings boosts the chances of detecting the activities of the cunning adversary prior to the attainment of strategic goals [16].
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In addition to detection controls, the modernization of an architecture is necessary to minimize attack surfaces and the blast radius of an attack in the future.
1. Micro-Segmentation
Micro-segmentation creates a high level of traffic control between workloads and security zones so that the compromise of one system does not provide an unrestricted access to the network. This is a major limitation to the movement of attackers in hybrid enterprise settings [17].
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2. Zero Trust Architecture (ZTA)
Zero Trust Architecture avoids the implicit trust by consistently verifying user identity, machine health and session state. ZTA is especially useful in the case of post-2023 APT tactics that do not rely upon malware but use legitimate credentials and cloud identity services [18].
3. Secure Access Service Edge (SASE).
Secure Access Service Edge (SASE) is a network of security services such as CASB, firewall-as-a-service, and Zero Trust access built into a single framework. The design offers uniform policy enforcement and visibility in distributed cloud and remote environments that are frequently the targets of the present-day APTs [19].
4. Operable Backup and Recovery Plan.
In attacks directed at espionage, incumbency plans are also important. Backups are to be non-volatile, must not be connected to production environments, and they are to be frequently tested. The 3-2-1 backup model also provides the ability of restoring data from corruption, sabotage, or slow identification of exfiltration activity [20].
Task 2: Red Team Interaction- "Operation IP Shield"
A. Planning the Campaign 
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The Red Team engagement was designed to reflect on an ethical replication of a post-2023 advanced persistent threat (APT) operation against high-value pharmaceutical intellectual property at Cureton Pharmaceutical Company (CPC). The main aim was to evaluate capabilities of CPC to identify and react to stealth-based attacks that focus on persistence, identity abuse, and stealthy data theft as opposed to disruptive attacks. All the activities were controlled to ensure that there was no interference in the actual business operations and regulation requirements.
1. Engagement Scope
The test was on the hybrid enterprise architecture of CPC, which comprised identity infrastructure on-premises and cloud-based research. Specific emphasis was put on:
· The Research and Development (R&D) network segment containing proprietary drug research
· The cloud-hosted clinical research environment deployed within an AWS Virtual Private Cloud (VPC)
· Identity services, access pathways, and trusted network connections linking on-premises and cloud systems
This extent is similar to the lateral movement attacks of post-2023 where attackers use hybrid identity and cloud reliance to evade detection [1], [2].
2. Operational Constraints
To ensure ethical compliance and operational safety, the engagement adhered to the following constraints:
· No delays in patient-facing systems, live clinical trials and production services.
· No physical attack, hardware attack or facility attack.
· No unapproved social engineering in unauthorized technical vectors.
· None of the destructive payloads or actual data alteration.
All attack actions were restricted to approved technical techniques and continuously monitored by engagement stakeholders.
3. Approved Adversary Techniques
The Red Team adopted a low-noise, identity-centric APT methodology consistent with modern threat actor tradecraft:
· Initial Access: Exploitation of exposed or misconfigured remote access services and credential-based access abuse (T1076)
· Privilege Escalation: Exploitation of misconfigurations of the local system and elevation weaknesses (T1068)
· Lateral Movement: SMB and remote administration tool abuse (T1021.002) to trust.
· Command and Control Encrypted HTTP/HTTPS channels to blend with legitimate traffic (T1071.001)
· Data Exfiltration: C2 over C2 covert, low-bandwidth exfiltration of simulated research data (T1041).
Such tricks correspond to modern APT campaigns which do not depend on heavy use of malware but rather are based on living-off-the-land behavior [3], [4].
4. Communication and Co-ordination.
There was constant contact between Red Team and observers of the assigned Blue Team. Any detection of dangerous risk or undesirable operational effect caused instant signal. Any suspensions or changes of actions were still within the power and authority of the Red Team in case system stability or compliance was at risk.
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The threat emulation was completed in a series of phases of the APT lifecycle, and all activities were directly outlined to the MITRE ATT&CK framework, allowing to evaluate the threat in a structured manner and gain quantifiable protective data.
1. External Reconnaissance (T1598 Open Source Discovery)
It started by collecting open-source intelligence (OSINT) to determine the exposed infrastructure, cloud services, and identity-related attack surfaces. The analysis of public-facing assets, metadata, and cloud configurations was used to create an initial access strategy [5].
2. Preliminary Foothold Acquisition (T1076 -Remote Services)
Initial access was carried out by misconfigured remote access services and weak authentication controls. After gaining access to the environment, credential harvesting techniques (T1003) were employed to gain access and have a low operational profile.
3. Fileless Execution and Persistence (T1059, T1047)
The Red Team used PowerShell and Windows Management Instrumentation (WMI) instead of deploying custom malware to carry out fileless payloads. Persistence Mahayana was based on the functionality of native systems, akin to the Living-Off-the-Land Binary (LOLBin) abuse popular in post-2023 APT activity [6].
4. Command-and-Control Establishment (T1071.001)
Command-and-control channels based on encrypted HTTP/HTTPS were created to have long-term access. Traffic signatures were shaped to mimic normal application traffic behavior enabling an avoidance of old-fashioned perimeter and network-based monitoring controls [7].
5. Privilege Escalation (T1068)
There were local privilege escalation methods that were used to obtain access to the administrative level on compromised hosts. Higher privileges allowed gaining access to sensitive repositories of research and cloud-integrated resources.
6. Internal Lateral Movement (T1021.002)
The Red Team used credible services like the remote management and the SMB through the internal environment. The motion was timed to ensure that the anomalous authentication patterns were reduced to the least and the security alerts were not raised because of the movement.
7. Covert Data Exfiltration (T1041)
The simulated data on pharmaceutical research was transferred in small encrypted parts through the pre-existing C2 channels. This pattern reflected the current espionage-oriented APT activities aimed at avoiding Data Loss Prevention (DLP) and intrusion detection systems.
8. Controlled Impact Assessment.
The engagement ended with a controlled impact simulation instead of the deployment of disastrous ransomwares to test the incident response processes, backup validation, and business continuity preparedness of CPC. This is in line with the modern APT purposes that are focused on espionage and strategic access but not instantaneous disruption [8].
The Red Team activity is a phenomenon of post-2023 APT behavior, with the focus on the identity compromise, the abuse of cloud access, persistence of stealth, and data theft under the cover. Mapping all the actions to the MITRE ATT&CK framework, the exercise offered practical information about the current CPC detection maturity, identity security posture, and resilience to the current APT campaigns.
 B. Environment Design and Campaign Execution
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A controlled hybrid laboratory was built to simulate an Advanced Persistent Threat (APT) attack on Cureton Pharmaceutical Company (CPC) in a realistic way post 2023. The testbed is representative of a contemporary enterprise architecture that combines on-premises identity services with cloud-native workloads, which are current attack vectors that are actively propagated by state-aligned and very highly skilled threat actors. The environment was also created to serve identity compromise, trusted service abuse, stealth persistence, and covert data exfiltration, which are the characteristics of modern APT campaigns [26].
1. On-Premises Identity Infrastructure.
An authentication and authorization backbone that was used in an enterprise was recreated by deploying a centralized Active Directory (AD) domain. The domain was made up of user workstations, application servers and domain controllers which were charged with credential validation and policy enforcement. Since the domain controller serves identity management, it was a high-value goal, and credential harvesting, privilege escalation, and abuse of trust could be simulated with realism. This setup enabled the Red Team to simulate identity-based attacks that will prevail in intrusion after 2023 [27].
2. Cloud Environment AWS Virtual Private Cloud.
An Amazon Web Services (AWS) Virtual Private Cloud (VPC) was used to show the cloud footprint of CPC hosting a simulation pharmaceutical research portal. The environment consisted of a web application and backend database that had non-production clinical research data. The separation between the network of the cloud and the on-premises was upheld logically, and controlled connectivity allowed testing hybrid attack paths and abuse of access to the cloud. This arrangement signifies the current dependency of the enterprise on cloud services and the risk of the compromise through identity [28].
3. Simulation of DevSecOps Pipeline.
GitHub actions A CI/CD pipeline was deployed to the environment to simulate application deployment processes. This element was an important aspect of contemporary attack surface, since enemies are more and more concentrating on build pipelines to instill malicious code or steal credentials. The connection of the pipeline to the cloud research application enabled the assessment of detection and access controls over the development and production boundaries [29].
4. Internal Segmentation and Controls of Security.
VLANs were used to create network segments in conjunction with firewall policy to represent common enterprise defensive strategies. These controls were deliberately set to challenge the capability of the organization to limit the east-west traffic and detect unauthorized access across segments in the case of an active intrusion. The level of segmentation effectiveness was measured during the engagement process as the process of the lateral movement attempts advances.
.
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The Red Team operation was carried out in stages; with low observability, persistence and evasion being of high priority than exploitation speed. Such an implementation model cools down after 2023 APT tactics of espionage and long-term access, but not direct disruption of operations.
1. Inheritance Compromise (T1076) Remote Services.
The attack was initiated by taking advantage of poorly secured remote access services on the Active Directory structure. Lax authentication measures allowed an unauthorized user to access a user endpoint. After access, credential harvesting (T1003) was used to obtain more domain credentials and increase the attack surface and mix with legitimate user activity [30].
2. Fileless operation and preservation (T1047, T1059).
As opposed to utilizing the conventional malware, the Red Team resorted to fileless execution methods with the help of PowerShell and native Windows tools. Windows Management Information (WMI) was also used to provide persistence so that it could be accessed in the long term without adding detectable binaries. This strategy is a reflection of current Living-Off-the-Land (LOLBin) abuse that is commonly seen in sophisticated intrusion programs [27].
3. Privilege Escalation (T1068)
Privilege escalation vulnerabilities were used to gain administrative access to compromised systems and were used locally. The high privileges allowed you to access sensitive research systems and allowed further lateral movement within trusted network segments.
4. Lateral Movement (T1021.002 – SMB/Remote Management)
The Red Team traversed in a lateral manner with trusted windows services like Server Message Block (SMB) and remote administration services. Attackers did not cause anomalous traffic patterns by violating legitimate management channels, which underscores inadequate monitoring of internal and enforcement of segmentation [31].
5. Command-and-Control Establishment (T1071.001)
Constant Command-and-Control (C2) communication was developed on encrypted HTTP/ HTTPS. This approach enabled the malicious traffic to be very similar to the normal web usage and thus avoid detection by intrusion detection system and firewall inspection that do not provide deep analysis of traffic [26].
6. Covert Data Exfiltration (T1041)
FAKE data on pharmaceutical research experiments was transferred in small encrypted bits across well-known C2 channels. This low-and-slow method reduced the bandwidth anomalies and minimized the risk of raising Data Loss Prevention (DLP) alerts, which is consistent with what the real world APT exfiltration tactics look like [32].
7. Post-Exploitation Tooling
Cobalt Strike framework was applied in the beacon management, post-exploitation management, and data tunnel. This tooling, used with LOLBins, helped the Red Team to retain a furtive command of impactsed assets and precisely reproduce advanced adversary tradecraft seen in recent APT activity [26], [27].
Such a system installation and execution stage is well-driven by the methods of intrusion that took place after 2023, with the focus on identity abuse, cloud integration, stealth persistence, and insidious intelligence theft. The hybrid environment in the lab allowed the realistic testing of the detection and segmentation capabilities of CPC and its resistance to the current and intelligence-driven threat agents.
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The Red Team attack on Cureton Pharmaceutical Company (CPC) mirrored an after 2023 Advanced Persistent Threat (APT) attack that focused on stealth, identity theft, and insidious data theft. In this report, the course of attack is summarized, the behavior of the adversary is mapped to the MITRE ATT&CK tool, and the detection and response capabilities of CPC are assessed. The first goal was to evaluate the resiliency of the organization in light of current and contemporary threat actors that were espionage based and involved the theft of pharmaceutical intellectual property.
1. Introduction to Intrusion Lifecycle.
The emulated intrusion commenced with capabilities to exploit the insecure remote access services that were the misconfigured Remote Desktop Protocol (RDP) endpoints (T1076) that became the source of unauthorized access to the corporate network. After gaining access, the Red Team applied credential dumping method (T1003) to collect valid domain credentials, which gave it the opportunity to move around the environment with credentials.
An encrypted HTTP/HTTPS traffic Command-and-Control (C2) channel was created on top of an encrypted channel (T1071.001), making it possible to maintain continuous communication but making it indistinguishable under normal web traffic. The last step was where simulated data of pharmaceutical research was exfiltrated in small encrypted packets through the C2 channel (T1041) and the intrusion was completed without raising security alerts. This order signifies modern APT practices of long term access and intelligence gathering instead of disruption of operations [1], [2].
2. TTPs Monitored and Efficiency.
The application to the MITRE ATT&CK framework helped to map the engagement and verified that various high-risk techniques were implemented successfully and frequently used by post-2023 APT campaigns:
· T1076 – Remote Services: Abuse of insecure remote access for initial foothold
· T1003 – Credential Dumping: Extraction of valid credentials for privilege expansion
· T1059 / T1047 – Command and Script Execution: Fileless execution via PowerShell and WMI
· T1068 – Privilege Escalation: Exploitation of local elevation weaknesses
· T1021.002 – SMB/Remote Management: Stealthy lateral movement
· T1071.001 – Application Layer Protocol: Encrypted C2 communication
· T1041 – Exfiltration Over C2 Channel: Covert data extraction
Audit logs, authentication records and access timestamps proved the unauthorized access to secured research systems. Network telemetry also indicated that encrypted C2 traffic was not inspected by the existing perimeter controls. The success of the attack was confirmed by the lack of alerts when the simulated exfiltration of data was taken place, and it demonstrated serious gaps in visibility in the defensive architecture of CPC [3].
3. Gap of Detection and Visibility.
Although there were baseline security controls, there were a set of critical vulnerabilities that were found:
· Remote Access Exposure: There was minimal resistance to the abuse of credentials because Multi-Factor Authentication (MFA) was not implemented on remote services.
· Lack of Internal Visibility: Current Endpoint Detection and Response (EDR) and network monitoring systems had not identified abnormal SMB and WMI traffic of lateral movement.
· Encrypted Traffic Blind Spots: HTTP / HTTPS C2 traffic was not sufficiently monitored, which meant that malicious traffic managed to be disguised as part of standard web traffic.
· Lack of File Integrity Monitoring (FIM): Non-approved personnel could access sensitive research information without any notices, which was a symptom of the insufficient data protection mechanisms.
Such results suggest that the existing defenses of CPC cannot help them deal with stealth-oriented attackers who use lawful applications and encrypted communication to avoid being detected [4], [5].
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[bookmark: _Toc216799265]Summary of non Business-Level Impact.
A simulated Red Team exercise illustrated the way a modern APT can silently enter into the environment of CPC, stay unnoticed and steal sensitive data on pharmaceutical research. The exercise did not present any actual operational impact, however, a similar real-life event may entail intellectual property loss, regulatory fines and sanctions, competitive loss and reputation damage in the long term.
[bookmark: _Toc216799266]Reason behind Security Enhancements.
Identity security weaknesses and lack of internal monitoring were the major factors that led to the success of the simulated intrusion [2]. Lack of protection of remote access services and sufficient visibility of the lateral movement and encrypted communications enabled the adversary to perform without their detection. They are the typical conditions of weakness that are used by recent APT campaigns in real-life situations in healthcare and life-sciences organizations [1].
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The Red Team exercise and the strategic analysis showed that CPC had systemic gaps in its cybersecurity posture. The main weaknesses comprised of insecure remote access settings, poor identity protection, poor internal activity monitoring, and ineffective data integrity. The MITRE ATT&CK framework offered a systematic process of tracking the enemy action at each point of the intrusion starting with access to data and ending with data exfiltration [3].
The Red Team was able to successfully do a complete post-2023 APT-style attack that demonstrates that CPC does not have the required controls to identify and mitigate serious adversaries who are within the confines of trusted networks [4].
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CPC needs to focus on:
· All remote and privileged access is required to be done with Mandatory Multi-Factor Authentication (MFA).
· The internet facing systems should be under continuous patching and exposure control.
· Improved scanning of lateral movement by identity analytics and behavioral monitoring.
· Implementation of File Integrity Monitoring (FIM) of sensitive research materials.
· Implementation of a Zero Trust Architecture (ZTA) in order to do away with implicit trust and limit internal access [5].
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Advanced Persistent Threats are continuously being improved through the use of cloud services, encrypted communications and legitimate administrative tools. With the rising use of hybrid work and cloud adoption, organizations are forced to move to a model of identity-first security, proactive threat-hunting, and continuous validation of trust. It is necessary to have regular Red Team exercises and architectural modernization to ensure resilience against future APT activity [6], [7].
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