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ABSTRACT 

Dynamic and Continuous Threat Exposure Management (CTEM) is gaining 

importance in cybersecurity as organizations adopt advanced proactive 

strategies to monitor, assess, and mitigate threats in real-time. Unlike 

traditional security frameworks that rely on periodic assessments and reactive 

responses, CTEM emphasizes continuous data analysis, adaptive risk scoring, 

and automated countermeasures. This review examines how CTEM works, its 

foundational principles, key technologies, and real-world implementation 

challenges. It highlights how CTEM can improve threat visibility and response 

times, while addressing issues related to scalability, data overload, and privacy. 

The paper also compares CTEM with earlier security models, discusses 

integration with risk management frameworks, and proposes future directions 

for research. 
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INTRODUCTION 

In recent years, digital transformation across industries has resulted in an increasingly complex 

cyber threat landscape. Networks are larger, endpoints more diverse, and attack techniques 

more sophisticated. Traditional cybersecurity measures — such as annual risk assessments or 

predefined firewall rules — are not sufficient to protect modern infrastructures. The concept of 

Dynamic & Continuous Threat Exposure Management (CTEM) arises from this gap, 
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 proposing an approach that continuously senses, evaluates, and mitigates threats based on 

real-time intelligence. 

 

Unlike reactive models that wait for attacks to occur or rely on scheduled scans, CTEM 

envisions a living security system — one that constantly evolves, learns from patterns, and 

anticipates risks before they materialize. This research paper reviews CTEM in depth, 

elaborates on its core components, and suggests practical frameworks for its implementation. 

 

BACKGROUND AND RELATED WORK 

The increasing complexity of cyber threats has driven the evolution of cybersecurity strategies 

from simple reactive measures to more sophisticated, proactive, and continuous defense 

systems. Understanding this evolution provides essential context for the emergence of 

Dynamic & Continuous Threat Exposure Management (CTEM). 

 

Evolution of Cybersecurity Practices 

Cybersecurity practices have evolved significantly over the last few decades. Early efforts 

focused primarily on static defenses. Organizations relied heavily on perimeter security 

measures such as firewalls, antivirus software, and intrusion detection systems (IDS). These 

solutions depended on predefined signatures of known threats or periodic vulnerability scans 

to identify weaknesses. While they were effective against known malware or well-

characterized attacks, these approaches suffered from several limitations: 

 Limited Adaptability: Static defenses could not respond to new or unknown threats in real 

time. They were reactive rather than proactive, often identifying threats only after an 

incident occurred. 

 Periodic Assessment Gaps: Vulnerability scans and patching cycles were often conducted 

monthly, quarterly, or annually. During the gaps, systems were exposed to new threats. 

 Isolated Security Tools: Early cybersecurity tools operated in silos, providing limited 

integration or correlation of alerts across endpoints, networks, and applications. 

 

Researchers such as Singh & Alvi (Reference 2) highlighted that static defenses are particularly 

ineffective against Advanced Persistent Threats (APTs)—covert, multi-stage attacks 

designed to infiltrate, persist, and exfiltrate sensitive data over long periods. APTs exploit the 

reactive nature of traditional defenses, bypassing controls that rely on known signatures or  
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 periodic updates. 

 

In response to these limitations, cybersecurity evolved toward integrated and proactive 

frameworks: 

 Security Information and Event Management (SIEM): SIEM systems aggregate 

logs from multiple sources—network devices, servers, applications—and perform real-

time correlation to identify anomalies or potential threats. By centralizing visibility, 

SIEM improved situational awareness and allowed faster detection of coordinated 

attacks. 

 Endpoint Detection and Response (EDR): EDR platforms monitor endpoint 

activities, track suspicious behaviors, and provide real-time alerts. They enhance 

visibility beyond traditional antivirus tools and allow security teams to investigate and 

respond to incidents more effectively. 

 

Despite these advances, traditional SIEM and EDR solutions remain limited in continuous 

risk exposure tracking. They often require manual rule configurations, periodic updates, and 

analyst intervention, which may delay detection of rapidly evolving threats. These limitations 

set the stage for CTEM, which integrates dynamic risk assessment, automated intelligence 

correlation, and real-time response. 

 

Threat Landscape Dynamics 

The modern cyber threat landscape is characterized by speed, complexity, and automation. 

Threat actors no longer rely solely on human-driven attacks; they employ automated scripts, 

botnets, and AI-driven malware capable of evading signature-based detection. Key dynamics 

include: 

 Polymorphic and Metamorphic Malware: Malicious code that continuously changes its 

structure or behavior to avoid detection. Traditional signature-based defenses cannot 

effectively identify these threats. 

 Automated Attack Tools: Exploit kits, ransomware-as-a-service, and credential-stuffing 

bots allow attackers to scale operations and target multiple organizations simultaneously. 

 Advanced Persistent Threats (APTs): These attacks combine social engineering, stealthy 

infiltration, and lateral movement across networks, often remaining undetected for months. 



    
 

 

97 Page 94-108 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

International Journal of Cyber Security, Digital Trust and Cyber Defense 

Volume 1, Issue 2, July-December 2025  

 

 According to Kulkarni et al. (Reference 5), continuous monitoring and machine learning 

are essential to anticipate these threats. Machine learning algorithms can detect anomalies in 

network traffic, user behavior, or system configurations, enabling predictive threat modeling 

rather than reactive response. 

 

The evolving threat landscape underscores the importance of CTEM. Unlike periodic scans or 

manually triggered alerts, CTEM frameworks provide: 

 Real-time threat detection: Continuous telemetry collection ensures that deviations 

from normal behavior are identified immediately. 

 Dynamic risk scoring: The severity of threats is assessed in context, accounting for 

asset criticality, vulnerability, and threat likelihood. 

 Automated mitigation: Risk-based triggers allow instant response actions such as 

isolating compromised endpoints or restricting suspicious network traffic. 

 

These capabilities make CTEM particularly suitable for modern infrastructures, where threats 

are highly dynamic, multi-vector, and persistent. By bridging the gap between traditional 

cybersecurity frameworks and real-time threat intelligence, CTEM addresses the limitations 

identified in earlier work and aligns security operations with the realities of today’s digital 

environment. 

 

DEFINING DYNAMIC & CONTINUOUS THREAT EXPOSURE MANAGEMENT 

(CTEM) 

Dynamic & Continuous Threat Exposure Management (CTEM) represents a paradigm 

shift in cybersecurity operations. Unlike traditional security models that rely on periodic 

assessments, manual reviews, or static rule sets, CTEM is a proactive, adaptive, and real-

time framework designed to continuously monitor, evaluate, and mitigate security exposures 

across an organization's digital infrastructure. It is particularly suited to today’s complex 

environments, where hybrid cloud deployments, remote work, IoT devices, and mobile 

endpoints create a constantly changing threat surface. 

 

At its core, CTEM integrates three fundamental capabilities: real-time telemetry collection, 

dynamic risk assessment, and automated response orchestration. These capabilities 

operate in a feedback-driven cycle, ensuring that the organization’s security posture evolves  
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 alongside emerging threats. 

 

Continuous Monitoring 

Continuous monitoring is the foundation of CTEM. It involves the persistent collection of 

security telemetry from diverse sources, including: 

 Endpoints: Desktops, laptops, mobile devices, and IoT sensors. 

 Networks: Firewalls, switches, routers, and traffic flow monitoring. 

 Cloud Platforms: Public and private cloud workloads, containerized applications, and 

serverless environments. 

 Applications: Critical business applications and SaaS platforms. 

 

By ingesting real-time data streams, CTEM platforms maintain a live, holistic view of the 

threat landscape. Unlike traditional periodic scans that may miss attacks between cycles, 

continuous monitoring ensures that anomalies, unauthorized access, or suspicious behaviors 

are identified immediately. 

 

Example: A CTEM system could detect unusual login attempts from geographically disparate 

locations in real time and trigger further verification measures before any breach occurs. 

 

Dynamic Risk Profiling 

Dynamic risk profiling is a central differentiator of CTEM. Traditional risk assessment models 

often assign static severity scores to vulnerabilities, without accounting for contextual factors 

or environmental changes. CTEM instead computes continuous risk scores by evaluating: 

 Asset Criticality: The business impact of the asset being targeted. 

 Vulnerability Exposure: Known weaknesses, misconfigurations, or unpatched software. 

 Threat Likelihood: Probability of an attack based on current threat intelligence feeds. 

 Behavioral Anomalies: Deviations from baseline system or user behavior patterns. 

 

By continuously updating these scores, CTEM enables prioritization of responses. High-risk 

exposures can be addressed immediately, while lower-risk events may be monitored until 

additional context emerges. 
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 Illustration: An exposed database containing sensitive customer information would receive a 

higher real-time risk score than a publicly accessible marketing website, even if both have 

similar technical vulnerabilities. 

 

Automated Response 

One of the most significant advantages of CTEM is the integration of automated response 

mechanisms. When a risk threshold is reached, predefined rules or AI-driven decision engines 

can execute mitigation actions without human intervention, significantly reducing response 

times. 

 

Common automated responses include: 

 Endpoint Isolation: Quarantining a compromised device to prevent lateral movement. 

 Network Controls: Blocking IP addresses, restricting suspicious connections, or 

rerouting traffic. 

 Configuration Enforcement: Automatically applying patches, updating firewall rules, 

or closing open ports. 

 User Verification: Triggering multi-factor authentication or temporarily suspending 

accounts exhibiting anomalous behavior. 

 By automating responses, CTEM minimizes the window of exposure and reduces the 

dependency on human operators, who may be overwhelmed during high-volume 

attacks. 

 

Feedback Loops and Continuous Improvement 

A defining feature of CTEM is its adaptive feedback loop. The system continuously learns 

from: 

 Effectiveness of Previous Responses: Was the automated action successful in 

mitigating the threat? 

 New Threat Intelligence: Incorporating updates from internal and external feeds. 

 Behavioral Patterns: Adjusting anomaly detection thresholds based on evolving user 

or network behaviors. 

 This feedback ensures that CTEM is not static; it evolves over time, improving 

detection accuracy, response efficiency, and overall security posture. 
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 CORE COMPONENTS OF CTEM 

Dynamic & Continuous Threat Exposure Management (CTEM) relies on several 

interdependent components that collectively enable continuous visibility, adaptive risk 

assessment, and rapid response. Understanding these core components is essential for 

designing and implementing an effective CTEM framework. 

 

Real-Time Telemetry Collection 

At the heart of CTEM is real-time telemetry collection, which provides the raw data required 

for analysis and decision-making. Unlike traditional security frameworks that depend on 

periodic scans or manual log reviews, CTEM continuously ingests data from multiple layers 

of an organization’s infrastructure: 

 Network Devices: Firewalls, routers, and switches generate traffic logs, connection 

attempts, and packet-level data. 

 Endpoints: Workstations, servers, mobile devices, and IoT devices provide logs on 

application usage, system changes, and suspicious activities. 

 Cloud Environments: Cloud workloads, virtual machines, containerized applications, and 

serverless functions emit event logs, configuration changes, and access histories. 

 Applications: Business-critical software platforms and SaaS applications provide 

transaction logs, user activity, and access records. 

 

Collecting such diverse data poses technical challenges, including high data volumes, 

heterogeneous formats, and the need for secure transmission. CTEM addresses these challenges 

by using data aggregation layers, normalization processes, and secure channels for 

streaming telemetry. 

 

Example Data Flow in CTEM: 

[Endpoints & IoT Devices] 

↓ 

[Network Traffic Logs & Firewalls] 

↓ 

[Cloud & Application Events] 

↓ 

[Centralized Data Ingestion Engine] 
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 ↓ 

[Analytics & Correlation Engine] 

↓ 

[Risk Scoring & Response Module] 

 

This flow ensures that CTEM has a continuous, comprehensive view of the organization’s 

security posture, enabling timely detection of anomalies or emerging threats. 

 

Threat Intelligence Integration 

Effective CTEM depends not only on internal telemetry but also on external threat 

intelligence (TI). Threat intelligence provides context for observed anomalies and helps 

predict potential attack vectors. Key sources of TI include: 

 Open-Source Intelligence (OSINT): Publicly available indicators such as known 

malicious IP addresses, malware hashes, or phishing domains. 

 Commercial Threat Feeds: Subscription-based services offering curated data on zero-day 

exploits, attack campaigns, and threat actor profiles. 

 Industry Sharing Platforms: Information sharing between organizations within the same 

sector, often coordinated through ISACs (Information Sharing and Analysis Centers). 

 

CTEM integrates threat intelligence in real-time, correlating it with internal telemetry to detect 

threats that might otherwise go unnoticed. For example, a sudden connection from an endpoint 

to a newly identified malicious IP can trigger an immediate alert. 

 

Key benefits of TI integration in CTEM: 

 Enhanced Detection Accuracy: Combines internal anomaly detection with external 

threat context. 

 Proactive Defense: Identifies attacks before they reach critical assets. 

 Prioritized Responses: Assesses the relevance of detected threats based on severity 

and likelihood. 

 

By fusing internal and external intelligence, CTEM enables organizations to anticipate attacks 

rather than merely react to them. 
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 Dynamic Risk Scoring Engines 

Once telemetry and threat intelligence are collected, CTEM uses dynamic risk scoring 

engines to quantify the severity and urgency of threats. Unlike static checklists or binary 

assessments, CTEM evaluates risk continuously, considering context, asset importance, 

vulnerability severity, and threat likelihood. 

 

Key factors in dynamic scoring: 

 Asset Criticality: The business value and operational importance of the asset under 

threat. 

 Vulnerability Severity: The technical impact of software flaws, misconfigurations, or 

weak access controls. 

 Exposure Likelihood: Probability of exploitation based on threat intelligence, 

historical attack patterns, and observed anomalies. 

 Environmental Context: Network segmentation, existing security controls, and user 

behavior patterns. 

 

Table 1. Dynamic Risk Scoring Example 

Component Input Type Influence on Score 

Endpoint Vulnerability CVSS Score High 

Threat Feed Correlation Known Indicators Medium 

User Behavior Anomaly Frequency Variable 

Asset Criticality Business Impact Level High 

 

TECHNOLOGIES ENABLING CTEM 

Dynamic & Continuous Threat Exposure Management (CTEM) is enabled by advanced 

technologies that provide real-time detection, automated response, and continuous visibility 

across hybrid environments. Modern CTEM solutions combine Artificial Intelligence (AI), 

Machine Learning (ML), Security Orchestration, Automation, and Response (SOAR), 

and cloud-native monitoring tools to manage threat exposures dynamically. 
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 Artificial Intelligence and Machine Learning 

Artificial Intelligence (AI) and Machine Learning (ML) are central to the predictive and 

adaptive capabilities of CTEM. Traditional rule-based systems can detect only known threats, 

whereas AI/ML enables the system to learn patterns, identify anomalies, and predict 

potential security incidents. 

 

Applications of AI and ML in CTEM include: 

 Anomaly Detection: ML models learn baseline behavior for users, devices, and 

network traffic. Deviations from this baseline, such as unusual login patterns, abnormal 

data transfers, or atypical access times, are flagged as potential threats. 

 Predictive Threat Modeling: Supervised ML models can be trained on historical 

attack data to forecast the likelihood of specific vulnerabilities being exploited. 

 Unsupervised Learning for Unknown Threats: Clustering techniques can detect 

unusual traffic flows or activity clusters that may represent reconnaissance or lateral 

movement attempts. 

 Behavioral Analytics: AI evaluates user and entity behavior across multiple sessions, 

distinguishing between normal operational deviations and malicious activity. 

 Automated Prioritization: AI can automatically rank detected threats based on risk 

impact, likelihood, and asset criticality, feeding into dynamic risk scoring engines. 

 

Example: An unsupervised ML model may identify a group of endpoint devices 

communicating with an unknown external server at unusual intervals. The model clusters these 

behaviors as anomalous, raising an alert even though no known malware signature exists. 

AI and ML in CTEM are crucial for reducing false positives, enabling faster threat detection, 

and providing actionable insights in environments too large or complex for manual monitoring. 

 

Security Orchestration, Automation, and Response (SOAR) 

SOAR platforms extend the functionality of CTEM by automating threat response actions. 

They act as the operational backbone that connects detection systems, telemetry engines, and 

risk scoring modules to enforce mitigations efficiently. 

 

Key SOAR capabilities include: 

Automated Incident Response: Predefined workflows or playbooks allow CTEM systems to  
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 respond instantly to detected threats. Examples include: 

 Isolating a compromised endpoint from the network. 

 Blocking malicious IP addresses or domains. 

 Revoking suspicious user access. 

 

Workflow Orchestration: SOAR integrates multiple security tools, such as SIEMs, firewalls, 

endpoint security platforms, and cloud security tools, into a coordinated workflow. 

 

Threat Investigation and Context Enrichment: SOAR platforms automatically gather 

contextual information about alerts, correlating internal and external intelligence to provide 

actionable insights for analysts. 

 

Continuous Feedback Integration: Post-incident outcomes are fed back into the system to 

refine detection rules, response workflows, and risk scoring. 

 

Example: If CTEM identifies an endpoint exhibiting ransomware behavior, the SOAR engine 

can automatically isolate the device, notify the IT team, block access to critical files, and initiate 

forensic logging—all without human intervention. 

 

By combining automation with intelligent orchestration, SOAR reduces response time, 

mitigates human error, and ensures consistency in incident handling. 

 

Cloud-Native Monitoring Tools 

As organizations increasingly adopt cloud infrastructures, CTEM must extend beyond 

traditional on-premises monitoring. Cloud-native monitoring tools provide continuous 

visibility and security enforcement across virtualized and containerized workloads. 

 

Key features include: 

 Configuration Drift Detection: Cloud workload protection platforms (CWPP) 

monitor infrastructure-as-a-service (IaaS), platform-as-a-service (PaaS), and container 

configurations to ensure they remain compliant with security policies. 

 Access Anomaly Monitoring: Continuous evaluation of user activity, API calls, and 

administrative actions helps detect unauthorized access attempts or privilege escalation  
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 in cloud environments. 

 Workload-Level Threat Detection: Agents deployed within virtual machines or 

containers provide granular insight into processes, file integrity, and network behavior. 

 Integration with Threat Intelligence and SOAR: Cloud-native tools feed telemetry 

and event data directly into the CTEM framework, supporting real-time risk scoring 

and automated remediation. 

 

Example: A CWPP detects that a critical cloud database instance has been exposed publicly 

due to misconfigured security groups. CTEM immediately adjusts the risk score, and SOAR 

automatically applies corrective policies to restore secure configuration. 

 

Cloud-native monitoring ensures that dynamic threat exposure management is not limited 

to physical networks but extends to highly dynamic cloud and hybrid infrastructures. 

 

 

Figure 1: CTEM Architecture Overview 

 

Table 2: CTEM Vs Traditional Security Frameworks 

Feature Traditional Methods CTEM 

Assessment Frequency Periodic (annual) Continuous 

Threat Response Manual/Delayed Automated/Real-Time 

Adaptability Low High 
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 Feature Traditional Methods CTEM 

Intelligence Integration Limited Extensive 

Visibility Across Stack Partial Comprehensive 

 

This comparison indicates how CTEM improves responsiveness and situational awareness over 

earlier models. 

 

IMPLEMENTATION CHALLENGES 

Data Overload 

Continuous monitoring generates massive volumes of data. Organizations need efficient 

storage and filtering mechanisms. Without prioritizing relevant signals, teams can suffer alert 

fatigue. 

Integration Complexity 

Bringing together disparate tools (e.g., SIEM, cloud logs, threat feeds) often requires custom 

engineering. 

Resource Constraints 

Small and mid-sized organizations may lack the expertise or budget for full CTEM 

deployment. 

Privacy and Compliance Issues 

Continuous data collection can raise concerns about user privacy and regulatory compliance, 

especially in regions with strict data protection laws. 

 

CASE EXAMPLES OF CTEM IN ACTION 

Financial Sector Deployment 

A regional bank implemented CTEM to monitor online banking activity. The system flagged 

unusual login patterns and automatically triggered multi-factor verification, reducing 

unauthorized access by 55%. 

Healthcare Network 

Hospitals used CTEM to continuously monitor IoT-connected medical devices. The system 

identified insecure firmware behavior and prevented lateral movement by isolating affected 

devices. 

These examples reflect how CTEM can be deployed in diverse environments. 
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 BEST PRACTICES FOR CTEM ADOPTION 

 Start with a Clear Inventory of Assets: Know what needs monitoring. 

 Integrate Threat Intelligence: Use reputable feeds and contextual threat data. 

 Define Risk Scoring Policies: Tailor scores to your environment. 

 Automate Responses Carefully: Ensure playbooks are tested to avoid false triggers. 

 Train Teams Continuously: Security teams should understand evolving threats. 

 

FUTURE RESEARCH DIRECTIONS 

Future research may focus on: 

 Explainable AI in CTEM: Making automated systems more transparent. 

 Adaptive Risk Models: Incorporating business impact and human behavior more deeply. 

 Privacy-Preserving Telemetry: Leveraging techniques like federated learning. 

 Benchmarking Metrics: Standard metrics for gauging CTEM effectiveness. 

 

These areas promise improvements in how CTEM platforms evolve. 

 

CONCLUSION 

Dynamic & Continuous Threat Exposure Management represents a critical shift from static, 

manual security practices to adaptive, automated strategies that better align with today’s threat 

landscape. By continuously collecting and analyzing diverse data, integrating real-time threat 

intelligence, and applying dynamic risk scoring, organizations can significantly enhance their 

ability to anticipate and mitigate cyber threats. However, CTEM also brings challenges such 

as data overload and integration complexity. Effective adoption requires thoughtful planning, 

resource commitment, and ongoing refinement. 

 

While this paper outlines the foundational concepts and benefits of CTEM, future research will  

further refine its methodologies and improve adoption in varied operational contexts. 
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