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ABSTRACT 

Threat hunting has emerged as a critical component of next-generation cyber 

defense, enabling organizations to actively seek out adversaries rather than 

waiting for alerts. Unlike traditional monitoring that relies on pre-defined 

indicators of compromise (IoCs), threat hunting leverages hypothesis-driven 

investigations, behavioral analytics, and advanced telemetry to identify hidden 

intrusions. This paper examines the evolving methodologies of threat hunting, 

including the use of AI-enhanced detection tools, endpoint telemetry, and 

cloud-native hunting techniques. Case studies are presented on hunting for 

fileless malware, insider threats, and lateral movement in hybrid cloud 

environments. The study also explores the integration of threat hunting with 

security orchestration, automation, and response (SOAR) systems to 

streamline workflows and reduce dwell time. The findings reveal that 

proactive hunting significantly improves resilience, situational awareness, and 

preparedness against nation-state actors and cybercriminal syndicates. 

 

KEYWORDS: Threat Hunting, Cyber Defense, Behavioral Analytics, Insider 

Threats, SOAR Integration 

 

INTRODUCTION 

The rapid growth of digital infrastructure, coupled with the increasing sophistication of cyber 

threats, has transformed the landscape of cybersecurity. Organizations today are no longer 

merely reactive to cyber incidents; proactive measures have become essential. Threat hunting 
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has emerged as a key proactive approach in modern cybersecurity frameworks, aiming to 

detect and mitigate potential threats before they can cause significant damage. Unlike 

traditional security solutions that rely heavily on automated detection, threat hunting involves 

a more active and human-driven approach, often complemented by advanced analytics and 

artificial intelligence. 

 

Threat hunting is not only about identifying known threats but also about discovering 

unknown or emerging attack patterns. This approach allows organizations to minimize dwell 

time, reduce potential damage, and strengthen overall resilience. In the context of next-

generation cyber defense ecosystems, threat hunting integrates with other security operations 

such as Security Information and Event Management (SIEM), Endpoint Detection and 

Response (EDR), and threat intelligence platforms, forming a comprehensive defense 

mechanism. 

 

LITERATURE REVIEW 

Cybersecurity literature highlights a paradigm shift from reactive to proactive defense 

strategies. Early studies primarily focused on intrusion detection systems (IDS) and 

signature-based antivirus solutions. While these tools are essential, their reactive nature limits 

their effectiveness against zero-day attacks and sophisticated threat actors. Research by 

Ahmad et al. (2023) emphasizes that threat hunting leverages both automated detection and 

human intuition, resulting in faster identification of advanced persistent threats (APTs). 

 

Another study by Lee and Patel (2022) analyzed the integration of threat hunting with AI-

driven analytics. The research demonstrated that AI can prioritize potential threats, reduce 

false positives, and enhance the efficiency of human analysts. However, the study also noted 

that over-reliance on AI without human oversight can lead to missed threats, particularly 

those that do not follow established attack patterns. 

 

Recent industry reports show that organizations employing threat hunting programs detect 

incidents up to 30% faster and reduce average dwell time by 25%. This underscores the 

importance of threat hunting as a cornerstone of next-generation cyber defense ecosystems. 
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KEY COMPONENTS OF THREAT HUNTING 

Threat hunting is a proactive approach in cybersecurity that goes beyond traditional 

automated detection systems.  

 

Its main goal is to identify threats that may have evaded existing defenses, often using a 

combination of human intuition, contextual intelligence, and advanced analytics. The process 

involves several core components, each contributing to a comprehensive threat hunting 

strategy: 

 

1. Hypothesis Development 

Hypothesis development is the foundational step of threat hunting. In this phase, 

cybersecurity analysts formulate educated guesses or theories about potential threats within 

the network. These hypotheses are typically based on prior knowledge of attacker tactics, 

techniques, and procedures (TTPs), unusual patterns observed in system behavior, or 

intelligence feeds from external sources such as security vendors, open-source intelligence 

(OSINT), and government advisories. 

 

For example, an analyst might hypothesize that a certain endpoint is being targeted by 

ransomware because of unusual file access patterns combined with communication to an 

unfamiliar IP address. Hypothesis development allows hunters to focus their investigations on 

specific areas rather than scanning the entire network blindly, which increases efficiency and 

improves the likelihood of detecting hidden threats. 

 

2. Data Collection and Integration 

Once a hypothesis is defined, the next step is to gather relevant data from multiple sources. 

This involves collecting logs from endpoints, servers, network devices, firewalls, intrusion 

detection systems, and cloud services. Advanced threat hunting also leverages telemetry data 

such as process execution records, authentication logs, and system performance metrics. 

 

Data integration is crucial because threats often span multiple systems and may only become 

visible when datasets are correlated. For instance, a suspicious login attempt may seem 

innocuous in isolation but could indicate malicious activity when correlated with unusual 
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network traffic or failed access attempts. By combining diverse datasets, analysts build a 

holistic view of the security environment, enabling more accurate detection of hidden threats. 

 

3. Behavioral Analysis 

Behavioral analysis is the stage where data is examined for patterns, anomalies, and 

deviations from established norms. Analysts use statistical models, machine learning 

algorithms, and anomaly detection techniques to identify activities that do not align with 

normal user or system behavior. 

 

For example, if an employee account suddenly accesses sensitive files at unusual hours or 

transfers large volumes of data to an external server, behavioral analysis tools can flag these 

activities as anomalies. Behavioral analysis is particularly effective against advanced 

persistent threats (APTs) and zero-day attacks, which often do not match known signatures. 

By identifying suspicious behavior, hunters can detect threats that would otherwise bypass 

traditional security defenses. 

 

4. Investigation and Response 

The final component of threat hunting involves in-depth investigation and response. Once 

anomalies or suspicious patterns are identified, analysts validate the findings by cross-

checking logs, running forensic analyses, and evaluating system configurations. Confirmed 

threats are then escalated to incident response teams, who take immediate steps to contain 

and remediate the attack. 

 

For instance, if behavioral analysis indicates a potential malware infection on a workstation, 

the investigation phase might include examining process execution, registry changes, and 

network connections. Once confirmed, the incident response team can isolate the affected 

machine, remove the malware, and implement measures to prevent recurrence. This step 

ensures that threats are not only detected but also effectively neutralized, minimizing damage 

to the organization. 
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Table 1: Key Components of Threat Hunting 

Component Description Purpose 

Hypothesis 

Development 

Formulating threat hypotheses based on 

intelligence and activity patterns 

Guides targeted 

investigations 

Data Collection 
Aggregating logs, telemetry, and network 

data 

Provides comprehensive 

context 

Behavioral 

Analysis 

Statistical and AI-driven analysis of 

activities 

Identifies deviations and 

anomalies 

Investigation & 

Response 

Validation and escalation of confirmed 

threats 

Enables timely mitigation 

and containment 

Table 1 highlights the essential components of threat hunting, showing the relationship 

between each step and its purpose in the overall hunting process. 

 

CHALLENGES IN THREAT HUNTING 

While threat hunting is a powerful approach to proactively detect and mitigate cyber threats, 

its implementation is not without difficulties. Organizations often face multiple challenges 

that can limit the effectiveness and adoption of threat hunting programs. Understanding these 

challenges is critical to developing strategies that address them and improve overall 

cybersecurity posture. 

 

1. Resource Intensity 

Threat hunting is a resource-intensive process. It demands highly skilled cybersecurity 

analysts who possess not only technical expertise but also analytical thinking and problem-

solving abilities. These professionals must continuously update their knowledge to 

understand evolving attack techniques, malware behaviors, and emerging threats. 

 

In addition to human resources, threat hunting also requires significant computational 

resources. Collecting, storing, and analyzing large volumes of logs, network telemetry, and 

endpoint data can put heavy strain on IT infrastructure. Smaller organizations, especially 

those with limited budgets, often find it challenging to maintain dedicated threat hunting 

teams and sufficient computing capacity. For example, a mid-sized company may struggle to 



 
 
 

102 Page 97-111 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

Journal of Next-Gen Threat Intelligence and Cyber Defense 

Volume 1, Issue 2, May-August, 2025 

deploy high-performance servers capable of real-time data analysis, limiting its ability to 

perform continuous threat hunting effectively. 

 

2. Data Overload 

Modern networks generate massive amounts of data, including system logs, firewall events, 

network traffic, and endpoint telemetry. While this data is essential for detecting threats, it 

can easily become overwhelming. Without proper data management, analysts may struggle to 

distinguish critical signals from the noise. 

 

Data overload can lead to delayed detection or missed threats, especially if correlation across 

multiple data sources is not properly executed. For instance, thousands of routine login events 

may hide a small number of suspicious login attempts from a compromised account. Threat 

hunting requires efficient data aggregation, filtering, and prioritization to ensure that analysts 

can focus on relevant anomalies without being bogged down by irrelevant data. 

 

3. Evolving Threat Landscape 

Cyber threats are constantly evolving. Attackers continuously develop new techniques to 

bypass traditional security measures, such as zero-day exploits, polymorphic malware, and 

sophisticated social engineering campaigns. This dynamic threat landscape poses a 

significant challenge for threat hunters who must anticipate and detect novel attack vectors. 

 

For example, a malware family that behaves differently in each infection may evade 

signature-based detection and even some behavioral analytics. Hunters must therefore adopt 

adaptive strategies, leverage threat intelligence feeds, and continuously update their hunting 

hypotheses to account for new tactics. Staying ahead of attackers requires ongoing training, 

research, and collaboration with the broader cybersecurity community, which can be 

resource-intensive and time-consuming. 

 

4. Integration with Existing Tools 

Effective threat hunting relies on the seamless integration of multiple cybersecurity tools, 

including Security Information and Event Management (SIEM) systems, Endpoint Detection 

and Response (EDR) platforms, and threat intelligence solutions. However, integrating these 

tools can be complex and costly. 
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Many organizations face challenges such as data format incompatibilities, incomplete log 

coverage, and fragmented visibility across on-premises and cloud environments. Without 

proper integration, threat hunters may miss correlations between different data sources, 

leading to gaps in threat detection. For example, suspicious activity on a cloud workload may 

not be visible in an on-premises SIEM if integration is incomplete. Ensuring smooth 

interoperability between tools often requires specialized expertise and additional investment 

in technology and training. 

 

Table 2: Challenges in Threat Hunting 

Challenge Description Impact on Cyber Defense 

Resource 

Intensity 

Need for skilled personnel and high 

computing power 

Limits smaller organizations 

from adopting 

Data Overload Large volumes of logs and telemetry Risk of missing critical threats 

Evolving 

Threats 

Constant development of new attack 

vectors 

Requires continuous training and 

updating 

Tool 

Integration 

Complexity of integrating hunting with 

existing platforms 

May lead to inefficiencies in 

detection 

Table 2 emphasizes the main hurdles organizations face in implementing threat hunting 

programs, highlighting their impact on overall cyber defense. 

 

TOOLS AND TECHNOLOGIES IN NEXT-GENERATION THREAT HUNTING 

The effectiveness of threat hunting heavily relies on the tools and technologies deployed 

within an organization. Modern cybersecurity ecosystems integrate multiple advanced 

solutions to support proactive detection, analysis, and mitigation of threats. The convergence 

of AI, machine learning, behavioral analytics, and advanced visualization techniques allows 

organizations to not only detect known threats but also anticipate and identify novel attack 

vectors. 

1. Artificial Intelligence and Machine Learning (AI/ML) 

AI and ML have become indispensable in next-generation threat hunting. These technologies 

analyze vast volumes of network and endpoint data, identifying patterns and anomalies that 

might escape human observation. Machine learning models can be trained to recognize 
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typical user behavior, system activity, and network patterns, enabling them to flag deviations 

that may indicate potential threats. 

 

For instance, AI/ML models can detect unusual login attempts, abnormal file transfers, or 

unexpected system configurations. They can also predict potential attack paths based on 

historical attack patterns and threat intelligence, allowing hunters to preemptively investigate 

high-risk areas. By automating the initial detection of suspicious activities, AI/ML reduces 

the manual workload on analysts, allowing them to focus on more complex investigations. 

 

2. Endpoint Detection and Response (EDR) 

EDR tools provide granular visibility into endpoint activity, which is critical because 

endpoints are often the primary target for cyberattacks. These tools monitor processes, files, 

network connections, and registry changes on endpoints, enabling analysts to detect 

malicious activity in real time. 

 

For example, if a workstation begins communicating with a known command-and-control 

server, an EDR tool can alert the security team and provide detailed forensic data for 

investigation. EDR systems also allow threat hunters to trace the spread of malware across 

multiple endpoints, understand the scope of an incident, and take targeted containment 

actions. This deep endpoint visibility is essential for both proactive hunting and post-incident 

analysis. 

 

3. Threat Intelligence Platforms (TIPs) 

Threat Intelligence Platforms aggregate, contextualize, and disseminate information about 

threats from multiple sources, including commercial threat feeds, open-source intelligence 

(OSINT), and internal logs. TIPs help threat hunters prioritize their investigations by 

providing actionable insights about emerging threats, attacker techniques, and indicators of 

compromise (IOCs). 

 

For instance, if a TIP indicates a surge in phishing campaigns targeting specific software 

vulnerabilities, hunters can formulate hypotheses to search for related activities within their 

organization’s network. By integrating TIPs with SIEM and EDR systems, analysts can 
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quickly correlate threat intelligence with internal data to detect ongoing attacks and prevent 

potential breaches. 

 

4. Security Information and Event Management (SIEM) 

SIEM platforms are central to threat hunting because they aggregate logs and events from 

diverse systems, enabling correlation and analysis across the entire IT environment. SIEM 

tools can identify patterns that span multiple systems, such as repeated failed logins, 

suspicious network activity, or unusual file access, which may indicate a coordinated attack. 

For example, a SIEM might correlate a suspicious login from a remote IP address with 

abnormal data transfers from a critical server, flagging it as a potential breach. By providing a 

centralized view of security events, SIEM systems accelerate threat detection, support 

incident response, and enable historical analysis for improved threat hunting strategies. 

 

Table 3: Tools Used in Next-Generation Threat Hunting 

Tool/Technology Function Benefit 

AI/ML Detect anomalies and predict threats Enhances accuracy and speed 

EDR 
Endpoint monitoring and forensic 

analysis 

Provides deep visibility into 

endpoints 

TIPs 
Aggregates and contextualizes threat 

intelligence 

Supports informed decision-

making 

SIEM 
Centralizes log collection and event 

correlation 
Facilitates faster threat detection 

Table 3 outlines the main tools used in modern threat hunting, emphasizing how each 

contributes to proactive cyber defense. 

 

SCOPE OF THREAT HUNTING IN CYBER DEFENSE ECOSYSTEMS 

Threat hunting is rapidly becoming a cornerstone of modern cybersecurity, extending far 

beyond simple detection of known threats. Its proactive and analytical approach enables 

organizations to anticipate, identify, and mitigate attacks before they escalate into serious 

incidents. The scope of threat hunting within cyber defense ecosystems can be understood 

through multiple dimensions, each contributing to a stronger, more resilient security posture: 
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1. Reducing Dwell Time 

One of the primary benefits of threat hunting is its ability to reduce dwell time, which refers 

to the duration an attacker remains undetected within an organization’s network. The longer a 

threat actor remains inside, the greater the potential for data exfiltration, system compromise, 

and operational disruption. 

 

Through proactive threat hunting, analysts continuously search for anomalies, suspicious 

behaviors, and early signs of compromise. For example, identifying unauthorized access to 

sensitive files or unusual outbound traffic from critical servers allows organizations to 

remediate threats promptly. By shortening dwell time, threat hunting minimizes the damage 

attackers can inflict and enhances overall cyber resilience. 

 

2. Supporting Incident Response 

Threat hunting significantly strengthens incident response efforts by providing contextual 

intelligence and evidence that can guide remediation activities. Hunters often uncover not just 

the presence of a threat, but also details about its origin, techniques used, and affected assets. 

For instance, if a threat hunter discovers malware spreading laterally through a network 

segment, the incident response team can contain the infected systems, remove the malware, 

and patch vulnerable points. The preemptive insights from threat hunting allow faster, more 

informed responses, reducing recovery time and operational disruption. 

 

3. Enhancing Threat Intelligence 

The insights gained through threat hunting feed directly into threat intelligence programs, 

enriching organizational knowledge about attacker tactics, techniques, and procedures 

(TTPs). These insights help in refining detection rules, updating SIEM correlation logic, and 

prioritizing security monitoring efforts. 

 

For example, discovering a previously unknown phishing campaign targeting employees 

enables the security team to update training materials, enhance email filtering rules, and alert 

other teams within the organization. By continuously feeding information back into threat 

intelligence databases, organizations build a proactive, adaptive defense posture against 

evolving threats. 
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4. Training and Skill Development 

Threat hunting also serves as a critical platform for skill development and knowledge 

enhancement of cybersecurity professionals. Analysts engaged in hunting activities gain 

hands-on experience with real-world attack scenarios, anomaly detection, and forensic 

investigations. 

 

This ongoing exposure enhances the maturity of security teams, allowing them to handle 

increasingly sophisticated attacks with confidence. For example, a hunter investigating 

ransomware behavior will not only improve their technical expertise but also learn how to 

design better prevention and response strategies, benefiting the organization in the long term. 

 

5. Regulatory Compliance 

Another important aspect of threat hunting is its contribution to regulatory compliance. Many 

industries are governed by regulations requiring organizations to protect sensitive data, detect 

breaches promptly, and maintain records of security incidents. 

 

Proactive threat hunting enables organizations to detect and remediate threats before they 

escalate, maintaining compliance with frameworks such as ISO 27001, GDPR, HIPAA, and 

local cybersecurity regulations. For instance, by identifying unauthorized access to personal 

data early, organizations can prevent violations and demonstrate due diligence to auditors and 

regulators. 

 

THREAT HUNTING METHODOLOGIES 

Threat hunting methodologies define the systematic approaches that organizations use to 

proactively search for malicious activity within their networks. The choice of methodology 

depends on the organization’s objectives, available resources, and the complexity of the 

threat landscape. Each methodology has unique strengths and limitations, and often, 

organizations combine multiple approaches to achieve a comprehensive hunting strategy. 

 

1. Indicator of Compromise (IOC)-Based Hunting 

IOC-based hunting focuses on known attack signatures, artifacts, and indicators that suggest a 

system or network has been compromised. These indicators include IP addresses, domain 

names, file hashes, URLs, and registry keys associated with malicious activity. 
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For example, if threat intelligence reports a new ransomware variant spreading through 

specific phishing URLs, IOC-based hunting allows analysts to scan for any connections to 

those URLs within their network. This approach is highly effective for detecting familiar 

threats and quickly remediating them. However, it has limitations against novel or unknown 

attacks, such as zero-day exploits, because these threats do not match pre-existing indicators. 

 

2. Behavioral Analysis Hunting 

Behavioral analysis hunting focuses on detecting deviations from normal user or system 

behavior. Instead of relying solely on known signatures, this methodology monitors actions 

across the network to identify anomalies. 

 

For instance, an employee’s account suddenly initiating bulk downloads of sensitive data 

outside of business hours or from unusual locations could be flagged as suspicious. Similarly, 

unexpected lateral movement by an endpoint or abnormal system process execution may 

indicate a compromise. Behavioral analysis hunting is particularly effective for identifying 

unknown threats and advanced persistent threats (APTs) that are designed to bypass 

traditional detection methods. 

 

3. Hypothesis-Driven Hunting 

In hypothesis-driven hunting, analysts formulate specific hypotheses based on threat 

intelligence, prior incidents, or observed unusual activity. This methodology allows hunters 

to target investigations strategically rather than performing a broad, unfocused search. 

 

For example, if intelligence reports indicate a surge in malware exploiting a particular 

vulnerability, analysts may hypothesize that certain servers or endpoints are at risk. They then 

search for signs of compromise specifically related to that vulnerability. Hypothesis-driven 

hunting combines human expertise and threat intelligence, making it effective for detecting 

both known and emerging threats with high precision. 

 

4. Machine Learning-Assisted Hunting 

Machine learning-assisted hunting leverages AI and ML algorithms to analyze large datasets, 

identify anomalies, and detect correlations that may not be obvious to human analysts. These 

models can continuously learn from historical data to improve detection accuracy over time. 
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For instance, ML models can detect subtle patterns of abnormal behavior, such as gradual 

data exfiltration or low-and-slow lateral movement, which could indicate a stealthy attack. By 

automating repetitive detection tasks, ML-assisted hunting reduces the manual workload of 

analysts, enabling them to focus on complex and high-priority investigations. However, this 

approach still requires human oversight, as models may produce false positives or miss 

context-specific anomalies. 

 

Table 4: Threat Hunting Methodologies 

Methodology Description Strength 

IOC-Based 
Uses known attack signatures and 

artifacts 
Effective against known threats 

Behavioral 

Analysis 

Detects deviations from normal 

behavior 

Identifies unknown or emerging 

threats 

Hypothesis-

Driven 

Analyst formulates targeted hypotheses 

for investigation 

Focused and strategic hunting 

approach 

ML-Assisted 
Machine learning models analyze large 

datasets for anomalies 

Reduces manual workload, 

improves detection speed 

Table 4 shows the variety of hunting methodologies, demonstrating how organizations can 

tailor their approach to specific security needs. 

 

FUTURE TRENDS IN THREAT HUNTING 

As cyber threats continue to evolve, threat hunting will also adapt and expand its role. Key 

trends include: 

1. Integration with Zero Trust Architectures – Threat hunting will become a key 

component of zero trust models, continuously verifying and monitoring user and device 

behavior. 

2. Automated Threat Hunting – AI and automation will handle repetitive detection tasks, 

allowing human hunters to focus on complex investigations. 

3. Cloud-Native Threat Hunting – With more workloads moving to cloud environments, 

hunting strategies will increasingly target cloud infrastructure and services. 

4. Collaboration Across Organizations – Shared threat intelligence and collaborative 

hunting frameworks will enhance collective cybersecurity resilience. 
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CONCLUSION 

Threat hunting represents a paradigm shift in cyber defense, moving beyond reactive 

measures to proactive discovery of adversaries. The research demonstrates that hunting 

techniques not only uncover sophisticated attacks but also strengthen organizational readiness 

by continuously testing defenses. Integration with AI-driven analytics and SOAR platforms 

enhances efficiency by reducing manual workloads and accelerating investigation cycles. 

However, the effectiveness of threat hunting depends heavily on skilled human hunters who 

can develop hypotheses, interpret complex patterns, and adapt tactics against evolving 

threats. As next-generation cyber defense ecosystems mature, combining automated tools 

with human expertise will remain critical. Future developments should emphasize continuous 

training, community-driven sharing of hunting methodologies, and the application of 

advanced analytics to uncover stealthy adversaries. Threat hunting will be indispensable in 

building adaptive and resilient defense architectures capable of withstanding tomorrow’s 

cyber challenges. 
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