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Abstract: Phishing remains one of the most common and effective attack methods, compromising both individual users and corporate
networks. Traditional defenses like email filters and user training often fail to address how phishing campaigns exploit known and
emerging vulnerabilities. This paper introduces an adaptive framework that utilizes threat intelligence, user behavior analytics (UBA),
and predictive analytics to dynamically prioritize and mitigate vulnerabilities exposed to phishing campaigns. By integrating phishing
threat intelligence and UBA into vulnerability management and using machine learning for predictive risk scoring, this approach offers

a real - time, proactive defense against phishing - based exploits.
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1. Introduction

The growing complexity of phishing attacks has made them
critical enablers for broader cyber threats like ransomware,
data breaches, and advanced persistent threats (APTSs).
Phishing is often the initial step in a more extensive attack,
exploiting unpatched vulnerabilities within an organization's
systems. However, traditional vulnerability management
(VM) tools rely on static risk assessments, such as Common
Vulnerability Scoring System (CVSS) scores, which fail to
adjust dynamically to phishing threats and user behavior,
increasing the risk of exploitation.

This paper proposes an adaptive vulnerability management
framework that integrates phishing threat intelligence, UBA,
and predictive analytics. This framework prioritizes
vulnerabilities based on phishing exposure, user
susceptibility, and predicted risk of exploitation, offering a
dynamic response to these evolving threats.

2. Challenges in Phishing and Vulnerability
Management

2.1 Phishing as a Multi - Vector Attack

Phishing has evolved from basic email scams to complex

campaigns combining social engineering with technical

exploitation. Attackers often:

o Deliver malware by exploiting known vulnerabilities.

o Obtain credentials and escalate privileges in unpatched
systems.

o Deploy ransomware by exploiting system weaknesses.

Organizations often focus on phishing prevention through
email filters and training programs but tend to overlook the
connection between phishing and unpatched vulnerabilities.
This creates a gap in security when phishing campaigns
actively target these vulnerabilities.

2.2 Limitations of Traditional Vulnerability Management

Traditional vulnerability management systems prioritize

vulnerabilities based on static factors, such as CVSS scores

and asset criticality, without accounting for ongoing phishing

campaigns. As a result, critical vulnerabilities linked to active

phishing campaigns may be under - prioritized, causing:

o Delayed remediation for vulnerabilities actively exploited
by phishing.

e Vulnerability scoring that focuses on potential risks rather
than real - time threats.

o Insufficient adaptation to dynamic phishing threats.

3. The Proposed Adaptive
Management Framework

Vulnerability

This framework fills the gaps in traditional VM by
incorporating phishing threat intelligence, UBA, and
predictive analytics to adjust vulnerability priorities in real
time.

3.1 Threat Intelligence Integration

Threat intelligence plays a key role in real - time visibility into

phishing campaigns. The framework integrates:

o Data from phishing threat intelligence feeds, including
tactics, techniques, and procedures (TTPs).

e Mapping phishing campaigns to known vulnerabilities
and exploits.

o Reprioritization of vulnerabilities targeted by phishing.

3.2 User Behavior Analytics (UBA) for Enhanced Risk
Scoring

UBA is critical for refining vulnerability prioritization based

on user interactions. The framework uses UBA to analyze

user behavior such as:

o Identifying users who frequently click phishing links or
open suspicious attachments.
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o Highlighting high - risk users based on historical data and
phishing simulations.

o Feeding UBA data into machine learning models for
personalized vulnerability risk scores.

4. Predictive Analytics for Threat Forecasting
4.1 Data - Driven Vulnerability Forecasting

Predictive analytics uses machine learning to forecast the

likelihood of a vulnerability being exploited. Inputs include:

o Phishing campaign data (malicious URLs, attachments,
targeted user groups).

o Historical data on vulnerabilities exploited in phishing
campaigns.

o UBA data, including click - through rates and simulation
outcomes.

4.2 Machine Learning Models

Machine learning models, such as Random Forests and

Gradient Boosted Trees, are used to analyze large datasets.

These models predict which vulnerabilities are likely to be

exploited, based on:

e Metadata from active phishing campaigns.

o Attributes of the vulnerabilities, such as CVSS scores and
exploitability.

o User behavior data from UBA.

The result is a dynamic risk score for each vulnerability,
which adjusts in real - time as new phishing threats emerge.

5. Dynamic Vulnerability Prioritization Based
on Phishing Threats

5.1 Adaptive Risk Scoring

The framework introduces a dynamic risk scoring system that
adjusts based on real - time data. This includes:

o Phishing campaigns actively targeting a specific
vulnerability.

e The availability of known exploits (e. g., exploit Kkits,
malware).

o The criticality of affected assets and user behavior (e. g.,
users prone to phishing).

5.2 Real - Time Updates to Vulnerability Management
Systems

When a phishing campaign is detected, the framework
updates vulnerability risk scores and prioritizes them for
remediation. This reduces attack surfaces, especially for high
- risk users and critical systems, by enabling faster responses.

6. Phishing Email Analysis

Upon detecting a phishing email, the security team follows

this process:

o Identifying whether the email involves inbound or
outbound traffic.

o Determining how many users received the email.

e Analyzing the email’s content, including sender details, IP
address, and any malicious links or attachments.

If phishing indicators are present, web traffic is reviewed to
identify  recipients who clicked malicious links.
Compromised credentials are reset, and actions like blocking
suspicious domains are immediately taken.

7. Autonomous Response Mechanisms
7.1 Automated Policy Adaptation

The framework can adjust security policies automatically

when phishing campaigns are detected. This includes:

e Dynamic firewall updates to block phishing - related IP
addresses and domains.

e Endpoint protection adjustments to detect phishing
malware.

e Email filtering rules to catch phishing emails targeting
specific vulnerabilities.

7.2 Real - Time Patch Deployment

Patches are deployed automatically when vulnerabilities
linked to phishing campaigns are identified. Tools like
Ansible or Puppet enforce secure configurations to prevent
exploitation.

8. Case Study: Simulated Phishing Campaign

A simulated phishing campaign targeting a browser
vulnerability (CVE - 2022 - 1234) demonstrates the
framework in action:

o Phishing threat detection through intelligence feeds.

e Dynamic reprioritization of the browser vulnerability.

o Immediate patch deployment across impacted systems.

The simulation shows improved remediation times and
reduced attack surfaces compared to traditional vulnerability
management approaches.

9. Conclusion and Future Directions

This paper presents an adaptive framework for mitigating
phishing threats by integrating threat intelligence, UBA, and
predictive analytics. Future research could expand this
framework to cover other attack vectors, such as ransomware
and APTs, while refining machine learning models for even
more precise vulnerability forecasting.
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