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Abstract: Large Language Models (LLMs) have emerged as
powerful tools in the realm of cybersecurity, enabling
advancements in areas such as threat detection, vulnerability
assessment, and security automation. This review provides an in-
depth analysis of LLM applications in cybersecurity, highlighting
both the opportunities and challenges associated with their
deployment. The paper addresses issues related to bias,
interpretability, and adversarial robustness while proposing
future research directions. Drawing on a comprehensive set of
references, the review underscores the transformative potential of
LLMs in enhancing cybersecurity practices.
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1. Introduction

As cyber threats continue to evolve in complexity and
frequency, the need for advanced cybersecurity measures
becomes increasingly critical. Large Language Models
(LLMs), with their capabilities in natural language processing
(NLP), offer promising solutions for various cybersecurity
challenges. LLMs such as GPT-3, BERT, and others have
demonstrated their ability to process and analyze large volumes
of textual data, making them suitable for applications in threat
detection, incident response, and more [1]-[15]. This review
paper explores the current state of LLM utilization in
cybersecurity, examining their applications, challenges, and
future research directions. By integrating insights from recent
studies, this paper aims to provide a comprehensive overview
of how LLMs are transforming the cybersecurity landscape
[16]-[50].

LLMs have shown significant potential in enhancing threat
detection and incident response capabilities. By analyzing
security logs, network traffic, and other textual data, LLMs can
identify patterns indicative of cyber threats. For instance, LLMs
can be trained to detect phishing attempts by analyzing email
content, identifying suspicious language patterns, and flagging
potential threats for further investigation [51]-[75].
Additionally, LLMs can support incident response by
generating automated recommendations for mitigating detected
threats, thereby reducing the time required for human analysts
to respond to security incidents [76]-[100].
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2. Research Method

Table 1
Applications of LLMs in cybersecurity

This table summarizes the different applications of LLMs in cybersecurity, along with specific

examples and references.

Application Area Description Example Reference
Threat Detection and Use of LLMs to identify and respond  Phishing detection through Ahmed et al.
Incident Response to security threats by analyzing text email content analysis. 2024

data.
Vulnerability Analysis of codebases and Identification of software Jones &
Assessment documentation to identify security vulnerabilities and patch Omar, 2023

flaws. suggestions.

Security Automation Automation of routine cybersecurity ~ SOAR platforms integrating Abbasi et al

and Orchestration tasks such as alert triaging. LLMs for automated alert 2023

responses

Table 2
Challenges of LLMs in cybersecurity
This table outlines the main challenges associated with deploying LLMs in cybersecurity, with

descriptions and examples

Challenge Description Example Reference

Bias and Fairness Risk of biased decision-making Overemphasis on certain threats Zangana et al.

due to skewed training data. while underestimating others 2024
Interpretability and Difficulty in understanding how  Black-box nature of LLMs making ~ Omar &
Transparency LLMs arrive at certain decisions. it hard to validate outputs. Burrell, 2024
Adversarial Attacks Vulnerability to inputs that False positives or negatives due Gholami &
and Robustness manipulate LLMs into making to adversarial attacks. Omar, 2023

errors.

Table 3
Future research directions

This table presents potential research directions to address the challenges of LLMs in cybersecurity.

Research Direction Description Example Reference

Enhancing Model Developing methods to protect Training with adversarial Gholami, 2024

Robustness LLMs against adversarial attacks. examples and model

pruning.

Improving Making LLMs more transparent Integration of explainable Omar &
Interpretability and understandable for analysts. Al techniques into LLMs. Sukthankar

2023
Ethical Considerations Ensuring that LLMs operate faily  Using diverse datasetsand  Burrell et al
and Bias Mitigation and ethically. bias correction techniques. 2022

A. Security Automation and Orchestration

LLMs are increasingly being integrated into Security
Orchestration, Automation, and Response (SOAR) platforms,
where they play a key role in automating routine cybersecurity
tasks. These tasks include triaging alerts, generating security
reports, and correlating data from various sources to provide a
comprehensive view of an organization's security posture
(Abbasi et al., 2023). The automation provided by LLMs can
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significantly reduce the workload on security teams, allowing
them to focus on more complex tasks, such as threat hunting
and incident investigation [101]-[140].
Description:
e Step 1: Data Collection - Security logs, network
traffic, and other textual data are collected.
e Step 2: Data Processing - The collected data is
processed and normalized for analysis.
e Step 3: LLM Analysis - The data is fed into an LLM,
which analyzes the text for patterns and anomalies.
e Step 4: Threat Detection - The LLM identifies
potential threats based on detected patterns.
e Step 5: Automated Response - The LLM generates
automated recommendations or triggers an incident
response.

Workflow of LLM-based Threat Detection in Cybersecurity

Automated Response

Threat Dete;

Process Steps

Epata Collection Data Processing LLM Analysis Threat Detection Automated Response

Fig. 1. Workflow of LLM-based threat detection in cybersecurity
this figure could illustrate the workflow of how LLMs are used in threat
detection, from data collection to threat identification and response
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Fig. 2. Bias in LLMs for cybersecurity this figure could depict how bias can
influence the outputs of LLMs in cybersecurity, leading to skewed threat
detection

Description:

o lllustration of Training Data - Shows a pie chart or bar
graph of the training data composition, highlighting
the overrepresentation of certain threat types.

e LLM Output - Demonstrates how the bias in training
data leads to overemphasis on specific threats while
underestimating others.

e Impact on Security Decisions - Illustrates the potential
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consequences of biased outputs on security decision-
making.

Adversarial Attack on LLMs
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Fig. 3. This figure could illustrate how an adversarial attack can
manipulate an LLM into making incorrect decisions

Description:

e Adversarial Input - Shows how an attacker crafts a
malicious input designed to deceive the LLM.

e LLM Processing - Illustrates the LLM analyzing the
input without recognizing the adversarial nature.

e Erroneous Output - Depicts the LLM generating a
false positive or negative based on the manipulated
input.

e Consequences - Highlights the potential security risks
stemming from the erroneous output.

3. Challenges and Limitations

A. Bias and Fairness

One of the major challenges associated with the deployment
of LLMs in cybersecurity is the potential for bias in the model's
outputs. Bias in training data can lead to skewed threat
assessments or disproportionate responses, undermining the
reliability of cybersecurity measures. For example, if an LLM
is trained on data that predominantly represents certain types of
threats, it may overemphasize those threats while
underestimating others. This issue is further complicated by the
inherent biases present in cybersecurity data, such as
geographic or linguistic biases, which can affect the
performance of LLMs.

B. Interpretability and Transparency

LLMs are often criticized for their lack of interpretability,
making it difficult to understand how they arrive at certain
decisions. This "black-box" nature poses significant challenges
in cybersecurity, where transparency is crucial for
understanding threats and ensuring compliance [140]. Security
analysts need to comprehend why an LLM has flagged a
particular event as suspicious or recommended a specific course
of action. Without this understanding, validating the model's
outputs and making informed decisions becomes challenging
[141].
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C. Adversarial Attacks and Robustness

LLMs themselves can be susceptible to adversarial attacks,
where inputs are intentionally manipulated to deceive the
model. This vulnerability raises concerns about the robustness
of LLMs in real-world cybersecurity scenarios, where they
could become targets for sophisticated attacks. Adversaries
could exploit weaknesses in the LLM to bypass detection or
manipulate the model's outputs, creating false positives or
negatives. Ensuring that LLMs are resilient to such attacks is a
critical challenge that must be addressed to maintain their
reliability in cybersecurity applications.

4. Future Research Directions

A. Enhancing Model Robustness

Future research should focus on developing methods to
enhance the robustness of LLMSs against adversarial attacks.
This could involve training models with adversarial examples
or using techniques like model pruning to reduce
vulnerabilities. Additionally, research could explore the
development of hybrid models that combine the strengths of
LLMs with other machine learning techniques to improve
overall robustness and resilience [125]. Such approaches could
help mitigate the risks associated with adversarial attacks and
ensure that LLMs remain effective in dynamic cybersecurity
environments.

B. Improving Interpretability

Advancements in explainable Al (XAI) can contribute to
making LLMs more interpretable, which is essential for their
widespread adoption in cybersecurity. Research should explore
how to integrate XAl techniques into LLMs without
compromising their performance. For example, methods such
as attention mechanisms or layer-wise relevance propagation
could be employed to provide insights into the decision-making
processes of LLMs, allowing security analysts to better
understand and trust the model's outputs [123]. Additionally,
developing visualization tools that present the inner workings
of LLMs in an accessible manner could further enhance their
interpretability (Omar & Burrell, 2024).

C. Ethical Considerations and Bias Mitigation

Addressing ethical concerns, such as bias and fairness, is
critical for the responsible use of LLMs in cybersecurity. Future
research should focus on developing bias mitigation strategies
during both the training and deployment phases of LLMs. This
could involve using diverse and representative datasets for
training, as well as implementing post-hoc bias correction
techniques to ensure that LLMs make fair and equitable
decisions. Furthermore, ethical frameworks should be
established to guide the deployment of LLMs in cybersecurity,
ensuring that they are used in a manner that respects privacy,
fairness, and human rights [124].

5. Conclusion

The integration of Large Language Models into
cybersecurity presents a promising avenue for enhancing threat
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detection, automating responses, and improving overall
security posture. However, significant challenges remain,
particularly in terms of model interpretability, robustness, and
ethical considerations. By addressing these challenges through
focused research, LLMs can become a cornerstone of modern
cybersecurity practices, providing organizations with powerful
tools to combat evolving cyber threats. The future of
cybersecurity lies in the responsible and ethical use of LLMs,
which can unlock new possibilities for securing digital
environments.
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