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Executive Summary

The Strategic Imperative of Pentesting 
Amid Pervasive Cyber Risk

For the modern Chief Information Security 
Officer (CISO), the primary challenge is to move 
beyond compliance-driven metrics and provide 
tangible assurance of the organization’s cyber 
resilience.

Penetration testing is the most effective 
instrument for this, offering empirical, evidence-
based data on the true effectiveness of security 
controls against a determined attacker. 

It allows CISOs to quantify risk in business terms, 
justify security investments with objective 
findings, and strategically prioritize resources on 
the vulnerabilities that pose the greatest threat. 

Ultimately, a mature pentesting program 
empowers the CISO to elevate the security 
conversation from a technical discussion to a 
strategic dialogue on business enablement and 
risk management.

Consequently, the conversation around 
cybersecurity has irrevocably shifted from the 
server room to the boardroom, becoming a 
discussion of business resilience, enterprise risk 
management, and strategic enablement.

Adversaries, from nation-state actors to 
cybercriminal syndicates, now operate with 
commercial precision, targeting not just data for 
exfiltration but critical operational processes for 
disruption. 

In this context, a passive or purely defensive 
security posture is untenable. True cyber 
resilience—the ability to anticipate, withstand, 
and recover from cyber-attacks—demands a 

proactive and adversarial approach to validating 
defenses. This is the modern mandate for 
Penetration Testing (“pentesting”).

Leadership should govern penetration testing 
not as a sporadic technical audit, but as an 
integrated program that quantifies risk, validates 
security investments, and functions as a 
competitive differentiator.

Redefining Penetration Testing for the 
Modern Boardroom

For leadership to effectively govern penetration 
testing, it is essential to move beyond the 
outdated perception of the practice as mere 
“ethical hacking.” 

A mature program is a highly structured, goal-
oriented discipline that provides critical business 
intelligence.

Exhibit 01: A mature pentesting program provides empirical 
data on risk reduction across critical business verticals.

Exhibit 02: Penetration testing functions as a strategic 
bridge, translating business risks into measurable security 
improvements.
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Using Penetration Testing to Quantify 
Business Risk

A common misconception is to equate 
penetration testing with automated vulnerability 
scanning. 

An automated scanner is an inventory tool that 
identifies potential, theoretical weaknesses, 
often producing a high volume of findings that 
lack business context.

A professional penetration test, by contrast, is a 
human-led, intelligence-driven simulation of a 
genuine attack. It focuses on the exploitability 
and business impact of vulnerabilities 
by chaining them together to achieve a 
high-impact business objective, such as 
compromising a customer database or halting a 
manufacturing process. 

The deliverable from a mature pentesting 
engagement is a strategic report that translates 
technical findings into the language of 
business risk. This strategic translation is what 
distinguishes a mature penetration test from a 

simple vulnerability scan. Consider the difference 
in impact between a raw technical finding and 
its contextualized business risk:

Technical Finding: “An SQL injection vulnerability 
was identified in the e-commerce platform’s 
API.”

Business Risk Translation: “This vulnerability 
allows an attacker to bypass authentication and 
access the entire customer database, including 
personal information and order histories. The 
potential impact includes a direct violation of 
GDPR and CCPA, leading to regulatory fines of 
up to 4% of global revenue, significant brand 
damage, and a projected loss of customer trust.”

This translation elevates pentesting from a 
simple IT task to a vital component of the 
Enterprise Risk Management (ERM) framework. 
Applications are crucial for business operations, 
from customer interactions to the storage and 
processing of critical data. 

Exhibit 03: Penetration testing reduces the likelihood of costly data 
breaches by identifying exploitable vulnerabilities within the top attack 
vectors. (Source: IBM Cost of Data Breach 2025)
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Pentesting the evolving attack surfaces

The effectiveness of a pentesting program is 
contingent upon its ability to cover the full 
spectrum of an organization’s modern attack 
surface. Executive oversight must ensure that 
testing programs dynamically evolve to address 
these evolving attack surfaces:

	• Artificial Intelligence (AI) and Large 
Language Models (LLMs): The rapid 
integration of AI into core business processes 
has created a novel attack surface. Pentesting 
for AI systems must address unique 
vulnerabilities like training data poisoning 
(corrupting a model to produce flawed 
business intelligence), prompt injection 
(tricking an LLM into divulging proprietary 
data), and model theft. A compromise of 
these systems represents a direct threat to 
strategic decision-making.

	• Cloud and Hybrid Environments: The vast 
majority of cloud breaches stem from 
customer-side misconfigurations, insecure 
APIs, and overly permissive identity and 
access management (IAM) policies. 
Penetration testing in the cloud is essential 
for validating that the organization’s 
configurations are secure and that data 
remains protected across complex, multi-
cloud ecosystems.

	• Operational Technology (OT) and the 
Internet of Things (IoT): For industrial sectors, 
the convergence of IT and OT has exposed 
previously isolated control systems. A 
successful attack in this domain can have 
catastrophic cyber-physical consequences, 
including production line shutdowns, critical 
infrastructure failure, and threats to human 
safety. security issues. This model aligns with 
DevSecOps, where development, security, 
and operations teams collaborate 
continuously.

Moving Beyond Point-in-Time 
Assessments

Cybersecurity is not a state to be achieved, but a 
continuous process to be managed. This directly 
applies to penetration testing, where a “one-and-
done” mentality creates a dangerous illusion of 
security.

Why One-Off Tests Become Obsolete

An organization’s attack surface is in a constant 
state of flux. Every new line of code, new 
employee, or system update introduces the 
potential for new vulnerabilities. This “security 
drift” means that the findings of a penetration 
test conducted even six months ago may no 
longer be relevant. 

Therefore, leadership must champion the 
transition from infrequent, ad-hoc tests to a 
formal, programmatic approach. This involves 
establishing a risk-based cadence where the 
most critical assets (“crown jewels”) are tested 
frequently (e.g., quarterly), while less critical 
systems are assessed annually.

A recent study (IBM Securi-
ty Breach report 2025) found 
that 13% of organizations ex-
perienced a security breach 
originating from an AI model 
or application. Critically, 97% of 
those affected organizations 
conceded that they lacked 
proper AI access controls. This 
highlights that inadequate 
access control is a primary con-
tributing factor in the majority 
of AI-related security incidents.
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Turning Security into a Selling Point

Many regulatory frameworks, such as PCI-DSS, 
HIPAA, and SOC 2, mandate penetration testing. 
However, treating testing as a mere compliance 
checkbox is a missed strategic opportunity. 

Leading organizations use their robust and 
continuous testing programs as a proactive 
tool to build trust and gain a competitive edge. 
Demonstrating a mature security posture 
through independent validation becomes a 
powerful selling point, shortening sales cycles 
and solidifying brand reputation as a trustworthy 
custodian of client data.

Driving Value Through a Governance 
Framework

To ensure the penetration testing program 
delivers maximum strategic value, the board 
and senior executive team must provide 
effective oversight through a clear governance 
framework.

Communicating Value to Secure 
Sponsorship

Convincing the board requires framing 
penetration testing not as a technical expense 

but as a fundamental exercise in corporate 
governance and risk management. This 
investment is a critical act of due diligence, 
providing the board with assurance that 
management is taking proactive steps to protect 
the company’s assets. 

Presenting the program in the context of the 
board’s fiduciary duty to protect shareholder 
value from the clear and present danger of 
a cyber incident is paramount for securing 
executive sponsorship. This proactive validation 
answers the crucial question the board must ask: 
“How would we fare in a real-world attack?”

Measuring the ROI in Cost Avoidance

The ROI of penetration testing is overwhelmingly 
measured in cost avoidance. A proactive testing 
program is a predictable operational expense 
that directly mitigates the risk of incurring 
unpredictable and exponentially larger costs 
associated with a data breach. 

These avoided costs include crippling regulatory 
fines, extensive incident response fees, legal 
settlements, and lasting damage to brand 
equity. The investment in a continuous testing 
program is minuscule compared to the multi-
million dollar financial impact of a single major 
incident. 

Exhibit 04: Penetration testing reduces the likelihood of 
costly data breaches by identifying exploitable vulnerabilities 
within the top attack vectors. (Source: IBM Cost of Data 
Breach 2025)

Exhibit 05: Regulatory fines represent severe financial risk 
for companies in case of a breach. Penetration testing is a 
primary defense against these costly breaches.  
(Source: IBM Cost of a Data Breach 2025)
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In essence, penetration testing is a strategic 
investment that functions like an insurance 
policy, dramatically reducing the probability of a 
catastrophic financial and reputational loss.

Principle 1: Define Business-Centric 
Objectives and Scope

The leadership must ensure every pentesting 
engagement begins with a clear definition 
of its business purpose. The scope should be 
directly tied to a specific risk scenario, such as 
securing a new product launch, simulating a 
malicious insider threat to test internal controls, 
or validating defenses against a specific 
ransomware group targeting the industry. 
A clearly defined objective ensures the test 
provides actionable answers to the business’s 
most pressing security questions.

Principle 2: Vet Partners and Measure 
Performance

The value of a penetration test is entirely 
dependent on the quality of the provider. The 
board should mandate a rigorous due diligence 
process for selecting partners, evaluating them 
on criteria such as industry-specific expertise, 
tester certifications (e.g., OSCP, CREST), and their 
ability to communicate findings in the context of 
business risk. 

Furthermore, the board should require the CISO 
to report on clear Key Performance Indicators 
(KPIs) for the program, including trends in the 
number of critical vulnerabilities discovered and 
the Mean Time to Remediate (MTTR).

Principle 3: Integrate Findings into 
Enterprise Risk

The outputs of the penetration testing program 
must not remain siloed within IT. The CISO must 
be responsible for aggregating the most critical 
findings and presenting them to the audit 
and risk committee. These findings should be 

formally logged in the corporate risk register, 
with assigned ownership and remediation plans. 
This integration ensures that cybersecurity risk 
is managed with the same level of rigor and 
executive visibility as financial, operational, and 
legal risks.

Key Takeaways for Modern Leadership

Penetration testing has evolved far beyond 
its technical origins. It is now an essential 
instrument of corporate governance and 
a direct enabler of business strategy. By 
embracing a proactive, continuous, and 
business-aligned approach, leadership can 
leverage this discipline to do more than just 
manage threats. It can build a foundation of 
digital trust, safeguard shareholder value, and 
empower the organization to innovate and 
thrive securely in an increasingly hostile digital 
world. The stewardship of this function is a core 
responsibility of modern executive leadership.
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Introduction to 
Penetration Testing
Originally developed to safeguard military 
computer systems in the 1960s and 70s, the 
practice of penetration testing has evolved 
alongside technology and the expanding 
cyberthreat landscape.

It now covers a vast and growing attack surfaces. 
Understanding how to leverage this practice 
is essential for protecting modern business 
operations.

What is Penetration Testing?

Penetration Testing, often called “Pentesting,” 
is a security assessment that constitutes 
a simulated attack on a computer system, 

network, or application to identify vulnerabilities 
that a malicious actor could exploit. By actively 
probing a system’s defenses, it aims to reveal 
weak spots before they can be used to an 
organization’s disadvantage.

To understand the concept, imagine an attack 
surface as a fortified structure, such as a house. 

A penetration test is akin to hiring a security 
expert to systematically attempt to breach the 
house—not to cause harm or theft, but to find 
and document all security vulnerabilities, like a 
faulty window latch or a weak door.

Objectives of Penetration Testing

The primary objective of a penetration test is 
to identify weak points in a system’s defenses, 

Exhibit 06: Penetration testing is a simulated cyberattack that uses internal and external methods to 
find exploitable vulnerabilities in an organization’s applications, infrastructure, and people.
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effectively ‘penetrating’ security controls to gain 
access or provoke unintended behaviors.

The information gathered is then used to achieve 
several key business outcomes:

	• Identify and Prioritize Real-World Risks: 
Pentesting discovers and contextualizes 
vulnerabilities based on their potential 
impact on business operations, data, and 
revenue.

	• Validate Security Controls: It tests the 
effectiveness of existing security investments, 
from firewalls to employee training, in a 
real-world scenario.

	• Assess Incident Response Readiness: It 
evaluates how effectively the security team 
can detect, respond to, and contain a threat.

	• Achieve and Maintain Compliance: It 
provides the necessary documentation and 
evidence to satisfy the requirements of 
frameworks like PCI-DSS, HIPAA, and CMMC.

The Crucial Role of Regular Penetration 
Testing in Cybersecurity

While a single penetration test can achieve the 
business objectives outlined previously, its value 
is a snapshot in time that diminishes as your 
organization and the threat landscape evolve.

New code is deployed, systems are reconfigured, 
and adversaries develop new attack techniques 
daily, making security assumptions made even 
six months ago potentially obsolete. 

Exhibit 07: Collectively, the benefits of a regular penetration testing program represent an essential 
investment in an organization’s overall business resilience.
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For this reason, integrating penetration 
testing as a regular, recurring element of your 
cybersecurity strategy is non-negotiable.

Conducting pentesting regularly is the only way 
to continuously validate your defenses against an 
ever-changing threat landscape. 

A regular testing program fortifies your 
organization’s resilience, safeguards your brand, 
ensures compliance, and protects your financial 
health.

The key benefits of establishing a regular 
penetration testing program include:

	• Proactive Vulnerability Management: 
Regular testing proactively uncover security 
vulnerabilities as they emerge from changes 
in your infrastructure and applications. This 
shifts the organization from a reactive 
patching cycle to a proactive risk 
management model, allowing for timely and 
prioritized remediation.

	• Meeting and Exceeding Compliance 
Mandates: For many industries, regular 
penetration testing is a strict regulatory 
requirement. Standards like PCI-DSS, HIPAA, 
and CMMC mandate it. Scheduled testing 

provides the auditable proof of due diligence 
required to maintain compliance and avoid 
significant penalties.

	• Enabling Data-Driven Risk Management: 
Consistent testing provides an ongoing view 
of your risk posture, enabling data-driven 
decisions on security investments and 
budget allocation.

	• Protecting the Bottom Line: Proactively 
identifying and fixing vulnerabilities before 
they are exploited is a direct and substantial 
form of financial protection against 
operational downtime, regulatory fines, and 
legal fees.

	• Building Customer and Partner Trust: 
Regular, independent testing builds 
customer trust, creating a key brand 
differentiator in a competitive market.

	• Validating Security Team Readiness: 
Penetration tests simulate real-world attacks 
to pressure-test your team’s incident 
response, allowing you to refine your 
response plans and improve overall 
readiness.
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Pentesting Drivers and 
Targets
It is critical to identify the core drivers that make 
the Penetration testing necessary—whether 
they are regulatory mandates, risk management 
goals, or customer demands. 

Equally important is to identify the technological 
targets—the specific systems, applications, and 
infrastructure that constitute the organization’s 
attack surface.

Who requires Penetration Testing?

The question of who needs penetration testing is 
best answered by the latest threat data. 

The Verizon 2025 Data Breach Investigations 
Report (DBIR) reveals that threat actors, largely 
driven by financial motives, are targeting 
organizations of all sizes across every industry.

Any entity that depends on digital systems, 
stores valuable data, or provides online services is 
a potential target.

Regular penetration testing helps organizations 
of all sizes protect their systems, data, and 
reputation, ensuring business continuity in the 
face of these persistent threats.

The need is universal, though the specific risks 
may vary by sector:

	• Businesses of All Sizes: The DBIR confirms 
that both small and large businesses are 
firmly in the crosshairs of cybercriminals. 
SMBs (Small and Medium-sized businesses) 
are often targeted for their perceived weaker 
defenses, while large corporations are 

Exhibit 08: Penetration testing acts as the key to evaluating 
cybersecurity defenses, applying a full spectrum of attack 
methods against all critical organizational verticals.

Exhibit 09: Distinct breach patterns and threat actors for small versus large organizations 
demonstrate the unique penetration testing requirements for each.
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targeted for their higher-value assets. 
Because nearly every business today relies on 
technology, this dependency makes them a 
target.

	• Financial Institutions: Financial organizations 
that hold sensitive financial information are 
perennial targets. Regular penetration 
testing is critical not only for identifying 
weaknesses but also for meeting the strict 
compliance requirements of regulations like 
PCI-DSS.

	• Healthcare Institutions: Healthcare entities 
hold highly sensitive and valuable patient 
data (ePHI). Penetration testing helps these 
organizations identify security gaps to 
protect patient information, maintain HIPAA 
compliance, and ensure the integrity of their 
services.

	• E-commerce Platforms: Businesses 
conducting online transactions and storing 
customer payment data must ensure the 
robust security of their entire transaction 
lifecycle. Penetration testing helps identify 
vulnerabilities in their payment systems, 
customer databases, and web applications 
that could be exploited by attackers.

	• Government Agencies: Federal and State 
agencies hold sensitive information and are 
high-value targets for nation-state actors and 
other threat groups. Pentesting is essential to 
safeguard national interests by protecting 
Controlled Unclassified Information (CUI) and 
other critical data.

	• IT and Tech Companies: For technology 
companies, including software and app 
developers, the security of their products and 
services are paramount. Regular pentesting 
is a crucial step to ensure their product is 
secure and safe to use. Implementing robust 
security is a critical factor in market adoption 
and achieving sales goals.

	• AI and SaaS Providers: With the rapid 
proliferation of AI and AI-powered SaaS 
products, security has become a critical 
market differentiator. These companies are 
not just targets themselves; their products 
can have unique vulnerabilities in their AI 
models and data pipelines. Penetration 
testing is essential to secure their platforms, 
build customer trust, and prevent their 
technology from being exploited, ensuring 
their product is a safe and reliable business 
tool for their clients.

Exhibit 10: With threat actors targeting every industry, penetration testing is now a fundamental security 
requirement for any organization with a digital footprint or valuable data to protect.



Page 13 of 28 

	• Educational Institutions: Universities and 
colleges store vast amounts of personal 
information and valuable intellectual 
property, which can be lucrative for attackers. 
Pentesting helps these institutions safeguard 
their students, faculty, and research.

What can be Penetration tested?

The scope of penetration testing is extensive, 
varying based on an organization’s size, industry, 
and the complexity of its IT systems. Key areas 
that require penetration testing include:

	• Web Applications: As web applications are 
often a primary target, pentesting can 
identify critical vulnerabilities such as SQL 
injection, authentication bypass, and cross-
site scripting.

	• Mobile Applications: Mobile apps that handle 
sensitive data are attractive targets. 
Penetration testing can reveal vulnerabilities 
like improper session handling, weak 
encryption, or insecure data storage.

	• APIs: Exposed APIs can be a direct gateway 
to sensitive data. Pentesting helps discover 
weaknesses related to improper access 
controls, rate limiting, and injection attacks.

	• Network Infrastructure: Thorough 
penetration testing of firewalls, routers, and 
servers is necessary to identify flaws that 
could allow an intruder to access the entire 
corporate network.

	• Cloud Infrastructure: Cloud environments 
(like AWS, Azure, and GCP) hold sensitive 
data and critical applications. Pentesting is 
essential to identify misconfigurations, 
excessive permissions, and other 
vulnerabilities that are unique to cloud 
services.

	• AI and LLM Systems: The rapid integration of 
Artificial Intelligence (AI) and Large 
Language Models (LLMs) into core business 
processes creates a novel and complex attack 
surface. Penetration testing for these systems 
focuses on the entire AI lifecycle, from the 
supply chain and training data to the model’s 
operational behavior. It evaluates unique, 
high-impact vulnerabilities such as prompt 
injection, training data poisoning, and model 
theft, which can lead to flawed business 
decisions, sensitive data disclosure, and 
significant reputational damage.

	• Wireless Networks: Vulnerabilities in wireless 
networks, such as misconfigured access 
points or weak encryption, can grant 
intruders a foothold into the corporate 
network. Pentesting can identify and validate 
these weaknesses.

	• Physical Infrastructure: To protect secure 
facilities like data centers from physical 
breaches, pentesting can assess the 
effectiveness of security controls like 
surveillance systems, alarms, and access 
control systems against lock picking or 
bypassing techniques.

	• Employees (via Social Engineering): People 
can be the weakest link in security. 
Pentesting can gauge employee awareness 
and vulnerability to tactics such as phishing, 
baiting, and pretexting to test human 
defenses.

	• Operational Technology (OT) & Internet of 
Things (IoT): Industrial Control Systems (ICS), 
SCADA, and the vast network of IoT/IIoT 
devices are integral to modern infrastructure 
in sectors like manufacturing, energy, and 
healthcare. Penetration testing is critical for 
these connected systems to prevent cyber-
attacks that could cause significant physical 
disruption and safety risks.
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Legal Requirements for 
Penetration Testing

Legal Requirements and Compliance for 
Penetration Testing

Many industry regulations and compliance 
frameworks now mandate periodic penetration 
tests as a core requirement for protecting 
sensitive data. For organizations in regulated 
sectors, these tests are not optional—they are 
a condition of doing business. Key examples 
include:

1.	 HIPAA: Healthcare organizations must 
conduct regular security risk analyses under 
the Health Insurance Portability and 
Accountability Act. Penetration testing is a 
critical method for validating security 
controls and protecting patient data.

2.	 CMMC Level 2: Defense contractors handling 
Controlled Unclassified Information (CUI) are 
required to undergo penetration testing to 
achieve Cybersecurity Maturity Model 
Certification (CMMC) at Level 2.

3.	 SOC 2: Service providers, particularly SaaS 
companies, rely on penetration testing to 
validate their security controls for a SOC 2 
attestation report, which is often essential for 
enterprise sales and building customer trust.

4.	 GDPR: Companies handling the data of EU 
citizens must demonstrate “appropriate 
technical and organizational measures” to 
protect it. Penetration testing serves as a key 
part of this due diligence.

Beyond any specific mandate, proactively 
identifying and rectifying flaws is always more 
cost-effective than absorbing the hefty fines and 
reputational damage that follow a breach. 

Penetration tests are also strongly 
recommended at crucial business 
junctures, such as after a significant system 
implementation or a major software update

Furthermore, if your company has experienced 
and remediated a breach, a follow-up test is 
crucial to ensure all entry points have been 
secured against recurring attacks.

Rules of Engagement for Penetration 
Testing

Before initiating the penetration testing process 
establishing a clear set of guidelines and ethical 
standards can help ensure that the process is 
effective, legal, and beneficial to enhancing the 
organization’s security posture.

Here are the seven principles of Ethical 
Penetration Testing that must be observed for 
any pentesting engagement:

1.	 Informed Consent: Testing without 
permission is illegal, unethical, and can harm 
reputations. Pentesting necessitates an 
informed consent, encompassing awareness 
of methods and risks.

2.	 Defined Scope: A clearly defined scope 
ensures that penetration testers only test the 
systems and data that have been authorized 
by the client preventing testers from 
violating the client’s privacy and causing 
damage. It also avoids misunderstanding.

3.	 Confidentiality and Data Protection: During 
a penetration test, sensitive and confidential 
information must be handled responsibly as 
unauthorized use or disclosure of sensitive 
data violates ethical and legal standards. 
Testers should have appropriate mechanisms 
to protect data during and after the test
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4.	 Minimizing Disruptions: While some 
disruption might be unavoidable during a 
penetration test, testers are ethically 
obligated to minimize the impact on 
operations. The testing exercise should be 
planned and executed to avoid unnecessary 
downtime or business interruptions. Adverse 
impacts on business operations can lead to 
financial losses, decreased productivity, and 
damage to the organization’s reputation.

5.	 Comprehensive and Honest Reporting: 
Ethical testers should report all discovered 
vulnerabilities accurately, irrespective of their 
severity. Withholding information about a 
vulnerability is unethical and exposes the 
organization to potential cyber threats.

6.	 Support for Remediation: After completing 
the penetration test and reporting findings, 
ethical testers should offer clear 

recommendations and support for 
remediating identified vulnerabilities. It 
could involve providing advice on best 
practices, suggesting security 
enhancements, and helping to prioritize 
remediation tasks based on the severity of 
risks.

7.	 Professional Conduct: Throughout the 
testing process, penetration testers must 
maintain high professionalism. It includes 
respecting the client’s business, maintaining 
neutrality, and avoiding behaviors that could 
exploit discovered vulnerabilities for personal 
gain.

Exhibit 11: A strict code of ethical conduct distinguishes a professional penetration test from a malicious attack, 
ensuring the engagement is both safe and valuable.
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The Risks Associated with 
Penetration Testing
Penetration testing is vital to cybersecurity, 
though it’s not without potential risks. 
Pentesting process can inadvertently disrupt 
operations or cause system damage. 

Even with thorough planning, unexpected 
problems could emerge during the testing, 
potentially affecting productivity, causing system 
downtime, or damaging systems or data. 

These risks are more prominent when testing 
production systems crucial to business 
operations. These risks can be significantly 
minimized through careful planning, explicitly 
defining in-scope and out-of-scope items and 
through risk mitigation techniques.

Considerations for Testing Production 
Systems

Penetration testing in production systems faces 
distinct challenges due to the systems’ sensitivity 
to disruptions and complexity. Erroneously 
conducted tests can cause production 
shutdowns, leading to significant financial losses. 

The intricacy of these systems may unveil 
unforeseen interdependencies during testing. 
Moreover, production systems may be subjected 
to regulatory constraints affecting the testing 
scope. 

Securing production systems through well-
managed penetration testing is critical, 
given the potential for substantial business 
impacts. It’s important to isolate systems from 
unsecured networks using proxy defenses or air-

gapping strategies. Thorough 
planning, including defining 
testing scope, preparing for 
disruptions, and engaging 
stakeholders, is essential to 
mitigate risks and maximize 
the benefits of identifying and 
rectifying system vulnerabilities.

Exhibit 12: The penetration testing 
cycle, while fortifying resources, 
faces risks from mismanagement or 
incomplete execution at any stage.
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Key Pentesting 
Frameworks and 
Procedures
A professional penetration test is not an 
improvised activity but a highly structured 
discipline guided by a combination of key 
components. To achieve a reliable and 
comprehensive assessment, skilled professionals 
rely on established industry standards, 
proven operational procedures, and strategic 
frameworks that model adversarial behavior.

Understanding how these elements work 
together is essential for evaluating the quality 
and thoroughness of a penetration test.

Penetration Testing Standards

Many standardized testing methodologies have 
surfaced in the penetration testing realm over 
the years. 

While some were created to address specific 
requirements, like the PCI-DSS Penetration 
Testing Guidance documents, others aim to 
standardize and bring consistency to testing 
processes.

Some widely recognized methodologies include 
the Open Source Security Testing Methodology 
Manual (OSSTMM) and the Penetration Testing 
Execution Standard (PTES). Additionally, several 
groups like OWASP and NIST have compiled 
their own guides. Though slight differences exist 
among these methodologies, they generally 
share a similar foundation.

Penetration Testing Execution Standard 
(PTES)

PTES presents a detailed technical guideline 
that delves into the attacker’s mindset. It covers 

not only information gathering and exploit-
finding processes but also techniques for 
evading modern security controls like Endpoint 
Detection and Response (EDR). The guide also 
offers explanations of various potential exploits.

OWASP (Open Web Application Security 
Project)

The Open Web Application Security Project 
(OWASP) provides some of the most influential 
and widely adopted standards in the industry, 
centered around its famous ‘Top 10’ lists. These 
documents are more than just checklists; 
they are strategic tools that guide effective 
penetration testing.

Two of the most critical OWASP standards today 
are:

	• The OWASP Top 10 for Web Applications: 
This is the gold standard for web security. It 
guides testers in looking for critical risks like 
Injection Flaws, Broken Access Control, and 
Cryptographic Failures, which are leading 
causes of data breaches in web applications.

	• The OWASP Top 10 for Large Language 
Model (LLM) Applications: As companies 
rapidly adopt AI, this new standard has 
become essential. It directs testing efforts 
toward the unique vulnerabilities in AI 
systems, such as Prompt Injection, Training 
Data Poisoning, and Model Theft, that 
traditional security standards do not cover.

Open-Source Security Testing Methodology 
Manual (OSSTMM}

OSSTMM is known for its focus on quantifiable 
results. It defines specific metrics to gauge 
a system’s security based on discovered 
vulnerabilities, their complexity, and their 
potential impact on business operations, 
providing a measurable assessment of risk.
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Penetration Testing Procedures 

Penetration tests usually progress through seven 
distinct stages. 

However, some practitioners may combine or 
divide steps further for specific scenarios.

1.	 Information Gathering and Scoping: The 
initial step, information gathering, and 
scoping, forms a critical foundation for the 
organization and the penetration testing 
team. In this phase, both parties convene to 
outline requirements, goals, and 
expectations. The penetration team then 
gathers essential information about the 
company’s infrastructure, applications, and 
other systems slated for testing. This step 
ensures clarity, preventing 
miscommunication or confusion later.

2.	 Passive Reconnaissance: The second stage, 
passive reconnaissance, can consume the 
most time, depending on the test type. The 
client provides much of the reconnaissance 
in a white box test, with the penetration 
testing team filling in the gaps. In contrast, a 
black box test aims to discover how much 
information can be gathered about the 
company using open- source intelligence or 
without physical site or network access.

3.	 Footprinting: The third stage, footprinting, 
often merges with reconnaissance. The 
testers make direct contact with a client to 
investigate their network. Decisions begin 
from the attacker’s perspective, tailoring 
attacks to the client’s needs and attack 
surface. This stage still primarily involves 
intelligence gathering, but testers must 
decide on their scans’ intensity and whether 
using a fully automated vulnerability scanner 
is worth it.

4.	 Analysis: After gathering all the information, 
testers formulate their attacks based on their 
discoveries to achieve their goals during the 
Analysis stage.

5.	 Exploitation: In the Exploitation stage, the 
team penetrates the system using identified 
exploits to gain access to desired files or 
domain access to verify test success. Testers 
often install a backdoor at this stage to 
ensure easy re-entry without exploiting 
again. If the tester isn’t where they want to be 
in the network, they usually return to 
scanning and reconnaissance from their new 
position until they can escalate privileges.

6.	 Documentation: Documentation is vital 
throughout the process, especially for the 
final two stages. Once a tester achieves their 
goal and has documented their attack chain, 
they move to the clean-up stage. They 
remove any accounts they used or created, 
eliminate any backdoors or created shells, 
and aim to restore the system to its pre-test 
state. If any changes cannot be undone, 
these are reported to the blue team.

7.	 Reporting: In the final stage, penetration 
testers share their findings with the client, 
including a written report, a verbal report, 
and responses to questions about 
methodology or resolving vulnerability.

Cyber Kill Chain and Attack Simulations

In Penetration Testing, Cyber Kill Chain and 
Attack Simulation frameworks are used to 
understand and simulate cyberattacks, thereby 
identifying vulnerabilities and fortifying 
defenses. The concept is derived from the 
military term “kill chain,” which outlines the 
structure of an attack. In cybersecurity, models 
like the Lockheed Martin Cyber Kill Chain, the 
MITRE ATT&CK framework, and MITRE ATLAS 
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have been developed to represent the stages of 
a cyberattack.

These models offer a systematic approach 
to comprehending an attacker’s tactics, 
techniques, and procedures (TTPs) and act 
as guides for simulating cyberattacks in a 
controlled environment. Pen testers utilize 
these frameworks to simulate realistic attacks, 
with each stage representing a point where 
an organization’s defenses can be tested and 
strengthened.

	• Lockheed Martin Cyber Kill Chain: This 
foundational framework outlines the seven 
common stages of an external attack, 
helping organizations identify vulnerabilities 
and assess the effectiveness of existing 
controls. The phases include Reconnaissance, 
Weaponization, Delivery, Exploitation, 
Installation, Command & Control, and Actions 
on Objectives.

	• MITRE ATT&CK (Adversarial Tactics, 
Techniques & Common Knowledge): This 
model provides a globally accessible and 
detailed knowledge base of adversary TTPs 
based on real-world observations. The 
ATT&CK framework is more granular than the 
Cyber Kill Chain and helps organizations 
understand specific adversary behaviors like 
Lateral Movement and Privilege Escalation, 
enabling them to build more targeted 
defenses.

	• MITRE ATLAS (Adversarial Threat Landscape 
for AI Systems): As organizations increasingly 
rely on Artificial Intelligence, a new threat 
landscape has emerged. To address this, 
MITRE developed ATLAS, a knowledge base 
of adversary tactics and techniques used 
specifically against AI-enabled systems. 
Modeled after the ATT&CK framework, ATLAS 
is tailored to the unique vulnerabilities of AI, 

such as Evasion, Poisoning, and Model Theft. 
For decision-makers, ATLAS is the essential 
framework for understanding the new 
playbook of AI-specific attacks.

	• The Unified Kill Chain: This model integrates 
and expands upon previous frameworks to 
capture the nuanced behaviors of attackers 
across 18 different attack phases. It provides a 
more comprehensive view that covers 
actions from the initial foothold through 
network propagation to the final action on 
objectives.

Relevance of Kill Chain Models in 
Penetration Testing

These models are highly relevant for penetration 
testing for the following reasons:

	• Framework for Assessment: They offer a 
structured approach to assess vulnerabilities 
at different stages of an attack.

	• Understanding Attacker Tactics: They help 
penetration testers comprehend and 
emulate the TTPs of real-world threat actors, 
including those targeting AI systems.

	• Enhancing Defense Mechanisms: By 
identifying weaknesses at specific attack 
phases, organizations can bolster their 
defenses more effectively.

	• Reporting and Communication: These 
frameworks serve as a common language, 
simplifying discussions about findings and 
remediation strategies among all 
stakeholders.

	• Evaluating Pen Test Effectiveness: Mapping 
a test’s findings to a kill chain allows an 
organization to measure the depth of a 
simulated attack, gauging the real-world 
efficacy of its security program.
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Penetration Testing 
and Other Security 
Assessment Types
Security assessments and testing are critical 
to a comprehensive Information Security 
Management System (ISMS). It includes 
methodologies such as vulnerability 
assessments, penetration testing, security audits, 
and Red, Blue, and Purple team exercises.

What are the Different Types of 
Penetration Testing?

Penetration testing varies regarding what is 
being tested and the information available to the 
testers. The choice of a specific method depends 
on your organization’s needs or goals, such as 
budget or the type of system/network you want 
to be tested. The level of access and information 
may vary depending on the client’s specific en-
gagement, scope, and authorization.

Pentesting vis-a-vis Red, Blue, or Purple 
Teaming?

Though they share common goals, pentesting, 
Red, Blue, and Purple teaming differ significantly 
in approach and focus. Overall, these practices 

form a continuum within an organization’s 
security lifecycle. While Penetration testing 
identifies vulnerabilities, Red teaming tests 

defenses, Blue teaming strengthens them, 
and Purple teaming integrates Blue and Red 
Teaming for a robust cybersecurity.

Difference between Pentesting and 
Application Security?

Application Security (AppSec) integrates security 
throughout the software development lifecycle, 
using practices like secure code reviews and 
threat modeling to find and fix vulnerabilities 
in the source code. While automated tools 
like firewalls and scanners provide a defensive 
baseline, they cannot guarantee complete 
protection, especially for high-risk, internet-
facing cloud applications. 

To address this gap, penetration testing provides 
crucial validation. The main distinction between 
AppSec and Pentesting lies in their focus. 

AppSec is concerned with building secure 
applications, whereas Pentesting tests the 
security of those applications and the broader 
system.

Exhibit 13: The optimal penetration test is defined by a 
strategic combination of knowledge, scope, and stealth, 
tailored to simulate specific threat scenarios.

Exhibit 14: A mature security strategy incorporates distinct 
offensive (Red Team) and defensive (Blue Team) functions, 
unified by a collaborative (Purple Team) approach to 
maximize resilience.
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Type of 
Pentesting

Access Level and 
Information

What does it test? How does it test?

White Box 
Testing

High level of access and 
information.

Vulnerabilities in systems with 
full knowledge of their internal 
workings.

Testers have access to the system 
or detailed information about its 
architecture and design. They can 
perform comprehensive tests, 
including source code review, 
system configuration analysis, and 
logical vulnerability assessment.

Black Box 
Testing

Limited access and 
information, similar to 
an external attacker.

Simulates real-world attacks by 
attempting to gain unauthorized 
access to a network without prior 
knowledge.

Testers are provided minimal 
information, such as IP ranges, and 
attempt to identify vulnerabilities 
through reconnaissance, scanning, 
and exploitation techniques.

Gray Box 
Testing

Moderate access and 
information, depending 
on the level of 
information provided.

Focuses on specific threats or areas 
of concern while having some 
knowledge of the system.

Testers are provided partial 
information about the system's 
architecture, allowing them to 
target specific areas of interest. This 
type of testing can assess targeted 
threats, logging capabilities, and 
potential evasion techniques.

External 
Penetration 
Testing

Limited access to 
external-facing systems 
and information 
available publicly.

Evaluates the security of systems 
accessible from the internet, 
emulating attacks initiated by 
external hackers.

Testers use various techniques, 
including social engineering and 
vulnerability scanning, to identify 
weaknesses in perimeter defenses, 
websites, web applications, and 
networks.

Internal 
Penetration 
Testing

High level of access 
within the internal 
network, as authorized 
by the client.

Identifies vulnerabilities within the 
company's internal network and 
architecture.

Testers simulate attacks within 
the network, attempting to exploit 
weaknesses and gain access to 
higher-level systems. This type of 
testing is effective for mitigating 
insider threats.

Blind 
Penetration 
Testing

Limited access and 
information, similar to 
an external attacker.

Simulates attacks with minimal 
information about the target 
company, similar to black box 
testing.

Testers have limited information, 
such as the company name or 
website URL, and rely solely on their 
skills to identify vulnerabilities. This 
type of testing can mimic real-world 
scenarios where attackers have little 
knowledge about their targets.

Double-Blind 
Penetration 
Testing

Limited access and 
information, similar to 
an external attacker.

A secretive engagement where the 
tester and the organization being 
tested are unaware of each other's 
activities.

The tester has no prior information 
about the target system and 
conducts the test without knowing 
the internal network. This type of 
testing evaluates incident response 
and the ability to detect and react to 
unexpected threats.

Targeted 
Penetration 
Testing

Access and information 
depend on the scope 
and collaboration with 
the testing party.

Focuses on specific high-risk 
areas of a company's IT system in 
collaboration with the testing party.

The test is tailored to assess a 
specific area of concern, such as 
critical systems or applications. 
Testers use a combination of 
techniques to identify vulnerabilities 
and potential weaknesses.

Exhibit 15: An overview differentiating penetration test types by their unique access levels, testing 
objectives, and execution methods.
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Exhibit 16: An overview differentiating penetration test types by their unique access levels, testing 
objectives, and execution methods.

Parameters Pentesting Red Teaming Blue Teaming Purple Teaming

Main Focus Identifying 
vulnerabilities in a 
system, application, or 
network.

Simulating a real-
world, full-scale 
attack to measure 
an organization’s 
defenses.

Defending against 
actual and simulated 
attacks.

Facilitating 
cooperation and 
communication 
between red and blue 
teams to improve 
overall security.

Objective To discover 
and document 
vulnerabilities.

To test how well an 
organization can 
withstand an attack.

To detect and respond 
to threats and 
continually improve 
defensive strategies.

To maximize the 
strengths of both 
offensive and 
defensive strategies, 
promoting better 
overall security.

Methodology Uses a variety of 
tools and techniques 
to exploit known 
vulnerabilities.

Utilizes all available 
methods to breach, 
including social 
engineering and 
physical penetration.

Implements, 
maintains, and 
improves security 
measures; educates 
the workforce about 
security practices.

Involves a cycle of 
attacks (red team) and 
defense (blue team), 
followed by feedback 
and improvement.

Duration / 
Frequency

Often a one-time, 
goal-oriented exercise.

Periodic 
comprehensive 
evaluations.

A continuous, 
everyday process.

Typically conducted 
as periodic exercises, 
depending on the 
organization’s needs.

Scope Usually targets 
specific systems or 
applications.

Broad in scope, 
assessing the 
organization’s people, 
processes, and 
technology.

Covers all aspects of 
security across the 
organization.

Encompasses and 
coordinates the efforts 
of both red and blue 
teams.

Outcome A report detailing 
vulnerabilities and 
recommending 
remediation steps.

A detailed report of 
the simulated attack, 
the organization’s 
response, and areas of 
improvement.

A safer organization 
through active threat 
detection, mitigation, 
and prevention.

Improved security 
posture through 
integrated defensive 
and offensive 
strategies.
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Exhibit 17: A comparative overview highlighting the key distinctions between Penetration Testing and 
Application Security (AppSec) across their lifecycle aspects.

Aspect Penetration Testing Application Security (AppSec)

Purpose To identify system, network, or 
application vulnerabilities by 
simulating attacks.

To ensure the security of an application 
throughout its lifecycle, from design and 
development to deployment and maintenance.

Scope Focused on the organization's overall 
infrastructure, including networks, 
systems, and applications.

Primarily focused on the application layer, 
covering the security of individual software 
applications.

Techniques Involve various types of testing based 
on information availability (white, 
black, gray box) and attack origin 
(internal, external).

Include techniques like Dynamic Application 
Security Testing (DAST), Static Application 
Security Testing (SAST), Software Composition 
Analysis (SCA), and Interactive Application 
Security Testing (IAST).

Timing Usually performed at specific 
intervals or after significant changes 
to the system or application.

Incorporated throughout the application's 
lifecycle, starting from the design and 
development stages.

Role in Cybersecurity Offensive, aiming to actively find and 
exploit vulnerabilities to evaluate the 
system's defense capability.

Defensive, focusing on building secure 
applications to minimize vulnerabilities and 
reduce the attack surface.

Benefits Helps identify vulnerabilities 
before attackers do, validate 
security measures, meet regulatory 
requirements, and prevent potential 
financial loss.

Helps build secure applications, minimizes 
software vulnerabilities, improves code 
quality, and ensures secure use of third-party 
components.

Team's Perspective Takes an external perspective, 
simulating an attacker's approach to 
uncovering vulnerabilities.

Involves an internal perspective, focusing on 
secure coding practices, architectural decisions, 
and component choices.
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Selecting the Right 
Penetration Test
Choosing an effective penetration test requires 
a strategic evaluation of your unique business 
context. This decision should be informed by 
several key factors, including your specific 
technology environment, regulatory compliance 
obligations, overall risk tolerance, and budget. 

Often, the most effective testing strategies layer 
multiple types of tests—such as combining 
network and application assessments—to gain 
a comprehensive and realistic view of your 
organization’s security posture.

To achieve this, your organization must first 
define its requirements clearly. The framework 
below outlines the key considerations for 
scoping an effective engagement that aligns 
with your business objectives.

A Framework for Scoping Your 
Penetration Test

An effective penetration test is not a one-size-
fits-all service. The value of the engagement 
depends entirely on how well it is scoped to your 
specific needs. 

Ethical hacking is as varied as software 
development; different firms specialize in cloud 
infrastructure, hardware, or social engineering. 
Before engaging a provider, it is crucial to define 
the following factors:

1.	 Business and Technology: Environment First, 
identify what you are trying to protect. 
Consider the nature of your data, the 
criticality of your systems, and the structure 
of your infrastructure. For a company 
managing financial data, network and web 
application tests are paramount. For an 

organization migrating to a new cloud 
environment, a cloud configuration review is 
vital.

2.	 Purpose and Objectives: Clearly define why 
you are conducting the test. The motives will 
directly influence the test’s methodology and 
focus. Common objectives include:

	• Validating security controls after a recent 
security incident.

	• Meeting compliance requirements for 
regulations like PCI-DSS or HIPAA.

	• Conducting a periodic, proactive security 
assessment to manage risk.

	• Verifying internal security measures with an 
independent, external perspective.

3.	 Compliance and Regulatory Mandates: If 
your organization operates in a regulated 
industry, compliance will be a primary driver. 
Standards like PCI-DSS, HIPAA, or CMMC 
have specific requirements for the type and 
frequency of penetration testing. These 
mandates provide a baseline for your testing 
scope.

4.	 Risk Tolerance and Budget: Your 
organization’s appetite for risk will influence 
the depth, breadth, and frequency of testing. 
A company with a low risk tolerance may opt 
for more frequent and comprehensive 
testing. This risk assessment, combined with 
a clear budget, allows for effective resource 
allocation and ensures the investment is 
directed toward the areas of greatest 
concern.

5.	 Past Incidents and Known Weaknesses: Use 
historical data to inform the scope. 
Information about previous breaches or 
vulnerabilities discovered through internal 
assessments provides a valuable starting 
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point. This allows the testing team to focus 
on validating fixes and probing for similar, 
known weaknesses in your environment.

By clearly defining these considerations, 
you create a detailed brief that allows you to 
select the right partner and ensures the final 
engagement delivers actionable, high-impact 
results.

Defining Pentesting Scope

A comprehensive penetration test must cover 
all potential attack vectors—the pathways an 
adversary could use to breach your systems

Scoping a test effectively means selecting the 
right vectors based on your unique technology 
and business risks. 

The most common types of vector-based tests 
include:

	• Network Services Testing: Focuses on 
vulnerabilities in network infrastructure, 
including firewall configurations, DNS, and 
email servers. This is a foundational test for 
any organization with a significant network 
presence.

	• Web Application Testing: Targets flaws in 
web applications and their underlying 
servers, such as those in custom-built 

Pentesting Factors Pentesting Types Description

Testing Based on 
Information Availability

White Box Testing Testers possess full details about the system, simulating the 
threat from an insider with extensive system knowledge.

Black Box Testing Minimal information about the system to simulate real-
world attacks from external hackers.

Gray Box Testing A mix of white box and black box testing. Testers are given 
partial system information to focus on specific threats.

Testing Based on Attack 
Origin

External Penetration 
Testing

Testers probe for weaknesses in a company's external-
facing systems like websites, web applications, and 
networks.

Internal Penetration 
Testing

Testers simulate attacks internally to identify vulnerabilities 
within the company’s internal infrastructure.

Testing Based on System 
Types

Logical Systems Involves testing networks and IT infrastructure.

Physical Systems Entails testing access controls, surveillance systems, and 
physical barriers.

Social Systems Involves assessing the effectiveness of employee training.

Other Types of 
Penetration Testing

Blind Penetration Testing Testers have even less system information, simulating 
a real-world attack where hackers have limited target 
knowledge.

Double-Blind Penetration 
Testing

Highly secretive test; neither the tester nor the organization 
being tested is aware of each other's activities.

Targeted Penetration 
Testing

The tester and the organization collaborate to focus on 
specific areas of the IT system.

Exhibit 18: Selecting the appropriate penetration test type, determined by factors like system access and 
attack origin, is a fundamental step in tailoring the scope of an assessment.



Page 26 of 28 

software or public-facing platforms. This is 
essential for any business with an online 
presence.

	• Client-Side Testing: Identifies vulnerabilities 
in software running on user endpoints, such 
as web browsers or document editors, which 
could be exploited to gain unauthorized 
access to internal systems.

	• Wireless Network: Testing: Scrutinizes Wi-Fi, 
Bluetooth, and other wireless connections for 
security weaknesses like weak encryption, 
rogue access points, or insecure 
configurations.

	• Social Engineering Testing: Tests the 
resilience of employees against psychological 
manipulation. This involves simulated attacks 
like phishing or baiting to assess security 
awareness and identify weaknesses in 
human processes.

Beyond selecting what to test (the vectors), it is 
equally important to define how the test will be 
conducted. 

The chosen methodology depends on the 
amount of information provided to the testers 
and the overall goals of the engagement, as 
detailed in the framework below.

Penetration Testing Service Models

Penetration Testing as a Service (PTaaS) allows 
organizations to engage external experts for 
vulnerability assessments, providing a scalable 
and cost-effective alternative to maintaining a 
full-time in-house team. The ideal service model 
depends on an organization’s security maturity, 
budget, and desired testing cadence.

Pentesting Service Models Description

Subscription-Based A long-term engagement where a provider conducts regular, scheduled 
penetration tests over a predetermined period (e.g., quarterly or annually), 
ensuring continuous security validation.

On-Demand Provides maximum flexibility, allowing organizations to purchase individual 
tests as needed with no long-term commitment. Ideal for ad-hoc assessments 
or testing specific system changes.

Project-Based Engages a provider for a single, well-defined project with a clear start and end 
date, such as testing a new application before its launch. The scope and cost are 
fixed for the specific initiative.

Hybrid Combines the consistency of a subscription for critical assets with the flexibility 
of on-demand services for new projects or specific needs.

Managed Services A holistic approach where the provider extends beyond testing to manage 
aspects of the client's overall security program, often including vulnerability 
management and remediation support.

Staff Augmentation Integrates one or more external specialists directly into the client’s in-house 
security team for a specific duration. This model is used to fill skill gaps or add 
expertise for a particular project.

Exhibit 19: Understanding the penetration testing service models is key to selecting the engagement 
structure that best aligns with an organization’s security goals and operational needs.
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Pentesting as a Service
Enable Secure Innovation and Protect Your Bottom Line
InterSec is dedicated to improving your Cybersecurity through our specialized Penetration 
Testing as a Service (PTaaS). We simulate realistic cyber threats against your network, systems, 
applications, and devices. This process exposes critical security vulnerabilities and evaluates 
the true effectiveness of your cyber defenses and incident response capabilities.
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