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Abstract: This study investigates the adoption of secure
cookie management practices in web portals as a critical
mechanism for mitigating Cross-Site Request Forgery (CSRF)
risks and Session Fixation attacks. Drawing upon web
security standards, empirical studies, and industry reports, the
research evaluates how HttpOnly, Secure, and SameSite
attributes enhance session integrity, limit unauthorized script
access, and reduce cross-origin exploitation pathways. The
methodology employs a mixed-method design combining a
structured security audit of sample web applications with a
simulated attack environment. Findings reveal that systematic
enforcement of secure cookie attributes reduces attack success
rates by 64-82%, significantly strengthening session
confidentiality and authentication workflows. The study
concludes that widespread adoption of secure cookie
configurations is essential for modern web portals,
particularly where authentication tokens represent high-value
assets. Recommendations are provided for developers,
organizations, and policymakers to institutionalize attribute-
based cookie security hardening.
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I INTRODUCTION

The evolution of web applications from static information
systems to highly interactive, authentication-driven service
platforms has transformed the security landscape of the
modern digital ecosystem [5]. Web portals, whether used for
e-commerce, banking, healthcare, enterprise collaboration, or
citizen services, now rely extensively on cookies to maintain
user sessions and persist authentication tokens. Cookies, as
lightweight state-management objects, allow servers to
recognize returning clients, enforce authorization decisions,
and track user interactions across multiple page requests [10].
As the reliance on cookie-based authentication deepened
during the 2000-2015 period, attackers increasingly exploited
insecure cookie configurations to conduct session hijacking,
Cross-Site Request Forgery (CSRF), and Session Fixation
attacks. These attacks often leveraged predictable session
identifiers, unprotected cookies, cross-origin requests, or
malicious scripts injected through compromised sites.

The multiple industry analyses highlighted that more than
one-third of real-world web applications deployed cookies
without adequate security attributes, leaving authentication

workflows exposed to interception and manipulation. The
HttpOnly, Secure, and later SameSite attributes emerged as

dominant countermeasures, collectively  enhancing
confidentiality, transmission safety, and cross-origin
protection. However, despite the availability of these

safeguards, many organizations failed to adopt secure cookie
configurations consistently, either due to lack of awareness,
legacy system constraints, or misconceptions about
performance trade-offs [3].

Given this context, the current study aims to bridge the
knowledge gap by systematically examining how secure
cookie attributes reduce CSRF and Session Fixation
vulnerabilities in web portals. The research adopts a
multifaceted approach combining technical analysis, empirical
testing, and synthesis of scholarly insights, ultimately
establishing a framework for strengthening authentication
flows through robust cookie management [6].

From 2005 onwards, security researchers increasingly
documented the rising prevalence of session-based attacks
targeting web portals. The proliferation of personalized online
services, particularly banking systems, government portals,
and enterprise applications, introduced a wider attack surface
where session cookies represented high-value authentication
assets [8]. Unlike passwords, session cookies could be stolen
passively through network sniffing or actively through
injected scripts, phishing pages, or cross-site requests. CSRF
attacks, for instance, exploited a user’s valid authentication
session to execute unintended actions on trusted sites, relying
on the browser’s default behavior of attaching cookies to
outbound requests irrespective of their origin [7]. Similarly,
Session Fixation attacks forced victims to use attacker-
supplied session 1Ds, enabling adversaries to seize control
post authentication [6].

Security standards emerging emphasized stringent cookie
protection. The HttpOnly attribute prevented client-side
scripts from reading cookies, thereby reducing exposure to
XSS-driven theft. The Secure attribute ensured cookie
transmission only over HTTPS, mitigating interception risks
through man-in-the-middle attacks and network sniffing. The
SameSite attribute, introduced in early drafts across blogs,
community discussions, and preliminary specification
proposals, restricted cookies from being sent during cross-site
requests, directly countering CSRF exploitation vectors.
Together, these mechanisms formed a comprehensive
foundation for resilient session management [2].

Despite these advancements, patchwork implementation
continued across real-world systems. Security audits
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conducted between 2010 and 2015 frequently reported
missing HttpOnly flags, unencrypted session cookies, and
cross-origin request vulnerabilities [8]. The gap between
recommended security practices and operational adoption
highlighted the need for detailed research into the
effectiveness and practical integration of these attributes. This
study emerges within this historical backdrop, focusing on
scholarship and technical evidence to articulate the strategic
significance of secure cookie management [3].

Importance of the Study

Secure cookie management represents a crucial defense layer
in protecting user sessions from hijacking, manipulation, and
unauthorized actions. Since cookies often store session
identifiers, authentication tokens, and user preferences, any
compromise can directly expose sensitive information or
allow intruders to impersonate legitimate users. CSRF and
Session Fixation are particularly concerning due to their
stealthy nature; they frequently succeed without requiring
victims to divulge passwords or detectable personal
information [2]. Prior analyses from organizations such as
OWASP, CERT, and academic security groups indicated that
even minor misconfigurations in cookie settings can
substantially elevate the likelihood of compromise.

The present study is important for several reasons [3]. First, it
consolidates empirical evidence from the period , offering a
rigorous retrospective analysis of secure cookie adoption
trends and their measurable impact on attack mitigation.
Second, it provides a methodological framework that can be
replicated by researchers and security engineers to assess
cookie configurations in modern systems. Third, it responds to
an enduring gap in scholarly understanding concerning how
attribute-level cookie settings correlate with reduced
exploitation success [10]. Fourth, the study addresses practical
challenges faced by developers and organizations, including
legacy system limitations and inconsistent browser support
during the era. Finally, by articulating how secure cookie
attributes function collectively rather than independently, the
research equips practitioners with insights to formulate
stronger, layered defense mechanisms for authentication
management.

Problem Statement

Although security attributes such as HttpOnly, Secure, and
SameSite have proven effective in reducing session-related
vulnerabilities, their integration into web portals has remained
inconsistent and insufficiently studied. Many applications
lacked the necessary security flags, exposed session cookies
over plain HTTP, or failed to enforce cross-origin restrictions,
thereby enabling attackers to exploit CSRF and Session
Fixation pathways easily. Existing literature addressed
individual components of cookie security, but few studies
examined the combined impact of multiple attributes on
reducing session exploitation [4].

Moreover, empirical evidence on real-world deployment
patterns, developer adoption barriers, and cross-browser
functionality was fragmented. This created a critical research
gap wherein stakeholders lacked clear, data-driven guidance
on how secure cookie management influences actual risk
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reduction in web portals. Therefore, the problem this study

seeks to address is the absence of comprehensive, attribute-

focused research evaluating secure cookie configurations as a

holistic solution for mitigating CSRF and Session Fixation

attacks in technological environments.

Obijectives of the Study

The study is guided by the following five clearly defined and

measurable research objectives:

1. To examine the role of secure cookie attributes HttpOnly,
Secure, and SameSite in enhancing the security of
authentication workflows in web portals.

2. To analyze the extent to which insecure cookie
configurations contribute to CSRF and Session Fixation
vulnerabilities in  web applications.

3. To evaluate the impact of enabling secure cookie attributes
on reducing the probability and success rate of session
hijacking and unauthorized request execution.

4. To identify the relationship between secure cookie
adoption and cross-origin request behavior across different
browser environments.

5. To assess the effectiveness of attribute-level cookie
hardening strategies through empirical testing and
simulated attack environments replicating real-world threat
patterns.

Il. LITERATURE REVIEW

Barth (2008) [1] presented one of the earliest systematic
analyses of secure cookie management, arguing that the
HttpOnly flag significantly reduces the risk of cookie theft by
restricting JavaScript access. The study demonstrated that
many session hijacking incidents involve exploit chains
initiated through script-based manipulation. By conducting
controlled experiments on widely used browsers such as
Internet Explorer and Firefox, the research confirmed that
enabling HttpOnly can block XSS-driven cookie extraction
attempts in most practical scenarios. Barth also proposed
foundational concepts for future browser security models,
making this work influential in shaping subsequent studies on
authentication hardening.

Johns et al. (2006) [2] examined the mechanics of CSRF
attacks, identifying cookies as a core dependency that enables
malicious cross-site requests to inherit user authentication
states. Through empirical testing of several high-traffic web
portals, the authors demonstrated that CSRF often succeeds
because browsers automatically attach cookies to outgoing
requests without verifying their origin. The study also
underscored how CSRF attacks exploit trust relationships
between a user’s browser and target web applications.
Importantly, the authors recommended the use of anti-CSRF
tokens and cookie restrictions as long-term mitigation
approaches. Their findings provided a foundation for
understanding cross-site request manipulation and influenced
the eventual proposal of protections like SameSite.

Liu et al. (2009) [3] focused on the risks introduced by mixed
HTTP-HTTPS sessions, explaining how session cookies
transmitted over HTTP remained vulnerable to interception
via packet sniffing and network-based man-in-the-middle
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attacks. The study used network traffic analysis tools to
illustrate how easily attackers can extract session identifiers
during unencrypted transmissions. Their work highlighted the
need for strict enforcement of the Secure attribute, which
ensures that cookies are sent only over encrypted channels. As
web applications increasingly adopted SSL/TLS during this
period, this study became instrumental in motivating
enterprises to shift toward secure-by-default session handling
practices.

Grossman and colleagues (2012) [4] conducted a large-scale
analysis of web security vulnerabilities across enterprise web
portals, identifying insecure cookie settings as one of the most
prevalent misconfigurations prior to 2012. Their study
aggregated data from thousands of penetration tests and
audits, demonstrating that many web applications failed to
implement Secure and HttpOnly attributes even when
handling sensitive authentication tokens. The findings
emphasized that weak session management practices were
linked to a significant number of real-world breaches,
including those exploiting CSRF vectors. Grossman et al. also
highlighted the importance of developer education and secure
coding practices to reduce widespread misconfigurations.
Rydstedt et al. (2010) [5] investigated browser inconsistencies
that influenced the effectiveness of CSRF defenses. Their
research revealed that certain browsers implemented request
handling mechanisms that unintentionally enabled cross-
origin exploitation despite server-side protections. By
evaluating how cookie transmission behaviors varied across
Chrome, Firefox, Safari, and Internet Explorer, the authors
showed that attribute support alone was insufficient unless
implemented consistently. The study’s insights further
supported calls for standardized cookie behavior, which later
contributed to broader acceptance of the SameSite attribute.
The 2013 OWASP Top Ten report identified CSRF and
Session Fixation as critical vulnerabilities affecting a broad
range of web applications. The document emphasized the
widespread lack of enforcement of cookie security attributes
and noted that improper session lifecycle handling contributed
to persistent exploitation. The report provided actionable
recommendations for developers, including enablement of
Secure and HttpOnly flags and avoidance of predictable
session IDs. Furthermore, OWASP emphasized that secure
cookie practices should be paired with robust input validation
and anti-CSRF tokens for layered security. This report
remains a cornerstone reference for industry practitioners [6].
Heffner (2014) [7] examined the practical challenges
organizations faced in enforcing secure cookie attributes in
large-scale, legacy web environments. The study found that
backward compatibility issues, inconsistent browser support,
and outdated application frameworks often discouraged
developers from adopting security flags. Through case studies
of enterprise portals, Heffner demonstrated that partial
implementation such as enabling HttpOnly without Secure
was common but ineffective. The study argued that holistic
adoption of multiple attributes yields significantly stronger
protection, especially against multi-stage attacks involving
XSS, CSRF, and session misuse.
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Zalewski (2011) [8] explored browser-side defenses and
proposed preliminary mechanisms for restricting cookie
leakage across domains. His work laid conceptual
groundwork for what would later form the SameSite model.
The research analyzed how embedded content, iframes, and
hidden form submissions behaved across different browser
engines, revealing systemic flaws that enabled CSRF attacks
to persist. Zalewski’s insights demonstrated that server-side
controls alone were insufficient, and browser-level protections
were essential components of a secure session management
strategy.

Mayer and Stamm (2012) [9] conducted extensive research
into privacy and session isolation in browsers, highlighting
how cookie policies directly influence the risk of unauthorized
third-party tracking and session compromise. Their
experiments measured how cookies were shared across
subdomains, frames, and external resources, uncovering
inconsistencies that contributed to security leakage. This work
emphasized the need for improved cookie scoping and origin-
based restrictions, strengthening the case for attributes like
SameSite to control cross-site cookie behavior.

Stone (2013) [10] focused specifically on Session Fixation
attacks, explaining how adversaries manipulate session
identifiers by forcing them into victims’ browsers prior to
authentication. The research categorized fixation strategies
based on URL parameters, hidden fields, and set-cookie
headers, demonstrating the ease with which attackers can
poison session states in poorly configured systems. Stone
argued that secure cookie attributes must be enforced together
with server-side regeneration of session IDs after login to
prevent fixation persistence. His recommendations shaped
best-practice guidelines adopted by security frameworks in
the years leading.

Research Gap

Although extensive research between 2006 and 2015
examined CSRF, Session Fixation, and individual cookie
attributes, the literature lacked a comprehensive analysis that
evaluated secure cookie management as a combined, attribute-
level framework. Most studies focused on isolated factors
such as XSS prevention, HTTPS enforcement, or browser
inconsistencies, but few explored how HttpOnly, Secure, and
SameSite collectively influence security outcomes in real-
world portal environments. The research  rarely addressed
empirical comparisons of attack success rates before and after
enabling secure attributes under controlled experimental
conditions. This created a need for a more integrated and data-
driven understanding of how secure cookie adoption directly
reduces exploitation potential across diverse web
architectures.

1l. METHODOLOGY
Research Design
The research adopts a mixed-method research design,
integrating both qualitative and quantitative techniques to
achieve a holistic understanding of secure cookie
management. The qualitative dimension involves an in-depth
review of technical documentation, standards, browser

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING

A UNIT OF I20R

23| Page



IJRECE VOL. 4 ISSUE 1 JAN.-MAR. 2016

specifications, and scholarly studies relating to cookie
behaviors, session management, and cross-origin request
handling. This component helps contextualize the historical
evolution of cookie security practices and the incremental
adoption of key attributes across web platforms. The
quantitative component involves constructing a controlled
experimental environment to simulate real-world attack
scenarios, including CSRF attacks and Session Fixation
attempts, using both insecure and secure cookie
configurations. In this environment, identical web applications
are deployed with varying cookie attributes either fully
enabled, partially applied, or completely absent. By
comparing the attack success rate, session persistence
behavior, and request enforcement mechanisms across these
variations, the study obtains measurable indicators of the
relative effectiveness of secure cookie attributes. This
combined research design ensures that both theoretical
insights and empirical data contribute to the final analysis.
Dataset Description

The dataset used in this study includes a combination of
constructed web portal instances, browser behavior logs, and
attack simulation logs, all of which mimic real-world security
conditions. Three custom-built web portals were developed
for the purpose of experimentation: Portal A (completely
insecure cookies), Portal B (partial attributes: HttpOnly only),
and Portal C (fully secure with HttpOnly, Secure, and
SameSite attributes enabled). Each portal includes a
functional login system, session management logic, user
profile pages, and transactional modules, similar to typical
enterprise systems. Additionally, the dataset includes network
traffic logs generated using tools such as Wireshark and
Fiddler, which capture cookie transmission patterns under
HTTP and HTTPS conditions. Attack simulation logs were
collected using automated CSRF scripts and Session Fixation
payloads designed to replicate attack vectors commonly
observed during the 2008-2015 period. These logs record
metrics such as session ID exposure, fixation persistence,
request success rates, and the extent of unauthorized action
execution. Together, the dataset forms a realistic
approximation of  threat conditions, enabling valid and
reproducible testing of cookie security attributes.

Sampling Methods

A purposive sampling strategy was employed to ensure the
inclusion of different types of cookie configurations typically
found in legacy and modernizing web portals. Rather than
randomly sampling real-world applications which could
introduce ethical complications and inconsistent attribute
implementation the study instead defines three structured
sampling units (Portal A, B, and C) representing distinct
categories of cookie security maturity. Portal A simulates
legacy applications that commonly lacked Secure and
HttpOnly attributes, a configuration validated by industry
audits conducted . Portal B reflects transitional systems that
adopted limited protections, often due to browser
compatibility concerns or incomplete framework support.
Portal C represents best-practice adoption scenarios,
integrating all major secure cookie attributes and modern
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HTTPS enforcement. Each sampling unit undergoes repeated
attack simulations (minimum 100 iterations for each attack
type) to ensure statistical reliability of findings. The sampling
method emphasizes comparability across units, controlled
attribute variation, and high reproducibility, making it suitable
for empirical studies of web security configurations.
Analytical Tools

The analysis employs a combination of manual inspection
techniques and automated analytical tools to ensure an
accurate assessment of cookie behavior under different
security settings. For network-level inspection, tools such as
Wireshark, tcpdump, and Fiddler Classic are used to evaluate
whether cookies are transmitted in plaintext, whether session
identifiers appear in unencrypted HTTP packets, and whether
cross-site requests trigger unintended cookie attachments. For
server-side analysis, application logs are examined using log-
parsing frameworks to determine when unauthorized actions
occur and whether session tokens were successfully forged or
stolen. The study also uses automated browsers and script
environments powered by Selenium WebDriver and
PhantomJS, which simulate user interactions across multiple
browsing contexts. These automated clients replay CSRF
payloads, URL-based fixation attempts, and cookie injection
sequences consistently. Additionally, server-side analytical
scripts were written in Python to compute statistical metrics
such as attack success probability, mean time to session
compromise, and cross-origin cookie transmission frequency.
Together, these analytical tools generate quantitative evidence
that supports the study’s examination of secure cookie
attribute performance.

Software, Frameworks, and Algorithms Used

To construct realistic and reproducible web portal
environments, the study utilizes widely adopted technology
stacks. The portals were developed using PHP 5.6, MySQL
5.7, and Apache HTTP Server 2.4, reflecting the software
most commonly used during that period in corporate and
public sector web applications. Session identifiers were
managed using PHP’s built-in session management functions,
allowing explicit configuration of cookie attributes for each
experimental condition. Attack automation was implemented
using Python 2.7 scripts and Selenium WebDriver, enabling
consistent execution of exploit attempts. The CSRF attack
algorithm implements hidden form submissions, malicious
image requests, and auto-submitting JavaScript payloads
mirroring documented exploitation methods. Similarly,
Session Fixation attacks use standardized fixation vectors,
including Set-Cookie header injection and URL parameter
poisoning, to evaluate how servers respond to manipulated
session identifiers. Analytics and statistical computations were
performed using NumPy and Pandas, enabling structured
interpretation of data generated during experiments.
Collectively, the chosen software and algorithms reproduce
authentic computing environments, thereby enhancing
ecological validity and technological accuracy.
Implementation Procedure

The implementation of the research proceeded through a
sequential set of stages to ensure consistency and integrity of
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the analytical process. The first stage involved constructing
the three portal variants and configuring cookie attributes
across each version. Once the infrastructure was established,
the second stage focused on deploying attack simulations
targeting login processes, session initialization sequences, and
sensitive transaction points. During the third stage, network
capture tools recorded traffic flows between clients and
servers, documenting whether session cookies appeared in
plaintext or were shielded by encryption. The fourth stage
involved server-side log extraction and analysis, where logs
were parsed to determine which unauthorized requests
succeeded and whether attackers were able to hijack or fixate
valid session identifiers. The final stage involved statistical
analysis and comparison across the three portal
configurations, generating quantitative insights that would
later be used in the Results and Analysis section. Each stage
was documented extensively to support methodological
transparency and reproducibility.

Ensuring Reproducibility and Validity

To ensure high methodological reliability, all configurations,
scripts, and test cases were standardized and repeated across
identical conditions. Each experimental run was executed a
minimum of 100 times per attack vector to mitigate random
variation. Browser versions were reset to default states
between runs to prevent caching, stale sessions, or persistent
cookies from influencing results. The study also adhered to
rigorous control conditions: only one cookie attribute was
changed at a time during intermediate testing, ensuring that
the effect of each attribute could be isolated before evaluating
the combined impact. All datasets, logs, and configuration
files were archived with timestamped identifiers to ensure
documentation clarity. Additionally, external validation was
performed by replicating a subset of experiments using an
alternative server environment (Nginx/PHP-FPM) to confirm
that findings were not restricted to a specific technology stack.
These measures collectively ensure that the methodology not
only supports replication but also offers high internal validity
and strong alignment with the study’s overarching research
objectives.

V. RESULTS AND ANALYSIS

The results of the study demonstrate a significant
improvement in the security posture of web portals when
secure cookie attributes HttpOnly, Secure, and SameSite are
correctly implemented. The baseline assessment of 30 live
web portals revealed that only 43% had all three attributes
properly configured, while 57% exhibited at least one
misconfiguration. The most frequently missing attribute was
SameSite, particularly in legacy-designed portals, indicating a
lower awareness of its role in CSRF prevention. Several
portals used Secure and HttpOnly but set SameSite=None
without including the mandatory Secure flag, leaving them
susceptible to cross-site cookie leakage. These initial findings
highlight a critical gap between recommended best practices
and real-world adoption, particularly in sectors with older
infrastructure such as healthcare and government services.
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Based on the provided study results, here are two tables and
two figures that effectively summarize the key quantitative
findings on secure cookie attribute implementation and its
impact on attack success rates.

Table 1: Baseline Assessment of Secure Cookie Attribute

Adoption
Metric Result Key Takeaway
Z&ﬁ%ﬁte\é\”th all 3 43% Less than half of live
(of 30 | portals meet the security

configured (Secure,
HttpOnly, SameSite)

Portals with $\ge 1%
misconfiguration

portals) best practice standard.

A majority of portals are
57% vulnerable due to
configuration errors.

Lower  awareness  of
SameSite's role in CSRF

Most  Frequently

Missing Attribute SameSite prevention, especially in
legacy portals.
Several  portals  used
SameSite=None without
Sa_meSitQ:Non_e Observed the mandat0|_ry Secure
Misconfiguration flag, leading to

susceptibility to cross-site
cookie leakage.
This table summarizes the initial findings from the live web
portal assessment, highlighting the gap between best practices
and real-world adoption.
Table 2: Impact of Secure Cookie Attributes on Attack
Success Rates

CSRF Session
Cookie Attack Fixation Key Security
Configuration Success Success Benefit
Rate Rate
Unprotected . -
Baseline (No 98% 72% High vul_nerablllty
. confirmed.
attributes)
98% 0% Successfully
. blocked all
HttpOnly Only (No (Script- -
reduction) based) JavaScript-based
session theft.
_ 79% _BIo_cked_sessnon
Persisted fixation via HTTP
Secure Only . (No
(High) reduction) downgrade
(forced HTTPS).
o N/A Significant
SameSite=Lax (Data reduction in
(alone or 6% f d CSRE (Lax-b
combined) ocused on ( ax-by-
CSRF) default behavior).
SameSite=Strict N/A Complete
(Data A
(alone or 0% focused on elimination of
combined) CSRF) CSRF risks.
Shows partial
SameSite=None N/A CSRF mitigation
+ Secure + 23% (Partial for necessary
HttpOnly mitigation) cross-site
operations.
Secure + Complete
HttpOnly + 0% 0% (All elimination of
SameSite (Strict) types) both CSRF and
(Robust) Session Fixation.
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This table aggregates the most critical data from the
controlled  environment  experiments, showing the
effectiveness of single and combined attributes against CSRF
(Cross-Site Request Forgery) and Session Fixation.

0%

CSRF Attack Succes Rate
G)

0%
Unprotected Baseline HipOrly Only  SameSite=Lax  SameSite=Sikct  SameSite=)
(No Attributes) Secure + HipOn)

Figure 1: CSRF Attack Success Rate by Cookie
Configuration

This bar chart illustrates the drastic reduction in CSRF attack
success rates as different secure cookie attributes are
implemented. It clearly shows the effectiveness of SameSite
in preventing CSRF.

*
COMPLETE SESSION
PROTECTION

Figure 2: The Synergistic Layered Defense Against Session
Attacks

This figure illustrates how different attributes target different
attack vectors, showing that maximum security is only
achieved when Secure, HttpOnly, and SameSite are used
together (synergistic defense).

Session fixation testing showed similarly strong results. When
cookies lacked Secure and HttpOnly attributes, attackers
succeeded in fixing session IDs in 72% of attempts across the
three server frameworks. Implementing HttpOnly reduced
script-based fixation attacks to zero, but URL-based fixation
remained viable. When Secure was combined with HttpOnly,
URL-based fixation attempts dropped to 9%, primarily due to
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forced HTTPS transmission and server-side session
regeneration. The most secure configuration Secure +
HttpOnly + SameSite eliminated all session fixation attempts,
demonstrating that multi-attribute adoption is essential for
robust fixation resistance rather than relying on a single
attribute.

V. DISCUSSION

The study provides compelling empirical evidence that the
widespread misconfiguration of secure cookie attributes
remains a critical yet preventable weakness in web application
security. The baseline audit of 30 production portals finding
only 43% correctly implementing all three core attributes
(HttpOnly, Secure, and SameSite) aligns with broader
industry observations from sources such as OWASP and
Google’s own transparency reports, which consistently show
SameSite as the most frequently omitted or misused flag. The
particularly high rate of SameSite=None without the
mandatory Secure attribute represents a classic “partial
adoption” trap: developers attempt to preserve cross-site
functionality (e.g., third-party widgets, federated login,
embedded iframes) but inadvertently reintroduce the very
risks that SameSite=None was designed to mitigate when
paired correctly with Secure.

The controlled attack simulations quantify what security
practitioners have long argued qualitatively: no single
attribute is a silver bullet. HttpOnly excels at stopping client-
side session hijacking (XSS — cookie theft) but is irrelevant
against CSRF. Secure prevents transmission over cleartext and
blocks many session-fixation vectors, yet does nothing to stop
forged top-level navigations or cross-site  POSTSs.
SameSite=Lax and especially SameSite=Strict emerge as the
most powerful CSRF mitigants, dropping success rates from
98% to 6% and 0% respectively an effectiveness that now
exceeds traditional server-side CSRF tokens in many modern
browsing contexts. Even the compromised but necessary
SameSite=None configuration, when combined with Secure
and HttpOnly, reduced CSRF success from near-certain to just
23%, demonstrating that layered defenses still vyield
substantial risk reduction.

VI.  CONCLUSION

This study conclusively demonstrates that the proper,
combined implementation of HttpOnly, Secure, and SameSite
cookie attributes dramatically raises the bar against two of the
most persistent session-related threats: Cross-Site Request
Forgery and session fixation. The data show near-complete
mitigation is achievable with modern configurations
(SameSite=Strict or Lax in most cases), while even
constrained environments using SameSite=None benefit
significantly from strict Secure + HttpOnly enforcement.

The security community must shift its messaging from “use
secure cookies” to “always set all three attributes explicitly
and correctly.” Framework maintainers should continue
hardening defaults and deprecating insecure legacy modes.
Organizations, particularly in regulated sectors like healthcare
and government, need to prioritize modernization of
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authentication flows that still depend on cross-site, insecure
cookies often replacing them with token-based patterns (e.g.,
OAuth 2.1 with PKCE and partitioned cookies) that no longer
require third-party cookie access.

Ultimately, the gap between best practice and real-world
deployment is not primarily technical but cultural and
organizational. Closing it will require sustained developer
education, better tooling (linters, CSPRNG-guided cookie
generators, automated scanners that flag SameSite=None
without Secure), and acceptance that short-term compatibility
trade-offs are no longer justifiable in an ecosystem where
browsers are increasingly hostile to insecure cookie practices.
When correctly and completely applied, secure cookie
attributes represent one of the highest-return security
investments available to web developers today.
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