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Ransomware is still one of the most current and dangerous types of malware on the
internet. Ransomware is detrimental in its impact towards both personal and corporate
entities, while its consequences are often financially and operationally disastrous. This
paper focuses on analysing the ransomware threat capabilities and trends during the last
ten years and how cybercriminals have updated their approaches to the threat. The
research explores the evolution of ransomware, such as the ransomware-as-a-service
(raas), second-stage extortion schemes, sophisticated encryption, and obfuscation
techniques. Further, the study measures present-day mitigation measures like endpoint
protection, employee training, and incident response systems and defines unmet needs
in the present defensive measures. While the paper evaluates cases where organisations
have successfully enacted response strategies, organization must ensure proactivity,
backed-up presence and effective cybersecurity policies. In addition, the study expects
future developments in ransomware attacks to involve artificial intelligence tools to
enhance the strategies and attacks towards the key areas of interest, such as the
healthcare and energy sectors. The study highlights the necessity for effective legal
measures to counter the work of ransomware actors who operate internationally and
offers improvements to the policy and defence measures.
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1. INTRODUCTION

Ransomware is one of the most dangerous cyber threats affecting organisations
and people worldwide. Ransomware is a computer virus that steals a victim's data
and extorts money from the victim, preferably in crypto currencies Alshaikh et al.
(2020). Unlike everyday cyber threats that only interrupt services or simply steal
users' data, ransomware demands money by locking users out of their data.
Ransomware has risen in prominence over recent years, costing billions of dollars
and affecting various sectors, including healthcare, education, and critical
infrastructure.

The changes to the ransomware approach have been fast and complex. At the
start of the evolution of malware, ransom ships became very basic. These
ransomwares were delivered through emails containing links to infected
attachments. The approach of the present time is much more sophisticated than that
described above Chen and Bridges. (2017). Modern attacks include 'double
extortion,’ where cybercriminals first steal data from their targets and then demand
aransom for not making it public. Ransomware as a Service (RaaS) has also exposed
cybercrime to anyone without fathomable IT knowledge, enabling them to pull off
devastating attacks using rented ransomware tools. New attack scenarios are now
the Remote Desktop Protocol (RDP) exploits and supply chains, which put pressure
on traditionally defined methods Chidukwani et al. (2022).

The application experience of ransomware demonstrates its relevance on both
corporate and individual levels. It is ruthless; corporations suffer financial loss and
untold harm to their reputation Conti et al. (2018). Ransomware also poses risks to
personal identity because hackers can focus on files like financial data, photos, and
messages. Data is now an asset that an organisation cannot afford to lose due to the
severity of the ransomware attack. Education, risk mitigation, and preparedness for
cyberattacks have become increasingly important since ransomware attacks are
now inevitable; hence, prevention is imperative in the various sectors Duraibi et al.
(2023).

Today, ransomware threats are described as dynamic. Cybercriminals have
become more creative and complex in their methodologies and strategies. State
Fiscal Year (SFY) 2012 is growing faster than conventional security measures, and
solutions are inadequate. This makes ransomware attacks a serious threat - the
activities of hackers change as they learn that their previous tactics are not effective
anymore Duraibi et al. (2023). This has led not to a stalemate between attackers and
defenders but to an endless cycle of development and counter-development, with
many modern threats employing artificial intelligence and automation to create
bespoke attacks that are hard to stop.

Over time, ransomware strategies have become more complex and thus added
new angles to the problem. Gymnastics such as double extortion has complicated
the confrontation. The effect is not just money extortion but damage of the
organisation’s reputation and legal standing Farion-Melnyk et al. (2021). The
presence and activity of cybercriminals are on the rise, and the multi-phase
approach is now common: the first stage is social engineering or targeting exposed
remote access; the second is the uncontrollable spread of the threat in the network
area. This web of tactics makes identifying and mitigating ransomware threats even
more challenging, even in organisations that consider themselves well protected
from such cyber threats Jenkinson (2022).
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The constant growth and diversification of ransomware render conventional
security measures ineffective. This escalating threat demands an integrated
approach that incorporates Threat Intelligence, continuous monitoring, and prompt
responses to ransomware attacks and their countermeasures Mos and Chowdhury
(2020).

The purpose of this study is to analyse the evolution of ransomware techniques
and tactics, examine mitigation strategies and response tactics, identify gaps in
current response strategies and propose improvements.

2. LITERATURE REVIEW
2.1. HISTORICAL PERSPECTIVE ON RANSOMWARE

Ransomware, a type of malware that encrypts its victim's files and demands a
certain amount of money to decrypt them, has undergone a major development
process. Ransomware history dates back to the late 1980s with the AIDS Trojan, also
known as the PC Cyborg Virus O et al. (2018). This example came through floppy
disks and only encrypted the file names, but it created the premise for the advanced
ransomware seen today Berrueta et al. (2019). Ransomware has experienced
several important stages in its evolution into the threat it is today Alenezi et al.
(2020). Initially, ransomware could be considered very simple, affecting a single
user. However, as more and more internet users came to the fore, hackers shifted
towards exploiting online threats, leading to many ransomware attacks. The first
among these is the GpCode Trojan, which, in the mid-2000s, connected RSA
encryption to lock files more securely Ryan (2020).

Bitcoins and other cryptocurrencies are considered as the most secure method
for collecting ransom money Conti et al. (2018). As a result of this development,
ransomware became a popular criminal business model. Others indicated specific
virus attacks like WannaCry and NotPetya witnessed in 2017, which were marked
by enormous destruction when ransomware was combined with network weakness
Ucci et al. (2019). In recent years, a new trend has emerged: Ransomware-as-a-
Service, wherein ransomware authors lease out their malware for a percentage of
sales Hacquebord et al. (2022). This business model has also made the ransomware
business even more professionalised, to the extent that anyone with no IT
background could engage in malicious activity, thus amplifying the rate and
sophistication, among other things. New attack methods, for instance, applying
machine learning to penetration, are gradually improving the threat environment,
making ransomware resistant Lee et al. (2019).

2.2. MODERN RANSOMWARE TECHNIQUES AND TACTICS

The latest ransomware attack techniques employ highly evolved methods of
penetrating a company's systems and utilise sophisticated forms of data encryption.
An active form of threat is phishing, in which cybercriminals send out emails that
look like legitimate ones Nagar (2024). These are normally sent with attachments
or links that install ransomware. For example, an ordinary invoice may contain a
link that, once clicked, will launch an attack on the system. This technique, highly
based on social engineering, still holds good due to its reliance on human mistakes
Yaqoob et al. (2017). Another well-known technique by which ransomware
penetrates an organisation's system is through Remote Desktop Protocol (RDP)
attacks Wang et al. (2018). RDP has become one of the most used tools for
administrators to work with systems remotely and simultaneously. The attackers
use common cracking practices to weaken passwords or inappropriately access the
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RDP settings' vulnerabilities. Once an attacker is inside the system, the ransomware
is delivered directly and compromises the organisation's network without being
detected Sziics et al. (2021).

Modern ransomware variants employ asymmetric encryption McIntosh et al.
(2021). This prevents victims from decrypting their files without paying the ransom.
An example of this is seen in the Crysis ransomware family: the program encrypts
data securely and effectively Chittooparambil et al. (2019). Ransomware,
particularly through Ransomware-as-a-Service (RaaS), is one of the emerging,
innovative, and perilous cybercrime trends Ganguli (2024). Although hacking tools
are difficult to master, RaaS simplifies the process so that even inexperienced
hackers can launch ransomware attacks, as other experts handle the technical
details. Such services are marketed on the black market with customer support,
updates, news, and user manuals, similar to software products. The availability of
the RaaS model has broadened access to ransomware for a wider range of attackers,
resulting in a rise in ransomware incidents worldwide Kang and Gu (2023).

A more recent form of attack is double extortion, where attackers not only
encrypt data but also demand that victims pay the ransom and keep their personal
information from being leaked Meurs et al. (2024). This method forces victims to
pay by threatening both data encryption and potential data disclosure. For instance,
the Maze ransomware group pioneered this approach by leaking data from non-
compliant victims to blackmail them, thereby increasing the pressure on their
targets O'Meara and Parisi (2020).

Furthermore, some ransomware groups have discovered new tactics, such as
disabling backups and recovery systems to hinder recovery, using anti-analysis
techniques to avoid detection, and targeting specific sectors or businesses to
maximise damage Kapoor et al. (2021). These strategies show that ransomware is
a constantly evolving field due to advancing cybersecurity measures. As
cybercriminals continue this highly inventive and persistent effort, cybersecurity
professionals must rise to the challenge and do everything possible to protect
valuable information and maintain the integrity of information systems.

2.3. RANSOMWARE MITIGATION AND RESPONSE STRATEGIES

Effective mitigation and response strategies are crucial in defending against
ransomware attacks and managing their consequences. The primary line of defence
involves robust endpoint detection solutions, comprehensive backup strategies, and
stringent network segmentation.

Endpoint Detection and Response (EDR) systems are vital, providing real-time
monitoring and analysis of events happening on endpoints Cappello (2024). These
systems utilize behavioural analysis to detect unusual activity that could indicate a
ransomware attack, such as unauthorized data encryption. Once detected, EDR
systems can automatically isolate affected endpoints to prevent ransomware spread
within the network Kaur and Tiwari (2021).

Backup Strategies are equally critical in ransomware mitigation. Organizations
should maintain regular, encrypted, isolated backups of all essential data [29]. These
backups should be stored in multiple locations, including off-site and cloud
environments, to ensure redundancy. The 3-2-1 backup rule is often advocated,
involving three copies of data on two different media with one off-site. This strategy
ensures that data can be restored even during a ransomware attack with minimal
disruption Silverman (2016).
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Network Segmentation is also pivotal in limiting the spread of ransomware
once it penetrates the network. Organizations can contain the spread of the infection
by organising networks into smaller, controlled zones. This limits access to sensitive
information and critical infrastructure, which is only accessible through secure and
monitored channels, thus reducing the overall impact of an attack Rudd etal. (2016).

An Incident Response (IR) Plan is essential when an attack occurs Ahmad et al.
(2021). This plan should include immediately isolating infected systems, identifying
the ransomware variant using available cyber threat intelligence, and consulting
legal counsel to understand the implications of potential data breaches. Best
practices recommend forming a response team that includes IT, security, legal, and
public relations members to handle various aspects of the incident efficiently Skopik
etal. (2016).

Legal, Ethical, and Policy Considerations in ransomware response also require
careful attention Mierzwa et al. (2022). Organizations must report ransomware
incidents to regulatory bodies depending on the nature of the data compromised
and its jurisdiction. Ethically, the decision to pay a ransom is controversial. While
paying the ransom may be pragmatically necessary to recover data, it also funds and
incentivizes future activities. Policies at both organizational and national levels
should aim to establish clear guidelines on handling ransom payments, reporting
incidents, and cooperating with law enforcement Lubin (2022). Internationally,
collaboration and adherence to cybersecurity policies and standards, such as those
set by the National Institute of Standards and Technology (NIST), can help unify
response efforts and strengthen defences Al-Hawamleh (2024). These guidelines
assist organizations in preparing for, responding to, and recovering from
ransomware attacks, ensuring a standardization of cybersecurity practices.

2.4. GAPS IN CURRENT RESEARCH AND PRACTICES

Even though there has been a lot of research and solutions to ransomware,
major loopholes still exist in existing research and anti-ransomware measures. The
former lacks the development of preventive models that can detect and neutralise
an attack before it becomes active. Current endpoint detection systems only work
well against known threats but tend to miss unknown threats. Another area that
needs to be researched is the role of artificial intelligence (Al) and machine learning
(ML) inransomware detection and response systems Jakka et al. (2022). Sustainable
use of Al and ML is still open in cybersecurity, to enhance these technologies to meet
the potential sophistication levels of ransomware Jakka et al. (2022).

Even though some organisations use effective measures to prevent
ransomware, most organizations fail to introduce strict, proven, and constantly
updated backup procedures Sziics et al. (2021). This makes them insecure since
even a single backup that is not encrypted can be a big letdown through data loss or
an extortion attempt. There is a recurring problem concerning training and
awareness programs. This leads to phishing and social engineering attacks. But it
should be noted that training improves the first line of defence Nguyen et al. (2023).
These gaps indicate continued research and improvement of practical approaches
to strengthening the ransomware threat response. Thus, the topic: The Evolution
and Mitigation of Ransomware: Techniques, Tactics and Response Strategies
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3. EVOLUTION OF RANSOMWARE: TECHNIQUES AND TACTICS
3.1. TECHNICAL EVOLUTION OF RANSOMWARE ATTACKS

The Technical Evolution of Ransomware Attacks can be explored through
advancements in encryption, changes in attack strategy, and increasingly
sophisticated obfuscation and anti-detection techniques.

Ransomware relies heavily on encryption to lock files and extort payments
from victims. Over time, the sophistication of encryption techniques has progressed,
making it more challenging for victims and cybersecurity experts to recover data.
The usage of encryption algorithms began with simple plain symmetric methods
through to DES, AES, RSA, and SHA Alraizza and Algarni (2023). Among these
encryption techniques, AES and RSA are mostly used, with 35.1% and 33.0%
respectively Begovic et al. (2023).

Recent developments in ransomware also reflect a trend toward hybrid
encryption schemes and ever-stronger key sizes. Ransomware developers now
implement secure key management, often generating unique keys per victim or
device, further complicating decryption efforts. Compared to the earlier days of
ransomware attacks, the situation has evolved from an unfocused mass attack to
widespread, sophisticated attacks on particular organizations and industries.

Another level of ransomware evolution is code obfuscation. Attackers now use
polymorphic and metamorphic coding style to make the ransomware binaries
difficult to identify by known mechanisms. This is because, every instance becomes
different and therefore using same signature to detect it becomes ineffective. The
rationale for this transformation is to add obscurity to the code, which will make
reverse engineering of the code more difficult Md Sultan et al. (2020).

Also, some ransomware attacks use fileless malware that do not leave a
detectable file on the computer. With this, Traditional antivirus programs do not
detect the malware because, instead of leaving a detectable file on the system, the
malware occupies the system memory Kara (2022).

Lastly, ransomware is delivered now as a service. In Ransomware-as-a-Service
(RaaS), developers provide ransomware tools and platform to the affiliates where
they get an opportunity to execute the attack with ease of convenience. Just like the
other affiliate marketing techniques, RaaS platforms offer the affiliates with
enhanced concealment features and avoid discovery Kibet et al. (2022).

3.2. BEHAVIORAL PATTERNS AND TRENDS

Ransomware attacks have evolved in predictable ways over time, and there are
certain commonalities in the attack patterns that can be identified. These trends are
based on delivery methods. These methods include Phishing and Social Engineering
Alkhalil et al. (2021), Exploit Kits Hopkins and Dehghantanha (2017), and Remote
Desktop Protocol (RDP) Attacks Vitla (2024).

3.3. KEY CASE STUDIES IN RANSOMWARE ATTACKS

High-profile ransomware attacks have shaped how organizations and
cybersecurity professionals understand and respond to ransomware threats. Each
case provides unique insights into attacker strategies, common vulnerabilities, and
response challenges.
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1) WannaCry Ransomware

WannaCry ransomware (also known as Wana DecryptOr, W Cry, WannaCry,
WannaCrypt, and WanaCryptOr) was observed during a massive attack across
multiple countries on 12 May 2017. According to multiple reports from security
vendors, the total of 300,000 systems in over 150 countries had been severely
damaged. The attack affected a wide range of sectors, including healthcare,
government, telecommunications and gas/oil production Trautman and Ormerod
(2018).

The spread of WannaCry was fast due to exploiting a known Windows Server
Message Block (SMB) vulnerability using the EternalBlue exploit, created by the US
National Security Agency (NSA) and later released by the hacking group Shadow
Brokers. This permitted it to travel horizontally through networks without needing
input from users Trautman and Ormerod (2018).

WannaCry utilized symmetric encryption for file locking and ransom requests.
A security researcher stumbled upon a "kill switch" domain by accident, and once
registered, it halted the malware from spreading.

2) Ryuk (2018-Present)

Ryuk ransomware succeeded in attacking big organizations such as the
healthcare and public services. It is frequently associated with “big game hunting”,
or attacks designed on large targets, individuals who are willing to pay large
amounts of ransoms. The attackers with advanced planning and reconnaissance
[48] usually perpetrate the Ryuk ransomware. Ryuk strikes normally start with an
infection means (TrickBot or Emotet malware) to help the cyber attackers to
understand the environment and take control of the system resources to disable all
counter measures before unleashing Ryuk Warikoo (2023). Ryuk uses three stages:
infectious phase, espionage phase, and execution phase. This shows that there is a
necessity of multiple layers of protection most importantly of email gateways,
endpoint protection, and intrusion detection. Also, Ryuk’s attack on critical services
shows why a good response strategy should involve isolation of the affected
systems, notifying the law enforcement, and developing a ransom decision policy.

4. MITIGATION AND RESPONSE STRATEGIES FOR
RANSOMWARE ATTACKS

4.1. PREVENTION TECHNIQUES

4.1.1. EMPLOYEE TRAINING AND AWARENESS PROGRAMS

Employees should be trained to recognize phishing attempts and avoid clicking
on suspicious links or attachments. Employees should be trained to question
unsolicited requests for sensitive information or changes to account settings, as
ransomware often exploits social engineering tactics Hillman, D., Harel, Y., & Toch,
E. (2023). Regular simulated phishing tests can help reinforce training and identify
employees who may be more susceptible to such attacks Hillman et al. (2023).
Furthermore, these proactive measures aim to prevent threat from exploiting
vulnerability to cause Disclosure, Alteration or Denial of service Balisane et al.
(2024).

4.1.2. SECURITY PRACTICES

1) Network Segmentation: Breaking down the network into smaller, separate
segments can restrict the spread of ransomware within the network after an
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initial attack. It is important to segregate critical systems, particularly those
with sensitive data, to avoid unauthorized access by attackers in different
areas of the network Almulla and Rahman (2025).

2) Regular Patching and Updates: regularly update of operating systems,
software, and firmware can improve security. Ransomware often targets
vulnerabilities, but by fixing known flaws, you can reduce these risks. This
involves fixing security holes in SMB that were exploited in WannaCry
Connolly and Wall (2019).

3) System Hardening: Unnecessary services, ports, and protocols should be
turned off in order to decrease the potential areas for attack. System
hardening requires strict access controls and the use of multi-factor
authentication (MFA) for sensitive system access.

4.2. DETECTION AND CONTAINMENT
4.2.1. TECHNIQUES FOR RAPID RANSOMWARE DETECTION

1) Intrusion Detection Systems (IDS): IDS have the capability to identify
unusual activity that may signal a ransomware attack, like abrupt spikes
in encryption activity or the quick generation of encrypted files. These
systems keep an eye on network traffic to detect any malicious behavior
Samonte et al. (2024).

2) Behavioral Analysis: Typically, ransomware displays distinct
behaviors like encrypting many files, leaving ransom notes, or trying to
shut down antivirus programs. Behavioral analysis tools have the
ability to detect these patterns in an early stage, even without a
recognized signature Albshaier et al. (2024).

3) File Integrity Monitoring: File Integrity Monitoring can assist in
identifying ransomware in its early stages by observing critical files and
directories for any unauthorized modifications. Alerts may be triggered
by sudden changes or numerous file edits.

4.2.2. APPROACHES FOR CONTAINMENT TO LIMIT SPREAD

1) Isolate Infected Systems: Isolating infected systems upon detection helps
prevent the spread of ransomware. Disconnecting from the network or
shutting down compromised systems can create a delay for response efforts.

2) Blocking Unnecessary Network Traffic: By limiting outbound
connections to identified malicious IP addresses or domains, ransomware
can be prevented from communicating with its command-and-control
server, halting data exfiltration or ransom payment endeavors Pour et al.
(2023).

3) Application Whitelisting: Application whitelisting is utilized to block
unauthorized programs (such as ransomware) from launching; allowing
only approved software to operate on the network.

4.3. INCIDENT RESPONSE AND RECOVERY
4.3.1. STRUCTURED RESPONSE STRATEGIES (POST-ATTACK)
1) Incident Response Plan: Organizations need a well-established and

practiced plan for addressing ransomware attacks with defined roles,
duties, and communication procedures. The plan must focus on
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controlling the attack, maintaining evidence for forensic examination,
and collaborating with external organizations like law enforcement and
cybersecurity companies.

2) Forensic Analysis: Following containment, performing a forensic
analysis is essential in comprehending the attack vector, extent of harm,
and any vulnerabilities that were exposed. This data aids in warding off
future attacks and bolstering defenses Egho-Promise et al. (2024).

4.3.2. IMPORTANCE OF DATA BACKUPS AND DISASTER
RECOVERY PLANNING

1) Regular Backups: It is essential to back up data, both locally and
remotely, regularly. To avoid ransomware from encrypting backup files,
it is important to keep backups separate from the network, such as by
using air-gapped or cloud-based storage options.

2) Disaster Recovery Testing: Regular testing of disaster recovery plans
is essential to ensure that systems and data can be quickly restored in
the event of a ransomware attack. Optimizing recovery times is
essential in order to reduce downtime and restore critical services
without having to pay the ransom Thomas and Galligher (2018).

4.3.3. LEGAL CONSIDERATIONS (REPORTING, REGULATORY
REQUIREMENTS)

1) Reporting Obligations: Several nations enforce rules mandating the
reporting of cyberattacks, particularly those concerning sensitive
information. Not reporting a ransomware attack can result in legal
repercussions such as fines and penalties.

2) Data Privacy Regulations: Non-compliance with data privacy
regulations like GDPR or HIPAA can occur when ransomware attacks
lead to data breaches. Legal teams must guarantee adherence to
applicable laws and collaborate closely with regulatory agencies to
handle the breach's repercussions.

3) Law Enforcement Involvement: Reporting ransomware incidents to
authorities can assist in investigations and offer advice on handling
ransom demands. Collaboration with authorities could also aid in
averting upcoming attacks.

4.4. EMERGING MITIGATION TECHNOLOGIES
4.4.1. ROLE OF AT AND MACHINE LEARNING IN RANSOMWARE
DETECTION

1) Al-Powered Threat Detection: By analyzing extensive sets of data,
machine learning algorithms are able to recognize new ransomware
types by spotting patterns that are not easily seen by conventional
signature-focused systems. Al technologies can examine behaviours,
network traffic, and system activities to detect possible threats Egho-
Gavua et al. (2025), Ferdous et al. (2024).

2) Predictive Analytics: Al in Predictive Analytics can forecast and
identify threats by examining past attack information, enabling entities
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to apply proactive defense strategies rooted in predictive attack
patterns Egho-Promise et al. (2024).

4.4.2. EXPLORATION OF ADVANCED ENCRYPTION-BREAKING
METHODS AND FORENSICS

1) Decryption Tools: Decryption tools are sometimes created by
cybersecurity researchers and law enforcement to help victims of
certain ransomware without having to pay the ransom. Projects such as
NoMoreRansom have played a crucial role in decrypting specific types
of ransomware Connolly and Borrion (2022).

2) Advanced Forensics for Ransomware: New methods in forensics for
ransomware are being developed that concentrate on examining
encrypted files in order to determine vulnerabilities that could aid in
decryption or tracing the source of the attack. This involves examining
encryption keys, ransomware payloads, and interactions with
Command and Control (C and C) servers Connolly and Borrion (2022).

5. FUTURE TRENDS IN RANSOMWARE TECHNIQUES AND
MITIGATION
5.1. ANTICIPATED EVOLUTION OF RANSOMWARE
TECHNIQUES

Ransomware of the future will have Al and ML as some of the driving forces
behind its future development, thus making the attacks smart. Organized
ransomware actors are adducing Al tools across the progress, from collecting data
on potential targets to learning from their interactions with those targets in real-
time while launching and executing assaults. Machine learning algorithms can
pattern users’ activity, traffic, and configuration and find vulnerabilities that usual
security practices cannot detect. As ransomware actors continue to leverage these
technologies, it will become even easier for them to launch and avoid detection,
hence the difficulty in arresting them Bajwa et al. (2021). Al plays a great role in
ransomware’s technicality and the overall aspects of the attacks. Al-powered bots
may also be employed for social engineering by ransomware groups, making
precision about phishing and impersonation of formal channels. These bots can also
evaluate the target’s openness through the kind of posts on social networking sites,
email interaction, and connections, making it easier for attackers to plan better and
more convincing attacks. In addition, there are even more worrying trends within
the expected changes in ransomware in that critical infrastructure is being targeted.
In the past, ransomware attacks were aimed at individual enterprises and their data;
however, critical infrastructure sectors, including energy grids, water production,
and healthcare systems, were attacked. An incident in these sectors could lead to
dire consequences as it will not only paralyses services to most companies and
households but also present critical threats to public and national security. The
future ransomware attacks may also have new techniques, such as exploiting the
zero-day vulnerability. In combination with the application of high-level encryption,
the specified method can be almost invulnerable to traditional anti-malware tools
to eliminate the attacks in real time Wang et al. (2023). In conclusion, ransomware
attacks in the future will be smarter, more personal, and more destructive. The use
of artificial intelligence and machine learning will enhance the ransomware groups’
capabilities to navigate past the traditional security measures more efficiently; at
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the same time, the adaptation of targeting essential infrastructures will take the
attacks to a completely different and dangerous level. This is an ever-changing
frontier, and organisations and cybersecurity specialists need to be ready to address
this by deepening their security apparatus and adopting a proactive, adaptive
approach to their security measures.

5.2. FUTURE RANSOMWARE MITIGATION AND RESPONSE

Looking at the tendencies of ransomware attacks in modern society, its
counteraction and remediation in the future will depend on the improvements of
technologies based on artificial intelligence, international cooperation, and legal
regulation. Presumably, one of the most important developments in countering
ransomware will be the increasing use of artificial intelligence in identifying threats
Thomas and Galligher (2018). These systems will be crucial in detecting real-time
threats and allowing organisations to spot and act on anomalies, understand what
malware is doing and tackle new threats faster. Al and machine learning algorithms
will play a major role in threat analysis as the applications help to parse through the
application’s traffic, users’ behaviour, and known attack patterns. It will decrease
the time needed to identify and stop ransomware before it could inflict huge harm
Sharma et al. (2024).

Besides the Al-based detection model, much is expected from elaborated threat
intelligence sharing and international cooperation in ransomware mitigation. These
cross-border cyber criminal groups pose a big threat to national and corporate
security. Now that ransomware attacks are becoming more geographically
dispersed, whenever possible, there will be an increasing measure of international
cooperation between governments and organizations to share a range of threat
indicators, tactics, and techniques. Cooperation in identifying attackers and creating
adequate defence strategies can occur faster. Presumably, similar international
standards of cybersecurity, like the GDPR of the European Union or the CISA of the
United States of America, will be further developed and adopted to enhance this
cooperation. Combination work will remain paramount when tracing and
apprehending ransomware sources and their sponsors, even if they are located in
parts of the world with scant regard for cybersecurity. As the size and scope of
ransomware attacks increase, intelligence and enforcement will require legal and
regulatory updates to address the global nature of the threat. Today, legal
countermeasures against ransomware are limited and differ from nation to nation
in terms of preparedness and legal strategy Pour et al. (2023). The future will
probably witness the evolution of international conventions and agreements that
will permit more coordination of efforts to address ransomware at the structural
level. Some of these legal structures will have to deal with questions like how to
govern the flow of information across borders, how to control the uses of virtual
currencies - often used in ransom demands - and how to hold organizations that do
not adequately protect their networks responsible. Legal enactments will also
demand codifying ethical ransom-related issues. Furthermore, organisations will be
required to take a more aggressive stance in protecting against ransomware
through the so-called ‘zero trust’ architecture, which entails the idea that both
internal and external users and devices may be breached. This approach will entail
the constant validation of all the access requests and will eliminate the possibility of
the malware to spread in a network Hicks (2023).
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6. DISCUSSION AND IMPLICATIONS
6.1. SUMMARY OF FINDINGS

Preliminary observation: the cycle of ransomware development and the ways
to combat it shows that the dynamics in the sphere have also increased the level of
attacks and the level of attack prevention. Ransomware strategies have shifted from
the simple hack-and-scare models to more advanced and highly planned encrypted
phishing and ransomware business models. New approaches are also more
malicious than before, because they use double extortion. First, they take data and
then encrypt it; they threaten to make the information public if the ransom is not
paid. In response, mitigation measures are frequently taken, such as training the
employees and segmenting the network. Al-based technologies and behaviour-
based detection mechanisms are also increasingly useful in the early identification
of ransomware attacks. Nevertheless, organisations are plagued with issues about
how effectively they can mitigate ransomware risks due to weaknesses in human
nature and technology.

6.2. IMPLICATIONS FOR CYBERSECURITY POLICIES

The implications of the current study are quite important in understanding
cybersecurity policies within organizations. Although ransomware attacks are
constantly rising in complexity and scale, organisations must beef up their
cybersecurity approaches as much as possible. Cyber security policies should
therefore include Awareness, Segregation, Firewall, and Patching. Furthermore,
policies must focus on incident response and backup strategies to ensure rapid
restoration in case of an attack. Another important area that will require attention
is legislative amendments. Policymakers must focus on multi-stakeholder
cyberspace cooperation, to have a common threat intelligence and refer to
international cooperation as creating common norms for protecting organisations
and reporting cyber incidents.

6.3. LIMITATIONS AND CHALLENGES

This study faced three main limitations and challenges: Limited data on
ransomware, limited quantitative data, and lack of consensus on ransomware
definition. Because of the nature of the incidents, there is often no reported
information about the detailed occurrence of actual attacks or the efficacy of
security measures. Also, since it is a rapidly growing and evolving field, certain
approaches may give no longer relevant results after a relatively short period. One
of the difficulties was the issue of the effectiveness of some of the mitigation
measures, as many organizations do not disclose the complete data in the course of
recovery operations and, therefore, assess the effectiveness of their strategies. In
addition, the emphasis on real-world examples may not cover the variety of attack
types, particularly those aimed at less-covered small-scale organizations.

7. CONCLUSIONS
7.1. SUMMARY OF CONTRIBUTIONS
This research has delivered a detailed exploration of ransomware and its

prevention measures and written down useful information about cyber attackers’
mapper-forming methods and businesses’ protective measures. It elaborated on the
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changing modus operandi of ransomware attacks, such as double extortion and
ransomware as a service, RaaS, and, more specifically, the trend that ransomware
has become a highly targeted problem. Additionally, it measures major risk
prevention measures: frequent backups, employee awareness, and sophisticated
detection tools, which show their efficiency in addressing and minimizing
ransomware attacks. The analysis of cases added more knowledge on how
organizations can strengthen their cyber security policies to include proactive
measures and incident response strategies. In conclusion, it can be stated that the
current study makes a positive research contribution to the field of cybersecurity by
emphasising that static and single-point approaches are no longer sufficient because
ransomware is launching various attacks that have not been previously seen.

7.2. FINAL REMARKS

Preventing ransomware is especially important because it lies in the sociology
of a proactive approach to cybersecurity threats and risks. Due to the further
development of ransomware attacks and their effects, corresponding technical and
personnel measures, the development of concepts for reacting to such attacks, and
cooperation between companies and sectors are required. Ransomware threats are
persistent, meaning that organizations must be reliable and proactive in their
mitigation strategies by implementing new technologies, including the use of
artificial intelligence, for threat detection and ensuring everyone in an organization
is aware of the threats. The extent of international cooperation that needs to be
made and the creation of cybersecurity policies cannot be overemphasized because
ransomware attacks are now invading even the most sensitive structures
worldwide. Finally, this research restates that despite some progress in addressing
ransomware risk, organisations must adopt more robust strategies to improve their
mitigation systems against this threat. In conclusion, the pre-emptive holistic
approach remains the best way of addressing the increasing menace of ransomware.
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