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Introduction
Email is the primary vector for cyberattacks on organizations. 
The studies estimate that 90 percent of successful cyber-attacks 
start with a phishing email and over 90 percent of the malware 
is delivered via email [1,2]. The statistics show that defending 
the email is critical for the organisation's cybersecurity. The 
attackers exploit the trust of the email to deliver any malicious 
links, fraudulent messages, or weaponized attachments that trick 
the users into giving their credentials. Traditional email security 
systems like antivirus scanners and spam filters only provide the 
first line of defense, but sophisticated attack techniques, phishing 
techniques, and novel malware have exposed the limitations. In 
multiple cases, attackers craft emails that can evade the basic 
signature-based detection that leads to breaches or infection of 
the systems with malware [3].
 
Organizations are using Advanced Threat Detection (ATD) 
solutions that are integrated with email security to counter the 
evolving threats. ATD is a set of advanced technologies and 
methods like behavior analysis, sandboxing, and machine learning, 
which are specifically designed to identify and block advanced 
phishing, zero-day malware, and other sophisticated attacks that 
generally bypass traditional defense systems. Security teams 
aim to detect phishing malware effectively by combining email 
security tools and ATD capabilities, including detecting previously 
unknown malware and stealthy social engineering attacks [4,5]. 

Phishing is a type of social engineering attack where the 
attacker sends fraudulent emails, disguising them as legitimate 
communications, to trick the recipients into revealing sensitive 
information like passwords or financial details, or installing 
malware. Phishing emails can target a broad range of targets or 
be extremely specific, like a single person or an organization. A 
common variant of phishing is business email compromise (BEC), 
in which the attacker impersonates a trusted executive to convince 
the target to do fraudulent wire transfers or disclose sensitive 
data. Generally, BEC attacks do not involve malware; they rely 
only on deception [6]. Phishing emails are highly prevalent and 
are extremely effective, they can impersonate anyone right from 
the CEO of the company or any client. Phishing emails are still 
the first choice for cyberattacks and show the need for advanced 
detection mechanisms. Attackers keep refining their strategy 
and tactics with convincing branding, personalised emails and 
details, and even AI-generated text to bypass traditional filters. 
For example, recent studies have shown that there is a rise in AI-
generated phishing content, and this has weakened the traditional 
detection mechanisms that rely only on known keywords or on 
the sender's reputation [7]. 

Malware delivered through email has malware attachments such 
as office documents with macros, ZIP archives, PDFs, executable 
files, or as links to malicious websites. One 2025 analysis found 
that 47% of phishing emails use PDF attachments, 11% use ZIP 
files, and 11% use Word documents to deliver the payloads or 
lure the victims [8]. 

Architecture of Integrating ATD with Email Security Systems
Integration of Advanced Threat Detection (ATD) systems with 
email security systems will significantly increase the capabilities of 
an organisation’s defences. In the architecture of ATD-integrated 
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email security systems, the incoming emails go through not just 
standard checks, such as spam filtering and antivirus, but also go 
through advanced analysis before delivery. It involves an email 
security gateway or a cloud service that is augmented with a 
sandboxing environment and other threat detection engines [9]. 

Sandbox Analysis of the Attachments
Any suspicious email attachments are automatically detonated in a 
sandbox environment before delivery [10]. A sandbox is an isolated 
virtual container that opens the attachment (PDF, Word doc, etc.) 
and then monitors its behaviour. Traditional antivirus systems only 
look for known malicious signatures, but a sandbox observes the 
runtime Indicators of Compromise (IOC), for example, checking if 
the document spawns a PowerShell process, if the executable tries 
to modify system files, or if it connects to a command-and-control 
server [11]. Any such malicious behaviour will be flagged during 
the analysis. This process enables the system to detect zero-day 
malware that has not been seen before. Advanced sandboxed email 
gateways check if an attachment behaves badly when opened, 
rather than trusting the file scans. All flagged attachments will be 
quarantined, preventing them from reaching the user [12]. 

URL Sandboxing and Time-of-Click Protection
Integrating ATD will also enhance how the email URLs or links 
are handled. Instead of just scanning the URL against the blacklist, 
time-of-click protection is implemented [13]. This generally 
involves rewriting the URL when an email with a link is delivered, 
the URL is replaced with a proxy link, and it points to the security 
service. If the user clicks on the link, the service will scan the 
destination in real time, and on the other hand, the ATD system 
opens the original URL in a browser sandbox to observe what 
will happen; this is not possible from static analysis alone. For 
instance, some phishing links may only become active after a 
certain hours after delivery or may present the malicious content 
only once to avoid re-scanning [14]. Time-of-click analysis defeats 
this by checking for suspicious behaviour at the time of click. 
Microsoft’s Safe Links feature, which is in Defender for Microsoft 
Office 365, rewrites the URLs and blocks access if the target is 
observed to be malicious while scanning [15]. Safe Attachments 
service opens the attachments in a virtual environment to analyze 
them before the user can. These techniques reduce the chance 
of a user unknowingly visiting a dangerous site or opening a 
malware file [16]. 

Behavioral and AI-Based Detection
Integrating ATD into the defense systems also means the 
incorporation of machine learning and AI engines in the email 
scanning process [17]. These engines analyze the email content 
and its metadata for any anomalies or for any known threat 
patterns that static analysis can miss. For example, advanced 
email security systems that use Machine Learning (ML) can 
detect identity deception and BEC attacks through modelling 
the trusted communication behaviour. They scan and examine 
the general pattern of communication, who communicates with 
whom, the writing style, use of headers, etc., and can immediately 
flag an email that looks suspicious. For instance, when an unusual 
sender attempts to impersonate the CEO, it is flagged [18]. Cisco’s 
Secure Email Threat Defense integrates AI that models the normal 
behaviour within the organization and between organizations or 
individuals and uses this to spot identity deception in inbound 
messages. This becomes crucial in identifying and catching 
social engineering attacks. ATD integration means leveraging 
threat intelligence and big-data analysis, the system can consult 
global databases that are updated about newly found phishing 

kits, malicious IPs, or language patterns that are associated with 
fraud [19]. This provides a much deeper inspection of emails 
compared to legacy filters. 

Enhanced Threat Intelligence and Context
One of the biggest advantages of integrating ATD with email 
security systems is the feedback loop of threat intelligence [20]. 
Any malicious email that has been detected via sandboxing or ML 
can provide a lot of information about the file hashes, malicious 
URLs, attempted registry changes, and so on. These indicators of 
compromise are fed into the organisation’s security systems, for 
example, the results from the email sandbox can be shared with the 
endpoint security agents and network firewalls to watch for related 
activity and ensure it is blocked network-wide. Cisco’s integration 
shares the threat intelligence across endpoints, web, email devices, 
and the network, which ensures that detection in one channel 
will strengthen all channels. An integrated dashboard allows the 
security teams to find an email threat’s message trajectory and 
determine if it has spread internally. Having unified telemetry 
translates into faster incident response, and the analysts can 
search all emails for malicious indicators and remediate across 
all mailboxes [21]. ATD integration provides rich data and enables 
the organisation to have coordinated defense. 

API-Based and Cloud-Native Architectures
Implementation of integrated email and ATD often involves 
leveraging cloud architectures and APIs; for example, some cloud 
email security add-ons connect via API to the email platform rather 
than as a physical gateway [22]. API enabled architecture allows 
faster deployment and scalability, and cloud-based ATD services 
have the advantage of scalability and can spin up multiple sandbox 
environments in parallel to handle a large volume of emails [23]. 

Integration of ATD with email security has multiple benefits, 
including improved catch rate, protection against stealth 
techniques, reduced false negatives without heavily increasing 
false positives, ensures greater visibility into attacks, improves the 
incident response, strengthens the security posture, and enhances 
user confidence [24]. 
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Considering the architecture perspective, integrating the ATD 
with email security can be done via different models: on-premise 
email security gateways with built-in sandbox environment 
modules, cloud email security services with ATD capabilities, 
or hybrid setups. For example, an on-premise gateway forwards 
the attachments to a cloud sandbox service. The solution 
consists of components like email proxy, email scanner, sandbox 
environments, depending on the file types or OS environments, 
ML analysis engines, and threat intelligence feeds [25]. 

In summary, ATD's integrated email security system provides a 
multi-dimensional defense that is static+dynamic+heuristic. It 
leverages sandboxing to catch unknown malware, AI/ML to spot 
phishing and BEC patterns, and threat intel to enrich detection 
and response [26]. 

Key Technical Challenges of Embedding ATD 
Latency and Performance Remain Non‑Trivial
ATD working depends on detonating the attachments or URLs 
in a sandbox. Even though modern sandboxes are very efficient, 
the process of creating an OS image, executing the code, and 
recording the behaviour leads to considerable delay. Microsoft’s 
documentation also warns defenders and administrators that 
messages can be delayed while the scanning is being done by 
Advanced Threat Protection. Occasionally, the response 4.7.721 
SMTP is displayed while an inspection is in progress [27,28]. 
Field reviews confirm these issues; one case study recorded the 
detonation queues pushing the total delivery latency towards 
almost twenty minutes for larger attachments under heavy load. 
Even though risk-based pre-filters ensure only a small fraction 
of traffic is fully sandboxed, some time-critical workflows like 
trading desks, help desk ticketing, and automated build pipelines 
can still find the residual lag unacceptable. 

Advanced Evasion Outpaces Virtual Analysis
Attackers, while developing the malware, systematically probe for 
any Indicators of Compromise (IOCs) or analyze the tools and adapt 
faster than many detection engines can respond. Comprehensive 
research catalogues keep checking for any anomalous hardware 
IDs, hypervisor artifacts, and clock manipulation, alongside the 
logic that sleeps for prolonged intervals or waits for genuine user 
interaction before unpacking the payload. Even well-instrumented 
sandboxes have finite analysis windows, often around 60-120 
seconds to keep the throughput reasonable, malware that postpones 
the execution beyond that window or that exits upon detecting 
the simulation can still get through as clean [29]. 

Encrypted Content Preserves an Attacker’s Shadow
ZIP or Office files that are password-protected frustrate both static 
scanners and dynamic detonation. The content inside is unreadable 
without knowing the key; most of the ATD services quarantine the 
message or send it after flagging it. This shifts the burden to human 
analysts or the end users. The format’s built-in encryption offers 
confidentiality, which also shields the malicious executables from 
inspection. Due to some policies, files are released when security 
queues swell and expose the organisations to malware [30]. 

Detection Efficacy Versus Business Continuity
Vendors give out catch rates in excess of 99 percent, and this 
shows that the false-positive levels are measured in thousandths 
of a percentage point. For example, Cisco claims that less than 
one in a million legitimate emails are misclassified by its Secure 
Email Gateway [31]. Real-world deployments are even less 
pristine, tuning the heuristics can stop invoices, purchase orders, 

or customer enquiries in quarantine, and leave the operational 
frontline teams waiting for security approval. On the other hand, 
overly permissive policies can reduce the false positives, but they 
reintroduce the malicious emails. It is hard to find the equilibrium, 
and it is a continuous process of baselining, reviewing, and policy 
refinement that consumes a lot of analyst cycles. 

Economic and Architectural Overhead 
Performing dynamic analysis is compute-intensive and the cloud-
based subscriptions generally bill by user or by message. Microsoft 
Defender for Office 365 Plan 2 is listed at roughly 5 USD per 
user per month [32]. While on-premise setups require periodic 
hardware upgrades to sustain the throughput, especially when 
it comes to high volume environments with attachment-heavy 
workflows can see a huge operational expenditure; this dwarfs the 
licensing costs of the legacy SEG’s. Architecturally wise inserting 
an inline detonation hop demands MX record changes, redundancy 
planning, and ongoing testing of fail-over scenarios. API based 
after-delivery models usually soften the network impact, but they 
leave a click window before the automatic purge, which some risk 
frameworks deem as too wide to detect. 

Data Sovereignty and Privacy Dilemmas
Sandboxing produces rich telemetry that has full packet captures, 
screenshot sequences, and memory dumps, which are often 
stored on vendor clouds for retrospective analysis. Multinational 
organisations have to verify that such telemetry remains inside 
the approved jurisdiction. Vendors such as Trend Micro now give 
out region-specific progress and footprints precisely because 
the regulations are increasingly scrutinising where and how 
the behavioural artifacts are housed [33]. Legal teams insist on 
shortened retention or in-country processing nodes, both of which 
incur additional costs and increase design complexity. 

Residual Human‑Layer Risk 
Business Email Compromise (BEC) campaigns are the ultimate 
blind spot, payload-less, socially engineered 
messages. Studies have shown that attackers are increasingly 
relying on impersonation, altering their display names, registering 
look-alike domains, to request wire transfers or credential updates 
without attaching any malicious files. Even flawless systems 
and sandboxes cannot flag intent. Users need to be continuously 
educated, need to employ multi-factor authentication, and out-of-
band approval workflows are needed [34]. 

Case Studies
Integrated email security with Advanced Threat Detection (ATD) 
constantly flags and quarantines phishing attacks, malware 
delivery, and decreases the analyst workload across multiple 
organisations and environments. Five real-world deployments in 
finance, consumer tech, hospitality, managed-services portfolios, 
and Microsoft 365 tenants show catch rates have increased to 99 
percent plus, and maintaining the latency below five seconds. 

Financial Services: Closing Proofpoint Blind Spots 
A global bank found that spear-phishing is still slipping past their 
Proofpoint SEG. After that, they switched the traffic to an ATD-first 
cloud service, targeted the emails that are evading the signature 
and reputation checks, and the pass-through rate of these slips 
fell dramatically. Sandboxing every risky attachment and URL 
has stopped some advanced payloads that the SEG previously 
missed, which proves that even the top-tier legacy gateways are 
not enough anymore. 
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Red Bull: Hardening Microsoft 365
Red Bull has been relying on Microsoft Exchange Online 
Protection and has seen that sophisticated threats are still able to go 
through their system. After comparing their system with the ATD 
platform, they found that the ATD is catching the attacks more 
by combining the ML models, dynamic detonation, and human 
analyst review. After rolling this out, the brand has expanded its 
defense coverage beyond email to other collaboration channels 
to achieve uniform protection [35]. 

Agoda: Quantifying Lift Over Fortimail 
In a one-month POC, Agoda has routed 40 percent of its inbound 
mail through the ATD service along with its existing Forti Mail 
gateway. The new ATD layer has intercepted 70 extra emails every 
day, over 30 percent of all the threats that Forti Mail had missed. 
After deploying this company-wide, 31.6 million attachments and 
21 million URLs were scanned with only a latency of 4 seconds, 
which has blocked 55,000 malicious emails and slashed the SOC 
response time by 99 percent [36].

Microsoft 365 Tenants: Defender Safe Links & Safe Attachments 
Organizations that use Defender for Office 365’s detonation and 
click-time URL rewriting have reported that millions of malicious 
links were blocked and multiple BEC attempts were foiled without 
any involvement from manual analysts. 

Recommendations For Implementation
Adopt a Layered Email Defense Strategy
Organisations have to implement an integrated email security 
solution that consists of a layer of ATD above the traditional 
filtering. If relying solely on default email server filtering or a basic 
gateway, organisations can augment the system with a specialized 
Advanced Threat Protection service. This can be achieved through 
enabling the features on the email platform, such as Microsoft 
Defender for Office 365’s ATD, or adding a third-party email 
security gateway that has sandboxing and AI detection. 

Leverage Cloud Intelligence and Updates
Organisations can employ solutions that are updated with the 
global threat intelligence. Cloud-based ATD services continuously 
learn from millions of emails across their client base, and through 
this, whenever a new phishing campaign or malware variant is 
noticed anywhere, the IOCs are immediately added to the detection 
logic for all the customers on the solution. So, organisations need 
to ensure that the vendor has a strong threat intelligence team and 
network. Frequent updates and machine learning model retention 
are extremely essential to keep up with threat evolution. 

Tune Policies to Your Organization’s Risk Tolerance
While deploying the organisation has to carefully craft the 
ATD policies, the policy needs to decide what action needs to 
be taken when something is found to be suspicious but not a 
confirmed threat, whether it should be quarantined for further 
review or deliver it with a warning. The aggression of the threat 
detection needs to match the risk tolerance of the organisation 
or the industry. For instance, in a high security environment like 
finance or healthcare, the policy might block or sandbox or all 
attachments by default; for others, a balanced approach can be to 
sandbox only executable and Office files with macros, etc. It is 
recommended to gather data in the initial period, run the system 
in monitoring mode for a few weeks, and adjust the false positive 
rate. The solution needs to be integrated into the SOC workflow 
so that critical events are not missed. 

Train Users and Maintain Awareness
Even after using advanced filtering, organisations have to continue 
with the process of discussing with the users about the fundamental 
email hygiene. Users need to be trained about the email security 
in place and how to interpret it. Over time, with training, strong 
technical control, and educated users, the organisation can create 
a strong, resilient defense. 

Monitor and Continually Improve
The deployment of the ATD systems and email security systems 
has to be treated as an iterative process. The defenders review the 
email security reports continuously, assess for any new threats, 
and if there is any pattern in the kind of threats, the systems need 
to be updated accordingly. For example, if the sandbox reports 
a malware was attempting to contact a URL, ensuring that your 
network firewall is blocking the URL is key. 

Implement Email Authentication Measures
Standard authentication protocols need to be in place (SPF, 
DKIM, DMARC) to complement the ATD. While these standard 
protocols do not stop the malware, they can cut down domain 
spoofing and some phishing. An integrated system will consider 
the authentication results as part of its analysis, for example, 
flagging an email that fails DKIM and may be a spoof of your 
organisation’s domain. In addition, emerging technologies such 
as BIMI (Brand Indicators for Message Identification) work with 
DMARC to display verified logos can help users trust genuine 
emails and be careful about emails without them. 

Plan for Business Continuity
Situations like what the email flow would be like if the ATD 
systems experience an outage or during maintenance need to be 
planned. Generally, cloud services have redundancies and SLAs to 
ensure uptime. If the organization is running on-prem appliances, 
fail-safe or fail-open configurations need to be planned. Testing 
all the possible scenarios for the email security system and ATD 
needs to be tested, and this should be a part of the organisation’s 
deployment plan. 

Future Directions
The integration of email security systems with ATD will continue 
to evolve as the threat landscape and defence technology both 
advance. 

AI-Driven Email Security
Artificial Intelligence plays a major role and is only growing; 
with more advanced machine learning models will be applied to 
analyse the email content in sophisticated ways (deep learning 
and language models). For example, future systems can use NLP 
with large language models to understand the intent of the email, 
which can distinguish benign emails from a spear-phishing attempt 
analyzing subtle linguistic cues. As attackers are using AI to 
craft phishing attacks, the defenders are also employing machine 
learning models and AI engines to detect potential threats and 
identify socially engineered attacks to identify and flag the threats. 

Integration with XDR (Extended Detection and Response)
Extended Detection and Response solutions try to find and correlate 
events across endpoint, network, cloud, and email systems, and 
the email security systems will integrate into XDR solutions. 
When an email ATD system catches any threat, the response 
can automatically fan out, isolating the endpoint that clicked a 
similar link and searching all cloud storage for similar payloads, 
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etc., all orchestrated centrally. Conversely, if an endpoint finds a 
new malware, the system can retrospectively scan all past emails 
for that malware. Such a holistic approach will provide efficient 
prevention, as attacks often span over multiple vectors.

Faster and Earlier Detection (Pre-delivery AI)
Emerging techniques, such as pre-sandboxing or instant 
sandboxing, can be used; for instance, hardware-based isolation or 
faster emulation can reduce the analysis time per file dramatically, 
making it possible to go through every single email and analyze 
it in milliseconds. With such technologies latency issue becomes 
negligible, and the line between static and dynamic analysis can 
be blurred. Predictive analytics can identify malicious emails 
before they even execute anything, from identifying the genetic 
features of the malware family and the phishing kit. 

Addressing New Vectors and Content Types
With the business communication evolving continuously, the 
attackers can also target channels such as team collaboration 
tools, chat, and cloud file shared. The concept of ATD can extend 
to these tools as well, and the distinction between email security 
and communication security can blur eventually. Further direction 
is a unified solution to scan all incoming and outgoing electronic 
communications for threats. For email specifically, things like 
phishing via calendar invites or threats in email headers might 
get more attention. 

User Empowerment and Identity Verification
 In future, we foresee features that users will trust emails through 
verification. For instance, emails from external sources can 
come with blockchain-based signatures or other verification that 
they truly come from the claimed entity. Some of the initiatives 
are exploring trusted sender frameworks beyond SPF/DKIM. 
ATD system might incorporate the visual cues. Conversely, for 
any suspicious emails that are passing through the filters, the 
client software can display prominent warning or require extra 
confirmation from the user before action on it.  

Continuous Adaptation to Threats
The threat landscape in email can change rapidly, for instance a 
sudden surge in COVID-19-related phishing or seasonal tax scams. 
The future email security with ATD will likely use self-learning 
systems that will adapt in real-time. When a new campaign starts 
spreading, the system can notice a spike in similar emails and the 
system can automatically tighten policies, like immediately start 
sandboxing all emails with the subject invoice, if a new invoice 
malware is detected widely, then relax later. More autonomous 
threat response logic might be built in, reducing the need for admin 
intervention in tuning during outbreaks. 

Privacy and Data Security Considerations
These systems scan the content deeply; the organisations are 
concerned about the privacy especially in industries like legal 
or healthcare. The future solutions can implement homomorphic 
encryption or client-side scanning in such a way that the service 
can detect the threats without fully reading through the sensitive 
content in plain text, to balance security and privacy. Regulations 
like GDPR can influence the features of the security system. 

Conclusion
Integrating the email security with Advanced Threat Protection is 
no longer a novel or experimental technology, it is rapidly becoming 
a fundamental component of a strong cybersecurity posture. This 
whitepaper has examined how blending the traditional email 

defense solutions with latest tools and techniques like sandboxing, 
behaviour analysis and sandboxing will dramatically improve the 
protection against phishing and email-borne malware. 

However, integrating ATD into email security architecture comes 
with its own sets of challenges. Organisations have to contend with 
potential latency issues, the sophistication of evasion techniques 
which are employed by attackers, the handling of encrypted or 
password protected content, and the balance between detection 
efficacy and ensuring business continuity. Also, the organisations 
have to take in consideration the costs, architectural complexity, 
residual human-layer analysis risks and the data sovereignty push 
the necessity of a comprehensive and nuanced implementation 
strategy.

Analyzing the case studies across multiple sectors like finance, 
consumer technology and hospitality, displays the tangible 
benefits of ATD integration, such as improved threat detection 
rates, reduced response times, and enhanced overall cybersecurity 
posture. The real-world applications highlight the importance 
of adopting and implementing a layered defense strategy that 
combines traditional security measures with advanced detection 
capabilities. 

Looking at the future trends, the evolution of email security is 
going likely to be characterized by the increased reliance on 
artificial intelligence, deeper integration with Extended Detection 
and Response (XDR) platforms, and the development of faster, 
more proactive detection mechanism. As the attackers continue 
to refine their strategies, organisations have to remain vigilant, 
continuously adapting their defense to address any emerging 
threats and protect their critical communication channels.
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