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patients, and coordinate care across multidisciplinary 
teams [5].

Clinical Decision Support Systems (CDSSs) are digital 
platforms created to aid healthcare professionals in making 
well-informed choices regarding patient treatment. It 
provides timely and relevant information, often at the 
point of care, to help clinicians with various aspects 
of their decision-making process, such as diagnosis, 
treatment, and medication and making informed decisions 
by integrating evidence-based knowledge with patient-
specific data. These systems seek to enhance the delivery 
of healthcare by improving medical decision-making 
through the application of specialized clinical knowledge, 
individualized patient data, and additional pertinent 
information. The CDSSs typically work by matching 
patient characteristics to a computerized knowledge 
base, then presenting the clinician with patient-specific 
assessments, recommendations, or alerts. CDSSs examples 
are tools that may encompass computerized alerts, 
reminders, clinical guidelines, order sets, diagnostic 
support, and documentation templates. Numerous CDSSs 
are incorporated into electronic health records (EHR) and 

INTRODUCTION

Cancer is a leading cause of morbidity and mortality 
worldwide, with increasing incidence rates placing a 
substantial burden on healthcare systems. According 
to the World Health Organization, global cancer cases 
are projected to reach 27.5 million annually by 2040 
[1]. This surge is driven by various factors including 
aging populations, increased exposure to environmental 
carcinogens, unhealthy lifestyles, and advances in early 
detection and diagnosis [2]. With the rising number of 
patients undergoing complex and aggressive cancer 
therapies, there is an urgent need to ensure safe and 
effective medication management [3].

High-risk cancer medications, including 
chemotherapeutic agents, targeted therapies, and 
immunotherapies, possess narrow therapeutic indices 
and are associated with severe adverse effects. These 
treatments require precise dosing, continuous monitoring, 
and prompt intervention in case of toxicity [4]. Oncology 
nurses are central to this process, as they administer 
medications, observe and report side effects, educate 

Abstract

Clinical Decision Support Systems (CDSSs) have emerged as vital instruments in oncology settings, particularly for nursing professionals managing high-risk 
cancer medications. As cancer incidence continues to rise globally, the complexity and toxicity of anticancer therapies necessitate robust mechanisms to ensure 
patient safety. This review explores the use of CDSSs by oncology nurses to monitor high-risk medications, focusing on their role in identifying dosage errors, 
contraindications, and potential toxicity. A narrative literature review was conducted using key databases, targeting studies from the last decade that examined 
CDSSs applications in oncology nursing. The analysis identified recurring themes related to medication safety, user experience, integration into clinical workflow, 
and educational implications. While CDSSs significantly contribute to error reduction and improved clinical judgment, challenges such as system interoperability, 
alert fatigue, and limited nurse-specific customization were noted. The findings emphasize the need for continuous development and tailored implementation 
of CDSSs to optimize their utility in oncology nursing practice. Clinical implications include enhanced patient safety, improved nurse confidence in medication 
management, and the potential for data-driven nursing education. Future directions suggest more comprehensive integration of artificial intelligence and 
machine learning algorithms into CDSSs, increased interdisciplinary collaboration in tool design, and further research on long-term clinical outcomes. This review 
underscores the importance of digital support tools in enhancing oncology nursing practice, ultimately contributing to better patient outcomes..
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various computerized clinical workflows to enhance their 
application at the point of care [6,7].

CDSSs can help reduce errors, improve efficiency, 
enhance patient safety, and provide more accurate and 
timely information to clinicians. CDSSs have evolved 
significantly since their initial development, becoming 
more sophisticated and capable of leveraging large 
datasets and sophisticated analytics. In essence, CDSSs 
provide a tool for clinicians to combine their expertise with 
the power of data and knowledge to make better decisions 
and improve patient outcomes [8]. 

In oncology, CDSSs play a pivotal role in enhancing 
the safety and precision of cancer care. These digital tools 
are integrated into electronic health records to provide 
real-time alerts, evidence-based recommendations, and 
diagnostic support tailored to the complexities of oncology 
practice. CDSSs assist clinicians and oncology nurses in 
identifying potential medication errors, contraindications, 
and drug–drug interactions-particularly crucial when 
managing high-risk cancer therapies. By analyzing patient-
specific data such as lab results, comorbidities, genetic 
markers, and treatment histories, CDSSs can support early 
detection of adverse effects and guide timely interventions. 
Furthermore, they aid in standardizing chemotherapy 
protocols, ensuring appropriate dosing, and improving 
adherence to clinical guidelines. As oncology becomes 
increasingly complex with personalized treatments and 
combination regimens, CDSSs serve as essential tools to 
support decision-making, reduce variability in care, and 
ultimately improve patient outcomes [9,10].

In oncology nursing practice, CDSSs are particularly 
valuable. Nurses often operate in high-pressure 
environments with heavy workloads, making cognitive 
support tools essential. CDSSs offer a suite of vital 
functions designed to enhance patient safety and care 
quality throughout the cancer treatment continuum 
(Figure 1). One of the primary functions is dosage 
checking, where CDSSs verify prescribed chemotherapy 
doses against standardized protocols and individualized 
patient parameters-such as body surface area, renal 
function, and hepatic status—to prevent potentially 
harmful over- or under-dosing. CDSSs can flag potential 
dosage errors, suggest appropriate drug regimens based 
on lab values and patient characteristics, and warn 
against contraindications [11]. Another key function is 
contraindication alerting, where the system automatically 
scans for conflicts based on patient-specific data, including 
medical history, comorbidities, allergies, and recent 
lab values, thereby reducing the risk of administering 
inappropriate or dangerous medications [12]. CDSSs also 

contribute significantly to early detection of adverse drug 
reactions and treatment-related toxicities by integrating 
patient symptoms and biometric data into risk prediction 
models. This is achieved through the integration of 
patient-reported outcomes, laboratory trends, and clinical 
indicators that alert nurses and clinicians to emerging 
toxicities before they escalate [13]. Furthermore, 
interaction checks are an essential component, with the 
system continuously evaluating for potential drug–drug 
or drug–disease interactions. This is especially critical in 
oncology, where patients often undergo complex regimens 
involving multiple chemotherapeutic and supportive 
agents [14], Collectively, these functions support oncology 
nurses in making timely, informed decisions that enhance 
therapeutic effectiveness while minimizing risks [7,13].

Despite these benefits, the adoption and effectiveness of 
CDSS in oncology nursing are influenced by multiple factors. 
These include system design, usability, level of training 
provided, organizational support, and interoperability 
with other digital platforms. Understanding how these 
systems are used by oncology nurses and what outcomes 
they produce is critical for optimizing their implementation 
[7,8].

The aim of this narrative review is to evaluate the 
current use of CDSS by oncology nurses in monitoring 
high-risk cancer medications. By analyzing existing 
literature, we aim to provide an overview of the benefits, 
challenges, and future directions for CDSS in oncology 
nursing practice.

METHODS

A narrative literature review was conducted to gather 
evidence on the use of CDSSs by oncology nurses in 
the context of high-risk cancer medication monitoring. 
The review of the databases (PubMed, CINAHL, Scopus, 
Web of Science), focused on literature published 
between 2014 and 2024. The following keywords were 
used: “clinical decision support systems” OR “CDSS”, 
“oncology nursing”, “high-risk medications”, “cancer drug 

Figure 1: Functions of CDSS in oncology nursing practice
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monitoring”,”chemotherapy toxicity”. Included studies 
were peer-reviewed, published in English that focus on the 
use of CDSS by oncology nurses for high-risk medications. 
Studies that did not involve nursing practice, did not 
address cancer medication monitoring, or were editorials, 
commentaries, or conference abstracts were excluded 
from the analysis. A thematic analysis approach was used 
to identify patterns and themes across the selected studies. 
Themes were developed iteratively through a process of 
categorizing key findings.

RESULTS

The thematic analysis identified several recurrent 
themes regarding the use of CDSSs from oncology nurses 
for high-risk cancer medication management.

Enhancement of medication safety 

CDSSs play a critical role in enhancing medication safety 
within oncology settings, where the complexity and risk 
associated with chemotherapy regimens are particularly 
high. Studies consistently highlight that CDSSs significantly 
reduce medication errors by providing real-time alerts for 
incorrect dosages, inappropriate administration schedules, 
and dangerous drug–drug interactions. These systems are 
integrated into electronic health records and draw on 
patient-specific data, such as weight, renal function, liver 
enzymes, and treatment history, to ensure accurate and 
individualized medication recommendations [16,17].

One of the most notable benefits observed is the 
reduction in chemotherapy dosing errors, which are often 
a result of complex calculations and variable protocols. 
CDSSs serve as an additional layer of verification, thereby 
supporting oncology nurses in administering high-risk 
medications safely. These systems also help in identifying 
administration timing discrepancies, ensuring that drugs 
with narrow therapeutic windows are delivered precisely 
as prescribed [18,19]. Additionally, CDSS can detect 
potential interactions not only between cancer drugs 
but also with supportive medications commonly used to 
manage side effects such as nausea, pain, or infection [13].

Nurses report increased confidence in managing 
complex and evolving treatment regimens, especially those 
involving novel agents with frequently updated dosing 
guidelines. The use of CDSS enables nurses to remain 
aligned with the latest evidence-based practices without 
the constant need to manually verify each change [20]. 
Overall, CDSS contribute to a safer, more standardized, and 
efficient medication administration process, ultimately 
improving patient outcomes in oncology care.

Detection of contraindications and risk factors 

Then, CDSSs have proven instrumental in 
assisting oncology nurses with the early detection of 
contraindications and patient-specific risk factors that 
could compromise treatment safety. These tools integrate 
comprehensive clinical data, including laboratory results, 
comorbidities, prior treatment regimens, and current 
physiological parameters, to screen for potential issues that 
may contraindicate certain cancer therapies. In high-risk 
oncology patients, even subtle deviations in organ function 
or drug sensitivity can have significant consequences, 
making automated, real-time screening vital [21,22].

One of the most impactful features of CDSS in this 
domain is their incorporation of renal and hepatic 
function calculators. These tools allow for automated dose 
adjustments based on current lab values such as creatinine 
clearance, AST/ALT levels, and bilirubin, which are critical 
in determining the patient’s ability to safely metabolize 
and excrete chemotherapeutic agents. For instance, dose 
modifications for nephrotoxic agents like cisplatin or 
hepatotoxic drugs such as methotrexate are more reliably 
calculated when these integrated decision supports are 
used [23,34].

Additionally, CDSS can flag risks associated with patient-
specific contraindications-such as prior hypersensitivity 
reactions, poor marrow reserve, or concurrent illnesses 
like heart failure or uncontrolled diabetes—that may 
otherwise be overlooked in a busy clinical environment. 
These systems enhance clinical vigilance and support 
proactive decision-making, reducing the likelihood of 
preventable adverse events [25]. For oncology nurses, 
this not only improves patient safety but also provides a 
structured approach to managing increasingly complex 
treatment protocols.

Early identification of toxicity 

The early detection and management of treatment-
related toxicities are crucial components of oncology care, 
and CDSSs have emerged as valuable tools in achieving 
this goal. Advanced CDSS platforms leverage real-time 
data integration from electronic health records, laboratory 
systems, and patient-reported outcome measures to detect 
early warning signs of toxicity. This functionality allows 
oncology nurses to respond proactively to complications 
such as neutropenia, cardiotoxicity, hepatotoxicity, and 
infusion-related reactions, some of the most serious and 
potentially life-threatening adverse events in cancer 
treatment [25,26].

These systems often incorporate algorithm-based 
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assessments that monitor laboratory trends, including 
white blood cell counts, troponin levels, liver enzymes, 
and other biomarkers that can signal the onset of toxicity. 
Importantly, integration with mobile patient monitoring 
applications enables patients to report symptoms remotely, 
such as fever, fatigue, shortness of breath, or palpitations. 
CDSS can interpret these inputs and generate real-time 
alerts for clinical staff, prompting timely evaluation and 
intervention before complications escalate [27,28].

Nurses using these systems have reported improved 
confidence in managing adverse events and greater 
ability to prioritize care for high-risk individuals [20]. 
Several studies have demonstrated that early intervention 
driven by CDSS alerts can reduce the rate of unplanned 
hospitalizations, decrease therapy interruptions, and 
ultimately improve the continuity and safety of cancer care 
[29]. By facilitating earlier recognition and management 
of toxicities, CDSS not only protect patients from serious 
harm but also support optimal treatment adherence and 
outcomes. 

Monitoring of high-risk cancer medications and 
adverse events

A prominent theme in the literature is the use of CDSSS 
for proactive monitoring of high-risk cancer medications 
and associated adverse events [7]. These systems 
continuously analyze patient data, including medication 
regimens, laboratory results, and vital signs, to detect early 
indicators of complications such as febrile neutropenia, 
hepatotoxicity, or thrombocytopenia [8]. Nurses reported 
that these tools not only supported timely clinical 
decision-making but also served as educational resources 
to understand the evolving toxicity profiles of new cancer 
therapies [20]. Moreover, by integrating patient-reported 
outcomes and biometric data, CDSS enhanced remote 
monitoring capabilities, enabling nurses to track adverse 
events even in outpatient or home-based care settings 
[30].

Improved workflow efficiency and communication 

The integration of CDSSs into oncology nursing practice 
has led to significant improvements in workflow efficiency 
and interdisciplinary communication. By automating 
routine but critical tasks, such as dose calculations, regimen 
scheduling, and toxicity risk assessments, CDSSs help 
streamline clinical processes and reduce manual workload 
for nurses. These systems also standardize documentation 
practices, ensuring that all clinical entries align with 
institutional protocols and regulatory requirements. As a 
result, the risk of transcription errors is minimized, and 
the documentation burden is alleviated, allowing nurses to 
allocate more time to direct patient care [31,32].

Furthermore, CDSS facilitate seamless communication 
across the oncology care team [10]. They serve as shared 
platforms where nurses, pharmacists, and oncologists can 
access up-to-date treatment plans, medication changes, 
and patient-specific alerts in real time. This shared 
visibility promotes faster clinical decision-making and 
helps prevent miscommunication, particularly in high-
risk scenarios such as chemotherapy preparation and 
administration [33-35]. Nurses have reported fewer 
delays in initiating therapy and noted that CDSS reduced 
the need for manual clarification of orders, especially in 
complex regimens involving multiple dose adjustments or 
supportive medications [35].

Enhanced coordination with pharmacy services is 
another key benefit, with CDSS automatically generating 
alerts or flags for drug availability issues, compounding 
instructions, and compatibility concerns. The resulting 
efficiency not only improves the timeliness and safety of 
medication delivery but also enhances overall patient 
satisfaction and care continuity [13]. Collectively, these 
improvements underscore the vital role of CDSS in creating 
a more responsive, connected, and streamlined oncology 
care environment.

Implementation barriers and alert fatigue 

Several implementation challenges have been identified, 
particularly in oncology nursing. One of the most commonly 
reported barriers is poor system design that does not align 
with real-world nursing workflows. Many CDSS platforms 
are developed with physician-oriented processes in mind, 
leading to a lack of customization for nursing-specific tasks 
such as bedside administration, symptom monitoring, and 
patient education. This mismatch can hinder usability 
and reduce the system’s overall effectiveness in nursing 
practice [36,37].

Another major concern is alert fatigue, a phenomenon 
in which users become desensitized to frequent, often non-
specific system alerts [38]. In systems with low specificity, 
nurses are inundated with warnings that are not clinically 
relevant, leading them to override or ignore alerts 
altogether. Over time, this desensitization can compromise 
patient safety and diminish trust in the system’s 
recommendations Studies have reported that nurses 
sometimes bypass alerts they perceive as redundant or not 
applicable to their patient population, which undermines 
the intended safety function of CDSS. Addressing these 
challenges requires the development of more intelligent, 
user-centered systems that prioritize relevant alerts and 
incorporate feedback from frontline nursing staff during 
design and implementation phases [39,40].
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Education and training needs 

The relevance and significance of CDSS in oncology 
nursing practice (Figure 2) is proven, but the successful 
integration of them in daily practice is highly dependent 
on comprehensive education and ongoing training [41]. 

Nurses who receive structured, hands-on instruction 
on CDSS functionality are significantly more likely to 
engage with the system effectively and adhere to its 
recommendations. Nurses perceive CDSSs as more 
trustworthy and precise compared to paper-based 
assessment [42]. Training ensures that users understand 
how to navigate the interface, interpret alerts appropriately, 
and integrate system outputs into their clinical decision-
making processes [43].

Without adequate preparation, nurses may experience 
uncertainty or frustration when interacting with CDSS, 
leading to underutilization or incorrect use. Formal 
education sessions, including scenario-based simulations 
and continuous support, improve user confidence, system 
adoption, and overall satisfaction [44]. Nurses who felt 
well-trained were more likely to appreciate the system’s 
benefits, such as early toxicity detection and dosing 
accuracy, and less likely to dismiss alerts as irrelevant or 
burdensome [30].

Moreover, education plays a key role in bridging the 
gap between technological tools and patient-centered 
care. It empowers nurses to critically evaluate system 
recommendations and apply them within the context of 
individual patient needs. Ongoing training and system 
updates are essential, especially in oncology, where drug 
protocols and clinical guidelines evolve rapidly [45]. 
Investing in nurse education is therefore a foundational 
component of successful CDSS implementation and 
sustainability.

DISCUSSION

The integration of CDSS into oncology nursing practice 

offers profound benefits in monitoring high-risk cancer 
medications. One of the most salient findings of this review 
is the improvement in medication safety and adverse 
event detection. The real-time nature of CDSS alerts 
empowers nurses to act promptly, potentially preventing 
life-threatening complications.

The ability of CDSS to detect dosage errors and 
contraindications is especially crucial in oncology, where 
therapeutic regimens are highly individualized and 
toxicity profiles vary significantly between patients [46].
The findings suggest that nurses equipped with CDSS are 
more confident in adjusting treatment plans, advocating 
for dose modifications, and collaborating effectively with 
physicians and pharmacists.

Moreover, CDSS facilitate a more proactive approach 
to care. By integrating continuous patient monitoring 
and real-time symptom reporting, these tools help nurses 
identify toxicity before clinical deterioration occurs. This 
not only enhances patient safety but also reduces hospital 
readmissions and healthcare costs. Nevertheless, successful 
implementation of CDSS is not without challenges. Alert 
fatigue remains a pressing concern; excessive or low-
value alerts can desensitize users, resulting in critical 
warnings being overlooked. Additionally, many CDSS are 
not designed with nursing-specific workflows in mind, 
limiting their usability and relevance to nursing tasks.

CDSSs as stated in the results offer several key 
advantages in oncology nursing, notably enhancing 
patient safety by reducing medication errors and enabling 
early detection of adverse events such as toxicity and 
contraindications. These tools support standardized, 
evidence-based care and improve workflow efficiency by 
streamlining documentation and monitoring tasks. CDSS 
also assist nurses in managing complex chemotherapy 
regimens involving multiple drugs and potential 
interactions. However, limitations exist, including alert 
fatigue caused by frequent, non-specific notifications 
that can overwhelm staff and lead to important warnings 
being ignored. Poorly integrated systems may disrupt 
clinical workflows, while over-reliance on technology 
may inadvertently diminish critical thinking. Additionally, 
effective implementation requires substantial training and 
resources to ensure proper use and adoption by nursing 
staff (Table 1).

In addition to the clinical benefits of CDSSs, 
understanding the subjective experiences of oncology 
nurses is critical for successful implementation. Several 
studies highlight challenges such as initial resistance to 
adopting new technologies, steep learning curve, variations Figure 2: Relevance and significance of CDSS in oncology nursing practice
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in perceived utility and trust, and cognitive overload during 
the early phases of CDSS use. Nurses report that systems 
not tailored to their workflows can lead to frustration and 
inefficiency [8,17,41,47-49]. 

Qualitative findings suggest that alert fatigue is a 
significant concern. Nurses reported feelings of cognitive 
overload during the initial phases of CDSS implementation 
and expressed frustration with excessive alerts, 
contributing to alert fatigue. Repetitive or non-specific 
alerts lead to desensitization, reducing the likelihood that 
critical warnings will be heeded.

In contrast, nurses expressed greater trust and 
engagement with CDSSs when they were involved in 
system design or customization, resulting in improved 
alignment with clinical workflows [50-53].

Despite their potential, implementing CDSSs presents 
economic challenges. Start-up costs include hardware 
procurement, software licensing, and comprehensive 
training programs. For resource-limited hospitals, 
additional barriers such as weak technology infrastructure, 
inconsistent internet access, and limited staff capacity 
further complicate adoption [54]. Nonetheless, studies 
suggest that CDSSs can offer cost savings by reducing 
medication errors [55], preventing hospital readmissions 
[56], and streamlining workflow [13]. To mitigate financial 
barriers, the use of open-source platforms and cloud-based 
solutions may offer more feasible alternatives. These 
platforms reduce the need for local hardware investment 
and facilitate remote technical support.

The review also highlights the critical role of education 
and training. Without adequate instruction, nurses 
may underutilize or misuse CDSS features. Continuous 
professional development and involvement of nursing 

staff in system design can help overcome these barriers 
[8]. Finally, this is a narrative review, the absence of formal 
search and quality assessment of the included literature is 
a limitation of this work.

CONCLUSIONS 

CDSSs are increasingly essential in oncology nursing 
for the safe and effective monitoring of high-risk 
cancer medications. They support clinical decision-
making, enhance patient safety, and improve workflow 
efficiency. Despite challenges such as alert fatigue and 
implementation barriers, the evidence supports their 
continued and expanded use. 

Future efforts should focus on tailoring CDSSs to 
nursing workflows, enhancing interoperability with other 
systems, and incorporating advanced technologies like 
artificial intelligence for predictive analytics. Examples 
include artificial intelligence models to predict immune-
related or chemotherapy-induced adverse events or 
patient stratification tools that support personalized 
treatment regimens based on risk profiles. These may 
be random forest algorithms, support vector machines, 
and deep learning neural networks. Nevertheless, these 
uses although helpful and promising have the risk of 
algorithmic bias due to unbalanced training data, and the 
need to preserve human oversight in CDSS-enabled care. 
Thus transparency is of major importance in AI decision-
making

Following, interdisciplinary collaboration is vital to 
ensure that CDSSs are user-friendly and clinically relevant. 
Further research should aim to evaluate long-term patient 
outcomes, cost-effectiveness, and adoption in diverse 
healthcare settings. As the landscape of cancer care 
evolves, so too must the tools that support it. CDSSs offer a 
promising pathway toward safer, more personalized, and 
efficient oncology nursing practice.
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