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Abstract: Chemotherapy drugs are characterized by low therapeutic indices and significant 

toxicities at clinically prescribed doses, raising serious issues of drug safety. The safety of 

the chemotherapy medication use process is further challenged by regimen complexity and 

need to tailor treatment to patient status. Errors that occur during chemotherapy prescribing 

are associated with serious and life-threatening outcomes. Computerized provider order entry 

(CPOE) systems were shown to reduce overall medication errors in ambulatory and inpatient 

settings. The adoption of chemotherapy CPOE is lagging due to financial cost and cultural and 

technological challenges. Institutions that adopted infusional or oral chemotherapy electronic 

prescribing modified existing CPOE systems to allow chemotherapy prescribing, implemented 

chemotherapy-specific CPOE systems, or developed home-grown chemotherapy electronic 

prescribing programs. Implementation of chemotherapy electronic prescribing was associated 

with a significant reduction in the risk of prescribing errors, most significantly dose calculation 

and adjustment errors. In certain cases, implementation of chemotherapy CPOE was shown 

to improve the chemotherapy use process. The implementation of chemotherapy CPOE may 

increase the risk of new types of errors, especially if processes are not redesigned and adapted 

to CPOE. Organizations aiming to implement chemotherapy CPOE should pursue a multidis-

ciplinary approach engaging all stakeholders to guide system selection and implementation. 

Following implementation, organizations should develop and use a risk assessment process to 

identify and evaluate unanticipated consequences and CPOE-generated errors. The results of 

these analyses should serve to further enhance the chemotherapy electronic prescribing process 

and improve the quality and safety of cancer care.
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Introduction
Pharmacological management of cancer has undergone a significant evolution in the 

past decade with the introduction of targeted biologic agents and diffusion of orally 

available chemotherapies, along with continued use of the traditional infusional agents. 

As a result, contemporary treatment regimens have increased in complexity and are 

likely tailored to patients’ characteristics and prognosis. Adverse drug events and 

toxicities remain significant for chemotherapy agents due to their inherent toxicities, 

low therapeutic indices, and vulnerability of cancer patients. Oncology drug safety is 

further challenged by the potential for errors during the different phases of the medi-

cation use process, ie, prescribing and transcribing, dispensing, administration, and 

monitoring. The chemotherapy medication error rate among hospitalized patients is not 

well documented. However, among ambulatory patients, estimates of chemotherapy 
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medication errors can range between 7.1% for adult patients 

and 18.8% for pediatric patients, with the majority of errors 

occurring in the administration phase.1 Chemotherapy medi-

cation errors that occur in the prescribing phase appear to 

be associated with more significant adverse outcomes, with 

approximately one-third of all identified errors classified as 

serious or life-threatening.2

Health care organizations have implemented technolo-

gies, eg, computerized order entry, wireless infusion pumps, 

and automated dispensing systems, and embraced a culture 

of safety and error reporting as part of a multimodal strat-

egy to enhance the safety of the medication use process.3,4 

A national survey of pharmacy practice in hospital settings 

in the USA reported that automated dispensing and barcode-

assisted medication administration are used in 89% and 

50% of hospitals, respectively.5 Additionally, electronic 

health records (EHR) systems are available in 67% of 

hospitals.5 Implementation of computerized provider order 

entry (CPOE) systems in hospital settings has dramati-

cally increased, with 4% of hospitals reporting they used a 

CPOE system in 2005 compared with over 90% in 2014.5,6 

As part of the meaningful use initiative, and in response 

to the US government’s incentive to accelerate the rate of 

adoption of information technology in the health care sec-

tor, hospital acquisition of at least a basic EHR system has 

increased from 12% in 2009 to 59% in 2013.6,7 A similar 

trend in implementing EHR systems is also observed in the 

ambulatory care setting.6

CPOE systems have been extensively evaluated for their 

effectiveness in reducing preventable adverse drug effects 

and medication errors in ambulatory and hospital settings. 

In a recent meta-analysis, hospital-based CPOE implemen-

tation was associated with a significant reduction in risk 

of preventable adverse drug reactions (relative risk 0.47; 

95% confidence interval [CI] 0.31–0.71), and medication 

errors (relative risk 0.46; 95% CI 0.35–0.60) compared with 

paper-based prescribing.8 In the ambulatory care setting, 

CPOE implementation was associated with a significant 

reduction in risk of prescribing errors (odds ratio 0.30; 95% 

CI 0.23–0.40) compared with paper-based prescribing.9 

The use of CPOE for chemotherapy prescribing appears 

to be lagging, with few hospitals successfully using CPOE 

for complex chemotherapy prescribing.10 The reluctance 

to adopt chemotherapy CPOE is understandable due to: 

increased awareness of errors and unintended consequences 

of CPOE;11–13 use of complex drug combinations with criti-

cal administration route use/avoidance, dosing frequency, 

and duration; and need for multidisciplinary review and 

documentation.10

Methods
We evaluated published reports describing the process of 

implementing infusional or oral chemotherapy electronic 

prescribing and summarized the reported effects of elec-

tronic prescribing on outcomes related to medication safety. 

The Medline (January 1, 1996 through January 22, 2015), 

EMBASE (January 1, 1996 through January 22, 2015), and 

CINAHL (January 1, 1996 through January 22, 2015) data-

bases were searched for the terms “computerized order entry” 

or “computerized provider order entry” plus “chemotherapy” 

or “chemotherapy electronic prescribing”. We included stud-

ies for further analysis if they were obtainable in full text and 

written in the English language.

Results
Designing and implementing infusional 
chemotherapy electronic prescribing
There are few reports in the literature describing the imple-

mentation of infusional chemotherapy electronic prescribing 

in an ambulatory and/or inpatient care setting and reporting 

on outcomes of the implementation. Table 1 summarizes 

the types of electronic chemotherapy prescribing and the 

specific safety and clinical decision support (CDS) features 

described in these reports. The approach to chemotherapy 

electronic prescribing can be broadly classif ied into: 

modifying organization-wide CPOE systems to incorporate 

chemotherapy electronic prescribing; acquisition of a stand-

alone commercially available chemotherapy electronic pre-

scribing module; or in-house development of an electronic 

chemotherapy prescribing module.

In a substantial number of these reports, the authors 

discussed implementation of an intervention in the form of 

a CPOE modification to allow electronic prescribing of che-

motherapy regimens.10,14–16 The commercially available CPOE 

system was part of an organization-wide EHR system. The 

integration of chemotherapy prescribing into an EHR system 

infrastructure allowed real-time access to patient information, 

including laboratory values, vital signs, treatment param-

eters, and documentation of chemotherapy administration.16 

Electronic prescribing of chemotherapy based on an EHR 

system infrastructure generated opportunities to evaluate 

the utilization of chemotherapy agents for safety and cost-

containment monitoring purposes.16 Electronic prescribing of 

chemotherapy in this setting resulted in improving safe and 
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timely drug administration through real-time treatment plan 

update and verification.16 Additionally, CDS was designed 

and implemented in these systems in the form of alerts, eg, 

dose limit, drug–drug interactions, and duplicate therapy 

alerts. Investigators developed alerts that were deemed 

clinically significant, and in some instances, physicians 

could only override the alert if a reason was entered. Kim 

et al described their organization’s approach to modifying 

a CPOE system to allow prescribing of a complex chemo-

therapy regimen through programming of prespecified order 

sets.17 These regimen-specific order sets list standardized 

chemotherapy doses and allow the prescribing of adjunctive 

supportive care treatments. The CDS features included dose 

calculations and adjustment based on relevant patient data 

and clinical laboratory values.17 In this study, chemotherapy 

CPOE was not a component of an organization-wide EHR 

system, yet the safety and CDS features seemed comparable 

with those reported in studies where CPOE was part of an 

EHR system.

Another approach to implementing electronic chemo-

therapy prescribing was via the acquisition of commercially 

available chemotherapy-specific prescribing computer 

systems.18,19 Small et  al reported on the implementation 

of commercially available oncology prescribing software 

in an ambulatory care setting.18 Prior to implementation 

of the prescribing software, customization of prescribing 

templates and menus was performed by specialist oncology 

pharmacists in the institution. While the oncology prescrib-

ing software was equipped with CDS features including dose 

calculations, adjustments, and alert generation, the software 

did not interface with other patient health record systems in 

the hospital. This lack of integration was cited as a factor 

contributing to suboptimal use of the prescribing software. 

Huertas Fernández et al discussed their institution’s experi-

ence in implementing a commercially available chemotherapy 

prescribing software in an inpatient setting.19 As a result of the 

implementation, clinical workflow was reorganized to include 

pharmacist validation of physicians’ electronic prescriptions, 

resulting in improvement of the safety of the chemotherapy 

medication use process.

The development of an in-house electronic prescribing 

intervention, using commercially available software pro-

grams, was adopted by two groups of investigators. Voeffray 

et  al described the development of a prescribing module 

directly connected to a standardized chemotherapy regi-

men database. Upon entry of the patient’s data (eg, height, 

weight, serum creatinine) by the physician, chemotherapy 

doses were automatically computed. The prescribing module 

allowed dose modification and required physicians to enter 

a reason for dose modification.20 The prescribing module 

Table 1 Implementation of infusional chemotherapy prescribing in ambulatory and inpatient care settings

Reference Setting Form of chemotherapy electronic 
prescribing

Safety and clinical decision support 
features

Meisenberg et al14 Mixed ambulatory patients and  
inpatients in the USA

Modification of an existing CPOE system  
by programming chemotherapy regimens.

CPOE is part of the EHR system. 
CDS drug–drug interaction, duplicate 
therapy, and dose limit alerts.

Elsaid et al21 Mixed ambulatory patients and  
inpatients in the USA

Institutionally developed online, readily  
accessible, modifiable regimen-specific  
electronic prescribing templates.

Automatic dose calculations based on BSA 
and AUC. 
Dosage adjustment for toxicities, renal and 
hepatic functions.

Hoffman et al10 Mixed pediatric ambulatory and  
inpatient setting in the USA

Modification of an existing CPOE system  
by programming chemotherapy regimens.

CPOE is part of EHR system. 
CDS drug–drug interaction, duplicate 
therapy, and dose limit alerts.

Harshberger et al15  
Brockstein et al16

Mixed ambulatory and inpatient  
setting in the USA

Modification of an existing CPOE system  
by programming chemotherapy regimens.

CPOE is part of the EHR system.

Small et al18 Ambulatory setting in the UK Commercially available chemotherapy  
electronic prescribing program.

Automatic dose calculation and adjustment.

Huertas  
Fernández et al19

Inpatient setting in Spain Commercially available chemotherapy  
electronic prescribing computer program.

Automatic dose calculation and adjustment. 
Instructions on chemotherapy preparation 
and administration are provided.

Kim et al17 Mixed pediatric ambulatory and  
inpatient setting in the USA

Modification of an existing CPOE system  
by programming chemotherapy regimens.

Preprogrammed order sets with automatic 
dose calculations.

Voeffray et al20 Mixed ambulatory and inpatient  
setting in Switzerland

Institutionally developed chemotherapy  
electronic prescribing computer program.

Automatic dose calculation and adjustment.

Abbreviations: AUC, area under the curve; BSA, body surface area; CDS, clinical decision support; CPOE, computerized provider order entry; EHR, electronic health 
records.
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was electronically linked to pharmacy and nursing systems, 

which allowed the electronic validation process to occur as 

well as documentation of preparation and administration 

of chemotherapy. Elsaid et  al reported the development 

of chemotherapy regimen-specific prescribing templates. 

Following entry of the patient’s data (eg, height, weight, 

serum creatinine), chemotherapy doses were automatically 

calculated.21 Prescribers were able to select the dosing inten-

sity of any chemotherapy drug from a list of prespecified 

evidence-based dosing levels. Additionally, a dose adjust-

ment level was preprogrammed into the prescribing module 

and the adjusted dose was automatically calculated. The 

prescribing module also contained supportive care instruc-

tions as well as administration instructions. Completed 

chemotherapy prescriptions were automatically sent to the 

pharmacy for validation and preparation of chemotherapy. 

In their design, the chemotherapy electronic prescribing 

program did not interface with other patient health records 

systems.

Customizing an existing CPOE system or development 

of an in-house prescribing module requires significant 

programming effort and expertise, an investment of human 

resources that is not required when implementing com-

mercially available chemotherapy-specific prescribing pro-

grams, and may not be readily available in all care settings. 

Additionally, standardization of chemotherapy protocols, a 

necessary step in the development of customized chemother-

apy prescribing templates, often involves multidisciplinary 

teams of physicians, nurses, and pharmacists with multiple 

rounds of critical evaluation and optimization. Use of che-

motherapy CPOE integrated in an organization-wide EHR 

system provides the highest level of CDS and prospective 

safety surveillance among all the chemotherapy electronic 

prescribing approaches discussed in the literature. Due to 

significant financial costs, not all institutions can implement 

an organization-wide EHR system. Interfacing a chemo-

therapy prescribing-enabled CPOE system with other clinical 

information systems in the hospital can enhance the safety 

of chemotherapy prescribing and review by permitting real-

time access to patients’ relevant clinical data by physicians, 

pharmacists, and nurses.

Outcomes of infusional chemotherapy 
electronic prescribing
The outcomes of implementing infusional chemotherapy 

electronic prescribing are presented in Table 2. Meisenberg 

et al adopted a quasi-experimental sequential study design 

to compare handwritten orders, preprinted orders, and CPOE 

orders over a 5-year period for the frequency of problems or 

errors in chemotherapy orders.14 Examples of order problems 

included missing or incomplete patient identifiers and height, 

weight, or clinical laboratory values. Examples of chemo-

therapy errors included wrong dose or dose calculation, unap-

proved drug abbreviations, chemotherapy, and supportive 

care omissions. Investigators observed a significant reduction 

in the probability of order problems and errors when the 

institution switched to using preprinted order forms from 

handwritten orders. Additionally, a significant reduction in 

order problems and errors was observed in CPOE-generated 

orders compared with preprinted order sets. Use of CPOE 

completely eliminated problems and errors related to missing 

patient identifiers and data, and erroneous dose calculations. 

These error types have persisted when switching from 

handwritten to preprinted order sets. The authors further 

identified new types of errors that were unique to CPOE 

prescribing, and may occur with any CPOE system. A sig-

nificant number of these errors may lead to chemotherapy 

overdosing through failure to reduce chemotherapy doses in 

all future cycles of a chemotherapy regimen in response to a 

significant toxicity. Some chemotherapy agents are used in 

multiple regimens, with a wide range of dosing intensities. 

Therefore, a single-dose maximum limit was not feasibly 

programmed for all agents. The authors identified prescribing 

errors due to mistyping by physicians that were classified as 

drug overdose errors.

Elsaid et al used an interrupted time series analysis with 

segmented regression analysis to compare the rate of pre-

scription errors in the pre-implementation, implementation, 

and post-implementation phases of electronic prescribing.21 

There was a progressive and significant reduction in risk 

of prescribing errors when transitioning to chemotherapy 

electronic prescribing. Errors of dosing calculations were 

most common during the pre-implementation phase. 

Chemotherapy electronic prescribing was associated with 

a significant reduction in risk of dosing calculation errors 

(relative risk 0.06; 95% CI 0.03–0.1). Calculation errors 

that might have resulted in drug overdosage were further 

assessed by a trained oncologist, and errors occurring in 

the post-implementation phase were judged to be of lower 

severity compared with errors in the pre-implementation or 

implementation phases.

Harshberger et al evaluated the impact of chemotherapy 

electronic prescribing using EHR/CPOE on completeness 

of regimen documentation for six chemotherapy regimens 

and clinical staff satisfaction.15 Documentation of patient 

data, treatment plan, number of cycles, and administration 
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instructions were used to calculate an overall regimen 

completeness score. EHR/CPOE was associated with an 

average completeness score of 92% compared with 67% 

for handwritten paper orders. Associated with the improve-

ment in completeness of regimen documentation was an 

improvement in satisfaction among nurses, pharmacists, 

and physicians, with the biggest improvement in satisfaction 

seen among physicians. Small et al compared prescription 

error rates using either a spreadsheet-prescribing program or 

CPOE.18 While spreadsheets could be computer-generated, 

they required manual input of key data and dosage adjust-

ments. These functions were performed automatically in the 

chemotherapy CPOE system. Implementation of the CPOE 

system was associated with a 42% reduction in overall error 

rate. Dose calculation errors were specifically reduced, with 

a risk of errors using spreadsheets of 6.8% compared with 

1.9% using CPOE. Interestingly, while the overall error 

rate was reduced with CPOE, there was a greater number 

of errors of high severity associated with CPOE compared 

with spreadsheets. The increase in errors of high severity 

with CPOE was regimen-specific, and might have been 

partly due to the process by which the CPOE system was 

implemented.

Huertas Fernández compared prescription error rates in 

handwritten versus computerized chemotherapy prescriptions 

using a concurrent observational study design.19 Use of che-

motherapy CPOE was associated with a significant reduction 

in overall prescription errors. CPOE use resulted in enhanced 

documentation, with elimination of errors of omission com-

pared with handwritten prescriptions. Kim et al investigated 

the impact of CPOE implementation on the chemotherapy 

process in the form of completeness and accuracy of data that 

had the potential for high morbidity or mortality potential if 

left uncorrected in a pediatric setting.17 The critical process 

steps that were assessed included treatment plan correctness, 

order correctness, dose calculations accuracy, treatment plan 

and patient match and nurse review. CPOE implementation 

was associated with a significant reduction in risk of errors in 

the form of improper dosing, order, treatment plan, or nurse 

review. Unanticipated by the investigators, implementation 

of CPOE was associated with a significant increase in the 

likelihood of mismatching specific chemotherapy drug doses 

to specific protocols. The increase in this type of prescription 

error was attributed to a user interface problem. Voeffray et al 

studied the impact of CPOE implementation on prescription 

error rates.20 CPOE implementation was associated with 

a significant reduction in overall error rate. The biggest 

impact of CPOE implementation was in reduction of errors 

linked to chemotherapy preparation and dose calculation. 

CPOE implementation resulted in the emergence of a new 

type of drug administration error that was not present with 

handwritten prescription. This was attributed to a lack of 

documentation of the presence of a central venous device 

in the patient’s profile in CPOE. This lack of documentation 

resulted in altering the duration of infusion of certain che-

motherapy agents, eg, vincristine or doxorubicin.

Oral chemotherapy: current  
practices and risk of harm
The number of orally available chemotherapy agents has 

significantly increased in the past decade, with more than 

60 agents currently approved in the USA.22 Additionally, 

20%–30% of chemotherapy agents in the development 

pipeline will be administered orally.23 Recent studies of 

the oral chemotherapy medication use process identified 

key vulnerabilities, including patient education about drug 

handling and adverse effects, prescription writing, moni-

toring, and toxicity management, and highlighted the need 

to adopt rigorous safety standards.24–26 However, adoption 

of these practice standards has been lagging for the oral 

chemotherapy agents. In a survey of major comprehensive 

cancer centers in the USA, Weingart et al identified vari-

able practices in prescribing, monitoring, and education of 

patients receiving oral chemotherapy, and recommended 

development of oral chemotherapy safety standards.27 

Variations in oral chemotherapy practices and lack of formal 

policies have also been recently identified across cancer 

centers in Canada.28

Variability in adoption of strict safety standards may be 

linked to the significant risk of medication errors associated 

with prescribing, dispensing, administration, and monitor-

ing of oral chemotherapy drugs. A recent study analyzed 

reports of oral chemotherapy medication errors compiled 

from multiple sources, including published reports, web 

searches, data from comprehensive US cancer centers, and 

clinician reports, among other sources.29 While most of the 

reported oral chemotherapy errors were categorized as near 

misses, 20% of errors were associated with an adverse drug 

event. An analysis of 508 oral chemotherapy error reports 

revealed that approximately 50% of errors were at the pre-

scribing stage of the medication use process.29 Additionally, 

the most frequently encountered type of medication error was 

“wrong dose” followed by “wrong drug”.29 One particular 

oral chemotherapy agent that is associated with a high risk 

of medication error is oral methotrexate, given its routine use 

in chronic autoimmune disorders, eg, rheumatoid arthritis. In 
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Table 2 Outcomes of infusional chemotherapy electronic prescribing interventions in hospital and ambulatory care settings

Reference Study design Outcomes of interest Impact of electronic prescribing on outcomes Sample size and statistical analysis

Meisenberg et al14 Quasi-experimental sequential design  
comparing handwritten orders,  
preprinted order sets, and CPOE  
prescribing

Problem rate (eg, missing patient information, inappropriate  
supportive care measures) 
Error rate (eg, wrong dose calculation, frequency, drug or  
supportive treatment omission)

Problem rate (95% CI) 
Handwritten orders: 30.6% (28.7%–32.5%) 
Preprinted order sets: 12.6% (11.3%–13.9%) 
CPOE orders: 2.2% (1.9%–2.7%) 
Error rate (95% CI) 
Handwritten orders: 4.2% (3.5%–5.0%) 
Preprinted order sets: 1.5% (1.1%–1.9%) 
CPOE orders: 0.1% (0.04%–0.2%)

2,216 handwritten; 2,480 preprinted order sets and 5,142 CPOE order 
sets 
Two-sample proportions test (chi-square test)

Elsaid et al21 Quasi-experimental design in the  
form of interrupted time series with  
segmented regression

Monthly prevented prescribing errors per 1,000 chemotherapy  
doses during the pre-implementation, implementation, and  
post-implementation phases

Difference in prevented prescribing errors per 1,000 chemotherapy  
doses (implementation–pre-implementation) (95% CI): -5.1 (-9.9, -0.2) 
Difference in prevented prescribing errors per 1,000 chemotherapy  
doses (post-implementation–implementation) (95% CI): -11.5 
(-21.8, -1.2)

28,560 doses (pre-implementation) 
37,808 doses (implementation) 
43,206 doses (post-implementation) 
Statistical comparisons were conducted using linear regression analysis

Hoffman et al10 No formal study was conducted Reporting of patient safety events related to CPOE No medication events attributed to CPOE caused harm N/A
Harshberger et al15  
Brockstein et al16

Retrospective chart review Chemotherapy documentation completeness in EHR/CPOE  
and handwritten orders of select chemotherapy regimens 
Satisfaction of clinical staff with EHR/CPOE and handwritten  
orders

Significant increase in regimen completeness scores in the EHR/CPOE  
system compared with handwritten orders. 
Increase in overall satisfaction rating by nurses, pharmacists, and physicians  
in the EHR/CPOE system compared with handwritten orders.

45 charts in the EHR/CPOE group and 45 charts in the handwritten group. 
Satisfaction survey was administered to 33 nurses, 8 pharmacists,  
and 5 physicians. 
Statistical comparisons were conducted using two-sample proportions 
test (chi-square test)

Small et al18 Quasi-experimental design comparing  
error rates in chemotherapy  
prescriptions using spreadsheet  
templates versus using CPOE

Error rate using spreadsheet chemotherapy prescriptions  
versus error rate using CPOE

Error rate and RR (95% CI) 
Spreadsheet method: 20.4% (17.2%–23.9%) 
Computerized method: 11.8% (10.1%–13.6%) 
RR 0.57 (0.47–0.72).

314 spreadsheet prescriptions 
1,339 computerized prescriptions 
Chi-square test and RR for errors with computerized versus 
spreadsheet prescribing estimated using Poisson regression

Huertas  
Fernández et al19

Two-arm observational study  
comparing error rates in handwritten  
and computerized prescriptions

Error rate using handwritten prescriptions versus  
CPOE prescriptions

Handwritten: errors were detected in 100% of prescriptions 
CPOE: errors were detected in 13% of prescriptions 
Median (range) number of errors per prescription 
Handwritten: 5 (1–12) 
CPOE: 0 (0–1)

30 handwritten prescriptions 
30 CPOE prescriptions 
Two-sample proportions test (chi-square test)

Kim et al17 Before and after comparing  
chemotherapy process using  
handwritten prescriptions versus  
CPOE prescriptions

Correct completion rates of steps of high importance as  
determined by oncologists, eg, proper medication dose for the  
regimen, correct dose calculation, and nurse review documentation

RR (95% CI) of improper dosing: 0.26 (0.11–0.61) 
RR (95% CI) of incorrect dosing calculation: 0.09 (0.03–0.34) 
RR (95% CI) of incomplete nursing check: 0.51 (0.33–0.80)

1,250 handwritten prescriptions 
1,116 CPOE prescriptions

Voeffray et al20 Before and after comparing error  
rates in handwritten prescriptions  
versus CPOE prescriptions

Error rate using handwritten prescriptions versus CPOE prescriptions Error rate (95% CI) 
Handwritten prescriptions: 15% (13%–18%) 
CPOE prescriptions: 0.6% (0.3%–1.4%)

940 handwritten prescriptions 
527 CPOE prescriptions

Abbreviations: CI, confidence interval; CPOE, computerized provider order entry; EHR, electronic health records; N/A, not available; RR, relative risk.

total, 37% of reported oral methotrexate medication errors 

were categorized as errors in the prescribing stage and were 

associated with serious adverse events.30

Oral chemotherapy electronic 
prescribing: types and outcomes
The implementation and outcomes of electronic prescrib-

ing for oral chemotherapy agents is described in two 

published reports.25,31 Table 3 compares and contrasts the 

nature of the oral chemotherapy electronic prescribing 

modules and the specific safety and CDS features in these 

modules. Collins and Elsaid modified an existing CPOE 

system to enable prescribing of oral chemotherapy agents.25 

Specialized oral chemotherapy order sets, including rec-

ommended monitoring laboratory orders, were developed 

and programmed into the CPOE system. Access to the 

oral chemotherapy prescribing module was restricted to 

attending oncologists and physicians who prescribe oral 

chemotherapy agents for non-chemotherapy indications, eg, 

rheumatologists. CDS functionalities included programmed 

drug-specific maximum dose alerts and frequency options, 

minimum defaults for dosing and frequency, entry fields for 

protocol number, and treatment cycle. Concurrent with the 

development of oral chemotherapy CPOE, drug-specific 

guidelines were developed and linked to the oral chemo-

therapy CPOE module.

Weingart et al described safety enhancements that were 

introduced to an EHR system to allow electronic prescrib-

ing of oral chemotherapy.31 These enhancements included 

the ability to prescribe oral chemotherapy agents in either 
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Table 2 Outcomes of infusional chemotherapy electronic prescribing interventions in hospital and ambulatory care settings

Reference Study design Outcomes of interest Impact of electronic prescribing on outcomes Sample size and statistical analysis

Meisenberg et al14 Quasi-experimental sequential design  
comparing handwritten orders,  
preprinted order sets, and CPOE  
prescribing

Problem rate (eg, missing patient information, inappropriate  
supportive care measures) 
Error rate (eg, wrong dose calculation, frequency, drug or  
supportive treatment omission)

Problem rate (95% CI) 
Handwritten orders: 30.6% (28.7%–32.5%) 
Preprinted order sets: 12.6% (11.3%–13.9%) 
CPOE orders: 2.2% (1.9%–2.7%) 
Error rate (95% CI) 
Handwritten orders: 4.2% (3.5%–5.0%) 
Preprinted order sets: 1.5% (1.1%–1.9%) 
CPOE orders: 0.1% (0.04%–0.2%)

2,216 handwritten; 2,480 preprinted order sets and 5,142 CPOE order 
sets 
Two-sample proportions test (chi-square test)

Elsaid et al21 Quasi-experimental design in the  
form of interrupted time series with  
segmented regression

Monthly prevented prescribing errors per 1,000 chemotherapy  
doses during the pre-implementation, implementation, and  
post-implementation phases

Difference in prevented prescribing errors per 1,000 chemotherapy  
doses (implementation–pre-implementation) (95% CI): -5.1 (-9.9, -0.2) 
Difference in prevented prescribing errors per 1,000 chemotherapy  
doses (post-implementation–implementation) (95% CI): -11.5 
(-21.8, -1.2)

28,560 doses (pre-implementation) 
37,808 doses (implementation) 
43,206 doses (post-implementation) 
Statistical comparisons were conducted using linear regression analysis

Hoffman et al10 No formal study was conducted Reporting of patient safety events related to CPOE No medication events attributed to CPOE caused harm N/A
Harshberger et al15  
Brockstein et al16

Retrospective chart review Chemotherapy documentation completeness in EHR/CPOE  
and handwritten orders of select chemotherapy regimens 
Satisfaction of clinical staff with EHR/CPOE and handwritten  
orders

Significant increase in regimen completeness scores in the EHR/CPOE  
system compared with handwritten orders. 
Increase in overall satisfaction rating by nurses, pharmacists, and physicians  
in the EHR/CPOE system compared with handwritten orders.

45 charts in the EHR/CPOE group and 45 charts in the handwritten group. 
Satisfaction survey was administered to 33 nurses, 8 pharmacists,  
and 5 physicians. 
Statistical comparisons were conducted using two-sample proportions 
test (chi-square test)

Small et al18 Quasi-experimental design comparing  
error rates in chemotherapy  
prescriptions using spreadsheet  
templates versus using CPOE

Error rate using spreadsheet chemotherapy prescriptions  
versus error rate using CPOE

Error rate and RR (95% CI) 
Spreadsheet method: 20.4% (17.2%–23.9%) 
Computerized method: 11.8% (10.1%–13.6%) 
RR 0.57 (0.47–0.72).

314 spreadsheet prescriptions 
1,339 computerized prescriptions 
Chi-square test and RR for errors with computerized versus 
spreadsheet prescribing estimated using Poisson regression

Huertas  
Fernández et al19

Two-arm observational study  
comparing error rates in handwritten  
and computerized prescriptions

Error rate using handwritten prescriptions versus  
CPOE prescriptions

Handwritten: errors were detected in 100% of prescriptions 
CPOE: errors were detected in 13% of prescriptions 
Median (range) number of errors per prescription 
Handwritten: 5 (1–12) 
CPOE: 0 (0–1)

30 handwritten prescriptions 
30 CPOE prescriptions 
Two-sample proportions test (chi-square test)

Kim et al17 Before and after comparing  
chemotherapy process using  
handwritten prescriptions versus  
CPOE prescriptions

Correct completion rates of steps of high importance as  
determined by oncologists, eg, proper medication dose for the  
regimen, correct dose calculation, and nurse review documentation

RR (95% CI) of improper dosing: 0.26 (0.11–0.61) 
RR (95% CI) of incorrect dosing calculation: 0.09 (0.03–0.34) 
RR (95% CI) of incomplete nursing check: 0.51 (0.33–0.80)

1,250 handwritten prescriptions 
1,116 CPOE prescriptions

Voeffray et al20 Before and after comparing error  
rates in handwritten prescriptions  
versus CPOE prescriptions

Error rate using handwritten prescriptions versus CPOE prescriptions Error rate (95% CI) 
Handwritten prescriptions: 15% (13%–18%) 
CPOE prescriptions: 0.6% (0.3%–1.4%)

940 handwritten prescriptions 
527 CPOE prescriptions

Abbreviations: CI, confidence interval; CPOE, computerized provider order entry; EHR, electronic health records; N/A, not available; RR, relative risk.

fixed dose, weight-based, or body surface area-based dosing 

schemes. The CPOE system uses the most recent values for 

patient’s weight and height and can be updated by prescribers. 

The oral prescribing module was programmed to trigger dose 

limit alerts if daily or weekly maximum cumulative doses are 

reached. Specific entry fields for intent of therapy and cancer 

diagnosis, cycle days, and protocol numbers were also created. 

Some of these entry fields were not mandatory, eg, the intent 

of therapy and diagnosis. The CPOE module required a com-

plete prescription for successful transmission.

Table 4 summarizes the safety outcomes of electronic 

prescribing of oral chemotherapy. The implementation of oral 

chemotherapy electronic prescribing improved the safety of 

the medication use process and reduced prescribing errors. 

Collins and Elsaid reported a significant reduction in the odds 

of a prescribing error associated with oral chemotherapy CPOE, 

with an approximate reduction in the risk of prescribing errors 

of 69%.25 The authors categorized prescribing errors as any 

unintended significant reduction in the probability of treat-

ment being timely and effective or an increase in the risk of 

harm when compared with generally accepted practices.32,33 In 

addition to reducing the risk of prescribing errors, electronic 

prescribing of oral chemotherapy was associated with elimina-

tion of dosing limit errors. In the pre-implementation phase, 

oral methotrexate accounted for approximately 46% of errors 

that could lead to patient harm. Oral chemotherapy CPOE 

eliminated methotrexate-linked errors.

Weingart et al studied the utilization of prescription entry 

fields following implementation of the enhanced oral chemo-

therapy prescribing module.31 Physicians’ utilization of entry 
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Table 3 Development of oral chemotherapy electronic prescribing interventions in hospital and ambulatory care settings

Reference Setting Form of chemotherapy 
electronic prescribing

Safety and clinical decision support features

Weingart et al31 Ambulatory  
setting in  
the USA

Modification of an  
existing CPOE system  
by programming oral  
chemotherapy agents

CPOE is part of the EHR system. 
Prescribing oral chemotherapy as a fixed dose, weight-based, or BSA-based dosing. 
CDS alerts in the form of dose limit alerts. 
Entry fields for diagnosis, intent of therapy, protocol, and cycle numbers.

Collins and Elsaid25 Inpatient  
setting in  
the USA

Modification of an  
existing CPOE system  
by programming oral  
chemotherapy agents

CDS alerts as follows: 
Alert is displayed that drug is a chemotherapy agent 
Programmed drug-specific maximum dose alerts, and frequency options. 
Default standard minimum dose, frequency, and duration. 
Entry fields for cycle and protocol number. 
Link to drug therapy guidelines and laboratory monitoring orders are suggested.

Abbreviations: CDS, clinical decision support; CPOE, computerized provider order entry; BSA, body surface area; EHR, electronic health records.

Table 4 Outcomes of oral chemotherapy electronic prescribing interventions in hospital and ambulatory care settings

Reference Study  
design

Outcomes of interest Impact of electronic  
prescribing on outcomes

Sample size and  
statistical analysis

Weingart et al31 Cohort  
study

Utilization of non-mandatory  
entry fields, eg, diagnosis and  
intent of therapy 
Dose limit alerts 
Prescriber actions following  
alert generation

Utilization of diagnosis field, 46% 
Utilization of therapy intent field, 13%  
Dose limit alerts triggered  
for 6% of prescriptions; 
4% of prescriptions with dose  
limit alerts were aborted

6,673 prescriptions in the  
post-implementation phase. 
Statistical tests were  
conducted using statistical  
software but were not  
specified

Collins and Elsaid25 Before  
and after  
design

Prescribing error rate using 
handwritten prescriptions  
versus CPOE prescriptions

OR 0.31, 95% CI 0.11–0.89 412 handwritten prescriptions 
126 CPOE prescriptions 
Fisher’s exact test

Abbreviations: CI, confidence interval; CPOE, computerized provider order entry; OR, odds ratio.

fields varied significantly, with the intent of therapy specified 

in approximately 13% of prescriptions and the patient’s 

diagnosis listed in 46% of prescriptions. Prescribers used the 

free-text entry fields in 64% of all prescriptions to customize 

their prescriptions, clarify their dose strength selection, or their 

dosing modification rationale. The authors identified that dose-

limit safety alerts were triggered for 6% of all prescriptions 

entered following implementation of oral chemotherapy CPOE 

prescribing. Interestingly, in only 4% of prescriptions where a 

dose limit safety alert was triggered, physicians proceeded to 

abort the prescription, in contrast with 96% of alert-triggered 

prescriptions where physicians continued the prescription. 

Aborted prescriptions were most likely associated with a single 

oral chemotherapeutic agent, ie, temozolomide.

Adoption of chemotherapy CPOE  
and usability challenges
Adoption of chemotherapy CPOE is hampered by barriers 

and challenges that include financial cost, cultural challenges 

(eg, need for process change), technological challenges 

(eg, lack of system interoperability), and user-generated 

errors.34,35 In a systematic analysis of published reports 

discussing barriers to CPOE implementation, the need for 

process changes was cited most frequently as a barrier to 

CPOE adoption.35 The second most cited reason for lack of 

CPOE adoption was the need for extensive training, which is 

required of all employees, followed by lack of high-quality 

studies documenting the efficacy of CPOE in reducing errors 

and improving quality of care.35 Combined, these three bar-

riers represented 46% of cited CPOE adoption barriers.35 

Current users of chemotherapy CPOE are faced with another 

set of challenges. In a recent study, a survey was adminis-

tered to current chemotherapy CPOE users.36 The survey 

focused on understanding the challenges that institutions 

faced with implementation of CPOE and continue to face in 

using the CPOE system.36 Current CPOE users reported that 

they faced challenges related to standardization of workflow 

processes, CPOE system selection, and procurement. Current 

CPOE users also reported system usability issues following 

implementation. The most frequently cited usability issues 

included suitability of alerts and warnings, discrepancies in 

documentation and data entry, and lack of appropriate safe-

guards. These issues were reported by more than 50% of the 

CPOE users who responded to the survey.36
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Chemotherapy CPOE system  
design and implementation
Organizations considering implementation of electronic pre-

scribing for chemotherapy agents should critically evaluate 

their current chemotherapy medication use processes and 

identify areas where safety and quality can be improved. 

Conducting a failure modes and effects analysis (FMEA) 

can proactively uncover steps at which the chemotherapy 

medication use process may fail and the probability of that 

occurring.25,37,38 In addition to FMEA, a formal redesign 

of the process and system analysis should take place. It is 

essential that process redesign and FMEA analyses involves 

a multidisciplinary team directly involved in the prescribing, 

dispensing, preparation, administration, and monitoring of 

chemotherapy agents. Results of these analyses should guide 

the design approach for CPOE and CDS.10,25,31

Given that chemotherapy regimens are complex, with mul-

tiple drugs with unique dosing and sequencing requirements, 

electronic chemotherapy order set templates should be care-

fully designed and tested repeatedly for accuracy prior to 

implementation. Additionally, these order sets should have 

enough flexibility to allow prescribers to modify them based 

on patient status. CDS is an important consideration of CPOE 

design. The CDS features of chemotherapy CPOE should 

include alerts for drug–drug interactions, duplicate therapy 

alerts, dose limit alerts, and the ability to direct prescribers 

to order appropriate laboratory tests, supportive care, and 

hydration requirements.10,39 The choice and programming 

of CDS features should have the goal of minimizing “alert 

fatigue”, and it is recommended that CDS alerts be reviewed 

on a regular basis with the goal of removing those alerts with 

little clinical value and introducing new alerts that are deemed 

important.10,39 Implementation of the CPOE system should 

occur in a way and at a pace that does not compromise the 

safety of the medication use process. A phased implementa-

tion approach has been reported in a number of studies.10,15,16,21 

Training must be provided to all employees. The organization 

should have a clear plan for the method of training that it will 

provide prior to implementation of CPOE. In one study, the 

organization used a combination of online training modules 

and instructor-led training sessions.10 Following implementa-

tion, institutions should develop and use a risk assessment 

process to identify and evaluate unanticipated consequences 

and new CPOE-generated errors.40 The knowledge generated 

from these assessments should be used to further modify and 

refine the CPOE system as part of an ongoing continuous 

quality improvement process.

Conclusion
Adoption of chemotherapy CPOE remains suboptimal. 

There is a limited number of published studies that report 

on the design, implementation, and outcomes of infusional 

chemotherapy in the ambulatory and inpatient setting. There 

are even fewer studies that discuss enhancing the safety of 

oral chemotherapy via electronic prescribing. Most published 

studies report a reduction in prescribing errors; most signifi-

cantly those involving dose calculation or adjustment. Some 

studies have focused on delineating the impact of computer-

ized chemotherapy prescribing on the chemotherapy process 

itself. In this regard, electronic prescribing was associated 

with more complete documentation. The conclusion that 

electronic chemotherapy prescribing reduces prescribing 

errors is limited by the methodological limitations of the 

designs of most studies and the short follow-up period 

following CPOE implementation. There is a heightened 

need to develop guidelines and disseminate examples of 

best practice to guide interested organizations through the 

process of selection, procurement, and implementation of an 

electronic prescribing system. There is also a significant need 

to conduct well designed studies to investigate the effects of 

chemotherapy electronic prescribing systems on the overall 

safety and quality of cancer care.
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