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OBJECTIVES Medication errors involving chemotherapy are a serious source of avoidable medical harm 
that can result in chemotherapy-related adverse drug events. Efforts to reduce errors in the past decade 
have largely focused on chemotherapy errors at the prescriber level, using computerized or automated 
technology, but little has been done to ensure chemotherapy is administered accurately at the nursing 
level. The current study implemented a pharmacist-led, supplemental, institution-specific training program 
to nursing staff regarding the use of chemotherapy and to address knowledge deficits in newly hired 
nursing personnel.

METHODS Inpatient pediatric oncology nurses were eligible to participate in a 3-session educational 
program regarding chemotherapy principles, adverse event management, and supportive care. Pre- and 
posttests were administered during the sessions to assess baseline and acquired knowledge. An attitudes 
survey was given to nurses prior to their first session and after the last session to assess the nurse’s comfort 
with administration and management of chemotherapy.

RESULTS Posttest scores following program implementation show a significant increase in baseline 
knowledge. Scores increased by 14.1% (p < 0.001) overall; they increased 6% (p = 0.266), 22% (p = <0.001), 
and 16.5% (p = <0.001) after sessions 1, 2, and 3, respectively. All respondents requested additional classes 
for orientation or continuing education.

CONCLUSIONS A pharmacist-led, educational program significantly improves knowledge of chemotherapy 
administration and monitoring in pediatric oncology nurses and was well received by participants as an 
additional training opportunity.
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Background
In the wake of significant healthcare change, the 

media has reflected no shortage of concern for che-
motherapy-related errors. Case reports of improper 
compounding, accidental administration by an improper 
route, and errors in equipment programming have led 
to tragic patient outcomes in patients receiving chemo-
therapy.1–3 A 2007 article stunned the lay media with 
its conclusion that “most chemotherapy errors reach 
the patient.” The study reported that 85% of United 
States Pharmacopoeia MEDMARX database errors af-
fected the patient, the majority arising from improper 
administration. The authors characterized the potential 
causes primarily as performance deficits—41.3% of 
possible error causes—a stark contrast to previously 
reported data suggesting that errors primarily originate 
from prescribing.4,5

Efforts to reduce medication errors in the past de-
cade have taken several approaches, beginning with 
the prescribing process. Computerized prescriber 
order entry gained immense popularity, with stud-
ies5–7 reporting rapid error reduction by 8% to 20%. 
However, its effect on overall error rates has not been 
consistently beneficial.8 Studies5,6 have also quantified 
the benefit of inpatient clinical pharmacy staff on error 
rates, particularly on the most harmful errors. In 2013, 
a retrospective audit from the Children’s Oncology 
Group published a report9 indicating that only 0.6% of 
noted errors had resulted from prescribing, noting that 
these errors were most likely to be averted by the use 
of technology and clinical pharmacist services. Of these 
errors, none were noted to have reached the patient. 
The benefits of existing services notwithstanding, fur-
ther error reduction strategies are needed. The authors9 
emphasized institution-specific error recognition and 
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intervention and an increased need for a paradigm 
shift for new error-reduction strategies that encompass 
a multidisciplinary approach.

It is not surprising that as the efforts to reduce errors 
in prescribing and dispensing succeed, the greatest 
source of failure and potential for patient harm remains 
in chemotherapy administration. Even with the addi-
tion of automated dispensing cabinets and barcode 
verification, there is still significant potential for human 
error.10 Inappropriate administration and management 
of medications places patients at risk for significant 
morbidity and mortality. Risks associated with increased 
hospital stay, escalation of care, or even death may 
result from the errors.11,12

In pediatric oncology, nurses remain the point of 
contact for all involved providers and are crucial in the 
administration of chemotherapy and in the monitoring 
of its effects. As the most abundant health professional 
in the practice area, they must be knowledgeable and 
clinically competent in their skill set. Because of the 
complexity of these medications and their adverse 
event rates, nurses have largely taken responsibil-
ity for educating their personnel and implementing 
safety measures to address issues with chemotherapy 
administration.13,14

In 2013, the most current consensus recommen-
dations of the Chemotherapy Administration Safety 
Standards from the American Society of Clinical Oncol-
ogy and Oncology Nursing Society (ASCO/ONS) were 
published. These recommendations expanded on the 
previous inpatient and outpatient standards to include 
oral chemotherapy, now with a total of 37 standards. 
The report15 addresses all processes of the medication 
use system, from prescribing to monitoring and edu-
cation. However, unlike physician practice in pediatric 
oncology, which requires several years of recognized 
residency and fellowship training beyond schooling, 
and pharmacist practice, which highly encourages 
residency training and specialized certification, nurse 
training in pediatric oncology does not currently rely 
on national standards. Many institutions utilize the 
Association of Pediatric Hematology/Oncology Nurs-
ing (APHON) as a resource for training courses and 
certification. The chemotherapy certification courses 
for nurses comprise 2 full days of 12 core modules 
with associated tests to assess knowledge gained. 
Comprehensive modules contain large amounts of 
material, including detailed drug monographs, recall of 
which is difficult for participants to retain after the end 
of the course. These programs, though comprehensive 
in design, are unable to cover institution-specific guide-
lines and practices that are crucial for a clinical nurse. 
For nurses without prior experience, the transition to 
managing patients and their chemotherapy regimens 
on an oncology unit may be overwhelming.

In order to bridge the gap between an all-encompass-
ing review and clinical competence that comes from 

experience in the field, this study implemented a multi-
part, pharmacist-led educational program to determine 
its effect on nursing knowledge related to the practical 
administration and management of chemotherapy. 
The purpose of the program and study is to evaluate 
the utility of supplemental, institution-specific training 
to nursing staff regarding the use of chemotherapy 
and its supportive care and, additionally, to explore an 
objective for newly hired nurse orientation.

Methods
All materials, including participants’ informed con-

sent, were approved by the organization’s institutional 
review board and office of research administration prior 
to study commencement. Nursing management and 
pharmacy personnel collaborated to develop content 
for the courses. The implementation of the course 
was conducted over 1 month and was completed by 
September 2014.

Inclusion into the study required participants to be 
inpatient pediatric oncology nurses at the host institu-
tion; the study population included advanced practice 
nurses, nursing management, and nurse educators. 
Nurses were highly encouraged, but not mandated, 
to attend the program sessions, and their consent 
to participate in the study portion was optional. Par-
ticipants were excluded only if they did not meet the 
above criteria.

In order to provide an atmosphere of trust and secu-
rity, a unique identification code coordinated with each 
participant. This code was created by the participant 
and was known only to the participant (available from 
the author upon request). This code was intended to 
accompany all questionnaires and tests, allowing for 
comparison between sessions, but removing personal 
identification from the information divulged through 
these measures.

Design of presentation materials began with a review 
of relevant educational literature. Objectives for each 
presentation were formatted to include the 2013 ASCO/
ONS Chemotherapy Administration Safety Standards, 
particularly from the subheadings “Chemotherapy Ad-
ministration” and “Monitoring and Assessment,” and to 
supplement information that was taught in the APHON 
certification course.

The program was implemented in 3 sessions: che-
motherapy principles, chemotherapy management, and 
supportive care. In design, the educational programs 
addressed 2 primary learning objectives per session. 
Each of the programs was formatted to fit within a 
30-minute window to allow for ease of cross coverage 
during shifts. The 3 sessions were offered on at least 
4 different days and times weekly to accommodate 
different nursing staff rotations. In total, the program 
spanned 3 weeks, each week being dedicated to a 
different session of the program. The primary presenter 
was a study investigator.
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Each session began with a 10-question test, com-
menced with a 30-minute lecture-based PowerPoint 
presentation of the materials, and ended with the same 
10-question test material that had been used at the be-
ginning of the session. Tests contained multiple-choice 
questions, including application-based questions. 
Participants who were new to the course were offered 
informed consent and a survey of professional demo-
graphics and personal attitudes toward activities of a 
pediatric oncology nurse. Nurses ranked their attitudes 
on a scale from 1 to 5 based on their level of confidence 
in the skill. Surveys from before and after each session 

are available from the author upon request. These 
activities mirrored the ASCO/ONS Chemotherapy Ad-
ministration Safety Standards.

Data were analyzed utilizing primarily descriptive 
statistics. Test scores were expressed in terms of aver-
ages and standard deviations. Paired t-tests were used 
to compare test scores before and after each session.

Results
A total of 30 out of a possible 40 nurses participated 

in the program, 19 participants (48%) for Part 1, 19 par-
ticipants (48%) for Part 2, and 12 participants (30%) for 
Part 3. Participation between the sessions is compared 
in the Figure; the majority of nurses attended at least 
2 sessions. Fifty-five percent (55%) of nurses attended 
another presentation after the first session and 32% 
attended another after the second session.

Table 1 summarizes the participant demographics. 
Seventy-eight percent of participating nurses had 
Bachelor of Science degrees in nursing training, and 
53% had more than 5 years of experience in nursing. 
Twenty-one nurses reported receiving prior APHON 
certification, representing 82% of the sample popula-
tion. However, 39% of participating nurses had less than 
1 year of experience in pediatric oncology. Seventeen 
percent of nurses had less than 1 year of nursing experi-
ence in any setting.

Average posttest scores increased by 14.1% (p < 
0.001) overall. Scores from individual sessions in-
creased by 6% (p = 0.266), 22% (p < 0.001), and 16.5% 

Figure. Study participation.

Table 1. Nursing participant demographics
Characteristic Result

Highest degree obtained

 Associates of Science in Nursing, No. (%) 4 (15)

 Bachelor of Science in Nursing, No. (%) 21 (78)

 Masters of Science in Nursing, No. (%) 1 (4)

 Advanced Practice Registered Nurse, No. (%) 1 (4)

Nursing experience (yr)

 Overall, mean ± SD 7.8 ± 7.8

 ≤1, No. (%) 5 (17.9)

 >1 to ≤5, No. (%) 8 (23)

 5 to <10, No. (%) 10 (35.7)

 ≥10, No. (%) 5 (17.9)

Pediatric oncology nursing experience (yr)

 Overall, mean ± SD 6.3 ± 6.8

 ≤1, No. (%) 11 (39.3)

 >1 to ≤5, No. (%) 7 (25)

 5 to <10, No. (%) 6 (21.4)

 ≥10, No. (%) 4 (14.3)

 Prior chemotherapy certification, No. (%) 21 (82)
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(p < 0.001) for Sessions 1, 2, and 3, respectively (Table 
2). Table 3 describes the overall score results from the 
tests based on demographic differences. There was 
no apparent difference in posttest scores based on 
previous nursing experience, but those with previous 
experience in any setting had better average pretest 
scores compared to those who had less than 1 year of 
any nursing experience (48% ± 16.2% and 65.9 ± 16.2%, 
respectively). Nursing participants with less than 1 year 
of nursing experience had a greater increase in average 
test scores compared to those who had worked any-
where longer than 1 year (26% and 12.3%, respectively). 
Nurses who had not previously worked in pediatric 
oncology also had a greater increase in average test 
scores (19.4%) compared to the average (14.1%).

An average of 8 chemotherapy-related errors per 
month occurred in the 6 months leading up to creation 
and implementation of the educational program. During 
the implementation of the educational program, error 
rates decreased to 4 errors per month and remained 
steady at 4 errors per month in the 6 months following 
implementation.

Conclusions
As the acuity and complexity of care in pediatric 

oncology increase, the demand for adequately trained 
personnel becomes crucial. The present study imple-
mented a pharmacist-led training program to instruct 
nurses on the management of chemotherapy. The most 
significant knowledge gap bridged by the program 
involved knowledge of adverse events associated 
with commonly used chemotherapy agents. Effects on 
principles of chemotherapy and supportive care mea-
sures were also statistically significant when comparing 
posttest score results. Overall, feedback provided from 
the nursing staff was positive and unanimous in terms 
of the request for additional and continued courses 
from pharmacy staff.

The first session of chemotherapy education high-
lighted the principles of oncologic diagnosis and 
staging, principles of chemotherapy agent use, and 
interpretation of treatment regimens or “roadmaps.” 
Nurses were expected to understand the ways in 
which a patient presented with oncologic disease and 
the laboratory markers and imaging techniques used 
to stage a patient’s initial disease and response to 
chemotherapy. A portion of the presentation was also 
dedicated to family education resources. Nurses were 
asked 5 questions from a Children’s Oncology Group 

treatment plan, and the majority of missed questions 
from the first test before and after the presentation were 
from this section. Several questions required careful 
reading of the supplied answers as well as the footnotes 
from the roadmap. When comparing, the relative time 
discussing roadmaps during the presentation was not 
equal to the amount of test material on roadmaps. How-
ever, the authors felt it was important to test for mastery 
of this crucial skill, assuming that most nurses would be 
competent, given their certifications and practice. Not 
only did this suggest poor baseline understanding of 
treatment regimens but it also indicated the importance 
of dedicating more time to this skill set in the future.

The second session expanded on the most com-
monly used chemotherapy, challenging nurses to 
recognize and manage the notable adverse effects. 
There were a total of 12 drugs discussed, each with a 
list of between 1 and 4 adverse events most commonly 
associated with it. Significant time was spent discuss-
ing the recognition, management, and monitoring for 
each adverse reaction. For example, methotrexate was 
described as causing nephrotoxicity, mitigated by the 
use of aggressive hydration and sodium bicarbonate–
containing fluids to prevent damage to the kidneys. Test 
questions required nurses to match side effects with 
drugs and to initiate management plans for adverse 
reactions based on application-based questions. The 
strategy of presenting fewer drugs but more detailed 
side effect management was intended to give nurses a 
chance to make more meaningful connections with the 
material to prompt long-term memory storage.

The third session specifically highlighted supportive 
care measures and management of common adverse 
events associated with the general use of chemother-
apy. It discussed management of common oncologic 
emergencies, extravasation guidelines, antiemetics, 
and prophylaxis for infections. Tests highlighted drug 
therapy for each of these areas, and nurses were 
expected to apply the information to questions with 
patient scenarios. In this session, the nurses were 
empowered to recognize the need for drugs such as 
allopurinol and the relative duration of its use in tumor 
lysis syndrome. Important institutional guidelines were 
also emphasized, including the appropriate recogni-
tion and initiation of antibiotic treatment of a fever in a 
patient with neutropenia.

A survey was also given to the nurses as a method 
of assessing skill level prior to and following the pre-
sentations. The nurses were asked to rank their ability 
to perform tasks similar to the competences listed in 

Table 2. Comparison of individual session pre- and posttest scores
Pretest, % (Mean ± SD) Posttest, % (Mean ± SD) p value

Part 1 63.9 ± 13 68.9 ± 9.67 0.0952

Part 2 66.8 ± 20.7 88.9 ± 10.7 <0.001

Part 3 60 ± 14.1 74.5 ± 13.7 <0.001
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the ASCO/ONS guidelines on a scale from 1 to 5 (1 = 
rarely true, 5 = consistently true). Areas nurses identified 
as being least independent were identifying errors in 
patient’s orders and answering questions from patients 
and their families. Overall, nurses’ rankings of their 
abilities trended upward after attending the course.

Unfortunately, many nurses did not complete the 
survey, so analysis was not performed. All respondents 
requested additional classes for orientation or continu-
ing education.

While measured knowledge was found to be statis-
tically significant and error rate reduction was seen, 
the study had several limitations. First, it utilized a 
small study population and only measured knowledge 
acquired during each session. With low rates of at-
tendance due to interference with patient care, the 
knowledge retained and applied from one session to 
another was not able to be assessed. As a result of time 
constraints, the longer-term knowledge retention, ap-
plication of knowledge to nursing practice, and impact 
on patient safety were not assessed. Error rates were 
not categorized by prescriber ordering error, pharmacy 
preparation error, or nursing administration error; there-
fore, concluding that the educational program is the 
sole reason for error reduction is not feasible. Time was 
an unfortunate factor limiting completion of not only the 
sessions but also the tests. As such, some participants 
felt that not enough time was allotted for careful read-
ing and selection of the answers. Future educational 
sessions may be recorded to allow for self-pacing of 
completion and at-home study.

Continuous quality assurance for program review will 
ensure that as the program continues it will be updated 
and will reflect the needs of both the nursing staff and 
the endpoint of patient safety and quality of care.

Several additional challenges contributing to the 
external applicability occurred during implementation 
of the study. The enrollment of nurses and informa-
tion gathered relied on the ability of nurses to attend 

the individual sessions. Assistant nurse managers 
offered coverage for their clinical responsibilities to 
allow attendance in the programs, but nurses were 
not required to attend, and not all nurses who were 
available attended. Sessions at the end of a shift were 
convenient for the majority of nurses but were not al-
ways preferred, particularly for weekend or overnight 
shifts. Midafternoon sessions were planned during an-
ticipated downtime but had high rates of variability, with 
patient responsibilities and ease of cross-coverage. The 
week of the third session in particular was character-
ized by significantly higher patient volume and acuity, 
which led to decreased session attendance. Future 
educational programs offered would be mandatory, 
scheduled orientation sessions to avoid competition 
with patient care.

While not the first study to examine the effects of 
pharmacists’ teaching, this is the first known study of 
its kind to address the needs of pediatric oncology 
nursing training outside of national certifications. This 
pilot study demonstrates the ability of a pharmacist-led 
teaching program to address knowledge gaps that may 
be a source of potential errors and adverse events 
related to chemotherapy. Future research and study in 
this area should be aimed at determining the effects of 
specific educational techniques on study compliance, 
administration error avoidance, and management of 
adverse events.
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