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Abstract
Purpose—Adherence to guideline-consistent chemotherapy-induced nausea and vomiting
(CINV) prophylaxis is suboptimal. The primary aim of this study was to evaluate the magnitude of
compliance to institutional guideline-directed antiemetic prophylaxis using a computerized
physician order entry system at a single tertiary care institution. A nurse survey was also
performed to evaluate how oncology practices, within a cooperative group, managed clinician
orders for the prevention of CINV.

Methods—The electronic medical records of 100 consecutive patients were evaluated. The
primary endpoint was the incidence of compliance to provide all aspects of scheduled institutional
guideline-directed antiemetic prophylaxis for acute (day 1) and delayed (days 2–4) CINV. A
descriptive analysis was performed on the convenience sample. Logistic regression was completed
to determine the predictors of noncompliance.

Results—The incidence of compliance on days 1–4 was 94 %. Half of the noncompliant events
(three of six, 50 %) occurred on day 1 alone and involved patients receiving low-emetogenic
chemotherapy. There was a high degree of compliance to institutional guidelines for the treatment
of delayed CINV (97 %). Patients receiving minimally emetogenic and moderately emetogenic
chemotherapy (N =70) were observed to be 100 % compliant. Patients receiving doxorubicin/
cyclophosphamide were numerically less likely to receive institutional guidelines, compared to
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patients receiving other chemotherapy regimens (OR, 0.24 (0.04, 1.36), p value, 0.05). The nurse
survey suggested significant variability amongst the involved institutions with regards to
antiemetic prescribing practices.

Conclusions—Computerized physician order entry is associated with impressive adherence to
clinician-prescribing practices, according to institutional guidelines, for acute and delayed CINV.

Keywords
Chemotherapy-induced nausea and vomiting; Acute CINV; Delayed CINV; Antiemetics;
Computerized physician order entry

Introduction
Various evidence-based guidelines have been published regarding the prevention of CINV
[1–3], a common problem that adversely impacts patients’ quality of life [4]. Despite
guideline statements and information that patients who do not receive adequate antiemetic
prophylaxis have poorer outcomes and utilize greater healthcare resources, adherence to
guideline-consistent CINV prophylaxis has often been reported to be suboptimal [5–9].
Methods to improve the implementation of antiemetic guidelines have included the use of
education outreach visits [10], audit and feedback strategies [11], pharmacist-driven
programs [12], and noncomputerized protocol-based antiemetic order sets [13, 14].

Evidence supports that computerized physician order entry for chemotherapy administration
decreases medication errors and improves user satisfaction, completeness of documentation,
and adherence to guideline-based therapies [15–17]. Currently, Mayo Clinic, Rochester
utilizes an electronic clinical document manager, a form of computerized physician order
entry, to prescribe inpatient and outpatient chemotherapy. Since 1995, institutional
guideline-directed antiemetic prophylaxis order sets have automatically been provided when
chemotherapy orders are chosen [14]. The clinician ordering chemotherapy has the option to
take the guidelines as they are suggested or can deviate from the recommended antiemetic
therapies per his/her discretion.

A literature review did not reveal any published evidence that computerized physician order
entry improves antiemetic prescribing practices, leading to the development of the current
project. The primary aim of this retrospective study was to evaluate the magnitude of
compliance to institutional guideline-directed antiemetic prophylaxis using the current
computerized physician order entry system at a single tertiary care institution. Given the
ease of use of computerized physician order entry, it was hypothesized that there would be
substantial compliance with the institutional recommendations.

To obtain further information regarding this topic, a nurse survey was also performed to
evaluate how oncology practices within a cooperative group managed clinician orders for
the prevention of CINV.

Site
Currently, the outpatient oncology practice at Mayo Clinic, Rochester consists of
approximately 135 clinicians who prescribe approximately 5,650 doses of chemotherapy for
1,300 patients each month.
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Patients and methods
The first 100 consecutive eligible outpatients (aged ≥18) receiving chemotherapy for solid
tumor malignancies, starting from January 1, 2012, were studied. Evaluated patients must
have been receiving their first ever chemotherapy dose at Mayo Clinic, Rochester, have only
been receiving a single day of chemotherapy (no additional planned doses for at least 5
days), and must not have been receiving concurrent radiotherapy.

The study employed a single-institution retrospective design. All data were obtained from
the comprehensive electronic medical records (EMR). EMR data included inpatient and
outpatient clinic visit information, all prior chemotherapy and supportive medication
administration logs, and all prescribed medications since a patient’s initial visit to the
institution. Variables collected and analyzed included patient age and gender, primary
cancer diagnosis, the presence of metastatic disease, chemotherapy regimen and protocol
number, trial participation, and the respective chemotherapy regimens’ emetogenicity:
highly emetogenic chemotherapy (HEC), moderately emetogenic chemotherapy (MEC), low
emetogenic chemotherapy (LEC), or minimally emetogenic chemotherapy (MinEC).

The primary endpoint was the incidence of compliance to provide all aspects of scheduled
institutional guideline-directed antiemetic prophylaxis for acute (day 1) and delayed (days
2–4) CINV. This included evidence of administration of antiemetics on the day of
chemotherapy infusion as well as documentation of antiemetic prescriptions that were
provided to the patient to be taken on days 2–4. Noncompliance was defined if a
recommended antiemetic was not prescribed per the guidelines or if additional antiemetics
were given beyond those recommended within the institutional guidelines. Table 1
illustrates the Mayo CINV guidelines in use at the time the studied patients were being
treated. Secondary endpoints included subset analyses to determine if demographic or
clinical characteristics had any significant association with compliance to institutional
recommendations.

In addition, a survey, conducted to identify how individual cooperative group oncology
practices prescribed antiemetic prophylaxis, consisted of a five-item, relatively open-ended
questionnaire was offered to nurse participants at the Alliance for Clinical Trials in
Oncology Group Meeting on June 28, 2012. They were given the option to complete and
return the survey at the end of the meeting.

The Mayo Clinic Institutional Review Board, according to US federal guidelines, approved
all aspects of this study.

Statistical analysis
Descriptive statistics formed the basis for statistical analyses in this retrospective study with
a convenience sample. Mean (standard deviation), median (range), frequency (percentage),
and histograms were used to summarize data. Univariate logistic regression was performed
to explore the association between potential factors and the compliance. Odds ratio with 95
% confidence interval and p values were reported. The sample size of this convenience
sample was determined by interval estimation. Based on a noncompliance rate of 39 % on a
previous report [7], a standard error of 4.9 % would be achieved with a sample size of 100
patients.
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Results
A total of 290 patients from January 1, 2012 to March 7, 2012 were reviewed until 100
eligible patients were reached. Clinical and patient demographics, by overall compliance,
are presented in Table 2.

For the primary outcome, the incidence of compliance on days 1–4 was 94 %. Compliance
rates separated by day are shown in Fig. 1. Table 3 presents compliance rates by
chemotherapy emetogenicity for each day. Half of the noncompliant events occurred on day
1 alone and involved the omission of pre-chemotherapy prochlorperazine in patients
receiving LEC (three of six, 50 %). Patients receiving MinEC and MEC were observed to be
100 % compliant with institutional guideline-directed antiemetic prophylaxis (N =70).

A univariate logistic regression was performed with results summarized in Table 4. There
was a trend towards patients receiving HEC or MEC to be more likely to receive
institutional guideline-directed antiemetic prophylaxis than those receiving LEC or MinEC
(Odds Ratio [OR], 5.27)(0.97, 28.62), p value, 0.06). Patients receiving doxorubicin/
cyclophosphamide were numerically less likely to receive institutional guideline-directed
antiemetic prophylaxis compared to patients receiving other chemotherapy regimens (OR,
0.24 (0.04, 1.36), p value, 0.05).

What were the reasons for the deviations observed in six patients who were not strictly
compliant with institutional guidelines? Three of these patients, receiving LEC, were to be
given pre-chemotherapy prochlorperazine by the institutional guidelines but were not given
such; each of them, however, was given a prescription of PRN prochlorperazine for
breakthrough CINV. One patient was given pre-chemotherapy ondansetron (rather than
prochlorperazine) due to the fact that the patient was taking tramadol, which has a known
drug interaction with prochlorperazine. Another two patients receiving LEC were given pre-
chemotherapy ondansetron or lorazepam rather than the recommended prochlorperazine,
without an apparent explanation in the clinical notes. Lastly, one provider chose to
administer, to three patients, pre-chemotherapy palonosetron on day 1 and dexamethasone
on days 1–4 instead of institutional guidelines for a HEC regimen (doxorubicin/
cyclophosphamide). These three patients accounted for the only observed noncompliant
events on days 2–3, as they were not given oral aprepitant on days 2–3.

With regards to the nurse survey information, evaluable data were obtained from 19 surveys.
There was significant variability amongst the involved institutions with regards to antiemetic
prescribing practices, which included the use of institutional-directed protocols, nursing or
pharmacist-directed protocols, provider discretion alone, or a combination of these.
Individuals from 15 of 19 institutions stated that their chemotherapy and supportive
medications were ordered via an electronic order system. Of these institutions, nine stated
that they utilized automated antiemetic order sets that were imported with each
chemotherapy regimen. Only 3 of 19 institutions stated that the cancer provider, independent
of any particular antiemetic protocol, prescribed antiemetics at his/her own discretion.

Discussion
Among patients receiving MinEC, MEC, and HEC regimens in this single-institution
retrospective study, significant compliance to scheduled institutional guideline-directed
antiemetic prophylaxis was observed. These observational data support that a well-organized
and simple-to-use computerized physician order entry system does standardize the
prescribing practices for antiemetics and should, thereby, improve the management of acute
and delayed CINV compared to clinicians prescribing antiemetics at their own discretion.

Kadakia et al. Page 4

Support Care Cancer. Author manuscript; available in PMC 2014 April 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The actual guideline variations in the reviewed experience were relatively mild ones. The
omission of pre-chemotherapy prochlorperazine for LEC was the most common deviation
from institutional guidelines and does not appear to be very egregious as the majority of
patients also received PRN prochlorperazine for breakthrough CINV. The use of pre-
chemotherapy ondansetron, instead of prochlorperazine, for LEC was uncommon and was
very appropriate in one patient who was receiving tramadol. The decision by one provider to
use palonosetron on day 1 and dexamethasone on days 1–4 instead of using granisetron on
day 1, plus dexamethasone on days 1–4, plus aprepitant on days 1–3, for HEC was a
reasonable alternative to the institutional guidelines. Previously reported studies support, by
cross-study comparisons, that palonosetron might give similar protection as does aprepitant
plus granisetron [18–20].

A notable finding in the current study was the high degree of compliance to antiemetic
prophylaxis for delayed CINV (days 2–4) for all emetogenic grades of chemotherapy. This
is in stark contrast to what has been observed in the literature where adherence to delayed
CINV prophylaxis has been reported to be poor [5–8, 21]. The utilized system minimizes the
need for most providers to independently consider the specific combination and dosing of
antiemetics for each chemotherapy regimen and decreases the underuse of antiemetic
prophylaxis for both acute and delayed CINV. It, however, does allow an individual
provider to “opt-out” of the recommended anti-emetics if the provider favors an alternative
approach. It should not be expected that there would be 100 % compliance with guidelines
as there may be clinical situations that dictate that an alternative approach is appropriate for
some patients.

Multiple studies have noted the undertreatment of patients receiving HEC and the
overtreatment of patients receiving LEC/MinEC [6, 22–24]. It appears that the currently
described system minimizes these types of events.

A computerized physician order entry system to promote standardized administration of
both chemotherapy and supportive medications requires a significant multidisciplinary effort
to initiate, maintain, and minimize errors within such a system [15–17, 25]. As such, many
university and community oncology practices have yet to establish such systems.

Recent data from the United Kingdom suggest significant heterogeneity in antiemetic
prescription practices amongst cancer providers there [26]. In this study of 154 oncologists
and oncology nurse prescribers, there was a significant deviation from evidence-based
consensus guidelines as well as marked variability amongst individual prescribing practices.
Interestingly, a significant proportion of the institutions that completed the survey were
noted to have established EMRs with electronic ordering systems.

The main limitations of this study are inherent to the retrospective design. As data were
abstracted from the EMR, no information on patient adherence or outcomes can be
established. As there was a high degree of provider compliance to institutional guideline-
directed antiemetic recommendations, further research within a setting utilizing a similar
system might help to determine if these prescribing practices translate into improved patient
outcomes.

Though the most efficacious and cost-effective antiemetic regimens for CINV continue to be
elucidated [27], the need to minimize physician-related barriers to guideline implementation
remains. The barriers to guideline implementation have been divided into issues related to
attitudes (lack of belief and/or disagreement), behavior (practice characteristics and/or
patient preferences), and knowledge (lack of awareness and/or familiarity) [11, 28].
Evidence-based consensus guidelines linked to a computerized physician order entry system
remove many of these barriers and can improve clinician-prescribing practices. The current
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study provides evidence to support that such a system can improve adherence to guideline-
based CINV prophylaxis.
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Fig. 1.
Compliance for scheduled antiemetics by day
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Table 1

Mayo CINV guidelines in place at the study time

Day 1 (acute phase) Days 2–4 (delayed phase)

Mayo CINV guidelinesa

 HEC Granisetron + Dex + aprepitant/fosaprepitant Dex (days 2–4) + aprepitant (days 2–3)

 MEC Granisetron + Dex Optional dex (days 2–3)

 LEC Prochlorperazine + optional Dex None

 MinEC Optional pre-chemotherapy Prochlorperazine or Dex None

CINV chemotherapy-induced nausea and vomiting, HEC highly emetogenic chemotherapy, MEC moderately emetogenic chemotherapy, LEC low-
emetogenic chemotherapy, MinEC minimally emetogenic chemotherapy, Dex dexamethasone

a
Based on Mayo CINV guidelines, last updated in January 2011. All day 1 antiemetics are given prior to chemotherapy administration. All

prescriptions to be taken on days 2–4 are given to the patient on day 1. Antiemetics denoted as optional are given at the discretion of the
prescribing clinician
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Table 2

Clinical and patient demographics by overall compliance

Total (N =100) Yes (N =94) NO(N =6)

Age

 Mean (SD) 61.4 (12.3) 61.4 (12.4) 61.7(11.9)

 Median 62.0 62.0 57.0

 Q1, Q3 53.0, 71.0 53.0, 71.0 53.0, 71.0

 Range (31.0–90.0) (31.0–90.0) (51.0–81.0)

Gender

 Male 42 42 (100 %) 0 (0 %)

 Female 58 52 (90 %) 6 (10 %)

Primary cancer

 Gynecological 17 17 (100 %) 0 (0 %)

 Breast 16 13 (81 %) 3 (19 %)

 Lung 16 15 (94 %) 1 (6 %)

 CRC 13 13 (100 %) 0 (0 %)

 Other 38 36 (95 %) 2 (0 %)

Chemotherapy emetogenicity

 MinEC 6 6 (100 %) 0 (0.0 %)

 LEC 12 9 (75 %) 3 (25 %)

 MEC 64 64 (100 %) 0 (0.0 %)

 HEC 18 15 (83 %) 3 (17 %)

Chemotherapy

 Paclitaxel, carboplatin 20 20 (100 %) 0 (0.0 %)

 Doxorubicin, cyclophosphamide 13 10 (77 %) 3 (23 %)

 FOLFOX6 12 12 (100 %) 0 (0 %)

 Pemetrexed, Carboplatin 10 10 (100 %) 0 (0 %)

 Other 45 42 (93 %) 3 (7 %)

Trial regimen

 No 93 87 (94 %) 6 (6 %)

 Yes 7 7 (100 %) 0 (0 %)

Metastatic disease

 Yes 46 44 (96 %) 2 (4 %)

 No 54 50 (93 %) 4 (7 %)

SD standard deviation, CRC co-lorectal cancer, MinEC minimally emetogenic chemotherapy, LEC low-emetogenic chemotherapy, MEC
moderately emetogenic chemotherapy, HEC highly emetogenic chemotherapy, FOLFOX6 folonic acid/5-fluoro-uracil/oxaliplatin
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