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Abstract
Purpose: Computerized physician order entry (CPOE) in elec-
tronic health records (EHR) has been recognized as an important
tool in optimal health care provision that can reduce errors and
improve safety. The objective of this study is to describe docu-
mentation completeness and user satisfaction of medical charts
before and after implementation of an outpatient oncology EHR/
CPOE system in a hospital-based outpatient cancer center
within three treatment sites.

Methods: This study is a retrospective chart review of 90
patients who received one of the following regimens between
1999 and 2006: FOLFOX, AC, carboplatin � paclitaxel, ABVD,
cisplatin � etoposide, R-CHOP, and clinical trials. Documenta-
tion completeness scores were assigned to each chart based on
the number of documented data points found out of the total
data points assessed. EHR/CPOE documentation complete-

ness was compared with completeness of paper charts orders of
the same regimens. A user satisfaction survey of the paper chart
and EHR/CPOE system was conducted among the physicians,
nurses, and pharmacists who worked with both systems.

Results: The mean percentage of identified data points suc-
cessfully found in the EHR/CPOE charts was 93% versus 67% in
the paper charts (P � .001). Regimen complexity did not alter the
number of data points found. The survey response rate was
64%, and the results showed that satisfaction was statistically
significant in favor of the EHR/CPOE system.

Conclusion: Using EHR/CPOE systems improves complete-
ness of medical record and chemotherapy order documentation
and improves user satisfaction with the medical record system.
EHR/CPOE requires constant vigilance and maintenance to op-
timize patient safety.

Introduction
In the high-risk setting of oncology, medication error preven-
tion is a top priority, but despite heightened focus, chemother-
apy errors still occur.1 Computerized physician order entry
(CPOE) has been recognized as an important tool in optimal
health care provision that can reduce medication errors and
improve patient safety.2,3 By incorporating a CPOE program
with clinical decision support into an electronic health record
(EHR), the health care team can effectively and safely provide
quality patient care. CPOE systems designed for the outpatient
oncology setting have only recently become available and
widely used. The relative inexperience with ambulatory oncol-
ogy CPOE has resulted in a knowledge deficit concerning their
impact on patient care.

The reluctance to adopt CPOE is a result of the many chal-
lenges associated with chemotherapy ordering in the outpatient
oncology setting. A combination of high toxicity profiles and
narrow therapeutic indexes for chemotherapy medications

makes tolerance for system failures in the oncology setting ex-
tremely low. In addition, chemotherapy regimens are complex,
with varying doses and schedules. The outpatient oncology set-
ting also has a large proportion of patients on clinical trial
protocols that use highly complex monitoring parameters and
dosing schemes. Furthermore, experience with chemotherapy
medication ordering with inpatient-based CPOE systems has
revealed that medication errors still occur; therefore, pharmacy
and nursing review of orders is still a critical component in the
prevention of medication errors.1,4 Documentation completeness
is an important factor in error prevention because omission of
pertinent information in the medication order or patient’s chart
has been identified as a potential source of medication errors.1,5

To ensure the safety of oncology patients, Kellogg Cancer Cen-
ter (KCC; Evanston, IL) is involved in continuous assessment and
improvement of the EHR/CPOE system. The objectives of this
study, conducted a year after CPOE implementation, were to
compare the completeness of chemotherapy documentation in the
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EHR/CPOE system with the completenss of historic paper charts
and evaluate staff satisfaction with the EHR/CPOE system. Re-
sults from this study, along with ongoing experience with the sys-
tem, have helped identify areas for improvements in patient safety
and workflow and have increased EHR utility across the contin-
uum of cancer care.

Site
NorthShore University HealthSystem (NorthShore) is a four-
hospital not-for-profit corporation in the northern suburbs of
Chicago that comprises 894 inpatient beds and 75 different
physician offices. The KCC is located at three hospitals in the
NorthShore network: Evanston Hospital, Glenbrook Hospital,
and Highland Park Hospital. Currently the KCC dispenses and
administers approximately 12,000 doses for more than 1,150
patients each month.

Over the past 10 years, NorthShore has been transitioning to
a complete EHR system (Epic, Verona, WI). In 2003 the
CPOE portion was implemented for the inpatient population,
and very shortly after for all documentation and orders in the
outpatient setting. It has been fully operational for 7 years and
is currently used for 100% of all inpatient orders (medications,
procedures, and diagnostics). A separate outpatient oncology
module within Epic (Beacon) was developed in response to the
special requirements of the oncology population and was fully
implemented by September 2005. Since that time, NorthShore
has been in the process of continually upgrading and enhancing
the CPOE system as issues and concerns are uncovered.

EHR and CPOE System
The EHR/CPOE workflow at KCC is designed to have multi-
ple checks in place. Common chemotherapy regimens are built
into the system through multidisciplinary collaboration and are
double-checked for accuracy. The physician enters the regimen
and treatment parameters into the CPOE system in a treatment
plan and signs electronically. A “chemotherapy note” serves as a
verification of the overall plan and verifies treatment plan and
order intent. If the patient meets the treatment plan parameters,
the nurse releases the orders from the treatment plan to phar-
macy. Pharmacist verification and double-check of chemother-
apy orders is enhanced by real-time access to the complete
EHR, including laboratory values, patient vital signs, treatment
parameters, progress notes, and clinical trial protocols. After the
medication is prepared and dispensed, the nurse uses dual sign-
off and bar coding to administer the medication.

Methods

Subjects
The first portion of the study was a retrospective chart review to
compare the chemotherapy documentation completeness in the
EHR/CPOE system with the completeness of paper charts. All
patients treated with one of seven different chemotherapy reg-
imens at any KCC site from January 1, 1999 to December 31,
1999 were eligible for inclusion in the paper chart arm. Patients
treated in the same regimens from October 1, 2005 to Septem-

ber 30, 2006 were eligible for inclusion in the EHR/CPOE
arm. The seven eligible regimens were as follows: FOLFOX
(fluorouracil, oxaliplatin, leucovorin), AC (doxorubicin, cy-
clophosphamide), carboplatin plus paclitaxel, ABVD (doxo-
rubicin, bleomycin, vinblastine, dacarbazine), cisplatin plus
etoposide, R-CHOP (rituximab, cyclophosphamide, vin-
cristine, doxorubicin), and clinical trials. These regimens
were selected because they were standard regimens during
the study time period that included both paper and CPOE
charts and offered a wide range of complexity and cancer
types. Patients were excluded if they received fewer than
three cycles of one of the study regimens. Cycle 3 was used
for data collection to assess everyday use of the systems,
recognizing that cycle 1 orders may be inherently more com-
plete, but that each cycle is independently important and a
safety risk.

The second portion consisted of a KCC provider satisfaction
survey in which each chart type was distributed 1 year after the
implementation of the outpatient module. Providers were ex-
cluded if they had not worked with both paper and CPOE
charts at NorthShore. This study was reviewed and approved by
the institutional review board of NorthShore.

Data Collection
Reports were generated from the old system (paper) and
from the new system (EHR/CPOE) to identify potential
patients. A total of 90 patient charts (45 EHR/CPOE charts
and 45 regimen matched paper charts) were chosen at ran-
dom and reviewed.

The data collected were grouped into two different catego-
ries: general information and chemotherapy order data. Gen-
eral information was considered appropriately documented if it
appeared anywhere in the paper or EHR chart, whereas the
chemotherapy order data were required to be on the order.
The general information data points were as follows: date of
birth, allergies, identifiable plan for treatment, number of
cycles, cycle length, cumulative doses, laboratory results,
treatment parameters, follow-up plan, pharmacy interven-
tions, and administration. Four additional general informa-
tion data points were collected for clinical trial patients:
clinical trial note, identification of trial, treatment calendar,
and study/protocol number. The following data points were
required to be on the chemotherapy order: medical record
number (MRN), height, weight, body-surface area (BSA),
dose, dose per unit (eg, mg/m2), diluent, route, length/rate of
infusion, frequency, pre and post medications (dose, route, fre-
quency), and physician signature. On the basis of the number of
data points and hypothesized differences, a total of 90 charts, 45
from each chart type, across seven different regimens were re-
quired to achieve statistical significance.

The satisfaction survey addressed accessibility and availability of
information (Data Supplement, online only). Surveys were
distributed to all KCC physicians, nurses, and pharmacists.
The13-question survey addressed the following topics: chart
availability, diagnosis, treatment plan, past medical history,
completeness of chemotherapy orders, previous laboratory re-
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sults, clinical trial identification, clinical trial notes, treatment
calendar, next treatment date, identification of treatment phy-
sician, time to find all of the above information, and overall
satisfaction. For each question, the respondents rated both
chart types on a 5-point Likert scale.

Outcome Measures
Three outcome measures were evaluated: overall completeness
score per chart type, completeness score per regimen, and staff
satisfaction with EHR/CPOE versus paper charts. Complete-
ness score was calculated by dividing correctly documented
items in the chart by the total possible. t test was performed to
assess differences between chart types, and a P value � .05 was
considered statistically significant.

Results

Documentation Completeness
A total of 90 charts were reviewed to assess documentation
completeness: 12 ABVD, 16 R-CHOP, 16 FOLFOX, 16 AC,
16 carboplatin plus paclitaxel, six cisplatin plus etoposide, and
eight clinical trials. The overall completeness of documentation
was 93% for EHR/CPOE compared with 67% for paper charts
(P � .001). The EHR/CPOE system improved documentation
over paper charts for the following items: MRN, cycle length,
height/weight/BSA, dose per unit, diluent, length of infusion,
pre and post medications, laboratory results, treatment param-
eters, pharmacy interventions, follow-up plan, and clinical trial
notes (Table 1). Completeness of documentation did not vary
significantly between different regimens (Figure 1).

Staff Satisfaction
Of the 76 surveys distributed to KCC staff, 49 were returned: 33
nurses, eight pharmacists, five physicians, and three not identified.
The average time worked at KCC by the survey respondents was
8.2 years. The respondents favored the EHR/CPOE system for all
areas of the survey, including overall satisfaction (Figure 2). Aspects
of the EHR/CPOE system with which the respondents were most
satisfied were: chart availability, availability of previous laboratory
results, identification of clinical trial patients, and completeness of
chemotherapy orders (Appendix Table A1, online only). The low-
est scores for the EHR/CPOE system were in past medical history
and treatment calendar availability, but these were still higher than
the respective scores for the paper chart.

Discussion
Overall documentation was significantly increased after EHR/
CPOE implementation. Many areas of potentially significant
sources of medication errors were improved, including MRN
on chemotherapy order, height/weight/BSA, and dose per unit.
Every order in the EHR is tied to the patient’s chart and there-
fore to the MRN, in contrast to paper charts, which tended to
include only the patient’s name. The chemotherapy orders in
the EHR/CPOE system are preloaded as dose per unit, and the
system does not allow orders to be processed without a height/
weight/BSA. The patient’s BSA was rarely on the paper order

and was not commonly recalculated with each cycle. In the
EHR/CPOE system, the BSA is automatically recalculated for
each encounter. However, caution must still be exercised to
detect inadvertent typographical errors of the patient’s height or
weight. In the EHR/CPOE system, pharmacy interventions
(nausea and vomiting counseling, pain management consulta-
tions, etc) were documented more frequently, thus increasing
communication across all disciplines. Completeness scores were
consistent across regimens, indicating that regimen complexity
did not change documentation completeness.

Results from the survey revealed that the staff was more satisfied
with the EHR/CPOE system compared to paper charts. The in-
creased availability and completeness of the EHR are key drivers of
staff satisfaction. Despite the overwhelming preference for the
EHR/CPOE system, the survey identified significant areas for im-
provement. After implementation of the EHR/CPOE system,
NorthShore KCC has been working to continuously improve the
system to provide safe, quality care across all aspects of oncology.

Implementing CPOE in the outpatient oncology setting has
inherent unique challenges. After attempting to use the inpa-

Table 1. Completeness of Documentation

Group and Item
EHR/CPOE
(%; n � 45)

Paper
(%; n � 45) P

All patients (n � 90)

Date of birth 100 100 —

MRN on order 100 13 � .001

Allergies 100 96 .494

Plan for treatment 96 84 .157

No. of cycles planned 47 60 .205

Cycle length 100 69 � .001

Height 96 9 � .001

Weight 87 18 � .001

BSA 96 20 � .001

Dose 100 100 —

Dose per unit 96 49 � .001

Diluent 100 47 � .001

Route 100 89 .056

Infusion length 100 56 � .001

Infusion rate 11 0 .056

Pre meds (dose, route, frequency) 100 84 .012

Post meds (dose, route, frequency) 98 80 .007

Laboratory results 100 84 .012

Treatment parameters 87 13 � .001

Physician signature 100 96 .494

Administration 100 100 —

Pharmacy interventions 51 4 � .001

Follow-up plan 100 71 � .001

Clinical trial patients only (n � 8)

Identified on study 100 75 1

Clinical trial note 100 0 .029

Treatment calendar 100 75 1

Study/protocol No. 100 75 1

Abbreviations: BSA, body surface area; CPOE, computerized physician order
entry; EHR, electronic health record; MRN, medical record number.

Electronic Health Records in OncologyElectronic Health Records in Oncology

JULY 2011 • jop.ascopubs.org 235Copyright © 2011 by American Society of Clinical Oncology



tient module in KCC for outpatient CPOE, it became evident
that a new system needed to be developed. After development
and implementation of the new outpatient module, documenta-
tion and staff satisfaction significantly increased, but the system
was not complete. Over the past 5 years, numerous enhancements
to the system have been made, each adding important advances in
patient safety and/or ease of use.

Perhaps the most significant improvement has been the “big
picture” report, a one-page summary of the most pertinent
patient information. The biggest strength of EHRs is their com-
prehensiveness, which can also be a significant weakness. Sifting
through the entire chart to locate the necessary information is
not only time consuming but can be a source of error. To
display all the information, a KCC provider needed to perform
his or her duties, a big picture, flow sheet–based report was
developed. Information from various places in the patient’s
chart is summarized on one page. Should the user need to see
more detailed information, hyperlinks on the big picture report

directly take the user to the full flow sheet. The one-page sum-
mary improves patient safety because it serves as a reminder of
all relevant information needed to care for the patient. This also
has improved efficiency in the system by not requiring the users
to load multiple areas of the patient’s EHR.

Treatment plan notes are an example of a functionality that
existed at the implementation of the outpatient module but did
not reach full potential until recently. After significant experi-
ence with the EHR/CPOE system, it was discovered that quick,
concise communication about the patient’s chemotherapy
treatment would improve patient safety and communication
between disciplines. After a period of emphasis and incentives,
physician inclusion of a chemotherapy treatment plan note
with the order increased from 11% in early 2009 to 79% in
early 2010, and near 100% at the time of this report. The
treatment plan note, which outlines the physician’s intent, is
now used to provide a quick summary of the treatment plan and
any changes to the plan as they occur over time (dose reductions
with reasons, supportive medications, patient route preferences,
etc). The treatment plan note appears at the top of the big
picture report, which further enhances communication. Other
enhancements made to the system include (1) an alert that is
issued when a medication is released on the wrong day, to
decrease errors associated with using old orders; (2) pertinent
laboratory values that are automatically populated within the
medication order (eg, serum creatinine for cisplatin); and (3) a
hypersensitivity flag with hyperlink to hypersensitivity manage-
ment guideline for patients receiving medications with high
incidence of reactions (eg, rituximab).

The results of the user satisfaction survey were somewhat
surprising, as much of the staff had been using the paper chart
system for a long time. In the initial year of implementation, a
prolonged period of learning and adoption of a new documen-
tation culture was necessary. Using EHR/CPOE for orders re-
quired interruption of workflow to log on to a computer, and
some of the initial safety measures were cumbersome for staff.
Despite the initial impression that the new system did not ap-
pear to save time, the completeness of orders and sense of safety
for the patients likely contributed to the improved satisfaction
that resulted from use of the CPOE tool.

The EHR/CPOE system has changed, for the better, the way
KCC sites provide care for their patients. Although development
and implementation can be challenging, the potential pa-
tient safety benefits are well worth the investment. It should
be recognized that continuous vigilance and maintenance of
the EHR/CPOE system is required as patient and institution
needs evolve.

Accepted for publication on May 21, 2011.
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Figure 1. Average completeness score by regimen. Display of the aver-
age percent completeness of all assessed measures of the chemotherapy
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Abstract
Purpose: The Health Information Technology for Economic
and Clinical Health (HITECH) Act has placed an emphasis on
electronic health information exchange (EHIE). Research on
needs of patient, especially those touched by cancer, has been
sparse. Here, we present data on preferences for EHIE among
those touched by cancer compared with a nationally represen-
tative sample of American adults.

Methods: Two surveys were used: an online survey designed
by LIVESTRONG (the Lance Armstrong Foundation) and a dual-
frame, nationally representative sample of adults collected
through the National Cancer Institute’s Health Information Na-
tional Trends Survey (HINTS).

Results: The LIVESTRONG EHIE survey yielded a sample of
8,411 respondents, including 433 currently receiving cancer

treatment, 298 living with cancer as a chronic disease, 2,343
post-treatment survivors, and 5,337 with no history of cancer.
The HINTS sample consisted of 7,674 respondents representa-
tive of the general adult population. Comparisons revealed a
strong positive view of the value of EHIE within the cancer-rele-
vant groups, especially among those living with cancer as a
chronic disease. Only about half of the general population
showed a similar degree of enthusiasm for EHIE. When asked
about specific functions for EHRs, respondents valued privacy
and security above all, followed by improving care coordination
and data sharing between providers.

Conclusion: These data suggest that the EHIE needs among
those touched by cancer may be greater than in the general
population. This is particularly important because people af-
fected by cancer are among those who access our health care
system most frequently and who have the most at stake.

Introduction
Policy and practice related to electronic health information ex-
change (EHIE) are rapidly changing, most notably affected by
implementation of the Health Information Technology for

Economic and Clinical Health (HITECH) Act of 2009. The
HITECH Act makes use of American Recovery and Reinvest-
ment Act funds to stimulate the adoption and “meaningful use”
of electronic heath records (EHRs).1,2 The meaningful use cri-
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