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abstract

PURPOSE Structured data elements within electronic health records are health-related information that can be
entered, stored, and extracted in an organized manner at later time points. Tracking outcomes for cancer
survivors is also enabled by structured data. We sought to increase structured data capture within oncology
practices at multiple sites sharing the same electronic health records.

METHODS Applying engineering approaches and the Plan-Do-Study-Act cycle, we launched dual quality im-
provement initiatives to ensure that a malignant diagnosis and stage were captured as structured data. In-
tervention: Close Visit Validation (CVV) requires providers to satisfy certain criteria before closing ambulatory
encounters. CVV may be used to track open clinical encounters and chart delinquencies to encourage optimal
clinical workflows. We added two cancer-specific required criteria at the time of closing encounters in oncology
clinics: (1) the presence of at least one malignant diagnosis on the Problem List and (2) staging all the malignant
diagnoses on the Problem List when appropriate.

RESULTS Six months before the CVV implementation, the percentage of encounters with a malignant diagnosis
on the Problem List at the time of the encounter was 65%, whereas the percentage of encounters with a staged
diagnosis was 32%. Three months after cancer-specific CVV implementation, the percentages were 85% and
75%, respectively. Rates had increased to 90% and 88% more than 2 years after implementation.

CONCLUSION Oncologist performance improved after the implementation of cancer-specific CVV criteria, with
persistently high percentages of relevant malignant diagnoses and cancer stage structured data capture 2 years
after the intervention.

JCO Clin Cancer Inform 6:e2200020. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Structured data within electronic health records
(EHRs) are health-related information entered and
stored in an organized manner for extraction at later
time points.1 Structured data are captured using de-
fined language linked to a coding system that ulti-
mately allows easier data collection and aggregation
for research, management, and audit purposes.1,2

Structured data stand in sharp contrast to informa-
tion available in the EHR as unstructured data. Un-
structured data include free or dictated text from office
notes,3 digital files (eg, radiology images or scanned
records), and video files produced during medical
procedures (eg, endoscopy).4 Unstructured data re-
quire additional processing to convert into discrete
data elements for further analysis,3,4 which can be
accomplished using natural language processing5 or

manual extraction by medical abstractors.6 Structured
data have myriad uses, including tracking the receipt
of care and improving the capacity to detect redundant
and unnecessary care and to identify specific
populations.7 In oncology, where clinicians must ex-
change large amounts of information across multi-
disciplinary teams and systems,8 structured data can
improve care coordination and workflows,9 build
registries to support clinical decision and research,3

and facilitate administrative tasks.3,10 To take clinical
action on the basis of structured data, it needs to be
available in real time at the point of care.11

However, capturing data in a structured format in real
time and at the point of care can be challenging for
patients with cancer.11,12 Challenges with structured
data capture may arise on the EHR vendor side if the
vendor does not offer a user-friendly interface (eg,
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information display format interfering with visualization)13 or
if the EHR does not offer the data field required for specific
data element entry.10 Health care organizations may in-
advertently add to the problem if training is not readily
available to support clinician users (eg, training to use a
relevant EHR form).14 From clinicians’ perspective, en-
tering structured data may not be perceived as valuable,
especially if it can be entered elsewhere, usually as free
text, with a more detailed and/or visually appealing
description.14 For example, Problem List completeness is
frequently an issue in chronic disease, where a more
comprehensive description of patient status may be found
in the context of the clinical notes (free text).14,15 Finally, for
clinicians, structured data capture may necessitate addi-
tional steps within the EHR to complete a task in different
sections of the EHR during each encounter.11

Strategies such as the minimal Common Oncology Data
Elements (mCODE) initiative are intended to standardize
core oncology data elements in the EHR environment to

facilitate interoperability between different EHR systems for
purposes of clinical care, research, or cancer surveillance.16,17

Through stakeholder consensus, a set of data elements used
in clinical practice16 have been defined as standard. TNM
stage is an example of information used for clinical decisions,
treatment planning, and outcomes reporting. However, the
TNM stage is often reported in an unstructured form.11,18

Capturing TNM as structured data in real time facilitates pa-
tient supportive services, such as health insurance prior au-
thorization, clinical decision support and best practice
advisories, and clinical research screening in addition to
supporting business operations.19,20

The University of Wisconsin Carbone Cancer Center
(UWCCC) Survivorship Program is tasked with improving
outcomes for UWCCC cancer survivors, enabled by EHR-
based cancer registries informed by structured data.3,7,21

Thus, the program engages in initiatives to increase
structured data capture within oncology practices at mul-
tiple sites sharing the same EHR instance. The program
applied human factors engineering approaches7,22 to it-
eratively redesign and repurpose pre-existent EHR func-
tionality to work within clinician workflows. In 2019, the
program launched dual quality improvement (QI) initiatives
to ensure that (1) a malignant diagnosis and (2) cancer
stage were captured as structured data. These dual QI
initiatives and their impact will be presented here.

METHODS

Setting and Participants

This study was conducted at the UWCCC, which provides
care to roughly 33,000 unique patients (4,600-4,900 new
cases) annually. The UWCCC is an National Cancer
Institute–designated comprehensive cancer center, Na-
tional Comprehensive Cancer Network member, and
accredited by the Commission on Cancer (CoC). UWCCC is
a part of UW Health, the integrated health system of
University of Wisconsin-Madison. The EHR vendor is Epic
(Epic Systems; Verona, WI), used at the UWCCC since
2008, with structured TNM data capture available through
Beacon since December 2011. See Table 1 for Epic-
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Relevance
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TABLE 1. Epic-Specific Terms Definitions
Terms Definitions

Beacon The medical oncology module that
facilitates cancer staging
documentation, chemotherapy
prescription, and administration on
the basis of a catalog of standard
treatments

Beaker Pathology information system

HealthyPlanet patients
with cancer registry

A real-time EHR-based cancer registry
system

SlicerDicer A self-service tool that returns patient
population data on the basis of
queries for research or QI projects

SmartForm Customizable form for documentation
that captures structured data

SmartList Prespecified list of options that users
can choose from to facilitate
documentation

Abbreviation: EHR, electronic health record; QI, quality
improvement.

2 © 2022 by American Society of Clinical Oncology

Emamekhoo et al



specific terms definitions. This study was exempted from
the University of Wisconsin Institutional Review Board re-
view and adhered to the Revised Standards for Quality
Improvement Reporting Excellence (SQUIRE 2.0) reporting
guidelines.23

As an academic cancer center, UWCCC patients with
cancer are seen across a broad range of clinical depart-
ments and divisions (eg, surgical, medical, and radiation
oncology) and clinic locations. The program’s initial focus
was on the Hematology, Medical Oncology, and Palliative
Care (HOPC) division within the UW Department of Med-
icine as nearly all patients seen by providers within the
HOPC division had malignant diagnoses.

Intervention Development: Cancer-Specific Close

Visit Validation

The program’s oncology Physician Informaticists suggested
that encounter-based, noninterruptive reminders would best fit
provider workflows. Best Practice Advisory (BPAs) and in-
basketmessageswere considered before settling on Close Visit
Validation (CVV) functionality, which requires providers to
satisfy certain criteria (typically, level of service and completed
and signed progress note) before an ambulatory encounter
can be closed.24,25 CVV can enforce desired workflow such as
the closure of open clinical encounters. Care must be taken to
ensure that CVVdoes not unnecessarily contribute toworkload,
thereby adding to provider burnout.26,27 The program identified
CVV as an opportunity for driving cancer-specific documen-
tation with parsimonious EHR build that did not require pro-
viders to learn separate workflows while generating structured
data that could be leveraged in multiple workflows and con-
texts such as notes and registries. We followed the Plan-Do-
Study-Act cycle28 to apply the intervention and learn from the
process, followed by using that knowledge to improve CVV
implementation among different clinics (Fig 1).

For cancer-specific CVV, we determined that two condi-
tions should be added to standard CVV criteria (eg, level of
service and progress note) to close encounters that are
logged within the prespecified HOPC division clinics. The
additional conditions were (1) the presence of at least one
malignant diagnosis as defined by a Systematized No-
menclature of Medicine (SNOMED)29 grouper and (2) that
every malignant diagnosis on the Problem List has TNM
staging structured data using the Beacon staging func-
tionality. In general, cancer diagnosis and stage directly
affect the treatment selection and follow-up planning and
oncology providers are more likely to have all the required
information to determine the final diagnosis and stage as a
part of their clinical care. Requiring these cancer-specific
data from treating physicians and advanced practice
providers (APPs) was deemed appropriate because (1) UW
Health governance states that only a provider can enter a
diagnosis on the EHR Problem List and (2) American Joint
Committee on Cancer and CoC guidelines state that treating
physicians must sign off on cancer staging data.30

Testing of the Intervention: Need for Bypass

Early testing revealed the need for bypasses because not
every patient seen would have a known or confirmed
malignant diagnosis (eg, tissue may still be pending) or
because the staging workup may not yet be complete. A
SmartList and subsequently a SmartForm were developed
to indicate that an encounter was for malignant, nonma-
lignant, palliative care, or prediagnosis reasons, with the
latter three bypassing cancer-specific CVV requirements.
However, bypassing the CVV rules only satisfied the criteria
for a single encounter, with the intention to encourage
providers to satisfy the criteria permanently by adding a
malignant diagnosis in the EHR Problem List and cancer
stage data in Beacon. The Data Supplement contains
screenshots of the cancer-specific CVV logic and bypass
reasons.

Deployment of the Intervention

Faculty providers (physicians and APPs) were informed
and trained by oncology Physician Informaticists (H.E.,
A.J.T.) beginning November 2018 via e-mail communi-
cations, faculty meetings, and 1:1 sessions. Three outpa-
tient medical oncology clinics (limited to hematology,
medical oncology, and palliative care providers) went live
with cancer-specific CVV on March 19, 2019. In the ex-
pansion phase of the project, gynecologic oncology and
one general oncology clinics went live in January 2022.
Three additional general oncology clinics (community
outreach clinics) are planned to go live in late April 2022.
Figure 1 shows the event timeline.

Data Collection (variables, source, and extraction)

To demonstrate the impact of cancer-specific CVV, the
following variables were extracted from the EHR: the
number of encounters in three medical oncology clinics
from January 1, 2018, to June 30, 2021, the number of
encounters with ≥ 1 malignant diagnosis on the Problem
List at the time of the encounter, and the number of staged
malignant diagnoses at the time of the encounter. Focusing
on the time of the encounter avoided the inflation in staging
(eg, 115%) seen by Cecchini et al25 after their intervention.
Cecchini et al divided the number of cases staged in the
EHR by the number of cases in the tumor registry over the
same time period. With this metric, they captured retro-
active staging in the first months after the intervention (eg,
providers had more cases staged than they had seen in
encounters).25 We also extracted the bypass reasons se-
lected, encounter provider, encounter clinic, encounter
date, and days until the encounter closure. This analysis
was limited to providers who primarily treat solid tumors as
the TNM staging is not applicable to hematologic malig-
nancies or benign hematologic conditions. These three
clinics included two subspecialist clinics (seeing only adult
patients with solid tumors) and one general oncology clinic
(seeing primarily not only adult patients with solid tumors

JCO Clinical Cancer Informatics 3
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but also some patients with benign and malignant hema-
tology diagnoses).

Analysis Plan

Our expectations were that the implementation of cancer-
specific CVV would increase (1) the percentage of en-
counters with at least one malignant diagnosis on the
Problem List and (2) the percentage of encounters with
staged diagnoses. UW leadership set the following a priori
as metrics of success on the basis of 2018 UWCCC data
and review of staging goals from other institutions19,20:

• More than 80% of clinic encounters would have a ma-
lignant diagnosis on the Problem List.

• More than 80% of clinic encounters with malignant di-
agnoses associated with structured staging data.

• More than 80% of encounters closed by the provider
within 3 days to align with UW Health standards (note:

division encounters were not closed by providers before
CVV went live).

RESULTS

Encounter and Provider Characteristics

Between January 1, 2018, and June 30, 2021, the selected
three clinics had 61,224 encounters involving 6,927
unique patients and 35 unique providers (28 attending
physicians, 7 APPs; 17 males, 18 females). Among these
encounters, 3,721 (6.1%) encounters (all from prior to CVV
implementation) had no closure date. Therefore, we could
not calculate the time to chart closure for these encounters.
Before CVV implementation in March 2019, encounters
were not closed by the providers. In that workflow, en-
counters were closed by the billing team after completion of
billing related tasks and after the encounter date.

Impact of Cancer-Specific CVV Criteria

In May 2018, 6 months before the CVV training, the per-
centage of encounters with a malignant diagnosis present
on the Problem List at the time of the encounter was 65%,
whereas the percentage of encounters with a staged di-
agnosis at the time of the encounter was 32%. The average
time to close an encounter is not interpretable, as en-
counters were closed by billing multiple months after office
visits before March 19, 2019, as noted in prior paragraph.

In June 2019, 3 months after CVV went live, 85% and 75%
of the encounters had a malignant diagnosis present on the
Problem List and had staged diagnosis at the time of the
encounter, respectively. By June 2021, more than 2 years
after CVV went live, the percentages were 90% and 88%,
respectively. The average time to close an encounter was
4.8 (range 0-17.9) days for providers as a group in June
2019, and this time decreased to 3.03 (range 0-36) days for
providers as a group by June 2021. Figure 2 shows the
overall change from January 2018 to June 2021.

Bypass Usage

The cancer-specific criteria were bypassed in 3,728 en-
counters (8.57% of the 43,509 visits occurred after January
2019). In three cases, the providers chose more than one
option for bypassing the CVV and each one of the options
was counted in the specific category. The top reasons for
bypassing were as follows: unable to stage at this time
(n = 1,746), others (n = 1,095) without additional expla-
nation, and “I am not the managing physician for problem
missing stage” (n = 644). Figure 3 shows bypass utilization
by the group, by providers, and the reasons for bypassing.

DISCUSSION

Our study presents two successful QI initiatives to increase
structured data capture in real time and at the point of care for
an National Cancer Institute–designated academic cancer
center. Cancer diagnosis and stage are crucial measures for
defining treatment and prognosis, improving care coordina-
tion, driving cancer registries and integrated EHR clinical

QI Activities

QI initiatives proposed; approved
by UWCCC leadership 

UWH IT analysts and
Physician Informaticists
iterative/reiterative build  

Bypass developed

Physician Informaticists begin
training/notification for division

Go live for oncology-specific CVV
and note templates: hematology,
medical oncology, and palliative

care

Monitoring, ongoing training, and
process improvement 

Implementation in additional UW
Health Clinics: gynecologic

oncology and general oncology

Implementation in three additional
UW General Oncology Clinics
(community outreach clinics)

TimePDSA

2017

2018

November 2018
-March 2019

March 19, 2019

2019-2021

January 2022

April 2022

Plan

Do/study

Act

FIG 1. Study schema and intervention timeline. Timeline for cancer-specific
CVV QI initiatives. CVV, Close Visit Validation; PDSA, Plan-Do-Study-Act; QI,
quality improvement; UW, University of Wisconsin; UWCCC, University of
Wisconsin CarboneCancer Center; UWH IT,UWHealth InformationTechnology.
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FIG 2. Run charts with the percentage of encounters with malignant diagnosis in the Problem List and cancer stage
report. (A) Percentage of encounters with malignant diagnosis documented in the Problem List. The blue line rep-
resents the percentage of encounters with malignant diagnosis documented in the Problem (continued on next page)
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decision support tools, supporting clinical trials, and com-
munication among providers and are also used to show
compliance with patient-centered cancer care quality
metrics.11,16,21,25 By creating workflows that support capturing
diagnosis and stage as structured data, it was possible to affect
providers’ workflow and achieve long-lasting outcome im-
provement. After cancer-specific CVV implementation in
March 2019, the percentage of encounters with malignant
diagnoses and associated structured staging data steadily
increased for medical oncology providers across three different
practice locations. Moreover, no regression to the mean has
been observed: we have maintained rates close to 90% for
both metrics over 2 years after implementation. The average
days to close an encounter also improved, decreasing to an
average of 3 days in June 2021.

The study design was informed by oncology Physician Infor-
maticists using human factors engineering approaches as
recommended by National Academy of Medicine (formerly
IOM) to improve health care delivery by iteratively designing,
redesigning, and repurposing pre-existing CVV functionality.31

Using this approach, work system elements involved in the
process of documenting cancer diagnosis and stage were
considered; technology was used to facilitate providers’ work
and ensure that clinicians had an out if the patient could not be
diagnosed or staged at the time of encounter.7 We avoided
using an interruptive BPA or repeated reminders outside of the

EHR to minimize provider workload. By repurposing
and optimizing clinical workflows, it was possible to support
provider compliance with cancer care quality metrics.7,9 From
research and administrative standpoints, these QI initiatives
provide data for both HealthyPlanet patients with cancer
registry and SlicerDicer that rely on Problem List and TNM
staging data.27 From a clinician’s perspective, diagnosis and
stage remain registered, preventing future duplicate work. Our
initiatives also allowed us to understand the CVV bypass
reasons, realizing that not all medical oncology encounters
occur for an established malignant diagnosis and/or that
staging is not always possible. These QI initiatives were sup-
ported by the go-live of cancer-specific note templates that
leverage the structured diagnosis and stage data (thus directly
benefitting providers who enter the structured data). In ad-
dition, we have created a process to directly pull the available
discrete data elements from the pathology synoptic reports
(Beaker) into the TNM staging forms in Beacon to facilitate the
staging process for the treating providers.

Other academic centers have conducted initiatives to in-
crease cancer staging documentation. Initiatives generally
rely on reminders (whether synchronous to the encounter v
asynchronous) delivered within the EHR (in-basket or CVV)
versus external platforms (eg, e-mail) that are either hard
stops requiring action versus encouraging soft stops or
other prompts for the desired behavior. The team at Yale
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FIG 2. (Continued) List over time. The green vertical line represents provider training in November 2018. The red
vertical line represents the date that CVVwent live inMarch 2019. (B) Percentage of encounters withmalignant diagnosis
documented in the Problem List per provider. Colored lines represent the percentage of encounters with malignant
diagnosis documented in the Problem List over time per provider. The green vertical line represents provider training in
November2018. The red vertical line represents thedate that CVVwent live inMarch2019. (C)Percentageof encounters
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represents the date that CVVwent live inMarch2019. (D) Percentage of encounterswith stagedocumentedper provider.
Colored lines represent the percentage of encounters withmalignant diagnosis stage documented over timeper provider.
The green vertical line represents provider training in November 2018. The red vertical line represents the date that CVV
went live in March 2019. CVV, Close Visit Validation.
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created a BPA that fired at the beginning of an encounter,
which required cancer staging or a reason for not staging to
proceed, which increased staging to 60% 9-12 months

postintervention.25 By contrast, cancer-specific CVV fires at
encounter closure and does not interrupt provider workflow.
Stanford used soft-stop CVV criteria to achieve a 70% staging
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FIG 3. Percentage of encounters with CVV
bypass and bypass reasons. (A) Percentage of
encounters with CVV bypass use. The red line
represents the percentage of encounters with
bypassed CVV since January 2019. (B) Per-
centage of encounters with CVV bypass use per
provider. Colored lines represent the percent-
age of encounters with bypassed CVV per
provider since January 2019. (C) Close visit
validation bypass reasons. Red bars represent
reasons for bypassing CVV (n) since January
2019. CVV, Close Visit Validation.
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rate; however, this was paired with financial incentives (a tactic
not possible for all cancer centers).19 UC San Diego used
periodic reports with group and individual staging perfor-
mance, BPAs, and automatic in-basket messaging in the case
of nonstaged encounters to achieve a staging rate of 70%.32

The MGH Cancer Center modestly improved cancer staging
performance for new (but not follow-up) patients with up to
three peer comparison e-mails to providers.18 By contrast, our
intervention was impactful across both new and follow-up
patients. Finally, we are aware of workflows using Tumor
Registrars to enter the stage data and route this to providers to
sign along with a deficiency message20; however, this ap-
proach may not be feasible because of registrar resource
limitations or medical-legal considerations.

Our study limitations include lacking a formal control arm;
however, examination of staging rates for patients seen outside
of the division (such as gynecologic oncology) does not indi-
cate a similarly profound impact during the study timeframe.
Second, the SNOMED grouper used to define that malignant
diagnosis includes diagnoses such as squamous cell carci-
noma and basal cell carcinoma. These diagnoses are not
typically followed bymedical oncology, but the high prevalence
in the general population means that these may be present
along with another diagnosis in our population. These diag-
noses create work for clinicians, whomust eithermark themas
unstageable or bypass the staging criteria. Third, we do not

have an established mechanism to evaluate TNM complete-
ness, as the system is satisfied with any data (eg, entering cT1
will suffice, although cT1 cN0 cM0 would be more complete).
Fourth, changes over time do not generate a new staging
request, eg, a surgery establishing a pathologic stage will not
trigger restaging for a patient with structured clinical staging.
Fifth, we targeted the HOPC division, and thus, outcomes do
not reflect the behavior of other cancer clinicians, such as
Radiation and Surgical Oncology. Sixth, we did not conduct
formal surveys of provider experience; however, our division’s
KLAS survey results show stability in provider satisfaction with
the EHR between 2018 and 2020.

In conclusion, oncologist behavior and workflow were
sustainably influenced with improved structured data
capture rates exceeding 90% for malignant diagnoses and
cancer stage. The intervention was applicable across dif-
ferent locations and practices. Future research will address
limitations such as completeness of cancer staging and
how to address changes in the stage with structured data
and to assess which methods (synchronous, encouraging v
asynchronous, forcing, etc) achieve the best results with
the least system and provider burden. Finally, national
quality metrics to measure cancer centers’ capture of
structured data would likely drive rapid and broad workflow
change.
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