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Purpose: Rapid advancements in information technology have greatly influenced clinicians’
engagement with patient data for health maintenance. The electronic health record often contains
multiple ways to record risk factors and to identify patients at an elevated genetic risk for cancer.
However, these variables exist in multiple forms and disparate locations in each commercial
electronic health record solution resulting in significant variations in how family history or
genetic data is codified. Furthermore, there is pressure to migrate from one commercial solution
to another at times, prompting the need for a process ensuring data integrity during such a
transition.
Methods: Between July and December 2023, the genetics team migrated a family history
database from one commercial software solution to another. After the data migration of 13,000
patient records, we reviewed 500 randomly selected charts in both support tools to measure the
rate of concordance of information transferred.
Results: A total of 461 patient charts were reviewed. Of these, 425 (92.2%) were noted to be
concordant. Of the 36 charts that were discordant, 9 had incorrect genetic testing results entered,
19 had missing information, 5 charts contained data recorded on paper before 2017 (legacy
data), and 3 had additional information transferred.
Conclusion: There was high data integrity after migration from one commercial software so-
lution to another. Although these results can ease clinicians’ concerns after such support tool
transitions, our effort also highlights areas for improvement in how family and patient genetic
data are recorded and utilized for clinical care and research within an institution.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American College of Medical
Genetics and Genomics. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Over the past decade, rapid advancements in health infor-
mation technology have influenced how clinicians collect,
synthesize, and engage with patient health data.' In the
context of clinical genetics, there exists a wide array of data
in patients’ electronic health record (EHR) that can be used
to identify patients who are at elevated risk for an inherited
cancer syndrome, and who may benefit from increased
clinical surveillance.” These data may exist in several forms,
from free-text information that must be abstracted from the
EHR to formal pedigrees drawn manually or with the help
of commercial software that are not integrated into the
EHR.’ Numerous commercial software solutions are avail-
able on the market and similar terminology and conventions
are used to record family history. However, there does not
exist a universal convention for codifying or combining
software-generated, free-text, and patient-reported data in
the EHR, leading to wide variations in how these data are
available to clinicians.™* Furthermore, there is often a desire
or need to migrate from one software solution to another
within an institution because different platforms promise
improvements in clinical workflow, patient communication,
documentation, and tracking.3’5’(’ As a result, ensuring the
accuracy of clinical data during these migrations is critical to
maintaining the accuracy of subsequent clinical decisions
that rely on these data.

The focus of our quality improvement project was to
evaluate data integrity in the process of migrating clinical
genetics and pedigree information from one commercial
software and clinical decision-making tool to another. The
results of this project have implications for care delivery and
research not only for our institution but for other institutions
considering or planning a similar transition.

Materials and Methods
Institutional setting and data transfer

In 2023, our clinical genetics service migrated their family
history survey from commercial pedigree software called
Progeny to another commercial pedigree and decision-
making tool, CancerlQ. The genetics and genetic coun-
seling team requested a master file from the software Prog-
eny of all patients seen since the first data entry in 2017. A
master file was downloaded as a comma-separated variables
(CSV) file. In addition, Progeny provided us with a raw data
dump of all existing pedigree/information as CSV file(s).
Master CSV file was shared with CancerIQ via a permission-
based/limited SharePoint external link and data integrity was
reviewed during monthly meetings with Prevention, Ge-
netics, and High-Risk team and CancerlQ. Our genetic clinic
operates by sending 3 reminders to patients referred for
consultation so that they can schedule their appointments.
When scheduled, they receive a previsit packet that includes

a medical history questionnaire and a link to the software so
they can enter family history before the visit. Family history
is then reviewed during the visit and utilized to guide
counseling and testing decisions, and testing can be orga-
nized at the same appointment. The results of testing are
uploaded in the chart and reviewed with patients. Family
history and genetic results are used subsequently for cancer
screening and surveillance decision-making.

Data clean up and upload

After receiving the master CSV file, CancerlQ implemented
automated data cleaning scripts interspersed with automated
and manual check points for data accuracy. The main chal-
lenge encountered during this process was the presence of
additional commas embedded in the free text entered at
follow-up visits. CancerlQ’s solution was to implement a
series of anchor columns to help orient the cleaning script
and guide where the data should reside. Additional chal-
lenges included double-quote/single-quote mismatches, as
well as incompatible data typing challenges. These were
resolved in an automated fashion for most data rows and
manual review was required for a few thousand data rows
before the data file was ready to be converted into CancerlQ
format. The finalized data sheet was then uploaded via a
script into the CancerlQ database where it would be view-
able by the genetics team on the front-end interface. For the
fields that existed in Progeny that did not have a corre-
sponding CancerlQ field, the decision was made to concat-
enate these variables to the note section in CancerlQ for that
patient or family member. The genetics team also made the
decision to remove third-degree relatives from data transfer
because it would take the CancerIlQ team another 3 to 6
months and data available for these relatives were sparse.

Chart review and data analysis

The study team reviewed the electronic health records of
500 randomly selected patients in both Progeny and Can-
cerlQ. Random selection was performed by generating a list
of almost 15,000 numbers and selecting 500 numbers that
matched the record ID in the Masterfile CSV. These charts
were reviewed to determine (1) the year of the patient’s
referral or appointment, (2) the clinical indication for
referral, (3) whether genetic testing had been ordered as a
result of the referral, (4) the result of the genetic testing if
ordered, including the gene(s) implicated, (5) the underlying
personal or family history, and (6) whether the patient met
criteria for genetic testing as defined by the National
Comprehensive Cancer Network (NCCN) guidelines. Data
abstracted from the above categories were compared be-
tween Progeny and CancerlQ. Charts were labeled as
concordant if there was agreement in the following cate-
gories: (1) whether genetic testing was ordered, (2) the re-
sults of the testing including correct identification of the
gene(s) involved, and (3) if there was sufficient
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documentation to demonstrate that the patient met criteria Table 1  Patient demographic data
for testing including review of pedigrees. Percent
Year of Appointment and Referral Indication Number (%)
Year of Appointment
Results 2016 2 0.5
2017 19 4.1
Of the 500 patient charts initially reviewed, 461 charts were 2018 14 3.0
determined to include enough patient information to include ;8;(9) 28 122
in the final analysis. Of the excluded charts, a manual review ’
. R . . 2021 84 18.2
of the patients’ EHR revealed that 29 of these patients did 2022 71 15.4
not come tq their scheduled 'appointn'lent, and the remaining 2023 30 6:5
10 charts did not have any information. A consort diagram Year of visit not populated 132 28.7
outlying the classification of data charts is shown in Reason for referral
Figure 1. Of the 461 charts, 425 (92.2%) were determined to Personal history 198 43.0
be concordant between the 2 software solutions, whereas 36 If personal history, type of cancer
(7.8%) were determined to be discordant. Of the discordant Breast and ovarian 194 42.1
charts, the most common error was an incorrect transfer of a Colon 55 11.9
test result, followed by an incomplete transfer of pedigree or Prostate 31 6.7
family history data. Other cancer 65 14.1
. .. . . Not documented 116 25.2
Appointment and demographic information are displayed g
. . Family history 89 19.3
in Table 1. Most patients were referred for a personal and/or X .
N Test result interpretation 9 2.0
family history of breast cancer (194 cases, 42.1% of all cases), Other reason 165 35.7

3

We excluded 39 charts
Patient did not attend appointment: 29 charts
No data in Progeny®: 10 charts

d.

36 charts were
concordant discordant
(92.2%) (7.8%)

425 charts were|

Incorrect test results 9 (25.0%)

Missing test results 6 (16.7%)

Missing information 18 (50.0%)

Additional information upon transfer 3 (8.3%)
Figure 1 Consort diagram outlining the classification of pa-
tient charts included in this study. A total of 500 initial charts
were randomly selected, of which 39 were excluded that did not
contain any data in the initial Progeny chart. Of these 39 charts, an
independent review of the electronic health record confirmed that
29 patients did not attend their appointments. From the 461
remaining charts, 425 were noted to be Concordant, whereas 36
were noted to be Discordant. The source of the error(s) leading to
discordance is enumerated, with the incorrect test result being the
most common reason. Legacy chart refers to remote records in our
system that may not have been fully transferred from paper charts
to Progeny in 2016/2017 and are therefore missing pedigree in-
formation. “Additional information upon transfer” refers to new
diagnoses or tests recorded in CancerIQ that were not present in the
original Progeny file. We were not able to identify the source of the
additional information.

followed by colon cancer (55 cases, 11.9% of all cases). When
recorded, the most common reason for referral was a personal
history of cancer, representing 43.0% of cases.

Several representative pedigrees encountered during our
analysis are included below. Figure 2 depicts a pedigree that
was almost identically reproduced upon the transition from
Progeny to CancerIQ. In this pedigree, the proband depicted
was referred for a personal history of colorectal cancer with
intact mismatch repair proteins. Family history was signifi-
cant for 2 pancreatic cancers and colon and breast cancer on
the paternal side. Probands met the criteria for genetic testing
on the basis of having had rectal cancer before age 50, and
the family met Amsterdam II criteria on maternal side.’

From our discordant chart review, we have several ex-
amples of incorrect transfer of family or genetic information,
including incorrect transfer of parental relationships
(Figure 3A and B) and 1 where the personal history of colon
cancer and history of maternal aunt with ovarian cancer
were not transferred altogether on the pedigree in CancerlQ.

Lastly, in Figure 4, we identified 1 patient who would
have missed being offered genetic testing if viewing the
family tree from CancerlQ compared with Progeny. The
patient met NCCN guidelines on multiple third-degree rel-
atives with breast cancer. Mother of consultand had
estrogen-positive breast cancer at 61 and then peritoneal
cancer, possibly a mesothelioma.

Discussion

Here, we report on the integrity and quality of a patient-level
data transfer involving family history and genetic test
results from one commercial software solution to another.
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Figure 2 Pedigree was reproduced almost identically between left panel with CancerIQ and right panel with Progeny.

Transitioning commercial software solutions requires multi-
layered organizational change within a health care institution.
However, few research groups have evaluated the process of
health care data migration and its downstream effects on data
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integrity.” To our knowledge, the only comparable study
involved transition of immunization records at the Children’s
Hospital of Philadelphia in which the authors manually
reviewed 50 patient charts to evaluate the accuracy of their
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D] Postive genetic testing
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Figure 3  Pedigrees reproduced with incorrect parental relationships in CancerIQ compared to the one recorded in Progeny. A.
Example of a discordant chart showing incorrect parental relationship in the panel on the left from CancerlQ compared with the panel on the
right from Progeny. Other errors include the inclusion of chronic lymphocytic leukemia in the proband’s maternal grandmother in CancerlQ.
B. Example of a discordant chart showing incorrect parental relationship in the panel on the left from CancerlQ compared with the panel on
the right from Progeny.
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Figure 3

data migration.” Our quality improvement study shows that
there is excellent data agreement (greater than 92%) after data
download and migration compared with the 15% error rate
found at a large oncology program.'” These data comprised
several modalities, including text and images often portraying
complex pedigrees. Successful transfer relied on buy in and
efficient team communication between our genetics team and
the vendor teams.

Of the recorded errors on data migration, the most
common were missing genetic testing results. One potential
source of this error is the fragmentation of data within the
software. A patient’s test result may be recorded in the
Notes or Other section of their chart in Progeny, which may
not be accurately transferred over to the comments section
in CancerlQ. This highlights the importance of establishing
conventions for recording patient information and aligning
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Continued.

data fields as closely as possible. It is well established that
fragmentation of patient data within the EHR has been
associated with medical errors across health care settings."’
Furthermore, even when the data are appropriately entered,
idiosyncrasies may exist between 2 software products to the
point at which the precise syntax of the entry becomes
important. With regard to our experience during this data
transfer, one major challenge was free-text fields that
included commas within the text. When combined with null
values for other fields and the said comma-separated lim-
iters, there were issues at coding the correct values to the
correct downstream fields. As an example, a free-text field
that says “The patient got tested for BRCAI, BRCA2, ATM,
and CHEK?2” would get naively parsed into 4 columns
because of the commas, although it should be only 1 field.
To remedy this issue, CancerlQ implemented anchor

o
[ ]

dh oo d I =l

Figure 4 Pedigrees with missing third-degree relative data in right panel from Progeny compared with left panel from CancerIQ.
This is an example in which third-degree relative data included on the right would have helped proband meet national guidelines for genetic
testing for breast cancer. The pedigree on the left only captured 2 such relatives.
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columns to help orient the cleaning script to which columns
certain variables should reside. Even with automated data
cleanup, the CancerlQ team was presented with several
thousand rows of data that were tagged by the script for
manual review, before transfer to the final data sheet.

A second common source of data discordance was the
incorrect transfer of pedigree information. To our knowledge,
no other studies have evaluated the data integrity of pedigree
information after such alarge data transition. A potential source
of this error was a decision made by the genetics clinical team to
only transfer first and second-degree relatives of a proband
when many charts in Progeny contained limited information on
third-degree relatives. This was to facilitate the efficient and
timely transfer of data (6 months versus 9-12 months) with our
study teams’ assumptions that third-degree relative informa-
tion would not be necessary in determining a patient’s eligi-
bility for genetic testing in most cases. However, we recorded
one patient chart in which the patient would only meet NCCN
criteria for genetic screening for breast and ovarian cancer
syndromes if their pedigree included numerous third-degree
relatives with a history of breast cancer on the same side of
the family. This 1 patient would have been deemed ineligible
for genetic testing when, in fact, they were eligible.

Limitations of this study include a short-term assessment
of data integrity after transfer without measuring the
completeness of data entry within each software. This
would have allowed our team to assess whether further
in-service training on data entry would be necessary for the
new software. Another limitation is having missing data for
2016 and before, given that the study team did not use
Progeny until 2017. Most of the pedigrees were obtained
manually then and scanned into the Media tab of the EHR
without being transferred into Progeny as nondiscrete
historical data.

Conclusion

In this quality improvement study, we found that there was
excellent data integrity upon transitioning from one com-
mercial pedigree and clinical genetics decision tool to
another. This suggests that such data transitions are feasible
for institutions looking to switch electronic health software
vendors. Future directions of this work are to evaluate the
downstream effects of this transition on the workflow of the
genetic counseling staff, impact on workload, and avail-
ability of discrete genetic results for research studies and
clinical trials within our health care institution. We are also
planning to participate in efforts to analyze data from mul-
tiple institutions using this new software and measure
adherence to cancer screening and surveillance.

Data Availability

Please email the corresponding author regarding all data
requests.
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