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BACKGROUND AND AIMS: Although chronic HCV
infection increases mortality, thousands of patients remain
diagnosed-but-untreated (DBU). We aimed to (1) develop a
DBU phenotyping algorithm, (2) use it to facilitate case find-
ing and linkage to care, and (3) identify barriers to successful
treatment.

APPROACH AND RESULTS: We developed a pheno-
typing algorithm wusing Java and SQL and applied it to
~2.5 million EPIC electronic medical records (EMRs; data
entered January 2003 to December 2017). Approximately
72,000 EMRs contained an HCV International Classification
of Diseases code and/or diagnostic test. The algorithm clas-
sified 10,614 cases as DBU (HCV-RNA positive and alive).
Its positive and negative predictive values were 88% and 97%,
respectively, as determined by manual review of 500 EMRs
randomly selected from the ~72,000. Navigators reviewed the
charts of 6,187 algorithm-defined DBUs and they attempted
to contact potential treatment candidates by phone. By June
2020, 30% (n = 1,862) had completed an HCV-related ap-
pointment. Outcomes analysis revealed that DBU patients
enrolled in our care coordination program were more likely

219] vs. 54% [n = 256];
P < 0.001) and to have a verified sustained virological re-
sponse (67% vs. 46%; P < 0.001) than other patients. Forty-
eight percent (n = 2,992) of DBU patients could not be
reached by phone, which was a major barrier to engagement.
2.67,
indicating significant fibrosis. Multivariable logistic regression
showed that DBUs who could not be contacted were less
likely to have private insurance than those who could (18%
vs. 50%; P < 0.001).

CONCLUSIONS: The digital DBU case-finding algorithm
efficiently identified potential HCV treatment candidates,
freeing resources for navigation and coordination. The al-

to complete treatment (72% [n =

Nearly half of these patients had Fibrosis-4 scores >

gorithm is portable and accelerated HCV elimination when
incorporated in our comprehensive program. (HepaToLocy
2021;74:2974-2987).

CV infection remains a major public health
threat. Highly effective direct-acting anti-
viral (DAA) treatments have been available

Abbreviations: ALT, alanine aminotransferase; CDC, Centers for Disease Control and Prevention; DAA, direct-acting antiviral drug; DBU,
diagnosed-but-untreated; EMR, electronic medical record; FIB-4, Fibrosis-4 score; ICD, International Classification of Diseases; I'1; information
technology; NPV, negative predictive value; NYC DOHMH, New York City Department of Health and Mental Health; PPV, positive predictive
value; SVR, sustained virological response; WHO, World Health Organization.
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since 2014; however, 1 million to 3 million persons
in the USA remain infected, and ~50,000 new infec-
tions occur every year.) HCV is the leading cause of
HCC-related death in the USA and in many other
parts of the world.>® HCV is reported to cause
~20,000 deaths annually in the USA, but the actual
death rate could be up to 5-fold higher and exceed
80,000 per year.(é) The World Health Organization
(WHO) and other agencies have set goals to reduce
HCV infections and premature deaths(7’8); however,
the USA appears unlikely to meet its WHO 2030
impact targets.

As a first step toward reducing the HCV-related
disease burden, public health agencies have issued a
series of screening guidelines. Early advisories focused
on patients with specific risk factors.”) In 2012, the
Centers for Disease Control and Prevention (CDC)
expanded screening recommendations to include all
baby boomers (i.e., persons born 1945-1965). In early
2020, the CDC and the U.S. Preventive Services Task
Force further expanded guidelines to include nearly
all adults. 101V

To be effective, screening must lead to treat-
ment, but this often fails to occur. According to the
New York City Department of Health and Mental
Hygiene (NYC DOHMH), only 62% of residents
who had a positive test for HCV RNA in 2015
had received HCV treatment by 2019.12 A recent
study conducted in Bronx, New York, found that
80% of HCV-RNA-positive samples were col-
lected from patients whose medical record already
contained a positive HCV-RNA test,13) high-
lighting the large gap between diagnosis and treat-
ment. Similarly, CDC data indicate that 60% of the
2.4 million persons with chronic HCV in the USA

are aware of their positive HCV status, but remain
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untreated.!!) Sizable populations of diagnosed-but-
untreated (DBU) HCV-infected persons have also
been described in Europe, Asia, Central and South
America, and Africa.®”) These findings establish that
millions of DBU Fatients exist and require case find-
ing and outreach. 3-5,1415)

Electronic medical record (EMR) usage has
expanded in recent years,"® providing an opportunity
to systematically identify DBU HCV patients on a
large scale. We previously developed and used phe-
notyping algorithms to subtype NAFLD and iden-
tify patients with HCC."”) Phenotyping algorithms
are widely used in research to identify patients with
specific diseases,""'? and they have the potential to
improve health care delivery. The PheKB Web site
provides an extensive repository of phenotyping algo-
rithms; however, it does not have an algorithm for
HCV, % revealing an unmet need.

To facilitate HCV clinical case finding, we devel-
oped a high-quality phenotyping algorithm to auto-
matically identify DBU HCV-RNA—positive patients
based on EMR data in EPIC, the most widely used
platform in the USA.?" The algorithm included ele-
ments previously used by the NYC DOHMH®? and
additional structured and unstructured data fields.
Medical record numbers of algorithm-defined HCV
treatment candidates were given to patient naviga-
tors who manually reviewed charts and reached out
to treatment candidates, offering care coordination.
We compared outcomes of patients enrolled in our
care coordination program to patients who were not
enrolled and found a positive association with enroll-
ment. Our project demonstrates the usefulness of
computer-assisted HCV case finding. To help others
eliminate HCV, we posted the phenotyping algorithm
on GitHub.
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Materials and Methods

PROJECT DESCRIPTION AND
SETTING

This project was carried out to enhance the HCV
elimination program in the Mount Sinai Health
System. This network provides clinical care at 10
main sites in the greater New York metropolitan area
and serves >7 million children and adults. Our pro-
gram assisted patients receiving liver care at six of
these sites (Fig. 1). A computer algorithm was devel-
oped to identify living, DBU HCV-infected adults.
Four hundred seventy-five patients were enrolled in a
nested observational study that evaluated clinical out-
comes, including rate of HCV treatment initiation.
All study procedures were conducted in compliance
with the Helsinki accord; the project was approved by
the Institutional Review Board of the Icahn School of
Medicine at Mount Sinai (New York, NY). The IRB

waived the requirement of informed consent.
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OUTCOMES OF INTEREST

The four outcomes of interest are the: (1) positive
and negative predictive values (PPV and NPV, respec-
tively) of the phenotyping algorithm; (2) number (per-
cent) of algorithm-defined HCV DBU patients who
started HCV treatment before June 2020; (3) factors
associated with failure to initiate treatment; and (4)
treatment outcomes of patients enrolled in the pro-
gram’s care coordination program.

THE DIGITAL HCV CASE-FINDING
ALGORITHM

The digital phenotyping algorithm uses Java and
structured query language (SQL). It was applied to
data entered or migrated into our main EMR, EPIC,
from January 2003 to December 2017. The algorithm
recognizes all U.S. Food and Drug Administration—
approved HCV-RNA tests recorded in Mount Sinai’s
EPIC and/or Soft Computer Corporation (SCC)
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clinical laboratory records, all drugs used to treat
HCV (Supporting Table S1), and all International
Classification of Diseases (ICD)-9/10 codes for
HCV infection (B17.10, B17.11, B18.2, B19.10,
B19.20, B19.21, K73.2, K74.60, K74.69, R76.8, and
7.86.19). It uses natural language processing, accesses
the Mount Sinai death registry, calculates Fibrosis-4
(FIB-4) scores,*® and infers HCV status using serial
alanine aminotransferase (ALT) measurements.

The algorithm selected adults 218 years old with
an HCV-related entry (HCV-specific ICD-9 or
-10 code and/or a clinical laboratory test for HCV
antibody and/or RNA). It then selected living DBU
HCV-infected patients, defined as either patients
whose most recent HCV-RNA test was positive and
who had no prescription for an HCV medication, and
no record of being deceased, or patients with a posi-
tive HCV-RNA test dated after the last prescription
for an HCV medication. Because DAAs are highly
effective and many patients do not obtain HCV-RNA
testing after the end of treatment,?*?”) the algorithm
classified patients who had a prescription for HCV
treatment as HCV-RNA negative (cured) unless the
EMR had a positive posttreatment RNA test. Of
those classified as HCV-RNA positive, it also identi-
fied DBU patients at high risk for rapid disease pro-
gression, defined as FIB-4 score > 2.67, HIV positive,
and/or diabetic; and it distinguished between patients
whose most recent HCV-RNA test was before and
after January 2014. Patients with ALT > 40 IU were
considered to have transaminitis, in accordance with
the ALT upper limit of normal defined by others.*®
The algorithm also identified subgroups of patients,
such as patients who previously achieved a sustained
virological response (SVR) to HCV treatment and
patients with positive tests for HCV antibodies and
no indication that follow-up HCV-RNA testing was
performed.

Because HCV-RNA tests are performed less
frequently than ALT measurements, we classified
patients as “likely to have an ongoing HCV infection”
based on ALT measurements recorded before and
after the date of the last recorded HCV-RNA test.
Based on our data showing that ALT values decreased
by 250% in >80% of patients who achieved an SVR,
we considered patients to be chronically infected if
their last HCV-RNA test was positive and ALT val-
ues after that test were within 50% of the ALT values
obtained before the positive HCV-RNA test. This
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method was only applied to patients who had ALT
measurements at least 30 days before the RNA test
and at least 30 days after the RNA test. If not, they
were considered still infected by default.

EVALUATION OF THE
CASE-FINDING ALGORITHM’S
PERFORMANCE BY BLINDED
CHART REVIEW

A random number generator was used to select
EMRs of 500 patients from among the ~72,000
EMRs with an HCV-related entry. Four trained
patient navigators each reviewed 250 EMRs (each
record was reviewed twice, with conflicts adjudicated).
HCYV infection and treatment status were determined
by laboratory values and/or physician documentation.
Manual review was considered the gold standard.
Current HCV infection was indicated by one or more
of the following: (1) HCV RNA recorded in the most
recent laboratory data; (2) HCV RNA documented
in a physician note or media section, with no record
of treatment; or (3) HCV infection documented in a
physician note. Conversely, cured infection was indi-
cated by a record of an SVR, defined as a negative
HCV-RNA test after the end of treatment or HCV
cure documented in a physician note. Patients were
classified as either (1) being alive and having evidence
of current HCV infection or (2) not having evidence
of current HCV infection and/or not being alive. The
algorithm’s performance was evaluated by comparing
its classifications to the gold standard, expressed as
percentages. The algorithm’s precision (PPV') equaled
the number of living HCV-RNA—positive patients
identified by manual review divided by the number
the algorithm assigned to this category. The NPV
equaled the true negatives (i.e., the number of living
patients whose last HCV-RINA test was negative, plus
the number of patients with no HCV-RNA test, plus
the number of deceased patients according to manual
review), divided by the number the algorithm classi-
fied as negative (i.e., patients who were deceased and/
or had no record of a positive HCV-RNA test or
evidence that the final test was negative). Specificity
equaled the patients (living or deceased) who were no
longer eligible for treatment who were correctly classi-
fied by the algorithm divided by all patients no longer
eligible for treatment as determined by chart review.

Recall (sensitivity) equaled the HCV-RNA—positive
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patients correctly classified by the algorithm divided
by the HCV-RNA-positive patients identified by
chart review. Accuracy equaled the percentage of cases
the algorithm classified correctly.

PATIENT NAVIGATION AND CARE
COORDINATION

Navigators reviewed the EMRs of 6,187 algorithm-
defined DBUs, starting with patients with HCV-RNA
tests obtained after 2014 and those with risk factors
for liver disease progression (HIV infection and/or
diabetes). They attempted to phone treatment candi-
dates, dialing all phone numbers at least three times
at varying hours of the day on different days of the
week over several weeks, leaving voicemail messages
when possible. Navigators did not send short message
service communications because recipients may be
charged for them. Letters were sent to 619 patients at
their last documented address in the EMR after three
unsuccessful phoning attempts; however, the yield was
too low, and mailing was discontinued. Navigators
offered assistance in scheduling an initial appoint-
ment with an HCV specialist, using procedures previ-
ously shown to be effective, " and offered linkage
to the project’s care coordinators who served six sites
(Fig. 1). Navigators also conducted one round of fol-
low-up outreach to likely treatment candidates who
were lost to care after they initially engaged at Mount
Sinai sites not served by the project’s care coordina-
tors. All patients enrolled in care coordination had
at least one in-person or remote session with a coor-
dinator. Coordinators identified barriers that might
impede initiating or completing treatment through a
structured psychosocial assessment and open conver-
sations. They tailored a care plan and provided services
through SVR at 12 weeks after the end of treatment.
Services included scheduling appointments; provid-
ing pharmacy and insurance coordination; referring
to mental health, substance-use disorder, and social
services; and contacting patients at weekly/biweekly
intervals to check in, provide treatment adherence and
alcohol counseling, as well as tailored health educa-
tion. Coordinators also conferenced weekly with pro-
viders and reported patients’ complaints of side effects
or difficulties obtaining and/or taking medication.
Coordinators continue to contact patients who have
not completed treatment twice-yearly to re-engage
them.
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STATISTICAL ANALYSIS

Weighted one-sample chi-square tests were used
to compare the 6,187 patients whose HCV status has
been determined to the entire population of algorithm-
defined DBU patients. Bivariate and multivariable
logistic regressions were used to identify barriers to
starting HCV treatment. Two-sample # tests were per-
formed to assess differences between patients enrolled
or not enrolled in care coordination for continuous
variables, chi-square for categorical, using IBM SPSS
software (Statistics 25; IBM Corp., Armonk, NY).(2

Results

DESIGN AND EVALUATION
OF THE HCV CASE-FINDING
ALGORITHM

A phenotyping algorithm was developed to iden-
tify DBU HCV-infected patients according to struc-
tured and unstructured data entered into EPIC
EMRs between January 2003 and December 2017. It
also identified patients who had no record of HCV
screening and patients who tested positive for HCV
antibodies but had no record of HCV-RNA testing
(Fig. 2). Of the ~2.5 million EMRs analyzed, the
algorithm classified ~72,000 EMRs as having at least
one HCV-related entry (an ICD-9/10 code for HCV
and/or a clinical laboratory test result for HCV anti-
body or RNA), and of these, it classified 10,614 as
DBU (Fig. 3). Living patients whose last recorded
HCV-RNA test was positive were considered DBU
unless they had a prescription for an HCV medica-
tion and no subsequent positive test for HCV RNA.
Most algorithm-defined DBU patients had no record
of HCV treatment (Fig. 2, orange box, “chronically
Infected”), but some failed treatment or became rein-
tected (Fig. 2, orange box, “positive RNA”).

To evaluate the algorithm’s performance, 500 EMRs
were randomly selected from the group of ~72,000
EMRs with an HCV-related entry. According to
manual review, the 500 EMRs included 85 living
HCV-RNA-positive patients and 425 patients who
were deceased and/or not HCV-RNA positive. The
algorithm identified 84 EMRs as representing living
HCV-RNA—positive patients (DBUs); 74 were con-
firmed by manual review, and 10 were HCV-RNA
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FIG. 2. Logic of the HCV digital case-finding algorithm. Abbreviation: Ab, antibody.

negative at last follow-up according to chart notes
(Fig. 4). All 10 misclassifications resulted from entries
stored in the media section in a format the algorithm
could not interpret. The algorithm’s precision (PPV)
was 88% (74 of 84), and its sensitivity was 87% (74 of
85). The algorithm identified 416 patients as not being
DBU HCV-infected patients. According to the algo-
rithm, these patients were either deceased, their final
HCV-RNA test was negative, they had a prescription
for an HCV medication that was not followed by a
positive HCV-RNA test, or they did not have any
HCV-RNA test result. Manual review confirmed the
algorithm’s classification in 405 of 416 cases. The algo-
rithm misclassified 11 HCV-RNA-positive patients
as RNA negative. The most common causes of mis-
classification were chart notes that used idiosyncratic
language to report HCV-RNA-positive test results
or data from scanned documents stored in the EMR’s

media section. The algorithm’s NPV was 97% (405

of 416); its specificity was 98% (405 of 415); and its
overall accuracy was 96% (percentage of correctly clas-
sified cases; [74 + 405]/500). These results show that
the digital phenotyping algorithm is a highly effective
case-finding tool that can be used to reduce the human
resources needed to find DBU patients based on exist-

ing EMR data.

CHARACTERISTICS OF THE DBU
HCV TREATMENT CANDIDATES

Mean age of the 10,614 algorithm-defined DBU
HCV-infected patients was 60 years (SD, 12.6; Table 1).
Many had advanced liver disease: 50% had a FIB-4
score > 2.67, indicating that at least half of the popula-
tion had significant fibrosis. 33 By June 2020, naviga-
tors had manually reviewed 6,187 charts and attempted
to contact potential treatment candidates by phone.

Weighted chi-square tests showed that these 6,187
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patients are generally similar to the total group in terms
of the percentages of patients in various subgroups with
a FIB-4 score > 2.67 and ALT > 40 IU/mL (Table 1).
Efforts are underway to contact the remaining 4,427
patients (Fig. 3). The algorithm inferred the HCV-
RNA status of these patients, as described in Materials
and Methods. Most (77%) are likely to remain HCV
infected, given that ALT measurements had not
decreased by 250% since the last available test for HCV
RNA. These patients average 63 years old; 47% have a
FIB-4 score > 2.67,and 51% have ALT values > 40 1U/

mL, indicating fibrosis and transaminitis.

THE GREATEST BARRIER: OUR
INABILITY TO CONTACT DBU HCV
PATIENTS BY PHONE OR MAIL

Among the 6,187 algorithm-defined DBU patients,
48% (N = 2,992) could not be reached by phone (Fig.
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3). Compared to the others, the patients who could
not be reached by phone were younger (mean age, 56
vs. 61 years), less likely to have a FIB-4 score > 2.67
(46% vs. 59%), and less likely to have private insur-
ance (18% vs. 50%; P < 0.001 for all comparisons).
As determined by multivariable logistic regression, the
factors associated with our inability to contact patients
include: no record of an appointment with a liver spe-
cialist (OR, 2.5); HIV infection (OR, 2.08); HIV and
diabetes (OR, 1.79); sex recorded as other/unknown
(OR, 1.54); Medicaid as the only type of insurance
(OR, 1.49); homelessness (OR, 1.31); and sex recorded
as male (OR, 1.25; Table 2). Letters were sent to 619
of these patients, but only 1 engaged in care as a result,
indicating that mailing is not effective in this setting.
The great majority (83%) of the patients who could
not be contacted by phone are likely to remain HCV
infected, given that they had no record of HCV treat-
ment and ALT had not decreased by >50%.
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Classified HCV RNA *

Failed previous treatment
Treat, but remain viremic
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Treated, achieved SVR (deceased)

Invalid or incomplete lab results

Based on RNA test only - treated, SVR unknown

Based on RNA test only - treated, SVR unknown (deceased)
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No relevant HCV data in EMR

HCV AB positive

HCV AB negative

HCV AB negative (deceased)

Failed previous treatment (deceased)
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109

20 40 60 80 100 120 140

= Algorithm w Chart Review

FIG. 4. Evaluation of the phenotyping algorithm. Abbreviation: AB, antibody.

ENTRY INTO THE HCV
TREATMENT PIPELINE

By June 2020, 31% of the 6,187 algorithm-defined
DBU patients had kept at least one HCV-specific
appointment (N = 1,862) at our institution or elsewhere
or expressed an interest in HCV treatment (N = 39;
Fig. 3). We analyzed outcomes in 475 patients who
expressed an interest in HCV care and had not started
treatment before December 2017. By April 2020,
325 of these patients had initiated HCV treatment.
Logistic regression analysis revealed that the odds of
starting treatment were inversely related to the number
of reasons for treatment delay (P < 0.001; OR, 0.48
per cause of delay; 95% CI, 0.38, 0.61; Table 3). Thirty

percent of the 325 patients who started treatment had
a positive test for HCV RNA that had been in their
EMR >12 months, highlighting the need for proactive
programs to identify DBU patients with chronic HCV
infection and provide them support services.

Among the 475 patients, 219 enrolled in our care
coordination program. Around 30% requested or
accepted referrals to support services such as primary
care, mental health care, transportation, detoxification/
rehabilitation, and housing management. We com-
pared outcomes between these 219 patients and 256
patients who were not enrolled in our program during
the same period. The two groups were similar in base-
line FIB-4 scores and, among those who started treat-
ment, in the time from initial evaluation to treatment
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TABLE 3. Analysis of 475 Patients Who Were Deemed Eligible for HCV Treatment as of December 2017

Enrolled in Our Care

Not Enrolled in Our Care
Coordination Program

Coordination Program (n = 219) (n=256) PValue*
FIB-4 af baseline, median (IQR) 2.5(1.5,4.7) 2.1(1.3,3.6) 0.76
Time from HCV evaluation fo treatment initiation, median (IQR) days 52 (30.8, 100) 71 (40.5,147.8) 0.58
No. (%) initiating freatment 177 (871) 148 (58) <0.001
No. (%) completing freatment 157 (72) 137 (54) <0.001
No. (%) achieving SVR4 or lafer 146 (66) 118 (46) <0.001

“Two-sample 7 test for continuous variables and chi-square for categorical variables.

Bolded values represent statistically significant differences.

Abbreviations: IQR, interquartile range; SVR4, SVR at 4 weeks after the end of treatment.

start. However, a higher percentage of enrolled
patients started treatment (81% vs. 58%; P < 0.001),
completed treatment (72% vs. 54%; P < 0.001), and
achieved an SVR, defined as a negative HCV-RNA
test >4 weeks after the end of treatment (67% vs. 46%;
P < 0.001; Table 3). The reasons for not starting and
not completing treatment are presented in Supporting

Tables S2 and S3, respectively.

Discussion

We built an algorithm that uses two standard pro-
gramming languages, Java and SQL, to identify HCV
treatment candidates. It is a useful tool for finding
DBU patients with chronic HCV infection and can
be widely applied to EPIC EMRs. Based on measured
sensitivity, the algorithm identified ~87% of all living
adults whose EMRs contained a most recent HCV-
RNA test that was positive. The algorithm reduced
the number of charts requiring manual chart review
from ~2.5 million to 10,614, a 235-fold enrichment,
freeing resources for outreach and care coordination.
Additional features include its ability to risk-stratify
patients based on factors such as persistent ALT ele-
vations, the FIB-4 score, and medical history, includ-
ing diabetes and HIV infection. The demographics
of DBU patients (mean age, 60 years; 60% male) are
consistent with USA national data showing that per-
sons born between 1945 and 1969 account for 72%
of chronic HCV infections, and that chronic infection
is higher in men.®%%") It is concerning that 50% of
DBU patients had a FIB-4 score > 2.67, indicating
that many had advanced fibrosis/cirrhosis and are in
urgent need of HCV treatment and evaluation for liver

cancer surveillance.®3%*) Our study revealed the need
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for additional innovative strategies for engaging DBU
patients in HCV care. Only ~30% received treatment
according to our data. The greatest barrier to linking
DBU patients to care was our inability to reach them
by phone. The NYC DOHMH reported similar find-
ings. Their navigators were only able to reach 42% of
the 1,096 patients with viral hepatitis they attempted
to contact in 2019.%? We are currently developing
information technology (IT)-based approaches to
contact persons by direct, secure electronic messages
in EPIC (MyChart) and deliver messages to providers
with whom these patients are actively engaged.

Fragmentation of the USA health care system is an
additional barrier to HCV elimination. I'T can reduce
this barrier by using surrogate data (i.e., persistence
of ALT elevations in patients with previous positive
tests for HCV RNA) to bridge gaps in EMRs that
may arise because patients obtain care in multiple
networks. We created a subprogram that analyzes
ALT measurements, which are obtained far more fre-
quently, to manage the frequent absence of the recent
HCV-RNA data. Our DBU case-finding algorithm
can be adapted for use on other EMRs, providing a
tool that can bring a degree of uniformity to HCV
case finding.

Our study underscores the importance of active
case management. Thirty percent of 325 patients who
started treatment in our nested study had a positive
HCV-RNA test result that had been in their medical
record for >12 months. Many DBU patients had com-
peting medical, financial, psychosocial, and life priori-
ties (such as caregiver obligations) that we attempted
to address by providing comprehensive services, includ-
ing referrals to social services and help coordinating
transportation and insurance. Our findings empha-
size the value of navigation and care coordination for
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FIG. 5. Comprehensive HCV elimination across a health care system. Abbreviations: ED, emergency department; OB/GYN, obstetrics

and gynecology.

HCV treatment, as we*238) and others®*? have
demonstrated, and has been demonstrated in other set-
tings.(43’44) After starting treatment, patients face chal-
lenges to completing it that need to be addressed.?**)

A multifaceted approach is needed to eliminate HCV
within a network like ours (Fig. 5). Complementary
initiatives are needed to: (1) contact and engage DBU
patients who are identified based on historical data in
the EMR; (2) provide a user-friendly digital portal for
receiving referrals; and (3) identify previously undiag-
nosed patients through screening. The CDC’s recom-
mendation to screen nearly all adults was released just
as the COVID-19 pandemic was devastating commu-
nities around the globe, which likely reduced awareness
of the guidelines. We examined screening data collected
during the final quarter of 2020 at primary care clin-
ics at Mount Sinai Hospital. Only 13% of previously
unscreened adults who attended at least one appoint-
ment received HCV screening (unpublished data). The
NYC DOHMH estimates that 40% of HCV cases
remain undiagnosed in New York City,"? consistent
with CDC data indicating that 39% of infections have
not been diagnosed.(l) Automated best practice alerts,
smart order sets, and health maintenance messages can
promote HCV screening.“™*? We are currently build-
ing HCV-related directives into our EMR.

STRENGTHS AND LIMITATIONS

A main strength of our study is the portability of
the algorithm. The Mount Sinai EPIC EMR includes
data from multiple campuses and serves a wide variety
of providers who use the EMR in different ways. Data
were sourced from SCC software embedded within the
EMR, which further diversified the data formats the
algorithm is designed to accommodate. As a result, the
phenotyping algorithm can be readily adapted for other
EPIC EMRs and, potentially, even non-EPIC EMRs.
Moreover, the algorithm can be modified to parse in-
coming data; we are currently using it to identify newly
diagnosed patients. In addition, the algorithm can be
used to identify patients stalled at various points in
the HCV care pipeline, including patients who have
not received HCV screening and patients with positive
HCV antibody tests and no confirmatory HCV-RNA
testing. We deposited our algorithm on GitHub,®? so
that it can be accessed by other health care groups.

Regarding weaknesses, applying the algorithm is low
cost and scalable, but it does require the involvement
of informatics experts. That said, nearly all USA-based
health care practices now use EMRs and have IT per-
sonnel, making application feasible, and benefiting
health systems that are accountable care organizations
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with full responsibility for the care of their patients.
Incomplete medical records were a limitation of this
real-world study, as was the inability of navigators to
contact many of the treatment candidates by phone.
Automated methods to update phone numbers (e.g.,
when patients make new appointments) may be helpful.

In conclusion, the digital case-finding algorithm
is an efficient tool for identifying patients who are
HCV-RNA positive and likely treatment candidates
and for stratifying based on risk factors for more
successful linkage. Once the algorithm is written
for a specific EMR, its use is essentially free of cost.
Prototypical HCV microelimination projects such as
this one are especially important in the USA given the
lack of a robust, federally funded plan for the coun-
try.®3") The approach used here to support an HCV
elimination program can be applied to other diseases,
such as HBV and metabolic fatty liver disease.
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