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Background. The US National Viral Hepatitis Action Plan depends on additional providers to expand hepatitis C virus (HCV)
treatment capacity in order to achieve elimination goals. Clinical pharmacists manage treatment and medication within interdis-
ciplinary teams. The study’s objective was to determine sustained virologic response (SVR) rates for clinical pharmacist-delivered
HCYV therapy in an open medical system.

Methods. Investigators conducted a multicenter retrospective cohort study of patients initiating direct-acting antivirals from
January 1, 2014, through March 12, 2018. Data included demographics, comorbidities, treatment, and clinical outcomes. The pri-
mary outcome of SVR was determined for patients initiating (intent-to-treat) and those who completed (per-protocol) treatment.
Chi-square tests were conducted to identify associations between SVR and adverse reactions, drug-drug interactions, and adherence.

Results. A total of 1253 patients initiated treatment; 95 were lost to follow-up, and 24 discontinued therapy. SVR rates were
95.1% (1079/1134) per protocol and 86.1% (1079/1253) intent to treat. The mean age (SD) was 57.4 (10.1) years, the mean body mass
index (SD) was 28.7 (6.2) kg/m?, 63.9% were male, 53.7% were black, 40.3% were cirrhotic, 88.4% were genotype 1, and 81.6% were
treatment-naive. Patients missing 21 dose had an SVR of 74.9%; full adherence yielded 90% (P < .0001).

Conclusions. HCV treatment by clinical pharmacists in an open medical system resulted in high SVR rates comparable to real-
world studies with specialists and nonspecialists. These findings demonstrate the success of a clinical pharmacist-delivered method

for HCV treatment expansion and elimination.
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The number of acute hepatitis C virus (HCV) cases in the
United States has risen steadily since 2010, and it increased from
2015 to 2016 by 21.8%, from 2436 to 2967 patients infected [1].
Approximately 3.5 million people in the United States are living
with chronic HCV. HCV mortality surpassed that of HIV in
2006 and has surpassed >60 other nationally notifiable infec-
tious diseases combined since 2013 [2]. Rising mortality rates
are of increasing concern, as only 50% of infected patients are
diagnosed and aware of their HCV infection and only 17% have
been prescribed HCV treatment [3]. Highly effective direct-
acting antiviral (DAA) agents are available, yet accompanied by
challenges of drug-drug interactions (DDIs) and medication
access [1, 4, 5].
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In 2017, the United States National Academy of Sciences
released a domestic hepatitis elimination strategy that incor-
porated pharmacies as additional venues to expand access to
prevention, care, and cure [6]. Additional HCV providers are
needed not only to diagnose HCV infection, but also to close the
gap between HCV diagnosis and treatment. Successful models
that expand the HCV treatment workforce to include midlevel
providers and nonspecialist primary care providers have been
published [7, 8]. The multifaceted roles of the clinical pharma-
cist in HCV management have previously been outlined as well
[9-12]. Clinical pharmacists as HCV treatment providers have
been demonstrated to achieve high SVR rates within self-con-
tained systems such as the US Veterans Affairs Health System
and the Indian Health Services. The Veterans Affairs Health
System is the largest treater of HCV in the nation and is on
track for HCV elimination. These self-contained settings may
not be reflective of the majority of open practices in the United
States, which encounter other barriers to care including but not
limited to insurance restrictions, out-of-pocket costs, and med-
ication procurement through a specialty pharmacy [9, 13-16].
The effectiveness of a clinical pharmacist-driven HCV delivery
model in an open system has not yet been reported.

Several US practice sites have clinical pharmacist-driven
treatment models, in which the clinical pharmacist selects the
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appropriate HCV medication and duration for patients as part
of an interdisciplinary team and under a collaborative prac-
tice agreement with a physician. This multicentered cohort
study evaluates sustained virologic response (SVR) rates from
4 clinical pharmacist-driven HCV treatment models within
hepatology, infectious diseases, and primary care clinics to as-
sess this approach for HCV care delivery.

METHODS

Investigators conducted a multicenter observational retrospec-
tive cohort study using electronic medical record data from
patients who initiated HCV treatment at 4 US institutions
with a clinical pharmacist-driven treatment model within an
interdisciplinary health care team. The study was reviewed
and approved by the institutional review board at each of the
participating institutions, and waivers of informed consent
were granted.

Study Setting and Participants
The 4 participating institutions included Creighton University
(CU), Temple University Health System (TUHS), University of
Illinois Hospital and Health Sciences System (UI Health), and
Vanderbilt University Medical Center (VUMC). Institutions
utilized an HCV treatment model in which a board-certified
clinical pharmacist within an interdisciplinary team selected
the appropriate DAA regimen and duration for patients ac-
cording to existing standards of care and national guidance at
the time of treatment. Clinics included hepatology, infectious
diseases, and primary care. Although the specific workflow
varied by site, all pathways were comprised of a generalized
6-step process in which the clinical pharmacist performed: (1)
evaluation of treatment candidacy, (2) selection of treatment
regimen, (3) facilitation of medication access, (4) provision of
patient education at treatment initiation and throughout fol-
low-up, (5) adherence counseling and assessment, and (6) as-
sessment of laboratory values to ensure safety and efficacy.
Adult patients were identified through the pharmacists
local electronic medical record HCV treatment lists, and data
were included if a dual or triple all-oral DAA HCV treatment
regimen was initiated between January 1, 2014, and March
12, 2018, under the care of the clinical pharmacist at each
investigator’s respective site. Patients were excluded if they
had not yet reached 12 weeks after treatment completion by
September 7, 2018, or if treatment was not provided by the clin-
ical pharmacist-driven pathway described.

Data Collection

Study data were collected from electronic medical records and
managed using REDCap electronic data capture tools hosted
at the University of Illinois at Chicago [17]. Baseline data were
collected from the 12 months before treatment initiation as
available. Treatment data were collected from the initial HCV

evaluation through SVR assessment, treatment discontinua-
tion, or determination of loss to follow-up as of September 7,
2018.

Patient Characteristics

Baseline data collection included gender, age, ethnicity, body
mass index (BMI), insurance type, HCV genotype, HCV RNA
levels, HCV treatment history, fibrosis stage and method of de-
termination, Child-Turcotte-Pugh (CTP) class in patients with
cirrhosis, hepatitis B virus (HBV) and/or HIV coinfection, solid
organ transplant history, dialysis status, comorbid diabetes or
psychiatric illness, baseline alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) levels, serum creatinine,
platelets, total bilirubin, albumin, and DDI with planned DAA
regimen. Patient-reported history of and/or current alcohol use,
illicit substance use, and intravenous drug use (IVDU) were de-
termined from chart documentation. HCV treatment-related
data collected included DAA regimen, intended length of
therapy, and reason for treatment discontinuation if applicable.
HCV RNA results were collected through 12 or more weeks
after treatment completion. Investigators reviewed adverse
drug reactions (ADRs) and DAA adherence as documented by
any member of the health care team after treatment initiation.

Outcomes

The primary outcome was SVR, defined as an undetectable
HCV RNA polymerase chain reaction test result at a minimum
of 12 or more weeks after HCV treatment completion. SVR
rates were defined for the overall sample and stratified by pa-
tient characteristics, including race, age, gender, genotype, fi-
brosis stage, treatment history, and comorbidities. Secondary
outcomes included effect of baseline DDIs, on-treatment ADRSs,
and medication adherence on SVR.

Statistical Analysis
The primary analysis utilized an intent-to-treat (ITT) analytic
approach in which patients who were lost to follow-up (LTFU)
or discontinued therapy were included as treatment failures.
Therefore, no patients in the study sample were excluded from
the primary analysis. In a secondary analysis, a per-protocol
(PP) analytic approach was performed, in which patients who
discontinued therapy or were LTFU were excluded. Patients
were considered LTFU if they did not have SVR data avail-
able at a minimum of 12 or more weeks after the completion of
therapy for any reason, including death, at the end of the study
period. Patients were considered to have discontinued treat-
ment if they did not complete their initially prescribed length of
treatment for any reason, including provider instruction, self-
discontinuation, or death.

Data were analyzed using SAS 9.4 software (SAS Institute,
Cary, NC, USA). Descriptive statistics were provided to de-
fine the overall study population. Categorical variables were
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conveyed as frequencies and proportions, whereas continuous
variables, including baseline age, BMI, ALT level, and AST level,
were represented as the mean and standard deviation.

SVR rates and corresponding 95% confidence intervals (using
the Clopper-Pearson method) were determined across the en-
tire multicenter sample, as well as separately by baseline demo-
graphic and clinical factors. To identify significant associations
between SVR rates and DDIs, ADRs, or adherence, X tests were
used, with P values <.05 regarded as statistically significant.

RESULTS

Baseline Characteristics of the Study Patients

In total, 1253 patients from 4 institutions received dual or
triple DAA treatment under a clinical pharmacist-driven in-
terdisciplinary HCV treatment model (Figure 1). The few pa-
tients at the 4 institutions who did not receive treatment via
the pharmacist-driven model had extenuating circumstances
(ie, provider unavailability, or a patient presented with HCV
medication from an outside facility). Exact numbers were not
available due to the rarity of this occurrence, and these patients
were not included in pharmacists’ HCV treatment lists. Ninety-
five (7.6%) patients were LTFU, of whom 22 (23.2%) were lost
during HCV treatment and 73 (76.9%) were lost after treatment
completion. An additional 24 patients discontinued therapy.
For the overall population, baseline demographic and treatment
data are summarized in Table 1. The majority of the patients

were born between 1945 and 1965 (74.1%), male (63.9%), black
(53.7%), treatment-naive (81.6%), and genotype 1 (88.4%).
The overall baseline cirrhosis rate was 40.3%; 82.8% of cir-
rhotic patients were CTP class A, 13.7% CTP class B, and 3.6%
CTP class C. Other common comorbidities included psychi-
atric illness (33.5%), diabetes mellitus (type 1 or 2, 24.2%), and
HIV coinfection (18%). Over half of the study cohort received
ledipasvir/sofosbuvir + ribavirin (60.4%), and 83.8% of the
population received 12 weeks of therapy. Baseline DDIs were
identified in 47.6% of patients. Rates of alcohol use, other illicit
substance use, or IVDU within 6 to 12 months before the ini-
tiation of treatment were 31.1%, 15.9%, and 5.6%, respectively.

Sustained Virologic Response

The overall ITT SVR rate was 86.1% (1079/1253; 95% confi-
dence interval [CI], 84.1%-88.0%), and the PP SVR rate was
95.1% (1079/1134; 95% CI, 93.7%-96.3%). Among the 174
patients who did not achieve SVR, 95 (54.6%) were LTFU, 24
(13.8%) discontinued therapy before treatment completion, and
55 (31.6%) had a detectable HCV RNA level at least 12 weeks
after treatment completion. The ITT and PP SVR rates did not
differ among the 4 treatment sites (P > .05).

ITT SVR rates for specific subgroups are summarized in
Figure 2 and did not differ significantly by treatment his-
tory, regimen, or comorbidities. SVR rates were higher for
noncirrhotic patients than cirrhotic patients (88.8%; 95%
CI, 86.3%-90.9%; vs 82.2%; 95% CI, 78.6%-85.4%). CTP

Started HCV treatment
(n = 1358)

Not yet reached 12 weeks after

Excluded due to treatment

treatment completion AEEEEEE—— with single-DAA regimen
(n=23) (n=182)
Intent-to-treat population
Included in primary
analysis
(n = 1253) Lost to follow-up before
treatment completion
Discontinued treatment (n = 24) (no confirmation of treatment
discontinuation)
i =22
. Due lo. provider R — Completed treatment o )
instruction (n = 6) (n = 1207)
Self-discontinuation Lost to follow-up a.ftcr
(0= 15) © treatment completion
(n=73)
Died during treatment || Per-protocol population _
n=3) SVR data available Duc o death (0 =7) |
n=1134)
Reason other than
/\ death (n = 66)

SVR achieved
(m=1079)

SVR not achieved
(n=55)

Figure 1. Patient attrition. Abbreviations: DAA, direct-acting antiviral; HCV, hepatitis C virus; SVR, sustained virologic response.
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Table 1. Baseline Characteristics of the Study Population

Table 1. Continued

Characteristic n=1253 Characteristic n = 1253
Mean age (SD), y 574 (10.1) SOF/VEL 114.(9.1)
Mean BMI (SD), kg/m? 28.7 (6.2) SOF/VEL + RBV 17 (1.4)
Mean ALT (SD), U/L 65.6 (62) SOF/VEL/NVOX 13 (1)
Mean AST (SD), U/L 63.2 (48.9) G/P 79 (6.3)
Male, No. (%) 801 (63.9) Length of therapy, No. (%)

Ethnicity, No. (%) 8 wk 113 (9)
African American/black 673 (63.7) 12 wk 1050 (83.8)
Caucasian 387 (30.9) 16 wk 6 (0.5)
Hispanic 157 (12.5) 24 wk 84 (6.7)
Other 36 (2.9) History of alcohol use in last 6-12 mo, No. (%)°

Insurance, No. (%) No 846 (675)
Medicaid/Medicaid Managed Care 455 (36.3) Yes 390 (31.1)
Medicare Part D Plan 374 (29.8) History of IVDU in last 6-12 mo, No. (%)°
Private (commerecial) insurance 330 (26.3) No 1120 (89.4)
No insurance 57 (4.5) Yes 70 (5.6)
Other/unknown 37 (3) History of IVDU ever, No. (%)°

Born between 1945-1965 (baby boomer), No. (%) 928 (74.1) No 541 (43.2)

HIV coinfection, No. (%) 225 (18) Yes 539 (43)

HBV coinfection, No. (%) 16 (1.3) History of other illicit substance use in last 6-12 mo, No. (%)°

Diabetes mellitus, No. (%) 303 (24.2) No 1022 (81.6)

History of solid organ transplantation, No. (%) 90 (7.2) Yes 199 (15.9)

Documentation of psychiatric illness, No. (%) 420 (33.5) History of other illicit substance use ever, No. (%)°

Hepatocellular carcinoma, No. (%) 49 (3.9) No 429 (34.2)

Treatment-naive, No. (%) 1022 (81.6) Yes 648 (51.7)

Drug-drug interactions present at baseline, No. (%) 596 (47.6) Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI,

On dialysis, No. (%) 38 (3) body mass index; CTP Child-Turcotte-Pugh; DCV, daclatasvir; DDI, drug-drug interac-

5 tion; EBR, elbasvir; G/P. glecaprevir/pibrentasvir; GZR, grazoprevir; HBV, hepatitis B virus;
(SN, NE- ) HCC, hepatocellular carcinoma; HCV, hepatitis C virus; IVDU, intravenous drug use; LDV,
1 1108 (88.4) ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; RBV, ribavirin; SMV, simeprevir;
1A 779 (70.3)% SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatasvir; VOX, voxilaprevir.
1B 299 (27) Percentages based on number of genotype 1 patients.
b :
Not otherwise specified 30 (2.7)° :;’ercentages Zased on numbero/\c I;A patients. ;
¢ 100% issi .
9 57 (4.5) ercentages do not sum to 100 ue to missing data
3 66 (5.3)
4 12 (1)
6 6 (0.5) class A patients had higher SVR rates than CTP class B pa-
Other 4(0.3) tients (84.9%; 95% CI, 81.1%-88.2%; vs 69.4%; 95% CI,

METAVIR score, No. (%) 57.3%-80.1%). ITT SVR rates were higher in patients with
Noncirrhotic, not otherwise staged 73 (5.8) documented adherence vs those who self-reported any missed
FO 103 (8.2
o 131 210 :5) doses (90% vs 75%; P < .0001) (Table 2). SVR rates were 85.6%,

: 0 9 i

9 217 (173) 85.4%, and 77.1% among patients who had documented usage
F3 224 (179) of alcohol, other illicit substances, and intravenous drugs
F4 505 (40.3) within 6 to 12 months before initiating HCV treatment, re-

CTP class A 418828  spectively. These rates did not differ significantly from patients

b
CTP class B 69(13.7) without recent use (Figure 2).
CTP class C 18 (3.6)° . .
Regimen, No. (%) Among the 73 patients lost after treatment completion, 44 (60.3%)
, . 0

SOF + SMV 110 8.8) had an end-of-treatment response with HCV RNA not detected, and
SOF + SMV + RBV 1(0.1) 29 (39.7%) did not have an HCV RNA drawn at the end of treatment.
LDV/SOF 697 (55.6)
LDV/SOF + RBV 60 (4.8) Safety
Prop 403 A total of 716 ADR ded the 1253 patient
PrOD + RBV 1201 otal o s were recorded among the patients
DCV + SOF 26 (2.1) who started HCV treatment. Fatigue and headache occurred
DCV + SOF + RBV 6(0.5) in 20.8% and 14.5%, respectively, whereas 21.9% of patients
EBR/GZR 107 (8.5) reported other ADRs of any type. SVR did not differ by pres-
EBR/GZR + RBV 7 (0.6)

ence (88.3%) or absence (84.7%) of ADRs (P = .07). Treatment
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Target Groups

SVR (95% CI), %

Gender Male (n=801) . 86.02 (83.42-88.35)
Female (n=452) . 86.28 (82.76-89.32)
Born between 1945-1965 Yes (n=928) . 86.31 (83.93-88.46)
(baby boomer) No (n = 325) . 85.54 (81.24-89.18)
Ethnicity African American/black (n=673) - 87.52 (84.78-89.92)
Caucasian (n = 387) . 82.69 (78.54-86.32)
Hispanic (n=157) - 87.9 (81.75-92.55)
HIV coinfection Yes (n=225) . 91.56 (87.13-94.84)
No (n=1028) sl 84.92 (82.59-87.06)
History of solid organ Yes (n=90) . 90 (81.86-95.32)
transplantation No (n=1163) 4 85.81 (83.67-87.77)
Documentation of Yes (n=420) S om 85.24 (81.48-88.49)
psychiatric illness No (n=833) . 86.55 (84.05-88.8)
HCC Yes (n=49) . 77.55 (63.38-88.23)
No (n=1204) . 86.46 (84.4-88.34)
Treatment history Naive (n=1022) . 87.08 (84.87-89.08)
Experienced (n=231) . 81.82 (76.23-86.57)
Genotype 1A (n=779) = 86.01 (83.37-88.37)
1B (n =299) . 87.63 (83.35-91.14)
2 (n=57) . 85.54 (81.24-89.18)
3 (n=166) -— 87.9 (81.75-92.55)
Regimen SOF + SMV £ RBV (n=111) - 86.55 (84.05-88.8)
LDV/SOF = RBV (n=757) - 85.24 (81.48-88.49)
PrOD+ RBV (n= 16) . 85.81 (83.67-87.77)
DCV + SOF + RBV (n=32) . 90 (81.86-95.32)
EBR/GZR £ RBV (n=114) “ 84.92 (82.59-87.06)
SOF/VEL = RBV (n=131) - 91.56 (87.13-94.84)
SOF/VEL/VOX (n=13) . 87.52 (84.78-89.92)
G/P (n=179) . 82.69 (78.54-86.32)
Cirrhosis Non-cirrhotic (FO-I3) (n = 748) . 88.77 (86.29-90.94)
Cirrhotic (F4) (n = 505) . 82.18 (78.56-85.42)
CTP Class A (n=418) . 81.82 (76.23-86.57)
CTP Class B (n = 69) . 86.46 (84.4-88.34)
CTP Class C (n=18) - T 77.55 (63.38-88.23)
History of alcohol use in last Yes (n=390) b 85.64 (81.76-88.97)
6-12 months No (n = 846) . 86.64 (84.16-88.86)
History of IVDU in last Yes (n=70) » 77.14 (65.55-86.33)
6-12 months No (n=1120) . 86.43 (84.28-88.38)
History of IVDU ever Yes (n=539) = 89.24 (86.31-91.73)
No (n=541) . 81.7 (78.18-84.87)
History of other illicit substance use Yes (n=199) - 85.43 (79.75-90.02)
in last 6-12 months No (n=1022) . 86.5 (84.25 88.53)
History of other illicit substance Yes (n=648) * 88.12 (85.37-90.51)
use ever No (n =429) . 83.22 (79.34-86.63)
Overall > 86.11 (84.07-87.98)

0% 50% 60% 70% 80% 90% 100%

Figure 2. Sustained virologic response rates by patient subgroup. Abbreviations: Cl, confidence interval; CTP, Child-Turcotte-Pugh; DCV, daclatasvir; EBR, elbasvir; GZR,
grazoprevir; G/P, glecaprevir/pibrentasvir; HCC, hepatocellular carcinoma; VDU, intravenous drug use; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; RBY,
ribavirin; SMV, simeprevir; SOF, sofosbuvir; SVR, sustained virologic response; VEL, velpatasvir; VOX, voxilaprevir.

discontinuations due to ADRs were uncommon and occurred 8 discontinued ribavirin, and 5 had an interruption in ribavirin
in 24 patients. Of the 103 patients who received ribavirin; 17 therapy. Eleven patients died over the course of the study, 3
experienced anemia, 15 required a ribavirin dosage reduction,  during treatment, 1 after discontinuing treatment early, and 7
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Table 2. Sustained Virologic Response Rates by Adherence, Drug-Drug Interactions, and Adverse Drug Reactions

Yes No PValue

Adherence 0 missed doses 837 (90.0) 93 (10.0) <.0001
>1 missed dose 242 (74.9) 81 (25.1)

Presence of drug—drug interactions Yes 525 (88.1) 71 (11.9) .064
No 554 (84.3) 103 (15.7)

Presence of adverse drug reactions Yes 444 (88.3) 59 (11.7) .071
No 635 (84.7) 115 (15.3)

Abbreviation: SVR, sustained virologic response.

after treatment completion but before a blood draw was per- DISCUSSION

formed for assessment of SVR. Medical records pertaining to
death indicated that 3 deaths were related to decompensated
liver disease, 3 were unrelated to liver disease, and cause of
death was not available for 5 patients.

Drug-Drug Interactions

DDIs were present in 47.6% (596/1253) of patients at base-
line; 798 DDIs by medication class were identified (Table 3).
Changes to baseline concomitant medications were required
for 184 medications to facilitate DAA safety and efficacy. SVR
rates did not differ significantly by presence or absence of DDIs
at baseline (88.1% vs 84.3%; P = .0543) (Table 2). The DAA reg-
imen associated with the highest rate of DDIs was paritaprevir/
ritonavir/ombitasvir/dasabuvir at 68.8%, yet it was used by only
1.3% of study patients. Ledipasvir/sofosbuvir led to the highest
number of DDIs due to its frequent use, yet the DDI rate was
only 50.1% with this regimen. The most common DDIs were
with acid-suppressing agents, comprising 21.4% of all inter-
actions identified.

Results from this multisite retrospective cohort study indicate
that clinical pharmacist-driven HCV care is effective. These
results are important, as they are the first to report successful
HCV management across multiple sites in open health care sys-
tems by a clinical pharmacist.

The overall ITT SVR rate of 86.1% from this model of care
is similar to rates described in previous real-world reports of
DAA therapy provided by specialists, midlevel providers, and
primary care nonspecialists in the ASCEND trial [7]. The main
reason for failure was LTFU, yet the majority of LTFU patients
had an end-of-treatment response. The overall PP SVR rate of
95.2% is similar to the 93.8% rate of the international HCV-
TARGET registry consisting of both academic and community
HCV treatment sites [18].

No significant differences in SVR rates were identified by
HCV regimen or treatment history. Pharmacists managed pa-
tients with a variety of comorbidities, including HBV or HIV
coinfection, history of hepatocellular carcinoma, transplanta-
tion, psychiatric illness, and chronic kidney disease. SVR rates

Table 3. Drug-Drug Interactions Identified

DDlIs With HCV Treatment Present at Baseline No. % of Entire Sample (n = 1253)
No 657 52.43

Yes 596 4757

DDl class of medication No. % of Total DDIs (n = 798)*
Acid suppression 268 21.39
Antiepileptic agents 7 0.56
Antiretrovirals 97 774

Cardiac agents 124 9.90
Immunosuppressants 70 5.2

Psychiatric medications 25 2.00

Statins 158 12.61

Other 49 3.91
Management of DDI No. % of all Managed DDls (n = 651)
>1 medication continued 467 37.27

>1 medication dose adjusted 56 4.47

>1 medication substituted 56 4.47

>1 medication discontinued 72 5.75

Abbreviations: DDI, drug-drug interaction; HCV, hepatitis C virus.
“Some patients had multiple DDIs.
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did not differ by these comorbidities, demonstrating the ability
of the clinical pharmacists to manage patients with high com-
plexity. As demonstrated in numerous other trials, presence of
cirrhosis resulted in lower SVR rates than noncirrhotic patients;
our population had a high rate of cirrhosis [18].

Payor coverage restrictions impacted the number of patients
with advanced fibrosis, cirrhosis, and substance use who re-
ceived HCV treatment. State Medicaid coverage differed among
the 4 sites and changed over the course of the study period.
Insurance restrictions based on staging and sobriety directly
contradict current national HCV guidance and present a sig-
nificant barrier to HCV elimination in the United States [19].

Consistent SVR rates regardless of recent or ongoing alcohol
or illicit substance use further support that HCV treatment
can be successful in these historically difficult-to-cure patient
populations. These data are relevant due to national trends of
increased HCV diagnoses among people who inject drugs [20].
HCV treatment in the DAA era requires effective coordination
of care from an interdisciplinary medical team for patients with
substance abuse [21]. Many study patients had a history of psy-
chiatric illness; these data further support and add to existing
data demonstrating successful HCV treatment among these pa-
tients [22, 23]. The literature additionally reports high rates of
SVR among populations with illicit substance use and psychi-
atric disorders with the involvement of a pharmacist in HCV
therapy management [24].

Pharmacists identified and managed 798 DDIs by medica-
tion class in 596 patients. Screening for major DDIs that reduce
concentrations of DAAs is a vital responsibility for HCV treat-
ment providers. Pharmacists are well equipped to identify and
manage interactions before, during, and after a course of DAA
therapy [25].

Pharmacists’ Role in Managing HCV

Clinical pharmacists have been members of HCV care teams
from the interferon era to the current DAA era, and they rep-
resent a valuable resource to assist with HCV elimination
via coordination of HCV care in a variety of patient settings.
Interdisciplinary models that involve a pharmacist have shown
higher rates of HCV treatment access than reports of traditional
models [24, 26]. Previously reported data support that pharma-
cists can select the HCV regimen, facilitate treatment access,
provide patient education throughout treatment, assess safety
and efficacy, and offer mitigation strategies for ADRs to assist
with treatment continuation [10-12, 16, 25, 27-31]. However,
data presented here are the first to report the outcomes of clin-
ical pharmacist-driven HCV treatment across multiple open
health care system and clinical settings. The United States is
on track to achieve HCV elimination after 2050, which ex-
tends 2 decades beyond the World Health Organization and
US goals [32]. This study’s data further support that clinical

pharmacist-driven HCV management across practice sites can
assist with HCV elimination efforts nationwide.

Study Strengths and Limitations
This retrospective analysis has several strengths, the foremost
being the generalizability of the findings. The clinical practice
sites of the pharmacists varied from specialty (hepatology and
infectious diseases) to primary care, demonstrating that the
clinical pharmacist-directed HCV treatment model can be
applied to a variety of settings. The lack of difference in SVR
across practice sites reinforces the effectiveness of the clinical
pharmacist model. The diverse patient population, representa-
tive of a wide geographic and clinical cohort, also gives strength
and applicability to the findings. Our population included pa-
tients with CTP class C, which is not common in clinical trials.
A limitation of this study is its retrospective nature; data col-
lection relied on previous documentation, which in some cases
limited the granularity of available data (such as social history).
An additional limitation is the lack of a comparator group at
each institution. Each of the practice sites had implemented
pharmacist-driven models for HCV care delivery up to 20 years
before the study, so no patients existed for a non-pharmacist-
managed comparator group. It would have been unreasonable
to change the practice model for this sole purpose. The exact
model of care delivery from treatment evaluation to initiation
and follow-up was not standardized due to multiple study sites;
however, the defined commonality was that the clinical phar-
macist selected the HCV treatment and the duration of therapy.
Although this limits the reproducibility, it adds diversity and
generalizability to our findings. An additional limitation was
collection of the DDIs by medication class instead of number
of medications; the total number of DDIs may have been higher
than reported.

CONCLUSIONS

The current study is the first to describe the efficacy of clin-
ical pharmacist-driven HCV care across multiple institutions
across a large and diverse patient population. HCV SVR rates
were comparable to other real-world studies with specialist,
nonspecialist, and nonhepatology providers. Collaborations
should be established among other HCV treatment providers
and clinical pharmacists in order to replicate this model of care
as amethod of HCV treatment expansion and a strategy geared
toward HCV elimination.
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