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C hronic hepatitis C virus (HCV) infection affects approxi-

mately 2.7 million individuals in the United States1 and 

is associated with substantial morbidity and mortality. 

Liver-related complications of chronic HCV infection include 

cirrhosis, liver failure, and hepatocellular carcinoma.2 Treatment 

that results in a sustained virologic response reduces the risk of 

liver-related complications and can lead to regression of hepatic 

fibrosis.3 Prior to 2013, all treatment options for chronic HCV 

required peginterferon and ribavirin for 24 or 48 weeks and had 

limited efficacy with significant tolerability issues. Since 2013, 

the HCV treatment landscape has dramatically changed with the 

expansion of available direct-acting antiviral (DAA) inhibitors, 

providing multiple options for relatively short (8-12 weeks), simple 

(once-daily oral tablets), and better-tolerated regimens with 

high efficacy rates.4 From 2013 to 2017, 13 DAA inhibitors for HCV 

received approval from the FDA for use in 8 all-oral combination 

regimens.5 The first all-oral regimens contained simeprevir and 

sofosbuvir with ribavirin for HCV genotype 1 for up to 24 weeks, 

but the more recently approved regimens are pangenotypic and 

8 or 12 weeks in duration.6,7

As treatment options expanded and improved, there was an 

expectation that the patient population initiating treatment for 

chronic HCV would shift from an older, treatment-experienced 

population with more fibrosis to a younger, treatment-naïve 

population with milder liver disease. However, there has been a 

lack of investigation into the specific demographics and disease 

characteristics of DAA-prescribed patients relative to the availability 

of different DAA regimens. Using data from a network of providers 

and specialty pharmacies in the United States, we evaluated changes 

in patient demographics and practice settings from 2013 to 2017.

METHODS
Data Collection

Clinical, demographic, prescription, and dispensing data for adult  

(≥18 years) patients with HCV were collected from specialty phar-

macies and physicians in the United States through Trio Health’s 
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ABSTRACT

OBJECTIVES: We analyzed the demographics and disease 
characteristics of patients prescribed treatment for chronic 
hepatitis C virus (HCV) infection from 2013 through 2017, a 
time frame that encompasses the expansion of available 
direct-acting antiviral inhibitors.

STUDY DESIGN: Retrospective analysis.

METHODS: Using a proprietary disease-management 
program, data for 19,944 patients receiving HCV treatment 
were collected from providers and specialty pharmacies. 
Six-month time periods accounting for introductions of 
novel treatments were established as follows: December 
2013 to May 2014 (n = 1438), simeprevir and sofosbuvir; 
October 2014 to March 2015 (n = 2242), ledipasvir/sofosbuvir 
and ombitasvir/paritaprevir/ritonavir plus dasabuvir; 
October 2015 to March 2016 (n = 5514), daclatasvir; July 
2016 to December 2016 (n = 5562), elbasvir/grazoprevir 
and sofosbuvir/velpatasvir; and July 2017 to December 
2017 (n = 5188), sofosbuvir/velpatasvir/voxilaprevir and 
glecaprevir/pibrentasvir. Changes over time were evaluated 
for statistical significance. 

RESULTS: In the 2013-2014 time period, 44% of patients 
receiving prescriptions for HCV treatment were treatment-
experienced and 45% had cirrhosis. By 2017, only 14% 
were treatment-experienced (P <.001) and 21% had 
cirrhosis (P <.001). The percentage of patients with HCV 
genotype 1 increased from 69% to 87% from 2013-2014 to 
2014-2015 (P <.001) but subsequently decreased to 74% in 
2017 (P <.001). The percentage of patients receiving HCV 
prescriptions in an academic setting declined from 61% in 
2013-2014 to 13% in 2017 (P <.001).

CONCLUSIONS: In the United States, since the introduction 
of interferon-free HCV regimens, the patient population 
prescribed treatment has changed, becoming predominantly 
treatment-naïve, without cirrhosis, and treated in 
nonacademic centers.
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proprietary Innervation Platform, a portal for managing patient 

information. Where mandated by state law, patients signed an 

electronic informed consent allowing data collection. Each clini-

cian and specialty pharmacy providing data signed agreements 

attesting to compliance with all rules and regulations regarding the 

disclosure of patient information to a shared database. Embedded 

in the data collection process are quality control assessments that 

identify potential errors within fields (eg, data type mismatches, 

unit conversion errors) and between fields (eg, sequential order of 

events, improbable combinations of vital or laboratory measures). 

Data identified as questionable are routed back to the source for 

confirmation or correction. This data collection process and study 

plan were approved by Western Institutional Review Board as an 

institutional review board exemption under 45 CFR 46.101(b)(4).

The analysis population included patients from the 50 US states 

plus Washington, DC, who were prescribed care for HCV from 1 of 

2827 providers and were serviced by 1 of 16 

specialty pharmacies.

Analyses

Six-month evaluation periods that spanned 

the introductions of treatment options were 

established as follows: December 2013 to May 

2014 (n = 1438), inclusive of simeprevir and 

sofosbuvir availability; October 2014 to March 

2015 (n = 2242), inclusive of ledipasvir/sofos-

buvir and ombitasvir/paritaprevir/ritonavir 

plus dasabuvir availability; October 2015 to March 2016 (n = 5514), 

inclusive of daclatasvir availability; July 2016 to December 2016 

(n = 5562), inclusive of elbasvir/grazoprevir and sofosbuvir/

velpatasvir availability; and July 2017 to December 2017 (n = 5188), 

inclusive of sofosbuvir/velpatasvir/voxilaprevir and glecaprevir/

pibrentasvir availability (Figure). All statistical analyses were 

conducted using SPSS 25 (IBM Corp; Armonk, New York) or JMP 

14.2 (SAS Institute Inc; Cary, North Carolina). Differences between 

periods were assessed in SPSS 25 using χ2 (categorical variables) 

or Kruskal-Wallis (continuous variables) tests with Bonferroni 

correction for repeated measures. Column (period) proportions 

for categorical variables were subsequently analyzed using Z tests 

with Bonferroni correction. Trends were evaluated using either 

the Cochran-Armitage (linear trends for proportions; JMP 14.2) 

or Jonckheere-Terpstra (ordered trends for continuous or ordinal 

variables; SPSS 25) test.

TAKEAWAY POINTS

Data from a network of providers and specialty pharmacies in the United States suggest that 
since the introduction of interferon-free treatments for chronic hepatitis C virus (HCV), the 
population receiving prescriptions has changed. 

 › There has been a shift toward lower percentages of patients being treatment-experienced, 
having cirrhosis, or receiving care in academic centers. Although these changes were 
expected, published data were lacking. 

 › As sites of care shift to nonacademic centers, there will be increased need to educate public 
health providers on screening, diagnosis, and treatment for HCV.
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RESULTS
Patient Characteristics

A total of 19,944 patients who were prescribed anti-HCV therapies 

were included in the analysis. From 2013 through 2017, the mean 

age of patients receiving prescriptions varied between periods but 

did not change appreciably (range, 56-58 years) (Table). In 2013-2014, 

44% of patients in this cohort were treatment-experienced and 45% 

had cirrhosis. By 2017, 14% of patients were treatment-experienced 

(P <.001) and 21% had cirrhosis (P <.001). The percentages of patients 

with cirrhosis were comparable between the 2016 and 2017 time 

periods (20% vs 21%). At all time periods analyzed, the majority of 

patients had HCV genotype 1 (range, 69%-87%). Significant linear 

trends were identified for HCV genotype proportions and were 

evident starting from the second evaluation period (2014-2015). 

The percentage of patients with HCV genotype 1 increased from 

69% to 87% from 2013-2014 to 2014-2015 (P <.001) but subsequently 

decreased to 74% in 2017 (P <.001). The percentages of patients 

with genotypes 2 and 3 decreased from 19% and 10% to 6% and 5%, 

respectively, from 2013-2014 to 2014-2015, and they subsequently 

increased to 12% and 11% in 2017.

Treatment Sites

In the Trio Network, the percentage of providers from academic 

practices dropped from 32% in 2013-2014 to 12% in 2017 (P <.001), 

and the percentage of patients receiving HCV prescriptions in an 

academic setting declined from 61% to 13% (P <.001). These changes 

translate into a decrease from 12 patients per academic provider 

(in a 6-month period) to 4 patients per academic provider (P <.001). 

For the corresponding periods, the average count of patients per 

community provider remained largely stable at 3.6 to 3.8 (P = .412), 

although the percentage of providers from community settings 

increased from 39% to 87% (P <.001). The change in site of care was 

greatest between the 2014-2015 and 2015-2016 evaluation periods; 

the proportion of patients treated in an academic setting decreased 

from 48% to 17% (P <.001).

TABLE. Characteristics and Comparisons of Study Populations by Evaluation Perioda

Study Population

Dec 2013-
May 2014
n = 1438

Oct 2014-
Mar 2015 
n = 2242

Oct 2015-
Mar 2016 
n = 5514

Jul 2016-
Dec 2016 
n = 5562

Jul 2017-
Dec 2017 
n = 5188

Tests for 
Independence

Tests for
Trend

US states represented, n 22 33 44 44 39

Academic setting

Patients, n (%) 875 (61)c,d,e,f 1067 (48)b,d,e,f 954 (17)b,c,e,f 817 (15)b,c,d 679 (13)b,c,d χ2 = 2602.85; P <.001 Z = –43.28; P <.001

Providers, n/N (%)
90/227  
(32)d,e,f

54/195  
(28)d,e,f

181/1283  
(14)b,c

162/1429  
(11)b,c

160/1367  
(12)b,c

χ2 = 118.57; P <.001 Z = –8.96; P <.001

Age in years n = 1437 n = 2242 n = 5514 n = 5562 n = 5188

Mean (SD) 56 (10) 58 (11) 57 (12) 56 (12) 56 (12) H = 45.51; P <.001 J = 0.402; P = .688

Gender n = 1438 n = 2242 n = 5514 n = 5562 n = 5188

Male, n (%) 860 (60) 1282 (57) 3197 (58) 3289 (59) 3047 (59) χ2 = 4.47; P = .350 Z = 0.51; P = .613

HCV treatment history n = 1433 n = 2242 n = 5276 n = 5172 n = 4991

Naïve, n (%) 802 (56)c,d,e,f 1387 (62)b,d,e,f 4153 (79)b,c,e,f 4281 (83)b,c,d,f 4308 (86)b,c,d,e χ2 = 1020.62; P <.001 Z = 29.84; P <.001

Cirrhosis n = 968 n = 2047 n = 5159 n = 5180 n = 4940

Yes, n (%) 431 (45)c,d,e,f 767 (37)b,d,e,f 1327 (26)b,c,e,f 1061 (20)b,c,d 1059 (21)b,c,d χ2 = 451.65; P <.001 Z = –18.65; P <.001

HCV genotype n = 1427 n = 2235 n = 5125 n = 5161 n = 4921

1, n (%) 988 (69)c,d,f 1946 (87)b,d,e,f 3952 (77)b,c,e,f 3611 (70)c,d,f 3625 (74)b,c,d,e

χ2 = 368.50; P <.001

Z = –6.67; P <.001

2, n (%) 266 (19)c,d,e,f 138 (6)b,e,f 478 (9)b,e,f 763 (15)b,c,d,f 608 (12)b,c,d,e Z = 2.33; P = .020

3, n (%) 143 (10)c 121 (5)b,d,e,f 496 (10)c,e 623 (12)c,d 559 (11)c Z = 6.22; P <.001

4-6, n (%) 30 (2)d 30 (1)d,e 199 (4)b,c,f 164 (3)c 129 (3)b Z = 1.50; P <.001

Primary insurer n = 1438 n = 2242 n = 5510 n = 5543 n = 5164

Commercial, n (%) 734 (51)c,d,e,f 1260 (56)b,d,e,f 1829 (33)b,c,f 1717 (31)b,c 1575 (30)b,c,d

χ2 = 1047.35; P <.001

Z = –21.13; P <.001

Medicaid, n (%) 343 (24)c,d 296 (13)b,d,e,f 1005 (18)b,c,e,f 1195 (22)c,d,f 1247 (24)c,d,e Z = 7.33; P <.001

Medicare, n (%) 347 (24)d,e,f 589 (26)d,e,f 2621 (48)b,c,f 2550 (46)b,c,f 2156 (42)b,c,d,e Z = 13.41; P <.001

H indicates test statistic for Kruskal-Wallis; HCV, hepatitis C virus; J, test statistic for Jonckheere-Terpstra; Z, test statistic for Cochran-Armitage. 
aSix-month periods: Dec 2013-May 2014, Oct 2014-Mar 2015, Oct 2015-Mar 2016, Jul 2016-Dec 2016, and Jul 2017-Dec 2017. Test statistics that reach significance 
(P <.05) are bolded.
bSignificantly different from Dec 2013-May 2014 period (P <.05).
cSignificantly different from Oct 2014-Mar 2015 period (P <.05).
dSignificantly different from Oct 2015-Mar 2016 period (P <.05).
eSignificantly different from Jul 2016-Dec 2016 period (P <.05).
fSignificantly different from Jul 2017-Dec 2017 period (P <.05).
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Insurance Type
Among patients prescribed HCV treatments, the percentage of patients 

with Medicaid coverage was 24% during both the 2013-2014 and 

2017 time periods, although during the intervening periods there 

was some variation. Overall, there was a decline in the percentage 

of patients who were commercially insured (51% in 2013-2014 to 

30% in 2017; P <.001), and the largest decline occurred between 

the 2014-2015 (56%) and 2015-2016 (33%) time periods (P <.001). 

The percentages of patients reporting Medicare as their primary 

insurer increased from 24% in 2013-2014 to 42% in 2017 (P <.001), 

with the largest shift occurring between the 2014-2015 (26%) and 

2015-2016 (48%) time periods (P <.001).

DISCUSSION 
In this study of patients receiving prescriptions for HCV treatment 

from 2013 to 2017, there was a substantial decline in treatment-

experienced patients with cirrhosis and a corresponding increase 

in treatment-naïve patients predominantly without cirrhosis. The 

percentages of patients with cirrhosis who received prescriptions 

for HCV treatment leveled out in 2016 and 2017 at approximately 

20%. Our data are consistent with data from the German Hepatitis 

C Cohort (N = 2367), which indicated decreases in percentages of 

treatment-experienced patients (83% vs 24%) and patients with 

cirrhosis (42% vs 17%) from February 2014 to September 2017.8  

Similarly, among commercially insured patients in the US admin-

istrative claims IQVIA PharMetrics Plus Database who received 

treatment for HCV, from 2014 to 2017 there was a decline in the 

percentage of patients having advanced liver disease (29% to 24%).9

In our data, genotype distribution did change significantly from 

2013-2014 to 2017, although in each period the majority of patients 

had HCV genotype 1 (range, 69%-87%). The percentage of patients 

with HCV genotype 1 peaked in the 2014-2015 period, coincident 

with the launch of ledipasvir/sofosbuvir in October 2014. The 

peak may reflect “warehousing” of patients waiting for an all-oral, 

ribavirin-free regimen with high efficacy against HCV genotype 1.10

In addition to changing demographics, this study found a 

significant shift toward care in community sites versus academic 

centers, with the largest change occurring between the 2014-2015 

and 2015-2016 periods. In 2014-2015, 48% of the patients were 

treated in academic centers compared with 17% in the 2015-2016 

period. At the same time, the largest observed shifts occurred 

in the percentages of patients with cirrhosis (37% in 2014-2015 

to 26% in 2015-2016) and treatment-experienced patients (38% 

in 2014-2015 to 21% in 2015-2016). These shifts suggest that the 

movement to community care may have been driven in part by 

the reduced number of patients with cirrhosis or prior treatment 

failure, which are characteristics historically associated with 

harder-to-treat HCV.11

Although the percentage of Medicaid recipients has stayed 

relatively stable, there has been an increase in Medicare-covered 

patients and a corresponding decline in those with commercial 

insurance. After the first all-oral DAA regimens became available, 

restrictive payer policies limited treatment access for patients 

with Medicaid or commercial insurance.12-15 The denial of care for 

Medicaid-covered patients was nearly instantaneous in the Trio 

Network, occurring mid-2014, 6 months after the first DAA approval.16 

Denial rates for commercially covered patients increased rapidly 

between the 2014-2015 and 2015-2016 time periods.16 The observed 

trends reported here suggest that high denial rates subsequently 

led to the avoidance of prescriptions for patients with Medicaid or 

commercial coverage.

Limitations

Our analysis has several limitations. First, the data were captured 

from a limited number of sources and may not reflect trends in the 

United States as a whole. In addition, the specialty pharmacies and 

providers from which data were captured changed over time, and 

therefore we cannot rule out the possibility that the changes we 

saw were a result of differential sampling over time. Populations 

that were not represented or were underrepresented in the study 

included those receiving care in drug addiction treatment centers 

or correctional institutions. Race, which is patient-reported and 

patient-consented in the Trio Network, was specified for 38% of 

the data set. Based on patient reporting, the composition of the 

study sample was 70% white, 19% black, 2% Asian, less than 1% 

Native Hawaiian or other Pacific Islander, and 8% multiple or 

other races. This is directionally aligned with reported values,17 

although the actual composition of the entire study population 

may be different. Finally, for a minority of patients in our data set, 

treatment history or cirrhosis status was not reported, and where 

reported, the information was based on physician input as opposed 

to demonstrated results from noninvasive test results or liver biopsy.

CONCLUSIONS
In summary, the results of our analyses indicate that the characteristics 

of populations prescribed HCV treatments have changed as a result 

of the availability of highly effective, well-tolerated DAAs. In our 

data set, in 2017, treatment-naïve patients without cirrhosis with 

HCV genotype 1 receiving care in a community setting represented 

the major prescribed demographic in the United States. n
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