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Impact of All-Oral Direct-Acting 
Antivirals on Clinical and Economic 
Outcomes in Patients With Chronic 
Hepatitis C in the United States
Haesuk Park ,1 Wei Wang,1 Linda Henry,1 and David R. Nelson 2

Approved treatment for hepatitis C virus (HCV) with all-oral direct-acting antivirals (DAA) therapy is now enter-
ing into its fourth year; however, little has been reported on the real-world clinical (decompensated cirrhosis [DCC] 
and hepatocellular carcinoma [HCC]) and economic outcomes. A retrospective cohort analysis of the Truven Health 
MarketScan Database (2012-2016) was conducted. In a cohort of 26,105 patients with newly diagnosed HCV, 30% 
received all-oral DAA therapy (DAA group) and 70% were not treated (untreated group). Multivariate Cox propor-
tional hazards models were used to compare the risk of developing HCC and DCC, stratified by cirrhosis status. 
Among patients with cirrhosis (n = 2157), DAA therapy was associated with a 72% and a 62% lower incidence of 
HCC (hazard ratio [HR], 0.28; 95% confidence interval [CI], 0.15-0.52) and DCC (HR, 0.38; 95% CI, 0.26-0.56). 
Similarly, DAA therapy was associated with a 57% and a 58% lower incidence of HCC (HR, 0.43; 95% CI, 0.26-
0.71) and DCC (HR, 0.42; 95% CI, 0.30-0.58) in patients with noncirrhotic HCV (n = 23,948). A propensity 
score–matched cohort of 8064 HCV-infected patients who had at least a 12-month follow-up after HCV treatment 
was included for economic analysis. For patients with cirrhosis in the DAA group, the mean adjusted liver-related 
costs ($1749 vs. $4575; P < 0.001) and all-cause medical costs ($19,300 vs. $33,039; P < 0.001) were significantly 
lower compared with those in the untreated group. The mean adjusted costs were not statistically different between 
the two groups among patients without cirrhosis. Conclusion: In the short term, all-oral DAA treatment for HCV 
infection was associated with a decreased risk of developing HCC and DCC, resulting in decreased health care 
costs, especially in patients with cirrhosis. A longitudinal study is necessary to confirm our findings. (Hepatology 
2019;69:1032-1045).

Hepatitis C virus (HCV) infection is the most 
common chronic bloodborne infection in the 
United States and a substantial cause of mor-

bidity and mortality.(1,2) Many patients with chronic 

hepatitis C progress to advanced liver disease such as 
decompensated cirrhosis (DCC) and hepatocellular 
carcinoma (HCC).(3,4) Furthermore, HCV is currently 
the leading indication for liver transplantation in the 
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United States, suggesting that the burden of fatal liver 
disease is increasing in the estimated 2.7 million adults 
chronically infected with HCV in the United States.(5)

Several studies reported that patients with HCV 
who received treatment and/or achieved a sustained 
virologic response (SVR, the surrogate for cure) 
experienced significantly reduced cumulative rates of 
HCC, liver transplantation, and liver-related death 
in the United States.(6-8) Furthermore, an economic 
study reported that HCV therapy with peg-interferon 
(PEG-IFN) and ribavirin (RBV) was associated with 
lower follow-up health care costs.(9)

However, PEG-IFN therapy was plagued with signif-
icant side effects, leading to premature treatment stop-
page decreasing the number of HCV-infected patients 
who achieved SVR rate. Fortunately, in recent years, 
HCV treatment has taken a major step forward with the 
introduction of highly efficacious direct-acting antiviral 
(DAA) therapy, which has demonstrated therapeutic 
efficacy, limited adverse effects, and a shorter treatment 
period compared with interferon-based regimens.(10) 
Despite guideline recommendations, access to HCV 
treatment has been frequently restricted because of the 
high DAA drug costs and prior authorization policies in 
which only the sicker get treated, slowing the expected 
rise in treatment rates.(11,12) This delay in potentially 
curative treatment until development of advanced liver 
disease may have costly consequences.(9,13,14)

Several economic modeling studies using data from 
the DAA clinical trials and the literature have forecasted 
an economic benefit with the DAA use due to lower dis-
ease complications. However, none of these studies used 
real-world clinical and economic outcomes data.(15-18) 

Therefore, the aims of this study were to determine the 
clinical outcomes (incidents of HCC and DCC) as well 
as the economic impact of all-oral DAA treatment in 
chronically HCV-infected patients in the United States 
using real-world data obtained from a large national 
insurance database.

Materials and Methods
Data SoURCe

We conducted a retrospective cohort study using the 
Truven Health Analytic MarketScan Commercial and 
Medicare Supplemental databases ( January 2012 to 
December 2016). This nationwide administrative claims 
database contains deidentified person-level information 
of diagnoses, procedures, and prescriptions for over 80 
million individuals in the commercial data set and 6 mil-
lion individuals in the Medicare Supplement database, 
which captures health care use and enrollment records 
across all settings including physician outpatient office 
visits, hospital stays, and pharmacy claims. The study 
population consisted of employees, dependents, and retir-
ees with employer-sponsored or Medicare Supplemental 
insurance plans. Institutional review board approval was 
obtained from the University of Florida.

StUDy popUlatIoN
We used 2013-2016 Truven Health Analytic 

MarketScan Commercial and Medicare supplemen-
tal files to establish the new chronic HCV cohort, 
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and the 2012 data were used to ensure at least 1 year 
of claims prior to HCV diagnosis. The new patients 
with chronic HCV, defined as those who did not 
have an HCV diagnosis in the previous 12 months, 
were identified using the International Classification 
of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM) codes [070.44, 070.54, 070.70, 070.71, 
V02.62] and ICD-10-CM [B18.2, B19.20, B19.21, 
Z22.52]. A patient was determined to be infected 
with chronic HCV if they had one inpatient chronic 
HCV diagnosis or two outpatient diagnoses of HCV 
on separate days within 1 year.

Based on the receipt of treatment received, we clas-
sified patients into two exposure statuses: 1) patients 
treated with all-oral DAA therapy (DAA group), or 
2) patients who did not receive any HCV treatments 
(untreated group). The all-oral DAA therapy group was 
defined as any patient who received one of the follow-
ing DAA treatments: sofosbuvir/ledipasvir +/- RBV, 
sofosbuvir + simeprevir +/- RBV, sofosbuvir + RBV, 
sofosbuvir + daclatasvir +/- RBV, paritaprevir/ritona-
vir/ombitasvir +/- dasabuvir +/- RBV, elbasvir/grazo-
previr +/- RBV, and sofosbuvir/velpatasvir +/- RBV.

For patients in the DAA group, the first DAA 
prescription date was assigned as the index date. To 
assign the index date for untreated patients, we used 
a prescription time-distribution matching using the 
number of days from the first HCV diagnosis to 
the dispensing time of the first DAA prescription 
for treated patients.(19) For each untreated patient, a 
hypothetical index date was selected at random based 
on the distribution for treated patients and assigned 
to him/her. Therefore, the overall distribution of the 
index date of the untreated patients was matched to 
that of the treated patients’ index date.

Patients were included if they were 18 years old and 
continuously enrolled in the health plan 1 year before 
the index date. We excluded patients who had a his-
tory of DCC or HCC before the index date or received 
treatment with PEG-IFN-containing regimens. 
Furthermore, we determined the presence of cirrhosis 
prior to their index date using ICD-9-CM codes [571.5] 
and ICD-10-CM codes [K74.0, K74.60, K74.69].

StUDy oUtCoMeS

Clinical outcomes
The primary clinical outcomes were incident rate 

of HCC and liver decompensation. All outcomes 

were then stratified by baseline cirrhosis status. 
HCC was defined as presence of 1 inpatient or 2 
outpatients ICD-9 or ICD-10 diagnosis of HCC 
(Supporting Table S1 for ICD9-CM/ICD10 CM 
codes).(20) The earliest date for diagnosis of HCC 
was considered the incident date of HCC. Follow-up 
started from the index date of HCV treatment 
and continued until the incidence of HCC, end of 
enrollment, or the end of the study (December 31, 
2016), whichever came first (Supporting Fig. S1). 
DCC was defined by presence of at least 1 inpa-
tient or 2 outpatients ICD-9 diagnosis of ascites, 
esophageal varices, or spontaneous bacterial peri-
tonitis.(21,22) Based on the results of the previous 
validation study, we did not include the diagnosis 
for hepatic encephalopathy, as this diagnosis was 
frequently linked to unrelated conditions.(21) The 
incident date of liver decompensation was defined 
as the appearance of the first episode of DCC. 
Follow-up for DCC started from the index date of 
HCV treatment and continued until the incidence 
of DCC, end of enrollment, or the end of the study 
(December 31, 2016), whichever came first. If a 
patient had a liver decompensation event after an 
HCC diagnosis, we presumed this patient had HCC 
and was censored at that date for HCC and was not 
included in DCC events.

In a sensitivity analysis, we excluded patients who 
had any type of cancers before the index date to 
avoid the possibility of erroneously including meta-
static cancer to the liver. We also conducted another 
sensitivity analysis to define HCC as the presence of 
at least 1 inpatient or 2 outpatients ICD-9 or ICD-
10 codes for HCC made ≥3 months after baseline. 
For incidence of DCC, we performed a sensitivity 
analysis without censoring patients at their date of 
HCC. In a subgroup analysis, we included mini-
mum effectively treated patients who received either 
the all-oral DAA regimen of sofosbuvir/ledipasvir 
for at least 8 weeks or a 12-week treatment of the 
other all-oral therapy.

economic outcomes
To determine at least 1-year posttreatment costs, 

we excluded patients with HCV who had less than 
1-year follow-up after their index date (Supporting 
Fig. 2). Medical costs were defined as the esti-
mated costs associated with medical services includ-
ing ambulatory care, inpatient hospitalizations, and 
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emergency department obtained from a third-party 
payer’s perspective. Both liver-related and all-cause 
costs were obtained. Medical costs per person per year 
(PPPY) were defined as the amount paid to the pro-
vider plus the member’s cost sharing for liver-related 
and all-cause services before and after initiation of 
HCV treatments. Liver-related costs were identified 
by any liver-related ICD-9 code (i.e., HCV, cirrhosis, 
DCC, HCC, and liver transplant) as a primary diag-
nosis on the claim. All-cause costs were identified as 
medical services received for any reason. The mean 
unadjusted and adjusted posttreatment liver-related 
and all-cause medical costs were compared between 
the DAA and untreated groups. We also estimated 
the DAA treatment costs using pharmacy claims for 
minimum effectively treated patients who received 
either the all-oral DAA regimen of sofosbuvir/ledi-
pasvir for at least 8 weeks or a 12-week treatment 
of the other all-oral therapy. Costs were adjusted to 
2016 U.S. dollars using an annual 3% inflation rate.

StatIStICal aNalySIS
Baseline characteristics were compared between the 

DAA and untreated groups using Student t test for 
continuous variables and chi-square tests for categor-
ical variables. We used logistic regression to identify 
factors associated with receiving DAA therapy. The 
number of HCC and DCC events and person-time of 
observation were determined for each group and used 
to calculate the incidence rates of HCC and DCC 
(number of events/1000 person-years). A multivar-
iate Cox proportional hazards regression model was 
employed to compare the risk of developing HCC 
and DCC between the DAA-treated and untreated 
HCV groups. The covariates adjusted for the model 
included the following: age, gender, region, insurance 
type, HCV disease duration, alcoholic liver disease 
(ALD), nonalcoholic fatty liver disease (NAFLD), 
alcohol use disorder, injection/noninjection drug use 
disorder, hypertension, dyslipidemia, diabetes melli-
tus, chronic obstructive pulmonary disease (COPD), 
chronic kidney disease (CKD), cardiovascular dis-
ease (CVD), human immunodeficiency virus (HIV) 
infection, hepatitis B infection (HBV), hepatitis A 
infection (HAV), depression, schizophrenia/bipolar 
disorder, pregnancy, epilepsy, cancer history, and use 
of proton-pump inhibitors (PPIs) and statins (Model 
1) (Supporting Table S2).

For economic analysis, for each treated patient, 1 
untreated patient was matched using the propensity 
score (PS) that was calculated to adjust for the baseline 
differences in demographics, comorbidity conditions, 
and pretreatment costs between the DAA-treated and 
untreated groups. The PS was estimated using logistic 
regression to create a PS of the probability of receiv-
ing DAA therapy based on baseline demographic 
variables including covariates age and gender, alco-
hol/drug use disorders, medical conditions including 
hypertension, dyslipidemia, diabetes mellitus, COPD, 
CKD, CVD, HIV infection, HBV, HAV, depression, 
epilepsy, and schizophrenia/bipolar disorder, identified 
by ICD-9-CM and ICD-10-CM codes, as well as 
disease-modifying medications including statins and 
PPIs, and pretreatment costs (Model 2) (Supporting 
Table S2). We choose these comorbidities because 
they are associated with, but not caused by, HCV and 
may have a high impact on costs.

Posttreatment PPPY costs between the DAA-
treated and untreated groups were compared using 
the Mann-Whitney U test, a nonparametric test for 
independent sample t test. Annual posttreatment liv-
er-related and all-cause direct medical costs were esti-
mated using a two-part model consisting of logistic 
regression to predict the likelihood of having health 
care costs greater than zero, and a generalized linear 
model with a gamma distribution and log-link func-
tion.(23) Mean adjusted posttreatment costs were esti-
mated after adjusting for all covariates mentioned in 
PS matching analysis. A bootstrap resampling method 
was used to estimate the 95% confidence intervals 
(CI) of the health care costs. All the analyses were 
performed using SAS 9.4 (SAS Institute Inc., Cary, 
NC) and STATA 13 (Stata Corp, College Station, 
TX).

Results
patIeNt CHaRaCteRIStICS

We identified 26,105 patients with newly diag-
nosed HCV who met our inclusion/exclusion criteria 
between January 2013 and December 2016 (Fig. 1). 
Of 26,105 HCV-infected patients, 18,177 patients 
(70%) did not receive any HCV treatment whereas 
7,928 patients (30%) received the all-oral DAA treat-
ments. Table 1 summarizes the baseline demographic 
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characteristics between the DAA-treated and 
untreated groups. Patients who received the all-oral 
DAA regimens were older (mean age 54.4 vs. 52.7;  
P < 0.001) and had significantly more cirrhosis (15.2% 
vs. 5.2%; P < 0.001) and NAFLD (12.9% vs. 6.7%;  
P < 0.01). Patients in the untreated group had similar 
comorbidities (e.g., hypertension, diabetes) compared 
with patients receiving the all-oral DAA therapy, but 
they were more likely to have alcohol use disorder 
(9.1% vs. 6.5%; P < 0.001), drug use disorder (25.2% 
vs. 16.5%; P < 0.001), depression (21.8% vs. 15.0%;  
P < 0.001), and schizophrenia/bipolar disorder (4.5% 
vs. 2.5%; P < 0.001) and be pregnant (2.1% vs. 0.4%;  
P < 0.001). The mean follow-up time was 14.7 months 
and 11 months for the DAA-treated and untreated 
groups, respectively.

FaCtoRS aSSoCIateD WItH 
Not ReCeIVINg Daa tHeRapy

As shown in Supporting Table S3, we identified 
factors associated with a significantly lower probabil-
ity of initiating DAAs including the following: female 
(odds ratio [OR], 0.91; 95% CI, 0.85-0.95), alcohol 

use disorder (OR, 0.82; 95% CI, 0.72-0.93), drug use 
disorder (OR, 0.72; 95% CI, 0.67-0.78), HBV (OR, 
0.58; 95% CI, 0.49-0.70), ALD (OR, 0.50; 95% CI, 
0.38-0.66), COPD (OR, 0.83; 95% CI, 0.76-0.90), 
dyslipidemia (OR, 0.82; 95% CI, 0.77-0.88), CVD 
(OR, 0.86; 95% CI, 0.78-0.96), CKD (OR, 0.70; 95% 
CI, 0.62-0.90), depression (OR, 0.79; 95% CI, 0.73-
0.85), cancer history (OR, 0.85; 95% CI, 0.76-0.96), 
being pregnant (OR, 0.33; 95% CI, 0.24-0.47), and 
use of statins (OR, 0.74; 95% CI, 0.68-0.81).

eFFeCt oF all-oRal Daa 
RegIMeN oN INCIDeNt HCC

Table 2 displays the risk of developing HCC 
among the patients with HCV, stratified by cirrho-
sis status and receipt of HCV treatment. Among 
patients with cirrhosis (n = 2157), there were 57 
(2.6%) HCC events. The majority of HCC events 
(70%) occurred in patients who received no treat-
ment, providing an HCC incidence rate of 48.9 per 
1000 person-years compared with the HCC inci-
dence rate in the DAA group (11.7 per 1000 per-
son-years). After adjusting for covariates, patients 

FIg. 1. Diagram for the patient selection. Abbreviations: CCAE, Commercial Claims and Encounters; DAA, direct-acting antivirals; 
HCV, hepatitis C virus; MDCR, Medicare Supplemental and Coordination of Benefits.
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with cirrhosis in the DAA-treated group had a 
72% decreased risk of developing HCC compared 
with those who received no treatment (hazard ratio 
[HR], 0.28; 95% CI, 0.15-0.52). There were 114 
HCC events observed among patients without cir-
rhosis (n = 23,948). In patients without cirrhosis 
with HCV, the crude incidence rate of HCC was 
5.8 per 1000 person-years in the untreated group 
and 3.1 per 1000 person-years in patients in the 
DAA-treated group. After adjusting for covari-
ates, we found patients without cirrhosis in the  
DAA-treated group had a 57% decreased risk of 
developing HCC compared with those who received 
no treatment (HR, 0.43; 95% CI, 0.26-0.72).

In the sensitivity analyses for patients who did 
not have cancer at baseline (HR, 0.28; 95% CI, 0.14-
0.54 in patients with cirrhosis; HR, 0.37; 95% CI, 
0.21-0.65 in patients without cirrhosis) and patients 
with HCC diagnosis ≥3 months after baseline (HR, 
0.29; 95% CI, 0.16-0.55 in patients with cirrhosis; 
HR, 0.47; 95% CI, 0.27-0.80 in patients without 
cirrhosis), study results remained consistent with 
base case analysis (Table 3). In a subgroup analy-
sis in which we assessed HCC incidence among the 
minimum effectively treated patients who received 
either the all-oral DAA regimen of sofosbuvir/ledi-
pasvir for at least 8 weeks or a 12-week treatment 
of the other all-oral DAA therapy, study results 

FIg. 2. Adjusted liver-related and all-cause costs per person per year by treatment status in propensity score–matched cohorts. (A) 
Medical costs in patients with cirrhosis. (B) Medical costs in patients without cirrhosis. Abbreviation: DAA, direct-acting antivirals.
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remained consistent (HR, 0.31; 95% CI, 0.16-0.59 
in patients with cirrhosis; HR, 0.43; 95% CI, 0.26-
0.74 in patients without cirrhosis) (Supporting 
Table S4). Factors associated with an increased risk 
of developing HCC included being older age (HR, 
1.05; 95% CI, 1.04-1.07), male (HR, 2.62; 95% 

CI,1.76-3.89), having cirrhosis (HR, 4.52; 95% CI, 
3.17-6.43), diabetes (HR, 1.58; 95% CI, 1.12-2.23), 
and cancer history at baseline (HR, 4.83; 95% CI, 
2.41-9.70), whereas DAA treatment significantly 
decreased the risk of HCC (HR, 0.38; 95% CI, 
0.26-0.57) (Supporting Table S5).

taBle 1. Baseline Characteristics of HCV-infected patients by treatment Status

Baseline Characteristics DAA Treatment (n = 7928) No Treatment (n = 18,177) P Value

Age

Mean (SD), years 54.4 (11.1) 52.7 (14.2) <0.001

Age, n (%) <0.001

18-35 3324 (8.02) 2667 (14.67)

36-50 3961 (13.90) 2857 (15.72)

51-65 16,091 (68.66) 10,588 (58.25)

>65 2729 (9.42) 2065 (11.36)

Male, n (%) 4859 (61.76) 10,580 (58.21) <0.001

Insurance type, n (%) <0.001

Comprehensive 587 (8.40) 1897 (10.44)

HMO 914 (10.41) 2823 (15.53)

POS 668 (8.76) 1180 (6.49)

PPO 4554 (58.51) 9842 (54.15)

Others 1205 (13.91) 2435 (13.40)

Comorbidities, n(%)

HBV 786 (2.36) 609 (3.35) <0.001

HAV 168 (0.79) 110 (0.61) 0.240

HIV 696 (2.80) 475 (2.61) 0.421

Cirrhosis 2157 (15.15) 939 (5.17) <0.001

NALFD 2218 (12.86) 1213 (6.67) <0.001

ALD 356 (1.40) 249 (1.37) 0.897

Alcohol use disorder 2170 (6.47) 1650 (9.08) <0.001

Drug use disorder 5904 (16.49) 4572 (25.15) <0.001

Hypertension 12,526 (48.38) 8696 (47.84) 0.485

Dyslipidemia 8762 (30.17) 6374 (35.07) 0.049

Diabetes 5147 (18.95) 3642 (20.04) <0.001

COPD 3995 (12.45) 3005 (16.53) <0.001

CVD 2563 (7.63) 1941 (10.68) <0.001

CKD 1585 (4.11) 1235 (6.79) <0.001

Depression 5169 (15.01) 3961 (21.79) <0.001

Schizophrenia/Bipolar disorder 1020 (2.50) 818 (4.50) <0.001

Pregnancy 412 (0.42) 372 (2.05) <0.001

Cancer history 1938 (6.85) 1417 (7.80) 0.001

Drug use, n (%)

PPIs 5126 (19.21) 3599 (19.80) 0.314

Statins 5087 (15.25) 3865 (21.26) <0.001

Follow-up time
Mean (SD), months 14.7 (8.8) 11.0 (3.1) <0.001

Abbreviations: ALD, alcoholic liver disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CVD, 
cardiovascular disease; DAA, direct-acting antivirals; HAV, hepatitis A virus; HBV, hepatitis B virus; HIV, human immunodeficiency 
virus; HMO, health maintenance organization; NALFD, nonalcoholic fatty liver disease; POS, point of service plan; PPIs, proton-
pump inhibitors; PPO, preferred provider organization; SD, standard deviation.
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eFFeCt oF all-oRal Daa 
RegIMeN oN INCIDeNt lIVeR 
DeCoMpeNSatIoN

Among patients with cirrhosis (n = 2157), 
there were 131 (6.1%) DCC events. The majority 
of DCC events (66%) occurred in patients in the 

untreated group, providing a DCC incidence rate 
of 108.7 per 1000 person-years compared with that 
of 32.0 per 1000 person-years among patients in 
the DAA-treated group (Table 4). After adjusting 
for covariates, we found patients with cirrhosis in 
the DAA-treated group had a 62% decreased risk 
of developing DCC compared with those in the 

taBle 2. Incidence Rate of Hepatocellular Carcinoma in patients with HCV with and without Cirrhosis, by treatment Status

Incidence Rate of Hepatocellular Carcinoma Person-years No. of Events

Crude 
Incidence/1000 

Person-years

Multivariate Cox Regression*

HR 95% CI

Patients with cirrhosis (n = 2157)

DAA treatment (n = 1218) 1399 17 11.7 0.28 0.15-0.52

No treatment (n = 939) 819 40 48.9 1 Reference

Patients without cirrhosis (n = 23,948)

DAA treatment (n = 6710) 8076 25 3.1 0.43 0.26-0.71
No treatment (n = 17,238) 15,389 89 5.8 1 Reference

*Cox proportional hazards model was used to adjust for age, gender, region, insurance type, HCV disease duration, alcoholic liver 
disease (ALD), nonalcoholic fatty liver disease (NAFLD), alcohol use disorder, injection/noninjection drug use disorder, hypertension, 
dyslipidemia, diabetes mellitus, chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), cardiovascular disease 
(CVD), HIV infection, hepatitis B virus (HBV), hepatitis A virus (HAV), depression, schizophrenia/bipolar disorder, pregnancy, 
cancer history, and use of proton-pump inhibitors (PPIs) and statins.
Abbreviations: CI, confidence interval; DAA, direct-acting antivirals; HR, hazard ratio.

taBle 3. Incidence Rate of Hepatocellular Carcinoma in patients with HCV with and without Cirrhosis by treatment Status 
in Sensitive analyses

Incidence Rate of Hepatocellular Carcinoma
Person-
years

No. of 
Events

Crude 
Incidence/1000 

Person-years

Multivariate Cox Regression*

HR 95% CI

Patients with HCV without any cancer history at baseline

Patients with cirrhosis (n = 1954)

DAA treatment (n = 1127) 1325 15 11.3 0.28 0.14-0.54

No treatment (n = 827) 721 33 45.7 1 Reference

Patients without cirrhosis (n = 21,994)

DAA treatment (n = 6270) 7477 21 2.8 0.37 0.21-0.65

No treatment (n = 15,724) 14,162 79 5.6 1 Reference

Patients with HCV with HCC diagnosis ≥3 months after baseline

Patients with cirrhosis (n = 2155)

DAA treatment (n = 1218) 1449 17 11.7 0.29 0.16-0.55

No treatment (n = 937) 819 38 46.4 1 Reference

Patients without cirrhosis (n = 23,735)

DAA treatment (n = 6704) 8076 23 2.8 0.47 0.27-0.80
No treatment (n = 17,031) 15,388 77 5.0 1 Reference

*Cox proportional hazards model was used to adjust for age, gender, region, insurance type, HCV disease duration, alcoholic liver 
disease (ALD), nonalcoholic fatty liver disease (NAFLD), alcohol use disorder and injection/noninjection drug use disorder, hyperten-
sion, dyslipidemia, diabetes mellitus, chronic obstructive pulmonary disease (COPD), chronic kidney disease (CKD), cardiovascular 
disease (CVD), HIV infection, hepatitis B virus (HBV), hepatitis A virus (HAV), depression, schizophrenia/bipolar disorder, preg-
nancy, cancer history, and use of proton-pump inhibitor (PPI) and statins.
Abbreviations: CI, confidence interval; DAA, direct-acting antivirals; HR, hazard ratio.
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untreated group (HR, 0.38; 95% CI, 0.26-0.56). 
Among patients without cirrhosis (n = 23,948), 312 
DCC events (1.3%) occurred. In patients without 
cirrhosis, the crude DCC incidence rate was 16.2 
per 1000 person-years in the untreated group and 
8.0 per 1000 person-years for the DAA-treated 
group (Table 4). After adjusting for covariates, 
patients without cirrhosis in the DAA group had a 
58% decreased risk of developing DCC compared 
with those in the untreated group (HR, 0.42; 95% 
CI, 0.30-0.58). In a sensitivity analysis in which we 
assessed DCC incidence without censoring patients 
at their date of HCC, study results were similar 
(HR, 0.35; 95% CI, 0.24-0.51 in patients with cir-
rhosis; HR, 0.42; 95% CI, 0.30-0.57 in patients 
without cirrhosis). We also performed a subgroup 
analysis in which we assessed DCC incidence in 
patients who received DAA therapy of at least 8 
weeks of sofosbuvir/ledipasvir or 12 weeks of the 
other DAA regimens and found no significant 
change in the results (HR, 0.38; 95% CI, 0.25-0.57 
in patients with cirrhosis; HR, 0.39; 95% CI, 0.27-
0.56 in patients without cirrhosis) (Supporting 
Table S4).

eFFeCt oF all-oRal Daa 
RegIMeN oN HealtH CaRe 
CoStS

For the economic analysis, we further excluded 
patients who had less than a 12-month follow-up 
period in order to evaluate at least 1 year of medi-
cal costs after HCV treatment (mean follow-up, 17 
months). After PS matching, a total of 8064 patients 
(682 with cirrhosis and 7382 without cirrhosis) were 
included.

Unadjusted Medical Costs
Unadjusted medical costs for the PPPY pre- 

and posttreatment periods in patients with HCV 
with and without cirrhosis are shown in Table 5. 
In patients with cirrhosis (n = 682), liver-related 
total medical costs were significantly lower in the 
DAA group ($1863) compared with the untreated 
group ($4079; P < 0.001). All-cause costs were 
lower in the DAA group ($18,601) compared with 
the untreated group ($34,359), although the differ-
ence was not statistically significant (P = 0.158). In 

taBle 4. Incidence Rate of Decompensated Cirrhosis in patients with HCV with and without Cirrhosis, by treatment Status

Incidence Rate of Decompensated Cirrhosis
Person-
years

No. of 
Events

Crude 
Incidence/1000 

Person-years

Multivariate Cox regression*

HR 95% CI

Base case analysis

Patients with cirrhosis (n = 2157)

DAA treatment (n = 1218) 1406 45 32.0 0.38 0.26-0.56

No treatment (n = 939) 791 86 108.7 1 Reference

Patients without cirrhosis (n = 23,948)

DAA treatment (n = 6710) 8022 64 8.0 0.42 0.30-0.58

No treatment (n = 17,238) 15,315 248 16.2 1 Reference

Sensitivity analysis: Patients with HCV without censoring at their date 
of hepatocellular carcinoma

Patients with cirrhosis (n = 2157)

DAA treatment (n = 1218) 1416 45 31.8 0.35 0.24-0.51

No treatment (n = 939) 801 92 114.9 1 Reference

Patients without cirrhosis (n = 23,948)

DAA treatment (n = 6710) 8036 69 8.5 0.42 0.30-0.57
No treatment (n = 17,238) 15,336 262 17.0 1 Reference

*Cox proportional hazards model was used to adjust for age, gender, region, insurance type, HCV disease duration, alcoholic liver 
disease (ALD), nonalcoholic fatty liver disease (NAFLD), Alcohol dependence/abuse and injection/noninjection drug abuse, hyper-
tension, dyslipidemia, diabetes mellitus, chronic obstructive pulmonary disease (COPD), chronic kidney disease(CKD), cardiovascular 
disease (CVD), HIV infection, hepatitis B virus (HBV), hepatitis A virus (HAV), depression, schizophrenia/bipolar disorder, preg-
nancy, and use of proton-pump inhibitor (PPI) and statins.
Abbreviations: CI, confidence interval; DAA, direct-acting antivirals; HR, hazard ratio.
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patients without cirrhosis, (n = 7382), liver-related 
costs were significantly higher in the DAA group 
($737) compared with the untreated group ($436; 
P < 0.001), which was driven by a higher rate of 
outpatient visits in the DAA group compared with 
the untreated group (3.2 vs. 0.7; P < 0.001; data not 
shown). However, all-cause costs were lower in the 
DAA group ($13,721) compared with the untreated 
group ($14,157), but this difference was not statisti-
cally significant (P = 0.093).

Daa treatment Costs
The mean all-oral DAA treatment costs for 

patients with HCV with cirrhosis were $123,086, 
which was $22,619 higher than the mean for 
patients with HCV without cirrhosis ($100,467) 
because of a longer duration of therapy (98 vs. 85 
days) (Supporting Table S6).

adjusted Medical Costs
After adjustment for demographic characteris-

tics, comorbidities, and pretreatment medical costs, 
patients with cirrhosis in the DAA group had sig-
nificantly lower liver-related and all-cause health 
care costs compared with those in the untreated 
group (Fig. 2). Patients with cirrhosis in the DAA 

group were estimated to have mean liver-related 
costs of $1749, which was 62% lower than that 
for the untreated group ($4575; P < 0.001). All-
cause medical costs were estimated at $19,300 in 
the treated group, which was 42% lower compared 
with patients in the untreated group ($33,039;  
P < 0.001). In contrast, patients without cirrhosis 
who received all-oral DAA treatment were esti-
mated to have slightly higher liver-related costs 
($726) compared with those of untreated patients 
($441). All-cause medical costs were also slightly 
higher in the DAA-treated group ($14,071) com-
pared with the untreated group ($13,828). However, 
these differences were not statistically significant.

Discussion
This retrospective cohort study provides real-world 

evidence from the U.S. general population on the 
effects of all-oral DAA therapy for clinical and eco-
nomic outcomes covering the first 3 years after the 
approval of the second generation of DAAs in the 
United States. In patients with cirrhosis, the crude 
incidence rates of HCC (11.7 vs. 48.9 per 1000 per-
son-years) and DCC (32.0 vs. 108.7 per 1000 per-
son-years) were three to four times lower in patients 
in the DAA-treated group compared with those in 

taBle 5. Unadjusted liver-related and all-cause Costs per person per year Before and after treatment in the propensity 
Score–Matched patients with HCV with and without Cirrhosis, by treatment Status

Health care costs*

Pretreatment Posttreatment

Mean SD Mean SD P Value†

Liver-related costs, $

Patients with cirrhosis (n = 682)

DAA treatment (n = 341) 1742 2291 1863 8157 <0.001

No treatment (n = 341) 1450 2420 4079 23,623

Patients without cirrhosis (n = 7382)

DAA treatment (n = 3691) 1051 1506 737 3819 <0.001

No treatment (n = 3691) 315 825 436 6727

All-cause costs, $

Patients with cirrhosis (n = 682)

DAA treatment (n = 341) 17,537 31,178 18,601 34,704 0.158

No treatment (n = 341) 23,798 45,683 34,359 75,676

Patients without cirrhosis (n = 7382)

DAA treatment (n = 3691) 12,370 30,557 13,721 38,151 0.093
No treatment (n = 3691) 13,334 32,493 14,157 39,727

*Costs were adjusted to 2016 U.S. dollars using an annual 3% inflation rate.
†P values compare differences in posttreatment costs between the treated and untreated groups using Wilcoxon signed rank tests.
Abbreviations: DAA, direct-acting antivirals.
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the untreated group. We observed a similar trend 
among patients without cirrhosis, in which the crude 
incidence rates for HCC (3.1 vs. 5.8 per 1000 per-
son years) and DCC (8.0 vs. 16.2 per 1000 per-
son-years) were approximately two times lower for 
the DAA group compared with the untreated group. 
These findings were further confirmed in our Cox 
proportional hazards regression models, which indi-
cated DAA therapy was associated with a 72% and 
a 62% decreased risk of developing HCC and DCC 
in patients with cirrhosis, respectively. Similarly, the 
DAA therapy significantly reduced the risk of HCC 
(HR, 0.43, 95% CI, 0.26-0.71) and DCC (HR, 0.42, 
95% CI, 0.30-0.58) in patients without cirrhosis.

Our results are very encouraging, as DAA therapy 
is associated with high cure rates, few side effects, and 
a decrease in adverse liver-related outcomes, unlike 
earlier HCV interferon-based therapies, which car-
ried lower cure rates probably as a result of the high 
side-effect profile of interferon leading to high discon-
tinuance of treatment prior to cure.(10,24) Interestingly, 
unlike our results, a recent report indicated that DAA 
treatment was associated with an unexpected high 
rate of HCC.(25-27) Investigators suggest that the high 
rate of HCC may actually be the results of the “ware-
housing effect”—a state where curative treatment was 
offered to those who were the sickest and were unable 
to be cured with the prior IFN treatment.(28) A recent 
study of U.S. veterans found that DAA treatment was 
not associated with a higher risk of HCC in patients 
with HCV with cirrhosis.(28) Our findings are more 
in line with the U.S. veterans, as we determined that 
being male, of older age, and having cirrhosis, diabe-
tes, and any type of cancer, in addition to no treat-
ment, were the predictors for HCC.

Moreover, in our study, we also determined that 
the risk of incident decompensation was significantly 
lower in the DAA-treated group regardless of cirrho-
sis status, although more DCC events occurred in the 
group with cirrhosis. Our results are different than 
previous studies, which reported the possibility of an 
increased risk for hepatic decompensation related to 
DAA therapy.(29,30) One reason for these reported 
differences may come about as a result of the type 
of data and populations used in the analyses. Our 
analysis compared the incident liver decompensation 
of DAA therapy with untreated patients with HCV 
without DCC at baseline whereas the previous studies 
did not have a control group and included patients 

with DCC prior to initiation of DAA therapy.(29,30) 
Consistent with our study, the previous studies 
reported that the risk of hepatic decompensation 
was observed in patients with pretreatment cirrhosis 
receiving DAAs.(29,30)

A disturbing study finding was that the majority 
of patients with HCV (70%) within our study were 
not treated. During the study period, 45% of patients 
with cirrhosis and 72% of patients without cirrhosis 
did not receive any HCV treatment. It is notewor-
thy that DCC and HCC incidence rates were sig-
nificantly higher in patients with cirrhosis receiving 
DAA therapy compared with patients without cirrho-
sis who did not receive any treatment, suggesting that 
delaying this curative treatment until patients develop 
cirrhosis can substantially increase the risk of liver 
complications.

Nonetheless, the high percentage of patients not 
receiving treatment suggests that patients are still 
encountering barriers to treatment even within a 
group with access to health insurance. In our study, 
we determined that being female, having alcohol/drug 
use disorder, HBV, COPD, CKD, CVD, depression, 
cancer history, and ALD as well as being pregnant 
were predictors for no treatment. Therefore, identi-
fying and then overcoming the barriers to treatment 
remains a significant issue in eradicating HCV and its 
clinical burden.

Besides reporting the reduction in the clinical bur-
den of HCV with DAA treatment, we also investi-
gated the economic burden of HCV and found that 
HCV DAA treatment was associated with a decline 
in health expenditures for both liver-related (by 
$2826) and all-cause-related ($13,739) expenditures, 
after controlling for comorbidities and pretreatment 
costs, especially in patients with cirrhosis. When we 
monetized PPPY data to all patients with cirrhosis in 
the United States (n = 223,000 patients with cirrho-
sis [8.3% among 2.7 million patients with HCV in 
the United States]), assuming 100% of patients were 
treated with DAA therapy, liver-related and all-cause 
cost savings from treatment with DAA therapy were 
estimated to result in savings of $0.6 billion ($2826 
PPPY) and $3 billion per year ($13,739 PPPY), rela-
tive to no treatment, respectively.

Although we did not observe decreased costs in 
the DAA group among patients without cirrhosis, 
we believe that over time the savings associated with 
the avoidance of advanced liver disease and other 
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complications of HCV will be offset, as predicted 
by several economic investigations in which DAA 
therapy was found to be cost-effective in the long 
term.(16-18,31) Furthermore, although we did not study 
HCV-associated extrahepatic manifestations in this 
study, previous investigators found that a large pro-
portion of all-cause medical costs were attributable to 
extrahepatic manifestation–related costs in patients 
with HCV, adding strength to our findings that treat-
ment with DAAs can reduce the high medical costs 
in patients with HCV by saving in both liver compli-
cations and extrahepatic manifestations avoided with 
cure.(14,32,33)

It is important to note that in our economic analy-
sis, we estimated that the costs for at least an 8-week 
DAA treatment course ranged between approximately 
$100,467 and $123,086. However, the actual cost paid 
for the DAA therapy may be significantly less than 
our estimation considering the high rebates and dis-
counts negotiated between pharmaceutical companies 
and payers.(34) Nonetheless, despite the competition 
and negotiated pricing, cost still remains a financial 
burden for payers and continues to limit the public 
health impact of new DAA therapies. Therefore, our 
findings provide policy makers and stakeholders with 
information they need when determining policies that 
affect the accessibility of these highly effective drugs 
and the impact on the long-term public health as well 
as the economic benefits of curing HCV, especially 
during the opioid crisis when HCV infection is actu-
ally increasing.(35)

There are several strengths to our study. First, 
this study has methodological strength as a result of 
using a prescription time-distribution matching to 
adjust time to initiate HCV treatment after diagnosis 
that add the same duration to the time between the 
first HCV diagnosis date in each untreated patient. 
In addition, we used regression-adjusted matching; 
matching was followed by regression adjustment to 
the matched data, which is a relatively robust method 
for estimating treatment effects in health economic 
evaluation compared with matching or regression 
adjustment alone.(36) These statistical methods have 
not been performed in many of the previous economic 
studies for patients with HCV.

Second, this study included a number of strongly 
associated covariates that were controlled for in the 
Cox models (e.g., diabetes, PPIs, statins), stratified by 

the presence of cirrhosis. For the economic model, 
we further controlled for pretreatment costs in addi-
tion to demographics and comorbidities to account 
for skewness and effects of confounders to isolate the 
estimated treatment effects on medical costs. Third, 
this study has a large sample size that is representa-
tive of the general insured populations in the United 
States. We also conducted several sensitivity analyses 
to assess the robustness of our results and found that 
our results were consistent.

Our study also had a few limitations. The study 
lacked laboratory results (e.g., SVR, biopsy) to cor-
roborate ICD coding. The Truven claims databases 
contain deidentified patient-level health data, where 
individual records cannot be linked back to an original 
health record system and/or other databases for ICD 
code validations. However, a recent validation study 
reported that a coding algorithm including 1 inpatient 
or 2 outpatients ICD-9 codes for HCV and cirrho-
sis had high accuracy, although using ICD-10 codes 
has not yet been validated.(37) Previous studies also 
validated that the use of billing ICD-9 codes for the 
diagnosis of DCC and HCC had positive predictive 
value of 88%-91%.(20) It is possible that incomplete, 
missing, or miscoded claims may impact the study 
findings; however, coding errors are likely distributed 
evenly between the treated and untreated groups. This 
study is also limited by its design as a retrospective 
cohort study; however, prospective studies comparing 
DAA therapy with no treatment would be infeasi-
ble and unethical, as DAAs have been shown to be 
highly efficacious and significantly associated with a 
decreased risk of advanced liver diseases (i.e., HCC 
and DCC). In addition, we have a relatively short fol-
low-up, which did not allow us to fully explore the 
long-term effects of all-oral DAAs.

In conclusion, DAA therapy was found to be asso-
ciated with significant reductions in the incidence of 
HCC and DCC among patients with and without 
cirrhosis. In addition, the use of DAA treatments was 
found to be economically sound for both liver-related 
and all-cause health care resource use. Yet, despite 
these positive findings, and the availability of these 
highly effective all-oral DAA therapies, the major-
ity of patients with HCV within our study were not 
treated. Future studies must continue to investigate 
ways to improve access to treatment for all patients 
with HCV.
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