
438 Journal of Managed Care Pharmacy JMCP July/August 2013 Vol. 19, No. 6 www.amcp.org

The Effect of Hepatitis C Treatment Response on Medical Costs: 
A Longitudinal Analysis in an Integrated Care Setting

M. Michele Manos, PhD, MPH, DVM; Jeanne Darbinian, MPH; Jaime Rubin, MPH; 
G. Thomas Ray, MBA; Valentina Shvachko, MS; Baris Deniz, MSc; 
Fulton Velez, MD, MSPharm, MBA; and Charles Quesenberry, PhD

ABSTRACT

BACKGROUND: Studies suggest that chronic hepatitis C patients who 
achieve sustained virologic response (SVR) have lower risks of liver-related 
morbidity and mortality. Given the substantial costs and complexity of 
hepatitis C virus (HCV) antiviral treatment, post-treatment benefits are 
important to understand. 

OBJECTIVE: To determine whether health care costs and utilization for up 
to 5 years after treatment differed between patients who achieved SVR and 
those who did not.

METHODS: Kaiser Permanente Medical Care Program patients receiving 
HCV treatment with pegylated interferon and ribavirin (Peg-IFN/RBV) from 
2002 to 2007 were retrospectively analyzed, excluding those with human 
immunodeficiency virus (HIV) or chronic hepatitis B. Health care utiliza-
tion and costs for up to 5 years after treatment completion were derived 
from electronic records. We compared mean annual cost and overall post-
treatment costs (standardized to year-2007 dollars), and yearly utilization 
counts between the SVR and non-SVR groups, adjusting for pretreatment 
costs, age, sex, baseline cirrhosis, and race using gamma and Poisson 
regression models.

RESULTS: The 1,924 patients eligible for inclusion were a mean age of 50 
years; 63% male; 58% white, non-Hispanic; 62% with genotype 1; and 
48% who had achieved SVR. The mean duration of post-treatment time was 
3 years, and patients without SVR incurred significantly higher health care 
costs than patients with SVR. For each post-treatment year, total adjusted 
costs were significantly higher in the non-SVR group than in the SVR group, 
with rate ratios (RRs) and 95% CIs ranging from 1.26 (95% CI, 1.13-1.40) 
to 1.64 (95% CI, 1.38-1.96), driven mostly by hospital and outpatient phar-
macy costs. When all post-treatment years were considered collectively, 
the non-SVR group had significantly higher costs overall (RR = 1.41; 95% 
CI, 1.17-1.69) and in each category of costs. The adjusted difference in 
yearly total mean costs was $2,648 (95% CI, 737-4,560). In post-treatment 
years 2-5, adjusted liver-specific laboratory test rates were 1.8 to 2.3 times 
higher in the non-SVR group than in the SVR group (each year, P<0.001). 
During post-treatment years 1-5, adjusted yearly liver-related hospitaliza-
tion rates were up to 2.45 times higher (95% CI, 1.56-3.85), and medicine/
GI clinic visit rates were up to 1.39 times higher (95% CI, 1.23-1.54) in the 
non-SVR group compared with the SVR group.

CONCLUSION: Health care utilization and costs after HCV antiviral therapy 
with Peg-IFN/RBV, particularly for liver-related tests, outpatient drugs, and 
hospitalizations, were significantly lower for patients who achieved SVR 
than for those without SVR. Our observations are consistent with the poten-
tially lower risk of severe liver disease among patients with SVR.
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RESEARCH

•	Chronic hepatitis C virus (HCV) is the most common blood-
borne infection in the United States, affecting approximately  
4 million people, most of whom do not know they are infected. 
Related disease progresses slowly over several decades, and 
symptoms often go unnoticed until patients develop advanced 
liver disease, such as decompensated cirrhosis and hepatocellular 
carcinoma.

•	The costs of treating HCV-related complications are expected 
to rise substantially in the next 5 to 10 years, as the majority of 
patients will have been infected for more than 2 decades and are 
at increased risk of developing advanced liver disease.

•	Achieving sustained virologic response (SVR) is the primary goal 
of HCV treatment, and studies suggest that it potentially reduces 
the risk of advanced liver disease, liver transplant, and liver-
related death over the long term. The impact of SVR on resource 
use and health care costs in the short term has not been fully 
characterized.

What is already known about this subject

•	We conducted a retrospective study of patients receiving treat-
ment with pegylated interferon and ribavirin in the Kaiser 
Permanente Medical Care Program of Northern California from 
2002 to 2007 to quantify the short-term cost and utilization 
impact of achieving SVR. Using electronic medical records, 
health care utilization and costs were assessed for up to 5 years 
after treatment ended. Post-treatment all-cause costs per person 
per year were $6,301 and $10,149 for the SVR and non-SVR 
groups, respectively. The adjusted difference in yearly total mean 
costs was $2,648 (95% CI, 737-4,560).

•	When considering costs by post-treatment year, total adjusted 
costs were significantly higher (up to 1.7 times) in the non-SVR 
group than in the SVR group, driven mostly by hospital and 
outpatient pharmacy costs. When all post-treatment years were 
considered collectively, the non-SVR group had significantly 
higher costs overall (rate ratio = 1.41; 95% CI, 1.17-1.69) and in 
each category of costs. 

•	Non-SVR patients also had higher resource use than did those 
with SVR, with significantly higher numbers of hospitalizations, 
liver-specific lab tests, and internal medicine visits in most post- 
treatment years. 

What this study adds
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■■  Methods
Setting and Base Population 
We studied patients who had undergone HCV treatment 
within the Northern California Kaiser Permanente Medical 
Care Program (KPNC). The comprehensive, integrated health 
care delivery system serves more than 3.2 million members in 
the San Francisco and Sacramento Greater Metropolitan areas. 
The membership is representative of the area’s total insured 
population except for persons with extremes in income.29,30 
Comprehensive, electronic administrative and clinical data for 
all KPNC patients with hepatitis C are maintained in the Viral 
Hepatitis Registry (VHR) and at the time of this investigation 
included records dated from 1995 through 2008 for 40,307 
historical and current patients with hepatitis C. The study 
protocol was approved by the Institutional Review Board of the 
Kaiser Foundation Research Institute.

Study Populations 
We identified 3,250 adult patients who had undergone a course 
of at least 4 weeks of Peg-IFN/RBV antiviral therapy for chronic 
HCV infection between January 1, 2002, and December 31, 
2007. We did not include treatment courses defined as pre-
transplant (treatment initiation within 18 months prior to 
a transplant date identified by the KP Transplant Registry 
database) or treatments occurring after liver transplant. We 
required at least 11 months of membership in the KPNC health 
plan for the 1 year prior to treatment initiation and the 1 year 
after the end of treatment. The end of treatment was defined 
by the last prescription dispense date plus days of supply. We 
excluded patients with chronic viral hepatitis B (HBV) and/or 
human immunodeficiency virus (HIV) co-infection (based on 
their inclusion in KPNC disease registries), a record of enroll-
ment in an HCV clinical trial, any prior treatment for HCV 
within the past 12 months, unknown sustained viral response 
(SVR) status, and HCV genotype unknown or other than 1, 2, 
or 3. Figure 1 delineates the process. If more than 1 eligible 
HCV treatment course occurred for a patient during the study 
period (greater than 12 months apart), we selected the most 
recent. 

For each patient, post-treatment follow-up continued for  
1, 2, 3, 4, or 5 years (12-month periods) after the date of ending 
HCV treatment. Years of eligible follow-up were determined by 
death, disenrollment from the health plan, or December 31, 
2008, whichever occurred first. Inclusion required health plan 
membership for 11 of the 12 months of that individual’s year 
of follow-up, or death with at least 1 month of membership 
in that year. For example, an otherwise eligible patient whose 
treatment ended in December 2007 could contribute only  
1 year of follow-up, and a patient whose treatment ended in 
June of 2006 could contribute only 2 years (the third potential 
year of follow-up being truncated in December 2008 and being 
ineligible). A detailed flow diagram of post-treatment attrition 
of the cohort is shown in Figure 1. 

Approximately 4 million people in the United States are 
chronically infected with hepatitis C virus (HCV).1-3 
Hepatitis C is a slowly progressing disease that is rela-

tively asymptomatic until severe liver disease develops, and at 
least 50% of the infected population remains undiagnosed in 
the United States today.4,5 Despite the often asymptomatic early 
stages of the condition, chronic hepatitis C can result in liver 
failure, including decompensated cirrhosis (DCC) or hepato-
cellular carcinoma (HCC).4,6,7

A substantial portion of both the economic and health 
burden of HCV is driven by the development of advanced 
liver disease (i.e., DCC or HCC).4 Currently, hepatitis C is 
the leading cause of HCC and liver transplants in the United 
States, and studies estimate that liver cirrhosis and HCC will 
increase 30.5% and 50%, respectively, in the next decade.3,8-10 
Likewise, the health care costs related to HCV were estimated 
to be $5.46 billion in 1997 and are predicted to increase to 
$10.7 billion over the next decade.11,12 Recently published HCV 
economic analyses estimated that annual total cost per patient 
was $20,961 for patients with HCV compared with $5,451 in a 
matched uninfected cohort.13

The primary goal of HCV treatment is to prevent morbid-
ity and mortality associated with resultant chronic liver dis-
ease. The desired outcome of treatment is sustained virologic 
response (SVR), defined as undetectable HCV in plasma at least 
6 months after the completion of anti-HCV therapy.14 Based 
on clinical and laboratory observations, SVR is considered as 
defining virologic cure.15,16 Until the spring of 2011, the stan-
dard of care for all genotypes of HCV was the combination 
of pegylated interferon and ribavirin (Peg-IFN/RBV), which 
leads to SVR in approximately 40% of patients with genotype 
1 and 70% to 80% of patients with genotype 2 or 3.14 Recent 
studies have shown that SVR is associated with a > 80% reduc-
tion in complications such as HCC, end-stage liver disease, 
liver transplant, liver-related death, diabetes, as well as overall 
mortality.17-23 

Previous studies that have assessed the economic and clini-
cal value of successful HCV treatment extrapolate the positive 
impact of SVR on future complications.24-28 In these studies, 
an assumption was that virologic cure would provide long-
term (i.e., over the course of a person’s lifetime) economic and 
clinical value by reducing future risks of disease-related com-
plications. However, few studies have looked at more immedi-
ate long-term cost benefits of SVR. We sought to investigate 
whether patients who achieved SVR had reduced health care 
costs compared with those who did not achieve SVR during the 
period 1 to 5 years after treatment. Specifically, in an integrated 
managed care setting, we compared the direct medical-care 
costs and total health care resource utilization up to 5 years fol-
lowing HCV treatment with Peg-IFN/RBV among patients who 
achieved SVR versus those whose treatment was not successful.
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For patients who died in a follow-up year, utilization and 
costs up to the time of death were included for that year. This 
method is based, in part, on the assumption that the patient 
would have remained a health plan member for the entire year 
had they not died. We did not adjust cost estimates for time 
spent alive within that final follow-up year. We chose this 
approach, to better capture the health care events occurring 
prior to death, rather than excluding patients from their death 
year and potentially missing these major costs.

Data Collection 
Utilization and cost data were obtained for the period 1 year 
prior to treatment, during treatment, and all eligible years 
post-treatment for each patient. Costs for services provided by 
KPNC were obtained from the Cost Management Information 

System, an automated system that integrates use and financial 
databases. Thus, the payer perspective was adopted for the 
study. Costs, including program and facility overhead, are 
generated for services using standard accounting methods and 
program-specific relative value units. From these, we obtained 
costs of hospitalization and outpatient encounters, including 
emergency department and office visits as well as radiology and 
laboratory services. We obtained outpatient pharmacy costs 
from KPNC’s Pharmacy Information Management System, 
which records information on all prescription drugs dispensed 
at KPNC outpatient pharmacies. For services covered by KPNC 
but provided by non-KPNC vendors, we used payments made 
to those vendors. This study does not include any patient out-
of-pocket expenses, and all costs were adjusted to year-2007 
dollars using the Consumer Price Index. 

n = 3,250a

Adult health plan members with ≥ 4 week eligibleb course of pegylated interferon and ribavirin HCV therapy during years 2002-2007. 

Year 1    n = 1,924

Year 2    n = 1,488

Year 3    n = 1,110

Year 4    n = 746

Year 5    n = 425d

•	 Censored December 31, 2008 (n = 279)
•	 Health plan disenrollment (n = 144)
•	 Deceased (n = 13)

•	 Censored December 31, 2008 (n = 285)
•	 Health plan disenrollment (n = 80)
•	 Deceased (n = 13)

•	 Censored December 31, 2008 (n = 301)
•	 Health plan disenrollment (n = 53)
•	 Deceased (n = 10)

•	 Censored December 31, 2008 (n = 294)
•	 Health plan disenrollment (n = 22)
•	 Deceased (n = 5)

EXCLUDEDc:
•	 855 (26%) lacking ≥ 11 months of membership 1 year prior to and/or 

1 year after therapy, and/or continuous membership during therapy
•	 37 (1%) with hepatitis B virus co-infection
•	 64 (2%) with HIV co-infection
•	 6  (< 1%) with HCV clinical trial participation 
•	 103 (3%) not HCV genotype 1, 2, or 3 (68 unknown, 35 other)
•	 217 (6%) with unknown treatment response (SVR status)
•	 44 (1%) treated within 1 year prior to eligible treatment course

436 (23%)

378 (20%)

364 (19%)

321 (17%)

aIdentified from 40,307 hepatitis C patients in the KPNC Viral Hepatitis Registry. 
bDoes not include treatment courses initiated after or within 18 months prior to liver transplant. 
cExclusions conducted hierarchically. 
dDuring the Year 5 period, 8 additional deaths occurred.
HCV = hepatitis C virus; HIV = human immunodeficiency virus; KPNC = Northern California Kaiser Permanente Medical Care Program; SVR = sustained virologic 
response.

FIGURE 1 Assembly and Attrition of Study Cohort 
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We obtained health care utilization data from the KPNC 
electronic medical record system and other automated  
databases. These databases capture laboratory tests and 
results, hospitalizations, emergency department visits, and 
outpatient clinic visits. Laboratory tests were stratified by 
whether they were considered liver-disease related (codes for 
all HCV tests, creatinine, bilirubin, serum albumin, alanine 
amino transferase, aspartate amino transferase, gamma-glu-
tamyl transferase, alpha-fetoprotein). Diabetes was assigned 
by whether the patient was included in the KPNC Diabetes 
Registry.31 Cirrhosis was defined by evidence on a liver biopsy 
or a medical record diagnosis (equivalent to International 
Classification of Diseases, Ninth Edition, Clinical Modification 
(ICD-9-CM) codes 571.2, 571.5, 571.6).

Baseline, on-treatment, and response information was 
obtained from the KPNC VHR databases. SVR status was assigned  
based on laboratory records and defined as is standard10: unde-
tectable viral RNA (lower limit of detection, 7 IU/ml) at 24 weeks 
or later after the course of treatment.

Different HCV genotypes require distinct antiviral therapy 
regimens and were grouped to reflect this. Selected findings 
are presented stratified by the viral genotype groups, making 
them available for future studies that may consider on-treat-
ment costs or utilization in combination with post-treatment 
information.

Analyses of Differences in Mean Medical Costs 
We obtained estimates of adjusted differences in mean annual 
post-treatment costs between the non-SVR group and those 
who attained SVR, using linear regression models in which the 
dependent variable was cost. We assessed total costs and costs 
stratified by care setting, including hospital, outpatient phar-
macy, and outpatient nonpharmacy. “Hospital costs” included 
the cost of hospitalizations (including same-day hospitaliza-
tions), skilled nursing facility stays, home health care visits, 
and hospice care. Outpatient nonpharmacy costs included the 
cost of laboratory and radiology services, emergency depart-
ment visits, clinic visits, and durable medical equipment. 

The primary independent variable was SVR group (compar-
ing those who did not achieve SVR with those who did). We 
adjusted for age at the end of treatment, race/ethnicity, sex, 
and history of cirrhosis (prior to start of treatment). We also 
included total costs incurred during the 1-year period prior to 
treatment initiation (entered as quintiles) as a proxy for base-
line health status and propensity to use services.32,33 Utility of 
this proxy was evidenced by the observation that inclusion of 
it in models ameliorated the substantial effects of pretreatment 
diabetes or depression.34 We applied weighting based on total 
number of post-treatment years in the study and obtained esti-
mates for the entire analytic cohort and for each HCV genotype 
subset (1 and 2/3).

Analyses of Proportional Differences in Mean Medical Costs 
To estimate the proportional differences in post-treatment 
costs (expressed as rate ratios [RRs]) showing the ratio of the 
non-SVR group compared with the referent SVR group), we 
ran separate generalized models under the gamma distribution 
with log link (i.e., log-linear) for each year of follow-up.35 For 
these log-linear gamma models, the dependent variable was 
the person’s direct medical cost in that year and the primary 
independent variable was SVR group (comparing those who 
did not achieve SVR with those who did). Because gamma 
distribution modeling would exclude any records with no 
costs, we added $1 to each care category of summarized costs 
in each post-treatment year that an individual cohort member 
remained in the study.36,37 This allowed us to retain all eligible 
records under study (for a given year and care setting of cost). 
We adjusted for age at the end of treatment, race/ethnicity, sex, 
history of cirrhosis, and pretreatment costs.

In addition to modeling costs separately for each post-treat-
ment year, we also used log-linear gamma models in which 
we combined post-treatment costs for all years of follow-up 
in a series of repeated measures models with estimation via 
generalized estimating equations (GEE) with an autoregressive 
covariance structure to account for correlation among different 
post-treatment years for the same person. We ran these mod-
els for the entire cohort and also stratified by HCV genotype  
(1 versus 2/3). Furthermore, we tested for heterogeneity in the 
SVR effect over time by including all years for the cohort in a 
repeated measures model (via GEE) that contained an interac-
tion term of post-treatment year by SVR–non-SVR indicator. 

Analyses of Health Services Utilization 
To assess differences in health care services use by SVR group, 
we used Poisson regression, with allowance for over-dispersion 
(variance > mean) or under-dispersion (variance < mean). The 
dependent variable was counts of health care services use for 
each care category assessed (e.g., hospitalizations, outpatient 
laboratory test results, ambulatory care clinic visits). Liver-
related laboratory tests included liver chemistry and any 
HCV tests. For hospitalizations, we counted admissions that 
included an overnight stay. The principal predictor was SVR 
group, adjusting for age at end of treatment, sex, race/ethnicity, 
history of cirrhosis prior to start of treatment, and quintile of 
pretreatment costs. As with the cost analysis, we ran separate 
models for each post-treatment year. We also tested for hetero-
geneity in the SVR effect over time by including all years in a 
repeated measures model that contained an interaction term of 
post-treatment year by SVR status. We used a GEE approach to 
account for the within-patient correlation in yearly utilization 
counts.
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■■  Results
Characteristics of the Analytic Cohort 
The complete analytic cohort consisted of 1,924 patients of 
whom 63% were male, 58% non-Hispanic white, and 62% 
had HCV genotype 1. Almost half (48%) had achieved SVR. 
The mean age at the end of treatment was approximately 50 
years; and mean post-treatment (follow-up) time was 3.0 and 
2.9 years in the SVR and non-SVR groups, respectively. Table 1 
shows characteristics of the total cohort stratified by treatment 
response group. Numbers of patients eligible for inclusion in 
analyses decreased by the year of follow-up (Figure 1); in year 
5, only 425 patients remained in the study population. Cohort 
characteristics such as demographics and SVR status were vir-
tually identical in all post-treatment years (not shown). 

Post-Treatment Activity 
Post-treatment total (all cause) costs per person per year were 
an average of $8,286 for the entire cohort, and $6,301 and 
$10,149 for the SVR and non-SVR groups, respectively (Table 
2). Compared with those who attained SVR, patients in the 
non-SVR group incurred higher post-treatment costs in all 
categories assessed (total, hospital, and outpatient, whether 
pooled or distinguished as nonpharmacy and pharmacy). 
During each of the post-treatment years, 85% to 87% of the 
SVR group had no hospitalizations compared with 73% to 82% 
of the non-SVR group each year (data not shown). 

Table 2 also shows that post-treatment utilization per per-
son-year was higher in the non-SVR compared with the SVR 
group for the 4 major categories of services studied: hospital 
stays, liver-related outpatient laboratory tests, other outpatient 
laboratory tests, and outpatient internal medicine clinic visits 
(includes gastroenterology and infectious diseases clinics). 

Differences in Mean Direct Medical Costs 
Table 3 shows the adjusted differences in mean annual costs 
of the non-SVR group compared with the SVR group. Overall, 
patients without SVR incurred significantly higher annual 
post-treatment costs than did those who achieved SVR. This 
was observed for all categories analyzed, regardless of HCV 
genotype. Hospital costs did not show significant adjusted 
differences between the 2 groups. However, outpatient costs 
overall and by category showed significantly higher costs in 
the non-SVR group than in the SVR group, again regardless of 
HCV genotype.

Proportional Differences in Mean Direct Medical Costs 
To further evaluate cost differences, we calculated the adjusted 
RRs of costs of patients in the non-SVR group compared with 
the SVR group. Adjusted RRs revealed that total costs for the 
non-SVR group were significantly higher (26%-64%) than 
those of the SVR group during each of post-treatment years 
1 to 5 (Figure 2). For total and hospital costs, the adjusted 

RR (non-SVR compared with the SVR group) increased from 
years 1 to 3 post-treatment. By year 4, this increasing trend 
in cost differences appeared to taper off, although adjusted 
RR for total costs remained significant and over 1.4. When 
considering total outpatient post-treatment cost differences 
(i.e., excluding hospitalizations), the adjusted RRs for the non-
SVR versus SVR group ranged by year from 1.18 to 1.34 (all 

Treatment Response Group

SVR  
(n = 927)

Non-SVR 
(n = 997)

P  
Valuea

Total 
(n = 1,924)

Characteristic N (%) or Mean ± SD

Sex
Female 	 389	 (42.0) 	 325	 (32.6) < 0.001 	 714	(37.1)
Male 	 538	 (48.0) 	 672	 (67.4) 	 1,210	(62.9)

Age at end of therapy (years)
Mean ± SD 50.0 ± 7.8 50.8 ± 7.0 0.01 50.4 ± 7.4
Median (range) 	 50	(20-76) 	 51	(20-76) 	 50.5	(20-76)
20-49 	 427	 (46.1) 	 409	 (41.0) 0.03 	 836	(43.4)
50 + 	 500	 (53.9) 	 588	 (59.0) 	1,088	(56.6)

Race 
White, non-Hispanic 	 580	 (62.6) 	 544	 (54.6) < 0.001 	 1,124	(58.4)
Asian/Pacific 
Islander

	 105	 (11.3) 	 78	 (7.8) 	 183	(9.5)

Black 	 46	 (5.0) 	 125	 (12.5) 	 171	(8.9)
Hispanic 	 101	 (10.9) 	 163	 (16.3) 	 264	(13.7)
Native American 	 31	 (3.3) 	 24	 (2.4) 	 55	(2.9)
Unknown 	 64	 (6.9) 	 63	 (6.3) 	 127	(6.6)

HCV genotype categoryb 
1 	 399	 (43.0) 	 795	 (79.7) < 0.001 	 1,194	(62.1)
2 	 326	 (35.2) 	 99	 (9.9) 	 425	(22.1)
3 	 202	 (21.8) 	 103	 (10.3) 	 305	(15.8)

SVR status
SVR 	 927	(48.2)
Non-SVR 	 997	(51.8)

Post-treatment  
follow-up (years)

2.97 ± 1.44 2.94 ± 1.49 0.66 2.96 ± 1.47

Diabetesc 	 71	 (7.7) 	 155	 (15.5) < 0.001 	 226	(11.8)
History of cirrhosisc 	 54	 (5.8) 	 149	 (14.9) < 0.001 	 203	(10.6)
Quintile of pretreatment costs ($)d

1 	 195	 (21.0) 	 189	 (19.0) 0.397 	 384	(20.0)
2 	 190	 (20.5) 	 195	 (19.6) 	 385	(20.0)
3 	 192	 (20.7) 	 193	 (19.4) 	 385	(20.0)
4 	 177	 (19.1) 	 208	 (20.9) 	 385	(20.0)
5 	 173	 (18.7) 	 212	 (21.3) 	 385	(20.0)

aP values for chi-square statistic (categorical data) and t-test for continuous  
measures.
bMost recent to treatment start. 
cPrior to treatment.
dCut-points for quintile of pretreatment costs ($) — quintile 1: ≤ 2,561; 2: 2,562-
3,788; 3: 3,789-5,235; 4: 5,236-8,481; 5: ≥ 8,482.
HCV = hepatitis C virus; SD = standard deviation; SVR = sustained virologic 
response.

TABLE 1 Characteristics of the Study Cohort 
(n = 1,924)
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Post-Treatment Health Services Utilization 
We sought to further understand the observed cost differences 
between patients with and without SVR by comparing selected 
health care utilization in the post-treatment period. Figure 3 
shows results from Poisson regression models comparing 
relative utilization rates of the non-SVR group compared with 
the SVR groups, adjusting for key factors. In post-treatment 
years 2-5, overall (not shown) and liver-specific laboratory 
test rates were approximately 60% to 80% and 70% to 130% 
higher, respectively, in the non-SVR group compared with 
those who attained SVR (P < 0.001 for each year of follow-up 
time). Internal medicine (including gastroenterology and infec-
tious diseases) clinic visit rates were 20% to 40% higher in 
the non-SVR group compared with SVR patients in years 2-5 
after treatment (P < 0.001 for those years). Hospitalization rates 
fluctuated by post-treatment year from 10% to 145% higher in 
the non-SVR group compared with SVR patients. There were 
statistically significant differences in SVR effect over time for 
liver-related lab tests, other lab tests, and internal medicine 
outpatient visits. In particular, there was a strong increasing 
trend in adjusted RR for liver-related lab tests (see Appendix B, 
available online). 

■■  Discussion
This study found that health care utilization rates and direct 
medical costs up to 5 years after HCV antiviral therapy were 
significantly higher among patients who did not achieve SVR 
than among those achieving viral clearance. Rates of hospi-
talization following treatment completion were higher among  
non-SVR patients than those with SVR, although small numbers 

P < 0.03; see Appendix A, available online). The differences in 
outpatient costs, while still statistically significant, appeared to 
plateau by year 2 and then taper off by years 4-5. Based on the 
adjusted RR for nonpharmacy outpatient costs, the non-SVR 
group incurred significantly higher costs in this category than 
did the SVR group during post-treatment years 1-3 (Figure 2).  
For outpatient pharmacy costs, significant adjusted RRs were 
found for each year (ranging from 1.2 to 1.8 by year) for the 
non-SVR group compared with those who achieved SVR. 
While we observed no statistically significant differences over 
time in the SVR effect within any cost category, an increasing 
trend for outpatient pharmacy was evident (P = 0.26; Figure 2).

Table 4 shows the adjusted RRs for mean annual costs (all 
years combined) for the full cohort and stratified by HCV 
genotype (1 versus 2/3). In summary, compared with those 
who attained SVR, adjusted total, hospital, and outpatient costs 
for patients in the non-SVR group were 1.4, 1.7, and 1.4 times 
higher, respectively (all P < 0.01). We observed similar and 
significant patterns for patients in both HCV genotype groups 
although the differences were somewhat more pronounced for 
patients with genotype 2/3 (versus 1).

Category of Cost  
or Utilization

Treatment Response Group

SVR  
(n  = 927)

Non-SVR 
(n = 997)

Total  
(n = 1,924)

Mean (95% CI)b

Costs per person-year ($)a

Total 6,301  
(5,615-7,215)

10,149  
(8,918-11,492)

8,286  
(7,572-9,092)

Hospital 2,641  
(2,035-3,459)

5,167  
(4,035-6,395)

3,944  
(3,281-4,699)

Outpatient 3,661  
(3,479-3,854)

4,983  
(4,716-5,279)

4,343  
(4,183-4,519)

Nonpharmacy 2,954  
(2,796-3,122)

3,947  
(3,736-4,180)

3,466  
(3,334-3,610)

Pharmacy 708  
(654-764)

1,037  
(948-1,132)

878  
(823-935)

Utilization per person-yearc

Hospitalizations 0.09  
(0.08-0.11)

0.16  
(0.14-0.19)

0.13  
(0.11-0.14)

Liver-related labs 7.6  
(7.3-8.0)

11.8  
(11.3-12.5)

9.8  
(9.5-10.2)

Other labs 41.6  
(39.4-44.1)

60  
(56.9-63.4)

51.1  
(49.2-53.1)

Internal medicine clinic 
visits

4.5  
(4.3-4.7)

5.8  
(5.5-6.0)

5.2  
(5.0-5.3)

aPer person-year costs adjusted to year 2007 dollars using Consumer Price Index.
bSample mean shown with bootstrapped 95% CIs.
cBased on total counts (e.g., laboratory test results, hospital admissions, office  
visits).
CI = confidence interval; SVR = sustained virologic response.

TABLE 2 Mean Post-Treatment Costs  
and Utilization

Total Cohort HCV Genotype

(n = 1,924) 1 (n = 1,194) 2/3 (n = 730)

Category  
of Costs

Adjusted 
Difference 
in Mean 
Costs ($) 
(95% CI)

P  
Value

Adjusted 
Difference 
in Mean 
Costs ($) 
(95% CI)

P  
Value

Adjusted 
Difference 
in Mean 
Costs ($) 
(95% CI)

P  
Value

Total 2,648  
(737-4,560)

0.007 2,504  
(89-4,920)

0.042 3,904  
(91-7,717)

0.045

Hospital 1,599  
(-125-3,324)

0.069 1,522  
(-654-3,699)

0.170 2,499  
(-953-5,951)

0.156

Outpatient 1,049  
(610-1,488)

< 0.001 982  
(376-1,588)

0.002 1,405  
(645-2,165)

< 0.001

Nonpharmacy 752  
(388-1,116)

< 0.001 699  
(180-1,218)

0.008 906  
(318-1,495)

0.002

Pharmacy 297  
(150-444)

< 0.001 283  
(100-467)

0.003 499  
(203-795)

0.001

aDifference in yearly costs ($) of non-SVR group versus patients with SVR. 
Adjusted for age, sex, race/ethnicity, cirrhosis history, pretreatment costs. 
Weighted regression, based on total number of post-treatment years in study.
CI = confidence interval; HCV = hepatitis C virus; SVR = sustained virologic response.

TABLE 3 Differences in Mean Post-Treatment 
Costs: Non-SVR Group Versus SVR 
Groupa
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of events were recorded in both groups. Over a 5-year period, 
health care costs and utilization for some care categories sug-
gest that differences (expressed as RRs) between the SVR and 
non-SVR groups increase in the first 2-3 years and then plateau 
or decrease. However, point estimates in all years indicated 
higher cost and resource use overall in patients not achieving 
SVR compared with those with SVR. Particularly, significantly 
increasing differences in liver-related tests and outpatient 
pharmacy costs over the 5-year period were observed when 
comparing the 2 SVR groups. We found significantly higher 
costs and utilization among patients without SVR compared 
with SVR patients regardless of HCV genotype. The effect of 
SVR (based on adjusted differences in mean annual cost and on 
adjusted risk ratios) appeared somewhat stronger in the geno-
type 2/3 group than among those with genotype 1. However, 
there were no significant differences between the estimates in 
the 2 genotype groups, and the genotype 2/3 afforded less pre-
cise estimates due to the smaller numbers of patients.

While directly comparable studies are not available in the 
literature, our findings are consistent with prior observations 

FIGURE 2 Rate Ratios for Incurred Costs by Post-Treatment Year: Non-SVR Group Compared with SVR Groupa 

aRate ratios of non-SVR group relative to SVR group graphed on logarithmic scale. Values above each bar represent the rate ratio. Bars represent 95% CIs.
bP values for test of heterogeneity over time in association between SVR and costs.
CI = confidence interval; SVR = sustained virologic response.
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Category of Cost ($)
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Total Cohort HCV Genotype

(n=1,924) 1 (n = 1,194) 2/3 (n = 730)

Category  
of Costs 

Adjusted 
Rate Ratio 
(95% CI)

P  
Value

Adjusted 
Rate Ratio 
(95% CI)

P  
Value

Adjusted 
Rate Ratio 
(95% CI)

P  
Value

Total 1.41  
(1.17-1.69)

< 0.001 1.30  
(1.11-1.54)

0.010 1.65  
(1.14-2.38)

0.007

Hospital 1.66  
(1.18-2.34)

< 0.001 1.41  
(1.01-1.97)

0.045 2.34  
(1.23-4.43)

0.009

Outpatient 1.41  
(1.09-1.82)

0.009 1.21  
(1.08-1.35)

0.004 1.39  
(1.16-1.67)

< 0.001

Nonpharmacy 1.26  
(1.16-1.37)

< 0.001 1.20  
(1.07-1.33)

0.008 1.31  
(1.11-1.55)

0.002

Pharmacy 1.39  
(1.16-1.66)

< 0.001 1.29  
(1.07-1.55)

0.012 1.68  
(1.15-2.46)

0.008

aAdjusted for age, sex, race/ethnicity, cirrhosis history, pretreatment costs. Modeled 
as repeated measures using generalized estimating equations (GEE): log-linear 
models under gamma distribution. 
CI = confidence interval; HCV = hepatitis C virus; SVR = sustained virologic response.

TABLE 4 Post-Treatment Costs Incurred: Rate 
Ratiosa for Non-SVR Versus SVR Group
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about disease progression and health care costs of patients 
with hepatitis C. Certainly, the cost of hepatitis patient care 
increases as liver disease severity progresses. Given that SVR 
serves to slow HCV-associated disease progression, our find-
ings of lower post-treatment health care costs and utilization 
are both plausible and predictable. 

A recent study compared health care costs among treated 
hepatitis C patients with and without SVR in the 6 months 
immediately following the end of treatment.13 They reported 
that patients not achieving SVR incurred about twice the total 
monthly costs of those with SVR ($717 vs. $1,436; P < 0.001); 
the differences were largely attributable to hospital costs. While 
the general conclusions are consistent with our findings, the 
results of Davis et al. suggest a more marked difference in 
costs between the 2 groups in the first year after treatment 
than we found. The small number but large relative contribu-
tion to costs of hospitalizations in both studies limits a useful 
comparison. Davis et al. reported no significant differences 
in office visits, other outpatient services, or laboratory tests 

during the immediate post-treatment period studied. This 
is consistent with our findings of the smallest differences in 
health care costs between SVR groups in the first year post-
treatment. Regardless of response status, patients may be tested 
and managed for lingering treatment side effects (e.g. anemia, 
depression) in the months following treatment. Patients with 
undetectable HCV at the end of treatment, most of whom will 
be defined as SVR, are being seen for response-defining HCV 
RNA testing 24 weeks later. 

With the advent of novel HCV antivirals with higher SVR 
rates compared with older therapies, and higher costs, it is 
important to contextualize the benefits of SVR when evaluating 
cost-effectiveness. Due to the typically slow progression of liver 
disease among the portion of patients developing complica-
tions from HCV infection, the estimated cost-effectiveness for 
HCV treatment may improve with increasing length of post-
treatment time. Despite such projected longer term benefits 
of therapy,13,26,38 payers may consider the value of therapies 
primarily in the short term, consistent with 1- to 2-year budget 

aRate ratios of non-SVR group relative to SVR group graphed on logarithmic scale. Values above each bar represent the rate ratio. Bars represent 95% CIs. 
bP values for test of heterogeneity over time in association between SVR and utilization counts.
CI = confidence interval; SVR = sustained virologic response.
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timelines. SVR appears to confer shorter-term economic ben-
efits such as reductions in health care resource use for manag-
ing and monitoring HCV infection.

Limitations 
We did not include never-infected control or untreated hepati-
tis C patients, and thus did not address the health care utiliza-
tion or costs in those groups. Our study focused on all-cause 
costs and utilization; we did not attempt to distinguish events 
specifically related to liver health. However, since the study 
was limited to patients treated for hepatitis C and we used 
adjustment for utilization (through costs) prior to treatment, we 
believe the cost differences and RRs are reflective of the effects 
of viral clearance in this population. Certainly some factors 
affecting liver disease progression (and associated utilization 
and cost) are also predictors of SVR. Our models control for the 
major factor, baseline cirrhosis, as well as demographic factors 
such as age and sex. Additionally, comorbid conditions such as 
diabetes are accounted for, at least in part, by the adjustment 
for pretreatment cost. Of course, some confounding by predic-
tors of SVR may still be present in the findings, but we posit 
that this is minimal. 

Although our study was conducted retrospectively, its reli-
ance on comprehensive electronic records allowed for complete 
assessment of a large number of patients, thus giving increased 
precision to our point estimates. Negligible, if any, misclas-
sification of treatment response status is suspected since 
laboratory records and strict definitions of SVR were used. In 
addition, individuals with unknown SVR status (n = 200) were 
excluded; how these patients might differ from those included 
and how their exclusion impacted the results is unknown. 
Importantly though, the design remains subject to confound-
ing by factors that influence the likelihood of SVR. Many such 
factors (race, cirrhosis, sex, age) were adjusted for in the mod-
els, minimizing bias related to these characteristics. However, 
factors not observable in the database such as drug and alcohol 
use or socioeconomic factors may have introduced some bias 
in results.

As expected with this study design in a health plan mem-
bership population, attrition of the study cohort occurred. The 
majority of attrition was due to maximal follow-up at December 
31, 2008, leading to incremental reductions in sample size over 
the 5-year follow-up period (Figure 1). Just 16% of patients 
were lost to follow-up due to disenrollment from the health 
plan, ranging from 3% to 7% per follow-up year. Because the 
distributions of patient characteristics considered were similar 
in the cohorts over time, we believe that there are no systematic 
differences introduced by the attrition. 

Although few patients were hospitalized in this study, 
hospital stays were a major contributor to cost and to the dif-
ferentiation of costs between SVR and non-SVR patients. The 
low number of hospital events, and the high variance in the 
cost of such events, contributes to the imprecision of hospital-
ization rate and cost estimates. Hospitalization rates and costs 

were driven by events occurring among just 20% of the cohort. 
Furthermore, the most expensive outlier costs overall were 
attributable to hospitalizations. In absolute terms, the post-
treatment rate of hospital admissions for the SVR cohort was 
0.09 per person per year versus 0.16 among those not achiev-
ing SVR (unadjusted RR = 1.75; P < 0.001). However, these num-
bers should be considered in the context of the small number 
of events. Nonhospital costs offer more robust comparisons, 
given that almost every cohort member (98%) had such costs 
in each post-treatment year. We did find significantly higher 
adjusted total outpatient costs in the non-SVR group (versus 
the SVR group) in each post-treatment year. 

■■  Conclusion
Our study suggests that among patients treated for hepatitis C, 
SVR may be associated with significant reductions in future 
health care resource use and costs. Specifically, the findings 
reveal economic benefits of SVR within the first 5 years after 
treatment. Additionally, selected findings may be applied to 
other settings to estimate the potential impact of the successful 
treatment of hepatitis C on subsequent health care costs and 
utilization. 
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Appendix A Adjusted Rate Ratios of Costs Incurred, Non-SVR  
Compared with SVR Group, by Year Post-Treatmenta

Category of Costs Post-Treatment Year N
Adjusted Rate Ratio, 

non-SVR vs. SVR (95% CI) P Value
P Value for Test of  

Heterogeneity Over Time

Total 1 1,924 	 1.26	 (1.13-1.40) < 0.001 0.685
2 1,488 	 1.44	 (1.25-1.65) < 0.001
3 1,110 	 1.64	 (1.38-1.96) < 0.001
4 746 	 1.41	 (1.14-1.73) < 0.001
5 425 	 1.46	 (1.11-1.93) 0.007

Hospital 1 1,924 	 1.47	 (1.12-1.94) 0.006 0.900
2 1,488 	 1.59	 (1.14-2.21) 0.007
3 1,110 	 2.10	 (1.39-3.18) < 0.001
4 746 	 2.08	 (1.28-3.38) 0.003
5 425 	 1.10	 (0.57-2.11) 0.781

Outpatient 1 1,924 	 1.18	 (1.09-1.28) < 0.001 0.089
2 1,488 	 1.31	 (1.17-1.46) < 0.001
3 1,110 	 1.34	 (1.17-1.52) < 0.001
4 746 	 1.21	 (1.02-1.43) 0.029
5 425 	 1.28	 (1.03-1.60) 0.028

Nonpharmacy 1 1,924 	 1.18	 (1.09-1.28) < 0.001 0.113
2 1,488 	 1.31	 (1.17-1.48) < 0.001
3 1,110 	 1.30	 (1.13-1.50) < 0.001
4 746 	 1.08	 (0.91-1.29) 0.380
5 425 	 1.18	 (0.92-1.50) 0.191

Pharmacy 1 1,924 	 1.16	 (1.02-1.31) 0.022 0.257
2 1,488 	 1.27	 (1.09-1.47) 0.002
3 1,110 	 1.45	 (1.22-1.74) < 0.001
4 746 	 1.77	 (1.41-2.22) < 0.001
5 425 	 1.84	 (1.35-2.49) < 0.001

aThese data are the basis for Figure 2. Log-linear models under gamma distribution. Adjusted for age at end of treatment, sex, race/ethnicity, history of cirrhosis prior to 
start of treatment, and quintile of pretreatment costs. P value from time (year post-treatment) x SVR group interaction term, repeated measures/GEE models using gamma 
distribution.
CI = confidence interval; GEE = generalized estimating equations; SVR = sustained virologic response.
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Category of  
Utilization Post-Treatment Year N

Adjusted Rate Ratio, 
non-SVR vs. SVR (95% CI) P Value

P Value for Test of  
Heterogeneity Over Time

Outpatient lab tests
All 1 1,924 	 1.10	 (1.02-1.19) 0.013 < 0.001

2 1,488 	 1.59	 (1.42-1.78) < 0.001
3 1,110 	 1.58	 (1.37-1.83) < 0.001
4 746 	 1.59	 (1.31-1.93) < 0.001
5 425 	 1.78	 (1.41-2.26) < 0.001

Liver-related 1 1,924 	 1.10	 (1.03-1.19) 0.006 < 0.001
2 1,488 	 1.69	 (1.51-1.88) < 0.001
3 1,110 	 1.80	 (1.55-2.09) < 0.001
4 746 	 2.05	 (1.70-2.48) < 0.001
5 425 	 2.31	 (1.79-2.98) < 0.001

Other lab tests 1 1,924 	 1.10	 (1.01-1.19) 0.020 < 0.001
2 1,488 	 1.57	 (1.40-1.77) < 0.001
3 1,110 	 1.55	 (1.34-1.79) < 0.001
4 746 	 1.53	 (1.25-1.85) < 0.001
5 425 	 1.71	 (1.35-2.17) < 0.001

Hospitalizations (# admissions)
1 1,924 	 1.61	 (1.29-2.02) < 0.001 0.565
2 1,488 	 1.10	 (0.87-1.40) 0.431
3 1,110 	 1.65	 (1.25-2.18) < 0.001
4 746 	 1.46	 (1.05-2.03) 0.025
5 425 	 2.45	 (1.56-3.85) < 0.001

Outpatient encounter (# visits)
Internal medicine 1 1,924 	 1.05	 (0.97-1.13) 0.200 < 0.001

2 1,488 	 1.39	 (1.25-1.54) < 0.001
3 1,110 	 1.36	 (1.20-1.54) < 0.001
4 746 	 1.27	 (1.09-1.49) 0.003
5 425 	 1.19	 (0.98-1.45) 0.079

aThese data are the basis for Figure 3. Adjusted for age at end of treatment, sex, race/ethnicity, total costs one year prior to start of anti-viral therapy (modeled as quin-
tiles), and history of cirrhosis prior to starting treatment. P value from time (year post-treatment) x SVR group interaction term, repeated measures/GEE models using 
Poisson distribution and scaling for over-dispersion of data.
CI = confidence interval; GEE = generalized estimating equations; SVR = sustained virologic response.

Appendix B Adjusted Rate Ratios for Health Care Utilization, Non-SVR 
Compared with SVR Group, by Year Post-Treatmenta
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