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Background. A key question in care of patients with chronic hepatitis C virus (HCV) infection is beginning
treatment immediately vs delaying treatment. Risks of mortality and disease progression in “real world” settings
are important to assess the implications of delaying HCV treatment.

Methods. This was a cohort study of HCV patients identified from 4 integrated health systems in the United
States who had liver biopsies during 2001–2012. The probabilities of death and progression to hepatocellular carci-
noma, hepatic decompensation (hepatic encephalopathy, esophageal varices, ascites, or portal hypertension) or liver
transplant were estimated over 1, 2, or 5 years by fibrosis stage (Metavir F0–F4) determined by biopsy at beginning of
observation.

Results. Among 2799 HCV-monoinfected patients who had a qualifying liver biopsy, the mean age at the time of
biopsy was 50.7 years. The majority were male (58.9%) and non-Hispanic white (66.9%). Over a mean observation of
5.0 years, 261 (9.3%) patients died and 34 (1.2%) received liver transplants. At 5 years after biopsy, the estimated risk
of progression to hepatic decompensation or hepatocellular carcinoma was 37.2% in stage F4, 19.6% in F3, 4.7% in
F2, and 2.3% in F0–F1 patients. Baseline biopsy stage F3 or F4 and platelet count below normal were the strongest
predictors of progression to hepatic decompensation or hepatocellular carcinoma.

Conclusions. The risks of death and progression to liver failure varied greatly by fibrosis stage. Clinicians and
policy makers could use these progression risk data in prioritization and in determining the timing of treatment for
patients in early stages of liver disease.
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Patients with chronic hepatitis C virus (HCV) infection
are at risk for progressive hepatic fibrosis and cirrhosis,
leading to hepatic decompensation (ie, hepatic enceph-
alopathy, esophageal varices, or ascites) and hepato-

cellular carcinoma (HCC) [1, 2]. Decedents with HCV
infection listed among causes of death on their death
certificates died at an age >20 years younger than dece-
dents without HCV infection [3, 4].Thus, there is an ur-
gent need for effective interventions in HCV-infected
patients at most risk of immediate morbidity and
mortality. The American Association for the Study of
Liver Diseases (AASLD)/Infectious Diseases Society of
America (IDSA) treatment guidance that was published
in 2014 conferred “highest” priority to patients with
Metavir stage F3 (advanced fibrosis), Metavir stage F4
(compensated cirrhosis), liver transplant, or severe ex-
trahepatic hepatitis C, and “high” priority to those at
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Metavir stage F2 (moderate fibrosis) or with certain coinfec-
tions or comorbidities [5].

Previously, pegylated interferon plus ribavirin was the stan-
dard treatment for chronic HCV infection, and sustained viro-
logic response (SVR) was only achieved in about 50% of patients
infected with genotype 1a and 1b, the usual genotypes seen in
the United States [6, 7]. SVR achieved on interferon-based reg-
imens has been shown to be associated with resolution of liver
disease and prevention of long-term complications in patients
without cirrhosis; however, achievement of SVR after the devel-
opment of cirrhosis greatly reduces but does not completely
eliminate the risk of HCC [8, 9]. With the recent introduction
of oral, curative, but highly expensive antiviral drugs [10], a pri-
ority research question is comparative benefits and harms of
treating patients with HCV infection at the time of diagnosis
vs waiting to treat only those patients who show early signs of
progression of liver disease or other manifestations of HCV in-
fection [11]. Furthermore, since some payers introduced poli-
cies to limit access to treatment in reaction to the high cost of
newer regimens, there has been an ongoing debate regarding
whether delaying therapy is justifiable, and thus, data about
the progression of untreated early-stage HCV infection from
large and diverse cohorts are critical [12, 13].

We describe all-cause mortality and progressing risks among
cohort patients chronically infected with HCV according to
fibrosis stage determined by liver biopsy at beginning of obser-
vation. The 1, 2, and 5-year risks of progression to liver compli-
cations in the absence of successful treatment were estimated in
a large cohort with enrollment from population-based health-
care systems. These risk estimates may help inform decisions
about the timing of antiviral treatment and about prioritizing
antiviral treatment among patients according to liver fibrosis
stage and other selected clinical factors.

METHODS

Data Source
We analyzed data from the Chronic Hepatitis Cohort Study
(CHeCS). CHeCS is a “dynamic” observational study conduct-
ed at 4 large, integrated healthcare systems located in the United
States, and represents a geographically, ethnically, and clinically
diverse cohort of patients with chronic hepatitis B and C [14].
The data collected are solely based on routine clinical care and
thus representative of the uncontrolled healthcare environment
of the real-world clinical setting. Criteria for inclusion and com-
position of the CHeCS cohort have been summarized in a pre-
vious report [14]. In brief, the CHeCS cohort was created based
on analysis of electronic health records (EHR) and administra-
tive data of >2.7 million patients aged 18 years or older who had
a clinical service (ie, outpatient or inpatient, emergency depart-
ment, or laboratory test) provided between 1 January 2006 and

31 December 2012 at 1 of 4 sites: Geisinger Health System in
Danville, Pennsylvania, which serves approximately 2.6 million
Pennsylvania residents; Henry Ford Health System in Detroit,
Michigan, which serves >1 million southeastern Michigan res-
idents; Kaiser Permanente Northwest in Portland, Oregon,
which serves approximately 500 000 members; and Kaiser Per-
manente of Honolulu, Hawaii, which serves about 220 000 per-
sons or approximately one-sixth of Hawaii residents.

Patients were identified principally by laboratory and secon-
darily by International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) criteria. EHR data
and administrative data were supplemented with individual
chart review by trained data abstractors, who also reviewed
and verified chronic HCV infection. Once HCV infection was
confirmed, all available retrospective and prospective data an-
nually through 2012 were abstracted. Abstractors follow a stan-
dard abstraction manual and collect data about patients’
demographics, medical encounters, treatment data, and labora-
tory, radiology, and biopsy results.

Study Participants
We limited our analysis to HCV-monoinfected patients who
had at least 1 liver biopsy performed between 2001 and 2012.
Patients with human immunodeficiency virus or hepatitis B,
those who achieved SVR before biopsy, or those with <90
days of follow-up were excluded. To determine progression
probabilities, patients who had developed decompensation or
HCC prior to or within 90 days after biopsy were excluded.
For patients who received antiviral treatment for HCV during
the observation period, we only included the observation time
prior to the date when the first HCV RNA test became negative
or undetectable. Because the purpose of this analysis was to es-
timate the risk for disease progression among patients who were
still infected with HCV, patients’ observation time after the neg-
ative HCV RNA test (technically no longer infected) was ex-
cluded. The observation periods were further restricted to the
first liver biopsy that occurred after the diagnosis of chronic
HCV infection. The first biopsy during the observation period
was the starting point for analysis (baseline). In CHeCS, liver
biopsies are performed as part of routine clinical practice, and
reports from pathologists are standardized: Fibrosis scores from
different scoring systems (International Association for the
Study of the Liver, Batts-Ludwig, Metavir, Ishak, Knodell, Sche-
uer) were mapped to a F0–F4 equivalency scale and ranked as
follows: F0, no fibrosis; F1, portal fibrosis without septa; F2,
portal fibrosis with few septa; F3, numerous septa without cir-
rhosis; and F4, cirrhosis [15].

Clinical Endpoints
In our analysis, liver transplant was based on ICD-9-CM diag-
nosis and Current Procedural Terminology (CPT) codes of
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996.82, 50.5, 50.51, 50.59, 47135, 47136, or V42.7. Decompen-
sation conditions of hepatic encephalopathy, esophageal varices
with bleeding, ascites, or hepatorenal syndrome were defined as
the first occurrence of ICD-9 diagnosis or CPT codes in follow-
ing groups: hepatic encephalopathy (572.2), portal hyperten-
sion (572.3, 37140, 37160, 37180, 37181, 37182, 37183),
esophageal varices with bleeding (456.0, 456.20, 42.91, 44.91,
96.06, 43204, 43205, 43243, 43244, 43400, 43401), ascites
(789.5, 789.59, 54.91, 49080, 49081), or liver failure with hepa-
torenal syndrome (572.4). These conditions were used by others
[16]; we also conducted a pilot study comparing the selected
ICD-9/CPT codes with independent chart review by 2 gastroen-
terology fellows, which validated that these codes could reliably
determine whether or not a CHeCS patient had decompensa-
tion. Cases of primary HCC and diagnosis dates were derived
from validated tumor registry reports [17]. To ascertain mortal-
ity status, each health system matched cohort patient records to
the most recent National Death Index, Social Security Death
Index, or electronic state death registries to find out the date
of death [18].

Statistical Methods
We examined the demographic and clinical characteristics at
time of the first biopsy, defined as the baseline. We calculated
the Charlson/Deyo comorbidity index score from diagnosis
codes in inpatient, outpatient, and claims data during the year
when the biopsy was performed [19]. Differences in patients’
clinical outcomes by fibrosis stage following biopsy were ana-
lyzed by the Fisher exact or χ2 test for categorical variables,
and nonparametric tests for the continuous variables. Mortality
and probability of progression were estimated by the Kaplan–
Meier method. The time during which a patient was at risk
for hepatic decompensation or HCC was defined as the time
from the date of biopsy to the date of diagnosis of decompen-
sation, HCC, death, liver transplant, first negative test for HCV
RNA after treatment, or last contact, whichever was earliest. In
calculating the cumulative incidence of decompensation or
HCC, the occurrence of death or transplant was considered as
competing risks. We also performed a proportional hazards
model to determine factors independently associated with pro-
gression to decompensation or HCC among patients whose
fibrosis stage was F2 or above.

To evaluate possible selection biases for liver biopsy, we com-
pared demographic and clinical characteristics (measured <90
days of HCV diagnosis) in patients who did and did not have
biopsy after diagnosis. To make the observation period compa-
rable between these 2 groups, this comparison was made in a
subgroup of patients whose HCV diagnosis was first made dur-
ing 2009–2012.

The study protocol was reviewed and approved by an institu-
tional review board at each CHeCS participating site.

RESULTS

Patient Characteristics
Among 9912 HCV-monoinfected patients enrolled in CHeCS,
3091 (31%) persons had at least 1 biopsy performed during
2001–2012. Although 621 patients had 2 or more biopsies,
the results from any repeated biopsy were not considered.
After applying the study exclusion criteria, a total of 2799 pa-
tients were included in this analysis.

Based on each patient’s first biopsy result, the classification
by fibrosis stage was as follows: 309 (11.0%) were at Metavir
stage F0, 724 (25.9%) at F1, 849 (30.3%) at F2, 509 (18.2%) at
F3, and 408 (14.6%) at F4. Demographic characteristics were
different between the groups (Table 1): The mean age was
50.7 years overall, and was 48.2 years among F0–F1 patients,
compared with 53.0 years among those with F4 (P < .0001);
the proportion of men increased significantly as biopsy stage
advanced (52.0% in F0–F1 to 68.9% in F4) (Table 1). Most pa-
tients were white, and more than one-half of the patients had
private insurance. As expected of HCV patients in the United
States, the majority (at least 66.5%) of patients were genotype
1. The proportions of patients who had comorbidities, abnor-
mal liver and renal function tests, and low platelets grew with
increasing fibrosis stage, and in the F4 group, only about half
(55.9%) did not have any Charlson comorbidity diagnosed
(Table 1).

Progression Risks and All-Cause Mortality
Mean observation time after biopsy was about 5.0 years in all
stage groups (Table 2). During this observation period, more
than half (54.1%) of patients had treatment prescribed and
24.0% had 2 or more courses of treatment attempted; the obser-
vation time was truncated for 910 persons at the time when
their first HCV RNA test was negative after treatment. Risks
of all adverse clinical outcomes approximately doubled with
each increase in fibrosis stage (Table 2). No one with baseline
F0–F1 developed HCC. In contrast, among the baseline F4
group, 8.8% developed HCC, 26.5% decompensated, 4.9% had
a transplant, and almost one-quarter had died by the end of
observation (Table 2).

We plotted the progression to initial HCC or decompensa-
tion over the first 7 years after baseline biopsy (Figure 1A),
and there were significant differences in the cumulative inci-
dence by baseline fibrosis stage. We also examined the time to
initial HCC and hepatic decompensation events separately (Fig-
ure 1B and 1C). No diagnoses of HCC were observed among
baseline F0–F1 patients (Figure 1B), but otherwise the 2 cumu-
lative incidence curves by baseline stage showed similar patterns
over time. Clearly, the overall progression risks were much
lower in F0 and F1 patients (gaps were small between these 2
groups) (Figure 1A).
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Table 1. Demographic and Clinical Characteristics of Hepatitis C Virus–Infected Patients at the Time of Biopsy, by Biopsy-Determined
Liver Fibrosis Stage

Variables Overall F0–F1 F2 F3 F4 P Value

Sample size 2799 1033 849 509 408

Age at biopsy, y
Median 51.7 50.2 51.8 53.2 52.7

Range 15.7–79.8 15.7–75.3 18.1–76.8 20.6–74.4 30.3–79.8

Mean (SE) 50.7 (0.2) 48.2 (0.3) 51.4 (0.3) 52.9 (0.3) 53.0 (0.4) <.0001
Male 1650 (58.9) 537 (52.0) 507 (59.7) 325 (63.9) 281 (68.9) <.0001

Race

Non-Hispanic white 1872 (66.9) 687 (66.5) 575 (67.7) 348 (68.4) 262 (64.2)
Non-Hispanic black 470 (16.8) 249 (24.1) 116 (13.7) 61 (12.0) 44 (10.8)

Others 457 (16.3) 97 (9.4) 158 (18.6) 100 (19.6) 102 (25.0) <.0001

Insurance type
Private 1751 (62.6) 590 (57.1) 596 (70.2) 341 (67.0) 224 (54.9)

Government 813 (29.0) 311 (30.1) 218 (25.7) 144 (28.3) 140 (34.3)

None 235 (8.4) 132 (12.8) 35 (4.1) 24 (4.7) 44 (10.8) <.0001
Median household income

Missing 39 (1.4) 19 (1.8) 5 (0.6) 8 (1.6) 7 (1.7)

<$30 000 490 (17.5) 227 (22.0) 122 (14.4) 63 (12.4) 78 (19.1)
$30 000–$49 999 1362 (48.7) 517 (50.0) 393 (46.3) 245 (48.1) 207 (50.7)

≥$50 000 908 (32.4) 270 (26.1) 329 (38.8) 193 (37.9) 116 (28.4) <.0001

Genotype
1 1862 (66.5) 732 (70.9) 528 (62.2) 326 (64.0) 276 (67.6)

2 338 (12.1) 114 (11.0) 128 (15.1) 73 (14.3) 23 (5.6)

3 219 (7.8) 48 (4.6) 71 (8.4) 41 (8.1) 59 (14.5)
4 26 (0.9) 15 (1.5) 4 (0.5) 5 (1.0) 2 (0.5)

Other/mixed type 13 (0.5) 1 (0.1) 9 (1.1) 3 (0.6) 0

Missing 341 (12.2) 123 (11.9) 109 (12.8) 61 (12.0) 48 (11.8) <.0001
Charlson comorbidity score

0 1753 (62.6) 696 (67.4) 524 (61.7) 305 (59.9) 228 (55.9)

1 592 (21.2) 182 (17.6) 205 (24.1) 119 (23.4) 86 (21.1)
2 192 (6.9) 81 (7.8) 49 (5.8) 29 (5.7) 33 (8.1)

≥3 262 (9.4) 74 (7.2) 71 (8.4) 56 (11.0) 61 (15.0) <.0001

ALT category
Missing 5 (0.2) 2 (0.2) 2 (0.2) 1 (0.2)

≤ULN 1024 (36.6) 526 (50.9) 302 (35.6) 116 (22.8) 80 (19.6)

>ULN to <2× ULN 980 (35.0) 339 (32.8) 302 (35.6) 184 (36.1) 155 (38.0)
≥2× ULN 790 (28.2) 166 (16.1) 243 (28.6) 208 (40.9) 173 (42.4) <.0001

AST category

Missing 8 (0.3) 4 (0.4) 3 (0.4) 1 (0.2)
≤ULN 950 (33.9) 546 (52.9) 280 (33.0) 79 (15.5) 45 (11.0)

>ULN to <2× ULN 1075 (38.4) 361 (34.9) 383 (45.1) 197 (38.7) 134 (32.8)

≥2× ULN 766 (27.4) 122 (11.8) 183 (21.6) 232 (45.6) 229 (56.1) <.0001
Platelet count below normal 441 (15.8) 52 (5.0) 71 (8.4) 126 (24.8) 192 (47.1) <.0001

Total bilirubin

Missing 27 (1.0) 12 (1.2) 11 (1.3) 3 (0.6) 1 (0.2)
Normal 2638 (94.2) 992 (96.0) 812 (95.6) 478 (93.9) 356 (87.3)

Above normal 134 (4.8) 29 (2.8) 26 (3.1) 28 (5.5) 51 (12.5) <.0001

International normalized ratio
Missing 47 (1.7) 33 (3.2) 3 (0.4) 4 (0.8) 7 (1.7)

Normal 2098 (75.0) 767 (74.2) 693 (81.6) 394 (77.4) 244 (59.8)

Above normal 654 (23.4) 233 (22.6) 153 (18.0) 111 (21.8) 157 (38.5) <.0001

4 • CID • Xu et al

 by Jules L
evin on O

ctober 20, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


The estimated probabilities by liver fibrosis stage over 1, 2, and
5 years are shown in Table 3. The 1-year risk for liver transplant
increased from 0.1% (95% confidence interval [CI], .01–.6)
among patients with baseline stage F0–F1 to 1.6% (95% CI, .6–
3.4) among those with baseline stage F4. The cumulative inci-
dence of HCC at 2 years after biopsy was 6.3% in F4, and was
lower at 0.3% in F2 patients. Patients starting baseline at F4 expe-
rienced high cumulative incidence of decompensation: 33.6% by
5 years after biopsy, compared with 18.6% in F3, 3.5% in F2, and
2.3% in F0–F1 (Table 3). Further analysis showed no difference in
the cumulative incidence of decompensation between patients
starting at F0–F1 and those at F2 (P = .09, data not shown). At
5 years after baseline biopsy, all-cause mortality was 31.5% in
F4, 13.7% in F3, 6.9% in F2, and 6.8% in F0–F1 patients (Table 3).

Factors Associated With Progression
We used a Cox proportional hazards model to identify patient
characteristics at the time of biopsy that were independently as-
sociated with the development of HCC or decompensation; this
analysis was in patients staged at F2, F3, or F4 only (Table 4).
After adjusting for age, race, and other factors included in the
model, higher baseline stage, higher comorbidity score, platelet
count below normal, and bilirubin level above normal were
significantly associated with the development of HCC or
decompensation (Table 4). Of these, baseline fibrosis stage
F3 (adjusted hazard ratio [aHR], 4.2) or F4 (aHR, 7.05) vs
F2, and platelet count below normal (aHR, 3.45) were the stron-
gest predictors of progression to HCC or decompensation
(Table 4).

Table 1 continued.

Variables Overall F0–F1 F2 F3 F4 P Value

Creatinine

Missing 43 (1.5) 24 (2.3) 14 (1.6) 2 (0.4) 3 (0.7)
Normal 2570 (91.8) 921 (89.2) 780 (91.9) 486 (95.5) 383 (93.9)

Above normal 186 (6.6) 88 (8.5) 55 (6.5) 21 (4.1) 22 (5.4) .001

Data are presented as No. (%) unless otherwise specified.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; SE, standard error; ULN, upper limit of normal.

Table 2. Clinical Endpoints (First Occurrence Only) Observed During Study Follow-up, by Biopsy-Determined Liver Fibrosis Stage at
Baseline

Clinical Endpoint Overall F0–F1 F2 F3 F4 P Value

Sample size 2799 1033 849 509 408

Time after biopsy, y
Median 5.0 4.8 5.1 4.9 5.3

Range 0.2–12.7 0.2–12.2 0.3–12.7 0.3–12.7 0.3–12.1

Mean (SE) 5.1 (0.1) 5.0 (0.1) 5.2 (0.1) 5.2 (0.1) 5.4 (0.1) .04
Ever treated for HCV 1513 (54.1) 440 (42.6) 417 (49.1) 374 (73.5) 282 (69.1) <.0001

Liver transplant 34 (1.2) 4 (0.4) 5 (0.6) 5 (1.0) 20 (4.9) <.0001

Hepatocellular carcinoma 58 (2.1) 0 6 (0.7) 16 (3.1) 36 (8.8) <.0001
With hepatic decompensation 35 (1.3) 0 1 (0.1) 9 (1.8) 25 (6.1)

Hepatic decompensationa 201 (7.2) 18 (1.7) 22 (2.6) 53 (10.4) 108 (26.5) <.0001

Liver failure 4 (0.1) 0 0 3 (0.6) 1 (0.2)
Hepatic encephalopathy 25 (0.9) 0 2 (0.2) 7 (1.4) 16 (3.9)

Portal hypertension 54 (1.9) 2 (0.2) 5 (0.6) 12 (2.4) 35 (8.6)

Esophageal varices with bleeding 30 (1.1) 2 (0.2) 4 (0.5) 6 (1.2) 18 (4.4)
Ascites 121 (4.3) 15 (1.5) 13 (1.5) 36 (7.1) 57 (14.0)

All-cause mortality 261 (9.3) 66 (6.4) 50 (5.9) 50 (9.8) 95 (23.3) <.0001

Data are presented as No. (%) unless otherwise specified.

Abbreviations: HCV, hepatitis C virus; SE, standard error.
a A patient could have ≥2 hepatic decompensation conditions.
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Additional Analyses
We compared the demographic and clinical characteristic, as-
sessed at the time of HCV diagnosis, among patients who
were and were not biopsied after diagnosis. Of the 870 patients
whose HCV diagnosis was first made during 2009–2012, 156
(17.9%) were biopsied at least once (Supplementary Table).
The differences between the biopsied and nonbiopsied groups
were relatively small, and statistically significant differences
were limited to insurance type and study site: the percentage
of patients who had private insurance was significantly higher
in the biopsied group than the nonbiopsied group (63.5% vs
45.9%, P < .0001; Supplementary Table).

DISCUSSION

We observed significant progression to liver failure and death
among patients with advanced liver fibrosis or cirrhosis in the
absence of successful treatment. Our results emphasize that ef-
fective treatment is urgently needed in these groups of patients

to preserve remaining liver function to improve survival and to
reduce the risk of liver cancer and hepatic decompensation. Our
risk estimates in patients with early stages of liver disease are
important for cost-effectiveness analyses and policy decisions
about timing of treatment [20]. Our study provides timely
data for understanding the implications in the United States if
HCV treatment is delayed in certain patient groups as a national
debate is ongoing regarding restrictive policies for access to
newer HCV therapies [13].

Treatment programs in 2012 or earlier were not effective. Al-
though a majority of patients staged at F3 and F4 at baseline
were treated for HCV, sometimes with >1 attempt, an overall
19.6% of F3 patients and 37.2% of F4 patients went on to expe-
rience hepatic decompensation or HCC within 5 years before
treatment could lead to testing negative for HCV RNA. In F4
patients, the 1-year progression rate to HCC was 4.8% and to
hepatic decompensation was 13.4%. Newer and more effective
treatments in these patients are needed to reduce the risks of
mortality and liver complications.

Figure 1. The cumulative incidence of developing a hepatic decompensation condition or hepatocellular carcinoma, by baseline fibrosis stage. A, Hepatic
decompensation or hepatocellular carcinoma. B, Hepatocellular carcinoma only. C, Hepatic decompensation only.
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The 1-year risk of developing hepatic decompensation or
HCC was 0.4% and 1.3% for F0–F1 and F2 patients, respective-
ly, and these probabilities are less than one-tenth of the respec-
tive risks in F3 patients (5.0%) and F4 patients (14.5%); thus,
our data support the guidance provided by AASLD/IDSA [5].
Although no HCC case was detected in F0–F1 patients, HCC
cases were detected in F2 and F3 patients in the short term,
probably because a subset of these patients may have rapidly
progressed to cirrhosis. It is also possible that some patients
may have been misclassified, due to biopsy sampling and/or in-
terpretation error, and may have actually had more advanced

fibrosis than indicated. Because our risk estimates were drawn
from a large cohort of HCV-infected patients in real-world set-
tings, the findings of our study are likely less affected by selec-
tion bias than the previous clinic-based studies.

The baseline liver fibrosis was staged by biopsy, which is tra-
ditionally viewed as the gold standard in staging liver fibrosis.
Our stage-specific estimates based on biopsy results should be
highly relevant to alternative staging approaches, such as tran-
sient elastography, which is increasingly used to guide patient
management. Given that repeated biopsy is not practical,
long-term monitoring of patients with lesser degrees of fibrosis

Table 3. Estimated Probabilities of Developing Selected Clinical Endpoints Over 1, 2, and 5 Years, by Biopsy-Determined Liver Fibrosis
Stage at Baseline

Clinical Endpoint F0–F1 F2 F3 F4

Liver transplant

1-year % (95% CI) 0.1 (.01–.6) 0.1 (.01–.8) 0.2 (.01–1.1) 1.6 (.6–3.4)
Sample size 869 637 293 276

2-year % (95% CI) 0.1 (.01–.6) 0.1 (.01–.8) 0.6 (.1–2.3) 2.7 (1.2–5.0)

Sample size 738 501 223 217
5-year % (95% CI) 0.3 (.06–1.1) 0.4 (.1–1.4) 2.4 (.7–6.2) 6.5 (3.8–10.2)

Sample size 377 270 99 105

Hepatocellular carcinoma
1-year % (95% CI) 0 0.1 (.01–.7) 1.7 (.7–3.3) 4.8 (2.8–7.4)

Sample size 869 637 293 274

2-year % (95% CI) 0 0.3 (.1–1.1) 1.7 (.7–3.3) 6.3 (3.9–9.4)
Sample size 738 501 223 214

5-year % (95% CI) 0 1.2 (.4–2.8) 3.3 (1.6–6.2) 11.7 (8.0–16.1)

Sample size 377 266 99 98
Hepatic decompensation

1-year % (95% CI) 0.4 (.2–1.1) 1.1 (.5–2.2) 4.0 (2.4–6.3) 13.4 (10.0–17.3)

Sample size 867 635 288 261
2-year % (95% CI) 0.7 (.3–1.4) 1.7 (.9–3.0) 7.2 (4.7–10.5) 19.4 (15.2–24.0)

Sample size 735 497 215 197

5-year % (95% CI) 2.3 (1.3–3.8) 3.5 (2.1–5.5) 18.6 (13.5–24.4) 33.6 (27.7–39.5)
Sample size 372 264 90 86

Hepatocellular carcinoma or hepatic decompensation

1-year % (95% CI) 0.4 (.2–1.1) 1.3 (.6–2.3) 5.0 (3.1–7.5) 14.5 (11.0–18.5)
Sample size 867 635 288 260

2-year % (95% CI) 0.8 (.4–1.6) 2.0 (1.1–3.4) 8.2 (5.5–11.5) 20.8 (16.5–25.5)

Sample size 735 497 215 194
5-year % (95% CI) 2.3 (1.3–3.8) 4.7 (3.0–7.0) 19.6 (14.4–25.4) 37.2 (31.1–43.2)

Sample size 372 261 90 82

All-causes mortality
1-year % (95% CI) 1.5 (.9–2.4) 1.7 (.9–2.8) 4.8 (3.0–7.3) 8.0 (5.4–11.3)

Sample size 869 637 293 276

2-year % (95% CI) 2.9 (1.9–4.2) 2.4 (1.4–3.8) 6.0 (3.8–8.8) 10.7 (7.5–14.5)
Sample size 738 501 223 217

5-year % (95% CI) 6.8 (5.0–9.0) 6.9 (4.7–9.5) 13.7 (9.4–18.9) 31.5 (25.6–38.2)

Sample size 377 270 99 105

Abbreviation: CI, confidence interval.
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using noninvasive methods of transient elastography and FIB-4
score should be further studied [15, 21].

Our study has several limitations. First, although we used
more reliable sources for HCC events and death, the occurrenc-
es of decompensation and liver transplant were ascertained by
ICD-9/CPT codes. Based on our validation study in CHeCS pa-
tients, the subset of ICD-9/CPT codes we used can correctly
identify decompensation in 81.7% of cases. Our estimates of
progression to HCC are not precise, due to small numbers of
cases in subgroups, but are consistent with the literature [22–
24]. However, the progression risks to hepatic decompensation
are on the high side compared with the risks reported by
Dienstag et al [24] and Bruno et al [22], suggesting that a portion

of the occurrences identified by ICD-9/CPT codes might include
rule-out or suspected diagnoses. Second, the selection of patients
for biopsy was not random and may have been based on clinical
status, desire to ascertain treatment eligibility, or access to spe-
cialty care. However, in a group of patients newly diagnosed
with HCV infection, we did not find any differences in clinical
factors predictive of liver disease progression between patients
who did and did not undergo biopsy. Finally, although
CHeCS patients were geographically, clinically, and demo-
graphically diverse, the prevalence of comorbidity and behavio-
ral factors such as alcohol abuse in CHeCS patients may not be
generalizable to all HCV-infected persons who have been
diagnosed.

Table 4. Patient Characteristics Associated With Progression Risks to Hepatocellular Carcinoma or Hepatic Decompensation

Characteristics at Time Biopsy Unadjusted Hazard Ratio (95% CI) Adjusted Hazard Ratio (95% CI)

Age, y 1.02 (1.00–1.04) 1.01 (.99–1.02)

Male sex 1.30 (.97–1.75) 1.03 (.76–1.40)
Race

Non-Hispanic white Reference Reference

Non-Hispanic black 0.90 (.60–1.37) 0.75 (.45–1.25)
Others 1.11 (.79–1.56) 0.70 (.45–1.05)

Site

Kaiser Permanente Northwest, Portland, OR 0.61 (.42–.87) 1.17 (.75–1.82)
Kaiser Permanente, Honolulu, HI 0.97 (.65–1.44) 1.26 (.76–2.09)

Henry Ford Health System, Detroit, MI Reference Reference

Geisinger Health System, Danville, PA 1.32 (.86–2.05) 0.79 (.48–1.29)
Stage of liver fibrosis

F2 Reference Reference

F3 5.29 (3.36–8.34) 4.17 (2.60–6.70)

F4 11.78 (7.75–17.89) 7.05 (4.41–11.28)

Charlson comorbidity score

0 Reference Reference
1 1.73 (1.25–2.41) 1.80 (1.28–2.53)

≥2 2.62 (1.89–3.65) 2.05 (1.44–2.91)

Genotype (limited to 3 genotypes)
1 Reference . . .a

2 0.85 (.53–1.35)

3 1.35 (.86–2.14)
ALT category

Normal Reference Reference

Above normal 1.31 (.95–1.81) 0.84 (.59–1.19)
Platelet count

Normal Reference Reference

Below normal 6.40 (4.84–8.45) 3.45 (2.52–4.72)

Bilirubin level

Normal Reference Reference

Above normal 4.12 (2.88–5.88) 2.31 (1.56–3.41)

Statistically significant associations are highlighted in bold.

Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; HI, Hawaii; MI, Michigan; OR, Oregon; PA, Pennsylvania.
a Not included in the multivariate model due to sample sizes by specific genotype and missing information.
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The trend of increasing morbidity associated with advanced
liver diseases in the United States [25] may be rapidly changed if
access to care and effective treatment become widely available
for persons who are at high risk of morbidity and mortality.
This natural history study provides real-world data about the
probability of, time to, and risk factors for HCV-related mor-
bidity and mortality. These timely data can help evidence-
based decision making by clinicians and policy makers about
HCV management, and can help inform the debate regarding
the comparative benefits and harms of treating HCV patients
at the time of diagnosis vs waiting to treat only those patients
who show early signs of progression of liver disease (eg, F2)
or other manifestations of the infection.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data pro-
vided by the author that are published to benefit the reader. The posted ma-
terials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.

Notes

Acknowledgments. The Chronic Hepatitis Cohort Study (CHeCS) Inves-
tigators include the following investigators and sites: Scott D. Holmberg, Eyasu
H. Teshale, Philip R. Spradling, Anne C. Moorman, Jim Xing, Xin Tong, and
Fujie Xu, Division of Viral Hepatitis, National Centers for HIV, Viral Hepatitis,
STD, and TB Prevention, Centers for Disease Control and Prevention (CDC),
Atlanta, Georgia; Stuart C. Gordon, David R. Nerenz, Mei Lu, Lois Lamerato,
Yan Wang, Loralee B. Rupp, Nonna Akkerman, Nancy Oja-Tebbe, Talan
Zhang, Jia Li, Alexander Sitarik, and Dana Larkin, Henry Ford Health System,
Detroit, Michigan; Joseph A. Boscarino, Zahra S. Daar, Patrick J. Curry, and
Robert E. Smith, Geisinger Health System, Danville, Pennsylvania; Vinutha Vi-
jayadeva and John V. Parker, Kaiser Permanente Hawaii, Honolulu; Mark
A. Schmidt, Judy L. Donald, and Erin M. Keast, Kaiser Permanente Northwest,
Portland, Oregon.
Disclaimer. The findings and conclusions in this report are those of the

authors and do not necessarily represent the official position of the CDC.
Financial support. CHeCS was funded by the CDC Foundation, which

currently receives grants from AbbVie, Gilead Sciences, and Janssen Phar-
maceuticals, Inc. Past funders include Genentech, a member of the Roche
Group, and Vertex Pharmaceuticals. Past partial funders include Bristol-
Myers Squibb. Granting corporations do not have access to CHeCS data
and do not contribute to data analysis or writing of manuscripts.
Potential conflicts of interest. F. X., M. A. S., and C. M. T. have received

grants from the CDC Foundation during the conduct of the study.
A. C. M. has received institutional support through the CDC Foundation for
travel to meetings related to this article. J. A. B. has received institutional
grant support and travel support through the CDC Foundation. S. C. G.
has received grants from the CDC Foundation, AbbVie Pharmaceuticals,
Bristol-Myers Squibb, Exalenz, Gilead Pharmaceuticals, Intercept Pharma-
ceuticals, andMerck during the conduct of the study; and personal fees from
AbbVie Pharmaceuticals, Achillion Pharmaceuticals, Bristol-Myers Squibb,
CVS Caremark, Gilead Pharmaceuticals, Merck, and Tibotec/Janssen, outside
the submitted work. M. L. and L. B. R. report institutional grant support
from the CDC Foundation during the conduct of the study. All other au-
thors report no potential conflicts.
All other authors have submitted the ICMJE Form for Disclosure of Po-

tential Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Jafri SM, Gordon SC. Care of the cirrhotic patient. Infect Dis Clin North
Amer 2012; 26:979–94.

2. Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW. Aging of hep-
atitis C virus (HCV)-infected persons in the United States: a multiple
cohort model of HCV prevalence and disease progression. Gastroenter-
ology 2010; 138:513–21.

3. Ly KN, Xing J, Klevens RM, Jiles RB, Ward JW, Holmberg SD. The in-
creasing burden of mortality from viral hepatitis in the United States
between 1999 and 2007. Ann Intern Med 2012; 156:271–8.

4. Ly KN, Xing J, Klevens RM, Jiles RB, Holmberg SD. Causes of death and
characteristics of decedents with viral hepatitis, United States, 2010.
Clin Infect Dis 2014; 58:40–9.

5. American Association for the Study of Liver Diseases/Infectious Diseas-
es Society of America /International AIDS Society–USA. When and in
whom to initiate HCV therapy. 2014. Available at: http://www.
hcvguidelines.org/node/91. Accessed 5 April 2015.

6. Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a plus
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002;
347:975–82.

7. Manos MM, Shvachko VA, Murphy RC, Arduino JM, Shire NJ. Distri-
bution of hepatitis C virus genotypes in a diverse US integrated health
care population. J Med Virol 2012; 84:1744–50.

8. Van der Meer AJ, Veldt BJ, Feld JJ, et al. Association between sustained
virological response and all-cause mortality among patients with chron-
ic hepatitis C and advanced hepatic fibrosis. JAMA 2012; 308:2584–93.

9. Ng V, Saab S. Effects of a sustained virologic response on outcomes of
patients with chronic hepatitis C. Clin Gastroenterol Hepatol 2011;
9:923–30.

10. Chao D, Botwin G, Morgan TR. Update on recently approved treat-
ments for hepatitis C. Curr Treat Options Gastroenterol 2014;
12:211–28.

11. Patient-Centered Outcomes Research Institute. Funding announce-
ment: clinical management of hepatitis C infection. Available at:
http://www.pcori.org/sites/default/files/PCORI-PFA-Hepatitis-C.pdf.
Accessed 4 February 2015.

12. Brennan T, Shrank W. New expensive treatments for hepatitis C infec-
tion. JAMA 2014; 312:593–4.

13. Simon T, Chung R. The new hepatitis C virus bottleneck: can delaying
therapy be justified? Hepatology 2015; 62:666–7.

14. Moorman AC, Gordon SC, Rupp LB, et al. Baseline characteristics and
mortality among people in care for chronic viral hepatitis: the Chronic
Hepatitis Cohort Study (CHeCS). Clin Infect Dis 2013; 56:40–50.

15. Holmberg SD, Lu M, Rupp LB, et al. Noninvasive serum fibrosis mark-
ers for screening and staging chronic hepatitis C virus patients in a large
US cohort. Clin Infect Dis 2014; 57:240–6.

16. Gordon SC, Pockros PJ, Terrault NA, et al. Impact of disease severity on
healthcare costs in patients with chronic hepatitis C (CHC) virus infec-
tion. Hepatology 2012; 56:1651–60.

17. Gordon SC, Lamerato LE, Rupp LB, et al. Antiviral therapy for chronic
hepatitis B virus infection and development of hepatocellular carcinoma
in a U.S. population, the Chronic Hepatitis Cohort Study (CHeCS). Clin
Gastroenterol Hepatol 2014; 12:885–93.

18. Mahajan R, Xing J, Liu SJ, et al. Mortality among persons in care with
hepatitis C virus infection: the Chronic Hepatitis Cohort Study
(CHeCS), 2006–2010. Clin Infect Dis 2014; 58:1055–61.

19. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defin-
ing comorbidities in ICD-9-10-CM and ICD-10 administrative data.
Med Care 2005; 43:1130–9.

20. Leidner AJ, Chesson HW, Xu F, Ward JW, Spradling PR, Holmberg SD.
Cost-effectiveness of hepatitis C treatment for patients in early stages of
liver disease. Hepatology 2015; 61:1860–9.

21. Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient elastography: a
new noninvasive method for assessment of hepatic fibrosis. Ultrasound
Med Biol 2003; 29:1705–13.

Progression Risks of HCV Infection • CID • 9

 by Jules L
evin on O

ctober 20, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/lookup/suppl/doi:10.1093/cid/civ860/-/DC1
http://cid.oxfordjournals.org
http://cid.oxfordjournals.org
http://www.hcvguidelines.org/node/91
http://www.hcvguidelines.org/node/91
http://www.hcvguidelines.org/node/91
http://www.pcori.org/sites/default/files/PCORI-PFA-Hepatitis-C.pdf
http://www.pcori.org/sites/default/files/PCORI-PFA-Hepatitis-C.pdf
http://cid.oxfordjournals.org/


22. Bruno S, Zuin M, Crosignani A, et al. Predicting mortality risk in pa-
tients with compensated HCV-induced cirrhosis: a long-term prospec-
tive study. Am J Gastroenterol 2009; 104:1147–58.

23. Di Bisceglie AM, Shiffman ML, Everson GT, et al. Prolonged therapy of
advanced chronic hepatitis C with low-dose peginterferon. N Engl J
Med 2008; 359:2429–41.

24. Dienstag JL, Ghany MG, Morgan TR, et al. A prospective study of the
rate of progression in compensated, histologically advanced chronic
hepatitis C. Hepatology 2011; 54:396–405.

25. Xu F, Tong X, Leidner AJ. Hospitalizations and costs associated with
hepatitis C and advanced liver disease continue to increase. Health
Aff 2014; 33:1728–35.

10 • CID • Xu et al

 by Jules L
evin on O

ctober 20, 2015
http://cid.oxfordjournals.org/

D
ow

nloaded from
 

http://cid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


