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Abstract

Objectives—Genetic factors may play a role in fibrosis progression in patients with chronic
hepatitis C (CHC). A cirrhosis risk score (CRS7) with 7 SNPs was previously shown to correlate
with cirrhosis in patients with CHC. This study aimed to assess the validity of CRS7 as a marker
of fibrosis progression and cirrhosis and as a predictor of clinical outcomes in patients with CHC.

Methods—A total of 938 patients (677 Caucasians, 165 African Americans, and 96 Hispanic/
Other) in the HALT-C Trial were studied. CRS7 was categorized a priori as high risk (n=440),
medium risk (n=310) or low risk (n=188). Patients were assessed for four possible outcomes:
fibrosis progression, cirrhosis, clinical outcomes (decompensation or hepatocellular carcinoma
[HCC]), or HCC alone.

Results—29% (142/493) developed an increase in fibrosis score by > 2 points on follow-up
biopsies, 58% had cirrhosis on one or more biopsies, 35% developed at least one clinical outcome,
and 13% developed HCC. CRS7 (trend test) was associated with risk for fibrosis progression
(p=0.04) with adjusted hazard ratio (HR) of 1.27 (95%CI: 1.01-1.58) and with cirrhosis (p=0.05)
with adjusted odds ratio (OR) of 1.19 (1.00-1.41). Rates of HCC and clinical outcomes were
increased in patients with higher CRS7 scores, but were not statistically significant (p=0.12
clinical outcomes, and p=0.07 HCC). A SNP in AZIN1 was significantly associated with fibrosis
progression.

Conclusions—CRS7 was validated as a predictor of fibrosis progression and cirrhosis among
HALT-C patients, who all had advanced fibrosis. CRS7 was not predictive of clinical outcome.
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INTRODUCTION

Progression of chronic liver disease to cirrhosis, clinical decompensation, and hepatocellular
carcinoma (HCC) is variable, even for liver disease caused by the same etiological agent.
For example, while chronic hepatitis C is the most important cause of liver failure and HCC
in western countries, most patients with chronic hepatitis C either do not progress to
cirrhosis or do so only slowly [1]. The reasons for variability in disease progression and the
ability to predict who will develop severe progressive disease are not well defined. Host
factors such as older age at the time of infection, male gender, obesity, and heavy alcohol
consumption have been shown to be associated with accelerated fibrosis progression [2, 3]
but have limited utility in predicting which patients will progress to cirrhosis. Laboratory
indicators such as high serum aspartate/alanine aminotransferase (AST/ALT) ratio, AST-
platelet ratio index (APRI), bilirubin, and international normalized ratio of prothrombin time
(INR), and low platelet count can distinguish between patients with cirrhosis and those with
early stage fibrosis with reasonable accuracy because they reflect disease severity. These
tests, however, are of limited value in predicting which patients with early stage liver
disease will subsequently progress to cirrhosis.

Evidence is accumulating to indicate that genetic factors influence the natural history of
chronic liver disease [4]. Genetic polymorphisms may play a role in susceptibility to the
etiologic agent and subsequent liver injury. Genetic variability may also contribute to
differences in immune response as well as regeneration and repair. Predisposition to disease
progression or treatment response based on genetic risk is intensely pursued as a means to
personalized medicine, but has met with limited success to date from the perspective of
assisting compelling and actionable patient management decisions. Recent studies showed
that a single nucleotide polymorphism (SNP) in the region of the interleukin 28B (I1L-28B)
gene is associated with spontaneous recovery from acute hepatitis C virus (HCV) infection
and response to interferon and ribavirin treatment of chronic hepatitis C [5, 6]. Other
investigators have focused on the search for genetic markers that are associated with the risk
of cirrhosis. To date, most of these studies have been cross-sectional and included small
numbers of patients, and the findings have not been validated in subsequent studies [7].

A recent study in the United States of 574 Caucasian patients with chronic hepatitis C (420
in the training set and 154 in the validation set) who had either no fibrosis or bridging
fibrosis/cirrhosis, identified 7 SNPs that were significantly associated with bridging fibrosis/
cirrhosis [8]. A cirrhosis risk score (CRS7), which was calculated based on the genotypes of
these 7 SNPs in each patient, yielded an area under the receiver operating characteristic
curve (AUROC) of 0.75 (95% ClI: 0.70-0.80) in detecting patients with bridging fibrosis/
cirrhosis in the training set and an AUROC of 0.73 (95% CI: 0.56-0.89) in the validation
set. These data were derived from a cross-sectional study, so the ability of CRS7 to predict
the timing of future risks of cirrhosis could not be assessed. In another study that included
271 ltalian patients whose initial biopsies showed Metavir fibrosis stages FO, 1 or 2 on the
initial biopsy and who had follow-up biopsies after an interval of at least 60 months (mean
109 months), the mean CRS7 was found to be significantly higher in patients with fibrosis
progression (defined as increase in Metavir fibrosis score by > 1) than in those who did not
experience fibrosis progression [9]. A subsequent smaller study involving 56 patients in
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Belgium and Germany, who had paired biopsies with an interval of > 5 years, found that
CRS7 was the only variable associated with fibrosis progression [10].

The Hepatitis C Antiviral Long-term Treatment against Cirrhosis (HALT-C) Trial is a
prospective study that enrolled more than 1000 patients with chronic hepatitis C of all race
and ethnicity followed for up to 8.7 years for histological and clinical outcomes. The
availability of genetic samples from a large cohort of these well-characterized patients with
serial liver biopsies provided a unique opportunity to evaluate CRS7 and the individual
SNPs as predictors of cirrhosis and clinical outcomes.

PATIENTS AND METHODS

Design and Patients

The design of the HALT-C trial has been described previously [11, 12]. Briefly, patients
enrolled were those with chronic hepatitis C who had failed to achieve a sustained virologic
response (SVR) during previous treatment with interferon with or without ribavirin and who
had advanced fibrosis on liver biopsy (Ishak fibrosis score >3) and no history of hepatic
decompensation or HCC. Patients were re-treated with a combination of pegylated
interferon alfa-2a 180 mcg weekly and ribavirin 1-1.2 g/day (lead-in), and those who had
undetectable HCV RNA at week 20 continued combination therapy until week 48. Lead-in
non-responders and responders who subsequently experienced breakthrough or relapse, as
well as those patients who had not responded to pegylated interferon and ribavirin treatment
outside the HALT-C Trial (Express patients), were randomized to maintenance therapy
(pegylated interferon alfa-2a 90 mcg weekly) or to no further treatment for 3.5 years.
Patients were evaluated quarterly for study outcomes of decompensated liver disease and
HCC. Liver biopsies were repeated 1.5 and 3.5 years after randomization. Upon completion
of the randomized trial, all patients were invited to continue 6-monthly follow-up without
treatment. At each visit, patients were assessed clinically and blood was drawn for complete
blood counts, hepatic panel (albumin, AST, ALT, bilirubin, and alkaline phosphatase),
creatinine, INR, and alpha fetoprotein (AFP). Hepatic ultrasound was performed at
randomization, 6 months after randomization and then every 12 months during the
randomized trial and every 6 months thereafter. Patients with suspicious lesions on
ultrasound or elevated AFP were further evaluated by computed tomography (CT) or
magnetic resonance imaging (MRI) of the liver. All patients underwent endoscopy to
evaluate for esophageal varices at randomization. All liver biopsies were reviewed and
scored by a panel of 12 hepatic pathologists. Fibrosis was staged using the Ishak score
(range of 0-6) [13]. The mean length of the biopsies was 1.8 cm, 63% of the biopsies were
longer than 1.5 cm and 75% had at least 10 portal triads.

The HALT-C Trial protocol was approved by the local Institutional Review Boards (IRB) of
all the HALT-C Trial sites. Patients provided written informed consent for participation in
the HALT-C Trial and only those who provided consent for genetic testing were included in
this study. This ancillary study was approved by the Data Coordinating Center IRB on
February 1, 2009.

Outcome definitions

Patients were assessed for four possible outcomes: fibrosis progression, cirrhosis, clinical
outcome and HCC. Fibrosis progression was defined as an increase in Ishak fibrosis score
by > 2 points on at least one of the follow-up biopsies 1.5 or 3.5 years after randomization.
Cirrhosis was defined as the presence of an Ishak fibrosis score of 5 or 6 on any biopsy,
whether baseline or follow-up, or an explanted liver. Clinical outcomes included an increase
in Child-Turcotte-Pugh (CTP) score to > 7 on two consecutive occasions 3 months apart,
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variceal bleeding, ascites, spontaneous bacterial peritonitis, hepatic encephalopathy, HCC,
or liver-related death during an observation period of up to 8.7 years (median 6.1 years).
Diagnostic criteria were established for each of the clinical outcomes, and an Outcomes
Review Panel adjudicated all reported outcomes. Only first clinical outcomes that met the
predefined criteria were included in this analysis. For HCC, both definite and presumed
HCC were included [14]. Definite HCC required histologic confirmation of the tumor or a
new mass lesion on imaging with AFP levels increasing to >1,000 ng/mL. Presumed HCC
was defined as a new mass lesion on ultrasound in the absence of histology and an AFP of
<1,000 ng/mL in conjunction with one of the following characteristics: a) 2 liver imaging
studies showing a mass lesion with characteristics of HCC (vascular enhancement with or
without wash out), or b) a progressively enlarging lesion on ultrasound leading to death of
the patient, or c) 1 additional imaging study showing a mass lesion with characteristics of
HCC that either increased in size over time or was accompanied by increasing AFP levels.

Genetic testing

DNA was extracted at SeraCare (Gaithersburg, MD) from frozen whole blood using the
Gentra Systems Puregene kit or from either Epstein-Barr transformed B-lymphocytes or
frozen peripheral blood mononuclear cells using Qiagen DNA purification columns (Qiagen
Inc, Valencia, CA). Blind coded DNA samples were sent from the HALT-C sample
repository at SeraCare to Celera Diagnostics (Alameda, CA) for genetic testing. Genotyping
of SNPs was carried out by allele-specific real-time PCR at a high throughput facility. For
each allele-specific PCR reaction, 0.3 ng of DNA was amplified. Genotypes were
automatically determined by an in-house software program followed by manual curation
without knowledge of the phenotype. Genotyping accuracy in prior studies was ~99%.
Primer sequences are available upon request.

CRS7 scores were derived as described previously [8]. The scores range from 0 to 1 with
higher scores indicating higher risk of cirrhosis. Patients were classified as having high risk
(CRS7 >0.7), intermediate risk (CRS7 0.5-0.7), or low risk (CRS7 <0.5) of cirrhosis using
cutoffs based on a receiver operating characteristic (ROC) curve in the study in which CRS7
was developed.

Statistical Methods

Baseline patient characteristics for binary variables were assessed for linear trend across the
low, intermediate, and high CRS7 risk groups by the Cochran-Armitage trend test [15].
Continuous and ordinal baseline variables were evaluated for correlation with CRS7 risk
group by Kendall’s Tau-b correlation test. Differences in distribution of CRS7 risk group
among the various sources of patients were assessed by the Cochran-Mantel-Haenszel Mean
Score Test [16]. Differences in the distribution of CRS7 in HALT-C and non HALT-C
subjects were assessed by the Kruskal-Wallis Test. Deviation from Hardy-Weinberg
equilibrium was assessed by exact test of the allele frequencies [17]. Multiple statistical
models were generated to assess the association of CRS7 risk group and the various liver
disease outcomes. For fibrosis progression, cirrhosis, and clinical outcome analyses that
included both African American and Caucasian subjects, two models were fit: one where
CRSTY risk group was adjusted for race alone and another where CRS7 risk group was
adjusted for race, treatment assignment, patient source of randomization (lead-in,
breakthrough, relapse or express), and study site. Two models with and without adjustment
were also fit for analyses including only Caucasian subjects. For the HCC outcome models
that included both African American and Caucasian subjects, CRS7 risk group was adjusted
for race alone and for race, treatment assignment, patient source of randomization, study
site, and baseline cirrhosis status. Two HCC models with and without adjustment were fit
for analyses including only Caucasian subjects.
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The power to detect associations between CRS7 risk group and various endpoints was
approximated by calculating the power to detect an association using the Cochran-Armitage
trend test.

Fibrosis Progression and Cirrhosis—Exact times for > 2-point fibrosis progression
are unknown, but rather are only known to have occurred during the intervals of time
between the scheduled biopsies (interval censored) at 1.5 and 3.5 years of follow-up.

Fibrosis progression hazard ratios for the intermediate and high CRS7 risk groups were
estimated by proportional hazard models where the probabilities of progression were
complementary log-log transformed to accommodate interval censoring of subjects for
biopsies taken from 0-1.5 years and 1.5-3.5 years. Hazard ratios for these models were
interpreted as the increase (or decrease) in risk of fibrosis progression that a patient in the
high or intermediate CRS7 risk group assumes (at any time) relative to patients in the low
CRST7 risk group. A test for linear trend of the proportion of subjects having fibrosis
progression was conducted across the CRS7 low, intermediate, and high risk groups (coded
in the model as 0, 1, and 2, respectively).

For cirrhosis detected on any biopsy, the association with the CRS7 risk group was
evaluated by logistic regression. Odds ratios were reported for high and intermediate CRS7
risk groups relative to the low CRS7 risk group. Logistic regression models were also used
to test for a linear trend of the proportion of subjects having cirrhosis across the CRS7 low,
intermediate, and high risk groups.

Clinical Outcomes and HCC—Cox proportional hazards models were used to estimate
the relative hazard of CRS7 risk group on time to hepatic decompensation and HCC through
8.7 years of observation. Hazard ratios for high and intermediate CRS7 risk groups were
reported relative to the low CRS7 risk group. Kaplan-Meier estimates of the survivor
functions for clinical outcome and HCC at 8 years of follow up were taken as estimates of
the cumulative incidences of outcomes. Proportional hazards models were also used to test
for a linear trend of the proportion of subjects having clinical outcome and HCC in the
CRS7 low, intermediate, and high risk groups. Survival times were right censored and tied
survival times were handled by the method of Efron [18].

All analyses except deviation from Hardy-Weinberg equilibrium (see above) were
performed in SAS 9.1.3 software. Reported confidence intervals were generated by large
sample normal approximation methods. All p-values were derived from two-sided tests.

RESULTS

Among the 1050 randomized patients, 166/191 (86.9%) African-American, 686/752 (91.2%)
Caucasian patients and 99/107 (92.5%) Hispanic patients and patients of other race or
ethnicity consented to genetic testing. Of these 951 patients, 13 did not have adequate DNA
available for testing. The characteristics of the 938 patients included in this analysis are
shown in Table 1. The mean age of the patients was 50.1 years and 70.7% were men. There
were 677 Caucasian (72.2%) and 165 (17.6%) African-American patients. Five-hundred and
fifty-three (59.0%) patients had bridging fibrosis at baseline (Ishak 2, 3 or 4); of these, 493
(89.2 %) were evaluated for fibrosis progression. Sixty patients with missing follow-up
biopsy data were not evaluated for fibrosis progression. Reasons for missing follow-up
biopsy data were that the patient reached a clinical outcome, withdrew, missed the visit, had
an adverse event, had low platelets, refused the biopsy or had an inadequate biopsy. All 938
randomized patients were evaluated for cirrhosis, clinical outcome and HCC.
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Table 2 shows baseline characteristics of the patients by CRS7 risk group. Four-hundred and
forty (47%) patients were in the high CRS7 risk group, 310 (33%) were in the intermediate
CRST7 risk group and 188 (20%) were in the low CRS7 risk group. High and intermediate
CRSTY risk groups had a significantly higher proportion of African-American patients,
Hispanic patients and patients of other races. Caucasians had lower proportions of patients
in the high and intermediate CRS?7 risk groups. Differences were also observed in the
distributions of age and serum alkaline phosphatase across the CRS7 risk groups. The CRS7
risk groups were otherwise similar in demographic, laboratory and other baseline factors
including Ishak fibrosis score.

Table 3 shows individual SNP carrier frequencies by race for the 7 SNPs included in the
CRST7 score, as well as the CRS7 score as a continuous variable. The HALT-C population is
shown for all patients and by race. Comparison groups are from HapMap and two cohorts of
patients with chronic hepatitis C that were included in previous studies on genetic markers
of fibrosis conducted at Celera Diagnostics [8, 19]. No significant differences in CRS7 score
were observed between HALT-C and non-HALT-C sample sets (p=0.72 for African
American subjects, p=0.21 for Caucasian subjects).

Fibrosis Progression

Cirrhosis

Among the patients with bridging fibrosis on baseline liver biopsy, 29% (142/493) had
fibrosis progression defined as > 2-point increase in Ishak fibrosis score: 33.2%, 27.3% and
21.7% in the high, intermediate and low CRS7 risk groups, respectively (p=0.03) (Fig. 1). In
multivariate models predicting fibrosis progression and adjusted for race, patient type,
clinical site and treatment assignment, the Hazard Ratio (HR) for CRS7 (trend test) was 1.27
(95%CI: 1.01-1.58, p=0.04). The HR per 0.1-unit change in continuous CRS7 was 1.13
(95% CI 1.04-1.22, p=0.003) (Table 4). A model fit with CRS7 adjusted for race, gender,
and the interaction effects of CRS7 and gender, did not indicate any differential risk of
fibrosis progression between women and men across the CRS7 risk groups (p for interaction
with intermediate CRS7=0.49, with high CRS7=0.72, data not shown). Results for models
with Caucasians only were similar.

Cirrhosis was present on one or more biopsies in 58% (548/938) patients, 61.8%, 56.8% and
53.2% in the high, intermediate and low CRS7 risk groups, respectively (p=0.03) (Fig. 1). In
multivariate models predicting cirrhosis and adjusted for race, treatment assignment, patient
type and clinical site, the Odds Ratio (OR) for CRS7 (trend test) was 1.19 (95%ClI: 1.00-
1.41, p=0.05). The OR per 0.1-unit change in continuous CRS7 was 1.07 (95% CI 0.99-
1.15, p=0.07) (Table 4). A model fit with CRS7 risk group adjusted for race, gender, and the
interaction effects of CRS7 and gender, did not indicate any differential risk of cirrhosis
between women and men across the CRS7 risk groups (p for interaction with intermediate
CRS7 =0.42, with high CRS7=0.63, data not shown). Results for models with Caucasians
only were similar.

Clinical Outcome

Two hundred and forty-eight patients developed at least one clinical outcome (cumulative
incidence = 34.8% at 8 years of follow up), 37.0%, 37.6% and 25.6% in the high,
intermediate and low CRS7 risk groups, respectively (p=0.17) (Fig. 1). In multivariate
models predicting clinical outcome and adjusted for race, patient type, clinical site and
treatment assignment, the HR for CRS7 (trend test) was 1.14 (95%Cl: 0.97-1.35, p=0.12).
The HR per 0.1-unit change in continuous CRS7 was 1.05 (95% CI1 0.98-1.13, p=0.15)
(Table 4). Results for models with Caucasians only were similar.
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Seventy-six patients met HALT-C criteria for HCC (cumulative incidence = 12.6% at 8
years of follow up), 14.5%, 12.1% and 9.3% in the high, intermediate and low CRS7 risk
groups respectively, p=0.07 (Fig. 1). In multivariate models predicting HCC and adjusted
for race, patient type, clinical site, treatment assignment and presence of cirrhosis at
baseline, the HR for CRS7 (trend test) was 1.34 (95%Cl: 0.97-1.85, p=0.07). The HR per
0.1-unit change in continuous CRS7 was 1.09 (95% CI 0.96-1.25, p=0.19) (Table 4).
Results for models with Caucasians only were similar.

Individual SNPs and outcomes

Figure 2 shows ORs and HRs for the individual SNPs and CRS7 risk groups for all
outcomes. Of the 7 SNPs, AZIN1 was significantly associated with fibrosis progression. The
other 6 individual SNPs studied were not associated with any of the outcomes analyzed.

DISCUSSION

This analysis demonstrated that among patients with chronic hepatitis C, a higher rate of
progression of fibrosis is associated with higher CRS7 scores, thus extending and validating
the results of the original studies in which CRS7 was first developed and evaluated.
However, the association is modest and is unlikely to be used to alter patient management.
Because all patients in the HALT-C Trial had advanced fibrosis before enrollment, this
cohort posed a stringent test for the predictive signature and suggests that the cirrhosis risk
score is involved along the disease continuum. Indeed, the study by Marcolongo et al. found
that the association between CRS7 and fibrosis progression was most evident in patients
who had Metavir FO on the initial biopsy [9].

Although CRS7 was derived originally from a cohort of Caucasian patients, it is noteworthy
that our results were similar when the analysis included Caucasians, African-Americans,
Hispanic and other ethnicities or Caucasians alone. It is possible that race is a potential
confounder since it is associated with both allele frequencies and the outcomes of interest.
We have attempted to address this in two ways. First, the odds ratios and hazard ratios
among all randomized subjects were estimated from multivariate regression models which
included race as a covariate, thus controlling for differences in allele frequencies. Second,
we compared results among Caucasians only and all subjects and found that the results were
similar. We acknowledge that appropriately powered studies including other ethnic groups
should be analyzed separately to validate the utility of CRS7 as a predictor of fibrosis
progression and cirrhosis in non-Caucasians.

CRS7 was less accurate in predicting clinical outcomes and HCC than in predicting severity
of fibrotic liver disease. Statistical power to observe an association of CRS7 with the
outcomes studied was constrained by the total number of subjects and the number of events
observed for each outcome. The power to observe a significant trend test reached 90% when
the odds/hazard ratio (trend test) was at least 1.3 for clinical outcome or at least 1.7 for
HCC. Thus, this study would not have reliably found associations between CRS7 and
clinical outcome or HCC of a lesser magnitude. Patients with high and intermediate risk
scores in this study had a greater risk of clinical outcomes than patients with low risk scores,
but the trend across scores was not statistically significant (p=0.12). Patients with high risk
scores were more likely to develop HCC, statistically significant in unadjusted analysis, and
a trend of borderline statistical significance in multivariate analysis (p=0.07). This
association of HCC with high CRS7 was unexpected because of the relatively small number
of patients (only 76) who developed HCC. Additional studies that include a larger number of
well-characterized patients with HCC and controls should be performed to further evaluate
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the possible association between CRS7 and HCC and to determine if this is observed in
patients with other etiologies of liver disease.

There are several limitations of this study that merit consideration. First, HALT-C patients
entered the trial with advanced disease relative to the cross-sectional study from which
CRS7 was derived. If some of the genetic variants in CRS7 score were associated with early
steps in fibrosis progression, they would not have been observed in this cohort. Second, even
though treatment in the HALT-C trial was reported not to alter outcomes, this study differed
from earlier studies in that half of the patients were randomized to receive low dose
pegylated interferon for up to 3.5 years. Third, the lower hazard for the score categories may
be due to regression to the mean commonly observed with replication studies. Candidate
genes are chosen for verification precisely because of their strong association in an initial
study. In a replication study, the association may not be as strong.

There are many strengths in this study. Reported genetic associations have a long history of
false positive results [20], i.e., not validated in external cohorts. The previous validations of
CRS7 were performed in relatively small sample sets (N=154 subjects in the Huang et al.
validation set, N=271 in Marcolongo’s study and N=56 in Trepo’s study). The large number
of patients in this study (n=938) provides a needed additional level of evidence for this
reported association [8-10]. In addition, previous longitudinal studies of CRS7 assessed
subjects with varying intervals between biopsies while HALT-C provides a well-defined
interval between biopsies (biopsies were performed at baseline, 1.5 and 3.5 years of follow-
up), allowing estimates of the absolute risk of fibrosis progression across CRS7 risk groups
during this time period. Further, the rigor of histological assessment was higher in HALT-C
than in previous studies. In those studies, fibrosis staging was assessed by individual site
pathologists while in the HALT-C trial, all biopsies were staged centrally by a panel of
expert liver pathologists and fibrosis stage was assigned based on consensus of this panel.

Finally, this study included Caucasians, African-Americans as well as Hispanics and
patients of other races while the other studies included Caucasians only. The results showed
that CRS7 was predictive of fibrosis progression and of cirrhosis not only among Caucasians
but also in the combined population of Caucasians, African-Americans, and to a much lesser
extent other ethnic groups.

In conclusion, in a carefully characterized cohort of patients with chronic hepatitis C and
advanced fibrosis, CRS7 was associated with fibrosis progression and with cirrhosis, the
basis on which it was originally constructed. The level of characterization of CRS7 prior to
this study, the prior adjustment for demographic and clinical risk factors for individual
SNPs, and use of a “machine learning” algorithm to optimize included SNPs rather than
simple assembly of associated individual SNPs to generate the score may have been key to
the observed confirmation. Associations with clinical outcomes, including hepatic
decompensation and HCC were also observed, but the associations were not as strong and
the validity of these associations needs to be confirmed. Among the individual SNPs,
AZIN1 was most strongly associated with fibrosis progression and cirrhosis. The association
of a genetic risk score (CRS7) with disease progression should encourage mechanistic
studies of the included genes to gain insight into the potential underlying biological
mechanisms involved. The successful confirmation of this risk score should encourage
further investigation of these gene variants and the combined score in other randomized
controlled trials involving the endpoints studied.
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