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Abstract Background and Aims: New Hepatitis C [HCV]

drugs are expensive but highly effective but have created an
overwhelming ‘cash flow’ problem for payers facing a large
bolus of infected patients. Health plans are developing
‘watchful waiting’ strategies to safely defer treatment for
low risk patients. This study identifies five laboratory tests
which predict increasing risk of liver related events and
documents that delaying treatment until after an abnormal
lab test diminished effectiveness of treatment with interferon
alpha plus ribavirin. Methods: Patients from the Veterans
Administration’s clinical registry of HCV patients
[1999-2010] were screened for a detectable viral load at
baseline and a recorded baseline genotype. The primary
outcomes were time to death and time to time to a composite
clinical event. Cox proportional hazards models were
estimated with time dependent independent variables for
initial treatment and first abnormal laboratory test. Results:
128,769 patients met all inclusion criteria. Abnormal values
for five laboratory were associated with increased risk for the
composite outcome/death: 1.35/1.84 for the AST/ALT ratio >
1; 2.35/5.01 for albumin < 3 g/Dl; 1.58/1.15 for GGT > 195
IU/L; 3.85/1.55 for platelet count < 100 k/mm2 and 4.48/2.39
for alpha fetoprotein > 144 ng/mL. Delaying drug therapy
until after an abnormal lab test significantly reduced
treatment effectiveness. Discussion: Five tests predict liver
complications for HCV patients which can be used to
develop “watchful waiting” protocols which monitor
untreated HCV patients over time and defer access to
expensive new drug regimens to those patients most at risk
adverse liver-related events.

Keywords Watchful Waiting, Abnormal Lab Test, Risk
Predictors, Delayed Treatment

1. Introduction
Hepatitis C (HCV) affects approximately 130-170 million
people worldwide [1, 2] and an estimated 3.2 million people
in the U.S.[3] HCV patients are at risk for developing
progressive liver disease including cirrhosis, liver failure and
hepatocellular carcinoma (HCC).[1, 2, 4-6] However, many
patients with chronic HCV infections may fail to develop
significant symptoms over their lifetime. Progression to
cirrhosis is estimated to be about 5-20% after 20 years of
infection.[7] It is estimated that 13.1% of patients with HCV
in 2005 will die of liver-related causes by 2030 [8],
increasing to 36.8% by 2060.[9]
While HCV is considered cured if the patient achieves
sustained viral response (SVR)[10], achieving SVR using
older therapies [pegylated interferon-alpha and ribavirin] has
been daunting. Standard therapy requires 24 to 48 weeks of
weekly injections and is associated with significant side
effect burden. Standard therapy achieves SVR rates ranging
between 14-24% for HCV genotype 1 and 37-52% for
genotypes 2 or 3.[11-13] More recent “triple” therapy,
achieved by adding a protease inhibitor to pegylated
interferon-alpha and ribavirin, is associated with a
significant increase in SVR rates and an increase in
frequency and severity of adverse side effects such as anemia,
neutropenia, thrombocytopenia, rash, and gastrointestinal
events.[14] Other reports suggest that ‘triple therapy” may
increase SVR rates while reducing the side effects that limit
tolerability.[15-21] It is not surprising that clinicians patients
faced the twin problems of patient reluctance to initiate
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therapy and non-adherence once treatment is initiated.
The FDA has approved two new therapies [Fall 2014]
which have radically changed the decision by patients and
physicians when to initiate treatment by radically increasing
expected SVR rates and shortening the duration of therapy.
However, the costs of these therapies have created a need to
ration drug using ‘watchful waiting’/deferred treatment
strategies under which clinicians and patients monitor the
patient’s risk of disease progression over time and initiate
treatment before its effectiveness is adversely impacted.
The objective of this research is twofold. First, we use a
large historical cohort of HCV patients from to document
which specific abnormal laboratory tests predict an increased
risk of liver-related liver events, including death. We then
investigate whether or not a delay in initiating standard
treatment until after one or more of these laboratory tests
become abnormal degrades treatment effectiveness relative
to ‘early’ treatment.

2. Methods
Data
The data used in this study were derived from the Veterans
Administration [VA] clinical case registry (CCR) for HCV
infected patients. Potential HCV patients were identified by
the presence of an HCV-related ICD-9 diagnosis code or a
positive viral load lab test. Local CCR coordinators then
manually confirm or reject the patient for inclusion in the
CCR and all historical data from the patient’s electronic
medical record (EMR) were added to the CCR. The VA
EMR system was fully implemented in 1999 and provides
data on patient demographic and clinical characteristics,
diagnoses, laboratory test results and prescription and
medical care utilization for over a decade.[22] Data period
for this study cover 1999-2010.
A patient-level analytic database was created consisting of
summary variables for each month before and after the
patient’s date of diagnosis [CCR enrollment date]. The
post-index period for any individual patient could range up
to 10 years depending on their index date. The following
summary data were created:
1. Patient demographic data (age in months at baseline,
gender, race, ethnicity, and geographic region at
baseline).
2. Body mass index [BMI] in each month that these
characteristics were recorded.
3. The patient’s diagnostic profile consisting of monthly
dichotomous variables reflecting the diagnoses
recorded each month.
4. Monthly dichotomous variables for hospital admissions
for any diagnosis and for liver related diagnoses.
5. Monthly values for most common laboratory tests,
including viral load [VL] and viral genotype. Missing
values were assigned when no tests were recorded
during the month.
6. Prescription drug data were used to create a
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time-dependent dummy indicating whether or not the
patient received HCV-related treatment before each
event included as a study outcome.
Sample Selection Criteria
All patients were screened for a detectible HCV viral load
[> 25 IU/ml] and a documented HCV viral genotype. The
minimum value for a detectable viral load was selected based
on the ‘best’ test methodology available within the VA
system during the study period [1999-2010] and across
multiple VA sites that reported data into the CCR. This
selection criteria errored on the side of including patients
whose viral load was reported as ‘undetectable’ at a higher
minimum value [e.g., < 600 IU/ml] using older testing
methods.
Primary and Secondary Outcomes
Individuals infected with HCV are at risk for progressive
liver disease and related complications such as cirrhosis,
liver failure and hepatocellular carcinoma (HCC) which
frequently require hospitalization and are at increased the
risk of death.[1, 2, 4-6] The primary outcomes for this
analysis are a composite of observed liver-related, clinical
complications [compensated cirrhosis, decompensated
cirrhosis, HCC or a liver-related hospitalization] or all-cause
mortality. To ensure the clinical complications were due to
chronic HCV infection, any composite clinical outcome
occurring within a one-year “washout” period following the
index date were not counted. The secondary outcomes
included the individual elements of the clinical composite
analyzed individually.
Monthly dichotomous variables were created for the
outcomes of the study based on recorded diagnostic codes
[e.g., diagnosis of cirrhosis, etc.] and selected CPT-4 codes
included in data from hospital admission data and outpatient
services. Liver-related hospitalization events were defined as
the first occurrence of a diagnosis for complications due to
HCV (see Appendix 1) as the primary diagnosis in inpatient
visits. Compensated cirrhosis and HCC outcomes were
compiled by searching the inpatient, outpatient and problem
lists for matching ICD-9 codes [571.5, 571.2, 571.6 and
155,155.1, 155.2, respectively]. Decompensated cirrhosis
was defined as a diagnosis of cirrhosis and a diagnosis of
hepatic coma [70.44, 71.71, 348.3, 348.31, 572.2], portal
hypertension [572.3], hepatorenal syndrome [572.4],
jaundice [782.4], ascites [789.59], or esophageal varices
[456, 456.1, 456.2, 456.21] or an FIB-4 score > 3.25.23 An
FIB-4 score is a function of age, aspartate transaminase
[AST] level, platelet count and alanine transaminase [ALT].
An FIB-4> 3.25 has been correlated with a Metavir fibrosis
stage of F3-F4 [23] or an Ishak fibrosis stage of F4-F6. [24]
Vallet-Pichard, et al. also found the FIB-4 to have a positive
predictive value to confirm the existence of significant
fibrosis of 82.1% in a HCV infected cohort.[23]
Statistical Methods
The time-to-event variables for primary and secondary
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outcomes were analyzed using Cox proportional hazards.[25]
Time-related independent variables were created for several
risk factors to take advantage of the longitudinal nature of the
data. The time-related laboratory test risk factors assessed
whether or not the laboratory test values were abnormal
immediately prior to the event date. The time-related
treatment variable was included to assess whether or not
treatment was initiated before or after the occurrence of each
liver-related outcome variable. The time at which treatment
is initiated is endogenous over time and correlated with
observed and unobservable patient factors that are also
correlated with patient outcomes. Therefore, the treatment
effects measured in this analysis may be biased to the extent
that important but unobserved patient characteristics are not
included in the statistical models. However, the objective of
this research is to test whether or not initiating treatment after
one or more of the patient’s laboratory value becomes
abnormal rather than develop an unbiased estimate of
treatment effects. While complicated, the methods used are
at the heart of the analysis which ultimately provides
information on what do clinicians watch to determine
whether or not treatment is needed, and whether or not it is
possible to wait too long, thus diminishing the effectiveness
of treatment at reducing future risk. The answer to this
question will be measured by the estimated coefficient for
the interaction term between the time dependent
dichotomous variables for treatment and the existence of one
or more abnormal lab test.
A total of 22 individual clinical laboratory tests were
entered into the analyses of each adverse liver event and
death in order to determine which abnormal laboratory tests
were predictive of these events. Laboratory test result data
were entered as time-to-abnormal test result and the specific
cut-points for defining an abnormal value can be found in
Table 2. These cut-off values were set by the authors at a
level high enough to generate wide agreement that the
recorded lab value was abnormal.
All study patients were required to have a detectable viral
load in order to focus the analysis on patients who could
benefit from treatment. Separate Cox models were estimated
for each primary and secondary outcome under study. Each
analysis began by estimating a Cox model with all possible
risk factors included in the list of independent variables,
including the complete list of 22 common laboratory tests
thought to be related to liver related adverse events. Since
models of event risk should be parsimonious to be useful in
clinical practice, the results for these all-inclusive models
were reviewed and non-significant factors [p>0.20] were
dropped from subsequent model estimates. Age, gender,
HCV genotype, and race were included in all models
regardless of their statistical significance. Race and ethnicity
were initially entered as separately coded categories.
However, the significant correlation between race and
ethnicity in this VA sample resulted in ethnicity being
dropped from the final model specification. The dummy
variables denoting a diabetes diagnosis at baseline and any

hospital admission in the 6 months prior to the patient’s
index date were included in final model specifications based
on statistical significance.
Once we documented which abnormal laboratory tests
were predictive of future liver events, we tested if treatment
effectiveness was dependent on the timing of treatment
either before or after any one lab value becomes abnormal.
This was accomplished by entering both the time dependent
treatment variable and its interaction term with a time
dependent variable denoting whether or not any abnormal
laboratory test preceded treatment. This interaction variable
measures the extent to which the effect of treatment initiated
after an abnormal laboratory test is statistically different
from the impact of ‘early’ treatment.
The VA restricted access to CCR data to VA employees
[Dr. Tonnu-Mihara] and employees without compensation
[Matsuda]. Authors from the funding source [Yuan, Juday,
Hines and L’Italien] were involved the research design and
with reviewing and interpreting statistical results. All authors
reviewed and approved the final manuscript. The analysis
was conducted using SAS v9.2.[26]

3. Results
Descriptive Statistics
Table 1. Patient Characteristics
N=128,769
Treatment Data

Count or Mean

% or SD

Treated

31,284

24.3%

Untreated
Achieved Undetectable Viral
Load
Overall

97,485

75.7%

5,180

4.0%

Under Treatment

5,141

16.4%

Gender [Male]

124,980

97.1%

Age [mean in years]

51.8

6.9

White

66,168

51.4%

Black

40,239

31.3%

Asian

168

0.1%

Other

22,194

17.2%

Non-Hispanic

107,586

83.6%

Hispanic

6,901

5.4%

Other

14,282

11.1%

1

102191

79.4%

2

15113

11.7%

3

9851

7.7%

Patient Demographics

Race

Ethnicity

HCV Genotype

other

1614

1.23%

Pre-index Admission [6 months]

20938

16.3%

Diabetes at baseline

15091

11.7%

Universal Journal of Medical Science 4(1): 10-20, 2016

A total of 128,769 patients met the study inclusion criteria.
Only 24.3% of patients received treatment at any time
following diagnosis [Table 1]. Only 16.4% of treated
patients achieved an undetectable viral load post-treatment
[4% of all patients]. The average post-index period consisted
of 6.1 years [Standard deviation (SD)=3]. The VA/HCV
patients are predominately male of either white or black race
[51.4% and 31.3% respectively]. The mean age is 52 years
[SD=6.9] and close to 80% of patients were genotype 1,
followed by 12% being genotype 2. Over 16% of patients
had a history of a hospital admission within 6 months prior to
the index date and 12% of patients had a diabetes diagnosis
at baseline.
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Predictive Laboratory Tests
The laboratory data in Table 2 document the deteriorating
health status of the study HCV population over time. The
proportion of patients with abnormal values is higher in the
post-index period for all laboratory tests with the exception
of HbA1c for diabetes and for viral load. The laboratory tests
found to be correlated with the risk of long-term liver
complications and death are denoted by a bold font in Table
2.
The parsimonious models for each of our primary and
secondary outcomes are displayed in Table 3 [Primary
Outcomes] and Table 4 [Secondary Outcomes]. The
‘side-by-side’ arrangement of the models makes it easy to
evaluate the extent to which risk factors are shared across
target outcomes, and the relative strength of risk factors
across outcomes.

Table 2. Laboratory Data
BASELINE
LABORATORY TESTS

N

% Abnormal

BMI [Body Mass Index]

125069

28.3

Viral Load [IU/mL]

128769

100

Definition of Abnormal

POST-INDEX
% Abnormal

N

> 35

45.1

125069

> 25

95.6

128769

Liver Function Tests
Direct bilirubin [mg/dL]

29536

0.9

>3.9

3.3

89039

Albumin [g/dL]

74619

7.3

<3.0

24.0

126171

Alanine transaminase (ALT) [IU/L]

81410

21.9

>120

40.2

127199

Aspartate transaminase (AST) [IU/L]

62808

15.8

>120

32.5

105794

AST/ALT Ratio

61221

32.1

>1

67.3

105680

Alkaline phosphatase (ALP) [IU/L]

80344

0.5

>345

2.8

126787

Gamma-glutayltransferase (GGT) [IU/L]

19514

25.2

>195

30.5

64651

Red Blood Cells(RBC) [M/mm3]

56641

0.3

<2.19

3.4

95537

Hemoglobin [g/dL]

77935

1.0

<8

7.8

126417

75210

1.3

<25

9.7

126073

Hematology

Hematocrit [%]
3

White Blood Cells(WBC)[k/mm ]

77093

0.3

<2

7.5

126246

Platelets [k/mm3]

77565

7.9

<100

25.8

126253

Neutrophils

53498

3.2

<30

12.5

104403

Creatinine [mg/dL]

83066

6.3

>1.4

24.2

126691

Blood urea nitrogen [BUN] [mg/dL]

79585

0.4

>75

3.6

123719

Estimated glomerular filtration rate [eGFR]
[mL/min/1.73 m2]

19431

10.1

<60

25.2

106849

Renal Function/Panel

Ions and trace metals
Sodium [mEq/L]

81325

0.5

<125

4.1

125302

Potassium [mEq/L]

80746

0.2

<2.7

2.0

124943

Total Serum Iron (Iron)[mcg/dL]

9606

26.8

>140

36.1

89629

Total Iron Building Capacity [TIBC] [mcg/dL]

7457

22.4

>400

29.1

74193

Ferritin [ng/mL]

9384

36.5

>300

41.3

88880

Glycosylated hemoglobin [HbA1c (%)]

23505

30.6

>7

26.4

87375

Alpha fetoprotein [ng/mL]

7809

1.2

>144

2.6

101623

Other tests
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Table 3. Impact of Drug Therapy and Abnormal Laboratory Values on the Risk of Liver-Related Adverse Events and Death
Composite of Clinical Outcomes

Number of Events [%]

Death

All Events

One-Year Washout

N=123,065

N=106,947

N=128,769

35,253
[28.6%]

18,595
[17.4%]

15,458
[12.0%]

Estimated Coefficients, HAZARD RATIOS and [95% Confidence Intervals]
DRUG THERAPY

-0.08
H.R.=0.92
[0.84-1.01]

-0.08
H.R.=0.92
[0.84-1.01]

-0.20
H.R.=0.82***
[0.75-0.90]
1.16
H.R.=5.01***
[4.58-5.48]
0.61
H.R.=1.84***
[1.68-2.01]
0.87
H.R.=2.39***
[2.04-2.80]
0.14
H.R.=1.15**
[1.06-1.25]
0.75
H.R.=2.11***
[1.89-2.35]
0.44
H.R.=1.55***
[1.43-1.68]
0.70
H.R.=2.02 ***
[1.86-2.20]

LAB TESTSa
Albumin [< 3 g/dL]

0.85 H.R.=2.35***
[2.08-2.66]

AST/ALT Ratio [> 1]

0.30
H.R.=1.35***
[1.25-1.46]

0.86
H.R.=2.37***
[2.09-2.69]
0.30
H.R.=1.35***
[1.24-1.46]

0.46
H.R.=1.58***
[1.44-1.72]

0.47
H.R.=1.60***
[1.46-1.75]

1.35
H.R.=3.85***
[3.49-4.24]

1.35
H.R.=3.85***
[3.49-4.26]

-0.15
H.R.=0.86*
[0.76-0.99]

-0.14
H.R.=0.870*
[0.760-0.99]

0.12
H.R.=1.13**
[1.04-1.23]

0.12
H.R.=1.14**
[1.05-1.25]

1.50
H.R.=4.48***
[3.48-5.77]

1.44
H.R.=4.24***
[3.27-5.52]

Alkaline phosphatase [> 345 IU/L]
Gamma-glutayltransferase [> 195 IU/L]
Hematocrit [< 25%]
Platelets [< 100 k/mm3]
Creatinine [> 1.4 mg/dL]
Estimated Glomerular Filtration Rate
[< 60 mL/min/1.73 m2]
Sodium [< 125 mEq/L]
Serum Iron [> 140 mcg/dL]
Ferritin [> 300 ng/mL]
Glycosylated hemoglobin [> 7%]
Alpha fetoprotein [> 144 ng/mL]

0.92
H.R.=2.51***
[2.16-2.91]

0.11
H.R.=1.12**
[1.04-1.20]
-0.16
H.R.=0.85**
[0.76-0.95]
0.87
H.R.=2.39***
[2.06-2.78]

a. Lab tests that were included in the initial model specifications as potential risk factors but which never achieved statistical significance in any risk
prediction model include: hemoglobin, white blood cell count, potassium
*p<0.05; **p<0.01; ***p<0.0001
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Table 4. Impact of Abnormal Laboratory Values on the Risk of Adverse Events
Cirrhosis

Decompensated Cirrhosis

Liver-Related Hospitalization

Hepatocellular Carcinoma

N=123,988

N=128,055

N=128,769

N=128,481

Number of Events [%]

17,926 [14.5%]

8,429
[6.6%]

28,730
[22.3%]

4,517
[3.5%]

DRUG THERAPY

0.02
H.R.=1.02
[0.90-1.15]

Estimated Coefficients, HAZARD RATIOS and [95% Confidence Intervals]
0.00
H.R.=1.00
[0.91-1.10]

-0.21
H.R.=0.81***
[0.76-0.87]

-0.01
H.R.=0.99
[0.87-1.12]

0.41
H.R.=1.51**
[1.11-2.06]
1.03
H.R.=2.79***
[2.58-3.03]
0.45
H.R.=1.57***
[1.47-1.67]
0.39
H.R.=1.48**
[1.15-1.90]
0.30
H.R.=1.35***
[1.26-1.44]

0.78
H.R.=2.19***
[1.90-2.51]
0.64
H.R.=1.90***
[1.67-2.17]
0.65
H.R.=1.92**
[1.28-2.86]
0.36
H.R.=1.44***
[1.27-1.64]

0.76
H.R.=2.14***
[2.00-2.30]

1.10
H.R.=3.01***
[2.64-3.42]

LAB TESTSa
Direct bilirubin
[> 3.9 mg/dL]
Albumin [< 3 g/dL]
AST/ALT Ratio [> 1]

1.05
H.R.=2.86***
[2.46-3.34]
0.37
H.R.=1.45***
[1.29-1.63]

1.34
H.R.=3.82***
[3.48-4.20]
0.96
H.R.=2.60***
[2.34-2.88]

0.59
H.R.=1.81***
[1.60-2.04]
-1.31
H.R.=0.27*
[0.08-0.94]
1.70
H.R.=5.45***
[4.80-6.19]

0.38
H.R.=1.46***
[1.33-1.59]

Alkaline phosphatase [> 345
IU/L]
Gamma-glutayltransferase
[> 195 IU/L]
Red blood cell count
[< 2.19 M/mm3]
Platelets [< 100 k/mm3]
Neutrophils [< 30]
Serum Iron
[> 140 mcg/dL]
Ferritin [> 300 ng/mL]
Total Iron Building Capacity
[> 400 mcg/dL]
Alpha fetoprotein [> 144
ng/dL]
Estimated Glomerular
Filtration Rate
[< 60 mL/min/1.73 m2]

0.26
H.R.=1.30***
[1.15-1.46]
0.16
H.R.=1.17**
[1.04-1.32]
0.19
H.R.=1.21**
[1.07-1.38]
0.97
H.R.=2.64***
[1.84-3.79]
-0.27
H.R.=0.76**
[0.63-0.91]

1.55
H.R.=4.71***
[4.29-5.17]
-0.27
H.R.=0.76*
[0.58-0.99]

0.30
H.R.=1.35***
[1.20-1.52]

1.55
H.R.=4.71***
[3.99-5.57]

Blood Urea Nitrogen [> 75
mg/dL]

1.13
H.R.=3.11***
[2.64-3.67]

2.88
H.R.=17.87***
[14.94-21.36]

-1.90
H.R.=0.15**
[0.04-0.51]

a. Lab tests that were included in the initial model specifications as potential risk factors but which never achieved statistical significance in any risk
prediction model include: hemoglobin, white blood cell count, potassium
*p<0.05; **p<0.01; ***p<0.0001

An abnormal AST/ALT ratio increased the risk of the
composite of clinical liver events by approximately 35%
[Hazard ratio (H.R.) = 1.35; 95% confidence interval
(CI)=(1.25-1.46)] and increased the risk of death by nearly
84% [H.R. = 1.84; CI=(1.68-2.01)]. Abnormally low
albumin increased the risk of long-term liver complications
by 135% [H.R. = 2.35; CI=(2.10-2.66)] and the risk of death
five-fold [H.R. = 5.01; CI= (4.58-5.48)]. Abnormal

gamma-glutayltransferase [GGT] increased the risk of
long-term liver complications by 58% [H.R. = 1.58; CI =
(1.44-1.72)] and death by 15% [H.R. = 1.15; C I= (1.06-1.25)]
while abnormally low platelet levels increased the risk of
liver events by nearly four-fold [H.R. = 3.85;CI=(3.49-4.24)]
and death by 55% [H.R. = 1.55; CI=(1.43-1.68)]. Finally,
abnormal alpha fetoprotein increased the risk of liver-related
clinical outcomes by nearly 5-fold [H.R. = 4.48; CI=
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(3.48-5.77)] and more than doubled the risk of death [H.R. =
2.39; CI=(2.06-2.78)].
All four clinical outcomes share common results for the
five laboratory tests (ALT/AST ratio, albumin, GGT, alpha
fetoprotein, platelets) that increased the risk of the composite
clinical outcome and death [Table 4]. Several additional
laboratory tests have crept into the individual models
especially for cirrhosis, in which serum iron, ferritin and
total iron binding capacity [TIBC] are predictive of higher
risk, but an abnormal red blood cell count and blood urea
nitrogen are predictive of lower risk. Other ‘protective’
abnormal lab values are blood urea nitrogen [BUN] for HCC
and abnormal neutrophil counts for decompensated cirrhosis.
Abnormally high alkaline phosphatase [ALP] is predictive of
increased risk of liver-related hospitalizations and HCC.
Delaying Treatment
Estimates of the impact of initiating treatment before and
after the emergence of an abnormal laboratory tests are
presented in [Table 5]. The second column of Table 5 repeats
the average results of drug therapy effectiveness found in
Tables 3 and 4 to assist in interpreting results. The last two
columns of Table 5 report our estimates of the effectiveness
of drug therapy started ‘early’ [before any abnormal
laboratory value is reported] or ‘late’ [following an abnormal

laboratory test]. There are two tests of significance provided
for the estimated effectiveness of ‘late’ treatment. The first
measure of statistical significance denoted by ‘*’ footnotes
designates whether or not the estimated effect is different
from the null hypothesis. The second statistical test,
designated by ‘a’ indicates whether or not the estimated
effects for early and late initiation of drug therapy are
statistictically different. That is, did delaying the initiation
of treatment adversely impact the effectiveness of initiating
treatment?
There are two basic results of significance. First, the
initiation of treatment prior to any laboratory test becoming
abnormal is uniformly protective, but limited. Early
treatment reduced the risk of the composite clinical event is
20% [H.R. = 0.80; CI=(0.70-0.90] while the reduction in the
risk of death is 22% [H.R.=0.78; CI=(0.65-0.93)]. The
limited impact of initiating treatment is not surprising given
that only 16.4% of patients who initiate treatment achieve an
undetectable viral load. Second, initiating standard HCV
treatment after one or more laboratory test becomes
abnormal never has a significant impact on the risk of these
events. That is, delaying standard treatment until the patient
exceeds any one of the lab test upper bounds listed in Table 2
significantly degrades the effectiveness of treatment.

Table 5. Impact of Treatment Initiation Before and After First Abnormal Lab Test
Event

Overall

Before Abnormal Lab

After Abnormal Lab

Estimated Coefficients, HAZARD RATIOS and [95% Confidence Intervals]
Cirrhosis
Decompensated Cirrhosis
Liver Related Hospitalization
HCC
Composite Event
Death

0.02
H.R.=1.02
[0.90-1.15]
0.00
H.R.=1.00
[0.91-1.10]
-0.21
H.R.=0.81***
[0.76-0.87]
-0.01
H.R.=0.99
[0.87-1.12]
-0.08
H.R.=0.92
[0.84-1.01]
-0.20
H.R.=0.82***
[0.75-0.90]

-0.19
H.R.=0.83*
[0.69-0.99]
-0.36
H.R.=0.70***
[0.59-0.83]
-0.36
H.R.=0.70***
[0.63-0.77]
-0.37
H.R.=0.69**
[0.53-0.90]
-0.22
H.R.=0.80**
[0.70-0.92]
-0.25
H.R.=0.78**
[0.65-0.93]

0.16
H.R.=1.17a
[0.95-1.74]
0.14
H.R.=1.15a
[0.81-1.64]
-0.11
H.R.=0.90a
[0.72-1.14]
0.08
H.R.=1.08a
[0.63-1.88]
-0.04
H.R.=0.96a
[0.72-1.28]
-0.19
H.R.=0.83
[0.57-1.20]

*p<0.05; **p<0.01; ***p<0.0001
a
Indicates a significant reduction in treatment effectiveness if treatment is initiated after the patient’s first recorded abnormal laboratory test for albumin,
AST/ALT ratio, platelets, GGT or alpha fetoprotein.
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4. Discussion
Tools are needed with which to manage newly approved
drug therapies. Our results also suggest that delaying therapy
until the patient’s lab profile becomes ‘abnormal’ could
compromise patient outcomes. Our results demonstrating the
limited effectiveness of standard therapy are also consistent
with earlier research using VA data [11] and other ‘real
world’ treatment settings.[12, 13] Treatment rates in our VA
sample using standard therapy are only 24.3% and few
treated patients [16.4%] achieved at least one undetectable
level of viral load test [4% of the total HCV study
population]. It is no surprise that asymptomatic HCV
patients have gambled in the past that they will not develop
HCV complications in order to avoid the treatment burden
associated with standard therapy.
New treatment options have reversed the dynamics of the
treatment decision. Patients are now demanding treatment
with expensive, efficacious and less burdensome therapies
while payers seek to ration treatment to high risk patients. A
cost-containment strategy of reserving treatment for patients
‘abnormal’ lab tests cannot be implemented because the
thresholds used here to define abnormal lab tests were set
high to avoid controversy about whether or not the test was
truly abnormal. More research is needed to set the screening
values for each of the 5 test in this analysis at a level high
enough to predict increased event risk but low enough to
avoid inappropriate delays in treatment that impact the
effectiveness of treatment.
Previous research has found similar relationships between
the risk of liver events and abnormal laboratory test results
based on relatively small samples of patients with disease
progression. Lee, et al. [27] found that elevated ALT levels
were associated with an increased risk of HCC in Taiwan.
Hu, et al.[28] found that elevated AST and alpha-feta protein
[AFP] were associated with stages 3-4 fibrosis in Taiwan
patients. In a Japanese study of 459 patients, Imazeki, et al.
[29] found that increasing fibrotic stage was highly
correlated with the risk of all-cause mortality, but baseline
ALT, AST, albumin and platelet counts were not statistically
significant when fibrosis stage was entered as an explanatory
variable. In a second small Japanese study [n=345], Shiratori,
et al. [30] found elevated albumin to be protective for HCC
and elevated AST to increase the risk of death. In a small
study in Spain [N=568]. Fernandez-Rodriguez, et al. [31]
found that baseline albumin [<3.9 g per 100 ml] was
associated with a three-fold increase in the risk of long-term
liver complications. In a study of treated patients, van der
Meer, et al. found that an increasing AST/ALT ratio was
associated with increased risk of mortality.[32] A study that
used VA data found that abnormal laboratory values for
albumin, AST, AST/ALT ratio, creatinine clearance, and
sodium were associated with mortality in genotype 1
patients.[33] Finally, the HALT-C study found that changes
from baseline for platelets, AST/ALT ratio, bilirubin and
albumin were predictive of decompensated cirrhosis and
liver-related death or liver transplantation.[34]
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There are several additional and important limitations in
our study. First, most HCV cohorts from the US would not
match well with our study sample which consist almost
exclusively of men. Second, treatment for HCV patients in
the VA health care system may vary from treatment patterns
found in the civilian health care system. However, the
Veteran Administration is the largest provider of care to
chronically HCV-infected patients in the US. [35]
The asymptomatic nature of HCV and the retrospective
design of this study make it likely that the index date
identified here will not correspond to the actual date of HCV
infection. However, this uncertainty regarding the actual date
of infection is common in clinical practice. Most patients
with hepatitis C are unaware of their infection until their
exposure to HCV is detected by routine screening of blood
donations or their health status deteriorates due to the
infection.
The changing sensitivity of HCV viral load tests also
presented a challenge in defining an ‘undetectable’ viral load.
While many older tests have a lower threshold of 600, newer
tests are sensitive up to 10 IU/mL. We chose to apply a cutoff
of 25 as the limit of ‘detectable’ for all patients to be
consistent, but it is highly likely that some patients with older
labs will be mis-categorized due to the low sensitivity of the
tests in use at that time.
Finally, our study does not capture medical care outside
the VA system, such as the Medicare program. If patients
received treatment for complications of liver disease outside
the VA, these data may not have been captured and time to
event data will be accurate or missing. However, we believe
that most of the care for HCV patients was provided within
VA system due to the complete coverage for prescription
medications and the very high cost of HCV related
medications.
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Appendix. List of diagnoses for liver-related hospitalization outcome
Liver-related diagnoses
Acute or unspecified hepatitis C with hepatic coma
Chronic hepatitis C with hepatic coma
Other specified viral hepatitis with hepatic coma
Other specified viral hepatitis without mention of hepatic coma code range
Unspecified viral hepatitis with hepatic coma
Unspecified viral hepatitis C code range
Unspecified viral hepatitis without mention of hepatic coma
Toxoplasma hepatitis
Malignant neoplasm of liver, primary
Malignant neoplasm of intrahepatic bile ducts
Malignant neoplasm of liver, not specified as primary or secondary
Esophageal varices with bleeding
Spontaneous bacterial peritonitis
Alcoholic fatty liver
Acute alcoholic hepatitis,
Alcoholic cirrhosis of liver
Alcoholic liver damage, unspecified
Chronic hepatitis, unspecified
Chronic persistent hepatitis
Chronic active hepatitis
Cirrhosis of liver without mention of alcohol
Biliary cirrhosis (chronic nonsuppurative destructive cholangitis)
Other chronic non-alcoholic liver disease
Unspecified chronic liver disease without mention of alcohol
Portial pyemia
Hepatic coma
Portal hypertension
Hepatorenal syndrome
Other sequelae of chronic liver disease
Hepatitis in viral diseases classified elsewhere
Hepatitis in other infectious diseases classified elsewhere.
Hepatitis, unspecified (trauma and toxic reactions)
Other specified disorders of liver
Unspecified disorder of liver
Jaundice
Hepatomegaly
Ascites
Hepatitis C carrier, unspecified
Liver transplant status
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