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Background & Aims: In chronic hepatitis C, interferon Factors that have been frequently demonstrated to in-
alfa induces sustained remission in less than 30% of fluence the outcome of the therapy include age and dura-
treated patients. The aim of this study is to analyze tion of infection,7–9 absence of cirrhosis,10–12 body
viral status early after initiation interferon therapy as a weight,12 g-glutamyl transpeptidase (GGTP) levels,12 vi-
predictor of treatment outcome. Methods: One hundred ral genotype,13–20 and pretreatment serum titer of HCV
eighty-one patients with chronic hepatitis C who had RNA.13,16–22 However, pretreatment variables have not
been treated with interferon alfa for 12 months (median been useful to date in predicting the response to treat-
follow-up, 49 months) were studied. Viremia and amino-

ment in individual cases.23 Thus, to find more reliabletransferase levels at the first and third months of
parameters that might be useful in anticipating the re-therapy as well as 10 pretreatment variables were
sults of the treatment, we have evaluated the predictiveassessed as potential independent predictors of sus-
value of the elimination of viremia at 1 month intotained response to treatment. Results: Sustained re-
treatment in a large cohort of patients with chronic hepa-sponse occurred in 51 patients (28%). At month 1 of

treatment, viral persistence accurately predicted non- titis C followed up for more than 4 years. We have found
response (predictive value, 95.3; 95% confidence inter- that tracking the evolution of viremia early after starting
val, 86.0–98.8; P õ 0.0001). Independent predictors IFN therapy is the best predictive factor for long-term
of sustained response were undetectable viremia at outcome from this therapy. This parameter and patient
the first month of therapy (P õ 0.001), undetectable age were used to build a logistic model to estimate the
viremia at the third month (P õ 0.001), younger age adjusted odds ratios (ORs) of a sustained response (SR)
(P Å 0.006), nonsporadic infection (P Å 0.012), and to IFN treatment.
higher pretreatment aspartate aminotransferase levels
(PÅ 0.032). In patients who cleared HCV RNA at month Patients and Methods
1 of therapy, the predicted probability of sustained re-

One hundred eighty-one patients in whom chronicsponse averaged 70% for those younger than 30 years
hepatitis C had been diagnosed were included in the study.and diminished by 10% for each decade of age. Conclu-
All patients had undergone a 1-year course of IFN-a treatmentsions: Failure to clear HCV RNA at month 1 of treatment
in our center between 1988 and 1993. Before starting treat-is strongly and independently associated with a very
ment, they had shown persistent (ú6-month) elevation of ala-low probability of a sustained response to interferon.
nine aminotransferase (ALT) concentrations 1.5 times above
the normal range, positive results of antibody to HCV testing

H (second-generation enzyme-linked immunosorbent assay) andepatitis C virus (HCV) affects more than 1% of
the world’s population.1,2 Approximately 80% of HCV RNA testing in serum (polymerase chain reaction

acutely infected individuals develop chronic hepatitis, [PCR]), and histological evidence of chronic hepatitis with or
without cirrhosis. Causes of chronic liver disease other thanwhich often progresses to cirrhosis and not infrequently
HCV were excluded. Patients with decompensated cirrhosis,to hepatocellular carcinoma.3,4 Interferon (IFN)-a is cur-
systemic illness, or human immunodeficiency virus infectionrently the only effective therapy, but it needs to be ad-
were also excluded. Availability of serial serum samples duringministered for more than 6 months, and only a small

percentage of treated patients have a long-term beneficial
Abbreviations used in this paper: GGTP, g-glutamyl transpeptidase;response.5,6 Although IFN has been in use for almost 10

IFN, interferon; PCR, polymerase chain reaction; ROC, receiver op-years in the treatment of chronic hepatitis C, we still
erating characteristic; SR, sustained response.

cannot make a clear recommendation as to who should q 1997 by the American Gastroenterological Association
0016-5085/97/$3.00be treated.
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to seven) were also performed in each patient during follow-Table 1. Clinical, Biochemical, Histological, and Virological
Features of 181 Patients With Chronic Hepatitis C up.
Before Initiation of IFN-a Therapy

Response Criteria
Characteristic Value

We considered a patient as having an SR when, after
Age (yr) treatment, ALT levels remained within the normal range (1–

Mean 44.08 { 14.4
22 IU/L in women and 1–29 IU/L in men) and serum HCVRange 18–71
RNA was persistently negative during the whole follow-upMale sex, n (%) 128 (70.7)

Body mass index (kg/m2) 24.7 { 3.2 period (minimum follow-up, 18 months). All other patients
Source of infection, n (%) were considered as nonresponders.

Sporadic 91 (50.28)
Posttransfusional 73 (40.33) Determination and Quantification of HCV
Intravenous drug abusers 17 (9.39) RNA and HCV GenotypingSerum ALT (IU/L) 139.63 { 99.51

Serum AST (IU/L) 70.94 { 49.6 Serum HCV RNA was studied by reverse-transcription
GGTP (IU/L) 41.27 { 29.46 PCR as described previously.24 Two sets of primers specific for
Liver histology, n (%)

the 5* untranslated region of HCV genome (first PCR, 5*-Chronic hepatitis 142 (78.45)
CCT GTG AGG AAC TAC TGT CT and 5*-CTA TCA GGCCirrhosis 39 (21.55)

Viral genotype, n (%) AGT ACC ACA AG; second PCR, 5*-ACT GTC TTC ACG
1b 116 (64.08) CAG AAA GC and 5*-GAC CCA ACA CTA CTC GGC TA)
1a 14 (7.73) were used. The limit of sensitivity of this assay was 1000
2 6 (3.32)

copies/mL. HCV RNA was quantitated in 74 pretreatment3 33 (18.23)
serum samples using a competitive PCR technique as reported4 3 (1.66)

Mixed infection 7 (3.87) previously.24 HCV genotypes were determined following the
Serum HCV RNA method of Viazov et al.25 as described previously.24,26 For geno-

Logarithm copies/mL 15.93 { 2.11 type 4 the probe 5*-G(A,G)C CGT CTT GGG GCC (A,C)AA
Total dose of IFN (MU) 585.06 { 180.2

ATG AT was used.Type of IFN given, n (%)
Human lymphoblastoid IFN-a 138 (76.24)

Statistical AnalysisRecombinant IFN-a2b 43 (23.76)

In the univariate comparison between those who actu-NOTE. Plus-minus values are means { SD.
ally presented SR and those who did not, 16 variables were
analyzed: age, sex, body mass index (weight in kilograms di-

treatment and during the follow-up period was also required vided by squared height in meters), source of infection (spo-
for inclusion. Patients were instructed to stop alcohol intake radic/nonsporadic), pretreatment ALT, aspartate aminotrans-
at least 6 months before starting treatment. ferase (AST), and GGTP values, existence of cirrhosis, viral

IFN (3 MU) was administered daily for 2, 3, or 4 months genotype, pretreatment viral load, type and total dose of IFN
(to 128, 25, and 28 patients, respectively) and then three times used, and serum HCV RNA and ALT levels at the end of the
a week (1.5–3 MU) for the following months until 1 year of first and third months of treatment. Predictive values for SR
therapy was completed in all cases. Table 1 shows the clinical, or no response to IFN were calculated for HCV RNA test
biochemical, histological, and virological characteristics of the results and normal or raised ALT at the end of the first and
patients. third months of treatment.

The multivariable model (model A) was performed using
Follow-up During and After Therapy the BMDP LR Dynamic software, and variables were selected

using the purposeful method.27 Initial candidate variables wereThe median follow-up after completion of the treat-
ment for all the patients was 49 months (range, 18–84 those with a P value of õ0.25 in the univariate analysis. A

second model (model B) was built with the same criteria. Inmonths). During the period of treatment, patients were fol-
lowed up monthly with serial determinations of ALT concen- this model we included only those patients (n Å 132) with

an available serum HCV RNA determination at the end oftration. Serum HCV RNA was tested in all patients before
the start of treatment and at the end of 12 months of IFN the first month of treatment. A third model was developed to

assess the predictive value of two variables (age and HCVtherapy. HCV RNA was also determined in 132 patients at 1
month and in 137 patients at 3 months of therapy (both were RNA at the first month), which, having highly significant

associations with the therapeutic response in the previous anal-determined in 101 patients).
During follow-up, ALT concentrations were determined ev- yses, could be at the same time easily obtained in each patient.

A receiver operating characteristic (ROC) plot was constructedery 3–6 months. HCV RNA was tested 1 year after the end
of IFN therapy and at the end of follow-up in all patients. A with every cutoff point of the predicted probabilities, and the

area under the curve was measured to assess the degree ofvariable number of additional HCV RNA determinations (one
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discrimination provided by the model. ROC Curve Analyzer Table 2. Predictive Values for HCV RNA and ALT at First
and Third Months of Treatmentsoftware (Centor and Keightley, Richmond, VA) was used to

build the 95% confidence intervals (CIs) of the estimated areas
Predictive value for Predictive value for

under the ROC curve. SRa (95% CI) no SRb (95% CI)

1st month HCV RNA 50.0 (37.7–62.3) 95.3 (86.0–98.8)Results 3rd month HCV RNA 43.8 (32.8–55.3) 93.0 (82.2–97.7)
1st month ALT 41.0 (28.8–54.3) 78.3 (69.7–85.1)Fifty-one (28%) of the 181 patients with chronic
3rd month ALT 34.1 (24.7–44.8) 77.8 (67.5–85.6)

hepatitis C showed SR to therapy. The length of initial
aPredictive value for SR is calculated as the proportion of patientsdaily dosing of IFN had no influence on the response.
with negative HCV RNA (or normal ALT) who subsequently showed

The proportion of patients with SR was similar in those SR.
who had received 2, 3, or 4 months of initial daily IFN bPredictive value for no SR is calculated as the proportion of patients

with positive HCV RNA (or raised ALT) who subsequently did not show(31.25%, 20%, and 21.4%, respectively; P Å 0.36).
SR.At 1 month into treatment, 68 of 132 tested patients

had cleared HCV RNA from serum. Among these 68
patients, 34 (50%) had SR and 34 (50%) were nonre- source of infection, higher pretreatment levels of ALT,
sponders. On the other hand, among the 64 subjects who lower pretreatment levels of GGTP, absence of cirrhosis,
remained viremic at month 1 of therapy, 61 (95.3%) genotype 3, clearance of serum HCV RNA at the first
were nonresponders, whereas only 3 (4.68%) had SR. or third month of treatment, and (in a separate analysis
Thus, only 3 of the 37 patients with SR who were ana- of 74 patients in whom viral load was determined) lower
lyzed had detectable HCV RNA in serum after the first pretreatment viral load (P Å 0.04). Two other variables
month of treatment; 2 of them became negative in the showed only a borderline association in the univariate
third month and 1 in the sixth month of therapy. There analysis: higher pretreatment levels of AST (P Å 0.06)
was a significant difference between patients with SR and lower ALT values at month 3 of therapy (P Å 0.06).
and nonresponders in the proportion of patients who had We found no significant association between SR and sex,
cleared HCV RNA after the first month: 34 of 37 pa- whole IFN dose, type of IFN administered, or ALT values
tients with SR (92%) and 34 of 95 nonresponders (36%; at month 1 of treatment (considered as a continuous
P õ 0.001). At month 3 of therapy, 35 of 39 patients variable).
with SR (89.7%) and 45 of 98 nonresponders (45.9%) In the first multivariate logistic regression model
were HCV RNA negative (P õ 0.001). (model A), which did not include HCV RNA (Table 3),

Transaminase levels measured at the first and third five variables were shown to be significantly and indepen-
months after the start of therapy showed less significant dently associated with SR: younger age, nonsporadic
association with the response. At 1 month into treatment, source of infection, genotype 3, higher baseline levels of
61 patients (34%) had normal ALT levels. Among these AST, and lower levels of GGTP. Cirrhosis showed a
61 patients, 25 (41%) were patients with SR and 36 borderline association (P Å 0.06) and was also included
(59%) were nonresponders. Among the 120 subjects who in this model.
continued to have abnormal ALT levels after month 1 In the second model (model B), involving 132 patients
of therapy, 94 (78%) were nonresponders, whereas 26 with available determination of HCV RNA at the end
(22%) had SR. There was a significant difference between of the first month of treatment (Table 3), clearance of
patients with SR and nonresponders in the proportion serum HCV RNA at month 1 into therapy was the
of patients who had normalized ALT at the first month strongest independent predictor of an SR. Other variables
(25 of 51 [49%] and 36 of 130 [28%], respectively; P that remained independently associated with SR included
Å 0.01). This difference disappeared at month 3 of ther- lower age, nonsporadic transmission, and higher baseline
apy (31 of 51 of patients with SR [61%] and 60 of 130 levels of AST. When this second model was fully adjusted
of nonresponders [46%] had normal ALT levels; P Å for the other eight variables, clearance of HCV viremia
0.08). Predictive values for SR or nonresponse according continued to be the most important predictor of SR
to AST and HCV RNA levels at the first and third month (estimated OR, 12.8; 95% CI, 3.16–51.9; P õ 0.001).
of treatment are shown in Table 2. In a separate multivariable analysis of 74 patients in

whom viral load was quantitated, a lower pretreatmentThe univariate analysis of the clinical and virological
characteristics showed the following variables to be sig- viral load also behaved as an independent predictor of

an SR (P Å 0.03; results not shown).nificantly associated with a higher probability of SR (Ta-
ble 3): younger age, lower body mass index, nonsporadic HCV RNA was studied at the end of the third month
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Table 3. Variables Associated With SR

Multivariate model A Multivariate model B
Univariate analysis (n Å 181) OR (n Å 132) OR

Variable OR (95% CI) Pa (95% CI) Pb (95% CI) Pb

Age (per year) 0.940 õ0.001 0.950 0.002 0.951 0.006
(0.915–0.965) (0.919–0.983) (0.915–0.988)

Female sex 1.31 0.36 0.218 0.643
(0.647–2.64)

HCV-RNA0 20.3 õ0.001 19.5 õ0.001
1st month (5.74–72.0) NA (4.94–77.2)
HCV-RNA0 18.3 õ0.001
3rd month (3.93–85.2) NA NAc

ALT (IU/L) 0.994 0.15 0.386 0.607
1st month (0.985–1.00)
ALT (IU/L) 0.989 0.06 0.334 0.878
3rd month (0.978–1.00)
BMI (kg/m2) 0.857 0.006 0.422 0.676

(0.766–0.959)
Nonsporadic 2.732 0.004 2.85 0.016 3.53 0.012

transmission (1.38–5.41) (1.17–6.90) (1.27–9.90)
Genotype 3 6.88 õ0.001 6.29 õ0.001 0.064

(3.03–15.6) (2.21–17.9)
Cirrhosis 0.163 0.001 0.259 0.063 0.072

(0.047–0.562) (0.055–1.22)
Baseline AST 1.01 0.06 1.02 õ0.001 1.01 0.032

(IU/L) (1.00–1.01) (1.01–1.03) (1.00–1.02)
Baseline ALT 1.00 0.002 0.564 0.280

(IU/L) (1.00–1.01)
Baseline GGTP 0.983 0.02 0.976 0.012 0.173

(IU/L) (0.969–0.997) (0.955–0.997)

NOTE. Multiple logistic regression analysis. Multivariate model A was performed with the 181 patients included in the study. HCV RNA was
not considered because it was not available for all patients. Multivariate model B was performed with the 132 patients for whom HCV RNA at
the first month of treatment was available. In the multivariate models A and B, ORs are shown only for those variables independently associated
with SR.
OR, odds ratios (a higher OR corresponds to a higher likelihood of sustained response); CI, confidence interval; NA, not available; BMI, body
mass index.
aUnivariate logistic regression, likelihood ratio test.
bLikelihood ratio test for every variable to be added to or removed from the presented model.
cViremia at the third month was analyzed in 137 patients, of whom 101 had also HCV RNA determinations done at first month. When these
101 cases were included in a multivariate analysis it was found that the magnitude of association with sustained response was similar to that
of first-month HCV RNA clearance (P õ 0.001).

of treatment in 137 patients, 101 of whom also under- 2.67; df, 8; P Å 0.96). The area under the ROC curve
was 0.833 (95% CI, 0.762–0.965; Figure 1), showingwent HCV RNA determination at the end of the first

month. When viremia at month 1 and at month 3 were acceptable discriminating capabilities of the model. Ac-
cordingly, the information provided by the two variablesincluded in a multivariate analysis comprising these 101

patients (Table 3), we found that the magnitude of associ- would allow a correct classification of nearly 85% of the
patients as patients with SR or nonresponders.ation with SR was similar for the two variables. Younger

age, nonsporadic source of infection, and higher levels of We calculated the absolute predicted probabilities of
an SR for each combination of age and the serum HCVAST retained their independent association with SR.

A model to assess the predictive value of the joint RNA status at the end of the first month of treatment.
For a patient with negative viremia at the end of thefunction of age and clearance of viremia at the end of

the first month of treatment was developed with the 132 first month of treatment, the predicted probability of
long-term response averaged 50%, with wide variabilitypatients with available first-month viremia (mean age,

44.5; SD, 14.06; positive viremia at first month of treat- depending on age. The predicted probability reached
70% for a patient younger than 30 years old and dimin-ment, n Å 64; negative viremia at first month of treat-

ment, n Å 68). The Hosmer–Lemeshow test indicated ished by about 10% for each decade of age, reaching a
value of 20% for those patients older than 70 years (Fig-that this simpler model fit the data quite well (x2 Å
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predictor of the final outcome of the treatment. Previous
studies16,19,30 have shown that HCV RNA disappears
promptly from serum (by the fourth week) in some of
the patients undergoing the therapy. Orito et al.19 sug-
gested that early HCV RNA clearance might be associ-
ated with long-term response to IFN. In these studies,
however, the number of patients was limited, the follow-
up was restricted to 6 months, and the criteria for SR
were based solely on biochemical data.16,19 In the present
study, involving patients followed up for more than 4
years, we found that disappearance of serum HCV RNA
early after starting IFN was the best predictor of an
SR as defined by both biochemical and virological data.
However, the predictive value for an SR of HCV RNA
clearance at month 1 of therapy averages only 50%, with

Figure 1. ROC curve for the logistic regression model using age and
wide variability depending on the age of the patientclearance of HCV RNA at 1 month into treatment as independent

predictors. Sensitivity and 100-specificity (false-positive fraction) are (70% before 30 years of age and 20% after 70 years). In
computed for each possible value of the predicted probability by the contrast to the limited predictive value of HCV RNA
model. The area under the ROC curve is 0.833.

clearance, persistence of HCV RNA in serum at 1 month
of treatment accurately predicted nonresponse (predictive
value, 95.3%).ure 2). On the other hand, if the viremia persisted posi-

Viral status at the end of the third month of therapytive after 1 month of treatment, the predicted probability
showed the same predictive value for SR and for no SRof long-term response was very low (4.7%; Figure 2).
as the viremia at the end of the first month. These data

Discussion indicate that predictions on treatment outcome based on
viremia can be done as early as at the first month ofIn our series of patients, pretreatment variables
therapy without risking accuracy. Thus, the present workindependently associated with a higher probability of SR
provides evidence to support the importance of earlyto IFN were younger age, nonsporadic source of infection,
determination of viremia during therapy and offers ahigher AST levels, lower GGTP values, low viral load,
reliable marker of nonresponse (persisting viremia afterHCV genotype 3, and absence of cirrhosis (the latter
1 month of treatment), which can be useful clinically.with borderline association). All these variables, except

Clearance of HCV RNA preceded normalization ofAST values, have been previously reported to be associ-
serum transaminase levels. Compared with HCV RNAated with long-term response.8,9,12–14,16,19,20,22,28 Among
clearance, normalization of ALT at month 1 or at monthall the pretreatment parameters, age was found to be an
3 of therapy was found to be a poor predictor of theimportant predictor. Duration of the disease could not

be determined in a study like ours with a high percentage
of sporadic cases. Although age could be a surrogate for
duration of the disease, other studies8 have shown that
younger age and shorter duration of the hepatitis were
independently associated with SR to IFN. The impor-
tance of aging in the evolution of chronic hepatitis C has
been highlighted by a recent study involving a great
number of patients.29 It seems possible that weaker de-
fense mechanisms against HCV determine poorer re-
sponse to IFN with advancing age.

Although pretreatment variables could be useful to
predict response to IFN in groups of patients, these data
are of little help in isolated cases.23 To find more reliable

Figure 2. Percentage of patients with predicted long-term responseparameters, we analyzed the evolution of viremia during
to interferon (y axis) depending on age (x axis) and positive (s) or

the initial period of IFN therapy. We found that viral negative (n) serum HCV RNA determination (PCR) at month 1 of
treatment.status at month 1 of therapy was the main independent
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response to IFN (Table 2). Only after 6 months of treat- averages 50%, varying from 70% to 20% depending on
age. Although the validation of the model combiningment had transaminases acquired a statistically signifi-

cant association with SR (predictive values, 45.8% for age and early virological response (Figure 2) needs con-
firmatory studies using external data and larger sampleSR and 82.4% for no response; data not shown).
size, we can suggest the following recommendation: IFNFrom our findings and other reports, it seems that IFN
may be given to any patient with diagnosis of chronicexerts its antiviral activities very shortly after initiation of
hepatitis C, independent of his/her age, histological ac-the treatment. Thus, Chayama et al.31 reported 63%
tivity, genotype, or viral load. After 1 month of daily IFNHCV RNA clearance after 2 weeks of 6 MU of daily IFN
administration, withdrawal of treatment or combinationtreatment. On the other hand, Zeuzem et al.32 showed a
therapy should be considered in those patients who havehigh turnover for HCV, with a half-life of Ç2 days. It
not cleared HCV RNA. In this way, we can avoid unnec-is then conceivable that monitoring of serum HCV RNA
essarily prolonging the administration of IFN withoutduring a period of time even shorter than 1 month could
excluding those cases who would otherwise experience aalso be of value in predicting the response to IFN. Be-
sustained response to the therapy. In selected patients,cause there is a strong association between prompt elimi-
other treatment benefits (e.g., slower progression to cir-nation of viremia and response to IFN, it could be specu-
rhosis, decreased risk of hepatocellular carcinoma) shouldlated that the best approach to eradicate HCV infection
also be taken into account before discontinuation of IFN.would be to attempt to rapidly reduce viral load by using

higher doses of antiviral agents early at the beginning
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