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‘We monitored early viral response during the treatment of hepatitis C virus (HCV) infection with the aim
of identifying predictors of treatment outcome. We studied 53 patients with genotype 1 infection who received
180 pg/week pegylated interferon alfa-2a and 1,000 or 1,200 mg/day ribavirin depending on body weight and
serially assessed HCV RNA in serum, using the Cobas TagMan assay. Thirty-one patients (58%) achieved
sustained viral response (SVR). SVR was obtained in 100% (10/10) of patients with pretreatment viremia
concentrations below 400,000 IU/ml, in 100% (14/14) of patients with more than 1.5 log reduction of HCV RNA
after 4 days of treatment, and in 95% (22/23) of patients with a rate of decline in viremia higher than 0.70 log
units/week during the second phase. Non-SVR was seen in all patients with a second-phase decline rate lower
than 0.35 log units/week. Patients with slopes between 0.50 and 0.80 log units/week achieved SVR (4/4) unless
the treatment dose was modified (3/3). We conclude that the second-phase slope appears to be an accurate and
useful predictor of treatment response. On the basis of these findings, we propose a model of tailored treatment
which takes into account the second-phase slope and the amount of HCV RNA after 21 days of treatment.

The current standard regimen for patients with chronic hep-
atitis C virus (HCV) genotype 1 infection, i.e., 48 weeks of
treatment with pegylated interferon (Peg-IFN) and ribavirin
(RBV), needs to be improved because of limited treatment
efficacy, with only ~50% of patients achieving sustained viral
response (SVR), high costs, and significant side effects (9, 12,
19).

The shortcomings of the current antiviral treatment for
chronic HCV infection have prompted the development of
methods to predict treatment outcome and, hence, to identify
responding and nonresponding patients. Indeed, the likelihood
of a cure may be predicted with a reasonable level of accuracy
as early as after the first dose of interferon or after 1 month of
treatment (2, 11, 15, 22, 26, 27), but this has not been applied
in clinical practice. As of today, only the absence of HCV RNA
(or at least a 2 log decrease) after 12 weeks of therapy is
considered clinically useful in deciding whether or not to con-
tinue therapy (21). In addition, it was recently suggested that
patients with undetectable viremia after 4 weeks of treatment
can be treated for 24 instead of 48 weeks (14, 24).

The response to antiviral treatment of HCV infection may be
separated into two components: first, a rapid reduction of HCV
RNA in serum after one dose of Peg-IFN, presumably reflecting
its antiviral efficiency, and second, a slower log-linear decline of
viremia (the “second slope”), considered to represent the clear-
ance of infected hepatocytes (22, 27). We initiated this explor-
atory study with the aim of identifying how analysis of these
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events might be used in clinical practice in predicting response
and, possibly, in tailoring therapy.

MATERIALS AND METHODS

Patients. From June 2003 to May 2005, patients with chronic genotype 1
infection at four infectious disease clinics in western Sweden were invited to
participate if they had clinical indications for therapy (elevated alanine amino-
transferase [ALT] and/or a histologically verified inflammation or fibrosis) and
had not been treated before. Fifty-three patients (33 men and 20 women) with a
mean age of 46.9 years (range, 24 to 68 years) were included and treated. The
weights of the patients ranged from 47 to 120 kg (median, 79.5 kg; mean, 81.3
kg). All patients were serologically negative for human immunodeficiency virus
antibody and hepatitis B surface antigen. A written informed consent was ob-
tained from each patient. The study protocol was approved by the Regional
Research Ethics committee in Goéteborg.

Therapy. All patients were given 48 weeks of standard therapy with Peg-IFN
and RBV, following the current recommendations. Thus, Peg-IFN alfa-2a
(Pegasys; Roche, Basel, Switzerland) was given at a dosage of 180 pg/week, and
RBV (Copegus, Roche) was given orally at a dosage of 1,200 mg/day or 1,000
mg/day, depending on the patient’s body weight (above or below 75 kg). SVR was
defined as a negative HCV RNA level according to a Cobas TagMan assay
performed 24 weeks after end of treatment.

Thirty-four patients completed 48 weeks of therapy. Treatment was discon-
tinued prematurely (at weeks 22 to 40) in 7 patients (3 SVR, 4 non-SVR) because
of side effects (and to some extent in combination with insufficient responses)
and in 12 patients (after 12 to 25 weeks of treatment) because their virological
responses were absent or insufficient (as determined by Cobas Amplicor assay at
treatment weeks 12 and 24). The dose of Peg-IFN was reduced because of
neutropenia in 14 patients; for 10 of these patients, the mean weekly dose was
reduced to below 150 pg. The dose of RBV was reduced because of anemia in
three patients. Two patients discontinued RBV treatment (after 1 week and 10
weeks) because of skin rash.

Genotyping and quantification of HCV RNA. Genotyping was done by real-
time PCR as described previously (17). During the treatment period, HCV RNA
was analyzed by Cobas Amplicor (detection limit, 50 IU/ml; Roche Diagnostics,
Branchburg, NJ) after 12 and 24 weeks, as part of the clinical routine, and by
Cobas Amplicor Monitor (lower limit of quantification, 600 IU/ml) when the
qualitative test was positive. Stored serum samples drawn at the initiation of
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FIG. 1. The mean log HCV RNA levels (thin lines, standard devi-
ations) for non-SVR and SVR during the initial 12 weeks of treatment.

therapy and at days 4, 7, 14, 21, and 28 and at weeks 8, 12, 16, 20, and 24 during
treatment and at 24 weeks after the termination of treatment were analyzed
retrospectively by Cobas TagMan real-time PCR assay (lower limit of quantifi-
cation, 15 IU/ml; Roche Diagnostics). Log values for HCV RNA quantifications
refer to log,, units/ml.

Viral kinetics. The treatment efficiency was evaluated by comparing log HCV
RNA levels at day zero with those at day 4. The second-phase decline in viremia
was recorded for each patient as the slope (in log units/week) for the regression
line of a plot of log HCV RNA values against the time of treatment, including
values from day 7 to the last positive HCV RNA value between days 14 and 56.

Models. We evaluated two models for tailored treatment. One model was
adapted from calculations by Drusano and Preston, who postulated that 36 weeks
of therapy after achieving undetectable HCV RNA (<100 copies/ml) levels were
required for a 90% probability of SVR (7). Since SVR can often be obtained by
treatment periods as short as 24 weeks (12, 14, 24), we also designed and
evaluated an alternative model. Both models calculate a time point when HCV
RNA in serum approaches zero (set to 3 IU/ml in the Drusano and Preston
model and to 0.3 IU/ml in our model). This time point was calculated from the
log HCV RNA level after 3 weeks of treatment in combination with the log rate
of decline (i.e., the slope). The models both add a time for further treatment
after achieving undetectable HCV RNA for consolidation of the effect: the
Drusano and Preston model simply adds 36 weeks of treatment, while our model
was designed to fit the data by using an algorithm that multiplies the time from
day 21 until the loss of viremia (<0.3 IU/ml) by a factor of 2 and adds a further
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24 weeks. Thus, if HCV RNA is already negative after 3 weeks, then our model
produces a required treatment time of 24 weeks compared to 39 weeks with the
Drusano and Preston model.

Statistics. Statistical comparison was done by Mann-Whitney’s rank sum test
for nonparametric comparison of HCV RNA levels, ALT, or age or by Fischer’s
exact test for comparing count distribution between groups.

RESULTS

Response and baseline parameters. In all, 31 of the 53 pa-
tients (58%) obtained SVR. The response rates of males
(57.6% [19/33]) and females (60% [12/20]) were not signifi-
cantly different and were not influenced by body weight (mean
81.5 kg for SVR versus 81.0 kg for non-SVR). The pretreat-
ment HCV RNA levels were equal for those with SVR and
those with non-SVR, when all patients were compared (log
median 6.30 versus 6.63 IU/ml; P = 0.32), but all 10 of the
patients with pretreatment levels of viremia below 400,000
IU/ml achieved SVR, compared to 21 of the 43 patients
(48.8%) with levels above 400,000 IU/ml (P = 0.003). The
baseline-normalized ALT (ALT/upper limit of normal) was
not significantly associated with outcome (the mean ALT/up-
per limit of normal was 2.9 for patients with SVR versus 2.7 for
non-SVR patients).

Viral kinetics during the first 12 weeks. The virological
responses for all patients are described in Fig. 1, and the
corresponding predictive values are summarized in Table 1.
Differences in the virological response were already apparent
after 4 days of therapy, when HCV RNA levels had decreased
by a median of 1.50 log units in patients achieving SVR, com-
pared to 0.54 log unit in those with non-SVR (P < 0.0001). All
14 patients with a reduction of more than 1.5 log units at day
4 achieved SVR, while 91% (10/11) of those with a reduction
of less than 0.5 log unit were classified as non-SVR. All (22/22)
patients with HCV RNA levels below 10,000 IU/ml after 3
weeks of treatment, compared to 20% (4/20) of those with
HCV RNA levels above 100,000 IU/ml, achieved SVR. Figure
2A shows that most (7/8) of the patients who were HCV RNA
negative on day 21 had low baseline levels but also that several

TABLE 1. Predictive values of HCV RNA levels and changes at different time points

Time point HCV RNA level Sensitivity (%) Specificity (%)° PPV (%)° NPV (%)*
Baseline <400,000 IU/ml 32 100 100 51
Day 21 <10,000 IU/ml 71 100 100 70
Day 21 <100,000 IU/ml 87 76 84 80
Wk 4 <1,000 IU/ml 68 95 95 68
Wk 4 <15 IU/ml (negative) 48 100 100 58
Wk 4 <450,000 IU/ml 97 36 68 89
Wk 12 <50 IU/ml (negative) 93 95 97 91
Wk 12 <15 IU/ml (negative) 90 95 97 88
Second slope® >(.70 log IU/wk 74 91 92 71
Second slope® >0.35 log IU/wk 97 73 83 94
Second slope” >(.70 log IU/wk 71 95 96 70
Second slope” >0.35 log IU/wk 100 73 84 100
Decrease, day 4 >1.5 log IU 45 100 100 53
Decrease, wk 12 >2 log IU 100 50 74 100

“ Sensitivity, proportion of patients with SVR who had HCV RNA levels below, a slope value above, or HCV RNA reduction above the given limit.

b Specificity, proportion of patients with non-SVR who did not have HCV RNA below, a slope value above, or HCV RNA reduction above the given limit.
¢ PPV, proportion of patients with HCV RNA below, a slope value above, or HCV RNA reduction above the given limit who achieved SVR.

4 NPV, proportion of patients without HCV RNA below, a slope value above, or HCV RNA reduction above the given limit who did not achieve SVR.

¢ Based on HCV RNA levels at days 7, 14, and 21.
/Based on all HCV RNA values.
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FIG. 2. HCV RNA levels at baseline and on day 21 (A) after 4 and

12 weeks (B) of treatment and HCV RNA levels on day 21 in relation
to individual slope values (C).

of the patients with HCV RNA below 10,000 IU/ml on day 21
had high pretreatment levels. At week 4, 11 patients (21% of
all patients) were HCV RNA negative; all 11 showed an SVR
(Fig. 2B). In comparison, 48% (20/42) of patients who were
HCV RNA positive at week 4 achieved SVR. At week 12, 29
patients were HCV RNA negative by Cobas TagMan (all but
one achieved SVR, and 24 were HCV RNA positive), and 3
achieved SVR (Fig. 2B). Discrepant results by Cobas Amplicor
and Cobas TagMan were seen in three samples from week 12,
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FIG. 3. Correlation between slope based on all available values and
only those from days 7, 14, and 21 (P < 0.001; correlation coefficient,
R* = 0.93).

all from SVR patients (two samples were positive by TagMan
only, and one was positive by Amplicor only). A >2-log reduc-
tion of viremia at week 12 was observed for all SVR patients
(range, 3.4 to 7.6 log units) and for 50% (11/22) of non-SVR
patients (range, 0.2 to 6.5 log units).

Second-phase slope and response. There was a strong cor-
relation between the second-phase slope and the SVR: 22/23
patients (95%) with a slope steeper than 0.70 log units/week
and 9/14 patients (64%) with a slope between 0.35 and 0.70 log
units/week obtained SVR, while, conversely, all 16 of the pa-
tients with a slope below 0.35 log units/week were non-SVR
(Fig. 2C, P < 0.0001). To evaluate how many samples were
required for the calculation of the slope, we plotted slopes
based on all available values (up to week 8) relative to slopes
based on values from days 7, 14, and 21 (Fig. 3). The strong
correlation (R? = 0.93; P < 0.0001) indicated that slopes based
on the three values were accurate for most patients: based on
three time points, a slope below 0.35 log units/week had a
negative predictive value (NPV) of 94%, and a slope above
0.70 log units/week had a positive predictive value (PPV) of
92% for the prediction of SVR (Table 2).

Figure 4 shows individual patterns of viral decay, with slope
values ranging from 1.54 log units/week (rapid response) to
0.014 log units/week (flat response). For most patients, there
was a clear log-linear decline of viremia, as also illustrated by
the regression coefficient (R?) values above 0.96 with 38 pa-
tients for slopes based on three time points only. In particular,
the R? values for individual slopes were high for SVR (above
0.97 for all but two patients).

In order to better understand the outcome in patients with
borderline responses, we recorded dose reductions and other
factors that might influence response for the 21 patients with
slopes ranging between 0.20 and 0.80 log units/week (Table 2).
There were no differences in age and weight between SVR and
non-SVR patients in this subgroup of patients. At week 12 of
treatment, 8 of 9 non-SVR patients were HCV RNA positive
(including 1 with a gray-zone reaction) by Cobas Amplicor,
compared to only 2 of 12 in the SVR group. The three non-
SVR patients with slopes above 0.50 log units/week had not
taken the treatment as scheduled: one patient with a slope of
0.77 log units/week (Fig. 4, Pat 33) had forgotten to bring the
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TABLE 2. Details of kinetics and treatment for patient with borderline responses to Peg-IFN and RBV therapy

Log HCV Amplicor ) Calculated no. of treatment
Patient SVR or Age RNA detection” No. of Mean weekly Mean dally SIOPC wks using:
o, non-SVR  (yr) Wt (kg) level at treatment  dose of Peg- dose of (log LUWK) - -
wk 12 Wk 12 Wk 24 wks IFN (pg) RBV (g) '1;111; :ittlilcll'[};”s Drus;l;l;(izlrdeston

Pat 5 Non-SVR 48 61 32 Pos Neg 48 180 1.0 0.22 73 59
Pat 42 Non-SVR 59 80 4.2 Pos Pos 28¢ 180 1.1 0.24 71 61
Pat 31  Non-SVR 48 71 2.9 Pos Neg 48 83 1.0 0.27 67 57
Pat 27 Non-SVR 49 82 2.6 Pos Neg 48 180 1.2 0.37 56 52
Pat 32  Non-SVR 54 97 1.9 GZ%  Neg 48 180 1.2 0.37 56 52
Pat 1 Non-SVR 35 90 1.1 Pos Pos 48 180 1.2 0.41 46 48
Pat 21  Non-SVR 58 85 1.8 Pos Pos 27¢ 180 0.086" 0.54 42 46
Pat 13  Non-SVR 45 70 1.1 Pos Pos 328 180 0.34" 0.62 41 46
Pat 33 Non-SVR 36 77 Neg Neg  Neg 48 139 0.99 0.80 36 44
Pat28 SVR 47 94 3.8 Pos Neg 48 180 1.2 0.36 63 56
Pat 22 SVR 47 79 Neg Neg Neg 48 180 1.2 0.46 47 48
Pat 44 SVR 60 75 Neg Neg  Neg 48 180 1.2 0.48 44 47
Pat 38 SVR 57 65 12 Neg  Neg 48 180 1.0 0.50 48 49
Pat 2 SVR 48 68 1.7 Neg  Neg 40 180 1.0 0.52 48 49
Pat 24 SVR 56 91 Neg Pos Neg 48 126 1.2 0.52 47 49
Pat 6 SVR 52 88 Neg Neg  Neg 48 180 1.0 0.53 42 46
Pat 30  SVR 57 86 Neg Neg  Neg 48 180 1.2 0.62 40 46
Pat 7 SVR 30 78 Neg Neg  Neg 48 180 1.2 0.66 36 43
Pat 34 SVR 59 67 Neg Neg  Neg 48 180 0.97 0.73 31 41
Pat 9 SVR 29 78 Neg Neg  Neg 48 180 1.2 0.75 32 43
Pat 8 SVR 47 78 Neg Neg  Neg 48 180 1.0 0.76 32 42

“ Cobas TagMan detection limit, 15 TU/ml.
® Detection limit, 50 TU/ml. Pos, positive; Neg, negative.

¢ Our model algorithm: treatment weeks = 24 + 2 X [(log HCV RNA day 21 + 0.5)/log decline per week].
4 Drusano-Preston model algorithm: treatment weeks = 36 + (log HCV RNA day 21 — 0.5)/log decline per week.
¢ These patients discontinued because of insufficient response and because of side effects.

/RBV therapy was discontinued after 1 week because of side effects.
& GZ, gray-zone reaction.
" RBV therapy was discontinued after 10 weeks because of side effects.

Peg-IFN medication during vacation and missed 2 weeks of
treatment (weeks 18 to 19) and also had required a significant
dose reduction of Peg-IFN from week 12 of treatment because
of neutropenia (thereby receiving 77% of the planned total
dose). Two other patients, with slopes of 0.62 and 0.54 log
units/week, had stopped RBV therapy after 10 weeks and 1
week, respectively, because of intensive skin rash. The patient
that stopped RBV after 10 weeks (Fig. 4, Pat 13) had a positive
HCV RNA result at week 12 (but was negative by Cobas
Amplicor Monitor) and then developed a virological break-
through with viremia increasing to a high level at week 24 (13).
All nine SVR patients with slopes below 0.70 log/week had
taken full doses of Peg-IFN and RBV, but one had stopped
treatment after 40 weeks because of side effects.

Models. Figure 5 shows the required number of treatment
weeks calculated for patients in the present study in relation to
the observed outcome. According to our model, 14 of the 31
SVR patients (including the 11 who were HCV RNA negative
at week 4) would have required less than 28 weeks, and an-
other 8 SVR patients would have required 28 to 36 weeks of
treatment. One patient who in fact responded to 48 weeks of
treatment, according to the algorithm, would have required 63
weeks. The calculated treatment time was less than 48 weeks
for four non-SVR (36, 41, 42, and 46 weeks), but three of these
were the patients mentioned above who stopped RBV or re-
duced the dose of therapy. Required treatment times between
50 and 72 weeks were obtained for nine non-SVR patients by
the Drusano and Preston model. In contrast, our model indi-

cated that only three non-SVR patients would be cured by
extended treatment, as shown in Fig. 5 and Table 2.

DISCUSSION

Combination therapy with Peg-IFN and RBV has clearly
improved the results of treatment of chronic HCV infection.
However, the relatively low response rates for patients carrying
genotype 1 virus remains a significant problem, especially in
light of the costs and treatment-related toxicity. An improved
prediction of SVR as well as non-SVR would therefore be
important, and it has been proposed that the viral kinetics
during treatment might be clinically useful for this purpose (1,
2,4,5, 16, 18, 20, 22, 25, 26). For example, the magnitude of
HCV RNA reduction after only one dose of interferon is
clearly associated with an SVR (10, 15), as is the rate of decline
in viremia between day 7 and week 12 (second-phase slope) (1,
8). However, it has been difficult to include kinetic parameters
in clinical practice, partly because the reliability of predictions
for individual patients has been uncertain and partly due to
concerns regarding the robustness of HCV RNA quantifica-
tion. Thus, 48 weeks of therapy has remained the standard
treatment for all HCV genotype 1-infected patients, and qual-
itative HCV RNA tests after 12 and 24 weeks of treatment
have been used to decide whether to continue or discontinue
therapy (21). Recently, it was proposed that 24 weeks of treat-
ment may be sufficient for patients with low baseline viremia
levels and/or undetectable levels of HCV RNA after 4 weeks of
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FIG. 4. Individual graphs describing viral kinetics during the first 12 weeks of therapy for SVR and non-SVR patients representing different
rates of second-phase decline. A longer time span is shown for patient Pat 13 who discontinued RBV therapy after 10 weeks.

therapy (14, 24), but a truly tailored treatment has hitherto not
been established.

The aim of the present study, which included genotype 1-in-
fected patients treated with Peg-IFN alfa-2a and RBV, was to
analyze how the early kinetics were related to the outcome of
treatment and, possibly, to propose a model for tailored ther-
apy. Out of 53 patients studied, 31 patients obtained an SVR
(58.5%). The likelihood of response was associated with viro-
logical parameters such as baseline viremia, reduction of HCV
RNA between day 1 and 4, second-slope decline, and HCV
RNA levels at days 21 and 28 and week 12 (Table 1). All
patients with baseline viremia levels below 400,000 TU/ml
achieved SVR. This is in line with previous reports in which the
response rates for this subset of patients, however, have not
been as high as 100%.

The reduction in viremia after 4 days of treatment, which is
considered to reflect mainly interferon efficiency, was strongly
associated with the response, in agreement with the observa-
tion by Jessner et al., who reported that less than 0.5-log
reduction was highly predictive for non-SVR (15). However, at
this early stage, the differences in log reduction between SVR
and non-SVR are relatively small and might be influenced by
the test variability of HCV RNA quantification. We therefore
believe that predicting response by this parameter alone may
not be sufficiently reliable for large-scale clinical use.

The second-phase decline of viremia appears clinically more
useful for predicting outcome. First, our data indicate that a
decline rate slower than 0.35 log units/week is a good predictor

of non-SVR. Thus, a slope generated by HCV RNA quantifi-
cations after 1, 2, and 3 weeks of treatment could be used to
identify non-SVR at an early stage, instead of, as today, after
12 weeks. Moreover, all but one patient with a slope greater
than 0.70 log units/week obtained SVR. The exception was a
patient with a slope of 0.77 log units/week, but it is likely that
the inability to achieve SVR in this case was partly due to dose
reductions. Similarly, non-SVR in two patients with 0.62 and
0.54 log units/week was probably due to discontinuation of
RBYV after 1 and 10 weeks, respectively.

It has recently been proposed that a negative qualitative
HCV RNA response after 4 weeks may be used to identify
patients for whom 24 weeks of treatment would be sufficient
(14, 24). In previous studies, around 25% of patients have had
a rapid response (i.e., HCV RNA negative at week 4), and
about 90% of these patients have achieved SVR (2, 6, §, 24). In
our study, only 21% were HCV RNA negative at week 4
(probably as an effect of a higher assay sensitivity, 15 TU/ml),
and all of them achieved SVR. A level above 450,000 IU/ml at
week 4 was recently described as useful for predicting non-
SVR (2), and accordingly, all but one of our nine patients with
such levels were non-SVR. However, although the HCV RNA
response at week 4 may be an accurate predictor for both SVR
and non-SVR, it was, with the limits given above, applicable for
only 36% of patients, and we would prefer tailored treatment
for all patients.

With this background, we evaluated two models for calcu-
lating the required treatment time, one adapted from Drusano
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FIG. 5. Required duration of treatment for the patients in the present
study as calculated by algorithms described below (A). Treatment times in
relation to HCV RNA levels at week 12 as calculated by our model (B) or
by model adapted from Drusano and Preston (C). A dotted line repre-
senting 6,000 IU/ml at week 12 is included because Berg et al. (3) reported
that only patients with HCV RNA below this level benefited from ex-
tended treatment. Our model, treatment weeks = 24 + 2 X [(log HCV
RNA day 21 + 0.5)/log decline per week]. Drusano and Preston model,
treatment weeks = 39 + (log HCV RNA day 21 — 0.5/log decline per
week). Values for six patients with non-SVR are not shown because they
were above 200 weeks.

and Preston (7) and one developed by us. The algorithms both
include a calculation of the time to undetectable HCV RNA
levels, using the HCV RNA level at day 21 and the second-
phase decline. The Drusano and Preston model fitted well to
the observed data, as patients that obtained SVR had calcu-
lated treatment times of 48 or fewer weeks, while the non-SVR
would have required longer treatment. However, treatment
times are never shorter than 39 weeks by the Drusano and
Preston model, and it is known that some patients can be cured
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at only 24 weeks (14, 24) or even at 18 weeks (26) of treatment.
Our alternative model predicted that around 25% of the SVR
patients would have required 24 weeks of therapy, which is well
in line with recent observations by others (14, 24). Also in
accordance with recent studies (3, 23), our model predicted
that prolonging the treatment time to 72 weeks would have
been beneficial for only three patients who showed low but
detectable viremia levels (<1,000 IU/ml) at week 12 and un-
detectable HCV RNA levels at week 24. This agrees with the
observation by Berg et al. (3) that extended treatment seems to
be beneficial only for patients with HCV RNA levels below
6,000 TU/ml at week 12. In contrast, the Drusano and Preston
model predicted that treatment extended to 72 weeks would
have cured nine additional non-SVR patients, four of whom,
however, had HCV RNA levels above 15,000 IU/ml at week
12. Clearly, further study of the value of longer treatment
regimens is required.

Our finding that the slope of viral decline is highly predictive
for both SVR and non-SVR and that models for tailoring
treatment appear to be accurate suggests that treatment may
be individualized. An important issue is determining which
time points should be used for slope calculation. We believe
that measurements taken as early as days 7, 14, and 21 are
appropriate. First, the majority of patients are HCV RNA
positive at these time points. Second, day 7 is an adequate start
point, because the first-phase decline is completed. It may be
objected that some patients reach a plateau phase and show a
delayed start of the second slope. We saw this in only a few
patients (readily identified by a lower R* for the slope) and
conclude that the advantage of using day 14 as the starting
point is marginal.

It is also important to consider to what degree test variability
may influence the slope. Our observation that the R* values of
individual slopes were above 0.97 for almost all SVR indicates
that changes in HCV RNA levels early during treatment were
true variations rather than methodological artifacts. Thus,
quantification results by a Cobas TagMan assay appear to be
sufficiently reliable and are possible to obtain within 1 week in
a clinical routine.

We are aware that the number of patients in the present
study is relatively low, making firm conclusions regarding
thresholds and predictive values difficult. If tailored treatment
is used, one must carefully consider what levels of PPV and
NPV are acceptable. A stopping rule based on >2 log reduc-
tion of HCV RNA at week 12 had a PPV of 72% and an NPV
of 100% in the report by Davis et al. (6), and the corresponding
values in our study were very similar (74% and 100%, respec-
tively). If our proposed model for tailored treatment was ap-
plied, we would consider a PPV of 85% and an NPV of 95% as
acceptable and realistic. However, one must keep in mind that
this model was evaluated with the same patients that were
investigated for construction of the algorithm and therefore
has to be validated further.

In summary, we report that an SVR is highly associated with
a baseline HCV RNA level below 400,000 IU/ml, a >1.5 log
reduction of viremia after 4 days, and undetectable HCV RNA
after 4 weeks of treatment. However, the second-phase decline
appears to be the single most useful parameter, as it predicts
SVR and non-SVR for the majority of patients. In addition,
second-slope calculation in combination with the HCV RNA
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levels after 3 weeks of treatment may be used to determine an
individualized duration of treatment.
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