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BACKGROUND AND OBJECTIVES: To analyze whether rapid
myelosuppression and a decrease in alanine aminotransferase (ALT)
induced by standard interferon (IFN) and ribavirin (RBV) combina-
tion therapy predict a sustained viral response (SVR) in hepatitis C
virus patients.
PATIENTS AND METHODS: Data from 111 patients (mean age
48.1 years) with chronic hepatitis C virus were retrospectively ana-
lyzed. All patients were treated with the same initial doses of IFN and
RBV combination therapy. The following laboratory values were
measured at baseline, and then at weeks 2, 4, 8, 12 and 24 of treat-
ment: hemoglobin, white blood cells (WBCs), neutrophils, platelets
and ALT. A delta value was then calculated for each interval from
baseline (baseline values minus two weeks, etc). The delta value of
each variable was then compared between the responders and nonre-
sponders using Wilcoxon’s signed rank test. 
RESULTS: Sixty patients (54%) achieved an SVR. There were no
significant differences between the responder and nonresponder groups
for baseline variables. The delta value of ALT was the only significant
marker in the prediction of an SVR. The mean ± SD delta values for
the ALT at week 2 of treatment were 71±92 U/L and 44±85 U/L for
the responders and nonresponders, respectively (P<0.0046). At
week 4, the values were 101±96 U/L and 84±100 U/L for the respon-
ders and nonresponders, respectively (P<0.0154). The decline was
then calculated for the ALT as a percentage decrease from baseline: at
weeks 2 and 4, the decreases were 64% and 66%, respectively, for the
responders, and 43% and 41%, respectively, for the nonresponders. At
week 2, the delta values for WBC count were found to be significant in
predicting failure to achieve an SVR, with mean ± SD delta values of
0.85×109/L±1.48×109/L and 1.53×109/L±2.16×109/L for the respon-
ders and nonresponders, respectively (P<0.0173). The same trend
emerged at two weeks for neutrophils: 0.72×109/L±1.33×109/L for the
responders and 1.02×109/L±1.20×109/L for the nonresponders
(P<0.0150). The delta values were insignificant for hemoglobin, low-
est hemoglobin values and platelets.
CONCLUSIONS: The decline rates of ALT from baseline to week
2 and 4 of IFN and RBV combination therapy are good predictors of
an SVR. A significant drop in WBC and neutrophil values is a pre-
dictor of failure to achieve an SVR. The hemoglobin, platelets and
lowest hemoglobin values failed to predict an SVR.
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Est-ce qu’une réduction rapide des 
paramètres hématologiques et biochimiques,
provoquée par la bithérapie à l’interféron et à
la ribarivine pour traiter l’hépatite C est un
prédicteur de réponse virale prolongée ?

CONTEXTE ET BUT : L’étude avait pour but d’examiner si une myélo-
suppression rapide et une diminution rapide de l’alanine-aminotransférase
(ALT) provoquées par la bithérapie habituelle à l’interféron (INF) et à la
ribarivine (RBV) étaient un prédicteur de réponse virale prolongée
(RVP) chez les patients atteints d’hépatite C.
PATIENTS ET MÉTHODE : Nous avons procédé à une analyse rétro-
spective des données de 111 patients (âge moyen : 48,1 ans) atteints d’hé-
patite C chronique. Les patients ont tous reçu les mêmes doses initiales d’INF
et de RBV en bithérapie. Les résultats de laboratoire suivants ont ensuite été
mesurés au départ, puis à la 2e, 4e, 8e, 12e et 24e semaine de traitement : hémo-
globine, leucocytes, neutrophiles, thrombocytes et ALT. Une valeur delta a
alors été calculée pour chacun des intervalles à partir du début (valeurs de
départ moins deux semaines, etc.), puis a été comparée, pour chacune des 
variables, entre les malades répondeurs et les malades non répondeurs à l’aide
du test de Wilcoxon pour observations appariées.
RÉSULTATS : Soixante patients (54 %) ont obtenu une RVP. Il n’y
avait pas de différences significatives entre les répondeurs et les non-
répondeurs en ce qui concerne les valeurs de départ. La seule valeur qui
s’est révélée un marqueur prévisionnel important de RVP est la valeur
delta de l’ALT. Les valeurs delta moyennes ± l’écart type pour l’ALT à la 
2e semaine de traitement étaient de 71±92 U/l et de 44±85 U/l chez les
répondeurs et chez les non-répondeurs respectivement (P<0,0046) et, à la
4e semaine, ces mêmes valeurs s’établissaient respectivement comme suit :
101±96 U/l et 84±100 U/l (P<0,0154). La diminution du taux d’ALT a
ensuite été calculée sous forme de pourcentage à partir du début jusqu’à la
2e et à la 4e semaine, ce qui a donné des réductions de 64 % et de 66 %
respectivement pour les répondeurs et de 43 % et de 41 % respectivement
pour les non-répondeurs. À la 2e semaine, les valeurs delta de la numéra-
tion des leucocytes se sont révélées importantes pour la prévision de
l’échec de la RVP; ainsi, les valeurs delta moyennes ± l’écart type étaient
de 0,85×109/l±1,48×109/l et de 1,53×109/l±2,16×109/l chez les répon-
deurs et chez les non-répondeurs respectivement (P<0,0173). La même 
tendance a été observée pour les neutrophiles à la 2e semaine :
0,72×109/l±1,33×109/l pour les répondeurs et 1,02×109/l±1,20×109/l pour
les non-répondeurs (P<0,0150). Les valeurs delta concernant l’hémoglobine, les
taux les plus bas d’hémoglobine et les thrombocytes n’étaient pas significatives.
CONCLUSIONS : Le taux de réduction de l’ALT à partir du début
jusqu’à la 2e et à la 4e semaine de bithérapie par l’INF et la RBV se révèle
un bon prédicteurs de RVP. En revanche, une diminution importante de
la valeur des leucocytes et des neutrophiles est un prédicteur de l’échec de
la RVP. Enfin, les valeurs relatives à l’hémoglobine, aux 
thrombocytes et aux taux les plus bas d’hémoglobine n’ont pas permis de
prévoir une RVP.
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Human interferon (IFN) alpha-2a and 2b, in combination
with ribavirin (RBV), is the current standard of care for

the treatment of chronic hepatitis C virus (HCV) infection
worldwide. Although these drugs are usually well tolerated,
many side effects have been reported. One that is of particular
clinical significance is the change in hematological parameters
seen during treatment, namely, anemia, thrombocytopenia and
leukopenia (1).

These cytopenias are well documented effects of IFN ther-
apy, and many mechanisms have been proposed; for example, a
rapid decline in all three major cell lines (within the first 12 h
to 24 h) is often explained by sequestration of platelets and
white blood cells (WBCs) in the liver and spleen (2). Another
suggested mechanism is the direct inhibition of progenitor
cells in the bone marrow by IFN (3). Other proposed mecha-
nisms include capillary trapping and increased apoptosis (4-6)
of all cell lines. Finally, RBV itself is known to cause hemoly-
sis, and the addition of this drug to IFN results in an additive
effect on hemoglobin decline (7).

Presently, there are little data examining the relationships
between the acute hematological toxicities, decreases in ala-
nine aminotransferase (ALT) and outcomes in the treatment
of chronic HCV with standard IFN and RBV combination
therapy. The objective of the present study was to determine
whether the decline rates of these parameters are markers of
therapeutic efficacy and, therefore, early markers of a sustained
viral response (SVR) in HCV patients. 

METHODS
Data from 111 patients with chronic HCV, who were treated
between the years 1998 and 2001 at the McGill University
Health Centre in Montreal, Quebec, were retrospectively ana-
lyzed. All patients were treated with a standard IFN and RBV
combination therapy (standard IFN, three million units subcu-
taneously, three times per week; weight-dosed RBV, 1000 mg
[patients less than 75 kg] or 1200 mg [patients 75 kg or more],
both orally daily). Fifty-six patients underwent liver biopsy. All
patients were considered for combination therapy when their
ALT levels were greater than 1.5 times normal and were
treated for a total of 48 weeks. At the time of data collection,
genotype differentiation and viral load quantification were not
used in Quebec, and were therefore not considered in the pres-
ent study. A positive response was defined as an SVR at
24 weeks after the end of treatment. Additionally, standard
IFN and RBV dosage adjustments for hematological toxicities
were recorded, and no growth factors were used.

The data retrieved were as follows: hemoglobin, WBC,
neutrophil, platelet, and ALT levels. Other WBC subpopula-
tions (such as lymphocytes, eosinophils, etc) were not stud-
ied, because they are not typically associated with the
hematotoxic profile of the treatment. These values were
measured at baseline, and again at weeks 2, 4, 8, 12 and 24.
The difference between the values at week 2 and baseline,
week 4 and baseline, and so forth, up to the difference at
week 24 and baseline were calculated; this was defined as the
decline rate for each interval. Additionally, the decline rates
for ALT were converted to per cent changes from the base-
line measurement. The decline rates of each interval for ALT
and each hematological parameter were then compared
between the responders and nonresponders using Wilcoxon’s
signed rank test. This statistical test was used because the

studied parameters in the subject population did not follow a
normal distribution. 

RESULTS
The study included a total of 111 patients (68 men and
43 women), with a mean ± SD age of 48.1±10.9 years. A total of
60 patients (54%) achieved an SVR. There were no significant
differences between the responder and nonresponder groups for
age, sex, body mass index, degree of fibrosis (of those biopsied),
baseline hematological values or ALT levels (Table 1). 

No statistically significant difference in the decline rates for
hemoglobin or platelets between the two groups was observed
throughout the treatment duration. 

However, at week 2 of treatment, the decline rates for the
WBCs were 0.85×109/L±1.48×109/L for the responders and
1.53×109/L±2.16×109/L for the nonresponders (P<0.0173)
(Figure 1); for the neutrophils, the decline rates were
0.72×109/L±1.33×109/L for the responders and 1.02×109/L
±1.20×109/L for the nonresponders (P<0.0150) (Figure 2). At
week 4, only the decline rates for the neutrophils were signifi-
cant, with values of 0.57×109/L±3.20×109/L and 1.16×109/L
±1.05×109/L for the responders and nonresponders, respectively
(P<0.035) (Table 2). 

A total of 16 patients required dose adjustments of standard
IFN and RBV combination therapy to less than 80% of the
expected dose because of excess hematological toxicity. There
were five dose reductions in each group (responders and non-
responders) due to significant neutropenia and three reduc-
tions in each group due to significant anemia. This represented
approximately 13% of the responders and 16% of the nonre-
sponders (the difference was not statistically significant).

Within the first month, the decline rate that was statisti-
cally significant for the prediction of an SVR was the ALT
level. At week 2, these values were 71±92 U/L and 44±85 U/L
for the responders and nonresponders, respectively,
(P<0.0046) (Figure 3). Calculated as a per cent decrease from
baseline, this corresponded to declines of 64% and 43% for the
responders and nonresponders, respectively (P<0.0003). At
week 4, the decline rates were 101±96 U/L and 84±100 U/L for
the responders and nonresponders, respectively (P<0.0154).
As a per cent decrease from baseline, this corresponded to
declines of 66% for the responders and 41% for the nonre-
sponders (P<0.0001) (Table 2).
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TABLE 1
Baseline demographics of responders and nonresponders
to interferon and ribavirin combination therapy (n=111)

Responders Nonresponders
Demographics (n=60) (n=51)

Age, years 46.7±10.9 49.3±10.3

Male, % 57 67

Body mass index, kg/m2 27.3±3.3 26.8±2.9

Stage of fibrosis* 2.6±1.1 2.7±1.1

Baseline alanine aminotransferase, U/L 122±83 138±98

Baseline hemoglobin, g/L 147±14 151±14

Baseline white blood cells, ×109/L 6.1±2.0 6.9±2.6

Baseline neutrophils, ×109/L 3.4±1.5 3.4±1.2

Baseline platelets, ×109/L 181±61 168±105

Data are presented as the mean ± SD unless otherwise indicated. Biopsies
were taken from 23 patients from the responder group and 33 patients from
the nonresponder group. *As per METAVIR scoring
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DISCUSSION
This was a retrospective study of 111 patients with chronic
HCV who were all treated with a standard IFN and RBV
combination therapy for a total of 48 weeks. Our initial
hypothesis was that the biological activity of the therapy, typ-
ically leading to side effects of cytopenia and decreased ALT
levels, was a surrogate marker for therapeutic efficacy.
Alternatively, greater hematotoxicity and larger declines in
ALT were predictors of an SVR. We also theorized that larger
reductions in cell lines may have contributed to the success
of the therapy. 

The present study demonstrated that rapid and significant
declines in WBCs (within two weeks) and neutrophils (within
two and four weeks) were associated with significantly lower
rates of achieving an SVR. The decline rates of hemoglobin
and platelets were not found to be significantly different
between the responder and nonresponder groups. In our study,
only 16 patients sustained dose reductions for neutropenia or
anemia; these were evenly divided among responder and non-
responder groups.

Our study also demonstrated a significant difference in the
decline rates of the ALT level between the responder and
nonresponder groups at weeks 2 and 4 of treatment. Our data

suggest that a patient undergoing standard IFN and RBV com-
bination therapy has a greater chance of achieving an SVR if
the ALT declines by approximately 65% of the baseline value
within two and four weeks.

Contrary to our hypothesis, our study found that rapid
declines in the WBCs and neutrophils in the initial two weeks
of therapy predict nonresponsiveness. Several studies have
argued that when significant treatment-induced cytopenia
results in dose reductions to less than 80% of either drug, this
may lead to significantly lower SVR rates (8). Therefore, in
such studies, poorer outcomes may have been related to inade-
quate dosing. Our data demonstrate that dose adjustment was
equivalent in both groups, suggesting that this was probably
not a factor in predicting an SVR in our population.
Additionally, the average age and degree of fibrosis, deter-
mined by the METAVIR scoring system (of those biopsied),
between the two groups was not different, failing to explain the
difference in declining neutrophil rates within the first month.
It should be noted that approximately one-half of the patients
did not undergo liver biopsy.

Laboratory parameters as predictors of SVR in HCV therapy
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Figure 2) Neutrophil level versus week of therapy for responders and
nonresponders to interferon and ribavirin therapy
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TABLE 2
Significant decline rates of white blood cells (WBCs),
neutrophils and alanine aminotransferase (ALT) levels
during interferon and ribavirin combination therapy

Responders Nonresponders
Measure (n=60) (n=51) P

WBCs, ×109/L

Week 2 0.85±1.48 1.53±2.16 0.0173

Week 4 NS NS NS

Neutrophils, ×109/L

Week 2 0.72±1.33 1.02±1.20 0.0150

Week 4 0.57±3.20 1.16±1.05 0.035

ALT, U/L

Week 2 71±92 44±85 0.0046

Week 4 101±96 84±100 0.0154

ALT, %

Week 2 64.2 43.2 0.0003

Week 4 65.8 41.3 0.0001

Data are presented as the mean ± SD unless otherwise indicated. NS Not 
significant
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Figure 3) Alanine aminotransferase (ALT) level versus week of ther-
apy for responders and nonresponders to interferon and ribavirin therapy
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Figure 1) White blood cell (WBC) level versus week of therapy for
responders and nonresponders to interferon and ribavirin therapy
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The role of neutrophils in the elimination of HCV is
unknown at the present time. It has been shown that treat-
ment with all types of IFN and RBV results in a reduction in
the absolute number of neutrophils in all treated patients
(both responders and nonresponders), but does not alter neu-
trophil function by assays such as the C5a and formyl-
methionyl-leucyl-phenylalanine migration killing curves (9).
In our study, there were no differences in absolute neutrophil
counts between the two groups throughout the duration of
therapy. This may suggest that absolute numbers of neutrophils
are not important in achieving an SVR. Moreover, in a study
comparing African American genotype 1 HCV patients with
non-Hispanic Caucasians, a multivariate analysis showed that
even significantly different baseline neutrophil values were not
associated with the outcome of therapy (10). We experienced
similar expected dose-related reductions in neutrophils in both
groups, but our nonresponder arm experienced significantly
greater decline rates within the first month of therapy. This
suggests that the therapy and other factors induce a rapid
change in the neutrophil population in certain individuals
within the first four weeks, which ultimately lowers the chance
of an SVR. From our data, it appears that neutrophil kinetics
are important for the elimination of HCV. It is known that
immune cells (including neutrophils) harbour HCV RNA, are
replication sites for the virus and may contribute significantly
to total viral load (11). We theorize that the rapid elimination
of neutrophils within the first month occurs in patients with a
large HCV RNA load within those neutrophils. Effectively,
neutrophils may be seen as a reservoir of ‘hidden’ viral RNA in
nonresponders.

In the present study, both responder and nonresponder
groups sustained equivalent hemoglobin rates of decline and
absolute nadir. In our study, a small but equal number of
patients in both the responder and nonresponder groups sus-
tained a dose reduction for anemia. This suggests that this
parameter, in isolation, plays no role in predicting an SVR,
which is consistent with the findings of other major studies (8).

To our knowledge, this is the first study that has demon-
strated the relationship between a decline rate of ALT and the
ability to achieve an SVR. The current standard of care when
treating chronic HCV is to obtain a viral load measurement at
weeks 4 and/or 12 of therapy (12), which is accepted as a good

predictor of response. If ALT is regarded as a marker of total
hepatocyte damage or death, then rapid decreases in ALT may
theoretically reflect rapid resolution of the ongoing inflamma-
tory state as the virus is eliminated (13,14). It has been estab-
lished elsewhere that viral elimination patterns are biphasic,
with the first rapid decline occurring within the first month. Our
data demonstrate that larger decline rates of ALT within the first
two and four weeks are predictors of an SVR. Therefore, decline
rates of ALT may reflect this first phase of viral kinetics, and may
be used as a strategy to help predict a response well before the
four- or 12-week viral load quantification is performed. 

The present study had some limitations. First, due to the
abnormal distribution of hematological parameters and ALT
levels of our patient population, we were obliged to use
Wilcoxon’s signed rank test in the analysis. It is possible that a
larger population would have permitted the application of a
multivariate analysis, which would have had more statistical
power. Second, at the time of data collection, viral genotyping
and viral load measurements were not available. These param-
eters are presently known as important predictors of the out-
come of HCV treatment. This precluded us from correlating
these known parameters with our findings. However, the treat-
ment dosage and duration was equal among all study subjects
and, therefore, among all represented genotypes in the present
study. Third, although nearly all patients had a baseline ALT
level greater than 1.5 times normal, the decline rates of ALT at
weeks 2 and 4 of therapy may not be applicable for those with
a baseline ALT in the normal range. 

To summarize the key points, when treating a patient with
chronic HCV with standard IFN and RBV combination ther-
apy, a decline in ALT of greater than 64% from baseline at
weeks 2 and 4 predicts an SVR. However, a significant decline
in neutrophils and WBCs after two weeks predicts a nonre-
sponder. Hemoglobin and platelet decline rates or nadir values
were not significant in predicting an SVR. 

Larger studies are necessary to investigate the role of ALT
decline rates in the outcome of IFN and RBV combination
therapy. Further studies are needed to explore the importance
of neutrophil subpopulations and kinetics on the elimination
of HCV. Additionally, the role of granulocyte-colony stimulat-
ing factor as an adjunct to therapy in cases of rapid decline
within the first month should be investigated.
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