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Abstract
Background & Aims—The pharmacokinetics and pharmacodynamics of pegylated-interferon-
α-2a (PEG-IFN) have not been described in HCV/HIV co-infected patients. We sought to estimate
the pharmacokinetics and pharmacodynamics of PEG-IFN and determine whether these parameters
predict treatment outcome.

Methods—Twenty-six HCV/human immunodeficiency virus (HIV)-co-infected patients were
treated with a 48-week regimen of PEG-IFN (180 µg/week) plus ribavirin (11 mg/kg/day). HCV-
RNA and PEG-IFN concentrations were obtained from samples collected until week 12. A modeling
framework that includes pharmacokinetic and pharmacodynamic parameters was developed.

Results—Five patients discontinued treatment. Seven patients achieved a sustained virological
response (SVR). PEG-IFN concentrations at day 8 were similar to steady-state levels (p = 0.15) and
overall pharmacokinetic parameters were similar in SVRs and non-SVRs. The maximum PEG-IFN
effectiveness during the first PEG-IFN dose and the HCV-infected cell loss rate (δ), was significantly
higher in SVRs compared to non-SVRs (median 95% vs 86% [p = 0.013], 0.27 vs 0.11 day−1 [p =
0.006], respectively). Patients infected with HCV genotype-1 had a significantly lower average first-
week PEG-IFN effectiveness (median 70% vs. 88% [p = 0.043]), however, 4- to 12-week PEG-IFN
effectiveness was not significantly different compared to those with genotype-3 (p = 0.114).
Genotype-1 had a significantly lower δ compared to genotype-3 (median 0.14 vs. 0.23 day−1 [p =
0.021]). The PEG-IFN concentration that decreased HCV production by 50% (EC50) was lower in
genotype-3 compared to genotype-1 (median 1.3 vs. 3.4 [p = 0.034]).

Conclusions—Both the HCV infected cell loss rate (δ) and the maximum effectiveness of the first
dose of PEG-IFN-α-2a distinguished HIV co-infected patients and were highly predictive of SVR.
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Further studies are needed to validate these viral kinetic parameters as early on-treatment
prognosticators of response in patients with HCV and HIV.

Keywords
Viral kinetics; Mathematical modeling

Introduction
Approximately 25% of persons infected with human immunodeficiency virus (HIV) are also
infected with hepatitis C virus (HCV), and the prevalence of co-infection is >70% in certain
at-risk populations, such as injection drug users and those who have received contaminated
blood products [1,2]. HCV and HIV co-infection affects approximately 300,000 individuals in
the United States [1,3]. In Brazil, there are about 100,000 co-infected individuals including an
estimated 17.5% prevalence in general HIV-outpatient units and a prevalence of 85% in
patients who contracted HCV through injection drug use [4,5]. HCV infection is more rapidly
progressive in patient with HIV co-infection and liver disease is a major cause of morbidity
and mortality in persons with HIV [3,6]. Moreover, sustained virological response (SVR) rates
to pegylated-interferon (PEG-IFN) and ribavirin are lower in HIV/HCV co-infected [7–10]
than in HCV mono-infected patients [11,12]. Among difficult-to-treat co-infected genotype-1
patients, SVR rates range from 8–38% [7–10,13]. Higher SVR rates of 43% to 73% were
observed in genotype 2 and 3 HCV [3]. Thus, understanding the determinants of successful
treatment outcomes and the early identification of patients who are likely to achieve SVR are
important clinical challenges that are particularly relevant to HIV/HCV co-infected patients.

Kinetic modeling of HCV RNA response during treatment has proven to be useful in
understanding HCV dynamics and predicting the mode of action of interferon-α [14] and
ribavirin [15] (see review [16]). These models generally have not incorporated the effects of
time-varying interferon-α concentrations. Indeed, pharmacokinetic data from weekly PEG-
IFN-α-2a or PEG-IFN-α-2b based treatments - the only approved PEG-IFN formulations
against HCV infection - showed that serum concentration peaked and then declined during the
first dosing interval [17–20]. Such fluctuations in PEG-IFN levels could give rise to changes
in drug effectiveness, making it important to incorporate time-varying interferon-α
concentrations in current mathematical models. While Talal et al.[18] and more recently
Rozenberg et al. [21] have modeled pharmacokinetic and pharmacodynamic parameters of
PEG-IFN-α-2b in HCV/HIV co-infected patients, to the best of our knowledge, a
comprehensive pharmacokinetic and pharmacodynamic analysis of PEG-IFN-α-2a in HCV/
HIV co-infected patients has not been performed.

In this study, we provide a detailed analysis of PEG-IFN-α-2a and HCV-RNA kinetics in 21
HCV/HIV co-infected patients who were treated with PEG-IFN-α-2a and ribavirin for 48
weeks. We demonstrate how a recent model of HCV infection that includes hepatocytes
proliferation [22], can be applied in order to evaluate HCV kinetic parameters as well as the
pharmacodynamic parameters of PEG-IFN. In addition, we show in which cases one should
use this model (e.g., when triphasic viral decline is observed [23,24]), and in which cases the
standard biphasic model of HCV infection [14], that incorporates pharmacokinetic and
pharmacodynamic parameters can be used. Furthermore, frequent sampling allowed us to relate
PEG-IFN-α-2a pharmacokinetics to HCV RNA kinetics, via mathematical modeling, and
identified viral kinetic and pharmacodynamic parameters that differed between SVR and non-
SVR cases, and genotype 1 and genotype 3 HCV.
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Patients and methods
The study was conducted at the University of São Paulo Hospital das Clínicas and was approved
by the ethics in research committee. All subjects gave written informed consent.

Patients and Therapy
Twenty-six HIV-HCV co-infected patients were included in the study. All participants had
well-controlled HIV infection with a CD4 count >300 cells/m3 and HIV-RNA level <10,000
cp/ml with or without highly active anti-retroviral therapy (HAART) for at least six months
prior to study entry (Table 1). None were HBsAg positive or had evidence of another cause of
chronic liver disease. All patients had a liver biopsy within 1-year of enrolling in the study,
which was evaluated by a single pathologist to whom the subjects’ identity and history was
hidden.

Patients received PEG-IFN-α-2a (180 µg/week) and weight based ribavirin (11 mg/kg/day) for
48 weeks. At the outset of treatment, patients were hospitalized for 48 hours in order to facilitate
blood sample collection. To standardize the treatment regimen, each dose of PEG-IFN was
given on Monday morning at 08:00. For the initial 4 weeks of treatment, patients took the PEG-
IFN under direct observation. At each visit, ribavirin was dispensed in a quantity sufficient to
last until the subsequent visit. Each patient received oral instructions and a written schedule
for medication and sample collection. The end-of-treatment response and SVR were evaluated
at 48 weeks and 72 weeks, respectively.

PEG-IFN-α-2a measurement
PEG-IFN-α-2a serum concentrations were measured at baseline, at 4, 8, 12, 18, 24, 30, 36 and
42 hours; on days 2, 3, 4, 7, 8, 15, 22, 29, 43, 57, and 84, using a quantitative sandwich interferon
enzyme-linked immuno-sorbent assay (ELISA, Bender MedSystems Diagnostics GmbH,
Vienna, Austria). Binding of (pegylated) interferon to a murine monoclonal antibody directed
against interferon adsorbed onto micro wells was detected by an HRP-conjugated monoclonal
anti-interferon antibody. Following 2 hours of incubation unbound complexes were removed
by washing (three times) after which tetramethyl-benzidine was used to determine the amount
of interferon in the sample. Absorbency was read using a spectro-photometer using 450 nm as
the primary wave length. Standards were prepared from diluted series of PEG-IFN in normal
human serum obtained from healthy volunteers. Patient sera and standards were tested in
triplicate, on the same plate. Although optical densities obtained were related to a standard of
pegylated interferon, the ELISA also may detect free recombinant interferon α-2a molecules
and natural interferon-α. The detection limit of the assay is 35 pg/ml and less than 5%
coefficient of variation.

HCV and HIV RNA Measurements and Sample Acquisition
Blood samples were collected as mentioned above. Serum was separated and aliquots were
frozen at −80° C. Samples collected through day 84 (week 12 of treatment) were used for
pharmacokinetic and pharmacodynamic analyses. All virologic assays were performed at
TriCore Reference Laboratories (Albuquerque, NM). The COBAS TaqMan HCV test (Roche
Molecular Systems Inc., Branchburg, NJ), with a detection range of 10 to 10,000,000 IU/ml
was used to measure HCV RNA levels. Samples above the detection range were diluted and
re-assayed. Hepatitis C genotyping was performed with the VERSANT genotype assay (LiPA;
Bayer Corp., Tarrytown, NY). The COBAS Amplicor HIV-1 Monitor test (version 1.5; Roche
Molecular Systems Inc.), with a detection range of 50 to 100,000 copies/ml, was used for HIV
quantification (Table 1).
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Mathematical Modeling
Pharmacokinetics—As detailed previously [18,25–27], the serum PEG-IFN concentration,
C(t), after the first dose given at time t = 0, and before the second dose, is

(Eq.1)

where the PEG-IFN dose, D, reaches the injection site immediately, is absorbed into the blood
with rate constant ka, is eliminated from the blood with rate constant ke, and is distributed
through a volume Vd. Only, a fraction, F, of the drug is bioavailable. According to Eq. (1), C
(t) is zero at t = 0, rises to a maximum concentration, Cmax, at t = tmax, and subsequently
decreases to zero over an extended time period (t >tmax). It follows from Eq. (1) that

(Eq.2)

The area under the curve (AUC) was measured by summing the rectangle areas during the first
dose (i.e., 7 days). Each area was measured by multiplying the average of two consecutive
PEG-IFN concentrations by the time between the corresponding time points.

For longer time periods, i.e., for the administration of multiple doses, the C(t) solution[25] was
used

(Eq.3)

where Id is the dosing interval and Nd = integer (t/Id)+1 is the number of doses until time t.
The first dose administered at t = 0. We set Id = 7 as PEG-IFN was given every 7 days. Eq. 3
was also used to check if the estimated pharmacokinetic parameters derived from Eq. 1 can
predict the PEG-IFN kinetics until week 12 of therapy.

Viral Dynamics
To analyze the observed HCV RNA decline patterns, the Neumann et al.[14] and the Dahari
et al. [22] models were extended, respectively, by allowing the drug effectiveness, ε, to vary
with PEG-IFN concentrations, C(t) (see Supplementary Material). To account for this variation
in PEG-IFN effectiveness, we used the standard pharmacodynamic model [18,26,27]

(Eq.4)

where the constant EC50 is the PEG-IFN concentration at which the drug’s effectiveness in
blocking viral production is half its maximum, n is a parameter called the Hill coefficient,
which determines how steeply the effectiveness rises with increasing concentration, and the
time delay τ takes into account that IFN must bind cellular receptors and initiate a signaling
cascade before a drug affect is observed.
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Data Fitting
Using nonlinear least-squares regression analysis (SPSS v. 17), we fitted the pharmacokinetic
model (Eq. 1) to the PEG-IFN concentration for the first week to estimate ka7, ke7, and FD/
Vd7 for each patient. In addition, we fitted the pharmacokinetic model for multiple doses, i.e.,
Eq. 3, to the PEG-IFN concentration for the first 12 weeks of treatment, using GraFit [28], to
estimate the pharmacokinetic parameters (i.e., ka84, ke84, and FD/Vd84) of the PEG-IFN
concentration C(t). Thus, we estimated the pharmacokinetic parameters for each patient based
on data measured during the first week and during the first 12 weeks of PEG-IFN treatment.

As previously described by Neumann et al. [14], we first estimated the initial viral load, V0,
and initial delay before viral decay, t0, and HCV clearance rate, c, by fitting a simple HCV
kinetic model, i.e., Eq. 4 in Neumann et al.[14], to the initial decline phase of viral load before
viral rebound (approximately 2 days post treatment initiation). These values, as well as the
values of ka84, ke84 and FD/Vd84 estimated by the pharmacokinetic model, were fixed when
the combined-pharmacodynamic models (see Eq. S1 and Eq. S2 in Supplementary Material)
were fitted to the data. First, we fitted the combined-pharmacodynamic model that includes
hepatocytes proliferation, i.e., Eq. S1, to each patient’s data and estimated the viral kinetic and
pharmacodynamic parameters (see Table S1 in Supplementary Material). We did not fit Eq.
S1 to the data of patients 3 and 15 in whom interferon-α concentration dropped from day 15
without evidence of non-adherence. We have recently showed that the estimate of productively
HCV-infected cell loss, γ, is dependent on the fraction of HCV-infected hepatocytes among
all susceptible hepatocytes, π, and the treatment effectiveness in slowing viral production, ε
[29]. It was suggested that in cases of biphasic viral decline with ε~1 or π <40% the standard
model of HCV infection [14] can be used to estimate δ. Thus, we re-fitted the data with a much
simpler model (i.e., combined-biphasic-pharmacodynamic model, Eq. S2), to estimate δ, and
EC50 whenever Eq. S1 predicted biphasic HCV decline (i.e, absence of a shoulder phase in
viral kinetics [in silico] post first week of treatment), together with maximum first-dose PEG-
IFN effectiveness, ε7max >95% or estimated fraction of HCV-infected hepatocytes, π <40%
(Table S1). Additional information on the relationships among ε, π, and δ, can be found in
Dahari et al. [29]. The delay τ was assumed to be equal to the initial delay t0. We fitted each
patient’s data to the combined-pharmacodynamic models, i.e., Eq. S1 and S2, with the Hill
coefficient, n, (range, 1 to 4) to determine the value of n that produced the best fit (i.e., the fit
with the smallest residual sum of squares) for each patient. Data from patients 18, 19, and 21,
in whom initial and/or final HCV RNA decline were not observed during 12 weeks of therapy,
was not fitted to the combined-pharmacodynamic models. For the parameters estimated by Eq.
S2, we calculated standard error, SE, (where ± ~2×SE corresponds to 95% confidence intervals)
using the Marquardt algorithm [28,30].

Statistical Analysis
Medians and interquartile ranges (IQR), the difference between the third and first quartile, were
calculated for all pharmacokinetic and pharmacodynamic parameters. Nonparametric methods
were used to compare baseline, pharmacokinetic, and pharmacodynamic parameters among
SVR, non-SVR, genotype 1 and 3 and race. To compare continuous variables and paired
samples, we used a 2-tailed Mann-Whitney U test. To compare categorical variables, we used
a 2-tailed Fisher exact test (SPSS v. 17). In all cases, a p value <0.05 was considered significant.

Results
Virological Response

Twenty-one patients completed the viral and pharmacokinetic portion of the study and provided
frequent blood samples after the first dose and on a weekly basis thereafter (24 hr after each
dose) until week 12 of therapy. We numbered the subjects according to their viral response:
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1–7 had SVR, 8–18 relapsed (i.e., HCV RNA was undetectable at week 48 and relapsed during
follow up), and 19–21 were nonresponders (i.e., HCV RNA was detectable at week 48). Five
patients (subject numbers 22–26) were excluded from the analysis of PEG-IFN
pharmacokinetics and pharmacodynamics because they dropped after completing 11 or 12
weeks of therapy. Their viral kinetics and baseline characteristics are shown in the
supplementary material (Fig. S2 and Table S2).

Adherence to treatment was generally good based on patient self-reports. Seven of 26 patients
(27%) achieved an SVR (Table 1). Only three patients (1, 2 and 7) were rapid virologic
responders (RVR) with undetectable HCV RNA levels at week 4 (Fig. 2A), and they were all
SVR and HCV genotype 3. Overall, RVR had a positive predictive value of 75% for SVR, a
negative predictive value of 76%, a sensitivity of 43%, and a specificity of 93%. Ten patients
(all genotype 3 subjects and 2 genotype 1) had complete early viral response (cEVR) with
undetectable HCV RNA levels at week 12 (Fig. 2). Overall, cEVR had a positive predictive
value of 60% for SVR, a negative predictive value of 91%, a sensitivity of 86%, and a specificity
of 71%. At the end of treatment (week 48), HCV RNA was below detection (<10 IU/ml) in
patients 1 through 18, whereas in patients 19–21 HCV RNA remained detectable (not shown).
During follow up, patients 8–18 relapsed. Among baseline characteristics, HCV genotype 3
was associated with SVR (Table 1). HCV RNA level, HIV RNA level, CD4+ cell count, age,
and weight were not significantly different between the SVR and non-SVR groups (Table 1).

Drug Concentration and Viral Profiles
Five patients (8, 9, 12, 14, and 20) had baseline IFN concentrations above the detection limit
(median 0.074 ng/ml) and all of them were non-SVR. Generally, PEG-IFN-α-2a concentration
peaked and then declined during the first week of treatment (Fig. 1). On average, serum PEG-
IFN levels peaked at 2.4 ± 1.8 days after the first dose at 12.9 ± 5.3 ng/ml, and decreased to
6.6 ± 3.6 ng/ml on day 7, immediately preceding the second dose. The pharmacokinetic profile
during the first dose differed in four patients; PEG-IFN concentrations remained very low (<0.2
ng/ml) in patient 18 and rapidly increased during the first 1–2 days followed by a plateau, or
increased until day 7 as in patients 7, 15 and 19 (not shown). The average PEG-IFN
concentration during week 1 (AUC [0, 7 days]/7) was 8.9 ± 3.5 ng/ml and 8.8 ± 3.5 ng/ml in
the SVR and non-SVR groups, respectively. Interestingly, at day 8 (24 hours after the second
dose), the median (range) PEG-IFN concentration of 15.8 (27.0) ng/ml was similar to the
median PEG-IFN concentration of 17.8 (26.0) ng/ml at week 12 (Fig. 1). Moreover, the median
PEG-IFN concentrations at day 8 and week 12 were not associated with SVR.

Generally, serum HCV RNA concentration changed inversely with PEG-IFN concentration
during the first week of therapy. After a delay of 0.1–1.1 days, HCV RNA declined from
baseline to a nadir of 0.96 ± 0.59 log10 at 1.7 ± 0.6 days. Thereafter, virus levels rebounded
by 0.55 ± 0.43 log10 (from nadir) to peak at 3.2 ± 0.8 days and then decreased again by 0.33
± 0.23 log10 at day 7. Following the second dose of PEG-IFN and until week 12, we identified
4 major viral kinetic patterns: (i) a second phase viral decline (patients 1–11 [Fig. 2], and 23–
25 [Fig. S1]), (ii) a second phase of viral decline followed by a viral plateau or viral increase
(patients 15 [Fig. 2B], 22 and 26 [Fig. S1]), (iii) a viral plateau or shoulder (for 1–3 weeks)
followed by a final phase of viral decline (patients 12, 13, 14, 16, 17 and 20 [Fig. 2B]), and
(iv) a viral plateau (patients 18 and 21 [Fig. 2B]) or late transient viral decline (Patient 19 [Fig.
2B]).

Pharmacokinetic Parameters—The availability of both PEG-IFN and HCV RNA
concentrations, in each patient, allowed us to relate drug pharmacokinetics to viral kinetic
profiles to gain a better understanding of viral-host-drug dynamics. We first estimated PEG-
IFN absorption, ka7, and elimination, ke7, rate constants and FD/Vd7 (see Patients and Methods)
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by fitting Eq. 1 to the data of each patient during the first 7 days of therapy (Table 2). In addition,
we fitted the multiple dose solution, i.e., Eq. 3, to the data of each patient during the first 84
days of treatment and re-estimated the pharmacokinetic parameters ka84, ke84, and FD/Vd84
(Table 2). Both fits (i.e., 7 days and 84 days) generated approximately the same parameter
estimates with overlapping standard errors (Table 2). Only in patients 5, 7, 10, 13 and 17, the
estimated parameters from fitting Eq. 1 to the 7-day data did not reproduce the PEG-IFN
concentrations from day 7 to day 84 (not shown). Overall, none of the parameters were
significantly different between the SVR and non-SVR groups (Table 2) or between genotype
1 and 3 (not shown). Interestingly, however, genotype 1 had a trend toward a higher Cmax7
(median (min-max) 12.5 (6.6–21.7) ng/ml) compared to genotype 3 (8.3 (5.8–15.4) ng/ml, [p
= 0.06]. In addition, genotype 1 non-SVRs showed a trend (p = 0.09) toward a lower Cmax7
(median (min-max) 11.8 (6.6–21.7) ng/ml), compared to genotype 1 SVRs (16.7 (14.0–19.4)
ng/ml).

Viral Kinetic and Pharmacodynamic Parameters—The modeling results (Table 3 and
Fig. 2) indicated that the maximum PEG-IFN effectiveness during the first week of therapy,
ε7max, and from week 4 to week 12 (where PEG-IFN reached its highest concentration),
εmax, and δ were significantly higher in SVR than in non-SVR cases (Table 3). An ε7max value
of 95% had a positive predictive value of 100% for SVR, a negative predictive value of 73%,
a sensitivity of 43%, and a specificity of 100%. A δ value of 0.26 (1/day) had a positive
predictive value of 100% for SVR, a negative predictive value of 79%, a sensitivity of 57%,
and a specificity of 100%. Patients infected with HCV genotype 1 had significantly lower first-
week PEG-IFN effectiveness, ε7aver compared to genotype 3 (median (IQR) 70% (46%) vs.
88% (12%) [p = 0.043]), however, εmax was not significantly different (p = 0.114). In addition,
genotype 1 patients had significantly lower δ compared to genotype 3 (median (IQR) 0.11
(0.08) vs. 0.21 (0.14) day−1 [p = 0.021]). The PEG-IFN concentration that decreased HCV
production by 50% (EC50) was lower in genotype 3 compared with genotype 1 (median (IQR)
1.3 (2.1) vs. 3.4 (11.5) [p = 0.034]). If the analysis is restricted to HCV genotype 1: δ, ε7max
and ε7aver were found to be higher (p = 0.034, p = 0.087 and p = 0.068, respectively) in SVRs
than in non-SVRs. These parameters did not differ when the analysis was restricted to HCV
genotype 3. Lastly, Black and White race did not have an effect on viral kinetic and
pharmacodynamic parameters and was not associated with outcome of therapy.

Discussion
We showed that the PEG-IFN-α-2a concentrations tended to peak around 2 days after the first
dose, then decreased only slightly by day 7, and reached near maximal concentrations 24 hours
after administration of the second dose (Fig. 1). However, neither PEG-IFN concentration nor
the pharmacokinetic parameters were found to be different between SVRs and non-SVRs. Our
results were in agreement with previous PEG-IFN-α-2a pharmacokinetic study in HCV
genotype 1 mono-infected patients [17] (Neumann A.U. unpublished data). Interestingly, the
lack of predictable pharmacokinetic factors was previously found in HCV/HIV co-infected
patients treated with PEG-IFN-α-2b [18,21]. The results suggest that neither PEG-IFN α-2a
nor α-2b concentrations can be used to predict treatment outcome. Using a model that includes
hepatocyte proliferation (Eq. S1) we were able to estimate the fraction of HCV-infected
hepatocytes [29,31], π, and predict the nature of the shoulder phase (or triphasic viral decay
pattern [22]) seen in several patients. Interestingly, while a shoulder phase was not observed
in SVRs, it appeared in 6 of 14 non-SVR patients (12, 13, 14, 16, 17 (who were relapsers), and
20 (who was a non-responder); Fig. 2B). Of note, HCV RNA was undetectable at the end of
treatment in these patients except in patient 20. Given that in patients 13, 16, and 17, PEG-IFN
concentration was much higher than EC50 (Fig. 2B), it is possible that these patients could have
benefited from longer therapy. Among the relapsers it is interesting to note that patients 8, 9,
and 11 seemed to have a good early viral response, i.e., HCV RNA dropped in a biphasic
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manner, high death/loss rate of HCV-infected cells (δ >0.12 day−1 as previously suggested
[14]), high ratio between PEG-IFN concentration and EC50, and undetectable viral load at week
12 (Fig. 2B). It was surprising that these patients did not achieve SVR. One possibility could
be the lack of continuous high drug effectiveness between weeks 12 and 48, as may have been
the case for patient 9 in whom the PEG-IFN concentration fell below EC50 at week 12 (Fig.
2B). It was not possible to discern whether non-adherence played a role in such cases. In other
relapse patients, such as 10, 12, 14 and 15, the fact that PEG-IFN concentration fluctuated close
to the EC50 may be an indication that these patients could have benefitted from a higher dose
of PEG-IFN or a more potent therapy.

Both Talal et al.[18] and Rozenberg et al. [21] described PEG-IFN-α-2b pharmacodynamic
and viral-kinetic parameters that might identify patients likely to achieve SVR as early as 3
doses of treatment. In the current study, we found that PEG-IFN-α-2a pharmacodynamic and
viral-kinetic parameter estimations during the first 3 doses of treatment (not shown) were
similar to the 12-dose estimations (Table 3) in patients exhibiting biphasic viral decline using
the standard model (Eq. S2). In cases of triphasic viral decline, later data points are needed in
order to estimate δ with the model that includes the proliferation of hepatocytes (Eq. S1).

A primary challenge in HCV management is the identification of factors that distinguish
between SVRs and non-SVRs, and that might be used for the early prediction of a successful
treatment outcome, especially in difficult-to-treat HIV/HCV-co-infected patients [7–10,13,
18,32]. In particular, HCV genotype 1 and 3 pose a challenge due to lower SVR rates for
genotype 1 and recent data suggesting an association between genotype 3 and more rapid
progression of fibrosis [33]. Here, we used HCV dynamic models that incorporate PEG-IFN-
α-2a pharmacodynamic and pharmacokinetic parameters to reproduce the changes in
effectiveness of drug during weekly doses. We found that the maximum PEG-IFN
effectiveness during the first PEG-IFN dose, ε7max, and the HCV-infected cell loss rate, δ, were
significantly higher in SVRs compared with non-SVRs; an ε7max value of 95% or a δ value of
0.26 (1/day) had positive predictive values of 100% for SVR. Patients infected with HCV
genotype 1 had significantly lower δ compared to genotype 3 and the drug concentration that
decreased HCV production by 50% (EC50) was lower in genotype 3 compared with genotype
1. These findings provide insight into determinants of SVR in HIV/HCV-co-infected patients
and identify potential early predictors of response that should be more fully evaluated in larger
studies. Lastly, it is important to note that triphasic viral decline has been observed with
combination therapy including new direct acting agents (e.g., Kieffer et al. [34] and Banbang
et al. [35]), Therefore, our study provides a framework for future modeling studies and may
help in developing more effective treatment strategies for hepatitis C.

In conclusion, the HCV infected cell loss rate (δ) and the maximum effectiveness of the first
dose of PEG-IFN (ε7max) differed by genotype and were predictive of SVR in HIV co-infected
patients. These key viral kinetic and pharmacodynamic parameters were estimated as early as
two weeks of therapy using conventional modeling in patients with a biphasic response. In
contrast, estimation of δ in patients with a triphasic response, which includes a flat phase
between the first phase and the final phase of viral decline, requires use of a new model that
includes hepatocyte proliferation and a more prolonged monitoring. Further studies are needed
to validate these viral kinetic parameters as early on-treatment prognosticators of response in
patients with HCV and HIV.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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List of Abbreviations

HCV hepatitis C virus

HIV human immunodeficiency virus

PEG-IFN Pegylated interferon

NPV negative predictive value

PPV positive predictive value

HAART highly active antiretroviral therapy
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Fig. 1. Median PEG-IFN-α-2a serum concentration during the first 12 weeks of treatment
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Fig. 2. PEG-IFN-α-2a serum concentrations and HCV-RNA levels during the first 12 weeks of
treatment in (A) SVRs and (B) non-SVRs
Graphs show drug concentration data (circles) and best-fit theoretical curve (Eq. 3, dashed line;
right axis, ng/ml) and HCV RNA data (squares) and best-fit curve (solid line) (left axis,
log10 IU/ml) from our combined triphasic or biphasic pharmacodynamic models (Eqs. S1 or
S2, respectively; Table 3). Estimated EC50 is represented by horizontal dotted-dashed line.
Gray squares indicate undetectable HCV RNA (<10 IU/ml). A 5-week version of these plots
is shown in the Supplementary Material file.
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