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In order to evaluate the potential risk of nelfinavir (NFV) accumulation in human immunodeficiency virus
(HIV)-hepatitis C virus (HCV)-coinfected patients with liver disease, we investigated the concentrations of NFV
and M8, the active metabolite of NFV, in plasma HIV-positive (HIV�) patients coinfected with HCV. A total
of 119 HIV� subjects were included in our study: 67 HIV� patients, 32 HIV� and HCV-positive (HCV�)
patients without cirrhosis, and 20 HIV� and HCV� patients with cirrhosis. Most of the enrolled patients
(chronically treated) were taking NFV at the standard dosage of 1,250 mg twice a day. To assay plasma NFV
and M8 concentrations, patients underwent serial plasma samplings during the dosing interval at steady state.
Plasma NFV and M8 concentrations were measured simultaneously by a high-performance liquid chromatog-
raphy method with UV detection. The HIV� and HCV� patients with and without cirrhosis had significantly
lower NFV oral clearances than the HIV� and HCV-negative individuals (28 and 58% lower, respectively; P <
0.05), which translated into higher areas under the concentration-time curves for cirrhotic and noncirrhotic
patients. The NFV absorption rate was significantly lower in cirrhotic patients, resulting in a longer time to the
maximum concentration in serum. The mean ratios of the M8 concentration/NFV concentration were signif-
icantly lower (P < 0.05) in HIV� and HCV� subjects with cirrhosis (0.06 � 0.074) than in the subjects in the
other two groups. The mean ratios for M8 and NFV were not statistically different between HIV� and
HCV-negative patients (0.16 � 0.13) and HIV� and HCV� patients without cirrhosis (0.24 � 0.17), but the
interpatient variability was high. Our results indicate that the pharmacokinetics of NFV and M8 are altered
in HIV� and HCV� patients, especially those with liver cirrhosis. Therefore, there may be a role for
therapeutic drug monitoring in individualizing the NFV dosage in HIV-HCV-coinfected patients.

More than one-third of human immunodeficiency virus
(HIV)-positive (HIV�) patients worldwide are coinfected with
hepatitis C virus (HCV), as these viruses share some of the
same modalities of transmission. Coinfection may reach a
prevalence in excess of 50% in selected populations and in
certain countries (9, 14, 22, 23). Patients coinfected with HIV
and HCV are more susceptible to progression to cirrhosis and
to end-stage liver disease than their monoinfected HCV-posi-
tive (HCV�) counterparts, as indicated by the increasing rates
of hospitalization and death caused by liver conditions in ob-
servational cohorts (19). Moreover, liver toxicity associated
with highly active antiretroviral therapy (HAART) is definitely
more frequent in patients coinfected with HCV or hepatitis B
virus (HBV) (7, 16, 21, 25).

Increased drug-associated liver toxicity in HIV-HCV-coin-
fected patients may be partially explained by the fact that
antiretroviral compounds are generally metabolized by the
liver and the changes induced by chronic viral infections hinge

on the different metabolic pathways involved in drug metabo-
lism. Unlike in renal failure (in which there is a linear corre-
lation between creatinine clearance and the levels of drugs in
plasma metabolized mainly by the kidneys), there is no stan-
dardized test to predict the effects of liver changes during
chronic hepatitis on drug elimination, since elevated liver en-
zyme levels reflect cellular damage more than they reflect
functional impairment (24).

As the liver damage progresses, the metabolizing capabilities
of members of the cytochrome P450 enzyme family decrease
(2) and increased concentrations of antiretrovirals are likely to
be found in plasma (27).

For some antiretroviral drugs, increased levels in plasma have
been shown to be associated with increased toxicity (6, 11, 12, 15).

Nelfinavir (NFV), like the other presently available protease
inhibitors, is extensively metabolized by the hepatic cytochrome
P450 system, mainly by the isoenzymes CYP3A4, CYP2C19,
and CYP2D6, into its main oxidative metabolite, hydroxy-t-
butylamide (M8). The generation of M8 appears to be exclu-
sively catalyzed by the CYP2C19 isoenzyme.

As expected for a drug that undergoes hepatic metabolism,
previous studies have suggested the potential risk of NFV
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accumulation in HIV-HCV-coinfected patients with liver dis-
ease, which may lead to higher toxicity rates (20, 26).

We investigated the levels of NFV and M8 in the plasma of
HIV-HCV-coinfected patients and compared the findings with
those for a control population.

MATERIALS AND METHODS

Study design. This was a multicenter pharmacokinetic trial with HIV� pa-
tients receiving HAART, including NFV plus two nucleoside reverse transcrip-
tase inhibitors (NRTIs). Study data were collected from 15 infectious diseases
centers in central and northern Italy (Ancona, Bolzano, Ferrara, Macerata,
Mantua, Mestre, Modena, Parma, Ravenna, Rimini, Trento, Treviso, Trieste,
Verona, and Vicenza) and were analyzed at the coordinating center, the Infec-
tious Diseases Department of San Matteo Hospital in Pavia. Pharmacokinetic
assays were centralized at the Pharmacology Department of the same institution.

Approval was first obtained from the institutional ethics committee of the
coordinating center (Pavia) and then from those at the other participating cen-
ters. All patients enrolled in the study signed a written informed consent before
they were started on any study procedure and were submitted to an accurate
physical examination. Biochemical, immunological, and virological tests were
performed at the baseline. Further liver function tests were carried out for the
patients identified as HIV-HCV coinfected. Cirrhosis, diagnosed by liver biopsy
or suggestive ultrasound imaging and biochemical plus clinical findings, was
classified according to the Child-Pugh score (18).

The patients enrolled in the study were thus divided into three groups: HIV-
HCV-coinfected patients without hepatic cirrhosis, HIV-HCV-coinfected pa-
tients with hepatic cirrhosis, and HIV� patients without HCV infection (control
subjects).

After the baseline procedures were performed, we assayed the patients’ plas-
ma for the concentrations of NFV and its metabolite, M8, as described below.

Study objectives. The primary aim of the pharmacological study was to eval-
uate the pharmacokinetic parameters for NFV and M8 and their variabilities in
HIV-HCV-coinfected patients and in HIV� controls with negative serologic
results for hepatitis.

Subjects. All adult HIV� patients (age range, 18 to 60 years) receiving NFV-
based HAART (NFV plus two NRTIs) for at least 1 month were considered for
enrollment in the study. This allowed the participation of both individuals re-
ceiving first-line antiretroviral therapy and experienced patients with a history of
previous HAART or dual NRTI regimens. All study participants were required
to sign a written informed consent, to attend the scheduled visits regularly, and
to adhere to the HAART regimen.

The exclusion criteria were (i) pregnancy or breast-feeding, (ii) abuse of
alcohol or other substances, (iii) therapy with drugs known to alter the pharma-
cokinetic parameters of NFV or to affect cytochrome P450 activity, (iv) therapy
with nonnucleoside reverse transcriptase inhibitors, and (v) unstable clinical
conditions (including HIV-related opportunistic infections and tumors).

Study drugs. Most of the patients enrolled in the study were taking NFV at the
standard dosage of 1,250 mg twice a day (b.i.d.).

NFV administration on the day that the samples were collected for pharma-
cokinetic analysis was not witnessed: the patients were asked to record the time
that they had last taken an NFV dose on the day before the visit.

Protease inhibitors other than NFV were not allowed in the protocol.
Sample collection. In order to assay plasma NFV and M8 concentrations,

patients (chronically treated) underwent serial plasma samplings (seven or more
times) during the dosing interval at steady state. Samples were collected at the
following times after NFV ingestion: 0 h (to measure the trough concentration
[Ctrough], i.e., the concentration just before NFV administration); 1, 2, 3, 4, 5, and
6 h; and 8 h for the regimen of NFV administration three times a day and 12 h
for the b.i.d. regimen.

As part of the standard counseling for patients receiving NFV, the specific
recommendation that the drug be taken with food was made before the start of
treatment and at each visit.

Plasma samples were separated, inactivated in a bath at 56°C for 45 min, and
then frozen at �20°C until analyses were performed. Plasma NFV and M8
concentrations were measured simultaneously by a modified high-performance
liquid chromatography method with UV detection (28) validated over concen-
tration ranges of 0.05 to 10.0 �g/ml for NFV and 0.03 to 5.0 �g/ml for M8 by
using 250 �l of plasma. The rates of recovery of NFV and M8 from human
plasma were 95.3 and 93.8%, respectively.

The intraday coefficients of variation of NFV and M8 quality control (QC)
concentrations were 9.8 and 9.5%, respectively, for the low QC concentration
and 7.2 and 8.4%, respectively, for the high QC concentration. The interday

coefficients of variation for NFV and M8 were 8.9 and 9.3%, respectively, for the
low QC concentration and 6.9 and 7.5%, respectively, for the high QC concen-
tration. The corresponding accuracy rates ranged from 96.7 to 108.3%.

Pharmacokinetic analysis. Noncompartmental pharmacokinetic parameters
were calculated by standard methods. The peak concentration (Cmax) was taken
as the maximum observed concentration in serum, and the time to Cmax (Tmax)
was taken as the sampling time when Cmax was observed. The areas under the
plasma concentration-time curve (AUCs) from 0 to 8 h (AUC0–8) for the 8-h
regimen and from 0 to 12 h (AUC0–12) for the 12-h regimen were calculated by
using the linear trapezoidal rule. The apparent oral clearance, corrected for body
weight [(CL/F) per kilogram of body weight, where F indicates oral bioavailabil-
ity], was obtained by dividing the ratio of the dose and the AUC by body weight.
The ratio of the M8 concentration in plasma to the NFV concentration in plasma
was also evaluated.

Statistical analysis. Demographic and pharmacokinetic data were summa-
rized as group means by using the standard deviation. Pharmacokinetic and
statistical calculations were performed with KINETICA (version 4.0) software
(INNAPHASE Corporation, Philadelphia, Pa.). One-way analysis of variance
was used to examine any differences in the values of the pharmacokinetic pa-
rameters between the three groups. A P value of �0.05 was considered statisti-
cally significant for all tests.

Data abstraction. Biochemical, virological, and clinical data were collected
from each patient’s clinical chart at every visit. Adherence was assessed with a
self-reported semiquantitative scale and covered the previous 2 weeks.

Cirrhosis diagnosis was based on either the liver biopsy report (grade 4 fibrosis
or cirrhosis) or clinical and ultrasonographic diagnostic criteria (liver surface nod-
ularity, caudate lobe hypertrophy, and changes in hepatic venous flow) (1, 5, 8).

RESULTS

One-hundred nineteen patients were enrolled in the study
and were subsequently divided into three groups according to
their biochemical and clinical characteristics: 67 were HIV�
without HCV coinfection, 32 were HIV-HCV coinfected with-
out cirrhosis, and 20 were HIV-HCV coinfected with cirrhosis.
Two patients were HCV-HBV coinfected (HBsAg and HBV
DNA positive). The results of liver biochemistry tests for the
three groups of subjects are summarized in Table 1.

All patients were at steady state for NFV treatment, which
was part of their antiretroviral regimen, at 1,250 mg b.i.d. (74%
of patients) or 750 mg three times a day (17% of patients).
About seven plasma samples were obtained from each patient
and were analyzed for NFV and M8 pharmacokinetics by val-
idated assays. The pharmacokinetics of NFV were measured in
all 119 subjects, while the pharmacokinetics of M8 were mon-
itored only in the last 71 consecutive patients enrolled after our
laboratory received the pure substance (courtesy of Pfizer Inc.).

The mean plasma concentration-time profiles for NFV in
HIV� and HCV-negative (HCV�) patients and in HIV� and
HCV� patients with and without cirrhosis are shown in Fig. 1;
the values of the main pharmacokinetic parameters are given
in Tables 2 and 3.

The HIV� and HCV� patients with and without cirrhosis
had significantly lower NFV CL/F than the HIV� and HCV�
individuals (28 and 58% lower, respectively; P � 0.05), which
translated into higher levels of systemic drug exposure in cir-
rhotic and noncirrhotic patients (Fig. 2). The AUCs for NFV
in HIV� and HCV� patients with and without cirrhosis were
about 2.5-fold and about 1.3-fold higher, respectively, than the
corresponding value observed in HIV� and HCV� patients.

In contrast, the AUCs for M8 were reduced by about 50%
and about 30% in HIV� and HCV� patients with and without
cirrhosis, respectively, but the changes were not statistically
significant.

The mean ratios of the M8 concentration/NFV concentra-

644 REGAZZI ET AL. ANTIMICROB. AGENTS CHEMOTHER.



tion were significantly lower (P � 0.05) in HIV� and HCV�
subjects with cirrhosis (0.06 � 0.074) than in the other two
groups. The mean ratios were not statistically different be-
tween the HIV� and HCV� patients without cirrhosis (0.16 �
0.13) and the HIV� and HCV� patients (0.24 � 0.17), but the
interpatient variability was high. Among the patients in the
HIV� and HCV� group, four patients had no measurable M8
concentrations.

For patients taking the b.i.d. NFV regimen, the mean peak
concentrations of NFV (after normalization to 1,250 mg/12 h)
were 4.7 � 2.0 �g/ml in HIV� and HCV� patients and were
higher (7.8 � 4.7 �g/ml; P � 0.05) in HIV-HCV-coinfected
subjects. The same trend was observed for Ctrough. When the
HIV� and HCV� group is considered, Cmaxs and Ctroughs
were markedly higher in the patients with cirrhosis (Cmax,
11.3 � 5.3 �g/ml; Ctrough, 6.6 � 3.6 �g/ml) than in those
without cirrhosis (Cmax, 5.6 � 2.5 �g/ml; Ctrough, 2.8 � 1.8 �g/
ml). After oral administration the maximum concentration of
NFV in plasma occurred significantly (P � 0.05) later (Tmax,
4.1 h) in HIV� and HCV� patients with cirrhosis than in
HIV� and HCV� patients without cirrhosis (Tmax, 2.9 h). The
Cmaxs and Ctroughs of M8 were markedly lower in HIV� and
HCV� patients with cirrhosis than in HIV� and HCV� pa-

tients without cirrhosis and HIV� and HCV� patients. The
median Tmax was about 3.6 to 4.1 h after oral administration in
all patient groups.

DISCUSSION

We evaluated plasma NFV levels in 67 HIV� patients, 32
HIV� and HCV� patients without cirrhosis, and 20 HIV�
and HCV� patients with cirrhosis.

The disposition of NFV in HIV-HCV-coinfected patients
was altered compared to that in the population infected only
with HIV. The plasma NFV concentrations were higher and
the CL/Fs were lower in the HIV-HCV-coinfected patients
than in the HIV� and HCV� patients. This result is consistent
with the data of Landman et al. (13). This difference appeared
to be even greater when cirrhotic patients were compared to
HCV� controls.

NFV is extensively metabolized by cytochrome P450 iso-
zymes and produces two main metabolites: its main active hy-
droxy-t-butylamide metabolite (M8) and a minor metabolite
(M1), which has not been shown to be active against HIV.
CYP3A4 and CYP2C19 are the main contributors to NFV
metabolism. CYP2C19 is a polymorphic enzyme that exclu-

FIG. 1. Plasma concentration-time curve for NFV in HIV� and HCV� patients and in HIV� and HCV� patients with and without cirrhosis.
Data are only for patients taking NFV every 12 h and were normalized to a regimen of 1,250 mg b.i.d.

TABLE 1. Baseline patient characteristics

Parameter HCV� (A) HCV� (B) HCV� with
cirrhosis (C)

Significance
(P � 0.05)

No. of patients 67 32 20
Sex (no. of males/no. of females) 46/21 24/8 12/8
Age (yr)a 41 � 8 42 � 6 41 � 6
Body wt (kg)a 68.1 � 12.0 69.9 � 13.0 63.1 � 10.0
ASTb concn (U/liter)a 24.0 � 14.6 47.8 � 30.8 71.3 � 38.1 A vs B, C vs A and B
ALT concn (U/liter)a 25.6 � 20.8 62.8 � 44.3 82.2 � 35.5 A vs B and C
No. of CD4� cells/�la 376.8 � 244.6 462.14 � 230.7 421.7 � 288.8

a Values are reported as means � standard deviations.
b AST, aspartate aminotransferase.
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sively catalyzes the conversion of NFV to M8, which is in turn
metabolized by CYP3A4.

NFV and M8 demonstrate similar antiretroviral activities on
the basis of the 50% effective concentration in vitro, and the
sum of the NFV concentration plus the M8 concentration in
plasma may represent the cumulative antiviral activity after
parent drug administration.

Disease states influence the metabolic capacity of the indi-
vidual and alter cytochrome P450-dependent drug elimination.
Not surprisingly, diseases with hepatic involvement are most
commonly associated with impaired drug elimination (3).

Several viral and bacterial infections have been associated
with impaired cytochrome P450-mediated drug metabolism.
During infectious disease episodes the mixed-function oxidase
system is depressed and the capability of the liver to metabo-
lize drugs can be compromised in both animals and humans.
This has been considered, at least partly, the result of cytokine
release, since interleukin-2, interleukin-4, and gamma inter-
feron have been shown to down-regulate the expression and
catalytic activities of cytochrome P450 enzymes and genes.
Some isoforms may be more susceptible than others to down-
regulation (i.e., a reduction in protein content, most likely due
to altered synthesis of the corresponding mRNA species), and
previous observations indicated that CYP2C19 is exquisitely
sensitive to the presence of liver disease (2). Therefore, HCV-
infected patients are likely to have an impaired P450-depen-
dent NFV metabolism (23).

The mechanisms of liver damage in HIV� individuals coin-
fected with HCV are not well understood. HCV infection is
not always associated with liver injury, since some HCV RNA-

positive subjects may have a normal liver histology and normal
liver biochemistry test results or may exhibit some degree of
liver damage. Twenty to 30% of people infected with HCV
have persistently normal alanine aminotransferase (ALT) lev-
els (17). Most HCV� individuals with persistently normal
ALT levels exhibit less serious disease progression and milder
disease. However, some of these patients with normal ALT
levels do not fit so neatly into this category, and a small per-
centage of these patients may have moderate to severe liver
damage.

Cirrhosis, a disease state most commonly associated with
impaired P450-dependent drug elimination, can markedly af-
fect the metabolic capacity to biotransform NFV. In our study,
the HIV� and HCV� patients with cirrhosis had a signifi-
cantly lower (weight-adjusted) NFV CL/F (58% lower; P �
0.001) than HIV� and HCV� individuals. Significant but less
marked reductions (28% lower; P � 0.05) were also seen in the
HIV� and HCV� patients without cirrhosis. Moreover, in
HIV-HCV-coinfected patients with cirrhosis, the NFV absorp-
tion rate was significantly lower, resulting in a longer Tmax.

M8 concentrations were markedly variable. CYP2C19 is a
polymorphic enzyme whose activity is related to a specific gene
sequence. This enzyme is completely deficient due to genetic
constitution in about 3% of Caucasian individuals (29), making
them pharmacokinetically like patients with liver disease with
respect to drugs such as NFV, which has a clinically estab-
lished CYP2C19-catalyzed metabolism. Therefore, changes
in M8 concentrations may be due to an inherited CYP2C19
deficiency, disease-related hepatic dysfunction, or enzyme
inhibition. While enzyme inhibition may be assessed from

TABLE 2. Values of main NFV pharmacokinetic parameters for the three groups of HIV� patientsa

PKb parameter

HIV� and HCV� (A) HIV� and HCV� (B) HIV� and HCV�
with cirrhosis (C) Significance

(P � 0.05)No. of
patients

Value of PK
parameter

No. of
patients

Value of PK
parameter

No. of
patients

PK
parameters

CL/F (liters/h/kg) 67 0.68 � 0.38 32 0.49 � 0.19 20 0.29 � 0.13 A vs B and C, B vs C
Ctrough (�g/ml)c 57 2.1 � 1.5 23 2.8 � 1.8 17 6.6 � 3.6 C vs B and A
Cmax (�g/ml)c 38 4.7 � 2.00 18 5.6 � 2.5 12 11.3 � 5.3 C vs B and A
Tmax (h)c 38 2.9 � 1.0 18 3.0 � 1.1 12 4.1 � 1.4 C vs B and A
AUC0–12 (�g � h/ml)c 38 32.21 � 10.81 18 40.25 � 17.64 12 85.95 � 44.70 A vs B and C, B vs C

a Values are reported as means � standard deviations.
b PK, pharmacokinetic.
c Data are only for patients taking NFV every 12 h; the values are normalized to 1,250 mg/12 h.

TABLE 3. Values of main M8 pharmacokinetic parameters for the three groups of HIV-positive patientsa

PKb parameter

HIV� and HCV�
HIV� and HCV�
without cirrhosis

HIV� and HCV�
with cirrhosis

No. of
patients

Value of PK
parameter

No. of
patients

Value of PK
parameter

No. of
patients

Value of PK
parameter

Ctrough (�g/ml)c 36 0.4 � 0.4 18 0.6 � 0.7 17 0.2 � 0.2
Cmax (�g/ml)c 18 1.4 � 0.9 15 1.4 � 1.1 13 0.8 � 0.6
Tmax (h)c 18 3.8 � 1.2 15 3.6 � 0.8 10 4.1 � 1.8
AUC0–12 (�g � h/ml)c 18 8.26 � 5.50 15 6.21 � 4.55 13 4.32 � 4.3
NFV � M8 AUC0–12 (�g � h/mL)c 18 39.02 � 14.03 15 46.71 � 21.34 13 90.74 � 51.34
M8 AUC/NFV AUC ratio 36 0.24 � 0.17 19 0.16 � 0.13 16 0.06 � 0.07

a Values are reported as means � standard deviations.
b PK, pharmacokinetic.
c Data are only for patients taking NFV every 12 h; the values are normalized to 1,250 mg/12 h.
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medical data, the differentiation between genetic and acquired
CYP2C19 deficiency would require genotyping or coadminis-
tration of a nonpolymorphically metabolized test substrate.
None of our patients was receiving drugs known to inhibit the
CYP2C19 enzyme.

The ratio of the M8 concentration/NFV concentration was
altered in HIV-HCV-coinfected patients with and without cir-
rhosis. The sum of the AUCs for NFV and M8 was found to be
lowest in the HIV� and HCV� group: the sum was 1.2-fold
higher in the HIV� and HCV� patients without cirrhosis
(P � 0.05) and 2.3-fold higher in the HIV� and HCV� pa-
tients with cirrhosis (P � 0.001) (Fig. 3). The increase in the
NFV concentrations in HIV� and HCV� patients with and
without cirrhosis appeared to be higher than the decrease in
the M8 concentrations, thus leaving the sum of the NFV con-
centration plus that of its active metabolite slightly and mark-
edly higher, respectively, than that in the control group. Most
of the intergroup difference in the sum of the NFV concentra-
tion and that of its active metabolite was due more to changes
in NFV concentrations than to changes in M8 concentrations.

Our results indicate that liver cirrhosis considerably changes
the pharmacokinetics of NFV and its active metabolite, M8, in
the HIV� and HCV� patients, who had higher plasma NFV
concentrations as a result of a lower CL/F than the HIV� and
HCV� patients. Such a change should not affect the interpre-
tation of the plasma drug concentrations, expressed as the
concentration of NFV plus that of its metabolite, in terms of
efficacy, because in vitro data indicate that NFV and M8 have
similar antiretroviral activities. On the other hand, more cau-
tion is needed when toxicity is considered, as M8 is less cyto-
toxic than NFV in vitro (10).

Our study was limited in that cirrhosis was defined by us-
ing uneven data from diagnostic imaging, clinical records, or,
when they were available, histological findings. Moreover, we
grouped together individuals with different Child-Pugh scores,
and this could have masked the real impact of different disease
stages on the pharmacokinetics of NFV. However, only 2 of 14
patients belonged to Child-Pugh class B, and 1 patient be-
longed to Child-Pugh class C and had had many episodes of
liver decompensation before enrollment in the study. The fact
that two other patients were also infected with HBV may add
to the population heterogeneity, but their liver function tests
showed no significant differences from those for the rest of the
group.

Even with these limitations, our findings can help define the
NFV disposition characteristics in different populations of
HIV-HCV-coinfected subjects.

The latest available guidelines maintain that hepatopathic
patients are among those most likely to benefit from thera-
peutic drug monitoring (http://aidsinfo.nih.gov). Our results
demonstrated large interpatient variations in the relationship
between the NFV dose and plasma NFV concentrations in
subjects with different degrees of liver impairment. Therefore,
the application of pharmacokinetic analysis to hepatopathic
patients might greatly decrease the changes in the plasma NFV
concentration. The assumption of a clear relationship between
the NFV concentration and the pharmacological effect has
been demonstrated only in terms of antiretroviral efficacy in
HIV� drug treatment-naı̈ve patients and not in terms of tox-
icity (4). The development of diarrhea, the most common side
effect of NFV, has not been shown to correlate with plasma
NFV levels (20). This does not mean that other adverse events

FIG. 2. Distribution of NFV CL/F in HIV� and HCV� patients and in HIV� and HCV� patients with and without cirrhosis. Bars indicate
mean values.
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may not be related to increased NFV exposure in the medium
or long term. In fact, at least one report (26) has linked high
plasma NFV levels and lipodystrophy.

In conclusion, there may be a role for therapeutic drug
monitoring in individualizing the NFV dosage in HIV-HCV-
coinfected patients who, as demonstrated, often have high
plasma drug levels. This may lead to the long-needed individ-
ualization of antiretroviral drug dosing, with a significant re-
duction in costs, pill burden, and, possibly, long-term treat-
ment-related toxicities.
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