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Primary nelfinavir (NFV)-associated resistance mutations
during a follow-up period of 108 weeks in protease inhibitor
naive patients treated with NFV-containing regimens in an
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Abstract

Background: Nelfinavir (NFV) is a widely prescribed HIV-1 specific protease inhibitor (PI). However, there are only
a few reports that have described the long-term effects of NFV-containing regimens, especially with regard to the
emergence of drug resistance in inner-city clinics. Objectives: The aim of this study was to investigate the clinical and
virologic responses to treatment with NFV-containing regimens for up to 108 weeks and determine the timing and rate
of emergence of primary NFV-resistance associated mutations in daily clinical practice. Study design: A cohort study in
an inner-city clinic. Our study included 51 consecutive patients who were PI-naive and commenced therapy in February
1997 through April 1999. Results and conclusions: The proportions of patients who continued the same therapeutic
regimen and showed virologic success (viral load <400 copies/ml) up to 108 weeks were 78 and 63%, respectively, based
on intent-to-treat analysis. Among patients with a viral load persistently >400 copies/ml at week 12 (n=30), 11
developed primary NFV-resistance associated mutations by 108 weeks (stratified log-rank test; P <0.05). The Cox
proportional hazard model showed that prior use of reverse transcriptase inhibitors (n = 22) (relative hazard (RH);
2.10, 95% CI; 0.67—6.62), prior AIDS diagnosis (n = 6) (RH; 1.70, 95% CI; 0.37-7.77), CD4 < 200/ul at baseline (n =
19) (RH; 2.48, 95% CI; 0.78-7.81) and viral load > 30,000 copies/ml at baseline (n = 21) (RH; 2.10, 95% CI; 0.67-6.62)
were not independent predictors of the NFV.resistance, although some tendency was noted. In total, 77% of the
patients continued NFV-containing treatment without the NFV-resistance for 108 weeks. The viral load at week 12
could be used as a predictor of treatment success in our cohort study.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Morbidity and mortality related to HIV-1
infection have markedly diminished in those
countries in which highly active antiretroviral
therapy (HAART) is available (Egger et al.,
1997; Hammer et al., 1997; Palella et al., 1998;
Murphy et al, 2001). Among the six HIV-1-
specific protease inhibitors (PI) approved as of
2001, nelfinavir (NFV) is often prescribed because
of its very active antiviral and clinical efficacy
(Easterbrook et al., 2001). Therefore, NFV is
frequently used as the control drug in many
clinical trials of investigational drugs (Podzamczer
et al,, 2001; Ruane et al., 2001), as well as salvage
therapy in those patients in whom initial therapies
had failed (Seminari et al., 1999; Roca et al., 2000;
Albrecht et al., 2001). However, there are only a
few reports that have described the long-term
effects of NFV-containing regimens (Gathe et al.,
2000), especially with regard to the emergence of
drug resistance in inner-city clinics.

In clinical trials, the selection of participants is
not only based on specific inclusion criteria of
trials, but also on adherence to the designed
regimens to achieve maximum clinical effect (Pa-
terson et al.,, 2000). Therefore, virologic success
(viral load <400 copies/ml) has been described in
such trials to occur in 70-90% of patients (Ham-
mer et al., 1997, Markowitz et al., 1998; Ruane et
al., 2001). However, in daily clinical practice,
patients form a heterogeneous group of indivi-
duals with various demographic, behavioral and
clinical features. Therefore, the clinical effects of
HAART in such situations have been reported to
be considerably less successful compared with
clinical trials (Fatkenheuer et al., 1997; Lucas et
al., 1999; Mocroft et al., 2000).

In the absence of suppression of viral load
during treatment with NFV-containing regimens,
selection and accumulation of NFV-associated
resistance mutations is inevitable (Patick et al.,
1998; Tebas et al, 1999). The majority of the
initial substitutions emerged in NFV-containing
regimens and included aspartic acid (D) to aspar-
agines (N) substitution at residue 30 (D30N) and/
or from leucine (L) to methionine (M) at residue
90 (L90M) of the PR gene (primary mutation of

NFV resistance) (Hirsch et al., 2000). In this
regard, the L90M mutation causes cross-resistance
to saquinavir (SQV) (Hirsch et al., 2000), which
reduces the clinical effects of subsequent regimens
including SQV (Gatanaga et al., 1999; Tebas et al.,
1999). _

The aim of the present study was to investigate
the timing and rate of emergence of NFV-resis-
tance in clinical practice. For this purpose, we
retrospectively investigated the clinical and virolo-
gic outcomes in Pl-naive otherwise unselected
patients treated with NFV-containing regimens
for up to 108 weeks.

2. Materials and methods
2.1. Study design and patients

Consecutive patients who were Pl-naive and
commenced treatment containing NFV between
February 1997 and April 1999 at the AIDS
Clinical Center, International Medical Center of
Japan were included in this study. Patients visited
our clinic once a month where, in addition to
clinical examination, CD4 counts and viral load
were determined. Before starting any anti-HIV
regimens, we extensively provided all patients with
detailed information regarding the importance of
treatment, the method of taking many pills,
possible adverse events and strategies to deal
with such effects and finally, the importance of
full adherence to treatment and regular visits by
doctors and coordinator nurses. In our clinic,
almost all patients agreed to participate in retro-
spective clinical studies and serum stocks from
residues of routine examinations of blood chem-
istry for such future studies were maintained after
obtaining a signed informed consent. The institu-
tional ethics committee approved this study in
August 2001. Then, a retrospective analysis of the
medical records by the end of May 2001 was
completed in August 2001. Thus, the follow-up
period of this study was 108 weeks. Most patients
were treated with 1250 mg NFV twice daily,
combined with two reverse transcriptase inhibitors
(RTI). Adherence and adverse events were re-
corded at each visit. Adverse events were graded
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according to the rating scale of the ACTG (Divi-
sion of AIDS, 1996).

2.2. Measuremeni of viral load and CD4 count

Plasma viral load was measured in our hospital
by using the Roche Amplicor assay kit (Roche
Diagnostic Systems, Branchburg, NJ) version 1.0
by September 1999 and version 1.5 thereafter.
Since the detection limit of these two kits is
different, any viral load recorded as <400
copies/ml was considered undetectable viral load
was transformed to logig values. CD4 count was
analyzed using standard flow cytometry techni-
ques.

2.3. Sequence analysis

Sera were stored at —80 °C. Sequence analysis
of the protease gene was performed using the
method described previously (Gatanaga et al.,
1999). Total RNA was extracted from 80 pl of
serum by the SMITEST EX-R&D (Genome
Science Laboratories, Fukushima, Japan) and the
pellet was resuspended in 25 pl of RNA-free water.
The RNA was reverse transcribed at 50 °C for 30
min and subjected to the first polymerase chain
reaction (PCR) with primers DRPO1 (sense) and
DRPO?2 (antisense) using one-step RNA PCR Kit
(TaKaRa, Kyoto, Japan) followed by the second
PCR with primers DRPO3 (sense) and DRPO4
(antisense). Each procedure consisted of 30 cycles
of denaturing at 94 °C for 30 s, annealing at 50 °C
for 30 s and extension at 72 °C for 30 s. Primer
sequences of DRPOI, 2, 3 and 4 were as follows,
respectively: DRPO1, 5-CCAACAGCCCCAC-
CAGA-3 (MN pol positions, 2152-2168),
DRPO2, 5-ATTTTCAGGCCCATTT TTTGA-
3 (MN pol positions, 2711-2691), DRPO3, 5'-
AGCAGGAGACGATAGACAAGG-3' (MN pol
positions,  2213-2233) and DRPO4, J5'-
CTGGCTTTAATTTTACTGGTA-3* (MN pol
positions, 2592-2572). PCR products were di-
rectly submitted to sequence analysis using an
automatic sequencer (model 377, Applied Biosys-
tems, Foster City, CA) and the Dye Terminator
Cycle Sequencing Ready Reaction Kit (Applied
Biosystems) using the conditions recommended by
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the supplier. The nucleotide sequence was trans-
lated to the amino acid sequence by the GENE-
TYX-WIN version 4.0 (Software Development,
Tokyo, Japan). Sequence data were compared to
the HIV-1 clade B consensus sequence.

2.4. Definition of virologic success and time of
sequence analysis

Suppression of the viral load to <400 copies/ml
at 12 weeks after the commencement of treatment
was considered as successful treatment (virological
success) and the causative virus was considered
free of primary mutations. All sera at baseline
were sequenced to confirm that there were no
primary NFV resistance-associated mutations
(D30N and/or L90OM). If viral load was > 400
copies/ml at 8 weeks after the commencement of
treatment, a genotypic resistance assay was per-
formed at that stage and every 4 months thereafter
until the primary mutations were detected.

2.5. Statistical analysis

CD4 count and viral load were recorded every
month. Analyses were censored every 4 months. If
CD4 count and viral load were not available at the
censored time, data of 1 month earlier were used.
Primary efficacy was assessed based on virologic
success. Rate of virologic success was analyzed by
the intent-to-treat principle. The time to various
outcomes, such as time to virologic success, time to
discontinuation of treatment and time to emer-
gence of NFV-resistance mutations, were esti-
mated using the Kaplan—Meier analysis and
compared using the stratified log-rank test. The
Cox proportional hazard model was used to
estimate event rate ratios with 95% CI for poten-
tial predictors of emergence of resistance muta-
tions. These included prior AIDS diagnosis, prior
RTI therapy, CD4 < 200/l at baseline and viral
load over 30,000 copies/ml at baseline. The Wil-
coxon signed-rank test was used to assess changes
in CD4 and viral load after treatment. All reported
P values are two-tailed and P <0.05 was consid-
ered significant. Analyses were performed using
StatView software package version 5.0 (SAS
Institute, Cary, NC).
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3. Results
3.1. Baseline characteristics

We identified 51 patients who were Pl-naive,
commenced treatment with NFV-containing regi-
mens and followed their clinical courses for at least
108 weeks as of May 2001. No other selection
criteria were used to enroll patients in this study.
Table 1 shows the baseline characteristics of these
patients. CD4 count at baseline varied from 1 to
680/l (median; 237/pl) and viral load also varied
from undetectable ( <400 copies/ml) to 6.4 log;,
copies/ml (median: 4.3 log;, copies/ml). Six pa-
tients (12%) had histories of AIDS-related illnesses
before commencement of NFV therapy. Twenty-
two patients (43%) had used RTI in the past. Thus,
our population sample was very heterogeneous
with regard to CD4 count and viral load at
baseline, prior RTI therapy and prior AIDS

Table 1
Baseline characteristics of participating patients

Parameter Patients (n = 51)
Mean age in years (range) 36 (20-71)
Males n (%) 45 (88)
Ethnic group n (%)

Japanese 48 (94)
Asian other than Japanese 24
Hispanic 1(2)
Route of transmission n (%)

Male homosexuals 31 (60)
Heterosexual 10 (20)
Hemophilia 10 (20)
CD4 count, median (range) 237 (1-680)
cells/pl

Plasma viral load, median
(range) log 10 copies/ml

4.3 (undetectable—6.4)

Previous AIDS defining ill- 6 (12)
nesses n (%)

RTI-experienced n (%) 22 (43)
Drugs combined with nelfinavir n (%)
Stavudine (d4T)+lamivu- 21 (41
dine (3TC)

Zidovudine (AZT)+3TC 18 (35)
AZT +zalcitabine (ddC) 7 (14)
DA4T +didanosine (ddI) 3 (6)
AZT+ddlI 2 (4)

RTI, reverse transcriptase inhibitor.

diagnosis, but all patients were PI-naive and the
majority were Japanese.

3.2. Continuation of original treatment regimens

All patients survived at week 108. Estimated
probabilities of continuation of the original regi-
men at weeks 48 and 108 were 86% (95% CI; 76.8 -
95.7%) and 78% (95% CIL; 67.1-89.7%), respec-
tively (Fig. 1). During the course of follow-up, 11
patients changed their original regimens (Table 2).
Among them, five discontinued their regimens due
to grade III adverse events (including four who
developed generalized drug eruption within 2
weeks of commencement of therapy and one
developed liver toxicity at week 76) and six
patients changed their regimens because of virolo-
gic failure, all of whom harbored viruses with
resistance mutations before failure.

3.3. CD4 count and virologic responses

Fig. 2 shows the mean increase in CD4 count
from baseline. The mean increase of CD4 count
(95% CI) at weeks 24, 48, 72 and 108 were 93/ul
(61-124/ul), 129/pl (94—164/ul), 168/ul (120-215/
ul) and 166/ul (116--217/ul), respectively. At each
time point, the mean increase in CD4 count from
baseline was significant (P < 0.05). The rate of
virologic success (viral load <400 copies/ml) at
week 108 was 63% by intent-to-treat analysis (Fig.
3). The median decrease +S.D. of viral load at
weeks 24, 48, 72 and 108 from baseline were —
1.38+0.84, —1.544+091, —1.494091 and —
1.51+0.99 log)o copies/ml, respectively. The de-
crease in viral load from baseline was significant
(P <0.05) at each time point.

3.4. Emergence of resistant mutations

Time to emergence of primary NFV-resistance
mutations, D30N and/or L90OM, is shown in Fig.
4(A). The earliest emergence at D30N was 9 weeks
after commencement of therapy and at LOOM was
48 weeks. In three cases, L90M was added to
D30N harboring mutants. In total, 12 of 51
patients (24%) had D30N and/or L90M substitu-
tions up to 108 weeks. When virologic success was
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Fig. 1. Kaplan—Meier estimates of the time to discontinuation of nelfinavir-containing regimens.

established at week 12, all patients except one (16
of 17 patients) continued the same regimen up to
108 weeks without any primary resistance muta-
tions. In contrast, the viral load of 30 patients
remained > 400 copies/ml at week 12 (four
patients had already discontinued their original
regimens due to drug-related eruption by week 2;
Table 2). Among them, 11 had resistance muta-

Table 2
Patients who discontinued NFV-containing therapeutic regimen

tions by 108 weeks (the stratified log-rank test;
P <0.05) (Fig. 4B) and seven patients changed
their regimens due to treatment failure. When
patients were stratified into the antiretroviral-
naive (n=29) (ART-naive) and PI-naive but
RTlI-experienced (n = 22), the resistance mutations
tended to appear earlier in the RTI-experienced
group than in the ART-naive group (Fig. 4C).

Pt Original regimen*  Discontinuation of original regimen

Replacement regimen

Resistant mutations (detected at week)

At week Reason

1 AZT/ddl 2 Drug eruption AZT/ddI/SQV None

2 AZT/3TC 2 Drug eruption No therapy None

3 AZT/3TC 2 Drug eruption AZT/3TC/SQV None

4 d4T3TC 2 Drug eruption No therapy None

5 d4T/ddlI 76 Liver toxicity No therapy None

6 AZT/ddC 73 Virologic failure DAT/3TC/RTV/SQV  D30N (16)
7 d4T/ddl 25 Virologic failure d4T/dd/RTV/SQV D30N (12)
8 AZTI3TC 63 Virologic failure d4T/3TC/IRTV/SQV D30N (47)
9 AZT/3TC 28 Virologic failure d4T/3TC/RTV/SQV D30N (16)
10 d4T/3TC 34 Virologic failure d4T/ddl/IDV D30N (9)
11 d4T/3TC 78 Virologic failure AZT/dd/APV L90M (76)

AZT, zidovudine; ddI, didanosine; ddC, zalcitabine; d4T, stavudine; 3TC, lamividine; NFV, nelfinavir; IDV, indinavir; SQV,

saquinavir; RTV, ritonavir; APV, amprenavir; D, aspartic acid; N, asparagine; L; leucine; M, methionine.

* Combined with NFV.
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Fig. 3. Percentage of patients with plasma viral load <400
copies/ml.

However, the rates of emergence of resistant
mutations were not statistically different (P =
0.188). Table 3 shows the results of univariate
Cox analysis for potential predictor of emergence
of drug resistance. Although some factors had
trends with approximately two-fold greater rate
for drug resistance, none of the factors correlated
with the emergence of NFV-associated resistance.
This finding was probably due to the small number
of patients who developed drug resistance.

4, Discussion

We described the rate of emergence of NFV-
resistance virus in PlI-naive patients treated with
NFV-containing regimens for up to 108 weeks in
an HIV clinic cohort. In most clinical trials, the
main outcome measure is viral suppression (vir-
ologic success) to undetectable level over a certain
period of time (Staszewski et al., 1999; Grabar et
al.,, 2000a; Gulick et al., 2000). However, such
clinical trials did not refer to the emergence of
drug resistance. Thus, this is the first study to
investigate factors involved in drug resistance in
daily clinical practice.

In the present study, rate of virologic success
(viral load <400 copies/ml) was 63% at week 108
by ITT exposure. This rate is lower than the results
of several clinical trials (Staszewski et al., 1999;
Paredes et al., 2000) but quite similar to the results
of unselected cohort studies (Fatkenheuer et al,,
1997; Mocroft et al., 1998; Rhone et al., 1998;
Paris et al., 1999; Grabar et al., 2000b). The most
important predisposing factor for the virologic
success is adherence to treatment (Lucas et al.,
1999; Paris et al., 1999; Paterson et al., 2000).
However, in daily clinical practice, patient popula-
tion is heterogeneous in terms of clinical status,
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