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Abstract
Study Objective—To determine if the concomitant use of nelfinavir (NFV) and proton pump
inhibitors (PPIs) among HIV-positive individuals results in the loss of virologic control.

Design—Cohort study.

Setting—Kaiser Permanente Northern California (KPNC).

Patients—A total of 1,147 HIV-positive adults initiating NFV between November 1998 and June
2003 were included. The earlier date corresponds to the availability of the branched-DNA HIV
viral load assay at KPNC and the later date corresponds to over-the-counter availability of PPIs.

Measurements and Main Results—The effect on two virologic outcomes, achieving
undetectable HIV viral load and subsequent virologic rebound, were compared between subjects
receiving NFV alone and NFV with PPIs. Cox proportional hazard models were utilized with
adjustment for age, sex, race, HIV risk factors, hepatitis B or C co-infection, and other concurrent
medications known to affect the metabolism of NFV. The use of PPIs had little effect on the
ability to achieve an undetectable HIV viral load (adjusted hazard ratio (HR) = 0.82; 95%
confidence interval (95% CI) = 0.58, 1.19; p = 0.29), but there was an approximate 50% increased
risk of virologic rebound with the use of PPIs (adjusted HR = 1.53; 95% CI = 1.06, 2.19; p =
0.02). Short-term use of PPIs (defined as within 30 days of initial PPI dispensation) was not
associated with increased risk of virologic rebound (HR = 1.07; 95% CI = 0.26, 4.41; p = 0.93) in
comparison to no use.

Conclusion—Use of PPIs should be minimized or avoided in individuals who have attained an
undetectable HIV viral load on a NFV-based antiretroviral regimen. However, concomitant use of
these medications may be acceptable for indications where PPIs are required for < 30 days.
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Introduction
Gastrointestinal (GI) symptoms due to progressive deterioration of the general and local
immune system of the mucosa of the GI tract1-4 and disturbances in gastric acid secretion
due to morphological changes in parietal cells5,6 have been documented with a high
frequency in human immunodeficiency virus (HIV)-positive individuals. Additionally,
antiretroviral (ARV) medications, particularly the protease inhibitor (PI) class, have been
recognized as frequent causes of GI complaints leading to ARV discontinuation.7-9

Proton pump inhibitors (PPIs), available over-the-counter since 2003, are commonly used to
alleviate GI symptoms. Survey studies have indicated that approximately 30-40% of patients
receiving ARV therapy10,11, and as high as 65% among patients on a PI-based ARV
regimen12 have reported taking proton pump inhibitors (PPIs). Such high frequency of PPI
use, however, is concerning since there are known drug-drug interactions between PPIs and
PIs13-17 such as Nelfinavir mesylate (NFV, Viracept®; Agouron Pharmaceuticals, Inc., La
Jolla, CA), a PI used in combination with other ARV medications for the treatment of
HIV18.

Presently, options for treatment of GI disorders of individuals on a stable NFV-based
regimen are: 1) utilization of non-PPI acid-reducing agents, which may not be as effective as
PPIs; 2) modification of the patient’s ARV regimen, which may be difficult for patients
tolerating and adequately responding to NFV; or 3) concomitant use of the two agents, with
the hope that virologic control will not be lost. However, clinical data assuring virologic
control are lacking, which is particularly concerning given virologic failure can result in
disease progression and drug resistance and consequently may minimize future ARV
treatment options.19-21 It is therefore crucial to determine the clinical significance of this
interaction in order to inform clinicians and counsel patients regarding the risks associated
with the concomitant use of these medications. Thus, the objective of our study was to
establish the clinical significance, determined by time to undetectable HIV viral load and
time to virologic rebound, of the concomitant use of PPIs and NFV-based ARV regimens in
HIV-infected individuals.

Methods
Using a cohort design of NFV initiators, we determined the time to undetectability (< 75
copies/mL) and time to virologic rebound (HIV viral load ≥ 75 copies/mL after having
attained undetectability) among those with and without concomitant PPIs in HIV-infected
Kaiser Permanente Northern California (KPNC) members.

Setting, subjects, and follow-up
KPNC is a large integrated health care system that provides medical services to more than
three million members and that maintains an HIV registry of all known HIV-positive
members, as well as pharmacy, laboratory, and administrative databases. Approximately
97% of members obtain their prescription medications at the KPNC pharmacies, including
patients whose medications are covered through the Ryan White AIDS Drug Assistance
Program.
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We searched the KPNC pharmacy databases for all individuals who had initiated a NFV-
based ARV regimen from November 1, 1998 to June 20, 2003. The earlier date was chosen
a priori because the branched-DNA HIV viral load assay (lower limit of detection = 75
copies/mL) was introduced to KPNC in October 1998. The study end date was also selected
a priori to coincide with the Food and Drug Administration (FDA) approval date for the
over-the-counter availability of omeprazole (OMP) resulting in a complete capture of PPI
use based on pharmacy dispensation records. We utilized the KPNC HIV registry to gather
data on individual’s sex, date of birth, race, and HIV risk factors. Laboratory values, such as
CD4+ cell counts and HIV viral loads were obtained from the KPNC laboratory databases
and health plan membership dates were obtained from the KPNC administrative databases.

The study population included HIV-positive KPNC members who were 18 years or older
and who had received at least two dispensations of an FDA-approved dose of NFV (i.e.,
1250mg orally twice daily or 750mg orally thrice daily). Individuals who did not have a
recorded baseline HIV viral load prior to starting a NFV-based ARV regimen were
excluded. In order to ensure continuity in NFV use, subjects with evidence of NFV refill
delays of greater than 30 days were censored (refill delays were determined based on the
difference between the actual refill date and the expected refill date of NFV). Subjects were
followed until the earliest of the following: 1) discontinuation of NFV; 2) a coverage gap in
KPNC membership of three or more months; 3) a refill delay exceeding 30 days; 4)
attainment of study end point (undetectability or virologic rebound depending on the
outcome); or 5) end of the study (i.e., June 20, 2003, corresponding to the date when PPIs
became available over the counter).

Key predictors, outcomes, and covariates
Two approaches were used to classify PPI use, the primary predictor of interest. In both
approaches, an episode was defined as the period of time when an individual was considered
exposed or unexposed to PPIs. In the first approach, referred to as the “ever/never” analysis,
patients were assigned as always exposed to PPIs once prescribed (i.e., analogous to an
intention-to-treat analysis). Specifically, each patient contributed follow-up data to the NFV-
only group (unexposed episode) until a PPI was initiated, at which point they were assigned
to the NFV/PPI group (exposed episode) and remained in this group for the remainder of the
follow-up, regardless of PPI discontinuation (Figure 1). In the second approach, referred to
throughout the text as the “current use” analysis and analogous to an as-treated analysis,
subjects on NFV and a PPI contributed follow-up data to the NFV/PPI group (exposed
episode) only until 30 days after the last PPI refill in the episode was expected to run out
based on days supply. Therefore, in this analysis, a single individual could contribute
multiple exposure episodes to both groups depending on the presence or absence of PPIs.
The 30-day buffer period was added to the expected discontinuation date of the PPI in an
attempt to account for the PPI wash-out period, the possibility of as-needed PPI use during
and after the prescribed timeframe, and to allocate enough time for observation of possible
virologic rebound. Of note, in the ever/never and current use approaches, it was possible that
the initiation of NFV superseded the PPI use, in which case the individual would
automatically be included in the exposed group.

Two key outcomes were considered: time to virologic undetectability and time to virologic
rebound. For the virologic undetectability analysis, the start date was assigned as the date of
NFV initiation and undetectability within six months of starting NFV was assessed. Subjects
whose most recent HIV viral load test prior to NFV initiation was undetectable were
excluded. For the virologic rebound analysis, the start date was assigned as the date when
the individual’s HIV viral load first became undetectable (HIV viral load < 75 copies/mL).
For subjects whose most recent HIV viral load test prior to NFV initiation was undetectable,
the start date was assigned as the date of NFV initiation. Subjects were then followed until
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one detectable viral load or until they met one of the other data censoring criteria (defined
above). We determined these two outcomes within each analytic approach (i.e., ever/never
and current-use). Additionally, in the ever/never analysis, we determined risk of virologic
rebound for short-term (< 30 days) and long-term (≥ 30 days) PPI use in comparison to no
exposure in order to further investigate significant results.

Covariates in this study were age, race (non-White), HIV risk factor (intravenous drug use
[yes/no]), hepatitis B co-infection (diagnosis of chronic hepatitis B and/or a positive surface
antigen), hepatitis C co-infection (diagnosis of hepatitis C and/or a positive antibody or
RNA test), and the presence of other medications such as liver cytochrome P450 (CYP) 3A
inducers (bartiburates, carbamazepine, efavirenz, nevirapine, phenobarbital, phenytoin,
pioglitazone, rifabutin, rifampin, tipranavir), CYP 2C19 inhibitors (chloramphenicol,
cimetidine, felbamate, oxcarbazepine, fluoxtine, fluvoxamine, indomethacin, ketoconzole,
modafinil, probenicid, ticlopidine, topiramate), or other medications (H2 receptor
antagonists and anti-diarrheal medications).

Statistical analysis
Descriptive statistics were used to determine the baseline characteristics of the cohort for
both the viral undetectability and rebound analyses. Next, Cox proportional hazard models22

were utilized to estimate unadjusted and adjusted hazard ratios (HR) and 95% confidence
intervals (95% CI) for virologic outcomes using both approaches for classifying PPI use.
Adjusted models included covariates for PPI use, age, race, HIV risk factor, use of H2
receptor antagonists or anti-diarrheal medications, use of CYP 3A inhibitors, use of 2C19
inducers, and co-infection with hepatitis B or C. A two-sided p-value < 0.05 was considered
statistically significant. All analyses were performed using SAS software (v.9; SAS
Institute, Inc., Cary, North Carolina). We received approval for this study from the KPNC
Institutional Review Board with waiver of patient informed consent.

Results
We identified 1,465 eligible HIV-positive individuals who were listed in the KPNC HIV
registry, had received at least two dispensations of an FDA-approved dose of NFV, and
were ≥ 18 years of age. Study exclusions (which were not mutually exclusive) included 318
people without a baseline HIV viral load, with a lapse in KPNC membership of three
months or more after starting NFV, or with a > 30-day NFV refill delay between the first
actual refill date and the expected refill date, resulting in a final study population of 1,147
subjects. Within this cohort, 141 (12.3%) individuals were also prescribed PPIs at some
point during NFV use. HIV viral loads were assessed at a mean of 2.5 per person per year
and approximately 70% of the population received twice-daily dosing of NFV. Of the 1,147
individuals, 804 subjects were included in the time to undetectability analyses (343
individuals already had an undetectable viral load at baseline and therefore were not
included in this analysis), and 784 subjects were included in the rebound analyses (363
individuals did not achieved an undetectable viral load and therefore were excluded from
this analysis). Baseline characteristics of all subjects based on the analytic approach are
shown in Table 1.

Time to undetectability
In the ever/never analysis, 804 subjects contributed 29 undetectability events (i.e., HIV viral
load < 75 copies/mL) in 34.1 person-years of PPI exposure and 414 undetectability events in
432.2 person-years of no PPI exposure. The use of a PPI was associated with approximately
18% reduced hazard of achieving an undetectable HIV viral load which did not reach

Saberi et al. Page 4

Pharmacotherapy. Author manuscript; available in PMC 2011 May 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



statistical significance even after adjusting for covariates (HR = 0.82; 95% CI = 0.58, 1.19;
p = 0.29) (Table 2).

Similarly for the current use analysis, we observed 19 undetectability events in 24.9 person-
years of PPI exposure and 424 undetectability events in 441.3 person-years of no PPI
exposure. Here, we observed an adjusted HR of 0.65, which trended toward statistical
significance (95% CI = 0.40, 1.04; p = 0.07).

Time to rebound
For the ever/never analysis, we observed 34 rebound events in 91.9 person-years of PPI
exposure and 248 rebound events in 973.0 person-years of no PPI exposure. Exposure to
PPIs resulted in an increased likelihood of virologic rebound (HR (95% CI) = 1.51 (1.06,
2.17); p = 0.02), which remained statistically significant after adjusting for covariates (Table
2). To further investigate this significant result, we stratified follow-up into short-term (i.e.,
< 30 days) and long-term exposure to PPIs (i.e., ≥ 30 days). The risk of virologic rebound
due to short-term use of PPIs was 1.07 (95% CI = 0.23, 4.41; p = 0.93) in comparison to no
PPI exposure. Conversely, there was a 56% increased hazard of virologic rebound (HR =
1.56; 95% CI = 1.08, 2.26; p = 0.02) with long-term exposure to PPIs versus the unexposed
group.

In the current-use analysis, 784 individuals contributed 15 events in 49.0 person-years of
PPI exposure and 267 events in 1015.6 person-years of no PPI exposure. In contrast to the
ever/never results, a statistically significant association was not seen with the use of PPIs
and virologic rebound (HR (95% CI) = 1.16 (0.69, 1.96); p = 0.57). This association was
also not statistically significant in the multivariable model (Table 2).

Additionally, rebound analyses revealed an association between the use of CYP 3A inducers
with virologic rebound (HR (95% CI) = 1.31 (1.02, 1.67), p = 0.04), which was not
demonstrated with the use of non-PPI CYP 2C19 inhibitors (HR (95% CI) = 0.75 (0.51,
1.10); p = 0.14). Lastly, the relationship between race and all virologic outcomes did not
reach statistical significance (all p-values > 0.14).

Discussion
Here we demonstrate that the use of PPIs has little effect on the ability to achieve an
undetectable HIV viral load. However, initiation of PPIs in individuals who are virologically
suppressed on an NFV-based ARV regimen is associated with a 51% higher risk of virologic
rebound. Additionally, our study indicated that this increased risk for rebound was limited to
use longer than 30 days and that short-term use (i.e., < 30 days) of PPIs in patients on a
stable NFV-based ARV regimen may be associated with minimal risk of virologic rebound.

Little information is available on the clinical implications of drug-drug interactions between
most ARVs and acid-reducing agents;23 therefore, guidance for patient management relies
solely on pharmacokinetic interaction studies in HIV-negative volunteers. Based on these
studies17 and in spite of the lack of clinical research in HIV-positive volunteers, the co-
administration of NFV and PPIs is considered a major drug-drug interaction which can
result in the loss of virologic response and the development of drug resistance.18 Therefore,
the strength of our study is that we evaluated the clinical consequences of the co-
administration of these two medications and complemented the pharmacokinetic study17 that
initially revealed this drug-drug interaction.

We utilized two analytic approaches to determine the consequences of the use of PPIs in
subjects on a NFV-based ARV regimen. In the ever/never analysis, we took into account

Saberi et al. Page 5

Pharmacotherapy. Author manuscript; available in PMC 2011 May 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



that PPIs may be used on an as-needed basis and therefore the calculated duration of the
prescription may not be an accurate estimate of the timeframe that PPIs are actually taken.
In the current-use approach, we attempted to determine the effect of PPIs on virologic
outcomes assuming that patients actually took all doses of PPIs as prescribed. In both
analyses, the ability to achieve undetectability was modestly compromised; however, in the
ever/never analysis, patients who had filled a PPI prescription had an increased risk of
virologic rebound in comparison to those who had not. Interestingly and despite the results
in the ever/never analysis, the risk of virologic rebound in the current-use analytic approach
was not as prominent. We believe that there are two potential explanations: 1) individuals
were likely to have been using PPIs on an as-needed basis, therefore the date when the PPI
prescription was expected to run out was not an accurate reflection of the timeframe that
PPIs were actually taken; 2) the effect of PPIs on virologic rebound is likely to be
cumulative, hence the analysis of each exposure episode as a separate and unrelated event
may not have effectively revealed this association.

Distinct from other ARVs, NFV is metabolized by CYP 3A4 and CYP 2C19.24 The
catalysis of NFV by CYP 2C19 leads to the formation of a major pharmacologically active
metabolite, hydroxyl-t-butylamidenelfinavir (M8), which is as pharmacologically active as
NFV, in vitro.25-27 Similarly, PPIs, such as OMP, have a high affinity for CYP 2C19 and
competitively inhibit the activity of this isozyme.28 In one study, the increasing
concentrations of OMP in NFV-treated patients led to a 75-98% reduction in rates of M8
formation.29 An open-label two-period, single-fixed-sequence study conducted on 20 HIV-
negative subjects by Fang, et al revealed that the concomitant use of OMP (40 mg orally
every 24 hours) with NFV (1,250 mg every 12 hours) decreased the pharmacokinetic
exposure of NFV and M8 by 36-39% and 75-92%, respectively.17 The authors speculated
that the two main mechanisms of this interaction were: 1) suppression of gastric acid
secretion resulting in reduced NFV solubility (NFV demonstrates a pH-dependent solubility
and becomes insoluble at a pH of greater than four18 and OMP can result in a median
increase in gastric pH to approximately 4.530), and 2) competitive inhibition of CYP 2C19
by OMP resulting in a reduction in M8. The study concluded that the magnitude of this
interaction increases the likelihood of virologic rebound and therefore, NFV and OMP
should not be co-administered.

The co-administration of NFV and PPIs presents a unique interaction in that there are
numerous factors that can contribute to reductions in the NFV and M8 plasma
concentrations. Some of these factors include the subject’s race (activity of CYP 2C19 is
genetically controlled), CYP 3A4 inducers, CYP 2C19 inhibitors, and the presence of
diarrhea (reported in 14-20% of subjects taking NFV31). In a descriptive study, the authors
reported that Black and Asian subjects had lower median M8 concentrations as compared to
the Caucasian population.32 Conversely, in a subsequent study, little difference in antiviral
response was seen among two groups of poor and extensive CYP 2C19 metabolizers.26,33

Similarly, we did not observe any racial differences in the antiviral response in our study. In
the aforementioned study32, the concomitant use of CYP 3A4 inducers or CYP 2C19
inhibitors was associated with reductions in NFV and M8 concentrations. In our study, there
was a statistically significant association between the presence of CYP 3A4 inducers and
virologic rebound, which was not observed in the individuals who were prescribed non-PPI
CYP 2C19 inhibitors.

There are some inherent limitations to our study. We utilized a cohort design, which does
not allow for treatment assignment and therefore subject to potential selection biases or
residual confounding. However, due to the report of the pharmacokinetic drug-drug
interaction between PPIs and NFV17, their concomitant use is uncommon and therefore a
cohort design was the most appropriate approach for our objectives. While the strength of
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KPNC pharmacy database is the complete capture of pharmacy refill data, these data do not
represent the patient’s actual medication-taking behavior, especially for conditions where
PPIs were used on an as-needed basis. Nevertheless, by limiting the study period to the date
when PPIs became available over the counter and by using the ever/never versus the current-
use analysis we attempted to capture the collective and the exposure-specific consequences
of prescription PPIs on our primary outcomes. Similarly, we did not capture adherence to
specific components of the patients’ ARV regimen. In addition, while our estimated hazard
ratio for rebound associated with short term use was very close to the null, we note that the
confidence interval is relatively wide given sample size limitations. Finally, we were unable
to assess the presence of diarrhea and over-the-counter use of H2 receptor antagonists,
which may have resulted in lower NFV and M8 plasma concentrations. However, we
attempted to partially account for this issue by controlling for the presence of anti-diarrheal
prescriptions and prescribed H2 receptor antagonists.

With the availability of newer and better-tolerated PIs, the advent of novel classes of ARV
medications, and the change in the preferred regimens in the HIV treatment guidelines34, the
use of NFV in clinical practice in the United States has decreased. However, NFV continues
to be one of the most commonly used second-line PIs worldwide.35 Therefore, the
identification of clinically significant drug-drug interactions between this PI and other
medications commonly used by HIV-positive individuals remains a critical issue.

Conclusion
In summary, it has been established that HIV-positive individuals experience an elevated
frequency of GI symptoms attributable to multiple conditions, such as infections,
malignancies, medications, and disturbances in gastric acid secretion,1-9,35-41 and have a
high utilization rate of acid-reducing agents10-12. Heart burn, gastro-esophageal reflux, and
peptic ulcer have been reported as the major underlying causes for the use of PPIs and H2
receptor antagonists in HIV-positive patients.10 Currently, with the over-the-counter
availability of PPIs, access to these medications have become simple and tracking of their
use challenging. Due to these problems, as well as reports of numerous drug-drug
interactions with the concomitant use of PPIs and ARV medications15-17, future research
should investigate the expanding use of over-the-counter medications and the clinical
significance of these interactions in order to instruct clinicians and advise patients on the
risks and consequences of virologic failure. Additionally, health care providers should
regularly inquire about and document their patients’ over-the-counter medication usage in
order to safeguard against potential drug-drug interactions that may jeopardize HIV
treatment goals.

Despite the lack of difference in the ability to attain an undetectable HIV viral load, the
increased risk of virologic rebound once stabilized on a NFV-based regimen and following
PPI initiation is clinically significant. Thus usage in virologically suppressed individuals
should be minimized or avoided. For indication where PPIs are prescribed for a total
duration of less than 30 days, it seems reasonable to continue NFV and closely monitor HIV
viral load. However, for longer timeframes, the utilization of a non-PPI acid-reducing agent
or the modification of the patient’s ARV regimen may be better options.
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Figure 1.
Schematic of the Ever/Never (top) and Current-use (middle) approaches to classify PPI
exposure in comparison no PPI exposure (bottom)
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Table 1

Baseline Characteristics

Characteristic Time to Undetectable Analysis (n = 804) Time to Rebound Analysis (n = 784)

Age, n (%)

 <40 years 341 (42.4) 310 (39.5)

 40-49 years 277 (34.5) 281 (35.8)

 ≥50 years 186 (23.1) 193 (24.6)

Male gender, n (%) 707 (87.9) 682 (87.0)

Race, n (%)

 White 471 (58.6) 484 (61.7)

 Black 156 (19.4) 127 (16.2)

 Hispanic 117 (14.6) 102 (13.0)

 Other/unknown 60 (7.5) 71 (9.1)

HIV Risk Factors, n (%)

 MSM 422 (52.5) 427 (54.5)

 Heterosexual 141 (17.5) 133 (17.0)

 IDU 61 (7.6) 49 (6.3)

 Other/unknown 180 (22.4) 175 (22.3)

Hepatitis B, n (%) 58 (7.2) 55 (7.0)

Hepatitis C, n (%) 82 (10.2) 79 (10.1)

Mean baseline CD4+ cell count, n (%)a

 < 200 cells/mm3 323 (41.4) 224 (29.6)

 200-499 cells/mm3 342 (43.8) 333 (44.1)

 ≥ 500 cells/mm3 116 (14.9) 199 (26.3)

Mean baseline HIV RNA, n (%)a

 <75 copies/mL - 343 (43.8)

 75-999 copies/mL 158 (19.7) 105 (13.4)

 1,000-9,999 copies/mL 169 (21.0) 70 (8.9)

 ≥ 10,000 copies/mL 477 (59.3) 266 (33.9)

Twice daily dosing of Nelfinavir, n (%) 566 (70.4) 570 (72.7)

Proton Pump Inhibitor use, n (%)

 PPI use 89 (11.1) 103 (13.1)

  PPI initiated before NFV 41 (46.1)b 36 (35.0)b

  PPI initiated after NFV 48 (53.9)b 67 (65.0)b

Ever use of CYP 3A4 inducers, n (%) 301 (37.4) 224 (28.6)

Ever use of CYP 2C19 inhibitors, n (%) 76 (9.5) 85 (10.8)

Ever pregnant, n (%) 15 (15.5) 14 (13.7)

a
Baseline laboratory values are from prior to the initiation of nelfinavir

b
Calculated based on percentage of total PPI use
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