
10-1 .0 100 .0 101 .02 3 4 5 6 7 8 2 3 4 5 6 7 8 2

IC50 fold change

102

103

2

3

4

5
6
7
8
9

2

3

4

5
6
7

av
er

ag
e 

C
tr

ou
gh

 (
ng

)

w e ek 1 2

non-responder
responder

IC50 fold change

F. Xu1, S. Tomkins 2, D. Wille3, E. DeJesus4, M.B. Wire5, R. Elston1, M. Tisdale1

1GlaxoSmithKliine, Stevenage, United Kingdom, 2GlaxoSmithKliine, Greenford, United Kingdom, 3GlaxoSmithKliine, Harlow, United Kingdom, 
4Orlando Immunology Center, FL, United States of America, 5GlaxoSmithKliine, RTP, United States of America

Introduction

Methods

Results

Discussion

Conclusion

Fosamprenavir (FPV) is a HIV-1 protease inhibitor (PI), approved in the USA (LexivaTM ) and Europe 
(TelzirTM) for use in both PI-naïve and PI-experienced patients.

The emergence of resistance and in particular cross-resistance represents a major obstacle to 
successful long-term HIV treatment. The complexity of predicting cross-resistance has led to a need 
for improved methods of predicting the likelihood of virological response. The phenotypic inhibitory 
quotient (PIQ) is a method of relating patient’s plasma drug trough concentration and viral phenotype 
(IC50 fold-change) as a predictor of virological response (Casado AIDS 2003).

FPV boosted by ritonavir, twice daily (BID) is recommended for PI-experienced patients. The aim of this 
retrospective analysis was to evaluate the value of PIQ in predicting long-term virological response of 
PI-experienced patients receiving FPV/r BID. This analysis focused on the patients who were included 
in the previous genotypic inhibitory quotient (GIQ) analysis (Elston 2004, Xu 2004) and the patients who 
discontinued the PI for reasons other than virological failure were excluded. 

The authors would like to thank the patients, the investigators and the 908 study team.

Study: CONTEXT (APV30003) was a randomized phase III study comparing FPV/r once daily 
(1400mg/200mg, QD) and BID (700mg/100mg) to LPV/r (400mg/100mg BID) in PI-experienced 
patients in combination with two N(t)RTIs, but not NNRTIs. Patients had failed at least 1 PI regimen. 

Virological Response (VR): Defined as achieving <400 copies/ml and/or ≥1.0 log10 copies/ml reduction 
in viral load (VL) at Weeks 12, 24, and 48.

APV Concentration: APV Ctrough plasma levels (ng/mL) were determined at Week 4 and/or Week 8 
visits. The mean Ctrough concentration was calculated and used in PIQ calculations and correlation to 
clinical response.

IC50 (fold-change): Phenotypic assays were perform by ViroLogic, Inc. (ViroLogic Phenosense
AssayTM).

PIQ: Calculated as ratio of APV Ctrough (ng/mL) to Baseline (Day 1) IC50 (fold-change).

Phenotypic Sensitivity Score (PSS): Based upon susceptibility (ViroLogic Phenosense AssayTM, 
clinical cut-offs were used where available) to concomitant N(t)RTIs received during the first week 
on study

Statistical methods: To investigate the effect of the PIQ on the viral response a logistical regression 
model was applied with VL as a response and PIQ, initially, as a covariate. This was performed using 
SAS version 8.2 as a generalized linear model. Following our initial investigation, the effect of various 
covariates (Baseline viral load, CD4 and PSS) was explored and it was established that best responses 
could be obtained if PIQ was treated on a Log scale. This was then explored graphically.
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0.0000000.0001660.0004710.0000010.0000000.0001697: log PIQ + all

0.0000010.0005610.0009810.0000020.0000010.0005966: log PIQ

0.0000040.0001360.0002860.0000020.0000000.0000795: PIQ + all
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0.0000030.0002780.0004850.0000010.0000000.0000522: PIQ + bvl

0.0000040.0003510.0005310.0000080.0000020.0006511: PIQ

<400 copies/mL and/or ≥1 Log10
Population<400 copies/mL Population

From the graph it may be observed that more responders fell above PIQ =1000 and more non-
responders were below PIQ = 1000 although there was substantial scatter of responders and 
non-responders.

The increasing numbers of responders with increasing PIQ was observed at all time points. Week 12, 24 
and 48 for both <400 copies/mL and for the <400 copies/ml and/or ≥1 Log10 reduction in VL populations 
shown in Figure 2, as percentage (a.) and as number of subjects (b.). 

Note: The central diagonal line correspond to a PIQ 1000. The diagonals parallel correspond to multiples 
of this at PIQs of 125, 250, 500, 2000, 4000, and 8000.
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Further Analysis was Undertaken to Determine Odds-ratio for Predicting Response at Different 
PIQ Levels

At a threshold above 1000 the estimates and confidence limits () were: at Week 12 =1.48 (0.25–2.72), 
at Week 24 = 1.31 (0.03-2.57) and at Week 48 =2.4 (0.92-3.88) for the <400 copies/mL and/or ≥1 Log10
reduction in VL population.

At a threshold above 2000 the estimates and confidence limits () were: at Week 12 =2.25 (0.4–4.63), 
at Week 24 = 2.59 (0.45-4.71) and at Week 48 =2.57 (0.43-4.7) for the <400 copies/mL and/or ≥1 Log10
reduction in VL population.
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Further Evaluation of PIQ and Log PIQ

The PIQ values appeared to follow a log normal distribution and the use of log PIQ permitted a clearer 
understanding of the relation between PIQ and virological response as well as allowing for the effects of 
Ctrough and IC50 FC separately. (Figure1).
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Lack of Correlation between APV Ctrough Concentrations and Virological Response

The median APV Ctrough concentration was 1670 ng/mL (n=61, interquartile range 1230-2060 ng/mL).

No statistically significant association between Ctrough and virological response was observed. For 
virological response <400 copies /mL and/or ≥1 log10 drop in VL population, at Week 12 p=0.85 (n=56), 
Week 24 p=0.17 (n=50) or Week 48 p=0.59 (n=48).  For virological response < 400 copies /ml population 
at Week 12 p=0.65 (n= 53), at Week 24 p=0.44 (n= 54) and Week 48 p=0.9 (n=45).

Correlation between Baseline (Day 1) APV IC50 (fold-change) and Virological Response

The median fold-change in IC50 was 1.1 fold (n=58 interquartile range from 0.6 - 2.7).

Baseline Fold-change in IC50 showed a statistically significant association with virological response. For 
virological response <400copies/mL and/or ≥ 1 Log10 drop in VL population at Week 12 p=0.0057 (n=56), 
at Week 24 p=0.026 (n=50) and at Week 48 p=0.00002 (n=48,). For virological response < 400 copies 
/mL population at Week 12 p=0.009 (n=53), at Week 24 p=0.00005 (n=54) and at Week 48 
p=0.00002 (n= 45).

Correlation between PIQ and Virological Response

The median PIQ value was 1261 (n=59, interquartile range from 619-2364).

A strong statistical significant association between PIQ and virological response was observed 
suggesting that PIQ should significantly discriminate between responders and non-responders. For 
virological responses <400 copies/mL and/or ≥ 1 log10 drop in VL population at Week 12 p=0.00053 
(n=56), at Week 24 p=0.00035 (n=50), and at Week 48 p=0.00004 (n=48). For virological responses 
<400 copies /ml population at Week 12 p=0.00065 (n=53), at Week 24 p=0.000002 (n=54) and at 
Week 48 p=0.000008 (n= 45). 

Correlation between Baseline Viral Load (VL) and Virological Response, Lack of Correlation 
between Baseline CD4 or Baseline PSS and Virological Response

In addition, Baseline VL was shown to be significantly associated with virological response for the 
<400 copies/ml population at Week 12 (p=0.0023) at Week 24( p=0.0442) but just lost significance at 
Week 48 (p=0.0758). In the <400 copies/ml and/or ≥1log drop in VL population the association was not 
significant at any time point (Week 12 p=0.08, Week 24 p=0.2 and Week 48 p=0.23). Baseline CD4 and 
Baseline PSS for the NRTI therapy were not significant in either population at any time point analysed.

Observations from Statistical Modeling on PIQ Robustness 

Multiple logistical regression analysis was undertaken to analyse PIQ with Baseline VL, Baseline CD4, 
and Baseline PSS separately or all together, and converted to log PIQ for analysis with all 3 parameters 
together. PIQ response remained significant with either Baseline VL, baseline CD4, Baseline PSS for 
NRTI therapy and with all parameters analysed together (Table 1). In addition, with PIQ in the model BVL 
was significantly better than PIQ alone in the <400 copies /mL populations (p-values 0.0002, 0.0043 and 
0.0107 at Week 12, 24 and 48 respectively) but not in any of the <400 copies/ml and /or ≥1 log10 drop 
in VL populations (p-values 0.084, 0.173, and 0.16 at Week 12, 24 and 48 respectively). Both CD4 and 
PSS were not significant at the majority of time points (p-values >0.04 and 0.1 respectively). The level 
of statistical significance for PIQ (Table 1.) observed with BVL, and with all 3 parameters together 
clearly demonstrated that PIQ is robustly statistically significant in discriminating the responders and 
non-responders.

On the base of this retrospective analysis, PIQ was shown to have a statistical significant 
association with virological response and in predicting the long-term virological outcome 
to FPV/r BID in PI-experienced patients. This is consistent with the finding from previous 
GIQ analysis (Elston 2004, Xu 2004) that pharmacokinetic information together with 
genotypes and/or phenotypes can be predictive of response. 

The PIQ values appeared to follow a Log normal distribution and Log PIQ plots were 
used to help discriminate between responders and non-responders.

Baseline fold change in IC50 also showed a statistically significant association in 
discrimination of the virological response but the strength of the separation was weaker 
than with PIQ.

In multiple logistical  regression analysis, PIQ remained highly significant with Baseline 
VL, Baseline CD4, or Baseline PSS demonstrating the robustness of the PIQ analysis. 

Ability to predict accurate clinical cut-offs was limited by the spread of the IC50 resistance 
data, but the significant correlation between IC50 and response indicates that further data 
including higher fold change data should allow determination of clinical cut-offs.

In this analysis no adjustment was made for protein binding in the plasma trough 
concentrations since no comparisons were made with other PIs. For comparative 
data an adjustment of 10-fold lower Ctrough would be required resulting in 10-fold lower 
PIQ values.

Both PIQ and IC50 fold-change are significant predictors of virological response for 
FPV/r combination therapy at Weeks 12, 24 and 48 in PI experienced patients. 

PIQ was more robustly significant than IC50 fold-change in discriminating responders 
from non-responders.

Based on the limited spread of the resistance data from this study, clinical cut-off 
could not be accurately determined and will require additional data from other studies.
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Predictive Value of Phenotypic Inhibitory Quotient (PIQ) for Clinical 
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Table 1. Effect of PIQ (or Log PIQ) for differing Covariates 

Figure 1. Distribution of Log PIQ Values at Weeks 12, 24 and 48 
(<400 copies/mL and /or ≥1 Log10 deduction in VL population)

Figure 2. Association between PIQ and Virological Response
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