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The clinical utility of phenotypic resistance data can be enhanced by evaluation of the levels of resistance associated with reduced 
treatment response. To defi ne clinical cutoffs (CCO) for multiple drugs in a consistent manner, we collected resistance, treatment, and 
virologic response data for patients treated with combination regimens. Quantitative phenotypic resistance levels were predicted by 
VirtualPhenotype™ analysis of viral genotype.

GOALS FOR CLINICAL CUTOFFS ON A RESISTANCE REPORT
●  Provide relevant guidance to clinician as to whether a drug is likely to be active for a specifi c patient
●  Treat all drugs consistently
●  Provide guidance that is applicable to diverse patient populations.

B A C K G R O U N D

STEP 1: SETUP OF CLINICAL DATABASE AND CREATION 
OF ANALYSIS DATA SET
MINIMUM CRITERIA FOR INCLUSION IN THE ANALYSIS DATASET

● Regimen change after resistance test
● Baseline sequence and viral load within 3 months of starting new regimen
● New regimen stable for >4 weeks
● No experimental ARV treatments for which FC cannot be predicted by 
VirtualPhenotype™
● Viral load assessment 8 and/or 24 weeks after beginning new regimen

CLINICAL DATASETS UTILIZED
● Clinical Cohorts

■  Chelsea and Westminster 
Healthcare NHS Trust, London, UK

■  BC Centre for Excellence in HIV/
AIDS, Vancouver, Canada

■  10,674 patient records reviewed
■  2,249 treatment regimens in 

analysis dataset

● Clinical Trials
■ Reafvirphen
■ Gilead 907
■ CREST
■ 2NN

■ GART
■ VIRA 3001
■ CERT

■  2352 patient records reviewed
■  907 treatment regimens in 

analysis dataset

CHARACTERISTICS OF ANALYSIS DATASETS (8 WEEK OUTCOME) 
FOR INDIVIDUAL DRUGS

RANGE (DRUG)
MEDIAN BASELINE VIRAL LOAD (LOG) 3.32 (TDF) – 4.71 (boosted IDV)
MEDIAN BACKGROUND CPSS 1.34 (ddC) – 2.58 (LPV/r)
# REGIMENS 24 (unboosted APV) - 1551 (3TC)
% COHORT DATA 21% (unboosted APV) - 83% (ddI – EC)
% WITH NO RESISTANCE MUTATIONS 14.5% (boosted APV) - 75% (EFV)

EXAMPLE: ANALYSIS DATASET FOR D4T
●  The viral load response data includes censored (<400 copies/ml) values. 

Parameters of the underlying uncensored distribution were estimated by maximum 
likelihood estimation in SAS (proc lifereg)

●  The viral load response data shown are corrected for baseline viral load and cPSS
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F O U R  S T E P  P R O C E S S  F O R  D E F I N I N G  C L I N I C A L  C U T O F F S

STEP 3: DETERMINATION OF CLINICAL CUTOFFS
APPROACH IS TO IDENTIFY TWO CUTOFFS/DRUG

●  “Lower” cutoff — FC at which response begins to be lost
●  “Upper” cutoff — FC at which response is essentially gone

SEVERAL DEFINITIONS POSSIBLE: SEE WINTERS, ET AL. FOR DETAILED 
EVALUATION OF DIFFERENT DEFINITIONS

●  FC associated with specifi c drops in viral load
●  FC associated with fractions of a “reference response” at FC = 1.0
●  FC that best separates “responders” from “non-responders”

DEFINING CLINICAL CUTOFFS BASED ON FRACTIONS OF EFFECT RANGE

Effect Range = Response at a reference FC value (e.g., 1.0) — Response at very high FC

A. CHANGE IN VIRAL LOAD VS FC
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PRELIMINARY VIRTUALPHENOTYPE™ CLINICAL CUTOFFS

DRUG

VIRTUALPHENOTYPE™ PREDICTED FC 
OF WILD TYPE CLINICAL ISOLATES 

VIROLOGIC RESPONSE 
20% REDUCTION 80% REDUCTION

AZT 0.8 1.8 17
3TC 0.8 1.1 2.6
D4T 0.7 1.3 3.4
ddI 0.6 1.3 3.6
ABC 0.6 1.6 5.8
TDF 0.8 1.2 2.5
IDV 0.7 1.2 3.4
IVD/r 3.5 25
NFV 0.9 1.1 2.2
SQV 0.6 1.1 2.0
SQV/r 1.6 12
AMP 0.6 1.2 3.4
AMP/r 1.5 6.8
LPV/r 0.8 6.9 56
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M A N Y  T H A N K S  T O …

●  The approach taken defi nes CCO in a uniform way, across 
multiple drugs, using response data from heterogeneous 
populations of patients treated with combination 
regimens.
■  CCO defi ned in reference to fractions of the effect range 

can be applied to diverse patient populations
■  The magnitude of the effect will vary (baseline VL, 

cPSS, Tx history)

●  VirtualPhenotype™ prediction of phenotype allows the 
estimation of phenotypic CCO using outcome data for 
which only genotypic resistance data is available.

●  These preliminary CCOs are specifi c for 
VirtualPhenotype™, which reduces the impact of 
individual phenotype assay variability

●  CCO developed in this study should assist clinicians in the 
selection of optimal treatment regimens.

C O N C L U S I O N S

STEP 4: VALIDATION OF PRELIMINARY VIRTUALPHENOTYPE™ CLINICAL CUTOFFS BY BOOTSTRAPPING — 90% CONFIDENCE INTERVAL 
OF 100 SAMPLES

ISSUES FOR NNRTIS
●  Polarization of FC values for neviripine
●  Extremely broad dispersal of FC values for efavirenz
●  Fundamental Issue: Baseline FC for NNRTIs may have little effect on treatment response to current NNRTIs in NNRTI experienced subjects
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EXAMPLES OF “SIMPLE” LINEAR REGRESSION MODELS OF 8 WEEK VIRAL LOAD RESPONSE AS A FUNCTION OF BASELINE PHENOTYPIC RESISTANCE. CURVES SHOWN ARE FOR 
SUBJECTS WITH A LOG BASELINE VIRAL LOAD = 4.0 AND A CPSS SCORE FOR THE BACKGROUND REGIMEN OF 2.0

● 3 approaches explored
■  Linear Regression (Drop in viral load)

general equation: 
LogVL dropi = β0 + β1 * Baseline Log(Vl)i + β2 * PSSi + β3 * (FC)ip + ξi

■  Logistic Regression (Response rate)
■  Classifi cation Trees (Response rate)

● Covariates considered
■  “Simple models”

• Baseline VL
• Background regimen
• Categorical PSS in fi rst round
•  Continuous PSS by CCO in subsequent rounds

■  “Complex models”
• Add Treatment history
• Evaluate Interactions

STEP 2: MODELING CLINICAL OUTCOME AS A FUNCTION OF BASELINE RESISTANCE AND OTHER VARIABLES

MODELS FOR NUCLEOSIDE(TIDE) RT INHIBITORS
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MODELS FOR PROTEASE INHIBITORS
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