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The intensity and duration of a drugThe intensity and duration of a drug’’s s 
effects are a function of the drug dose and effects are a function of the drug dose and 

drug concentration at the effect sitedrug concentration at the effect site
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Monitoring DoseMonitoring Dose--EffectEffect

*  Level*  Level
-- Molecular (e.g, enzyme inhibition)Molecular (e.g, enzyme inhibition)
-- Cellular (Cellular (in vitroin vitro tissue culture, blood cells)tissue culture, blood cells)
-- Tissue or organ (Tissue or organ (in vitroin vitro or or in vivoin vivo))
-- OrganismOrganism

*  Endpoint used to measure effect may be *  Endpoint used to measure effect may be 
different at each leveldifferent at each level

*  Overall effect = sum of multiple drug effects *  Overall effect = sum of multiple drug effects 
and physiological response to drug effectsand physiological response to drug effects



DoseDose--Effect EndpointsEffect Endpoints

GradedGraded

QuantalQuantal

*  Continuous scale*  Continuous scale ((↑↑dosedose →→ ↑↑effect)effect)

*  Measured in a single biologic unit*  Measured in a single biologic unit

*  Relates dose to intensity of effect*  Relates dose to intensity of effect

*  All*  All--oror--none pharmacologic effectnone pharmacologic effect

*  Population studies*  Population studies

*  Relates dose to frequency of effect*  Relates dose to frequency of effect



Erythropoietin and AnemiaErythropoietin and Anemia

E chbachEschbach   JM et al. NEJM 316:73-8, 19878, 1987



DrugDrug--Receptor InteractionsReceptor Interactions



DoseDose--Effect RelationshipEffect Relationship



Graded DoseGraded Dose--Effect CurveEffect Curve



Log DoseLog Dose--Effect CurveEffect Curve



LidocaineLidocaine Graded DoseGraded Dose--EffectEffect

Ferr teFerrante t al. et al. Anes hAnesth algAnalg 9182:91--7, 19967, 1996



TheophyllineTheophylline DoseDose--EffectEffect

RabeRabe et al. et al. EurEur RespirRespir J 8:637J 8:637--42, 199542, 1995



MetforminMetformin DoseDose--ResponseResponse

Garber et al. Am J Med 102:491Garber et al. Am J Med 102:491--7, 19977, 1997



DoseDose--Effect ParametersEffect Parameters

PPOTENCYOTENCY::

EEFFICACYFFICACY::

The sensitivity of an organ or The sensitivity of an organ or 
tissue to the drugtissue to the drug

The maximum effectThe maximum effect



Comparing DoseComparing Dose--Effect CurvesEffect Curves



ThiopurineThiopurine CytotoxicityCytotoxicity

ThioguanineThioguanine
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Adamson et al. Leukemia Res 18:805Adamson et al. Leukemia Res 18:805--10, 199410, 1994



ReceptorReceptor--Mediated EffectsMediated Effects



Drug InteractionsDrug Interactions



Graded DoseGraded Dose--Effect AnalysisEffect Analysis

*  Identify the therapeutic dose/concentration*  Identify the therapeutic dose/concentration

*  Define site of drug action (receptor)*  Define site of drug action (receptor)

*  Classify effect produced by drug*  Classify effect produced by drug--receptor receptor 
interaction (agonist, antagonist)interaction (agonist, antagonist)

*  Compare the relative potency and efficacy of *  Compare the relative potency and efficacy of 
drugs that produce the same effectdrugs that produce the same effect

*  Assess mechanism of drug interactions*  Assess mechanism of drug interactions



QuantalQuantal DoseDose--Effect DistributionEffect Distribution



Cumulative DoseCumulative Dose--Effect CurveEffect Curve



Cumulative DoseCumulative Dose--Effect StudyEffect Study



Therapeutic and Toxic EffectsTherapeutic and Toxic Effects

IndicesIndices



Doxorubicin Doxorubicin CardiotoxicityCardiotoxicity

 H  t al. An  I tern d 91:710von Hoff et al. Ann Intern Med 91:710--  7, 1979



LidocaineLidocaine QuantalQuantal DoseDose--EffectEffect

e anFerrante e   et al. e tAnesth AnaAnalg 82:82:91-  7, 1996



Antihypertensive DoseAntihypertensive Dose--EffectEffect

s on Johnston harm olPharmacol TTher 55:5355:53--  93, 1992



Antihypertensive DrugsAntihypertensive Drugs



Dose Intensity in Breast CancerDose Intensity in Breast Cancer

RDIRDI
Hr iukHryniuk & B s  J  & Bush J Clin Oncol 2:  2:1281, 1984



Doxorubicin Dose in Doxorubicin Dose in OsteosarcomaOsteosarcoma

Sm h   I  Smith et al. JNCI 83:1460, 1993



Relating Dose to Effect Relating Dose to Effect In VivoIn Vivo

AgeAge
AbsorptionAbsorption
DistributionDistribution
Elimination Elimination 
Drug interactionsDrug interactions

Tissue/organ sensitivity Tissue/organ sensitivity 
(receptor status)(receptor status)



Effect Compartment (PK/PD Model)Effect Compartment (PK/PD Model)



Concentration and Effect vs. TimeConcentration and Effect vs. Time



Hysteresis and Hysteresis and ProteresisProteresis LoopsLoops



Role of DoseRole of Dose--Effect StudiesEffect Studies

*  Drug development*  Drug development
-- Site of actionSite of action
-- Selection of dose and scheduleSelection of dose and schedule
-- Potency, efficacy and safetyPotency, efficacy and safety
-- Drug interactionsDrug interactions

*  Patient management*  Patient management
-- Therapeutic drug monitoringTherapeutic drug monitoring
-- RiskRisk--benefit (therapeutic indices)benefit (therapeutic indices)



THE ENDTHE END





Endpoints to Monitor Drug EffectEndpoints to Monitor Drug Effect

FarnesyltransferaseFarnesyltransferase Inhibitors for CancerInhibitors for Cancer



ThiopurineThiopurine Metabolic ActivationMetabolic Activation
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Therapeutic IndicesTherapeutic Indices



Relative Dose IntensityRelative Dose Intensity



Oral Oral MercaptopurineMercaptopurine

B  e   lood 92:35Balis et al. Blood 92:356969-  77, 1998



PharmacodynamicPharmacodynamic ModelsModels

*  Fixed effect *  Fixed effect 
modelmodel

*  Linear model*  Linear model

*  Log*  Log--linear linear 
modelmodel

*  *  EEm xmax modelmodel

*  Sigmoid *  Sigmoid EEmaxmax 
modelmodel



Sigmoid Sigmoid EEmaxmax PD ModelPD Model



TheophyllineTheophylline PharmacodynamicsPharmacodynamics

i oMitenko   NE  289:600& Ogilvie NEJM 289:600--  3, 1973



CarboplatinCarboplatin PK/PDPK/PD

Van Echo et al. Van Echo et al. SeminSemin OncolOncol 16:116:1--6, 19896, 1989



CarboplatinCarboplatin Adaptive DosingAdaptive Dosing

D[mg / m2 ] = 0.091× CLCR[ml / min/ m2 ]×
prePlt − trgtPlt

prePlt
×100 − priorRx

⎛ 
⎝ 
⎜ ⎞ 

⎠ 
⎟ + 86

D[mg] = trgtAUC[mg• min/ ml]× (GFR[ml / min]+ 25)

D[mg / m2 ] = trgtAUC[mg • min/ ml]× (0.93 × GFR[ml / min/ m2 ] +15)

D[mg] = trgtAUC[mg• min/ ml]× (GFR[ml / min]+ (0.36 × BW[kg]))

ADULTSADULTS

CHILDRENCHILDREN


