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MMoonniittoorriinngg  DDoossee--EEffffeecctt  
LLeevveell  

MMoolleeccuullaarr  ((ee..gg,,  eennzzyymmee  iinnhhiibbiittiioonn))  
CCeelllluullaarr  ((iinn  vviittrroo  ttiissssuuee  ccuullttuurree,,  bblloooodd  cceellllss))  
TTiissssuuee  oorr  oorrggaann  ((iinn  vviittrroo  oorr  iinn  vviivvoo))  
OOrrggaanniissmm  

 
EEnnddppooiinntt  uusseedd  ttoo  mmeeaassuurree  eeffffeecctt  mmaayy  bbee  ddiiffffeerreenntt  aatt  eeaacchh  lleevveell  

 
OOvveerraallll  eeffffeecctt  ==  ssuumm  ooff  mmuullttiippllee  ddrruugg  eeffffeeccttss  aanndd  pphhyyssiioollooggiiccaall  
rreessppoonnssee  ttoo  ddrruugg  eeffffeeccttss  
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DDoossee--EEffffeecctt  EEnnddppooiinnttss  
 
 

GRADED  Continuous scale (dose ® effect) 
 Measured in a single biologic unit 
 Relates dose to intensity of effect 

 
QUANTAL  All-or-none pharmacologic effect 

Population studies 
Relates dose to frequency of effect 
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EErryytthhrrooppooiieettiinn  aanndd  AAnneemmiiaa  

 
 
Chart showing peak hematocrit increment (%) over Erythropoietin Dose [units/kg] 
 
Example of Dose-Effect curve. 
 
Eschbach et al. NEJM 316:73-8, 1987 
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DDrruugg--RReecceeppttoorr  IInntteerraaccttiioonnss  

 
 
Graphic illustration of drug-receptor complex with ligand-binding and effector domains. 
 
 
 
Effect = Maximal effect x [Drug] 
                     (KD + [Drug] 
 
                     (KD = k2/k1) 
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DDoossee--EEffffeecctt  RReellaattiioonnsshhiipp  

 
 
Effect = Maximal effect x [Drug] 
                     (KD + [Drug] 
 
 
Effect = Maximal effect   [Drug]   
                                       KD  + [Drug] 
 
 
Effect = Maximal effect        if [Drug]>>KD 
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GGrraaddeedd  DDoossee--EEffffeecctt  CCuurrvvee  

 
 
Chart showing % of Maximal Effect over Drug concentration. 
 
Graphic illustration of EC50. 
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LLoogg  DDoossee--EEffffeecctt  CCuurrvvee  

 
 
Chart showing % of maximal effect over log drug concentration. 
 
Graphic illustration of EC50. 
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LLiiddooccaaiinnee  GGrraaddeedd  DDoossee--EEffffeecctt  

 
Chart showing analog pain score over Lidocaine blood level [μg/ml] 
 
Ferrante et al. Anesth Analg 82:91-7, 1996 
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TThheeoopphhyylllliinnee  DDoossee--EEffffeecctt  

 
 
Chart showing % control over Theophylline [μM] for bronchial smooth muscle relaxation 
and PDE inhibition. 
 
Rabe et al. Eur Respir J 8:637-42, 1995 
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MMeettffoorrmmiinn  DDoossee--RReessppoonnssee  

 
 
Chart showing decrease in FPG from placebo [mg/dl] and decrease in HbA from 
palacebo (%) over dose [mg/d] 
 
Garber et al. Am J Med 102:491-7, 1997 
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DDoossee--EEffffeecctt  PPaarraammeetteerrss  

 
 
POTENCY: The sensitivity of an organ or tissue to the drug 
 
 
EFFICACY:   The maximum effect 
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CCoommppaarriinngg  DDoossee--EEffffeecctt  CCuurrvveess  

 
 
 
Chart showing % of maximal effect over [Drug] for Drugs A, B, and C.  Illustration of 
different potency and efficacy. 
 
 
 
Effect = Maximal effect x [Drug] 
                          KD + [Drug] 
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TThhiiooppuurriinnee  CCyyttoottooxxiicciittyy  
 
 
Chart showing % cytotoxic effect over Thiopurine [M] (thioguanine and mercaptopurine). 
 
Adamson et al. Leukemia Res 18:805-10, 1994 
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RReecceeppttoorr--MMeeddiiaatteedd  EEffffeeccttss  

 
Chart showing % maximum effect over [Drug] for agonist, partial agonist and antagonist 
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DDrruugg  IInntteerraaccttiioonnss  

 
 
Chart showing % of maximal effect over [Drug] for agonist, agonist + competitive 
antagonist, and agonist + non-competitive antagonist 
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GGrraaddeedd  DDoossee--EEffffeecctt  AAnnaallyyssiiss  

 
IIddeennttiiffyy  tthhee  tthheerraappeeuuttiicc  ddoossee//ccoonncceennttrraattiioonn  
 
DDeeffiinnee  ssiittee  ooff  ddrruugg  aaccttiioonn  ((rreecceeppttoorr))  
 
CCllaassssiiffyy  eeffffeecctt  pprroodduucceedd  bbyy  ddrruugg--rreecceeppttoorr  iinntteerraaccttiioonn  ((aaggoonniisstt,,  
aannttaaggoonniisstt))  
 
CCoommppaarree  tthhee  rreellaattiivvee  ppootteennccyy  aanndd  eeffffiiccaaccyy  ooff  ddrruuggss  tthhaatt  pprroodduuccee  tthhee  
ssaammee  eeffffeecctt  
 
AAsssseessss  mmeecchhaanniissmm  ooff  ddrruugg  iinntteerraaccttiioonnss  
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QQuuaannttaall  DDoossee--EEffffeecctt  DDiissttrriibbuuttiioonn  

 
 
Frequency histogram of subjects responding to threshold dose in a population. 
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CCuummuullaattiivvee  DDoossee--EEffffeecctt  CCuurrvvee  

 
 
Cumulative % of subjects responding over dose 
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CCuummuullaattiivvee  DDoossee--EEffffeecctt  SSttuuddyy  

 
 
Dose Level No. of Subjects No. Responding % Response 
1   10   0   0 
2   10   1   10 
3   10   3   30 
4   10   5   50 
5   10   7   70 
6   10   8   80 
7   10   9   90 
8   10   10   100 
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TThheerraappeeuuttiicc  aanndd  TTooxxiicc  EEffffeeccttss  

 
 
Chart showing % responding over dose for therapeutic and toxic effects. 
 
Graphic illustration of ED50, ED99, TD1 and TD50. 
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DDooxxoorruubbiicciinn  CCaarrddiioottooxxiicciittyy  

 
 
Chart showing probability of CHF over total doxorubicin dose [mg/m2] 
 
 
von Hoff et al. Ann Intern Med 91:710-7, 1979 
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LLiiddooccaaiinnee  QQuuaannttaall  DDoossee--EEffffeecctt  

 
 
Chart showing % achieving complete analgesia over total lidocaine dose (mg) 
 
ED50 = 400 mg,  ED90= 490 mg 
 
Ferrante et al. Anesth Analg 82:91-7, 1996 
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AAnnttiihhyyppeerrtteennssiivvee  DDoossee--EEffffeecctt  

 
 
    Dose Range [mg]  Lowest Effective Dose [mg] 
Drug         Early Studies    Present Dose 
 
Propranolol  160-5000 160-320   80 
Atenolol  100-2000 50-100    25 
Hydrochlorthiazide 50-400  25-50    12.5 
Captopril  75-1000 50-150    37.5 
Methyldopa  500-6000 500-3000   750 
 
 
Johnston Pharmacol Ther 55:53-93, 1992 
 

 24



  
AAnnttiihhyyppeerrtteennssiivvee  DDrruuggss  

 
 
Chart showing % with maximal effect over log dose showing desirable dose range, dose 
range most often used, and adverse effects. 
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DDoossee  IInntteennssiittyy  iinn  BBrreeaasstt  CCaanncceerr  

 
 
Chart showing response rate (%) over relative dose intensity 
 
Hryniuk & Bush J Clin Oncol 2:1281, 1984 
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DDooxxoorruubbiicciinn  DDoossee  iinn  OOsstteeoossaarrccoommaa  

 
 
 
 
Chart showing % with >90% necrosis over dose intensity (mg/m2/wk) 
 
 
Smith et al. JNCI 83:1460, 1993 
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RReellaattiinngg  DDoossee  ttoo  EEffffeecctt  IInn  VViivvoo  

 
 
                                         Effect Site_______    
     Dose    Concentration →      EFFECT 
                                       
                           ↑    ↑ 
      Pharmacokinetics   Pharmacodynamics 
 
 Age                               Tissue/organ sensitivity 
 Absorption   (receptor status) 
    Distribution 
 Elimination  
 Drug interactions 
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EEffffeecctt  CCoommppaarrttmmeenntt  ((PPKK//PPDD  MMooddeell))  

 
 
 
 
Graphic illustration of a 2-compartment PK model with an effect compartment (PK/PD). 
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CCoonncceennttrraattiioonn  aanndd  EEffffeecctt  vvss..  TTiimmee  

 
 
 
Chart showing Non-steady state - Conc./Amount over time in central, peripheral, and 
effect compartments. 
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HHyysstteerreessiiss  aanndd  PPrrootteerreessiiss  LLooooppss  

 
 
Hysteresis Loop     Proteresis Loop 
(Counterclockwise)       (Clockwise) 
 
Equilibration delay in      Tolerance 
plasma and effect site conc. 
 
Formation of active     Receptor tachyphylaxis 
metabolite. 
 
Receptor up-regulation 
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RRoollee  ooff  DDoossee--EEffffeecctt  SSttuuddiieess  

 
DDrruugg  ddeevveellooppmmeenntt  

SSiittee  ooff  aaccttiioonn  
SSeelleeccttiioonn  ooff  ddoossee  aanndd  sscchheedduullee  
PPootteennccyy,,  eeffffiiccaaccyy  aanndd  ssaaffeettyy  
DDrruugg  iinntteerraaccttiioonnss  

 
PPaattiieenntt  mmaannaaggeemmeenntt  

TThheerraappeeuuttiicc  ddrruugg  mmoonniittoorriinngg  
RRiisskk--bbeenneeffiitt  ((tthheerraappeeuuttiicc  iinnddiicceess))  

 32



  
EEnnddppooiinnttss  ttoo  MMoonniittoorr  DDrruugg  EEffffeecctt  

 
 
Farnesyltransferase Inhibitors for Cancer 
 
 
 
LEVEL ENDPOINT 

Molecular Farnesyltransferase inhibition 
Cellular Proliferation rate, apoptosis 
Tumor Response (change in tumor size) 
Organism Survival, quality of life 
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TThhiiooppuurriinnee  MMeettaabboolliicc  AAccttiivvaattiioonn  

 
 
Chemical structures 
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TThheerraappeeuuttiicc  IInnddiicceess  

 
 
 
Therapeutic Ratio = TD50 = 2.5 
                                    ED50 

 
Certain Safety Factor = TD1  = 1.3 
                                         ED99 
 
 
Standard Safety Margin = TD1- ED99 X 100 =  31% 
                                                                            ED99 
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RReellaattiivvee  DDoossee  IInntteennssiittyy  

 
 
              R.D.I. 
Regimen Drugs  Dose Rate       Drugs         Regimen 
    mg/m2/wk 
 
    Cyclo  350    1   
CAF-1    Doxo   15    1   1 
    FU   250    1   
    Cyclo  125    0.36   
CAF-2    Doxo   12.5    0.83   0.56 
      FU   125    0.50   
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OOrraall  MMeerrccaappttooppuurriinnee  

 
 
 
Chart indicating MP AUC [μM x hr] over MP Dose (mg/M2).  AUC =  Dose x F 
               Clearance 
 
Balis et al. Blood 92:3569-77, 1998 
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PPhhaarrmmaaccooddyynnaammiicc  MMooddeellss  

 
FFiixxeedd  eeffffeecctt  mmooddeell  
 
LLiinneeaarr  mmooddeell  
 
LLoogg--lliinneeaarr  mmooddeell  
 
EEmmaaxx  mmooddeell  
 
SSiiggmmooiidd  EEmmaaxx  mmooddeell  
 
 
 
Effect = E0 + S x [Drug] 
 
Effect = I + S xLog([Drug]) 
 

EEffffeecctt  ==   
EECC5500 + +  [[DDrruugg]]HH  

EEmmaaxxxx[[DDrruugg]]HH  
HH  
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SSiiggmmooiidd  EEmmaaxx  PPDD  MMooddeell  

 
 
Two graphs, both indicating effect (%) over drug.  The graph on the left indicates H = 5, 
H = 2, H = 1, H = 0.5 and H = 0.1 with  EC50 equal for all.  The graph on the right 
indicates EC50 on log scale. 
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TThheeoopphhyylllliinnee  PPhhaarrmmaaccooddyynnaammiiccss  

 
 
 
Graph indicating FEV1 (% normal) over Theophylline [mg/L] with EMAX = 63% and EC50 
= 10 mg/L 
 
 
Mitenko & Ogilvie NEJM 289:600-3, 1973 
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CCaarrbbooppllaattiinn  PPKK//PPDD  

 
 
 
Two graphs.  One shows the % decrease platelet over Carboplatin AUC [μg x hr/ml] and 
the other Carboplatin CITB [ml/min] over Creatinine clearance [ml/min]. 

 41



  
CCaarrbbooppllaattiinn  AAddaappttiivvee  DDoossiinngg  

  
ADULTS 
 
D[mg/m2] = 0.091 x CLcr[ml/min/m2] x (rePlt – trgtPlt x 100 – prior Rx) + 86 
       prePlt 
 
D[mg] = trgtAUC[mg x min/ ml] x (GRF[ml/min] + 25) 
 
 
 
CHILDREN 
 
D[mg/m2] = trgtAUC[mg x min/ ml] x (0.93 X GRF[ml/ min/ m2] + 15) 
 
D[mg] = trgtAUC[mg x min/ ml] x  GFR[ml/min] + (0.36 x BW[kg]) 
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