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Methodologies Used to Evaluate Drug Combinations 

• Isobologram methods 
 - Steel & Peckham (1979) 
 - Berenbaum (1981) 
 
• 3D Response surface methodology 
 - Greco, Bravo & Parsons (1995) 
 
• Multiple drug effect analysis (Combination Index) 
 - Chou & Talalay (1984) 
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Dose/Response: Chemotherapy + Trastuzumab 

Example: Docetaxel + Trastuzumab 

Trastuzumab 

Docetaxel 

Docetaxel + Trastuzumab 
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The Median Effect Principle 

fa/fu = (D/Dm)m 
 

Taking the log of both sides of the equation yields: 
 
 

The Median Effect Equation 
 

log(fa/fu) = mlog(D) - mlog(Dm) 
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Median Effects Plot: Chemotherapy + Trastuzumab 

Docetaxel + Trasuzumab 
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Recall that:  fa + fu = 1 
 

and fu = (1 - fa) 
 

Therefore, fa/(1-fa) = (D/Dm)m 
 

When m = 1,  
 

fa = [1 + (Dm/D)]-1 
 
 

Looks familiar? 
 

The Median Effect Principle 
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fa = [1 + (Dm/D)]-1 

The Median Effect Principle 

Looks familiar? 

v/Vmax = [1 + (Km/S)]-1 

Michaelis Menton Equation 
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COMBINATION INDEX (CI): 
 
 
 

CI  =  (D)1     +  (D)2    +  α(D) 1(D)2   
             (Dx)1      (Dx)2      (Dx)1(Dx)2 

 
 
 
 
 
 
 
 
 
 
 

T.C. Chou and P. Talalay (1984) Adv. Enz. Regul. 22, 27-55. 

CI = 1, Interaction is SUMMATION 
CI < 1, Interaction is SYNERGY 
CI > 1, Interaction is ANTAGONISM 
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Multiple Drug Effect Analysis: EXAMPLE 
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Calculated values for the Combination Index:  
Fractional inhibition of SK-BR-3 cell proliferation  
by a mixture of alkylating agent and trastuzumab 

Combination Index Values at: Parameters: 

Drug IC30 IC40 IC50 IC60 IC70 Dm m r 
Alkylator 66.2uM 0.81 0.99 
MAb HER2 675.0nM 0.15 0.96 

Alk + MAb HER2 0.52 0.37 0.41 0.49 0.60 27.1uM 0.59 0.99 

Combined effect Synergy Synergy Synergy Synergy Synergy 

Pegram, et al., Oncogene 18: 2241-2251,1999 

CI  =  (D)1     +  (D)2    +  α(D) 1(D)2   
             (Dx)1      (Dx)2      (Dx)1(Dx)2 

CI = 1, Interaction is SUMMATION 
CI < 1, Interaction is SYNERGY 
CI > 1, Interaction is ANTAGONISM 

T.C. Chou and P. Talalay (1984) 
Adv. Enz. Regul. 22, 27-55. 
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Drug           Combination Index            P-value            Interaction 

Cisplatin 

Etoposide 

Thiotepa 

Doxorubicin 

Paclitaxel 

Methotrexate 

Vinblastine 

5-Fluorouracil 

0.56 ± 0.15 

0.54 ± 0.15 

0.67 ± 0.12 

1.16 ± 0.18 

0.91 ± 0.23 

1.36 ± 0.17 

1.09 ± 0.19 

2.87 ± 0.51 

0.001 

0.0003 

0.0008 

0.13 

0.21 

0.21 

0.26 

0.0001 

Synergy 

Synergy 

Synergy 

Addition 

Addition 

Addition 

Addition 

Antagonism 

Pegram, et al., Oncogene 18: 2241-2251,1999 

Combination Index Values for Chemotherapy/Trastuzumab 
Drug Combinations in vitro 
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Treatment of MCF7/HER2 xenografts with trastuzumab in combination with 
(A) VP-16, (B) vinblastine, (C) methotrexate, and (D) 5-fluorouracil. 
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Distance measures (observed vs expected)  
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Effect of Order and Timing of 

Chemotherapy and Trastuzumab 
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Pietras RJ, Fendly BM, Chazin VR, Pegram MD, Howell SB, and Slamon DJ. Oncogene 9: 1829-1838, (1994). 
Lopez, Pegram, Slamon, Landaw Proc Natl Acad sci USA 96: 13023-8, 1999. 



Estimated Survival 
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Phenotypic Analysis of erbB2 Conditional 
Knock-out Mouse Myocardium 

erbB2-floxed          erbB2-CKO 

m = ↑mitochondria 

Transmission EM 

Trichrome staining 

Crone SA, et al., 
Nature Medicine 
8: 459-465 (2002) 

Arrows = ↑vacuoles 
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Clin Cancer Res. 2014 August 15; 20(16): 4210–4217. 
doi:10.1158/1078-0432.CCR-14-0521.  



Combination Therapies: Opportunities and Pitfalls 

Opportunities Pitfalls 

Validate novel biological hypotheses Unreliable pre-clinical models 

Synergize anti-tumor effect without 
synergizing toxicity 

Optimal selection of drugs and targets 
to study in combination 

Increase therapeutic index/window Optimal sequence and dose of 
combination therapy 

Synthetic lethality:  optimize 
combination use of single agents with 
limited single agent activity 

Risk overlapping toxicity 

Counteract primary and secondary 
resistance 

Lack of standard design for phase 1 / 2 
for combination therapies 

Develop novel indications for existing 
and approved drugs 

Competing interests of researchers, 
corporations and / or institutions to 
combine treatments 

Yap, Omlin & de Bono, JCO 2013 



Developing Combination Therapies: Messages 

• Developing drug combinations is arguably the most important 
major challenge in cancer drug development today 
 

• Major hurdles 
 
– Establishing a strong hypothesis and selecting the right combinations 
– Understanding functional biology: Feedback loops, redundancies 
– Intra-tumor heterogeneity 
– Inter-patient PK-PD variability and optimizing target blockade to 

abrogate narrow therapeutic indices; multiple schedules? 
– Drug-Drug interactions 
– Providing early proof of concept to support Phase 3 investment 
– Combining agents from different sponsors 

 
• But with clear thinking we can find solutions to best serve our 

patients 
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