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Combination Therapy is Standard of Care in the 
Management of Multiple Diseases

§ Combination therapy:  simultaneous administration of 
multiple agents at fixed doses

§ Improved therapeutic index
– Greater efficacy
– “Equivalent” or better safety and tolerability

§ Combination therapy is a standard of care in multiple 
therapeutic areas: e.g., cancer, infectious disease, 
cardiovascular and metabolic diseases. 



Three Molecular Targeting Strategies for 
Combination Therapy

A B C



Combination therapy is restricted by the 
pharmaceutical properties of the single agents

§ Drug-drug interactions that do not interfere with desired 
pharmacokinetic properties

§ Tolerable toxicities:  complementary and overlapping
§ Understanding of dosing and schedule to achieve 

optimal inhibition of targets and improved efficacy

§ In Oncology, New Chemical Entities are commonly 
combined with SOC treatment for registration. 



Improved survival7YRadiationHead and neck

Failed (improved RR but no statistically significant difference in PFS)11YYHead and neckCetuximab

Failed to improve OS16?YMelanomaOblimersen

Improved survival6YYLung

Failed (improved RR but no difference in PFS) 60YYBreast: second/third line

Improved survival with paclitaxel59YYBreast: first line

Improved survival 5YYColon (2 trials)Bevacizumab

Improved survival 4YYBreast/HER2+ Trastuzumab

Improved survival58YY Pancreas

Failed (no difference in RR and OS)10YYLung (two trials)Erlotinib

Failed (no difference in RR and OS)8,9YYLung (two trials)Gefitinib

Preclinical support for 
combination?

Concurrent 
administration

OutcomeChemotherapyCancerAgent

OS, overall survival; PFS, progression-free survival; RR, response rate

Phase III trials of targeted agents combined 
with standard cancer treatments

From Dancy and Chen, Nature Reviews Drug Discovery 2006:  5:651-659



Growth Factor Signalling Pathways



Two allosteric kinase inhibitors

MK-2206 AZD-6244 
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AZD6244*
Potency and Selectivity 

§ Tight binding uncompetitive inhibitor of MEK1/2
– binds to an allosteric binding pocket adjacent to 

MgATP binding site
– 10 – 14nM IC50

§ Highly selective for the MEK/ERK pathway
– Cellular selectivity demonstrated over other 

pathways
§ MEK5, p38, jnk

?MEKK3:ER*

MKK4/7

JNK

4-HT

MEK1

ERK1/2
EtOH 0 0.03 0.1 0.3 3 201010 [AZD6244] µM

P-c-Jun

P-ERK1/2

T-ERK2

c-Jun + 4-HT

AZD6244

Inhibition of ERK1/2 vs JNK

Kathy Balmano – Simon Cook Lab. Babraham Institute Cambridge
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AZD6244 Phase I Clinical Trial
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MK-2206: an Allosteric and Selective AKT inhibitor

Active AKT Inhibited AKT
(Incapable of membrane localization)
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Single Dose Human PK of MK-2206
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~ 90% tumor pAkt inhibition in 5 out of 7 patients

Pt 1

* C1D15 pAKT value was below LLOD

Pt 1 – Kaposi sarcoma
Pt 2 – DSRCT sarcoma
Pt 3 – Pheochromocytoma
Pt 4 – Breast
Pt 5 – Breast
Pt 6 – Melanoma
Pt 7 – Breast
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Collaboration Announced



Dosing, Sequence, Context?

A B C



K-Ras (G12V)SW403

K-Ras (G13C)H1734

PI3K (E545K)K-Ras (Q61K)H460

K-Ras (G12C)H2030

K-Ras (G13D)H747

WTWTC2BBe1

PI3K (E545K)K-Ras (G13D)T84

PI3K (E545K)K-Ras (G13D)DLD-1
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Cell Line

Genetic Background of Tumor Cells determines 
response to  MEK/MAPK Inhibition
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Cell Biomarker Discovery:  multiple tumor cell types 
respond to dual inhibition by a MEKi and an AKTi

CI at: CI at:
Lung ED50 ED75 ED90 Colon ED50 ED75 ED90
A427 0.07 0.04 0.04 CACO2 0.29 0.31 0.34
A549 0.06 0.05 0.06 COLO201 1.6 0.87 0.47
CAL12T 0.23 0.11 0.09 COLO205 0.43 0.23 0.13
CALU1* 0.93 N/A N/A DLD1 0.19 0.13 0.09
CORL23 0.23 0.18 0.14 DKO3 0.04 0.03 0.03
DV90 0.22 0.13 0.11 H-630 0.89 N/A N/A
EBC-1 0.15 0.12 0.12 H-716 0.058 0.018 0.006
H1155 0.37 0.36 0.37 HCT8 0.1 0.1 0.13
H1593 N/A N/A N/A HCT15 0.15 0.22 0.33
H1650 1.3 N/A N/A HCT116 0.49 0.91 N/A
H1975 0.04 0.004 0.008 HKH2 0.17 0.17 0.18
H1993 0.04 0.01 0.004 HT29 0.52 0.27 0.17
H2030 0.19 0.22 0.26 LOVO 0.12 0.59 N/A
H2009 0.05 0.03 0.02 RKO 0.21 0.13 0.08
H2122 0.23 0.16 0.12 SKCO1 0.23 0.22 0.2
H23 0.26 0.26 0.35 SW48 0.11 0.07 0.05
H28 0.16 0.12 0.09 SW837 0.1 0.04 0.03
H460 0.02 0.06 0.16 SW948 0.13 0.11 0.1
H596 0.29 0.18 0.12 T84 0.61 0.88 1.3
KNS62* 0.15 0.15 0.19

CI at: CI at:
Melanoma ED50 ED75 ED90 Breast ED50 ED75 ED90
A2058 0.17 0.15 0.14 BT20 0.54 0.58 0.64
A375 0.51 0.44 1.03 BT549 0.71 0.68 0.7
SKMEL-28 0.19 0.37 0.72 Cal51 0.73 0.85 0.98
SKMEL-5 0.16 0.096 0.19 CAL85 0.3 0.31 0.34
UACC-62 0.31 0.08 0.02 CAL120 0.32 0.92 N/A
A7 0.61 0.41 0.5 FR2 1.1 N/A N/A
HMCB 0.52 0.48 0.45 HS578T 0.42 0.67 1.1
HT-144 0.53 0.28 0.15 MT3 N/A N/A N/A

SVCT 0.12 0.23 0.44
CI at:

Pancreatic ED50 ED75 ED90 HCC38 N/A N/A N/A
ASPC-1 0.13 0.17 0.26 HCC70 0.26 0.1 0.04
BX-PC3 0.14 0.2 0.55 MDA231 1.2 0.99 0.82
CAPAN2 N/A N/A N/A MDA468 0.71 0.46 0.3
HPAF-II 0.07 0.06 0.061
KP-3 0.6 N/A N/A
MIA-PACA 0.25 0.48 1.4
PANC1 0.12 0.09 0.06
PL-45 0.04 0.03 0.02

<0.1 very strong synergism
0.1-0.3 strong synergism
0.3-0.7 synergism
0.7-0.9 moderate to slight synergism
0.9-1.1 nearly additive
1.1-1.45 slight to moderate antagonism
1.45-3.3  antagonism
>3.3 strong antagonism

Lung=Pancreatic>Colon>Melanoma>Breast
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Neal Rosen



Phase I Study Initiated 

Tuesday, January 5, 2010
Merck, AstraZeneca pick START to test anticancer compound

San Antonio Business Journal
South Texas Accelerated Research Therapeutics(START) has enrolled its first patient in a phase 1 clinical trial of a combination 
anticancer regimen made up of two investigational compounds.
The two drugs are being developed by Merck & Co. Inc. and AstraZeneca. The two pharmaceutical companies announced in June 
2009 that they would collaborate on this project.
The START Center for Cancer Care in San Antonio was chosen as the first phase 1 center to test the drug combination. START 
specializes in conducting Phase 1 clinical trials for oncology drugs.
Preclinical evidence showed that the two compounds (MK-2206 and AZD6244) could enhance their anticancer properties.
The agreement between Merck and AstraZeneca is significant, say START officials, because it involves two major pharmaceutical 
companies collaborating at an early stage of drug development.
Usually, combinations of anticancer agents would only be studied in clinical trials when one component is at a late stage of 
development or when one compound has already received marketing approval, officials say.
“This one-of-a-kind study, with two separate pharmaceutical companies sharing their novel agents for this one clinical trial performed 
at START, represents an exciting step forward for the betterment of cancer research, and most of all, patient care,” says Anthony 
Tolcher, clinical director of START and principal investigator for this trial.



Features of the Collaboration Agreement

§ Staged agreement: preclinical and clinical. 

§ Joint governance, decision rights and shared 
costs. 

§ Freedom of operation for both parties:  multiple 
combination studies with similar agents can 
occur independently and in parallel. 

§ Intellectual Property shared by inventors. 



Opportunities and Challenges

§ Recent advances in disease understanding and 
the availability of selective, novel targeted 
therapies can enable early testing of drug 
combinations for the treatment of specific 
cancers.

§ To date, co-registration of two unapproved 
agents for the treatment of cancer is 
unprecedented. 
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