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How to select the best platform for testing drug combinations?



Oncolines - Introduction

www.oncolines.com

• We are a precision medicine services company in oncology

Oncolines’ Team in April 2022



Oncolines - Adding Value

www.oncolines.com



Oncolines - Adding Value

www.oncolines.com

• Selection of cell lines

• Flexibility in incubation time



Oncolines - Adding Value

www.oncolines.com

• Interactive reporting

• Preparation of figures for filing purposes



Oncolines - Adding Value

www.oncolines.com

• Once reports are shared, we are open to discuss data 

together

• Support regarding interpretation of study results and

follow-up studies 



Oncolines – Core Services

www.oncolines.com

Oncolines 

Profiling

Combination 

Studies

Mechanistic Cell

Biology



Oncolines Profiling

• More than 200 cell lines available for proliferation assays 

• 102 Oncolines cancer cell line panel 

Distribution of tissue types Distribution of mutations



Oncolines Profiling

• Nine-points dose range

• Read-out ATPLite™: intracellular ATP content as an indirect readout of cell number 

• Determination of half-maximal inhibitory concentration (IC50), half-maximal growth 

inhibitory concentration (GI50), half-maximal lethal dose (LD50), and maximum effect 

(efficacy) 



• Treatment modality that combines two or more therapeutic agents.

• In 1960’s, one of the first combination experiments with cancer drugs was performed

in pediatric leukemia patients with the aim to prolong remission. 

• Nowadays, many cancer treatments are combination therapies.

• Combining drugs can improve therapy response, prevent drug resistance, or reduce

toxicity.

• Combination experiments in vitro can help in providing a rationale for combination

experiments in vivo.

Combination Therapies



Explaining synergy

Dose-based synergy Effect-based synergy
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Overview of Oncolines’ combination studies 

SynergyFinderSynergyScreen Combination matrix



Overview of SynergyScreen

CONFIDENTIAL

• High througput screening 

with 42 reference anti-

cancer agents

• Ideal to determine the

synergistic ‘drug groups’ 
of your drug

• Selection from 190 anti-

cancer agents tested in 

102 Oncolines Cell Panel

• Full dose-response curve 

of reference agent + fixed

dose of Client compound



SynergyScreen – Experimental procedure

1. Determination of fixed dose of client 

compound

2. Based on full dose response curve of 

single reference agent and mixture-

curve of that agent with a fixed 

concentration of the client compound

3. Determination of synergy via curve-

shift analysis. If a synergistic hit is 

observed (Δ IC50 > 2), an independent 

repeat experiment is performed.

www.oncolines.com

Single curve of Client compound

Combination curve
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Overview of SynergyFinder

• Three mixtures of two compounds, 

based on equipotency

• Suitable for determining dose-

based or effect-based synergies

• Suitable for confirmation of 

synergies



1. Pre-experiment: determination of IC50 of 
client compound and anti-cancer agent in 
selected cell lines.

2. Measuring three equipotent mixtures of IC50

of client compound and IC50 of anti-cancer
agent.   

Equipotent = having equal potency

3. Calculation of Δ logIC50 and Combination 
Index (CI).

SynergyFinder – Experimental procedure

1:1 4:1 1:4



SynergyFinder – Explanation

• Dose-range in SynergyFinder is based on the IC50: 0.01x IC50 – 10x IC50

• Transformation of X-axis from ‘log M’ to ‘times log IC50’
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SynergyFinder – Explanation

Dose curve of irinotecan in SynergyFinder

Concentration, log M -8.7 -7.7 -6.7 -5.7

Dose-range single curve (nM) 2 20 200 2,000

Times IC50 0.01x 0.1x 1 10x

Times log IC50 -2 -1 0 1
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SynergyFinder – Explanation

Single curve irinotecan

Single curve niraparib
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SynergyFinder – Explanation

Equipotent 

mixture in 1:1 

ratio

Times log IC50 -2 -1 0 1

Concentration (nM) 1 10 100 1,000

Concentration (nM) 10 100 1000 10,000

Times log IC50 -2 -1 0 1

Concentration (nM) 20 200 2000 20,000
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SynergyFinder - Data analysis
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SynergyFinder - Data analysis

Viability = 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑡 = 𝑒𝑛𝑑𝑢𝑛𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑡=𝑒𝑛𝑑
CI(100-V)= [Amixture]VAsingle V + 

Bmixture VBsingle V
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• Combination Index (CI)

irinotecan

niraparib

1:1 irinotecan + niraparib

CI < 1: synergistic effect

CI = 1 : additive effect

CI > 1 : antagonistic effect

CI < 0.88 is considered as significant synergy
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SynergyFinder - Data analysis

CI50 CI75 CI90

1:1 irinotecan + niraparib 0.45 0.49 0.54

4:1 irinotecan + niraparib 0.46 0.52 0.61

1:4 irinotecan + niraparib 0.57 0.60 0.62

CI50

CI75

CI90

irinotecan + niraparib

Compound ratios

irinotecan 1 4 1

niraparib 1 1 4

Δlog IC50 -0.38 -0.38 -0.26

Factor IC50 

shift 2.38 2.39 1.83



• Combination matrix is useful if you want 

to measure the best effect of your

compound in combination

• Several synergy scores can be calculated

based on a combination matrix. We focus 

here on the Bliss Independence Score

• Invented by C.J. Bliss in 1953. 

Overview of Combination Matrix



1. Pre-experiment to determine optimal

dose-range. 

2. Combine two compounds in a 6 by 6 

matrix

3. Calculation of Excess over Bliss score 

for each well. Sum of Bliss scores and

highest Bliss score are reported per 

matrix. 

Combination Matrix – experimental procedure
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Combination Matrix – data analysis

Plate lay-out

• 6 by 6 combination matrix of encorafenib and binimetinib in G361 cell line

• Measurements are performed in quadruplo
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Combination Matrix – data analysis

Raw data

• Each number represents the counts of ATP in the well

316 100 31 10 3 1 blanc
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Combination Matrix – data analysis

Viability per well (% of untreated)

Encorafenib (nM)
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Combination Matrix – data analysis

3 1 blanc

Observed viability per well (% of untreated)
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Excess over Bliss score:

observed inhibtion rate – predicted inhibition rate



Combination Matrix – data analysis

3 1 blanc

Observed viability per well (% of untreated)
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Bliss predicted inhibition rate:

Asingle + Bsingle – (Asingle x Bsingle)

Asingle = inhibition rate of compound A

Bsingle = inhibition rate of compound B 

Example:

Bliss predicted inhibition rate = -0.064 + 0.126 – (-0.064 x 0.126) = 0.070
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Combination Matrix – data analysis

Bliss predicted inhibition rate based on single DRCs

Observed inhibition rate
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Combination Matrix – data analysis
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• Excess over Bliss score sum: 0.14

• Highest excess over Bliss score: 0.33

Combination Matrix – data analysis

Excess over Bliss score
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Overview of Oncolines’ combination studies 

SynergyFinderSynergyScreen Combination matrix

• Based on equipotency

• Suitable for confirmation of 

synergies

• Suitable for measuring up to

100 combinations

• Suitable for full dose

response curves

• Screening against a library of 

42 anti-cancer

representatives

• Fixed dose of compound

• Ideal to determine the

synergistic ‘drug groups’ of 
your drug

• Six by six combination matrix

• Suitable to measure many

combinations

• Suitable for partial effects



Case Study: translation in vitro results to the clinic

Concept of synthetic lethality

Figure from: Nijman, S. (2011) Synthetic lethality: General principles, utility and detection using genetic screens in human cells FEBS letters



Case study: translation in vitro results to the clinic

Concept of synthetic lethality

Figure from: Sonnenblick, A. et al. (2014) An update on PARP inhibitors – moving to the adjuvant setting Nat Rev. Clin. Oncol



Case study: translation in vitro results to the clinic
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• The combination of olaparib

and cisplatin is approved in the

clinic.

• In SynergyFinder, it was 

confirmed that the combination

of olaparib and cisplatin was 

synergistic.

Case study: translation in vitro results to the clinic

CI50 CI75 CI90

1:1 cisplatin + olaparib 0.59 0.58 na

4:1 cisplatin + olaparib 0.61 0.60 na

1:4 cisplatin + olaparib 0.60 0.60 na
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For questions after this session, please contact us as services@oncolines.com

How to select the best platform for testing drug combinations?

Q & A
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Example: calculation of CI at the concentration of which 50% of cells is death

• [Asinlge] = IC50 compound A = 100 nM

• [Bsinlge] = IC50 compound B = : 200 nM

In case of no synergy and no antagonistic effect:

• [Amixture] = 50 nM

• [Bmixture] = 100 nM

In case of a synergy with CI50 = 0.5, several scenarios are possible:

• [Amixture] = 25 nM

• [Bmixture] = 50 nM

Or

• [Amixture] = 12.5 nM

• [Bmixture] = 75 nM

Example Combination Index

CI50= 50100 + 100200 = 0.5 + 0.5 = 1
CI𝟓𝟎 = 25100 + 

50200 = 0.25 + 0.25 = 0.5

CI𝟓𝟎= 12.5100 + 
75200 = 0.125 + 0.375 = 0.5

CI= [Amixture]Asingle + 
BmixtureBsingle


