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Type them into questions box!

“Why am I muted?”
Don’t worry. Everyone is muted 
except the presenter and host. 
Thank you and enjoy the show. 

Contact ACS Webinars ® at acswebinars@acs.org 

Have Questions?
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http://bit.ly/ACSnewmember

http://bit.ly/ACSnewmember
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http://bit.ly/ACSmembership

Benefits of ACS Membership 

Chemical & Engineering News (C&EN) 
The preeminent weekly digital and print news source. 

NEW! ACS SciFinder 
ACS Members receive 25 complimentary SciFinder® research 
activities per year. 

NEW! ACS Career Navigator 
Your source for leadership development, professional 
education, career services, and much more.
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Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/american-chemical-society

@AmerChemSociety

http://bit.ly/ACSmembership
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Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
5

“I found this ACS Webinar 
topic very interesting and I 
learned a lot that I can 
take back to the classroom 
next winter.”

Anne Johnson, PhD 
Academic Coordinator, First Year Science Office
Associate Professor, Department of Chemistry & Biology Ryerson University 
ACS Chemical Education Division member and ACS member for 3 years strong!
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www.acs.org/acswebinars

Learn from the best and brightest minds in chemistry! Hundreds of webinars on 
diverse topics presented by experts in the chemical sciences and enterprise.

Recordings are an exclusive ACS member benefit and are made available to 
registrants via an email invitation once the recording has been edited and posted.

Live Broadcasts of ACS Webinars  continue to be available to the general public on  
Thursdays from 2-3pm ET!

®

http://www.acs.org/acswebinars
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http://acsoncampus.acs.org

What is ACS on Campus?

ACS visits campuses across the world offering FREE seminars on how to be published, find a job, network 
and use essential tools like SciFinder. ACS on Campus presents seminars and workshops focused on how to:
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www.acs.org/heroes

#HeroesofChemistry
ACS Heroes of Chemistry Award

The ACS Heroes of Chemistry Award is the Annual 
award sponsored by the American Chemical Society 
that recognizes talented industrial chemical scientists 
whose work has led to the development of successful 
commercialized products ingrained with chemistry for 
the benefit of humankind. 

2018 Winners:

http://acsoncampus.acs.org/
http://www.acs.org/heroes
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https://chemidp.acs.org

An individual development 
planning tool for you! 
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Upcoming ACS Webinar
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/business-entrepreneurship/chem-econ-2019.html

https://chemidp.acs.org/
https://www.acs.org/content/acs/en/acs-webinars/business-entrepreneurship/chem-econ-2019.html
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Find out more about the ACS MEDI Division! www.acsmedchem.org

Join the Division Today!

For $25 ($10 for students), You Will Receive:

• A free digital copy of our annual medicinal chemistry 
review volume (over 680 pages, $160 retail price)

• Abstracts of MEDI programming at national meetings

• Access to student travel grants and fellowships

http://www.acsmedchem.org/
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www.acs.org Proprietary and Confidential

Scope:

• Pathogens & Host-Pathogen Interactions
• Therapeutics
• Drug Resistance
• Vaccines
• Diagnostics
• Drug Delivery Systems

Associate Editors:

• Mark Blaskovich (University of Queensland)
• Felix Calderón (GlaxoSmithKline)
• Zhiyong Lou (Tsinghua University)
• Pei-Yong Shi (University of Texas Medical Branch)
• Peter Tonge (Stony Brook University)
• Gerry Wright (McMaster University)
• Priscilla Yang (Harvard Medical School)

Courtney Aldrich,
University of Minnesota

eic@id.acs.org

Editor-in-Chief

https://pubs.acs.org/journal/aidcbc

Current Issue

Available Now!
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Celebrating 5 years & 50 Drug Discovery Webinars!
http://bit.ly/acsDrugDiscoveryArchive

14

2014 2015 2016 2017 2018

mailto:eic@id.acs.org
https://pubs.acs.org/journal/aidcbc
http://bit.ly/acsDrugDiscoveryArchive


5/29/2019

8

T H I S    A C S   W E B I N A R   W I L L B E G I N   S H O R T L Y . . .

Slides available now! Recordings are an exclusive ACS member benefit.

Widening the Therapeutic Window: Kinetic Selectivity and Target Vulnerability

16

www.acs.org/acswebinars

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, 
the American Association of Pharmaceutical Scientists, and the ACS Infectious Diseases

Peter Tonge
Director, Center for Advanced Study of Drug 

Action and Distinguished Professor of Chemistry 
and of Radiology, Stony Brook University

Stewart Fisher
Chief Scientific Officer, 

C4 Therapeutics

http://www.acs.org/acswebinars
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 Many (up to 90%?) of drug candidates fail in clinical trials

• Contributes to the high cost of drug discovery

 Reasons include lack of efficacy and safety (can’t dose high enough to get efficacy)

• Insufficient therapeutic window

 Therapeutic window

• The ability of a drug to treat a disease effectively without causing unacceptable toxicity

 How can kinetic selectivity improve the therapeutic window?

The Challenge

17

The Premise

 Drugs work when they are bound to their targets and cause unwanted side-effects when 

they are bound to off-target proteins

 Thus, one objective in the selection and optimization of drug leads is to maximize binding 

to the target and minimize binding to off-target proteins (if known)

 Where do kinetics fit into this? 

18
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Outline

 Why are drug-target kinetics important?

• The human body is not at equilibrium

• Kinetic selectivity

 Using drug-target kinetics prospectively

• Reversible inhibitors of paLpxC* and saFabI**

• Target vulnerability

• A mechanistic pharmacokinetic/pharmacodynamics (PK/PD) model

• Covalent inhibitor of Bruton's tyrosine kinase (Btk)

19

*  Pseudomonas aeruginosa

** Staphylococcus aureus

Outline

 Why are drug-target kinetics important?

• The human body is not at equilibrium

• Kinetic selectivity

 Using drug-target kinetics prospectively

• Reversible inhibitors of paLpxC and saFabI

• Target vulnerability

• A mechanistic PK/PD model

• Covalent inhibitor of Btk

20
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 “Corpora non agunt nisi fixata” – substances do not act unless bound (P. 

Ehrlich, 1913).

• Maximize target occupancy, minimize off-target binding

• Optimize potency, selectivity, safety

• Use Kd, Ki, IC50 values to select and optimize compounds

• These are equilibrium constants measured at constant drug concentration

• Many cell-based experiments are also performed at constant drug 

concentration

• But…drug concentration fluctuates in the non-equilibrium environment of the 

human body

Thermodynamic Selectivity

Pharmacodynam

ic Effect

Kd

21

Kinetic Selectivity

• If drug and target are not at equilibrium, how valuable are equilibrium constants 

for selecting and optimizing drug leads?

• Does the use of equilibrium constants contribute to our failure to accurately 

predict drug activity in humans?

• We need to predict time-dependent changes in target engagement as a function 

of drug concentration

• Residence time can be minutes, hours or days…

• A drug can bind to two targets with the same Kd but different kon and koff –

Kinetic selectivity

Kd = koff/kon

Residence time (tR) = 1/ koff
Copeland et al. (2006) Nat Rev Drug Discov 5, 730-739.

22
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Kinetics vs. Thermodynamics

 Kd = koff/kon

 Kd (or IC50) does not provide 

information about rates

 Residence time (tR) = 1/koff

D+T

D-T

Reaction Coordinate

F
re

e
 E

n
e

rg
y

DGKd

DGkoff

DGkon

Transition state

Ground state

Kd Ki or IC50 

koff tR = 1/koff

23

Which statement is true?

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• The residence time of 2 on target A must be 10-fold LONGER than that of 1

• The residence time of 2 on target A must be 10-fold SHORTER than that of 1

• The residence time of 2 on target A could be the same, shorter or longer than that of 1

• All of the above 

• None of the above

24

* If your answer differs greatly from the choices above tell us in the chat! 

 Compound 1 has a Kd for target A of 10 nM.

 Compound 2 has a Kd for target A of 1 nM.
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Infectious Diseases Oncology

Cardiovascular

Respiratory & Inflammation

Central Nervous System

14 hr

102 hr 7 hr 39 hr

3 hr

1.1 hr

1.4 hr

> 1 hr

> 24 hr

13 hr

1.1 hr

3 hr

2 sec

Many Drugs Exhibit Kinetic Selectivity

25

Kinetic Selectivity

 Thought experiment:

• Drug binds to three proteins with Kd = 10 nM:

One is the target, two are off-target proteins

• So no selectivity based on thermodynamic affinity

• But, residence times (tR) of 1 sec, 10 hr and 50 hr

Tonge, (2018) ACS Chem Neurosci 9, 29-39.
26
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Drug PK: Dose 1.5 μM, ka 3 hr-1, ke 0.69 hr−1 (t1/2 1 hr)

27

Target Engagement for tR = 1 sec

28
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Target Engagement of tR = 10 hr

29

Target Engagement for tR = 50 hr

Kinetic but not thermodynamic selectivity!

30
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Kinetic Selectivity is Intimately Related to PK

• Slower elimination: 

Less discrimination 

between targets

• Drug dose 1.5 μM, ka

3 hr-1, ke 0.139 hr−1

(t1/2 5 hr)

31

Changes in kon May Impact the Maximum Level of Target Occupancy

Drug dose 1.5 μM

• If Kd is constant then decrease in koff will be accompanied by decrease in kon. 

• Assume ke 0.69 hr−1 (t1/2 1 hr). Reduce dose from 1.5 μM to 0.5 μM.

Drug dose 0.5 μM

• Lower kon may lead to <100% occupancy, again showing the importance of PK

32
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Which of the following statements are true?

(Multiple correct answers may apply)

Audience Survey Question
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

• Long residence time is important when compared to rate of drug elimination

• Selectivity has both thermodynamic and kinetic components

• There can not be kinetic selectivity without thermodynamic selectivity

• Slow elimination will increase the benefit of kinetic selectivity

• Slow elimination will reduce the benefit of kinetic selectivity

33

* If your answer differs greatly from the choices above tell us in the chat! 

Summary 1

 Long residence time is important…but what is long?

• Long compared to rate of drug elimination

 Selectivity has both thermodynamic and kinetic components

• There can be kinetic selectivity without thermodynamic selectivity

• Maybe there was kinetic selectivity in programs canceled due to insufficient 

(thermodynamic) selectivity?

 Pharmacokinetics are critical

• Slow elimination will reduce the benefit of kinetic selectivity

 Benefits of kinetic selectivity

• Drug remains bound to target even after free drug has been eliminated

• Prolonged cellular and in vivo efficacy at low [drug]

• Dose at lower levels and/or less frequently: Improved therapeutic window

34
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Evaluating the Translation of Binding Kinetics

 Does slow dissociation of drug from target translate to extended activity at low [drug] ?

 Develop compounds with altered kinetic profiles.

 Evaluate time-dependent drug activity at the cellular level and in in vivo disease models.

 Develop PK/PD models to link target occupancy, drug concentration (PK) and efficacy (PD).

 How to alter binding kinetics?

• Empirical: develop structure-kinetic relationships (SKR).

• Rational: structure of both ground and transition states on the binding reaction coordinate.

• Protein dynamics are important: MD simulations and NMR spectroscopy.

Li et al. (2014) ACS Chem Biol 9, 986-993.

Spagnuolo et al. (2017) J Am Chem Soc 139, 3417-3429.

Lu et al. (2018) Curr Opin Chem Biol 44, 101-109. 

35

Outline

 Why are drug-target kinetics important?

• The human body is not at equilibrium

• Kinetic selectivity

 Using drug-target kinetics prospectively

• Reversible inhibitors of paLpxC and saFabI

• Target vulnerability

• A mechanistic PK/PD model

• Covalent inhibitor of Btk

36
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M199

V203A211

I215

PT70

Expts on Purified Target

Kinetics, Med chem, 

Fragment based inhibitors, 

NMR, MD simulations, 

Structural biology

In Vivo Studies

PK, drug distribution, PET 

PD, efficacy, Tox

Extend to humans.

Time dependent expts on whole cells to 

bridge the gap

Translate Binding Kinetics from In Vitro to In Vivo

37

Time-Dependent Cellular Experiments: Does Residence Time Translate?

 Many cell-based experiments are performed at constant [drug] to give a cellular IC50

 Use cell washout experiments to assess the sustained physiological effect after [Drug] ≈ 0

 Assess the translational potential of sustained target engagement

38
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 In antibacterial space, cellular activity is assessed by the minimum inhibitor concentration (MIC)

Ki MIC

Target Binding Cellular Activity

Residence 

Time (tR)

?

Thermodynamics

Kinetics

39

Time-Dependent Cellular Experiments: Does Residence Time Translate?

In Antibacterial Space: Time-Dependent Cellular Activity is Post-Antibiotic Effect (PAE)

PAE = Drug treated recovery time (1 log CFU) – Control Recovery Time (1 log CFU)

Bacteria regrowth following compound washout

• Add drug at t = -4 h

• Dilute cells at t = 0

• Measure regrowth time for 1 log

40
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 Examine the relationship between tR and PAE 

Ki (IC50) MIC

Target Binding Cellular Activity

Residence

Time (tR)

PAE

Thermodynamics

Kinetics ?

In Antibacterial Space: Time-Dependent Cellular Activity is Post-Antibiotic Effect (PAE)

41

Residence Time and PAE for Two Antibacterial Targets

 The zinc metalloamidase LpxC

• LPS biosynthesis

 A target in Gram-negative 

bacteria

 Pseudomonas aeruginosa

 Hydroxamate inhibitors

 The enoyl-ACP reductase FabI

• Fatty acid biosynthesis.

 A target in Gram-positive and 

Gram-negative bacteria

 Staphylococcus aureus

 Diphenyl ether inhibitors

O

OH

R1 R2

tR 1.8 hr, PAE 1.0 hr 37 C

tR 29 min, PAE 1.9 hr 37 C

N

O

H
N

S

O

OH

FO

O O

X

N

H
N

O

OH

R2

R1

42
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Increase in Residence Time = Increase in PAE?

 The tR v PAE correlations have different slopes – why?

 What controls the coupling between residence time and PAE?

• For paLpxC and saFabI we have compound series with different residence times

• Target vulnerability

• The amount of target that must be engaged to achieve the desired 

pharmacological effect

43

Target Vulnerability

• What is the relationship between engagement and effect?

• High vulnerability: low levels of 

engagement lead to the desired effect

• Low vulnerability: high levels of 

engagement needed for the desired effect

44
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paLpxC is More Vulnerable than saFabI

 paLpxC: max effect at TO=40%

 saFabI: max effect at TO = 75%

Daryaee et al. Chem Sci 2016

45

What Factors into Target Vulnerability?

 The physiological response to target engagement

 Target replenishment: rapid resynthesis will reduce the impact of kinetic selectivity

46
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Target Turnover affects Occupancy even for a Covalent Inhibitor

• Dose 1.5 μM, ke 0.69 hr−1 (t1/2 1 hr)

• Target occupancy by a covalent inhibitor Target 4 Turnover

• Rapid target turnover will reduce the benefit of kinetic selectivity
Daryaee & Tonge 

COCB 2019

Outline

 Why are drug-target kinetics important?

• The human body is not at equilibrium

• Kinetic selectivity

 Using drug-target kinetics prospectively

• Reversible inhibitors of paLpxC and saFabI

• Target vulnerability

• A mechanistic PK/PD model

• Covalent inhibitor of Btk

48
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Use Drug-Target Kinetics to Predict In Vivo Drug Activity

• Pharmacokinetic/Pharmacodynamic (PK/PD) models predict the effect time-

courses resulting from administration of a drug dose

49

Models that Predict Drug Activity Assume Rapid Equilibrium

50
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…but Binding and Dissociation may be Slow

51

Translate In Vivo: Mechanistic PK/PD Model

 Incorporate drug-target kinetics into predictions of drug activity

 Ek(C): Replace Hill receptor binding (rapid equilibrium) with drug-target kinetics

 Calculate target engagement as a function of [drug] (PK) and time

 Relate engagement to pharmacological effect to predict in vivo efficacy

𝑃𝐷 = 𝐸𝑚𝑎𝑥 ⋅
𝐶𝐻

𝐶𝐻 + 𝐸𝐶50
𝐻

Ek(C)

Standard PK/PD model

EI EI*

E    +  S ES E + P

Normal physiology

Pharmacological 
Effect

+
I

Km

Ki
k5

k6

Two-step time-dependent inhibition

Substitute for 
Hill equation (Ek(C))

52
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paLpxC: Antibacterial Target in P. Aeruginosa

N

6

N

O

OH

SO2Me

H

O

FMeO

• Output parameters: 

• k5, k6, Ki, M (=Km/[S]), kgrowth, kkill and drug permeability

• Used for simulating in vivo activity

• In vitro experiments to obtain input parameters for PK/PD modeling

• Measure PAE at different initial [drug] and fit the in vitro PAE data to the PK/PD model

53

Predict In Vivo PAE: P. aeruginosa

Walkup et al Nat Chem Biol 2015

N

6

N

O

OH

SO2Me

H

O

FMeO

Solid lines are simulated activity from the PK/PD model

54
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• Excellent prediction of in vivo bacterial growth observed with cpd 6

Walkup et al Nat Chem Biol 2015

N

6

N

O

OH

SO2Me

H

O

FMeO

• What if we assume rapid equilibrium like 

the Hill receptor model

• No residence time effects included in 

the modeling?

Predict In Vivo PAE: P. aeruginosa

55

• Excellent prediction of in vivo bacterial growth observed with cpd 6.

Walkup et al. (2015) Nat Chem Biol 11, 416-423. 

• What if we assume rapid equilibrium like 

the Hill receptor model   

• No residence time effects included in 

the modeling?

N

6

N

O

OH

SO2Me

H

O

FMeO

• A rapid equilibrium PK/PD model underestimates drug efficacy and 

would lead to higher drug doses than are actually needed! 

Predict In Vivo PAE: P. aeruginosa

56
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Direct Measurement of Target Occupancy

 The mechanistic PK/PD model calculates target occupancy as a function of time and

[drug] and predicts PD based on target occupancy

 In a system with irreversible inhibitor:

• Target occupancy (TO) can be directly quantified

• The role of target turnover can be directly assessed

57

Bruton’s Tyrosine Kinase (Btk)

 Non-receptor tyrosine kinase in the B-cell antigen receptor (BCR) signaling pathway

 Target for treating B cell malignancies and autoimmune diseases

 Irreversible inhibitors such as ibrutinib and CC-292

N

N

N
H

O
O

F

HN N
H

O

Acrylamide warhead forms a covalent bond with Cys-481

58



5/29/2019

30

Btk: TO and Predicting Efficacy of CC-292

E + ATP            E ATP            E + P

Km kcat

Ki
k5

+

I

EI               EI*
k6

 Need estimates of Ki, k5 (k6 = 0),  (turnover) and M (= Km/[ATP])

 We can measure TO directly in the cell using a covalent probe

 Quantify Ki for cellular BTK engagement using extracellular [drug]

 Permeability factor no longer needed

 Ratio of Ki for pure Btk and cellular Ki = 80

HN

N

N

N
H

F

N
H

O

O
N

N N

N
H

O

N

B NF

F

• Predict efficacy of CC-292 in rat collagen-induced arthritis model using CC-292 PK

Daryaee et al Chem Sci 2017

Covalent fluorescent probe

59

60

Ki, k5,  and M

Measure TO in Ramos cells at equilibrium: 

Ki and k5

Measure time-dependent TO in Ramos cells: 

 (turnover) and M

Measure time-dependent TO in B cells (rat): 

obtain optimized kinetic values

TO

PK

Compare TO with PK

Daryaee et al Chem Sci 2017
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CC-292 Rat Collagen Induced Arthritis Model

 The model accurately predicts CC-292 efficacy

 Determine the Btk vulnerability function

Daryaee et al Chem Sci 2017Time (h)

61

Btk Vulnerability

• TO50 = 69% and Hill coefficient = 7

• Btk has to be >50% occupied for any PD and 90% for maximum PD

• The Hill coefficient of 7 indicates a steep response

Daryaee et al Chem Sci 2017

62
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The Vulnerability Function Can Be Used for Other Inhibitors

• If the binding kinetics and PK are known, then the vulnerability function can be used to 

predict the activity of other Btk inhibitors, both covalent and reversible, in the same disease 

model

• Further translation requires a vulnerability function in the disease state and information such 

as the rate of target turnover

• We have modeled the occupancy of several Btk inhibitors in animal models and in humans 

including the covalent inhibitor acalabrutinib

• Recent data on acalabrutinib suggest the importance of target turnover..

63

In Vivo Btk Occupancy and Target Turnover

• Variability of Btk occupancy in patients with chronic lymphocytic leukemia (CLL) treated with 

acalabrutinib is proposed to result from differences in Btk synthesis rates across subjects.

• 12 h: 100 mg BID (twice per day) of acalabrutinib on day 3 of treatment, 12h after dose. 

• 24 h: 200 mg QD (once per day) of acalabrutinib on day 3 of treatment, 24h after dose. 

64

N

N

N

O

HN

N

N

O

NH2

Daryaee & Tonge (2019) COCB.

Alsadhan et al. (2018) Blood 132, 4401-4401.
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Summary 2

 Cellular washout: insight into time-dependent drug activity

 Target vulnerability: what fraction of target must be inhibited for desired PD

• Use cell washout experiments to assess translational potential

• Target (re)synthesis

• The physiological response to target engagement

• Vulnerability may be context dependent

• For a low vulnerability target you need good PK/safety

 To take advantage of kinetic selectivity (e.g. for a covalent inhibitor) you need:

• Relatively high vulnerability, slow resynthesis

• ‘Good’ PK: Sufficient Cmax to load the target but then rapid elimination

 Include drug-target kinetics in a mechanistic PK/PD model to improve the prediction of PD 

• Target vulnerability functions predict efficacy if binding kinetics and PK are known 

65

Drug-Target Kinetics: An Additional Dimension of Information

 Two types of selectivity: kinetic and thermodynamic

• But IC50 measurements dominate biological SAR (don’t use for irreversible inhibitors!)

• Most programs only use thermodynamic selectivity (e.g. kinase panels) to make decisions

 Target occupancy is controlled by both drug and target concentration as well 

as by both thermodynamic and kinetic parameters

• Prolonged occupancy can result from rebinding rather than slow dissociation

• Target mediated drug disposition

 Methods to quantify target engagement in cells/in vivo will improve PK/PD 

models

• Cellular binding kinetics, nanoBRET; PET imaging

 Rational approaches to altering drug-target kinetics need GS and TS structures 

 Drugs with prolonged activity after drug has been eliminated: lower/less 

frequent doses, improved compliance, increased therapeutic window

66
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Stony Brook: Center for Advanced Study of Drug Action (CASDA)

67

 Which targets are suitable for kinetic selectivity?

• Need data on additional systems: collaborations, 

academic/industrial partnerships

 Use kinetics prospectively

• Develop methods to calculate on and off rates

and rationally alter residence time

• Develop target vulnerability functions

 Rescue programs/drugs using kinetic selectivity

 Develop methods to non-invasively interrogate 

target engagement and extend into humans

 Positron emission tomography radiotracers

 Preclinical and clinical radiochemistry/imaging 

facilities at Stony Brook

Perspective in ACS Infectious Diseases

 Tonge, (2019) Quantifying the Interactions between Biomolecules: Guidelines for Assay 

Design and Data Analysis. In press.

68

https://pubs.acs.org/doi/10.1021/acsinfecdis.9b00012

Abstract
The accurate and precise determination of binding interactions plays a 

central role in fields such as drug discovery where structure–activity 

relationships guide the selection and optimization of drug leads. Binding is 

often assessed by monitoring the response caused by varying one of the 

binding partners in a functional assay or by using methods where the 

concentrations of free and/or bound ligand can be directly determined. In 

addition, there are also many approaches where binding leads to a change 

in the properties of the binding partner(s) that can be directly quantified 

such as an alteration in mass or in a spectroscopic signal. The analysis of 

data resulting from these techniques invariably relies on computer software 

that enable rapid fitting of the data to nonlinear multiparameter equations. 

The objective of this Perspective is to serve as a reminder of the basic 

assumptions that are used in deriving these equations and thus that should 

be considered during assay design and subsequent data analysis. The 

result is a set of guidelines for authors considering submitting their work to 

journals such as ACS Infectious Diseases.

https://pubs.acs.org/doi/10.1021/acsinfecdis.9b00012
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Review in ACS Chemical Neuroscience

 Tonge, (2018) Drug-Target Kinetics in Drug Discovery. 9, 29-39.

69

https://pubs.acs.org/doi/10.1021/acschemneuro.7b00185

Abstract
The development of therapies for the treatment of neurological cancer faces 

a number of major challenges including the synthesis of small molecule 

agents that can penetrate the blood-brain barrier (BBB). Given the likelihood 

that in many cases drug exposure will be lower in the CNS than in systemic 

circulation, it follows that strategies should be employed that can sustain 

target engagement at low drug concentration. Time dependent target 

occupancy is a function of both the drug and target concentration as well as 

the thermodynamic and kinetic parameters that describe the binding 

reaction coordinate, and sustained target occupancy can be achieved 

through structural modifications that increase target (re)binding and/or that 

decrease the rate of drug dissociation. The discovery and deployment of 

compounds with optimized kinetic effects requires information on the 

structure-kinetic relationships that modulate the kinetics of binding, and the 

molecular factors that control the translation of drug-target kinetics to time-

dependent drug activity in the disease state. This Review first introduces the 

potential benefits of drug-target kinetics, such as the ability to delineate both 

thermodynamic and kinetic selectivity, and then describes factors, such as 

target vulnerability, that impact the utility of kinetic selectivity. The Review 

concludes with a description of a mechanistic PK/PD model that integrates 

drug-target kinetics into predictions of drug activity.

Slides available now! Recordings are an exclusive ACS member benefit.

Widening the Therapeutic Window: Kinetic Selectivity and Target Vulnerability

70

www.acs.org/acswebinars

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, 
the American Association of Pharmaceutical Scientists, and the ACS Infectious Diseases

Peter Tonge
Director, Center for Advanced Study of Drug 

Action and Distinguished Professor of Chemistry 
and of Radiology, Stony Brook University

Stewart Fisher
Chief Scientific Officer, 

C4 Therapeutics

https://pubs.acs.org/doi/10.1021/acschemneuro.7b00185
http://www.acs.org/acswebinars


5/29/2019

36

Celebrating 5 years & 50 Drug Discovery Webinars!
http://bit.ly/acsDrugDiscoveryArchive

71

2014 2015 2016 2017 2018

72

Upcoming ACS Webinar
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/business-entrepreneurship/chem-econ-2019.html

http://bit.ly/acsDrugDiscoveryArchive
https://www.acs.org/content/acs/en/acs-webinars/business-entrepreneurship/chem-econ-2019.html


5/29/2019

37

Slides available now! Recordings are an exclusive ACS member benefit.

Widening the Therapeutic Window: Kinetic Selectivity and Target Vulnerability

73

www.acs.org/acswebinars

This ACS Webinar is co-produced with the ACS Division of Medicinal Chemistry, 
the American Association of Pharmaceutical Scientists, and the ACS Infectious Diseases

Peter Tonge
Director, Center for Advanced Study of Drug 

Action and Distinguished Professor of Chemistry 
and of Radiology, Stony Brook University

Stewart Fisher
Chief Scientific Officer, 

C4 Therapeutics

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org 
74

“I found this ACS Webinar 
topic very interesting and I 
learned a lot that I can 
take back to the classroom 
next winter.”

Anne Johnson, PhD 
Academic Coordinator, First Year Science Office
Associate Professor, Department of Chemistry & Biology Ryerson University 
ACS Chemical Education Division member and ACS member for 3 years strong!

http://www.acs.org/acswebinars


5/29/2019

38

75https://www.aaps.org 

76
Find out more about the ACS MEDI Division! www.acsmedchem.org

Join the Division Today!

For $25 ($10 for students), You Will Receive:

• A free digital copy of our annual medicinal chemistry 
review volume (over 680 pages, $160 retail price)

• Abstracts of MEDI programming at national meetings

• Access to student travel grants and fellowships

http://www.acsmedchem.org/


5/29/2019

39

www.acs.org Proprietary and Confidential

Scope:

• Pathogens & Host-Pathogen Interactions
• Therapeutics
• Drug Resistance
• Vaccines
• Diagnostics
• Drug Delivery Systems

Associate Editors:

• Mark Blaskovich (University of Queensland)
• Felix Calderón (GlaxoSmithKline)
• Zhiyong Lou (Tsinghua University)
• Pei-Yong Shi (University of Texas Medical Branch)
• Peter Tonge (Stony Brook University)
• Gerry Wright (McMaster University)
• Priscilla Yang (Harvard Medical School)

Courtney Aldrich,
University of Minnesota

eic@id.acs.org

Editor-in-Chief

https://pubs.acs.org/journal/aidcbc

Current Issue

Available Now!

1

78

Contact ACS Webinars ® at acswebinars@acs.org 

@AmericanChemicalSociety

@AmerChemSociety

https://www.linkedin.com/company/american-chemical-society

@AmerChemSociety

mailto:eic@id.acs.org
https://pubs.acs.org/journal/aidcbc


5/29/2019

40

79

http://bit.ly/ACSnewmember

80

ACS Webinars  does not endorse any products or services. The views 
expressed in this presentation are those of the presenter and do not 
necessarily reflect the views or policies of the American Chemical Society.

®

Contact ACS Webinars ® at acswebinars@acs.org 

http://bit.ly/ACSnewmember


5/29/2019

41

81

Upcoming ACS Webinar
www.acs.org/acswebinars

https://www.acs.org/content/acs/en/acs-webinars/business-entrepreneurship/chem-econ-2019.html

https://www.acs.org/content/acs/en/acs-webinars/business-entrepreneurship/chem-econ-2019.html

