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Progress in the treatment of lung cancer?
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0 plus chemotherapy
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Efficacy of chemotherapy ...

— Cisplatin/Paclitaxel
— Cisplatin/Gemcitabin
— Cisplatin/Docetaxel
— Carboplatin/Paclitaxel

0 5 10 15 20 25 30
month

J. Schiller, N Engl J Med. 2002, 346, 92-8.
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Understanding tumor biology — molecular biology
revolution
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Precision medicine

Last decade: revolutionary
epoch of cancer science &
cancer medicine

* Molecular, atomic
understanding of cancer

* Knowledge about genes; why
cancer; how it manifests and

spreads ...

R.A. Weinberg, et al., Cell 2000, 100

“The Hallmarks of Cancer”; R.A. Weinberg, et al., Cell 2011,
144, “Hallmarks of Cancer: The Next Generation”



Precision medicine

Canceris a
disease of the genome!

Last decade: revolutionary
epoch of cancer science &
cancer medicine

* Molecular, atomic
understanding of cancer

* Knowledge about genes; why
cancer; how it manifests and

Spreads e R.A. Weinberg, et al., Cell 2000, 100
“The Hallmarks of Cancer”; R.A. Weinberg, et al., Cell 2011,
144, “Hallmarks of Cancer: The Next Generation”



Precision medicine

Canceris a
disease of the genome!

Hour of birth of Precision
medicine

e cancer arises and persists
because of mutations
 attacking the weaknesses

/0\/\0 N/)
Erlotinib, approved by the FDA 2005
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MEK-> MAPK MAPI 0! hanges Cell
Proliferation
xpression
CdC42 —> Rac =Rl
- Ad Cycl > PKA————> C —/j
R (e.g.ER)
Cell Death
A

R.A. Weinberg, et al., Cell 2000, 700

“The Hallmarks of Cancer”; R.A. Weinberg, et al., Cell 2011,

144, “Hallmarks of Cancer: The Next Generation”
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What are these weaknesses?

« amplifications
 mutations

driver mutations
in NSCLCI]

 deletions
* Insertions
* oncogene addiction

* oncogenic shock

[1] M.E. Arcila, et al., Clinical cancer research 2012, 18, 4910-4918.

[2] W. Pao, et al., Nature medicine 2012, 18, 349-351.

[3] H.A.Yu, etal., Clin Cancer Res 2013, 19, 8, 2240-2247.

[4] G.R. Oxnard, et al., in 16th World Conference on Lung Cancer (Denver, Colorado, 2015).
[5] M.E. Arcila, et al., Mol Cancer Ther 2013, 12, 2, 220-229.



What are these weaknesses?

fications
ons

ons
B ecne addiction
enic shock

Seeing the “dragon”, its weaknesses
Knowing how to attack ...



PD-1/PD-L1 ;4 EGFR HER2/3 MET AXL

immune checkpoint
inhibitors

1. EGFR TKI

2. Covalent TKI
3. Allosteric TKI
4. Anti-EGFR antibody

5. MEK inhibitor
6. TORC1/2 inhibitor

7. Anti-HER2/3 antibody
8. HER2 TKI

9. MET TKI 1
10. Anti-MET antibody =
. 6
11. AXL TKI

Lategahn, Keul, Rauh, Angew Chem Int Ed Engl 2018, 57, 2307-2313.




NGM-Evaluation Il: Nachstgenerations- J

g = . . . . Lungenkrebs
Inhibitoren verlangern das Uberleben signifikant
EGFR Mutation ALK Fusion
Uberlebensfunktionen
1,0 C“f téisal siell -3 Therapie
1 L’_’_’l (;=¥10)‘ H IR | (1=CTx
pa M TKI; 3=two
| ! 2 TKls:)
~+— 1-zensiert + -1
0.87 +H {— 2-zensiert 0,87 b 19
b L L ‘L A jj ?-zensien
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¥
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Patient::OverallSurvival 0Ss3

No. of pts = 1: Chemo: 21 pts - mOS 8
1 = clin trial 25 2: 1 ALKi. 45 pts -
2 = no trial 83 3: 2 ALKi. 19 pts - -
Total 108 29
P = 0,002 (log-rank test) P < 0,0001

Einsatz von Dritt.gen.EGFR-Inh. Kostenko et al. ASCO 2017
Curtesy Jurgen Wolf, Koln



What are these weaknesses?

&

eeing the “dfagon’, its weaknesses

but ...

rare alterations, 04/18 28 drugs, resistance ...
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converging cancer genetics, structural biology
and medicinal chemistry ...
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Small Molecules for Dissecting Protein Function
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Small Molecules for Dissecting Protein Function

structural
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Hope and Disappointment: Covalent Inhibitors to
Overcome Drug Resistance in Non-Small Cell Lung Cancer

1st generation TKI 2nd generation TKI 31 generation TKI CO-1686 metabolite
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Engel, Lategahn, Rauh, ACS Med Chem Lett, 2016, 7(1):2-5.



Hope and Disappointment: Covalent Inhibitors to
Overcome Drug Resistance in Non-Small Cell Lung Cancer
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Engel, et al. J Med Chem 2015, 58, 6844-63.

Met790

N N
NH . J/ N
Covalent-reversible
inhibitor (CRI) . :
Tomassi, Lategahn, et al. Basu, et al. Bioorg Med Chem 2015, 23, 2767-80.
J Med Chem 2017, 60, 2361-2372. Smith, et al. ACS Omega 2017, 2, 1563-1575.

Engel, Lategahn, Rauh, ACS Med Chem Lett, 2016, 7(1).2-5.



Hope and Disappointment: Covalent Inhibitors to
Overcome Drug Resistance in Non-Small Cell Lung Cancer

. . d . _ .
1st generation TKI 2nd generation TKI 3 generation TKI CO-1686 metabolite
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Need for 4t generation TKIs!
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L858R/T790M/C797S
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Staurosporine 1
WZ4002 7294

Gunther, et al. Angew. Chem. Int. Ed. 2016, 55, 1-6.
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Uchibori, et al. Nat Commun 2017, 8, 14768.

Angew. Chem. Int. Ed. 2016, 55, 10909-12.

\./ 797
Engel, Becker, et al.

Grabe, Lategahn, Rauh, ACS Med Chem Lett, 2018, 9, 779-782.

== EAIO45 + cetuximab




In vitro Evaluation

a) nefitinih 1 b) Wz4nn? 1

can we target both drug-resistant mutants
(T790M & T790M/C797S)

with one and the same druq?

in drug-resistant H1975 cells dose-dependent effect on EGFR phosphorylation

and its downstream signaling
Met790

GIn791

Met792

PDB: 5J9Z PDB: 5J9Y
covalent bond formation with Cys797 covalent bond formation with Cys797
lipophilic interaction (Met790&Lys745) lipophilic interaction (Met790&Lys745)

Engel, Becker et al., Angew Chem Int Ed Engl 2016, 55, 10909-12.
Tomassi, Lategahn et al., J Med Chem, 2017, 60, 2361-2372.



Acquired Drug Resistance — C797S Mutation

NHy N
Nl\ \ Compound EGFR ICs0 [NM]
N L858R/T790M 2.5
CN 0 1a
<_ L858R/T790M/C797S 838
1a
v T 1b L858R/T790M 1.9
VSN L858R/T790M/C797S 7900
N N
CN{ 1 358R/T7901
b= c L858R/T790M/C797S 88
" QO L858R/T790M <1
: AZD9291
NS L858R/T790M/C797S 77

Engel, Becker et al., Angew Chem Int Ed Engl 2016, 55, 10909-12.



Acquired Drug Resistance — C797S Mutation

\
N

NHy N

N&\ { Compound EGFR ICs0 [NM]  Ki[nM]  Kinact [min™]

NT L858R/T790M 2.5 0.29
CN 0 1a
<_ L858R/T790M/C797S 838
1a
v T 1b L858R/T790M 1.9 0.31
N L858R/T790M/C797S 7900 -
N N
CN{ 1c L858R/T790M <1 0.17
b = L858R/T790M/C797S 88 -
" QO L858R/T790M <1 1.5 0.33
: AZD9291
e L858R/T790M/C797S 77 25

high affinity towards
the gatekeeper (Met790) is key for

targeting T790M/C797S resistance!

Engel, Becker et al., Angew Chem Int Ed Engl 2016, 55, 10909-12.



Acquired C797S mutation - screening for novel chemical entities

cell-based screens

. Cas9 PAM
Genomic DNA 3 /

Target Sequence |

LLLRLLE e .
euideRNA | [T

crRNA
tracrRNA

CRISPR/Cas9 engineered lung cancer cell line with T790M/C797S mutation

Marina Keul, Hannah L. Tumbrink, Jonas Lategahn & AG Martin Sos, unpublished



Complex regulation of EGFR

EGFR G724S-mediated osimertinib resistance
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Complex regulation of EGFR

EGFR G724S-mediated osimertinib resistance

green — ex19del
blue - T790M
orange — G724S

osimertinib

T1 T2

G724S mutation found in NSCLC patients after the

treatment with osimertinib

validation!

26
J. Fassunke, F. Muller, M. Keul, S. Michels, M. Dammert et al., 2018, revised.



Complex regulation of EGFR

EGFR G724S-mediated osimertinib resistance

35.000 diversity-based compounds %e fast and efficient
ED|
selected by various filters e.g. PAINS™ ™ compound transfer
@ ChemDiv full barcode compatible
§> 2.000 proprietary compounds 384- and 1536-well
compatible
compound design and synthesis compound [lbrary contact free compound transfer

hit follow-up Dl:% A @ P E &I @ biochemical and cellular screens

binding studies (SPR, ITC, X-ray)

high-quality compound library,

freedom to operate

robust, straightforward setup

meaningful assays, cost-efficient

hit validation, functional studies assay formats and screens
HTS data analysis quattrt%search multi-label system bulk filling and transfer of buffers,

- fast HTS reader
efficient comp. management

substrates, enzymes, ce!ls ‘»"!

<§ 96-, 384-, 1536-well plates |

LT

< [ < <
=
data clustering and analysis FATS multilabel reader parallelized dispensing

27

J. Fassunke, F. Muller, M. Keul, S. Michels, M. Dammert et al., 2018, revised.



Complex regulation of EGFR

EGFR G724S-mediated osimertinib resistance
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J. Fassunke, F. Muller, M. Keul, S. Michels, M. Dammert et al., 2018, revised.



Complex regulation of EGFR
EGFR G724S-mediated osimertinib resistance
b

delE746 A750 1Sk, 4

G724S

3

 J
b

/
/ ’ ~ /
L( 1 ‘“\’A ./

“ Exon20- /

mutations

J. Fassunke, F. Muller, M. Keul, S. Michels, M. Dammert et al., 2018, revised.



Identification of
novel drug
resistance mutation

delE746_AT750 Y‘ SPs
G7248
f v

Successful
expression of active
target proteins

M Prot.

P\ 100kDa b gy €=

e ‘ 75kDa |
('-.;
..//

25 kDa

ncy

pote

Biochemical and
kinetic evaluation

osimertinib
rociletinib

| pu—a

o afatinib
©O— poziotinib

3 gen. TKls 2" gen. TKls

Complex regulation of EGFR

EGFR G724S-mediated osimertinib resistance

J. Fassunke, F. Muller, M. Keul,

MD-Simulations and
structural analysis

Cellular and mouse

studies confirm
activity of 2"d gen.
TKiIs!

. Michels, M. Dammert et al., 2018, revised.
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Stabilizing inactive kinase conformations

PH N
o
K SH . ) . SH
N-() PH )—() 'ml;y_):ﬁ “ATP Kinase c '
active conformation inactive conformation

allosteric covalent
access to conform. space binds irreversibly
highly selective highly potent

drug-target residence time

covalent-allosteric inhibitors to irreversibly
stabilize inactive conformations!

31



Stabilizing inactive kinase conformations

Q O ek \SNQQQ

Akti-1/2 12j

(PDB code: 3096) (PDB code: 4EJN)



Stabilizing inactive kinase conformations

H

60 %
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H EG, p-TsOH, O
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98 %

1. 6 N HCI, dioxane, rt

NH, N.
| Boc,0, DMAP [ Boc
N__= > N__~
DIPEA, DCM, rt
C Cl

2. Acryolyl chloride, DIPEA
THF, rt

.

H

N.
DMF, ‘Buli [ Boc
> N__~ H
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52 % ¢ o
o\
O
BzMgBr O
>
THF, 0 °C - rt
50 %
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NaOMe
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62 %

HCIaq, reflux
71 %

Structure-based
Design
&

SAR
33

Niklas Uhlenbrock, Steven Smith, Rajesh Gontla, Marius Lindemann, Lena Quambusch



Irreversibly stabilizing inactive kinase conformations

o
g s _Q,
N-O PH )—O Kinase C TATP Kinase
active conformation inactive conformation inactive conformation
IC5, / NM N o
Compound Akt1_wt Akt1_E17K Q\ J(
GSK690693 2.2+ 07 1.3+ 05 N NH
MK-2206 10 = 241 4038.2 + 783.2
RL1782 3.6+ 08 839.7 + 2255 @
Borussertib 0.8+ 03 115.1+ 2441
RL1969 12+ 03 1718+ 757 HN
RL2231 14 + 6.1 090.8 + 3523 O)\\\
RL2232 10.8 £ 25 676.7 + 259.4 ]
RL2283 71 15 9427+ 3251 Borussertib / RL1784
RL2284 1.9z 04 724+ 333
RL2321 3.7+ 07 582.5 + 149.8

Weisner, Gontla, et al., Angew Chem Int Ed Engl. 2015, 54, 10313-6.
adapted from: Schirmeister, et al., J Am Chem Soc. 2016, 138, 8332-5.



Irreversibly stabilizing inactive kinase conformations

E 0
K SH \
N-() PH )—() Kinase C tATp Kinase ’ Kinase
active conformation inactive conformation inactive conformation
[o]
A - _)
Compound Akt1_wt Akt1_E17K SH ¥ — . ~_SH S
= = Ki kin
GSK690693 294+ 07 13+ 05 ’W ’W act ow
MK-2206 10+ 21 4038.2+ 7832 A
RL1782 36+ 08 839.7 + 2255
Borussertib 0.8+ 03 115.1 + 241 o
RL1969 1.2+ 03 171.8 + 757 3
RL2231 14 + 6.1 990.8 + 3523 g reversible inhibition
RL2232 10.8 + 25 676.7 + 259.4 ®
RL2283 7.1+ 15 042.7 + 325.1 L AGg
+ 04 + 33.3 '
RL2287 12 22 v--- irreversible inhibition
RL2321 3.7+ 07 582.5 + 1498 — >
Inhibition course

adapted from: Schirmeister, et al., J Am Chem Soc. 2016, 138, 8332-5.

Weisner, Gontla, et al., Angew Chem Int Ed Engl. 2015, 54, 10313-6.
adapted from: Schirmeister, et al., J Am Chem Soc. 2016, 138, 8332-5.



Irreversibly stabilizing inactive kinase conformations

ATP

N-() PH )—() MSH — > Kinase

active conformation inactive conformation inactive conformation
Akt1_wt

Compound K;/nM Kinact / min-1 Kinact/ K | pm- s-1
RL1782 6.8 +03 0.083 = 0.016 0.202 £ 0.035

Borussertib 2.2+03 0.113 £ 0.020 0.853 £ 0.038
RL1969 4.1+07 0.110 = 0.023 0.447 +o0.074
RL2231 39.3+686 0.088 = 0.010 0.038 = 0.007
RL2232 27.2+42 0.138 = 0.031 0.085 < 0.018
RL2283 5.6+08 0.032 + 0.004 0.095 = 0.013
RL2284 2.6 04 0.055 = 0.006 0.331 £ 0.026
RL2321 7.6 1.1 0.078 = 0.022 0.168 = 0.025

» affinity-driven loss of potency (WT vs. E17K)

= covalent bond formation rescues enzyme inhibition

Weisner, Gontla, et al., Angew Chem Int Ed Engl. 2015, 54, 10313-6.



Stabilizing inactive kinase conformations

a) Akt1
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Weisner, Gontla, et al., Angew Chem Int Ed Engl. 2015, 54, 10313-6.



Stabilizing inactive kinase conformations

CAAls in complex with full-length Akt

RL1781 RL1782 Borussertib /
RL1784

Rebekka Scheinpflug, Patrik Wolle, Jorn Weisner, Ina Landel, unpublished



Stabilizing inactive kinase conformations

(breast) (breast) (breast) (endometrium)
PTENL108R P|K3CAH1047R P|K3CAK111N P|K3R1R557_K561>Q
TP53L194F TP53E285K PTENR130fs
TP53R213Q
3.5x108 ZR-75-1 m RL1784 CTG ECs / nM
| e RL1969
soder | § AP Compound ZR-75-1 T-47D BT-474 AN3CA
= Slpicadile GDC-0068 219 =8 447 = 2 2371 =745 925 = 457
el MK-2206 | 63 +21 411 = 23 1682 £ 316 972 = a2
= 5 ox10f RL1782 e 3 95 + 20 464 + 31 382 + 3
éwmﬁ_- RL1784 £ 1 48 : 15 373 54 191 : %
g RL1969 +o |95 s 7 250 :es | 159 : 70
E 1.0x10° - RL2231 | 83 |+ o 370 =15 1104 =212 879 = 223
o RL2232 | 22 : 7 255 & 2268 : 70 1328 : &0
. ‘ RL2283 424 :253 5503 2520 171915466 27089 + 2335
0.0- RL2284 .t 4 194 s &7 1202 + 4 957 =302
o 1 10 100 1000 10000 100000 RL2321 t 3 119

I+

36 621 =+ 85 568 + 106

inhibitor concentration / nM

39
Jorn Weisner, Ina Landel, Stephan Hahn, Jens Siveke, unpublished



Stabilizing inactive kinase conformations

800
-
£
(@]
£600 -
c
0
T
T 400
3
T-47D s
(breast) (breast) < 200
PTENL108R PIK3CAH1047R 2
TP53L194F =
04
0 20 40 60 8 100 120 140
3.5x10° = RL1784 time / min
] e RL1969
3.0x10° MK-2206 —a— 2 mg/kg i.v.=—e=— 20 mg/Kg i.p. =+ 20 mg/kg p.o.
] v GDC-0068
- 2.5x10°
t\d 1 Parameter 2 mg/kgi.v. | 20 mg/kg i.p. |20 mg/kg p.o.
g 2.0x106-
5 3 c 623.37 682.53 77.92 ng/mL
g 19410 max 1.04 1.14 0.13 UM
© ]
g 1.0x108 1 \ tio 0.85 0.75 2.25 h
N 2] A { AUC 0-t 303.65 1201.25 84.57 h*ng/mL
5.0x10° -
] —_— Clse 5.77 - - IIhkg
0.0 ~ VSSgps 4.94 - - I’kg
o 1 10 100 1000 10000 100000 F 47.7% 3.4%

inhibitor concentration / nM

Mouse MTD and PK, good bioavailability

Jorn Weisner, Ina Landel, Stephan Hahn, Jens Siveke, unpublished



Stabilizing inactive kinase conformations

KRAS-mutant PDAC PDX

borussertib

tumor volume / mm?3

days Of treatment Tab. 2: In vitro anti-proliferative activity of borussertib in combination
with MEK inhibitor correlates with in vivo data.

CTG EC;,/ nM

Compound
borussertib 1486 + 584
“““““““““ MEK inhibitor | 177£13%
borussertib + MEK inhibitor 15+3

Jorn Weisner, Ina Landel, Stephan Hahn, Jens Siveke, unpublished



Stabilizing inactive kinase conformations
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Structure-based
Design
&
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42

Niklas Uhlenbrock, Steven Smith, Rajesh Gontla, Marius Lindemann, Lena Quambusch



Stabilizing inactive kinase conformations

Design of Isoform-selective Identify Interaction Partners by
functional Probes Fluorescent Probe Labeling
Skin, bone, muscle development Akt
Adipogenesis

Postnatal survival

-+ 4+ + o+ o+ o+ o+ o+ -
44 - - - 3 + S - - - -

46 - - - - - - + - R -

Cyanin-3-Azid = = R £ F ¥ -

CuSO, [mM] - - - - 051 - 051 -

TCEP[mM] = = = = 08 1T = 091 -

N3 TBTA [uM] - - - - 50100 - 50100 -
M1 23 456 78M

¥ M-

Slucose
costasis

Whole body
Weight and size

Kinase
Cell lysate
_:\ s}"ﬂ«« Functional Probes
Affinity Tag d k> ’m (o) ﬁ
Binding Partner Immobilization S

Identification < hv "'L N Kinase
yA
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NEN S Na 3 Proteasomal
roteasoma
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Pull-down Assays and Photo- Small molecule-induced

43

induced Crosslinking proteasomal Degradation



Stabilizing inactive kinase conformations

Z ‘N\ O AO\NJENH N O ,\O\NJ?NH HN/ "“; O O\NJ(NH
Activity 0 ADME o S Tox Se CINEY!
o)\\\ o)\\\ o)\\\
Borussertib Borussertib Borussertib
Heﬁggs\ftm =10000 hPBMCs CTG
- Sol [uM] 6470
EGFR T790ML858R >10000 ICs0 [NM]
Lanlice;llzg W[tnM] =Ly
50
Her2 INS Clint [uL/min/mg] HepTox HepG2 >30000
885 mouse / human 1Cso [NM]
EGFRINS 9226
BaF3 CTG [nM
(M) Microsomal Stability MitoTox Glu 30000
A431 1629 Phase Il [% Remain] - ICso [NM]
A2780 100 mouse / human
H1975 8285
HCC1937 2576 Plasma Stability MitoTox Gal >30000
CTG (Cx M ik Remai] 100799 o M
hERG Predictor Assay
PPB [%)] M 880
otea ! b 98.65 / 99.90 ICao [nM]
hERG
PAMPA [%] Patch CIIaCTf[r% ?yprotex -

Caco-2 Papp [10-5cmi/s)
A=>B
B=>A

In need, compound optimization

Thanks to LDC GmbH, Dortmund



summary

« Cancer is a disease of the genome
* Genetics lesions across key signaling

pathways (EGFR) drive tumorigenesis

historic impact

 Revolution of DNA sequencing drives | gi{))

development ...

- Additional key discoveries In the translation — bench-to-
beside-to-bench ...

* In need: new technologies/ approaches, novel

collaborative models, dialog for a better medicine ...
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The
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Adapted from Larry Steranka, CRT; BIO 2007
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..."Valley of Death”

The
Development

GAP

Adapted from Larry Steranka, CRT; BIO 2007
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lost opportunities!



The Academia-Industry Innovation Gap

ACADEMIA INDUSTRY
Translators

Development

GAP

Adapted from Larry Steranka, CRT; BIO 2007

Profound structural problem in Germany —
lost opportunities!

Efficient mechanisms are needed
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Translating basic academic research
into pharmaceutical application

Funded by:

EUROPEAN UNION
Investing in our Future
European Regional
Development Fund
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S ad Investitionen in Wachstum
q I\ und Beschaftigung

Operational since April 15t, 2018; funds for three
years (infrastructure — PoC — education/

entrepreneurship) 49
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Drug Discovery Hub Dortmund 25.July 2018

The Drug Discovery Hub Dortmund network is
unique in Europe and combines all of the

essential players in early-stage drug discovery
and development in one collaborative project.

The TU Dortmund is coordinator and Chemical modulation of
collaborates with the neighboring Leibniz

: e transcription factors
Institute for Analytical Sciences (ISAS), the

Leibniz Research Centre for Working Environment and Human Factors (IfADo)
and the Max Planck Institute for Molecular Physiology (MPI), the

BioMedizinZentrum (BMZ) and the local companies Lead Discovery Center
(LDC), Taros and PROvendis.

ddhd@tu-dortmund.de
® www.ddhdortmund.de
twitter.com/ddhdortmund




