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Pharmacoscopy

* Combination of automated microscopy, population-wide single-cell image analysis and novel analysis algorithms

Developed at CeMM Research Center for Molecular Medicine of the Austrian Academy of Sciences
Tested in collaboration with the Medical University of Vienna
High statistical power due to large number of events monitored
Allows high-troughput screening of co-culture systems

Quantification of a variety of cellular parameters

Gregory Vladimer, Nikolaus Krall, Berend Snijder and Giulio
Superti-Furga (from left to right) are next to the Pharma-
coscopy high-throughput microscope.

Credit: Wolfgang Dauble/CeMM
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Pharmacoscopy allows to quantitatively study the cell-cell interactions
in blood for large drug libraries

* Exvivo population-wide single-cell microscopy of PBMC monolayers

*  “phenotypic” drug screening of 1402 small chemical molecules

= check for their ability to alter cell-cell interactions among PBMC ex vivo

= identify and characterize the immunomodulatory properties of small-molecule drugs
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Testing the assay with biologicals that in/decrease cell-cell contacts

* Treatment of VSV-stimulated PBMC with MHC-II blocking antibody

* Percentage of CD11c+ dendritic cells that were in direct contact with CD3+ T-cells was reduced from 33% to 25% measured over a
total of 124’059 cell-cell contacts

* Dendritic cell > T-cell interaction score reduced under VSV-stimulated but also naive conditions (reduced “ag-scanning”?)
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The interaction score

* The interaction score indicates how much of the observed interaction frequency deviates from what would
be expected by random chance occurrence

Robust to alterations in relative abundance of either subpopulation

Robust to alterations in overall cell density or number of cell-cell contacts

Many-to-one cell contacts

Gain or loss of cellular subpopulations
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Interaction frequencies are dependent on

Fraction of A cells (X,),

Fraction of type B cells (X,),

and overall clustering index (i.e. fraction
of PBMC that contact 1 or more cells, X;).
E => fraction of cells that are of type A
and interact with type B



* Dose-dependent increase in the respective interaction
score and concomitant loss of target cells
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B cell — NK cell

Treatment of PBMC with anticancer biologicals with well-defined

Interaction score increased even with the reduction of

target B cells (score’s normalization)

mechanisms of action
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Screening for chemical modifiers of PBMC cell-cell contacts

Leukocyte interactions were screened for 1’402 compounds tested (quadruplicates)
Analysis of cell-to-cell contacts of 80 million PBMCs
Immune stimulation with VSV-GFP (to induce higher cell-cell interactions)

Pairwise combinations of four populations were stained after infection



z-score VSV infection

Screening for chemical modifiers of PBMC cell-cell contacts

e 80 compounds decreased and 22 compounds increased VSV infection

* Monocytes had higher number of direct neighbours than lymphocytes (analysis of 246 x 1076 cell contacts)
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Screening for chemical modifiers of PBMC cell-cell contacts

e Highest interaction scores were observed between and among CD11c+ and CD14+ monocytes

e Overall, more compounds (11.6 %) altered only leukocyte cell-cell contacts than those altered by only virus
infection (2.5%) at 2 s.d.
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Steroid: Steroidal anti-inflammatory drugs
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Neuro.: drugs acting on sympathetic nervous system

NSAID: Non-steroidal anti-inflamma
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Steroid: Steroidal anti-inflammatory drugs
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Steroid. anti-inflammatory drugs:
Reduce transcriptional avtivity of pro-
inflammatory TF such as NF-kB, IRF3
VSV infection load correlated with

decreased CD14+ clustering (suppl. data)
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Crizotinib increases the interactions between T cells and APCs

* One of the drugs with previously unknown immunomodulatory properties was the RTKi (inhibitor of the
receptor protein tyrosine kinases) Crizotinib

* Increased interactions between CD11c+ cells and CD3+ c T cells
* Crizotinib = inhibitor of MET, ALK and ROS1 kinases

e QObserved for both enantiomers

e Repeat of the screen using unstimulated blood | |
C Repeat screen in unstimulated blood

e Lymphocyte—CD1Ic"

* Results were reproduced 30

CD11c"—=Lymphocyte

* RTKi were strongest-enriched drug class over all cell-cell interactions 25

"EC 2.7.10.1 (RTK) inhibitor" @
“Enantiomers of crizotinib”" @

* Significant increase in CD11c+ cells and lymphocytes (i.e. monocyte-n
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Crizotinib increases T cell interactions with APCs through upregulation
of MHC-

* APC - T-cell interactions depend on MHC-Il — TCR interactior
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*  MHC-Il expression assessed on more healthy donors
without VSV-infection (ex vivo incubation with Crizotinib)

*  Crizotinib-induced CD4+ T helper 1 response that is

@ indicative of an inflammatory milieu
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* RNA-seq (2uM crizotinib) and FACS analysis of crizotinib-treated SW480 colon cancer cells

—Iogm(q-value)

(M2, 2.0%)

Crizotinib drives MHC-I| expression in colon cancer cells

(1500,2.7%) b
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Immunomodulatory effect of crizotinib is mediated by MSTR1

inhibition

* Analysis for the enrichment of TF-binding sites in the upregulated genes revealed a strong enrichment for

CREB and ATF

* CREB and ATF are important TFs for MHC-I/1l molecules and regulate and cooperate with the MHC-specific

TFs CIITA and NLRC5
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Immunomodulatory effect of crizotinib is mediated by MSTR1
inhibition

« MSTIR (macrophage-stimulating 1 receptor) = neg. regulator of MHC expression and immune system upon

binding of ligand MST1
e Crizotinib binds and inhibits MSTR1

@MST‘I (_ (_ C‘

MST1R MHC-11I

I Crizotinib [
BMS-777607

l Cytoplasm

D (~[cima

i 4
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I—tubulin S
‘ ] 1 '

* shRNA against MSTR1

17



In vivo assessment of the immunomodulatory potential of crizotinib

* Crizotinib increases MHC-| levels in xenografted cancer cells or patient-derived peripheral blasts

* Lung cancer mouse models treated with Crizotinib => CD8+ T-cell infiltration in lungs, reduced metastasis

e This may aid an anticancer immune response => e.g. clinical trials with CTLA-4 blockade (ipilimumab) +
crizotinib in NSCLC (non-small cell lung cancer) patients

(R)-Crizotinib Vehicle

(5)-Crizotinib

MHC-I

DAPI Merge

Crizotinib injected into SCID mice harbouring a
SW480 (colon carcinoma cells) xenografted tumor
50 mg/kg body weight

c

Mean MHC-I levels

P<51x10-8

E P<13>c10-7

[ SR G
AOOWOND

C d P<0.042
~ X o 5} P<0.022
© 10 4 S CD33"—=CD3"
T c 10}
=2 5
G e 5 _ E 5l P<0.025 P<0.071
T % Q@ CD3*—=CD33"
O = o lry=—%-—-=
c z —
@] O - o 1 1 1 1 1 1
@C)Q S@ 0 1 2 3 4 5
QX &Y DMSO Crizotinib (UM)
o
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Ex vivo treatment with Crizotinib of PBMC of patient with CMML (chronic

myelomonocytic leukemia, >70 % CD33+ and CD34+ blast cells in peripheral blood)

Peripheral blasts
— Showed twofold increase in MHC-I expression measured by FACS
— Concentration-dependent increase of T-cell <-> blast interactions
18



Image-based ex-vivo drug screening for patients with
aggressive haematological malignancies: interim results
from a single-arm, open-label, pilot study

Berend Snijder*, Gregory | Vladimer*, Nikolaus Krall, Katsuhiro Miura, Ann-Sofie Schmolke, Christoph Kornauth, Oscar Lopez de la Fuente,
Hye-Soo Choi, Emiel van der Kouwe, Sinan Giiltekin, Lukas Kazianka, Johannes W Bigenzahn, Gregor Hoermann, Nicole Prutsch, Olaf Merkel,
Anna Ringler, Monika Sabler, Georg Jeryczynski, Marius E Mayerhoefer, Ingrid Simonitsch-Klupp, Katharina Ocko, Franz Felberbauert,
Leonhard Mullaver, Gerald W Prager, Belgin Korkmaz, Lukas Kenner, Wolfgang R Sperr, Robert Kralovics, Heinz Gisslinger, Peter Valent,
Stefan Kubicek, Ulrich Jdger, Philipp B Stabert, Giulio Superti-Furgat

*®

CrossMark

Lancet Haematol 2017;

4: e595-606

Published Online
Movember 15, 2017
http://dx.doi.org/10.1016/
§2352-3026(17)30208-9

See Comment page e567

*Contributed equally as first
authors

tContributed equally as last
authors

19



Pharmacoscopy, a helpful tool for personalized medicine?

* Problem: cancer genotype vs. cancer phenotype vs. response to therapy
* Aim: investigate clinical impact of pharmacoscopy (PCY) in a small trial

* Single-arm, open-label pilot study with patients that had undergone at least 2 lines of therapy

1. Ability of PCY to separate responders from non-responders in retrospective study

* Cohort of 20 newly diagnosed and untreated patients with acute myeloid leukemia (AML)

2. Prospective pharmacoscopy-guided treatment with 48 patients (17 with treatment) with aggressive
hematological malignancies

* Primary endpoint: Progression-free survival in pharmacoscopy-treated patients vs. their progression-free survival for the most recent
regimen (with disease progression)



Can PCY predict clinical response in retrospective study with AML
patients?

e Samples from AML patients before first-line remission induction therapy
* Remission induction therapy consists of cytarabine, etoposide, daunorubicin (60% remission rate)
* Drug combination matrix for all 3 drugs tested in mononuclear cells

* On-target effect (CD34+ CD117+ blast fraction), off-target effect (blast-marker-neg. cells) and
chemoresistance of blasts determined

A B
= 8000 correlati
u ™ orrelation=0-99 .
Non-responders ei i a e . <! 33‘ d
(ten patients) S e, P 1 g%
lae ot it e ] J
_’ B 1ieae ' - = = 4000
.. ’-..4" e » : “ S .g
Complete remission “"' ssaatiiee esttiiiindts: ! E =
. L N 2
(ten patients) R i, Ontarget  Inactive  Toxic 8L :
[@erightficld g 0 ISP
. P, A 2 . N ) . By S -2 . o o 0 4000 8000
Biobanked bone marrow Cytarabine, etoposide, and daunorubicin ~ Automated microscopy Quantify cell death based Total number of
aspirates from 20 patients with 125 drug combinations in and image analysis on nuclear morphology non-fragmented nuclei
acute myeloid leukaemia quadruplicate 18 h incubation 15360 images per patient
taken at time of diagnosis 40x384-well plates Dot = values of wells from

drug-screen (n=3)
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Relative blast fraction
(% blasts relative to DMSO)

Total cell number
(relative to DMSO)

Pharmacoscopy and response to first-line AML therapy

» Relative blast fraction (RBF, specific killing of blast cells) allows to stratify patients according to their clinical
response, population-averaged cytotoxicity mesaurements (i.e. total cell death) does not
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RBF = (averaged fraction blasts after drug treatment) / (averaged fraction blasts treated with DMSO)



Integrated response score for drug sensitivity allowed good
separation of responders vs. non-responders

* Cross-validation by leaving out and reclassifying every possible combination of 2 patient samples => Average
classification accuracy (CA) of 88.1%

Integrated relative blast fraction

score per patient
S

H
p<0-0001
it
051 ®
)
)
LJ
D

=

v
1

+

L
Non-  Complete
responders remission

One very strong outlier!

Cross validation accuracy (%)

|
Relative

blast fraction

901
80-
704
604
504
40 ' T 1 1 T
Random  Total cell Total
number blasts
i.e. cell death
3 Random B Total cell number

)
) AUROC (relative blast fraction)=0-97
; 5
= 091 /0.86
2
o
2
’_
0 T 1
0 05 1-0

False positive rate

2 Total blasts Bl Relative blast fraction

AU = area under the curve
ROC = receiver operating characteristics

Sensitivity vs. 1-specificity 73



Diagnostic pathology
(flow cytometry)
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Prospective clinical trial with pharmacoscopy-guided patient

treatment

Diagnosis Age Previous  Sample type Clinical Cell markers Pharmacoscopy-guided Overall Progression-  Ongoing
{years) treatment diagnostic used treatment response free survival response
lines mutations (weeks)
1 B-cell acute lymphoblastic 23 g Peripheral MRAS, CDKN2A  CD10,CD34  Bortezomib Partial response 63 No
levkaemia blood
2 Diffuse large B-cell 69 7 Dissociated ~ MYDEE, COKMZA  CD20 Ibrutinib Complate 42:0 Mo
lymphoma lymph node remission
3 Precursor B-cell 5l 3 Plaural Mot determined  CD19,C020  Obinutuzumab, Partial response 129 Mo
lymphoblastic lymphoma effusion 6-mercaptopurine, bortezomib
4 Peripheral T-cell lymphoma 56 4 Bone marrow  TP53 03 Leazomib, lenalidomide, Complete 226 No
dexamethasone remission
5  Diffuse large B-cell 29 2 Dissociated Mo alterations CD79a Bortezamib, cladribine, Complete 340 Yes
lymphoma lymphnode  detected dexamethascone remission
6 B-cell acute lymphoblastic 29 2 Peripheral FLT3, KRAS CD20,CD34  Bortezomib, azacitidine Complete 371 s
leukaemia blaod remission
7 Diffuselarge B-cell 60 g Dissociated ~ MYD88 C019,CD20  Imatinib, ibrutinib, Stable disease 373 Yes
lymphoma lymph node lenalidomide, obinutuzumab;
fludarabine,
cycdophosphamide®
& Acute myeloid leukaemia 72 2 Peripheral MNRAS CD34,C0117  Azacitidine Complete 224 No
blood remission
9 Prmary mediastinal large 27 6 Dissociated Mo alterations CD20,CD30, Brentuximab vedotin, Complete 347 Yes
B-cell lymphoma lymphnode  detected CD79a cladribine remission
10 T-cell lymphoblastic i 4 Peripheral FIK3CA, FBXWT, CD3 Bortezomib, cyclophosphamide,  Partial response 41 No
lymphoma blood NOTCH1 dexamethasone
11 Acute myeloid leukaemia 72 3 Peripheral MPM1, KRAS CD34,CD0117  Decitabine Partial response 8.4 Mo
blood
12 Diffuselarge B-cell 67 3 Lymph node  MYC CD20,CD79a  Ibrutinib Complete 219 Yes
lymphoma remission
13 Follicularymphomagrade 63 3 Skinbiopsy  TP53 €D19,C020, Bortezomib, cladnbine, Complete 193 Yes
34 CD7%a dexamathasone remission
14  T-cell prolymphocytic 40 2 Peripheral Mo alterations D3 Venetoclax Partial response 139 Mo
leukaemia blaod detected
15  Acute myeloid leukaemia 76 4 Bone marrow Mo alterations €034, CD117  Azacitidine Partial response 36 Yes
detected
16 Diffuse large B-cell 53 3 Dissociated  TP53 €019, C079a  Pixantrone, idelalisib, Partial response 74 Yes
lymphoma lymph node ohinotuzumab
17  Diffuse large B-cell 50 3 Bone marrow  TP53 €019,C020, Azacitidine, panobinostat, Stable disease 33 Mo
lymphoma Ch79a atorvastatin

25



Figure S4
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Figure S4. Clustering of pharmacoscopy results per patient, marker, and drug. (A) Clustering of
PCY results per drug (columns) and patient sample / marker combination (rows) over all patients. Note
that the number and identity of molecular markers used to identify cancer cells for each patient were
adapted to clinical diagnostics results and can thus vary per patient. Colors indicate PCY scores, and
selected boxes are outlined to indicate the corresponding ORR to that patient/drug combination (see
legend).

Pharmacoscopy Page 5 of 9

fo— anm —

Most cases, 139 drugs at 2 concentrations
5 technical replicates

RBF = (averaged fraction blasts after drug
treatment) / (averaged fraction blasts
treated with DMSO)
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Example of patients with complete or partial response

C Patient 2, diffuse large B-cell lymphoma, CD20+ cells

G

Before

After

c 12 NS EMp<005 =2 Drug name Rank  RBF p value
T 1o I R e e .. ..o . .. ... ... S Gsplatin 1 0504  <0-0001
+= £ Ibrutinib 2 0-661 0-00048
% o8 / Ixazomib 3 0797 00092
'5 ¥ Oxaliplatin 4 0-807 00067
; 06 Vinblastine sulfate 5 0.829 0-017
2 EPZ-5676 6 0836 0016
0-44 T T T
104 drugs
D Patient 3, precursor B-cell lymphoblastic lymphoma, CD19+ cells H
c 12 7 £ Drugname Rank  RBF p value
2 6-mercaptopurine £
Z 1O e o - - = = = = = ===~ o= essssessshesnefio. § Anastrozole 1 0210 <0-0001
% 08 5§ Gsatracurium besylate 2 0284  <0-0001
= /: Raltegravir 3 0366  <0-0001
g 06 . Bortezomib 8 0498 000015
z 04 6-mercaptopurine 13 0580  0-00095
& Tamoxifen 14 0583 00023
02+ T T T
266 drugs
E Patient 5, diffuse large B-cell lymphoma, CD79a+ cells |
c 12 Dexamethasone g £  Drugname Rank  RBF p value
S 5 E
T 10 : J .---.£ 8 Bortezomib 1 0589  <0-0001
- 4 S 5 Carfilzomib 2 0669 <0-0001
£ 08 / /© Vorinostat 3 0675  <0-0001
‘é / Romidepsin 4 0712 <0-0001
£ 06 Cladribine 5 0727 000029
= 04 Dexamethasone 15 0-866 0-050
139 drugs
F Patient 9, primary mediastinal large B-cell lymphoma, CD20+ CD79a+ cells J
c 12 ¥ Drug name Rank  RBF p valve
';: :é Teniposide 1 0870 0015
b o Vandetanib 2 0919 0-021
2 10 / Vorinostat 3 0920 0127
K Paclitaxel 4 0925 0-098
= Carboplatin 5 0925 0027
E Cladribine 6 0931 0025

0-8

139 drugs

RBF (relative blast fraction) values capped at 1.2, line = DMSO-control levels, p-values from two-tailed t test against

control, before = before last relaps, after = after PC-guided treatment

Patient 2:
* 69-year old man
* Diffuse large B-cell ymphoma

* Relapsed after seven lines of previous
treatment

e Resitant against most 104 tested drugs

* Six drugs had significant ex-vivo on-target
effects

* Cisplatin and oxaliplatin ruled out due to
patient’s history, age, and comorbidities

* lbrutinib (Bruton’s tyosine kinase inhibitor)
second strongest ex-vivo efficacy

=> Complete remission (PET-CT on day 49)

- lbrutinib <-> MyD88 mutation

=> Subsequent sequencing: MyD88 mutation

(Btw, this study also shows that cells for PC can also
be isolated from pleural effusion or lymph nades...)



Overall response and progression-free survival is improved in
pharmacoscopy-guided treatment

» 88% (15/17) of patients receiving PCY-guided treatment had an overall response compared with 24% of the
(4/17) patients with their most recent regimen

* Median progression free survival increased by four times

A B
p=0-0013
[ ] 100+ —— Pharmacoscopy-guided treatment
184 (4/17) (15/17) Response ' —— Most recent regimen
16- @ Complete = | Censored
remission £ 809
14~ [CIPartial 2
12 response 5 60
« g
‘5’ 10+ “‘é
£ 8- No response g 404
- [Stable g
6 disease £ 204
4 Wl Progressive
9 disease = ,
0 60
0+ T 1 .
Most recent Pharmacoscopy- Number at risk
regimen guided treatment Pharmacoscopy 17 12 9 6 2 0 0
Most recent 17 7 4 3 3 0 0

regimen



Average pharmacoscopy score

Average pharmacoscopy score

Drug resistance (% pharmacoscopy score less than -0-1)

03

0-24

0-14

Is chemoresistance measured by PCY predictive of poor clinical

p=0-0019

p=0-0031

1
p=0-011

p=0-0081

s T
Progressive
disease
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Partial
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Best overall response

p<0-0001

p=0-0079

p<0-0001

T 1
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20+

15

104

Previous treatment

Correlation=0-44
p=0-016

Latest treatment

Number of previous treatment lines

response’?

B
Patient 16 Patient 1
Partial response Partial response
Diffuse large B-cell acute
B-cell lymphoma lymphoblastic
i-PCY=2-9 lymphoma
i-PCY=2-2
o
=
2
£ gigset
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] E2s58¢
g3 E£Z88L5
= S=S2802
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24
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o4
@
g -1 Accuracy=92%
o
¥ -2
oL AUC=0-84
-3 - X
-4 -
=57 H Correlation=0-49 §E 7l q ./
_6 : p=0-0065 ;i | —
9@ | H +
: - i ! T - i = ! . !
; Pro- i Stable  Partial Complete i} Progressive Partial response +
5 gressiveg disease response remission i} disease complete remission
i disease! n=4 n=8 n=11 n=6 n=19
n=6 !

[
H : H
i @ Pharmacoscopy-cohort patient ; :

Reference cohort patient

Average i-PCY score

Correlation between ex vivo-chemoresistance and
poor clinical outcome

Overall, the integrated-PCY score separated
progressive disease from patients with response
(classif. acc. of 92%)

C:

: treatments leading to disease progression had negative PCY scores

=>all patients have history of failed treatments
=>check PCY score of these compounds from the failed treatments

=>negative values indicated chemoresistance: cancer cells live, by-stander
cells die (off-target > on-target effect)

=> plotting of average PCY score over all markers and drugs in relation to
associated overall response (i.e. all cells)

The treatments to which the patients had relapsed before PCY testing had

on average negative PCY scores

D: Percentage of tested drugs with ex-vivo resistance (PCY < 0.1) increased
with the number of previous treatment rounds
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Summary & Discussion

Technical feasibility of PCY for patients with aggressive haematological malignancies was proven
* No randomized control group
* Small cohort
* Prospective study in which every patient acted as their own control

* Feedback to treating physician within 5 days!

Test-guided treatments lead to significantly longer progression-free survival and improved overall response
in patients with various hematological malignancies

Retrospective study was able to predict clinical response to first line AML treatment with high accuracy

The same read-out guided selection of treatments in prospective study and predicted both good as well as
poor clinical responses



Summary & Discussion

* This study shows that a wide array of working chemotherapeutics already exists, that can kill even
multirefractory cancer cells but only if the right drugs are selected at the right time for each individual
patient

* PCY is a helpful tool for personalized medicine: choice of therapy / diagnostic tool

* Complex interplay of various molecular parameters taken into account such as genetic, proteomic and metabolic state of responding
cell and their interactions with other cells

* Assessment of health status of patient

* Synergy with genomics & proteomics



Thank you for your attention!



