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Relationships between drug activity in NCI preclinical
in vitro and in vivo models and early clinical trials
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opikion D)

What’s wrong with our cancer models?

Alexander Kamb

LT T TR TR T EE L

Whan cancar models work

Tovarrive at a firm condusion abeu the deft-
ciencies of tumour madels as they are con-
ventionally used, it is sensible to explors cases

in which such maodels are predictive. This
yiedels a remarkably simple insight: the wngle
meost im portant determinant of success is

the degree to which the el models match the

_genetic traits of the real malignancy w be

treated in the clime. Indeed, Uere 15 a small
but increasing number of drugs for whick
preclnial models accord with clincl suoces
(TABLE 4], These models imvolve tumours that
conmtain recurrent mutabions, a.rnpl.iEL:.'I.iuru
ar translocetions, incheding chronie myela-
genaus leukaemia (CML) resulting fram
HCR-ABL Fusions; g,a.-.:.ru-:inl.uﬂ.ina] sbrormal
tumaur (G151 ] resulting from mutations in
EIT; lung adenocarcinoma resulting from
mutations in the epidermal groswth factor
recepbar [ECFR); acute r.||}'|.'|l.|g|.'n|.1u:i]|.'u-
kaemia (AML] resulting from mutations in
FLT3; and breast carcinama resulting from
amplifications of the HERD new pene. Dirugs

that target ABL, KIT, EGFE, FLT3 and HER2/
menwiork well in tumours that contam, regrec-
tively, activated BCR-ABL fusions®, mutant
KEIT' EGFR" and FLT3*? and amp|iﬁu|£
HERZf med, Cultured tumour cells and cell

lines dermved from tusmours with these penetic

hallmarks consistently display inereisied sen-

gitavity to the cognate inhibitors imatinib
(Glves; Movarts] for CMLand GIST; gefit-
inth {lresa; AstraZeneca) and erlotinib
{ Tarceva; Q5L Genentech!Rocke) for lung
cancer; PRCA12 and other investigational
ﬂrup for AML; and trasturrmnah I:Hur:rp'lirr.
Crenentechi Roche) for breast cancer. Mouse
madels developed on the bass of lines derived

Fraem tuamiars with the rdevant randocations

ar rtatioms also show dramatse TESEIOINSES,

assuming that the drog has sustable phanmacs-

kinetic properties in the animal. Genetie

lesions therefore confer a benefit o the
tumaur, a differential dependency that is
abserved in the cdinic and parallebed by can-
cer mvoslels that contain suck lesions. These
findings, limived as they are, prove the

by patheas that umour medels that carry the

genetic sipnature af the mative malgnancy

can recapatulate dinical bebaviour,
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opikion D)

What’s wrong with our cancer models?

Alexander Kamb

LT T TR TR T EE L

Whan cancar modals Tall

Extrapolation from small numbers of ill-
characteriaed xenografis is faught with nsk.
Cancer is a doverse dissase. Researchers maght
survey a panel of xenografls and find one ar
mare that s senstine 1o 2 doug, bt in general
kave no idea why a given cell line respands
tiz the agent whereas another doss not

Wee should allow that the commuonly used

cancer models imvariably add some value to

drug development projects. Even il the ten-
deney is to aver-interprel the meaning of
W in xenograft models, 1t s helpful 1o
learn about drug properties af the coampound
in anamals mundane but key features such as
pharmacokinetic behaviour, tisswe distribu-
1300, percentage o Erex (unbauand) mmpﬁmml
in plasma and 5o o0 can be determined in

such maodes

BE#FE T /)L TOPK/PDA
EDH %

Aovery tough question is whether the regu-
Loy authorities should permit mastigtional
drugs ta be given to patients when the sup-
porting precliical evidence 15 suspect i the
wirys discussed above. The trend in Phase |
ancikgy studies shows that tresstment-related
dizaths hive Ellen 1o fraction af o peraemagy
poimt'. It can therefore be argued that the
costs of testing compounds are prancipally
financial, and not counted m human lves In
the absence of better models, it seems unwise
to kalt clinical traals that sometimes reveal
benefits svien when the preclinical rtianale 1
not perfectly clear {such as, for example,
proteasome inkibagen). Meverthebes, o para-
digm shift often requires a change to estal-
lished processes. As such, we might expect

that regrulatory agencies will begin to insist

on 2 dearer definition of predinica] models

that represent the clinical population that

will be best treated by a new drug. Progress

terward this goal coubd require that we den-
tify essential and compenating functions
specific to cancer cells. We must therefore
develap the teols and an analytic frame-
work not only to reselve the geneticleps-
genetic states of human cells, but alsa 1o
untangle the crucial gene—pgene interactions
that affect therapeutic responses. The chal-
lenge of patient stratification therefore
merges with the problem of choosing
proper preclinical models,

Adezander FKarmb @ ad the Noverdis Insizhede flor
BioMedical Raraarchk, 250 Macsachis e Avesie,
Carmbridpe, Mamachusepts 02138, USA,

e-muail; Alesamcder, Kamb&nerariismm
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Alternatives

Aovariant af the subcutanssus xenograft is
the orthatopic maodel, typically a zenografl
grown in proximity to the tsae type from
which the tumeur cell line eriginated. The
normal maliew of a tumour, stk 15 netwark

af tumour—host interactions, provides a

strang ratiaonale for such medels, and several

examples of differences in the details of

zenografl growth mn orthotopie versus sub-

cutaneous settings can be found. Overall,

hawever, this approsch seems ta be a rela-
tvely modest improvement as a modelling
strategy. When the targets under study cleasly

mvalve non-autonomous cellular behavour

such as angiogenssis, orthatopic models

might be more predactive. But for robuast,

autonomous cellular functions, 1t 1% not
clear thar the tradeaffs of convenience and
throusghpat are justified.

BE—IAMEMBEERZE
ERRRAERIZCEBLVTEHEET S
EZNEEH, BXIREZEE
LIE=-BEETILOESE



BHEETIL
ERDAMBREEZHWN-EERIETETIL
ERDAHIRE-RELRETFYOR TARIE (BEEFERBETETIL)

—REFEFEHYOX T HEMREE KA BE (RER A% E)
—REREEFYDOIRE A~BHE (RERMEHBET L)

IIOANAMBEZERAN-BETTIL

2 ZRAAMBE—FARTY RO R FA~BIE (ABRFEBEETIL)
—~FER Y ROEMAN AR AFHE (R EBBET L)
—~ARTYIRADIREN~BIE (ERMEBETIL)




RIFTfZHEETIL

FE — B
g —
Kip 45E — (B

Al 3L BRI —  HIILAR
BE - Bl

BES — I

FRE — &



(RERED) EEHBET IV

x EFRkEEE —  EICH (FENIZHFE)

POk #2igEE — B

EDERNEE - EZHEEZED)

RT#EE(RESZET) — il

LRERE - =254



lBEM/IMRE
~EEEIYEBER D THAREEIRZ AENEETHD ~

Endothelial P Neormal epithalial
cell I-.P ) cell
i ' . . -, e} Irvasive
@ Macrophage m MD5C @ Lymphocyte Q% .f& Pericyte .. [T
s e e Blood Lymphatic
:3.:’ Meutpul e MSC - Fibroblast _’\I\ vessel =8y endothelial cell

Mature Reviews | Cancer

Johanna A. Joyce & Jeffrey W. Pollard 2009
Nature Reviews Cancer 9, 239-252 12
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Tumor cell-specific bioluminescence platiorm to identify
stroma-induced changes to anticancer crug activity

Doglas W McMillin'=4, Jake Delmore!%, Ellen Weisherg™S, Joscph M Nagri'=Y, 12 Corey Geer'-%,
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LETTER

Tumour micro-environment elicits inmate resistance
to RAF inhibitors through HGF secretion
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LETTER

Widespread potential for growth-factor-driven
resistance to anticancer kinase inhibitors
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The role of tumour—stromal
interactions in modifying drug

response: challenges and opportunities
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Therapeutic
agents

Tumpur type

Dexamethasone Multiple myeloma

Domarubicin, Multiple myeloma
melphalan
Dexarubicin Anaplastic thyroid
cancinoma
Vemuratenib BRAF**Lmutant
(PLYA0AN melanoma
Puxalitinib JAK " mutang
FINCBOIE424) myelopraliferative
disarders

Impact of tumour-stromal
interactions on preclinical
antitumaour activity

Stroma-induced resistance™

Stroma-induced resdstanoe™

Stroma-induced resistance™

Resistance incuced by
skin fibroblass or their
conditioned media'™"®

Resstance imcuced by
conditioned media of bone
marnow sircmal cells™

Clinical observations

Randomized climical trial ™ showed inferior clinical cut-come
compared ta bortezomib, o proteasaome inhibitar that cvercomes
strama-induced resistance in preciinical modeds of multiple myelama

Fodent in vitro activity of dosorublcin against miltiphe myeloma
cell manocutiunes™, but limited single-agent clinical actiity at
conyentianal deses™; mysloablative melphalon dases ane wsed as
conditioning regimen prior to autclogous stem oell transplanzotion,
beut 2re reot curative for multiple myeloma

Limized, if any. responses of most patients toanthracyci ne-based
:I'cmn:-hrapy"'

Marked, but typically partial responses tovemurafenib; fFequent
recurrence within 6 months of treatment™ 14

Falliatwe clinical effect of ruacditind {partial clirical response
imterms of decrease in the size of the spieen; alleviation of
constitutional sgmptoms], but typically no kistopathalogical,
cytogenetic or malecolar remissions; back of sundval adwantage
ower the best avallabis therpy!™
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GEMM: Genetically Engineered Mouse Model

a A, Inject ~1 million cells p—— T 2
25, into nude or SCID mouse .4 it !
Tumour cells are gy | gy
cultured m — . s —
. o ' 3 =
by A Drug treatment
N Y, — (2-6 weeks)
N - o (@)
e 5 = b~ &
Lu, 4
GEMM Tumour-bearing Response or
Somatic activation  GEMM Drug treatment progression
~—~, ofoncogene and/or _ > with serial B P h
P V) inactivation of TSG 7 C | assessment = )
r > A = > ity
- | p— e
2-12 months 2-10 weeks
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GEMM: Genetically Engineered Mouse Model

Purpose

Target validation

Therapy trials (in
particular, these
show regression of
established tumaours)

Biomarker discovery
ifor example, to predict
response, progression
orsubclinical disease)

Modelling resistance

Understanding toxicity

Examples of discoveries or application of knowledge gained from GEMMs
p53 mediates the apoptotic effects of DNA-damaging agents

K-RAS isnot the anticancer target of FTls

CDEK?Z is not required for cellular proliferation

PPARyis not required for colorectal carcinogenesis

EGFR inhibitors against EGFR-mutant lung cancer

Rapamycin in PTEN-mutant leukaemia and AKT/MYC-induced lymphoma

Combination therapy with VEGFR and PDGER inhibition in pancreatic islet
carcinoma

In progress. Several unbiased efforts to find biomarkers to predict use incancer
screening are underway using GEMMs. However, biomarker discovery is a difficult
process: for example, only one serological biomarker — prostate-specific antigen
— is currently widely used for cancer screening.

bFGF-mediated escape from prolonged VEGER blockade
Metronomic therapy with angiogenesis inhibitors

Predicting cardiac toxicity of HERZ/neu inhibitors

Predicting gastrointestinal and cutaneous toxicity of EGFR inhibitors

Predicting less than expected toxicity from inhibition of specific CDKs
(for example, CDk4)

Predicting depigmentation from KIT inhibition

Refs
i
78
70,71
17
65,67
81,82
79

B4

80

96

104
105,106

107

bFGF, basic fibroblast growth factor; CDE, cyclin-dependent kinase; EGFR, epidermal growth factor receptor; FTls, farnesyltransferase
inhibitors: GEMMs, genetically engineered mouse models; PDGER, platelet-derived growth factar recepton; PPARY, peroxisome

proliferator-activated receptar-7; PTEN, phosphatase and tensin hamaologue deleted on chromosame 10; VEGFR, vascular

endothelial growth factor receptaor.

Sharpless et al. Nature Reviews Drug Discovery
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a Mice treated to prevent growth of metastatic tumours

451

| -

Primary
site

Treatment to prevent formation of metastases

Control
GEMM

GEMMZ ZE3hit kI ;5

 Metastases

GEMM
\ér_

b Primary tumour cells transplanted subcutaneously or orthotopically into secondary recipients

k‘-——_
e

} )
Tumour cell implantation — Treatment to prevent |
subcutanecusly or at . \\-.
respective primary site [ '

Primary
site

further tumour growth or

\
3
{ \ formation of metastasesh i‘ 2)
- h . 1 g \‘J
‘Efl‘\ o ])/
= » \a’l-
GEMM

Secondary recipient mice
Secondary recipient mice
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Secondary recipient mice

McMillin et al. Nature Reviews Drug Discovery (2013) 12, 217-228
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€ Primary tumour cells transplanted in ‘orthmetastatic’ manner to secondary sites to simulate metastases
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" * 7 : econdary recipient mice
Kigi ' Orthometastatic | S S il
; Bones " “\* ' lesions \\\}
¥ b o W Ortho-
GEMM Secondary recipient mice e ARALY
. lesions

GEMM & Y 4337 U 1= ARAMRRAIZ & U BBAEE FILE/ERL |
EMHBRIER (8) ‘

Secondary recipient mice
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Optical imaging PET imaging
Advantages: Disacvantages: ] Advartages: Disachvantages:
» High-throughput sereening | | = Limited clinical i = Clinical translation = Cost
far target confirmation and translation » High sensitivity with |
compound optimization = Low depth unlimited depth
= High sensitivity penetration . penetration
Magnetic resonance imaging SPECT imaging
Advantages Disadvantages: Advantages: Disadvantages
» Clinjcal transtation « Coats » Clinical translation « Limited spatial resolution
= High resolution and = [maging time | s Unlimited depth
soft-tissue contrast & \;\“ \ penctration
Ultrasound imaging CT imaging
#.dvantasex Disadvantages: .A.l:hrmh | Disadvantages
= Clinical translation = Operator dependency = High 5patm1 resolution = Mo target-specific
= High spatial and = Targeted imaging | | (bene/lung) || imaging
temponal resolution limited to vascular = Clinical mrbslatlon = Radiation _
= Low costs compartment * Poor soft-tissue contrast |
Mature Reviews | Drug Discovery
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Phenotyplc screening In cancer drug
discovery — past, present and future
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