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Fusion of a Kinase Gene, ALK, to a Nucleolar
Protein Gene, NPM, in Non-Hodgkl ’s Lymphoma

Stephan W. Morris,* Mark N. Kirstein, Marcus B. Valentine,
Kristopher G. Dmrner David N. Shapiro, David L. Saltman,
A. Thomas Look

The 25 chromesomal nanshﬂ!‘m occurs in most anaplastic large-cell non-Hoogﬂn‘a M“'

uucmhl phosphoprotein gens on chromosome 5035 fo @ previously unidentified pswem
tyrosine kinase gene, ALK, on chromasome 2p23. In the predicted hybrid protein, the amino
terminus of nucleophosmin (NPM) is finked to the catalytic domain of anaplastic lyrmhuma

eas.m andbrain butnotin

kinase (ALK).

ALK shows greatest

. Unsched-

ubdwsmnmﬂuwmmmmwnmmewmqnmwmw in these
lymphomas.

Large-cell lymphomas comprise ~25% of
all non-Hodgkin's lymphomas in children
and young adults. Approximately one-third
of these tumors have a t(2:5)(p23%q35)
chromosomal translocation (1), which sug-
gests that rearrangement of cellular proto-
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oncogenes on these chromosomes contrib-
utes to lymphomagenesis. Lymphomas with
the t(2;5) typically involve lymph nodes,
skin, lung, soft tissue, bone, and the gas-
trointestinal tract and arise predominantly
from activated T lymphocytes (2). The
malignant cells express interleukin-2 (IL-2)
receptors and CD30 (Ki-1) antigen, a re-
ceptor for a ligand related to tumor necrosis
factor (3). By the updated Kiel lymphoma
classification, most tumors with the t(2;5)
are classified as anaplastic large-cell non-
Hodgkin's lymphomas (4).

To clone the genes altered by the t(2;5),
we used a positional strategy that was based
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* Current estimates icidence of Single Driver Mutations
suggest the EML4—-ALK
fusion protein is present
in approximately 3—-5%
of NSCLC tumors, which
depends on the
population studied and
ALK detection methods
used

NO MUTATION
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Upstate 102

kinase

Crizotinib (PF-02341066)

Cellular selectivity on 10 of 13
relevant hits

UM HEEEBEEEEEEdddRE

13 kinase “hits”
<100X
selective for

ICs,; (NM) Selectivity
Kinase mean* ratio
c-MET 8 -
ALK 20 2X
298 34X
RON
189 22X
294 34X
Axl
322 3TX
Tie-2 448 52X
Trk A 580 BTX
Trk B 399 46X
Abl 1,159 166X
IRK 2,887 334X
Lck 2,741 283X
Sky >10,000 =>1,000X
VEGFR2 >10,000 =1,000X
FDGFRp >10.000 >1.000X

*The cellular kinase activities were
measured using ELISA capture method

Crizotinib
(PF-02341066)

Selectivity findings

» Crizotinib — ALK and
c-MET inhibition at clinically
relevant dose |levels

+ Crizotinib — [ow probability of
pharmacologically relevant
inhibition of any other kinase
at clinically relevant dose
levels
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ABSTRACT

BACKSEOUND
Oncagenic fson genes consisting of EML4 and anaplactic lymphoma kinase (ALK) are
presat in a subgroup of non—smallcell hng cancers, representing 2 to 7% of sach
tmmors. We explored the therapentic efficacy of inhibiting ALK in snch mmmors in an
eady-phase dinical tfal of cizotinib (PP-00341066]), an orally svailable smal Fmalecnle
inhihitor of the ALK grrogine kinasa.

WETHOOS
After soreening tumor samples from approvimately L5 patients with. non—smal el
Tng cancer for the presence of ALK resrrangements. we identified 82 patients with
advanced ALN-positiee disease wha were digible for the clinical mial. Most of the pa-
timntx had received previous treatment. Thess patients were anrallsd in an scpandad
‘oohort stdy instimied after phase 1 dose escalation had established 2 recommended
crizotinib dose of 250 mg twice daily in 28-day cpcles. Patimts were assessed for
adverse erents and response bo therapy.

EESULTS

Fatients with ALK rearran gpements tended to be younger than those withont the re-
arrangaments, nd mast of the patients had little or no exposore to tobacco and had
adenocarcinomas. At 2 mean reaiment doration of 6.4 months, the ovemal! nesponse
rate was 57% (7 of B2 patients, with 4 confitmed partial respon ses 2nd I confirmed
complete nesponsek 7 patients (55%) had stable disease. A tofal of 63 of 82 patients
[77%] wene conbimming o recsve cizotinib at the tme of data micff, md the esti-
mated probabdlity of -maonth progresson-free smirvival was 72%, with no medtan for
the smdy reached. The dmg resnlted in prade 1 ar 2 (mild]) gastraintestina] side effecrs.
CONCLUSIONS

The inhihition of ALK in lung mmors with the ALK rexrrangement resnlbed in -
muor shrinkage or szhle disease m most patfents. (Fonded by Pfizer and others:
Clinical Triaks. pov mumber, HCTO0SES195.)
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Artldes I

Activity and safety of crizotinib in patientswith
ALK-positive non-small-cell lung cancer: updated results
from a phase 1 study

[ R Ciaridge, Fung e Bong Funce Kwokl A fofcigiae, Morlela Wordlo-Garc, Seshen BFar, Gregarg] Ay Benjrmis Soiomon
SalHhaog [ Ou, Deong Wion Kim, P Saoi, Fanegioos Figkos freya F nodmon, Cema Sanghi P A fonne, Dasie Bdos s, Seafeyl Shopro
PrricinL a1, £ herime S1jrer, FOTicis 3 prerman Yiun Tang, 80 Winer, [6frep Oon, Alice T Shew

Surmmary

Background ALK fusion genes ocmur ina subser of non-smalk cell lung cncers (NSCLCS). W assessed the 1olerabili
amd acov sy of crizounib i parenswish NSCLC whow ore prospecsvaly b0 have an ALK fusion witkin the
frs-in-mam phase | crizodnib sody.

Sethods In this phase | stady, paricrss with ALK positee sage 111 or IV NSCLC ecebved ord orizscinih 253 myg wwios

dafly In 25-day oyces. Endpoinis included mmour msponses, duraton of respanse, dme o WMOUr eSpONE,

pwgrmmmnemm];ﬁ!}.mﬂmmn]aﬁ:mium udﬁwmmmumnmgmdmhntlhq
and charsaerisadon of the plasma profile of it

amalysad 1o evaimble mdnsmmnqm&m]gmdm:ﬂpmmmdyzngmmm

ClindalTraks gov, number NCTHSE195.

Fimdings Besween Aug I7, 1008, and june 1, 2001, 143 ALK-posiiive padems were ensolled, 143 ol whom were Inchuded
In the responso-svaluabis popukbsion. 37 of 143 padems had an cbjoaive rospooss (68-3%, 95% O 52-3-68.9),
incheding three complese responses and 84 pardal responses. Median dme w firs dorumemed objecive Tesponss
was 7.3 woeks [raoge 2-1-33- ﬂmdmdundmm“m:pmmﬂ 1weeks (95% O 39- 3-75-4]. The response
raw soemad 10 be ol age, wx s, or oo of meament Mellan PFS was
9.7 momhs {953 CI 7-7-12. Ia dedian overall sln'midanm ot o manure, b estmaned overll surebal a

& and 12 momhs was 57.9% [95% 1 81.3-92.3) and 74.5% (86. £81.5), respeczvoly. 39 parems comimed o D

recetve crizodnd for mom han 2 weeks afer progression berauss of percetved ongolng ciinical benefic from the drg

(12 fior av keat 6 rmonmhs from the tme of thatr intetal v esigaine defined disnaso progressioa). Overall, 144 {97%) ol

149 pasients o perienced wesmen-relaed adeerse evems, w hich were mossy grade 1 or 2. The maost common adverss

rrems were visual offos, mause, diswhoss, consipaion, yomEing, and peripherl ooedema. The mast commen

oreaimensreand grade 3 or 4 JVETSD CYRRE WOre TRUDUpeR (D=9 rised aGmine SmINHranstease ()
P g, and y s

Interpretation Crizesnib is well inkmmd with rapid, durable responses In paslents wikh ALE-poshive NSCLC There

sopme W be posenetal for oogoang benefin afier intetal dicease progrossion in this popuknion, bm 3 more formal
definition of eogoing benedin tn this cone (s needed.

Funding Pleer S| Bourem, M, 1A
1240 Cov B R

Introdwction Ernoboggy ' EMLA-ALK 5 the e oo ALK o6 Dmor s Dok 31,

Activation of She ALK geoe has becn deseribed in  gene s NSCLC and ool e scversd vkt with US4 Lo OO Mer

woveral hustan cancent, schaling not sl oll hosg  &fmess brekpeins in the EMIA gene™® Othes, imee g Bt &

cances [NSOLC], inflemmateny spolibroblastic nnes, seve soe EMLA S, incbading KIFSEALK snd TRG-  guoess 2, it hogel

Emurot ALE, have also been described o hung cascen ™ Then ol nGIs

f thet AlE-meik ignal ight play  exacs fregqaerey and elisival sigmificance remin undey  #Smstno =5

& puat i tie developrienl or progressin of thede  awestammen bul, by andegy with EMIH and athey [Swoomexss

Batiineri U Aetivation of dhe ALK gene is sesally through  cncsgenic ALK Tsioes® they s grobably seprment “:4“"'\ ks

chouiicsning rearangenicm sondtng in the placeent  Sagess for thesapeatic ALE snbibition in N9CLC ALK ppy e jiica

ol ane of several differedl 5 fision pertiers and ther  Roioo fypcally sccur tndependently of BCFRand KRAS  Dirps oo (738

emminied  promoter region upstean o the kissse  geoc mnssons™ " althesgh tese sberrations ane o SrA DR IER ko,

dettain of ALK, sintuslly cuchaine "S5 In the rocent Lung Cancer Lot -
ALK reamangements i NSCLC were i deseribad in. - Mhassen Consorthoes geries” B3 of ALK-potiee

2007 and bove wn cxtismied prevdence of 35% i adensddrciseses wers i pailive D cither a5 BCFR

series mesdy demingsl by adeeecsiems o oor KRAS nnoation.
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Tabia 1. Demograpaicand Cinioopathoiogicl
o haracteristics of the &1 Patkerts

Characterisic W alua
Mak o — nin. |5 43 (57)
e — T
baan 51
Range 1578

Facs— no. [X)*

‘Wit &[5
; NP5
Cther T
E0DG parformance status — no. (Mg
] 4 (9]
1 44 [5d)
! 13 {15}
3 L {1}
Mo of provicus eapics—n
a 5 [E)
7y
15 {1&)
3 34 Ja1)
N raportes I
Himodogic asalysis— no (%)
danocarcnoma T e
Spuamous-coll carcinoma I
Dther 1
moking history — Kl
Maver Bl 6
w L pach-yr 15
L0 pack 4 5 B

Caracteristicas 82 pacientes
Varones
Jovenes
Adenocarcinoma
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Progression-free Survival in ALK-positive
* Profile 1005 Advanced NSCLC

Mature popuiatiorz[n=25‘l )

¢ D ife re ntes A bst ra Cts . i Median PFS 8.1 months (95% CI: 6.8-9.7)

28% of patients in follow-up for progression

. L. e . Overall response rate = 60%
American Society of Clinical Oncology 8 n=259 evaluable patients
. 7 ; (4 CR and 151 PR)
Median response duration= 10.5 months

95% Hall-Wellner Band

[72]
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The N OLAND JOURNAL ef MEDICINE

“ ORIGINAL ARTICLE ”

Crizotinib versus Chemotherapy in Advanced
ALK-Positive Lung Cancer

Kazuhiko Nakaga:
Myung-Ju Ahn, M.D., Tommaso De Pas. M., B
Benj

ABSTRACT

BACKCROUND
In single-group stdies, ¢ I rear of the anaplastic ly

kinase gene (ALK) have been associated with marked clinical responses to crizotinib,
an oral yrosine knase mhibitor targeting ALK, Whether crizotinib is superor to stan-
dard chemotherapy with respect to efficacy is unknown.

METHODS
We conducted a phase 3, open-label trial comparing crizotinib with chemotherapy
in 347 patients with locally advanced or metastatic ALK-pesitve lung cancer who
had received one prior platimim-hased regimen. Patients were randomly assigned to
recetve oral treatment with céizotinib (250 mg) ovice daily or intravenous chemao-
therapy with either pemetrexed (500 mg per square meter of body-surface area) or
docetaxel (75 mg per square meter) every 3 weeks. Patients in the chemotherapy
group who had disease progression were permitted to Cross over o crizotinib as part
of a separate stidy. The prmary end point was progression-free survival.

RESULTS
The medizn progression-free survival was 7.7 months in the crizotinib group and
3.0 months in the chemotherapy group (hazard ratio for progression or death with
0.49; 95% confidence interval [CI], 0.37 o 0.64; P<0.001). The response
rates were 65% (95% Cl, 58 to 72) with crizotinib, 2s compared with 20% (9% CI,
14 to 26) with chemotherapy (P<(.001). An inter'm analysis of overall survival showed
no significant improvement with crizotinib 1= compared with chemotherapy (hzzard
ratio for death in the crizotinib group, 1.02; 95% CI, 068 to 1.54; P=054). Commaon
adverse events assoctated with crizognib were visual disorder, gastrointestinal side
effects, and elevated liver aminotransterase levels, whereas common adverse events
with chemotherapy were fatigue, alopecia, and dyspnea. Patients reported greater
reductions n symptoms of lung cancer and greater 'mprovement in global quality
of life with crizotinib than with chemotherapy.

CONCLUSIONS
Crizotinib is superior to standard chemotherapy in patients with previously reated,
advanced non-small-cell ling cancer with ALK rearrangement. (Funded by Pfizer;
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PROFILE 1007 Study Design

4 )
4 ) Endpoints
Key entry criteria Primar
imary
tAeI;I:an central FISH R — PFS (RECIST 1.1,
& A independent
Stage I1IB/IV NSCLC \ radiology review)
1 prior chemotherapy 3 Secondary
(platinum-based) M — ORR, DCR, DR
ECOG PS 0-2 | — 0S
YA
Measurable disease £ — Safety
Treated brain — Patient reported
metastases allowed N=318 oqtgocrggs L(E%R)TC
\_ J '
\ N y

CROSSOVER TO CRIZOTINIB
ON PROFILE 1005

ALK status determined using standard ALK break-apart FISH assay Stratification
factors: ECOG PS (0/1 vs 2), brain metastases (present/absent), and prior EGFR PROFILE 1007: NCT00932893
TKI (yes/no)



Primary Endpoint: PFS

100 7 —
'5 Crizotinib  Chemotherapy
= =173 (n=174)
= &0 z
= i Median, mo T.r 3.0
== HR [95% CI} 0.49 (0.37to 0.64)
Z £ 60-
ce P
28
S5 40
= 4
£e
— O
-]
[
B 20 1
E e —
o
0 T T T T 1
0 5 10 15 20 25
Time (months)
HNo. at risk
Crizotinib 173 93 38 1" 2 o
Chemotherapy 174 49 15 4 1 L]

Shaw AT, et al. M Engl ) Med 2013,358:2385-24

7.7 meses vs 3 meses




PROFILE 1007 ORR? by Independent

Radiologic Review
ORR ratio: 3.4 (95% CI: 2.5 to 4.7); P<0.0001

Interim Analysis of OS

Crizotinib Cnemntheragi'—

100 7™ \_M (n=173}) (n=174)
M Crizotinib :n=173”) = ‘"‘*n..\\ Ewvents, n {3} 49 (28) 47 (27)
Chemotherapy (n=174") = 801 - Median, me 203 228
= B HR [95% CI) 1.02 (06810 1.54f
60 65.3 % p 0.54
s 601
w
80 s ——t
£ 101
= =
-~
= 40 ?  20-
o o
19.5
0 1 1 T 1 1 T
20 0 5 10 15 20 25 30
Ho. at risk Time (months)
Crizotinib 173 129 a3 3T " 1 L1}
0 Chemotherapy 174 129 84 34 10 0
Treatment *111 patients crossed over to crizotinib outside PROFILE 1007

“HR adjusted for crossowver using rank-preserving structural failure time method: 0.83 [{0.26 to 1.35)

0S:20.3m

TR: 65.3%




Efectos adversos

Table 3. Adverse Events of Any Cause.*

Crizotinib Chemotherapy
Adverse Event (N=172) (N=171)
Any Grade 3 Any Grade 3
Grade ord Grade or 4
no. of patients (94)
Vision disordert+ 103 (60) 0 16 (9) 0
Diarrhea 103 (60) 0 33(19) 1)
Nauseaf 94 (55) 2 (1) 64 (37) 1(1)
Vomiting] 80 (47) 2 (1) 0(18) 0O
Constipation 73 (42) 4(2) 19(23) 0
Elevated aminotransferase 66 (38) 27 flE»HI 25 (15) 4 (2)
TEversT
Edemat 54 (31) 0 27(16) 0
Fatigue 46 (27) 4(2) 57(33) 7(4)
Upper respiratory infec- 44 (26) 0 22 (13) 1{<1)
tion

Dysgeusia 44 (26) 0 16 (9) 0
Dizzinesst 37 (22) 1(1) 14 (8) 0
Dyspneat| 23 (13) 7 (4) 32(19) 5(3)
Rash 15 (9) 0 29(17) 0
Alopecia 14 (8) 0 15(20) O

n (%)
Crizotinib (n=172) Chemotherapy
(n—1 71)

Elevated 27 (16) 4(2)
transaminases’
Pulmonary 9 (5) 3(2)
embolism®
Dyspnea® 7 (4) 5 (3)
Pneumonia 6 (4) 3(2)
Hypokalemia 6 (4) 0
ECG QTc prolonged 6 (4) 0b
Neutropenia® 23 (13) 33 (19)

Febrile 1(1) 16 (9)
neutropenia
Anemia® 4(2) 9 (5)
WBC decreased 2(1) 8 (5)
Fatigue 4(2) 7 (4)
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AND JOURNAL af A

“ ORIGIENAL ARTICLE ”

First-Line Crizotinib versus Chemotherapy
in ALK-Positive Lung Cancer

ROFILE 1004 I

ABETRACT

A CK SROUNE
The efficacy of the ALE inhibitor crizotinib a5 compared with standard chemo-
therapy as firstdine treatment for advanced ALE-positive non-small-c] hmg can-
cer (WSCLEC) is mmknown.

HETHODS
We condnctsd an open-labed, phase 3 trial comparing crizatinib with chemother-
apy in 343 patients with advanced ALK-postive nonsquamons NECLC wha had
recefved no previous systemic treatment for advanced disezse. Patients were man-
domly assizmed to recsve ol oizotinib at 2 doss of 150 mg twice daily or o
recefre mtravenons chematherapy (pemstresed. 500 my per squares meter of body-
surface area, pls either cisplatin, 75 my per square meter. or rarhoplatin, arget
area under the corve of 5 mm & mg per milliliter per minute) every 5 weeks for up
ta six cycles. Crossover to crizotinib trestment after dissase progression was per-
mitted for patients recsving chemotherapy. The primary ed point was progres-
siom-free survival a5 asssssed by independent radiologic raview.

EESULTS
Progression-fres survival was significantly looger with coizetinib than che-
motherapy (median, 10.9 months ve 7.0 months; hazand mtio for progresshon or
death with crizotinib, 0,45 %k confidmce mterval [CIL 035 to OUG0; PollONL).
Objective response rates were T8k and &%, respectively (Polk 0011 Median overall
survival was nat resched in either proup (hazard ratio for desth with cizatinib,
MEZ; 05% CL (54 w 1.26; P =036} the probability of bpear survival was B4 with
crizotinit and 79% with chemotherapy. The most common adverse events with
crizotinib were vision disorders, dizrrhea, nmsea and sdema, and the most com-
mom events with chemotherapy were nmsez, fatipue, vomiting, and deceased
appetite. As compared with chemotherapy, crizotinib was associated with greater
rednction in mng cancer symptoms and grester improvement in go ity of Tife.

CONCLUSIDNS

Crizatinib was superior to standard frstline pamstreved-phsplatinum chemo-
therzpy in patients with previondy nntreated advanced ALEposiive NSCLO.
[Funded by Pfizer; PROFILE 1014 ClinicalTrils gov numbes, NCTO1154140)
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A Clinical Trial Testing The Efficacy of Crizotinib Versus Standard Chemotherapy

Pemetrexed Plus Cisplatin or Carboplatin in Patients With ALK Positive Non Squamous

-

Key entry criteria
ALK+
Stage IlIB/IV NSCLC
First line treatment
ECOG PS 0-2

Measurable disease

Patients with brain
metastases only if
treated and
neurologically stable .

\-

~

J

Estimated Enrollment:334
Study Start Date:January 2011

Cancer of The Lung (PROFILE 1014)

-

Crizotinib 250 mg BID

PO, 21-day cycle

Pemetrexed 500 mg/m?
+
Cisplatin75 mg/m? or
Carboplatin AUC 5-6
IV, day 1, 21-day cycle

Estimated Study Completion Date:February 2015
Primary Completion Date:November 2013

-

Endpoints
Primary

PFS (RECIST 1.1,

ﬂpendent

radiology review)
Secondary

ORR, DCR, DR

(0}

Safety
-»>

Patient reported
outcomes (EORTC
QLQ-C30, LC13)

~N

Salomon .NEJM Dec. 2014
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PROFILE 1014: Progression-Free Survival

Primary Endpoint: PFS by IRR (ITT Population)

Criz(n =172) PPC(n=171)

100
Events, n (%) 100 (58) 137 (80)
80 Median PFS, mo 10.9 7.0
e " 0.45 (0.35-0.60)
“ HR (95% CI) P < .0001
'E Median duration
:-E 60 - of treatment, mo 109 4.
o
o
o
i 40 -
[V,
o
20
— 2
— PPC
0 T T T T T T 1
0 5 10 15 20 25 30 35

Time, mo



)

ORR(95% exaa d

Crrotink (N-172) Chemotheropy (N=171)

Oojective responses, n (%) 128(74) TT (&5)

95 % oxoct {0 of ORR 67-81 37-53
Troctment dfforance, % 29

X O 20-35

= <Q0001
Madion time 1o resporsa"weooks 6.1 121

Range 2T7-LNA 5.1-367
Moden duration of respores ™ wooks 480 229

X O 35.1-600 18.0-25.1

Foaron X' s

"IN poTans with O ObCIVG resporTs:.
Waphan- Moer merhod

“BrookTeryor - Crowiery machod

Czounid Chemotherapy

B overall Survival
100+
Crizotinib
— B0+
& Chemaotherapy
3 0
-
@
- 40
g
g Hazard ratic for death in the crizotinib
0 group, 0.82 (95% C, 0.54-1.26)
P=0.36 (two-sided stratified log-rank test)
o T T T T T T 1
0 5 10 15 20 25 10 35
Months
No. at Risk
Crizatinib 172 152 123 20 44 24 3 4]
Chematherapy 171 146 112 74 47 21 4 4]




PROFILE
1001

PROFILE
1005

ROFILE
1007

PROFILE
1014

Conclusiones

Fase | 143
seguido de
Cohorte
expandida

Fase Il 259
Fase Il 173
Fase Il 343

Tratamientos

previos

Pretratados 60.8% 9.7m

Pre-tto 53% 8.1m
+ 2 lineas

22 linea 65% 7.7 m
12 linea 74% 109 m



Capitulo 3: aprobacién de
crizotinib por FDA y EI\/IA




FDA

Su autorizacion se basa en la
actividad demostrada

26.08.2011

Indicada en pacientes ALK +
independientemente de la linea

Detectada por Vysis ALK Break-
Apart FISH Prove kit

EMA

Su autorizacion se basa en los datos del 1°
estudio Fase |l

23.10.2012

Indicada en Pacientes ALK + ( 2° linea)
Tras los datos del ensayo Profile 1007

No especifica el test a usar



Como se diaghostica
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FISH positivo si se detectan sefiales separadas o
sefales rojas solas, en >15% de células

Negativo

Positivo



El problema del FISH

Es mas caro Es mas barato

Requiere mayor infraestructura Menor infraestructura

Es mas subjetivo Es mas objetivo

Personal entrenado Es mas reproducible
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Correlation Between ALK IHC and ALK FISH

¢ Review of 11 studies involving 2,908 NSCLC cases studied by both IHC and FISH

e Majority of studies were retrospective or single-institution analyses

Correlation Between ALK IHC and ALK FISH in
2,908 Cases Studied by Both Techniques
(Current and Published Studies)

* A false-negative

Cases, n
IHC Status rate of ~0.1%
FISH- FISH+ was found
IHC- 2,687 3 for IHC
IHC+ 713 172
IHC equivocal 0 2

Deschen J ASCO 2014 Abstract 8070



Capitulo 4. Resistencias
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Mecanismos de resistencia

Alternate
Oncogene

Resistance
Mutation

ALK Copy Number
Gain (CNG)

. B ALK amplification

Bypass track
activation [45%)

= ALK mutation

W EGFR activation

B CKIT amplification
5 Unknown

Doebele RC
Clinic Cancer Research 2012

Alice T JCO 2013




Mutaciones puntuales

Las mas
frecuentes

25%

Afectan el lugar
de ligamiento
del ATP

La mas frecuente:L1196 sustitucion de Leucina por Metionina en la posicién 1196 del dominio Kinasa de ALK
Colocando un Aminoacido voluminoso en el Gatekeeper del Crizotinib

Menos comun es C1156Y: sustituye a una Cisteina por una Tirosina en la posiciéon 1156

NEJM 2010 Choi YL




Amplificaciones

ALK FISH CNG
A Pre- Post-

Figure 2. ALK FISH pattern changes from pre- to post-crizofinib tumor samples

FISH analysis of patients #6 (A) and #7 (B) before crizotimb treatment (left) and following
progression on cnzotinib (nght) demonstrating a zamn of split green (57) and red (37) ALK
signals per each tumor cell FISH analysis of patients #8a (C) and 11 (D) before enzotmb
treatment (left) and following progression on crizotimb (right) demonstrating loss of split
green (37) and red (37} ALK signals.

Katayama R Transl Med
Doebele RC Clin Cancer Research 2012



Uso de otras vias alternativas

e o-cEaperones Clients

« Protein kinases
-3 ( HSP9O —+ = Ribonucleoproteins
(-5-) = Steroid hormone

receptors
« Chromatin
Post-translational remodelling
modifications factors
= Transcription
« Phosphorylation factors
= Acetylation » Kinetochore

« S-nitrosylation complex

Source: Lab Invest @ 2010 MNature Publishing Group

Sang J, Cancer Discov 2013
Chen Z. Cancer Res



Capitulo 5 Tratamiento a la
progresion de Crizotinib

1. Asistencialmente: QT

. Oligoprogresion: mantener crizotinib y hacer
técnica local

. Rebiopsia—2> identificar mecanismo de
resistencia y adaptar tratamiento

4. Inhibicion de alk de 22 0 32 generacion

. Continuar crizotinib



Continuar crizotinib

* Overall survival was significantly longer for patients who continued
crizotinib beyond progression (120 patients, 62%) than for those who
stopped the drug (74 patients, 38%): median overall survival from disease
progression was 16.4 vs. 3.9 months, respectively (hazard ratio 0.27; 95%
Cl, 0.17-0.42; p<0.0001).

* The SouthWest Oncology Group is conducting a randomized phase Il trial
(SWOG 1300) testing the role of continuing crizotinib beyond progression
in addition to chemotherapy. In that trial, patients assigned to the control
arm receive pemetrexed alone, while patients assigned to the
experimental arm receive pemetrexed plus crizotinib

Ou SH, Janne PA, Bartlett CH, Tang Y, Kim DW, Otterson GA, Crino L, Selaru P, Cohen DP, Clark JW and Riely GJ: Clinical benefit of
continuing ALK inhibition with crizotinib beyond initial disease progression in patients with advanced ALK-positive NSCLC. Ann
Oncol 25: 415-422, 2014.



Ceritinib

The NEW ENGLAND
JOURNAL o MEDICINE

ESTARLISHED IN 1811 MARCH 27, 2014
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Ceritinib in ALK-Rearranged Non—-Small-Cell Lung Cancer

ARSTRACT

BACECRODUND
Hon- small-cel bang canc

SCLE) harbaring the anaplastic lymphama kinase gme
(ALK resrrangement is sensit mhihitor crizotinib, but resistance invar-
shly develops. Cerit LK inhititnr that has shown Frester -
tamos potency fhan crizatinib in prechinical stdies.

uETHoas
I this phase | stdy, we ackmim istered oral cevitinib in doses af 50 o 750 mg ance daily
ta patimtswith advanced cancers harbaring penetic altetions in ALK In 2n apansion
Fhase of the sdy, patients received the mavimmm tolerated dose. Paients wens as-
scssed  determine the safiety, pharmacokinetic propetics, and anmmar activity
of ceritinib. Famar hiopsics wen: performed hefors caitinih fnestment to idantify
resistance mutaton s in ALK in 2 group of paents with NSCLC who had had diseass
progressian during trestment with crizotmib.

&

BEsUATE
A total of 59 patients were entolled i the & lation phase. The
taleratad dose of ceritinih was 750 mg once daily; doseJimiting tovic s ts inchided
diarrhea, yomiting. dehydration, & evated aminotransfesass levels, and hypophos-
fhstemia. This phasewas followed by a0 expansion ¥

71 patients were treated, for 2 totz] of 130 patients overa!|. Ammnp 1

WSCLE who receed at least 800 my of ceritinb per day, the averall response rate
was 52% (95% confidence interval [CI], 48 to &), Among E tients: who had re-
cavad crizatinih previomsly, the respon s rate was Sk (0% (L 45 to 7). Respons-
s were observed in patients with varions resistance mmtations in ALK and in patients
withont detectzhile mmtations. Among patimts with WSCLC who received ar least
400 mg of ceritinih per day the medim progression-fres survival was 7.0 months
(95% 1 5.6 to 951

comcLUsIoNS
Cerifinity was highly actie in patients with advanced, ALFrearranged HSCLC, incad-
ing t10se who had had discase progression daring oizotnib tesmmt, regard ess of
the presence of resistance mutations in ALK. (Fanded by Movartis Prarmaceaticals
s, pov mamber, HCTOLIESS16)

WMD) RE e wawen 7, To

From anm.nh Cenenal Heapital

s
intmgraac vy
Cologre, G \.mnpu (1w}, Th

ycl ceber, Tralaiional |1

g,nlu—m Cmtes, Tarenis: §
N:u nhrl_‘n -w“ oM: ol Penzanch,
Cambridgn,

STty

Ascend 1

ITK 20 veces mas potente
gue crizotinib.

Actua sobre mutaciones
L1196M y G1269A

FDA aprueba a Resistencia o
intolerancia a crizotinib
Resultados:

TR: 58%

SLP 8,2 meses ( 6,9 meses con
crizotinib previo)

2 fases lll en marcha



Alectinib

* Inh TK de 22 generacion
— Fase |-l Seto T Lancet oncol 2013

* pacientes naive a crizotinib.

* Tasa de Respuesta del 93%.

— Fase I/Il: Gadgeel SM. Lancet Oncol. 2014

* 47 pacientes a progresion a crizotinib
* TR: 55%



Mutacion puntual

HSP90
8-

Ceritinib
amplificacion LDK378
Ganetespib STA 9090
AP26113
Drug Phase Compared drug Treatment setting Status Clinical trial number
Crizotinib n PEM or DOC Second line Published” NCT00932893
n Platinum + PEM First line Ongoing™* NCTOI1154140
Alectinib | ALK inhibitor-naive Published*® AF-001)P
1 Crizotinib ALK inhibitor-naive Ongoing™ JapicCTI-132316
LDK378 1 Platinum + PEM First line Ongoing® NCTO01828099
i PEM or DOC Both platinum and crizotinib failure, third line Ongoing™ NCTO1828112
AP26113 i ALK inhibitor-naive or failure Ongoing® NCTO1449461
ASP-3026 | ALK inhibitor-naive or failure Ongoing** NCTO01401504
X-396 I ALK inhibitor-naive or failure Ongoing* NCTO01625234
CEP-37440 | ALK inhibitor-naive or failure Ongoing*® NCT01922752




Capitulo 6: Rol de la QT en ALK +




e Modelos animales: Pemetrexed ofrece mas SG
que docetaxel en ALK +. Chen . Clin cancer
research. 2014

* Niveles de Timidilato Sintetasa en ALK +, es
menor respecto a celulas control. Puede
explicar la mayor sensibilidad a Pemetrexed en
estos pacientes. Lee JO JTO 2011



PFS Crizotinib vs Pemetrexed or

Docetaxel |
100 - e Primary Endpoint: PFS by IRR (ITT Population)
E
"E 80 S 100 7 Criz(n=172) PPC(n=171)
e Crizotinib Pemetrexed Docetaxel
E = (n=172" (=857 T2} Events, n (%) 100(58) | 137(80)
.E : G0 Median, mo 7.7 42 26 Median PFS, mo 10.9 7.0
E E HRE (95% CI} 0.59 {0.43to 0.80) 0.30 {0.21 to 0.43} R 80 HR 95% C) 0.45 (0.35-0.60)
"E = 10 P =0.001 <0.001 o P <0001
o . = | Median duration
E 2 g 60 of treatment, mo = g
== 3
a 20 1 0
= & 40
* Y
ﬂ T 1 1 T 1 &
0 5 10 15 20 25 20-
No. at rigsk Time {months} - (Criz
Crizotinin 172 a3 38 bl 2 1] = PPC
Pemetrexed 99 36 2 3 1 L] 0 [ I I T I I ]
Docetaxel 72 13 3 1 0
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Time, mo

Mayor respuesta en Pemetrexed

PROEILE 1007 PROFILE 1014



Capitulo 7:Tratamiento de ALK en
estadios tempranos




Capitulo 7:Tratamiento de ALK en
estadios tempranos

* Dificil reclutamiento por el bajo porcentage de
Casos.

* Alchemist Protocol: screening of 6000-8000
pacientes con CPNCP resecable. Si hay
reordenamiento de ALK se incluira en el
Ensayo ECOG 4517 trial: randomiza crizotinib
2 anos vs placebo.



Great Vowel Shift

Step 1: 1 and u drop and become a1 and aU

Step 2; e and o move up, becoming 1 and u
Step 3: a moves forward to @
6

Step 4: £ becomes e, 2 becomes o
Step 5: @ moves up to €

Step 6: € moves up to i

A new e was created in Step 4; now that ¢ moves up to 1,
Step 7: € moves up to ¢

The new £ created in Step 5 now moves up.
Step 8: el and st drop to al and aU

The Great Vowel Shift (1450-1700)

bite i u:  (a)bout
Eeet, l: I;.; boot
eat

(a)bate, ;; I.: boat

bart ai au



Great Vowel Shift

Inglés moderno temprano

Con el inglés moderno temprano se cree que hubo una
evolucién vocadlica del inglés (Great Vowel Shift), cosa
que paso principalmente en el siglo XV. El inglés fue
estandarizado a partir del dialecto de y se
extendio por el gobierno y la administracién asi como
por los efectos de la imprenta. Hacia la época

de | (mediados del siglo XVI), la
lengua ya se reconoce como inglés moderno. En 1604
se publico el primer diccionario en inglés ( Table
Ahphabeticall).

El inglés continud adoptando palabras extranjeras,
especialmente del y del griego desde el
Renacimiento (en el siglo XVII las palabras latinas eran
usadas a menudo con la declinacion original pero esta
practica acabo desapareciendo).
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