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Biomarkers Definitions Working Group.
Clin Pharmacol Ther 2001.
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Screening method  Detects Examples

Anatomical screen

Macrosopic Tumour masses Endoscopy, radiclogy and
physical examination

Microscopic Abnormal cells Cytology and histology

Molecular biomarker screen

Carcinogenesis Abnormal molecular species generated  Mutated DNA and aberrantly

biomarkers by carcinogenesis methylated DNA

Released biomarkers  Physiological molecules released in PSA and stool haeme

abnormal amounts as a result of the
anatomical or metabolic disruptions of
carcinogenesis

Response biomarkers Molecular species generated inreaction  Antibodies and protein

to the presence of a tumour degradation products
Risk biomarkers Molecular species associated with, or Increased hormone levels and
supporting, carcinogenesis the presence of HPV antigens

HPY, human papilloma virus; PSA, prostate serum antigen.

Nature Reviews Cancer 12, 368, 2012
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AACR-FDA-NCI Cancer Biomarkers Collaborative Consensus

Report: Advancing the Use of Biomarkers in Cancer
Drug Development

Samir N. Khleif', James H. Doroshow', and William N. Hait*; for the AACR-FDA-NCI Cancer Biomarkers Collaborative




The AACR-FDA-NCI Cancer Biomarkers
Collaborative consensus recommendations

Biospecimens

Analytic Performance

Standardization and Harmonization
Bioinformatics

Collaboration and Data Sharing

Regulatory Issues

Stakeholder Education and Communication
Science Policy

Clin Cancer Res July 1, 2010 16; 3299
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Tositumomab CD20
Brentuximab Vedotin CD30
Cetuximab (2) KRAS
Trastuzumab ERBB2 (HER2)

Ado-Trastuzumab Emtansine ERBB2 (HER2)

Pertuzumab ERBB2 (HER2)
Panitumumab (1) EGFR
Denileukin Diftitox CD25
Cetuximab (1) EGFR

Indications and Usage, Clinical Pharmacology

Indications and Usage, Description, Clinical Pharmacology

Indications and Usage, Dosage and Administration, Warnings and
Precautions, Adverse Reactions, Clinical Pharmacology, Clinical Studies

Indications and Usage, Precautions, Clinical Pharmacology

Indications and Usage, Warnings and Precautions, Adverse Reactions,
Clinical Pharmacology, Clinical Studies

Indications and Usage, Warnings and Precautions, Adverse Reactions,
Clinical Studies, Clinical Pharmacology

Indications and Usage, Warnings and Precautions, Clinical
Pharmacology, Clinical Studies

Indications and Usage, Warnings and Precautions, Clinical Studies

Indications and Usage, Warnings and Precautions, Description, Clinical
Pharmacology, Clinical Studies
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http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm249747.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm269141.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236274.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm238027.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm342218.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm309050.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm237449.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm301999.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236268.htm�

K-Ras Mutations and Benefit from Cetuximab
in Advanced Colorectal Cancer
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Karapetis C et al. NEJM 2008
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Arsenic Trioxide

Rasburicase
Tretinoin
Erlotinib
Gefitinib
Cisplatin
Busulfan

Capecitabine

Mercaptopurine

Thioguanine
Irinotecan

Letrozole
Everolimus

Dasatinib

Imatinib (1)

PML/RARa

G6PD
PML/RARa
EGFR

EGFR

TPMT

Ph Chromosome

DPD
TPMT

TPMT
UGT1A1
ER &/ PGR

ERBB2 (HER2)

Ph Chromosome

C-Kit

Boxed Warning, Clinical Pharmacology, Indications and Usage,
Warnings
Boxed Warning, Contraindications

Boxed Warning, Dosage and Administration, Precautions
Clinical Pharmacology

Clinical Pharmacology

Clinical Pharmacology, Warnings, Precautions

Clinical Studies

Contraindications, Precautions, Patient Information

Dosage and Administration, Contraindications, Precautions, Adverse
Reactions, Clinical Pharmacology

Dosage and Administration, Precautions, Warnings

Dosage and Administration, Warnings, Clinical Pharmacology
Indications and Usage, Adverse Reactions, Clinical Studies, Clinical
Pharmacology

Indications and Usage, Boxed Warning, Adverse Reactions, Use in
Specific Populations, Clinical Pharmacology, Clinical Studies
Indications and Usage, Clinical Studies, Patient Counseling Information

Indications and Usage, Dosage and Administration Clinical
Pharmacology, Clinical Studies
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http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236079.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm237505.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm238029.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236331.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236530.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm287714.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236246.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236253.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236814.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm237732.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236793.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm293044.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm314351.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236294.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236532.htm�

Z®M1h(2) Pharmacogenomic BM in Drug Labels

Imatinib (3) PDGFR Indications and Usage, Dosage and Administration, Clincal Studies

Imatinib (2) Ph Chromosome Indications and Usage, Dosage and Administration, Clinical
Pharmacology, Clinical Studies

Imatinib (4) FIP1L1-PDGFRa  Indications and Usage, Dosage and Administration, Clinical Studies

Exemestane ER &/ PGR Indications and Usage, Dosage and Administration, Clinical Studies,
Clinical Pharmacology

Fulvestrant ER Indications and Usage, Patient Counseling Information

Nilotinib (1) Ph Chromosome Indications and Usage, Patient Counseling Information

Tamoxifen (1) ER Indications and Usage, Precautions, Medication Guide

Vemurafenib BRAF Indications and Usage, Warning and Precautions, Clinical
Pharmacology, Clinical Studies, Patient Counseling Information

Crizotinib ALK Indications and Usage, Warnings and Precautions, Adverse Reactions,
Clinical Pharmacology, Clinical Studies

Fluorouracil (2) DPD Warnings

Tamoxifen (2) Factor V Leiden  Warnings

(FV)
Tamoxifen (3) Prothrombin Warnings

mutations (F2)
Nilotinib (2) UGT1A1 Warnings and Precautions, Clinical Pharmacology


http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm249743.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm249743.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm249743.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm236533.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm249744.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm293048.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm249748.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm237444.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm237721.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm268683.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm273399.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm357551.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm320297.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm320298.htm�
http://www.fda.gov/Drugs/ScienceResearch/ResearchAreas/Pharmacogenetics/ucm237446.htm�
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Table 2. Revised determination of Levels of Evidence using
elements of tumor marker studies*®

Level of Category from Validation studies

evidence Table 1 available

| A None required

| B One or more with consistent
results

1 B None or inconsistent results

1 C 2 or more with consistent
results

1l C None or 1 with consistent
results or inconsistent
results

V-V D NAT

Levels of Evidence (LOEs) revised from those originally proposed by Hayes
et al. (3).

t NA=not applicable because LOE IV and V studies will never be satisfactory
for determination of medical utility.
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1.Marker positive design
M(+)

T Standard therapy
arker
New therapy

2.All-comers design

M(+) M(-)

e Standard therapy

5ess N

marker K M(+) M(-)
New therapy

3.Hybrid design

|

|

M e
Marker (-) ——» Treatment A | ) ]
Assess / M(+)
marker \ Treatment B ]
Marker (+) *@ M(+)
Treatment C —

Mandrekar 5J, et al.: J Clin Oncol. 27(24): 4027-4034, 2008 &£ & [C{FE




Prospective randomized phase Il study determines
the clinical usefulness of genetic biomarkers for
sensitivity to primary chemotherapy with paclitaxel
in breast cancer

Yoshinori Ito,** Koichi Nagasaki,? Yoshio Miki? Takuji lwase,* Futoshi Akiyama,* Masaaki Matsuura,® Rie Horii*
Masujiro Makita,* Nahomi Tokudome,' Masaru Ushijima,* Masataka Yoshimoto,® Shunji Takahashi,
Tetsuo Noda? and Kiyohiko Hatake'

| Registration |

Siratification with

N=8y Randomization | HER2, ER, PgR, Nuclear grade, Tumor size

14\

A group B group
Mo usage of genetic IUsage of genetic
sensitivity testing sensitivity testing
Sensitive to PAC
N=19 N=11 |
_WF'AE o 1E| WPAC » 12
Surgery

—

Insensitive to PAC
N=561

| 'FEC100 x 4|

|

Add chemotherapy when any axillary node is positive

| I

[FEC100x 4 [FEC100x 4

Clinical Response
10(53%) 5(55%)

|

DOCT5 x 4|

30(54%)
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Molecular analysis requested
N=1,283
Tissue available
CONSORT diagram. Molecular analysis
N=1,144
Results
With molecular aberrations No molecular
N = 460 aberrations
| N =684
1 Molecular aberration 2-3 Molecular aberrations
N=379 N =81
Excluded Excluded
N = 88* N = 20**
I Not randomized |
Matched therapy Nonmatched Matched therapy Nonmatched
N=175 therapy N=36 therapy
N=116 N=25
*Eighty-eight patients were excluded from the analyses of clinical outcomes (regional therapy, n = 18; ineligible for study
participation, n = 26; too early, n = 44).
**Twenty patients were excluded (regional therapy, 8; too early, n= 2; ineligible for study participation, n= 10).

Tsimberidou A et al. Clin Cancer Res 2012;18:6373-6383



A, proportions of molecular aberrations (N = 1,144).

A RET*

TP53
KRAS
BRAF

PTEN loss

PIK3CA
NRAS
EGFR
GNAQ

KIT
MET
ALK

Melanoma

Thyroid

Colorectal
Endometrial

Lung

Pancreatic

Breast

Other Gynecologic
Genitourinary
Other Gastrointestinal
Other

Ovarian

Head and Neck
Sarcoma

Renal

I 56% (18/32)
I 37% (44/120)
I 18% (136/744)

I 17% (123/740)

I 17% (76/445)

W 10% (82/803)

— 8% (38/489)

W 3% (20/636)

W 3% (2/75)

W 2% (7/431)

™ 2% (1/62)

¥ 1% (1/85)

P 73% (107/146)
I 56% (39/70)
I 51% (119/234)
I 43% (21/49)
I 41% (35/86)
I 41% (14/34)
I 32% (20/63)
I 31% (11/36)
——— 29% (12/42)
I 25% (12/48)
I 24% (32/134)
I 21% (18/86)
I 21% (15/70)

I 11% (4/35)

9% (1/11)

a median of 5

prior therapies

Tsimberidou A et al. Clin Cancer Res 2012;18:6373-6383



A, best response by RECIST of 175 patients with one molecular aberration treated with
changes from baseline in tumor measurements (waterfall plot).

matched therapy:

CR: 4 ;2&-;)
PR: 43 (25%
SD=6 mo: 40 (23%)

Change in tumor size, %

Patients

Failure-free, %

Therapy
= Matched

Nonmatched

N Failed Median
175 149 52
116 111 22

6 12

T T T

T
18 24 30 36
Time, mo

100

80

60

Failure-free, %

20

Therapy
— Matched 175
Previous systemic 175 173 3.1

N Failed Median
149 5.2

Survival, %

Failure-free, %

Change in tumor size, %

CR: 0 {0%)
R: 6 (5%,
S0 =26 mo: 12 (10%)

Patients

N Died Median
175 84 134

116 67 8.0

Therapy N  Failed Median
= Phasel 16 111 22
* Previous systemic 116 113 28

P=056

T
12 18 24
Time, mo

o -

Tsimberidou A et al. Clin Cancer Res 2012;18:6373-6383



Schema for BATTLE study.

Umbrella protocol

Core needle biopsy

: £357 .
) P e ]
.‘k#.,n.:-'ﬁ?. r W;%%ﬁ,

Biomarker profile

* EGFR mutation/

copy number

* KRAS/BRAF mutation

» VEGF/VEGFR-2
expression

* RXRs/Cyclin D1

Equal followed by expression and
adaptive CCND1 copy number
randomization
Erlotinib Vandetanib Erlotinib + Sorafenib
bexarotene

Kim E S et al. Cancer Discovery 2011;1:44-53



CONSORT diagram of the BATTLE study.

Not randomized
n=86

Total registered
n=341

Intercurrent illness — 29
Worsening overall condition — 22
Not biopsied — 17

Alternative treatment — 18

Total randomized
n=255

Adaptive randomization

Equal randomization

n=97 n=158
| |
I I I | I | | I
Erlotinib Vandetanib Erlotinib + Sorafenib Erlotinib Vandetanib Erlotinib + Sorafenib
bexarotene bexarotene
n=25 n=23 n=21 n=28 n=34 n=31 n=16 n=77
neval =25 neval =23 neval =21 neval =26 neval =33 neval =29 neval =15 neval=72
By marker group By marker group
EGFR: 8 16 1 10 EGFR: 9 11 9 13
KRAS/BRAF: 2 1 2 2 KRAS/BRAF: 5 2 1 12
VEGF: 10 2 3 5 VEGF: 15 14 0 34
RXR/Cchl: 0 1 3 RXR/CyCDl: 0 0 0 1
None: 4 4 4 6 None: 2 5 12

Kim E S et al. Cancer Discovery 2011;1:44-53
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Cetuximab Panitumumab
CRYSTAL OPUS NORDIC VIl PRIME
s stasd | g #3EE A fE S
Phase 11148 114 11148 1148 1148
s FOLFIRI FOLFOX4 |FOLFOX/XELOX|  FLOX FOLFOX4
KRAS SMEBES | 1083 (89%) | 315(93%) | 1.316(81%) | 498(88%) | 1,006 (93%)
cuswen | WRE |l | v | W | opn | e | Wppe wa | ugn | v
PFSRfE(E) | 99 | 84 | 83 | 72 86 | 86 | 79 | 87 | 100 | 88
HR (85% CI) {u.sgﬁfaﬁn {u.sg'ssfg.?aﬁﬁy r;u.aﬂz% 2] [u,?:lé?{-ts} [n.gi?gs?}
piE 0.0012 0.0084 060 0.66 0.01
OSTRIE(E) | 235 | 200 | 228 | 185 | 17.0 | 179 | 220 | 201 | 239 | 197
HR(95% CI) | (o av00046) | (05950 219) | (0879.23) | (080161 | (0.75408)
piE 0.0093 0.39 0.67 0.66 0.17

AFREEMHEES S ={LYTEEME & NORDIC VIl 123 BiLEREES, F|POHMERCotndmab R SBOHIE

[CRYSTAL] Van Cutsem E, et al_- J Clin Oneol. 28(15): 20011-2018, 2011 [OFPUS) Bokemeayer G, et al.2 Ann Oncol. 22(7):
1535-1548, 2011 [COIN] Maughan T3S, et al: Lancet. 377(8783): 2103-2114, 2011; [NORDIC WII] Tveit KM, et al.: ESMO 2010
20LBA; [PRIME] Douillard JY, et al.: ASCO 2011: abst #3510

http://www.gi-cancer.net/




Prediction of risk of disease recurrence by genome-wide
cDNA microarray analysis in patients with Philadelphia
chromosome-positive acute lymphoblastic leukemia
treated with imatinib-combined chemotherapy

A
A) B) )
BCR-Ab| (copies / ug) BCR-Abl (copies / ug)

1x107 o [

1x108 [ T

xigs 1x108

X104 ixiod

X108 P, !ncreased expression
in Group B

e 1xi0e Increased expression

ALS2CR4 N GroupA

Group A Group B ¥y
(continuous response) (recurrence) r 3

log,expression ratio

Int J Oncol 2007
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(b) a1 Q2-3 Q4
=781 ng/mL 817-1205 n 225 ng/

* PK profile

Cancer Science 2010

Number of patients

500 1000 1500
Imatinib concentrations (ng/mL)

e TKl-resistance (Point mutation of Abl kinase
domain)

2000

® F317L
® T13151
® F359v

@ M244V
® G250E
B Q252H/R
@ Y253F/H
® E255K

© M351T

* Additional genetic abnormality
- Sae) 8o
* Generation of second TKI LLEE) 2

® H396R



Resistance mechanism to TKls in CML

Pharmacokinetics e Polymorphism
a-1-acid glycoprotein
P-glycoprotein — BIM
UGT1A1 (Nilotinib)

Change of target molecule
(BCR/ABL-dependent)

Point mutation 1.0 Imatinib
Amplification 0.8
Altered splicing of ABL TE" 0.6
Alternative signals 3 04
Lyn, NUP98/DDX10, R
TEL/MDS/EVI1 0.2 HU
Quiescent Stem cell 0.0

0 2 4 6 8
Year after diagnosis



Polymorphism of BIM associated with TKI responsiveness

d Deleted
Genz stuelie gy DBD ... Stop/PolyA BH3 Stop/PolyA
i I|_|__| {1 ':'I i I:lr
BIM [ET - {PEAIEmE IR ————— iy gy b
lranscrpts
BIMEL|_ET_TEZATEZB | E2CWEMI _ES5 | Ed-containing transcripls,
BIML | ET [EZXTEXCHES 5 +encoding BH3-containing and
BIMS | Ei I-EE'-‘;. Ev . pro-apoptotic BIM isoforms
. ET_TEZA " E3-containing transcripts,
BiM-y L X1 | E2C - encoding non—BH3-containing
L . BIM isoforms

e Slicing of E2-E3 and E2-E4 is mutually exclusive
e Deletion polymorphism increases E3:E4 transcripts ratio
e E2-E3 products have no BH3 domain, a death agonist

h I K562 KCL22 KYO-1
K562 KCL22 KYO-1 MW (kDa) - + = + = + Imatinib
- - + — + |malinib 37— wm wemmemes  Caspase3
MW {k:??a-i - — {E:EIT{'EL " e - gEEaved 3 KC L22 . h d I .
A — < = aspase
) loo- psTATEA. S a0 carries the deletion
~ — STATSA :
a7- 2 polymorphism
o pAPSE
97— APSE j K562 KCL22
S - = + + — — + + Imatinib
- — BMEL MW (kDa) - + — + - + - + ABT-737
__ <BIML T @& == Caspased
=BIMS - s Cleaved
E0- B-actin %g: Caspase 3

———— — — [}~ 1121

Ng KP, et al. Nature Medicine 2012



BIM deletion is associated with shorter PFS in
EGFR mut+ NSCLC patients treated with TKI

a 1004, Genotype Sample size Median PFS b
w. = No BIM polymorphism 115 11.9 Tyrosine kinase inhibitors
y = BIM polymorphism 26 6.6 J.

o
-
tn

Oncogenic tyrosine kinases

BI‘-M;2+J"+ BIMIE =

BH3 Stop/PolyA EIEHS
0.50 - : IEEmEﬂ E2k—E3}—E4

Proportion free of progression

| ! Exon3d/Exon 4 (BH3) ] Exon 3/Exon 4 (BH3) )
0.25 =4 lr l
Apoptosis Resistance
+ BH3
P =0.0027 mimetics
. Apmptosiﬁ
G _1 T T T T T T
0 10 20 30 40 50 60

Time (months)

Ng KP, et al. Nature Medicine 2012



Various classes of tumour heterogeneity in adenocarcinoma of the lung

a Heterogeneity in patients ] i
with adenocarcinoma
of the lung according

to driver oncogenes

KRAS
~15% in Asians
~30% in Caucasians ;’

800 EGFR
Wl ~40% in Asians
Il ~15% in Caucasians

HER2
3%

FEm——-——TTT

§ | RET BRAF
‘m ~1% ~1%

) | Pik3ca [} meT
[ ~1% <5%

b Heterogeneity within € Heterogeneity in
patients with resistance mechanisms
EGFR mutation in one patient
i Sensitive

L858R
~40%

i
P00 =

Inherent resistance

Inherent T790M

~2% by sequencing
~30% by sensitive

method
G 0e ¢ I<B
W ~30%

{ || Others?

Further
heterogeneity

Mitsudomi, T. et al. (2013) Nat. Rev. Clin. Oncol.
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Phases of Development of a New Drug

Preclinical

Phases of Development of New Biomarker Assay Linked to New Drug

Confirm
Target Biomarker

Assay Assay
Development Performance




Probability (%)

FEIGAF . EDPhase THIEIZGSH ., TOERIE?

100 - —

90 4

80

70 -

60

501

40 -

30 A

20 1

10 4

Phase1t02  Phase2to3 Phase 3toFDA Reviewto FDA |
review approval

Clinical phase transition

O All candidates, 1990-2006 H All candidates, 1990-1997

H Small molecule drugs, 1990-2006 O Small molecule drugs, 1990-1997
O MAD, all types, 1990-2006 H MAD, all types, 1990-1997

0O MADb, humanized, 1990-2006 O MADb, humanized, 1990-1397

Drug Discovery Today

Percantage of NCE procts failing
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An example of an integrative approach to pathway analysis of a drug-sensitive versus
drug-resistant population of patients.

Cohort with known response Multimodal data Pathway model Inferred pathway
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Figure 1 Targeted therapy of lymphoma

a - -
: Targeted drug =

|

v '

- Non-oncogenic process -
I

Cytokines
Growth factors

Younes, A. & Berry, D. A. (2012)
Nat. Rev. Clin. Oncol. 2012



Figure 2 Clinical rationale for targeting oncogeneic pathways
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Table 1 Response rates according to histology

Table 1 | Response rates according to histology

Pathway Drug Target Response rate in different histologies (%)
DLBCL FL MCL SLL/CLL T-cell HL
PI3K/ Everolimus mTOR 30 b 3D 18 63 53
AKT/ Temsirolimus mTOR 36 56 38 10 - -
mTOR CAL-101 PI3K 0 Bh BT 30 E -
B-cell Fostamatinib  Syk 22 LR 50 0 -
receptor PC132765 Btk 1y 23 69 67 - -

Abbreviations: CLL, chronic lymphocytic leukaemia; DLBCL, diffuse large B-cell lymphoma; FL, follicular
lymphoma; HL, Hodgkin lymphoma; MCL, mantle-cell lymphoma; SLL, small lymphocytic lymphoma.

Younes, A. & Berry, D. A. (2012) From drug discovery to biomarker-driven clinical trials in lymphoma
Nat. Rev. Clin. Oncol. doi:10.1038/nrclinonc.2012.156



Figure 3 Rationale for combination therapy in lymphoma
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Figure 4 Defining lymphoma subsets based on biomarkers of activated pathways
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