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Abstract: Results:
Investigational new drugs for cancer must demonstrate convincing preclinical efficacy and a compelling strategy
to translate preclinical observations to the clinical setting. Predictive biomarkers are gaining wider acceptance Figure 1. Analysis schematic. Figure 4. ERBB2 amplification and over-expression associates with Table 1. Estimated copy number gain of ERBB2 in lung cancer
(i.e., HercepTest™, Oncotype DX® Breast Cancer Assay), however, there is no systematic approach to identify i Co :
candidate predictive biomarkers for new therapies and to characterize their distribution and expression in cancer (A) Cancer cell lines were tested for response to targeted agents including lapatinib and IC50 values were derived SenSItIVIty to lapatl nib in breast cancer cell lines. Su btypes
patient subsets. To meet this challenge, we developed an integrated platform to translate preclinical biomarker (Greshock et al., 2010). Cutoffs were determined to establish sensitive and resistant sets of cell lines for each A B t . Uity blot. B t | 051 | Gent t red f o < ERBR2. F f ifieat
profiles, derived from screening compounds across large panels of cancer cell lines, to clinical tumor compound. (A)  Breast cancer cell line sensitivity plot. Breas 0.001 M sensitive Y92 IUNE cancer patient tumors were analyzed for copy number gains in - rrequency ot ampiification was
: ) , _ : _ cancer cell lines ranked by increasing B Moderat reported at increasing thresholds of estimated copy gain. Data was obtained from a meta-analysis of Oncomine
populations. This platform, known as OncoPredictor, (?on5|§ts of two paralle! genomic databases that _mcorporate (B) Publicly available gene expression, copy number, and mutation data was collected for each cell line. KEGG was lapatinib 1C50 values and colored by s 00! ° _era € datasets, Bass Lung, Beroukhim Multi-cancer, Jaiswal Mutli-cancer, Lu Lung, Ramos Lung, TCGA Lung 2, and Weir Lung.
DNA copy number, mutation status, and gene expression biomarker annotations for hundreds of cell lines and used to define genes involved in individual pathways, and a new pathway biomarker was created by rolling-up all sensitivity status. Sensitive cell lines were S Resistant
the same biomarkers annotated across thousands of clinical tumor samples. To illustrate this approach, we used the individual gene annotations into a single pathway-level annotation. Associations between cell lines with colored pink, resistant cell lines were colored § III. Estimated copies of ERBB2 Patient
published drug response data for lapatinib (Greshock et al., Cancer Res., 70: 3677-86, 2010) and investigated sensitive (or resistant) calls with each of the binary biomarkers were tested for using association analysis. green, and a moderately sensitive group of = 1 - Cancer Type >4 >6 >8 Samples
candidate biomarkers.reprgsenting gach of the genomi.c da’Fa types (mutation, DNA a.mplificlation and delg’Fiqn, | (€) Similarly, the same types of genomic data (gene expression, mutation, copy number. pathway) were collected and cell lines were colored gray. . Non-Small Cell Lung Carcinoma, NOS 1.49, 1.0 0.5% 117
and gene over-expression) in an unbiased approach to identify biomarkers that associated with drug sensitivity in integrated for the clinical populations database. A controlled vocabulary for both general cancer type and detailed (B) ERBB2 copy number in breast cancer cell Lung Adenocarcinoma 1.2% 1.1% 0.5% 434
cell lines. Of all genomic biomarkers, high copy number gain of ERBB2 was the most significant biomarker that cancer type was implemented, allowing frequencies and detailed analysis (such as focal amplification) of genomic lines. Breast cancer cell lines ranked by 0.001 By copy number Squamous Cell Lung Carcimona 1.1% 1.1% 0.6% 174
associated with sensitivity to lapatinib. As expected, several breast cell lines showed high level amplification of biomarkers to be associated with different disease terms. |In a final step, biomarkers identified in the cell line drug increasing lapatinib IC50 values and colored H>12 Large Cell Lung Carcinoma 0.0% 0.0% 0.0% 9
ERBB2 and were sensitive to lapatinib, consistent with approved indications for ERBB2-based therapies. response screen were assessed in the clinical populations database. tcaéllgiECBIE?rZ] grl;lﬁigg?gor}ugdbeigd?;ltlelnes oo 2 Small Cell Lung Carcinoma 0.0% 0.0% 0.0% 17
Interestingly, two lung cancer cell lines (CALU3 and NCIH2170) were also exquisitely sensitive to lapatinib and A) () © amplification of ERBB2 ranging from 8-12+ 3 . =</1.4
. o L . : . ; _ S n/a
bothlcontamed S|g.n|f|cant amp||f|cat|9n of ERBB2. Using DNA copy data from >1.,OOO lung cancer tumor Cell line panel Cell Line Panel Genomic Sources Clinical Tumor Genomic Sources copies, cell lines colored in gradients of blue 3
specimens, we estimated that approximately 0.5-19% of lung squamous cell carcinoma and lung _ —— e ; indicate copy number loss, while those = —
adenocarcinoma contained high level copy number gain of ERBB2. Similar to observations in breast cancer, iﬁg@gg . Q D colored light gray indicate 2 copies of ] I“._.lTr _ _. . .
ERBB2 gains were typically focal (5-20 genes) and ERBB2 was the most commonly amplified gene in this region. - — Array || Ll _ EszeBczélggljlljnaeriIarcakmg copy number data 10 - Figure 7. ERBBZ2 amplification was focal in lung cancers.
Increased copy number was also significantly correlated with ERBB2 mRNA expression. Because KRAS ) C&;ASr%y COSMIC ~ KEGG Oncomine COSMIC ~ TCGA  KEGG gray- TH  denicts ERBE? itieation in | Cents. The oink line indicat t o o
mutations cause resistance to EGFR family targeting drugs, we investigated the clinical frequency of KRAS T T (C) ERBB2 expression in breast cancer cell lines. 0.001 By expression | de. g(;apl epic S'th ht aTZ' cation 'E.lur]f] Cirl‘cerl.pa .'eg.s't € pin ] '”ef'” 'i.a ets agtgr:eg;al © C?Zy num erfga'” ©
. . . . . . . Cell Line Genomic Profiling Clinical Tumor Genomic Profiling Breast cancer cell lines ranked by increasing . High Inaiviaual genes wi at leas copiles, wnile tne plue line Indicates num er OT pa |en S WI at leas coplies o a'
mu’Fatlons in lung cancer. In >15,QOO p'atlent'samples with available mUJ_[aJ“O” data, approximately 17% of — — . — lapatinib IC50 values and colored by Log2 g subset of genes on chromosome 17q. An aggregate copy number peak indicates a high and focal copy number gain of
patient samples had KRAS mutations, including 20% of lung adenocarcinoma and 5% of squamous cell lung il UH‘ ‘% Ll ™ i} ‘HIJ‘ v‘-%K N | 2 e ERBB2 expression. Cell lines colored red s Median ERBBZ relative to other genes on chromosome 17g.
carcinoma samples. Infrequent high level amplification of ERBB2 in lung cancer coupled with the frequency of Dose ;i: el . A 5'3 1‘&’?':1] - ). ndicate highest expression of ERBB2, cell 3 M Low
KRAS mutation, maylaccount for apparent' I'ack.of efficacy iq ang cancer patient populations. The cell Iing ;lata reS?IC?nse Gene Mutaons DNA  Cancer Gehne_ Mutations DNA  Cancer lines colored blue indicate lowest expression § . M n/a EREE2
support the use of high level ERBB2 amplification as a predictive biomarker for clinical response to lapatinib, Proting expression Copy # pathways expression Copy # pathways of ERBB2, while those colored light gray - __ .- o -
which may lead to improved patient survival for a small fraction of patients with lung cancer. | | indicate median expression of ERBB2. Cell | II l
lines lacking transcriptional data were
- — colored dark gray. 10 Lung cancers - aggregate gene level I Aggregate copy number in patients
3 Ckell IEI)n? | L Cllnfal 'I;urt'nct))r Cell Li amplification events >4 copies with at least 4 copies of each gene
- . 1 4 Iomarker Database Iomarker batapase e ines 35
Background and Rationale: N o |
' . . . . | . Sensitive & ® I Number of patients with >4 copies
Cancer is a set of genetic diseases. Rational development of cancer therapeutics and patient treatment requires resilslt\;m o l o _ - l _ '§ of each gene
an understanding of the genetic biomarkers associated with drug response. New approaches that efficiently cell line calls Cell Line Blomarker Association Analysis Clinica| Biomarker Frequency Analysis Fisure 5. Hich copv number gain of ERBB2 was found in two lun e
identify predictive biomarkers for targeted cancer therapies and place them into the correct clinical context are L B 5% S g ) g Py ) g o o g S
needed. Large cancer cell line panels are being increasingly used to discover predictive biomarkers of drug N S|2 ; - e cancer cell lines sensitive to Iapatlnlb. ‘go 25
response. Large cell line panels generally preserve the genetic aberrations and molecular diversity unique to ‘ R [160] 10 oo : ' . o 0.033 M Sensitive ©
parent histology from which they were derived and can effectively recapitulate tumor associated genotypes that — — (A) Lung cancer cell line sensitivity plot. Lung 1o B Moderate o 20
predict sensitivity to various kinase inhibitors. Here we demonstrate the use of parallel cell line and patient Somarker R llt el L Clincal Pool t,l dentificat faa;act?rr]if)ellglégejaﬁZzeadngyc'or;gizzs&g = s Resistant %
. : : : : s . lomarker rResults in ce nes Inical Fopulation iaentrication ~
tumo_r_database_s for transla.tmg the fmdm_gs that h|gh copy number gain and foca_l am_pln‘lcatlon of ERBB2 - P sensitivity status. Sensitive cell lines were S ., f\f 15
sensitizes cell lines to lapatinib and identify appropriate and rare patient populations in lung cancer. P Sp——— k colored pink, resistant cell lines were o . §
Trastuzumab was previously considered ineffective in a lung cancer patient cohort selected for ERBB2 expression s e oEe colored green, and a moderately sensitive ' S
by IHC and FISH (Gatzemeier et al., 2004), possibly due to over-estimation of ERBB2-driving aberrations in lung |y e s i |II.I|;“ T group of cell lines were colored gray. o s 10
cancer. IHC-based expression classification. estimates ERBB2 expression in. noq-small cell lung cancer i.n the | — - (B) ERBB2 copy number in lung cancer cell o
range of 20-509%, (Langer et al., 2004). While IHC captures ERBB2 expression in many lung cancer patients, its lines. Lung cancer cell lines ranked by 0.033 By (:;pzy number 5
use may not accurately identify cancer-driving aberrations. Use of a combined IHC and FISH testing that increasing lapatinib I1C50 values and colored .2
estimated 2% of non-small cell lung cancers have amplified ERBB2 (Heinméller et al., 2003), and subsets of Figure 2. IC50 box plots for compounds analyzed in the Greshock bylErRE%ng DrNﬁ.Cgfy r}upqg?;d(.:e”t“nes o - Genes on chromosome 174
patients with IHC3+ or FISH positive ERBB2 status, have been noted as showing a trend of increased cofored In gradients of red indicate 2 s '
on f | to trast b (Gat : I 2004). Additi ! t of tient et a/_ (2010) Study_ amplification of ERBB2 ranging from o : Bn/a
progression free survival in response to trastuzumat (Gatzemeier et al., _ ). itionally, a report of a patien 11-13+ copies, cell lines colored in 3
with an ERBB2 amplified tumor treated with lapatinib showed an unconfirmed decrease in tumor size (Ross et Compounds colored by mechanism of action, By féﬁl’;arget gradients of blue indicate copy number = .I
al., 2910)._ Even within clinically selected ERBBZ patients, there likely remains a Iowlfrequency of ERBBZ driver =Mitotic N loss, while those colored light gray indicate 33 Table 2. Mutation frequency for KRAS across 15,245 Iung cancer
amplifications in lung cancer as noted by the infrequent occurrence of high copy gain of ERBB2. This, coupled PP 2 copies of ERBB2. Cell lines lacking copy tient |
with cell response data to ERBB2 targeting therapies suggests a correctly selected subset of patients may be : 2 g;‘:;r/;?;;& “:':K number data were colored dark gray. 0 patient samples.
- 5 2 - : - : o e - : = pathway _ _ ]
amenable to.antl ERBB2 therapy. Specifically, pa.tlents with high co.py gain, focal amplification, an_d h_lgh S (C) ERBB2 expression in lung cancer cell Ilnles. By expression Data obtained from COSMIC vb4 and Oncomine datasets, Ding Lung, Garraway Multi-cancer, Kan Multi-Cancer, and Kan
over-expression of ERBB2 may be those that derive the most benefit from ERBB2 targeted therapies in lung 166 5 Lung cancer cell lines ranked by increasing 0.033 B High Multi-cancer 2.
cancer. While ERBB2-driven lung cancers are relatively rare, they represent a well-defined patient population that E‘gggg'b IC50 Ya'ueé E?Inld CO'Oreld b)cll '—0§2 . Median KRAS Mutati Dationt
: 2 expression. Lell [ines colorea re =Y utation atien
couldioe tredted sticcessiullywith current approveditherapies. 1E-5 indicate highest expression of ERBB2, cell % Il Low Cancer Type Frequency Count Samples
. lines colored blue indicate lowest expression @ 033 Mn/a Lung Adenocarcinoma 20.9% 1,549 7 425
of ERBBZ2, while those colored light gray Q
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w
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_ - . . : Large Cell Lung Carcinoma 17.5% 33 189

. 1E-4 indicate median expression of ERBB2. Cell .I
MEthOdS' . lines lacking transcriptional data were _ Lung Cancer, NOS 16.3% 251 1,537
Cell line profiling data. Drug response data for 228 cell lines from Greshock et al. (2010 Cancer Research ’ _ colored dark gray. Non-Small Cell Lung Cancer, NOS 15.7% 596 3,791

~ 1E. a : |
70:3677-86) was incorporated into Oncomine. Cell line sensitivity status was determined through visual " § J. 10 _ Adendosquamous Lung Carcinoma 10.6% 21 199
inspection of the IC50 distributions. o = Cell Lines Squamous Cell Lung Carcinoma 5.8% 97 1,672
5 - . T . Lung Carcinoid Tumor 2.0% 3 148
Categorical biomarker analysis. To develop the cell line biomarker database, we collected genomic data from : : | 1 : Small Cell Lung Carcinoma 0.7% 2 294
li r h rr n h f cell lines in th nel ri reshock [. (2010). : ’ . : : ; - ' ' '

public sou ces’F at correspo ded_tot e set of ce es in the panel desc .bed’byG eshoc et.a ( 0.0) . ) l I : Flgure 6. Copy number gain of ERBB2 in breast, gastrlc and
Targeted mutation data was acquired from the Wellcome Trust Sanger Institute’s Cancer Cell Line Project ! ! . ’ | |
(Hinxton, U.K), which has sequenced the coding exons and immediate flanking intron sequences of 51 . . .| ung cancers. : - -
cancer-related genes in 700+ cell lines. DNA copy number data for 338 and gene expression profiling data for ! " ’ ’ i ; i | Table 3. Incidence and mortallty Of Iung adenocarcinoma and
318 cell lines was obtained from a dataset made public at caBIG (Bethesda, MD) by GlaxoSmithKline. Cell line — : (A) Qsifntq’zf;do‘;g“”g ;?nnscier: EaRtElseantS have ) EREE2 sgquamous cell Iung carcinoma.
names were standardized using terms provided by the source repositories, and a semi-automated text matching . T : H : . : ! comparable tzyeitimated copy number of §is . .
strategy was employed to match cell line names. Next, we developed a series of analysis pipelines to make T * * * ERBB2 in breast and gastric cancer et SR Data obtained from IARC GLOBOCAN 2008 (http://globocan.|arc_.fr/) both sexes, all ages and rounded to the nearest
bi : s : ; : : ) E:3 hundred. The table assumes 409 of lung cancers are adenocarcinomas and 259%, of lung cancers are squamous cell

inary (i.e., positive/negative) biomarker status calls for genes and pathways across the cell line panel. The patients, cancer types for which ERBB2 g ST lung carcinomas (Travis WD, 2002)
mutation data was binary to begin with, as each cell line was called mutant or wild-type for each of the targeted therapy has been approved. o ' ' _ _
cancer-related genes tested. Cell lines were called positive for gene over-expression if a gene’s expression level R i Incidence Mortality
was greater than 64-fold (6 logs) above the gene’s median expression level across all cell lines. Cell lines were Ficure 3. Volcano plot of biomarkers colored bv associated dru E: European European
called positive for a gene amplification or deletion if the gene’s estimated copy number was at least two-fold g - P y g 3 Lung Cancer S"?type World Union (EU-27) USA  Japan World Union (EU-27) USA  Japan
abovg oif b_elow the gene’s median copy number oS all cell Iings; this approximqtes greater ’Fhan 4 copies for Each spot on the plot represents a single biomarker and its corresponding p-value and Odds Ratio. Biomarkers Points Lung Cancer @i : Lung Adenocarcinoma : 642,800 1125’200 85,600 ;4’700 550,000 101’2200 64’200 26,700
amplification calls and less than 1 copy for deletion calls, assuming a 2 copy baseline. In addition to these were sized according to the —log(Q-value), the inverse log of false discovery correction. Resistance biomarkers were given Squamous Cell Lung Carcinoma 401,700 72,000 53,500 1,700 343,700 63,200 40,200 16,700
gene-level candidate biomarkers, we also derived biomarkers for cancer pathways. Cell lines were called positive a negative Odds Ratio value for plotting. The dashed red line indicates a p-value of 0.05. Amongst all biomarkers, Total Lung Cancers 1,607,000 288,000 214,000 86,800 1,375,000 253,000 161,000 67,000
for a pathway biomarker if they had an aberration in any gene in the pathway and negative if all genes in the ERBB2 amplification had the largest Odds Ratio and was highly significant by p-value and false discovery correction. . = Esﬁmatljcopies - 25 - ™
pathway were negative. Pathway biomarkers combined different genes in the same pathway by considering . .

. : : : . : : : : : PERETRY B) E levels of ERBB2 bset of
mutations only, gene over-expression only, and a combined mutation/amplification/deletion annotation. To  Resistance biomarkers Sensitivity biomarkers 5 (B) qunpgrecsasrlm(;;?;etiser?ts ae cor!?piafaublzetoo ERBB2 ]
identify biomarkers predictive of drug response, we tested each biomarker from the cell line biomarker database L ggﬁ;gznd ERBB2 expression in breast and gastric Conclusions:
fqr association with response t_o_ each compound by comparing the numbe_r of cell lines positive or negative for a o’ WBEZ-235 cancer patients, cancer types for which S TR PR R Y TR R - - ERBB2 amplification predicted sensitivity to lapatinib across a broad multi-cancer cell line panel.
biomarker that were also sensitive or resistant to the compound. Odds ratios and p-values were computed for B foretinib ERBBZ targeted therapy has been i
each association and multiple hypothesis correction was performed using a false discovery rate approach. 1.0E-016 W GSK1059615 approved. Expression data for genes > - Two lung cancer cell lines with exquisite sensitivity to lapatinib both contained high copy number gain of
y y O measured on Affymetrix U133 (U133A 5 ERBB?
GSK1070916 ’ 2 2 :
Clinical Tumor Biomarker Database. To predict tumor populations likely to respond to a given agent based on — B GSK1120212 U133 plus 2.0) arrays across 25,647 g Cancer W ees,
predictive biomarkers observed in vitro, we required the ability to compute frequencies of the same biomarkers Il GSK1838705 patient samples from all major cancer - * Approximately 1% of patients with lung cancer have focal, high level copy number gain of ERBB2.
across all cancer types and subtypes (Fig. 1C). Thus, in the development of the clinical tumor biomarker kb types was used to for normalization of 3
e ’ . . . . 1.0E-012 B GSK661637 gene expression. Fold change over the « The frequency of ERBB2 amplification was similar in lung adenocarcinoma and squamous cell lung
database, we attempted to represent all of the candidate biomarkers from the cell line biomarker database in the " median expression of ERBB2 across all Lung Cancer  mmmmmeo: )
. .. . : Vi . |GSK690693 P carcinoma.
largest collection of clinical tumor samples possible. Mutation data was downloaded from Sanger’s COSMIC | —_— lificdsi GSK923295 cancer types is reported.
. . . . . d - amplification . . . . . .

database and supplemented with data from 5 additional large-scale gene sequencing studies, including data 2 1.0E-010 P l'ﬁlPET_tt'mt‘»'1 e « Lung cancer patients with high copy number gain of ERBB2 may benefit from ERBB2 targeted therapy.
from TCGA. Tumor samples were assigned controlled vocabulary terms describing general and specific cancer g \ E'E:;c::::ib
types. DNA copy number and gene expression data were collected from our Oncomine database, which contains e 1.0E-008 > Bl perifosine Fold Change Over Median
genomic data from 500+ microarray studies, including several large scale initiatives such as the TCGA, the & ® Jrair
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166 unique patient samples from TCGA lung datasets



