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Abstract

High-dimensional -omics profiling predicts responses
to therapeutic agents in breast cancer cell lines that
can be effectively applied to patient selection in
clinical trials.

Introduction

Breast cancer is the leading cancer among women and
the second leading cause of cancer-related mortality in
women. It is a heterogeneous disease with distinct histo-
logical and clinical outcomes and classifies into three
basic therapeutic groups: (1) estrogen receptor (ER)
positive, (2) human epidermal growth factor receptor 2
(HER2) amplified and (3) triple-negative breast cancers
(TNBCs, which are negative for ER, progesterone recep-
tor (PR) and HER2). This gave rise to the notion of tai-
loring patient treatment plans based on the patient’s
genomic characteristics, making breast cancer the poster
child for precision medicine. In this issue of Genome
Biology, Joe Gray and colleagues develop this concept of
precision medicine for breast cancer using a machine
learning approach to computer modeling [1].

Seminal work in techniques for gene expression profil-
ing analysis has led to the classification of breast cancer
into six different subtypes (luminal A, luminal B, HER2-
enriched, basal-like, claudin-low and normal-like) [2,3].
Multi-gene supervised class-predictors based on the six
subtypes were subsequently developed for prognostic clas-
sification [2,3]. The predictors are now clinically available
(examples include PAM50°, Oncotype DX®, MammaPrint®,
MapQuantDx®, Theros® and Endopredict®). These first-
generation gene signatures can also be partially used as
predictive gene signatures and have been instrumental in
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sparing a subgroup of ER-positive breast cancer patients
from adjuvant cytotoxic chemotherapy [4,5]. However,
there has been less success in the development of gene
signatures to predict response to specific therapeutic
agents, and as such no commercially available tests are
currently available.

Other genomic technologies, such as genome copy
number, next-generation sequencing, DNA methylation
arrays, RNA-seq and protein expression, add higher
resolution and additional layers of information. The
integration of these datasets has further refined breast
cancer classification into additional distinct subtypes.
Large-scale genomic efforts of The Cancer Genome
Atlas (TCGA) [6] and Molecular Taxonomy of Breast
Cancer International Consortium (METABRIC) [7] have
comprehensively characterized key genomic changes in a
large dataset of breast cancers but did not relate these
omic characteristics to drug response.

Identifying predictive biomarkers for targeted
therapeutics
Application of integrated molecular datasets to develop
clinically useful predictive gene signatures to guide pre-
cision medicine is currently under way [5]. However,
there are three noteworthy studies that generated pre-
dictive multigene signatures. One study used a multifac-
torial approach to identify a multi-gene classifier as
predictive for response to anthracyclines. The resulting
anthracycline-based score (A-score) could serve as a
valuable tool for sparing a subset of breast cancer pa-
tients from chemotherapy [4,5,8]. Similarly, the amplifi-
cation of chromosome 8q22 and/or overexpression of
YWHAZ/LAPTM4B can be used as predictive bio-
markers to anthracycline response [5]. A 165-gene signa-
ture (termed the SET index) has also been developed to
predict response to endocrine therapy [4,5].

Cancer cell lines that have molecular characteristics
that closely mirror their tumor counterparts have proved
useful as preclinical models for therapeutic response and
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predictive biomarker development for experimental
drugs [9,10]. Sometimes, cancer cell lines are the only
possible model to investigate experimental therapeutics.
Two recent studies performed large-scale unbiased
drug screens in collections of cancer cell lines across
many types of cancer [9,10] and have substantially ex-
panded the annotation of these cell line collections and
our understanding of the predictive usefulness of gene
signatures.

It is unclear whether the recently available molecular
data types are essential and which combinations of these
data types would provide the best predictors for breast
cancer. In this issue of Genome Biology, Gray and col-
leagues address this question by developing disease-
specific predictive signatures of response for a collection
of breast cancer cell lines [1]. Their study expands the
number of breast cancer-specific cell lines and thera-
peutic agents used as well as collecting comprehensive
molecular data types: genomic data were obtained from
70 breast cancer cell lines in response to 90 experimen-
tal or approved therapeutic agents. The molecular profil-
ing datasets included mutation status of selected genes
of interest, copy number aberrations, gene expression
(including splice variants), promoter DNA methylation
and protein expression. In addition to identifying pre-
dictive markers of response and testing their perform-
ance in TCGA samples, the authors also examined the
importance of specific and integrated datasets for re-
sponse predictor development.

No magic bullets

Gray and colleagues used two machine-learning ap-
proaches, the weighted Least Squares Support Vector
Machine and Random Forests, to develop response sig-
natures [1]. Cell lines were classified as sensitive or re-
sistant based on the mean Gl value for that compound
(that is, the concentration at which growth is inhibited
by 50%). Regardless of classification method, the signa-
tures predicted response with high estimated accuracy
(area under curve (AUC) >0.70) for 57% of the com-
pounds tested. The two classification methods showed
high correlation (Spearman correlation coefficient, 0.85;
P-value, <0.001), especially for compounds that had
strong biomarkers or no biomarkers of response. How-
ever, this did not hold for compounds that showed a
weaker signal of drug response - for these compounds,
selection of alternative response variables might improve
performance in the future.

Cell line-derived response signatures were validated
in vivo for tamoxifen and valproic acid, where the -omic
signatures accurately predicted the chemotherapy re-
sponse. For the compounds where in vivo data were not
available, the presence of the signature was tested for in
536 breast TCGA tumors instead. Tumors and their
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respective cell lines shared similar gene expression pat-
terns, suggesting that the signatures might be effective
in predicting response in patient samples. Many of these
compounds are FDA approved or in clinical trials and
hence could be validated in the near future.

Another important finding was that there was no sin-
gle molecular dataset that always outperformed the rest.
However, in general, RNA-seq performed better than
the other data-types across all the compounds, and copy
number array data performed worse. The basis for
RNA-seq’s superior performance in most cases was its
improved sensitivity and dynamic range, and not its de-
tection of splice sites. Splice-site awareness was only
beneficial for prediction of response to ERBB2-targeting
compounds.

The transcriptional dataset alone was sufficient to pre-
dict responses (AUC >0.70) in 25% of compounds. This
is currently being done for ER" and HER2" breast can-
cers when guiding the selective use of chemotherapy, as
described previously. Addition of other molecular
datasets was able to significantly increase prediction for
65% of compounds. The mutation status of genes encod-
ing TP53, PIK3CA, MLL3, CDH1, MAP2K4, PTEN and
NCOR1 was primarily useful for predicting response
to tamoxifen and the polyamine analog CGC-11144.
This suggests that, for the majority of compounds, a
combinatorial approach involving multiple molecular
datasets (although not all) would prove beneficial. Valid-
ation studies in clinical trials will help clarify which
combinations of data-types are most useful and whether
there are similarities in response to certain classes of
compounds. For example, the authors found that RNA-
seq performed better for polyamine analogs and mitotic
inhibitors, copy number array was better for inhibitors
of ERBB2/EGFR, and DNA methylation profiling was
best for inhibitors of CDKI.

There are a few caveats to this study. Although cell
lines are good models for developing predictive drug sig-
natures, they have certain drawbacks that limit their
ability to recapitulate the primary tumors. Specifically,
they disregard the molecular heterogeneity inherent to
breast cancer and any associated influences of the
microenvironment [4,5]. Most of the cell lines are epi-
thelial in origin, and do not include stromal and immune
components that are known to be important contribu-
tors to malignant progression [4,5]. Variations in oxygen
content that are known to affect therapeutic responses
are also not addressed by cell line models. Performing
similar experiments in three-dimensional model systems
or in mouse xenografts would help address some of these
caveats and further refine the signatures. Furthermore, the
clonal-evolutionary dynamics of the tumor are also largely
unaddressed. Patient-specific molecular biomarker signa-
tures could be developed by serial molecular monitoring
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of disease progression in response to therapeutic agents.
This could be especially useful in patients that fail to re-
spond to the physician’s first choice of drug.

Future directions

The holy grail of precision medicine is matching the
right drug to the patient. For new drugs in development,
the inverse of finding patients most likely to respond to
an experimental compound is also equally important for
those clinical trials driven by -omics data. While both of
these are momentous tasks, compounds can be ranked
based on their predicted efficacies in individual patients
and validated in prospective clinical trials. By creating a
publicly available software tool that can predict drug re-
sponse in individual tumors, the authors have taken us
one step closer to the promise of precision medicine [1].
They applied this tool to 306 TCGA samples for which
expression, copy number and DNA methylation data
were available. Almost all patients (99.3%) had received
at least one compound that they were predicted to re-
spond to, and each patient was predicted to respond to
an average of approximately six treatments. A future ap-
plication of this tool could be to assign approved or ex-
perimental agents to individual patients in the clinic or
biomarker-guided clinical trials, respectively.

Accurate predictors of response can be developed for
compounds that have a strong associated molecular sig-
nature. For these compounds, combinatorial approaches
involving multiple platforms are not necessary. These
compounds are also the best candidates for transition to
a single-platform lab diagnostic. For compounds with a
weaker signal of drug response, adding additional plat-
forms or identifying alternative response variables might
improve efficacy.

As many of the compounds tested by Gray and col-
leagues are in clinical trials, further validation of their
identified molecular signatures is likely to be imminent.
A logical way forward for validating these signatures for
approved therapeutic agents is a direct comparison of
patient outcome when the drug selected is the physi-
cian’s first treatment choice versus the top drug from
the in vitro predictor tool. Validation of predictive bio-
markers requires large multi-center randomized trials
that are logistically challenging and expensive. This
study is a good basis for such a multi-arm trial, where
the simultaneous testing of a panel of compounds could
accelerate the validation of the in vitro signatures. Opti-
mizing the molecular features of the signature as well as
the thresholds for tumor classification would also be
possible in such a clinical trial setting. By developing the
next generation of predictive biomarkers, Gray and col-
leagues’ study, together with other research like it, gets
us one step closer to precision medicine.
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