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Molecular Signatures of Lung Cancer —

Toward Personalized Therapy
Roy S. Herbst, M.D., Ph.D., and Scott M. Lippman, M.D.

Lung cancer is the deadliest cancer in the world.
Relapses are frequent after primary and adjuvant
therapy and often evolve into lethal metastatic dis-
ease. Currently, lung-cancer staging rests on histo-
pathological and clinical criteria that have only
limited power to predict relapse and survival.
A major effort to improve the control of lung can-
cer entails the use of molecular profiling to char-
acterize tumors and provide accurate predictions of
the outcome after standard or novel treatments.

Such molecular studies of lung tumors began
with single or relatively small groups of poten-
tial prognostic markers and have progressed to
microarray analyses of thousands of genes in
large numbers of tissue samples. In this issue of
the Journal, Chen et al. report on a study of gene-
expression profiling in the most common lung
cancer, non-small-cell lung cancer.! They first
studied a DNA microarray of 672 invasion-asso-
ciated genes, which they had previously identi-
fied, in frozen specimens obtained from a series
of 125 patients in Taiwan with surgically re-
sected non—small-cell lung cancer. The specimens
represented a mixture of tumor types and stages
and were randomly divided into a training set
and a test set. None of the patients had received
adjuvant chemotherapy. Of the original 672 genes,
Chen et al. identified 16 that correlated with
increased (4) or decreased (12) survival. This work
permitted them to develop a score that discrimi-
nated between patients at high risk for death or
recurrence and those at low risk. Chen et al. then
used a real-time reverse-transcriptase—polymer-
ase chain reaction (RT-PCR) assay to confirm the
microarray findings in a subgroup of 101 speci-
mens. The RT-PCR method showed that surviv-

al was significantly associated (in a recursive-
partitioning decision-tree analysis) with 5 of the
16 genes.

The median overall survival was twice as long
in the low-risk group as in the high-risk group
(40 months vs. 20 months), and there was even
greater improvement in the median relapse-free
survival in the low-risk group (29 months vs. 13
months). The clinical significance of these re-
sults was strengthened by the results of an inde-
pendent validation involving 60 patients treated
at the same hospital. The stage of non—small-cell
lung cancer also predicted survival in all these
analyses, but the five-gene signature was effec-
tive in predicting outcome within subgroups —
for example, patients with stage I cancer (P=0.02).
The signature was further verified in a set of pub-
lished microarray data from 86 patients in a West-
ern population. In summary, this five-gene sig-
nature was found to be an independent predictor
of recurrence and overall survival in three groups
of patients with non—small-cell lung cancer who
were treated only with surgical resection of the
tumor.

This study produced robust, promising re-
sults, but it also raises several questions. Given
that tumors are heterogeneous and that the bi-
opsy specimens used by Chen et al. were not
microdissected, the analysis could have under-
estimated or overestimated the importance of
invasion-related genes, which can vary in expres-
sion throughout a tumor. Furthermore, molecu-
lar epidemiologic, stromal, and vascular factors
are critical to the metastatic process, and these
elements were not specifically analyzed in this
study.? The statistical design can also influence
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the selection of a signature, and the choice of
the cutoff of expression levels surely influenced
how the original 672 genes were selected. The re-
lationship of the signature genes to metastasis
may be contributory or possibly only associative,
and for this reason, proteomics will probably be
useful in evaluating this question of cause and
effect.

The work of Chen et al. reflects the maturation
of the first phase of lung-cancer genomics, which
has been based on stored tissue and clinical
charts. The field is now poised to begin its next
phase — conducting prospective trials of adju-
vant chemotherapy in patients with early lung
cancer who are selected because they have a high
risk of relapse or metastasis according to the mo-
lecular signature identified by Chen et al. or oth-
ers.>* Such trials should be conducted to validate
the molecular signatures further and to assess
whether patients selected according to their sig-
nature for treatment will indeed benefit from
standard adjuvant therapy. This next phase of
cancer genomics has already begun in lymphoma®
and breast cancer,® with retrospective data (for
breast cancer) indicating that adjuvant treatment
is beneficial in patients identified as being at high
risk according to genomics.”

Next, cancer genomics will expand into two
areas: molecular profiles associated with response
or resistance to particular standard or novel ther-
apies and clinical trials based on molecular pro-
files that indicate a benefit from new or standard
agents. Recent examples of molecular markers
of resistance include expression of the excision re-
pair cross-complementation group 1 gene (ERCCI1)
(resistance to cisplatin-based adjuvant therapy)
and ras mutations (resistance to cisplatin-based
therapy and epidermal growth factor receptor
[EGFR] tyrosine kinase inhibitors).31° Such re-
search suggests that molecular signatures can
guide the choice of treatment for primary and
adjuvant therapy.

A number of important signaling pathways
that are involved in carcinogenesis in the lung
have now informed platforms for assessing bio-
markers associated with sensitivity or resistance
to various agents that target these pathways. In
lung cancer, the best current examples consist of
the EGFR mutations and amplification that iden-
tify patients with non—-small-cell lung cancer who
respond preferentially to EGFR tyrosine kinase
inhibitors.*112 These signaling platforms link pre-
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Figure 1. Development of Personalized Drugs for Lung
Cancer, from Identification of Genomic Signatures
to Prospective Trials of Personalized Therapy.

clinical and clinical assessments of genomics (in-
cluding global gene expression and epigenomics)
and proteomic assessments of pathway activa-
tion.** Given the recent approval by the Food and
Drug Administration of the EGFR inhibitor erlo-
tinib (November 2004) and of the angiogenesis
inhibitor bevacizumab (October 2006) for lung
cancer, it is now crucial to create molecular tools
that can predict the response of cancers to single
agents or combination chemotherapies, in order
to guide the development of new drugs or im-
prove routine clinical care. These prognostic sig-
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natures can consist of new genes or include genes
already established during earlier genomic testing.
The signature reported by Chen et al., for example,
includes ERBB3, a gene associated with sensitiv-
ity to EGFR tyrosine kinase inhibitors.*

This new phase of target profiling and agent-
specific profiling will probably require an algo-
rithm that would include genomic, proteomic,
clinical, and imaging factors (Fig. 1). The profiles,
we predict, will be used for the development of
novel drugs. Patients with early-stage cancers will
be assigned to particular drugs on the basis of the
molecular characteristics of the tumors. Then the
development of drugs for the treatment of lung

cancer will be focused on personalized therapy.

No potential conflict of interest relevant to this article was re-
ported.

From the Department of Thoracic/Head and Neck Medical On-
cology, University of Texas M.D. Anderson Cancer Center,
Houston.

1. Chen H-Y, Yu S-L, Chen C-H, et al. A five-gene signature and
clinical outcome in non-small-cell lung cancer. N Engl J] Med
2007;356:11-20.

2. Fidler IJ. The pathogenesis of cancer metastasis: the ‘seed
and soil’ hypothesis revisited. Nat Rev Cancer 2003;3:453-8.

3. Potti A, Mukherjee S, Petersen R, et al. A genomic strategy
to refine prognosis in early-stage non—-small-cell lung cancer.
N Engl J Med 2006;355:570-80.

4. Raponi M, Zhang Y, Yu J, et al. Gene expression signatures

for predicting prognosis of squamous cell and adenocarcinomas
of the lung. Cancer Res 2006;66:7466-72.

5. Lossos IS, Czerwinski DK, Alizadeh AA, et al. Prediction of
survival in diffuse large-B-cell lymphoma based on the expres-
sion of six genes. N Engl ] Med 2004;350:1828-37.

6. Fan C, Oh DS, Wessels L, et al. Concordance among gene-
expression—based predictors for breast cancer. N Engl J Med
20006;355:560-9.

7. Paik S, Tang G, Shak S, et al. Gene expression and benefit of
chemotherapy in women with node-negative, estrogen receptor-
positive breast cancer. J Clin Oncol 2006;24:3726-34.

8. Olaussen KA, Dunant A, Fouret P, et al. DNA repair by ERCC1
in non-small-cell lung cancer and cisplatin-based adjuvant che-
motherapy. N Engl J Med 2006;355:983-91.

9. Pao W, Wang TY, Riely GJ, et al. KRAS mutations and pri-
mary resistance of lung adenocarcinomas to gefitinib or erlo-
tinib. PLoS Med 2005;2:e17.

10. Winton T, Livingston R, Johnson D, et al. Vinorelbine plus
cisplatin vs. observation in resected non—small-cell lung cancer.
N Engl J Med 2005;352:2589-97.

11. Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in
the epidermal growth factor receptor underlying responsiveness
of non—-small-cell lung cancer to gefitinib. N Engl ] Med 2004;
350:2129-39.

12. Tsao MS, Sakurada A, Cutz JC, et al. Erlotinib in lung cancer
— molecular and clinical predictors of outcome. N Engl ] Med
2005;353:133-44. [Erratum, N Engl ] Med 2006;355:1746.]

13. Potti A, Dressman HK, Bild A, et al. Genomic signatures to
guide the use of chemotherapeutics. Nat Med 2006;12:1294-
300.

14. Fujimoto N, Wislez M, Zhang J, et al. High expression of
ErbB family members and their ligands in lung adenocarcino-
mas that are sensitive to inhibition of epidermal growth factor
receptor. Cancer Res 2005;65:11478-85.

Copyright © 2007 Massachusetts Medical Society.

EARLY JOB ALERT SERVICE AVAILABLE AT THE NEJM CAREERCENTER
Register to receive weekly e-mail messages with the latest job openings
that match your specialty, as well as preferred geographic region,
practice setting, call schedule, and more. Visit the NEJM CareerCenter
at www.nejmjobs.org for more information.

N ENGLJ MED 356;1 WWW.NEJM.ORG JANUARY 4, 2007

Downloaded from www.nejm.org at FONDAZ POLIAMBULANZA IST OSP on February 2, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.





