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The benefit from adjuvant chemotherapy in resected non-
small cell lung cancer (NSCLC) is modest with an overall
survival (OS) benefit of only ~5% demonstrated in the Lung
Adjuvant Cisplatin Evaluation (LACE) meta-analysis (1).
Defining subgroups of patients more likely to derive
benefit from chemotherapy promised to provide improved
outcomes to those most likely to benefit, while sparing the
toxicity and minimal survival advantage in others. Given that
lung cancer is the leading cause of cancer-related mortality
globally (2) and that even early stage resectable disease
confers a dismal prognosis with 5-year survival rates of
between 24-59% (3), predictive and prognostic biomarkers
are urgently needed. Towards this, efforts to identify
individual molecular markers using different platforms
in resected NSCLC have included mutations in 7P53
and KRAS (4) as well as molecules involved in pathways
abrogated by chemotherapy such as ERCCI, RRM1, TOP2A
and BRCAI (5,6). In addition, several RNA based gene
signatures, while appearing predictive and prognostic have
not been taken forward due to logistical hurdles such as the
need for snap frozen tissues and issues in consistency of data
analysis (7). Subsequently, despite extensive investigation,
no reproducible predictive or prognostic biomarker(s) for
resected NSCLC have emerged.

NSCLC is characterized by genomic instability, with a
high frequency of somatic mutations and extensive gene
copy number variations (CNV) unique to an individual
patient’s tumour genome. Interestingly recent data using
whole exome sequencing on resected samples suggested
that increasing chromosomal instability and subsequent
intratumoral heterogeneity was a poor prognostic factor (8).
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Thus, intratumor molecular heterogeneity can significantly
impact different clinical outcomes and responses to
treatment even in patients with the same TINM staging (9).

LACE-Bio is an international collaboration that
utilised FFPE tumour samples from four major adjuvant
chemotherapy trials (IALT, CALGB9633, ANITA and
JBR.10) to investigate predictive and prognostic biomarkers
including ERCC1, tumour infiltrating lymphocytes (T1Ls),
mucin, beta tubulin, KRAS, EGFR and TP53 (5,10). To date,
these studies have not identified specific markers that can
be used clinically but have provided important prognostic
information nonetheless.

In the LACE-Bio2 study Rotolo ez 4/. evaluated genome-
wide CNV as prognostic and predictive biomarkers in early
stage NSCLC. From an initial 1,013 available samples,
following quality control checks, 976 samples from three
major randomised phase 3 trials (CALGB, IALT and
JBR.10) were profiled using the OncoScan CNV Plus Assay
(ThermoFisher, Carlsbad, California, USA) (11). There
were 414 (42%) adenocarcinoma (ADC) and 430 (44%)
squamous cell carcinoma (SCC) samples as well as 132
(14%) other subtypes. The most frequent copy number
(CN) gains were found on 1p13, 1q21, 3q22-26, 5p13-15,
6p24, and 22ql1, the most frequent losses on 3p21.31,
8p23, and 9p21.3, consistent with other studies (12). The
global CNV differences that exists among the different
histologies of NSCLCs (13) were also confirmed in this
analysis with more gains in 3q (including genes PIK3CA,
MECOM, CCNLI), 22q (NF2, PDGFB) and 12p (KRAS)
and more losses in 3p (RASSFI), 4p (PTTG2, NKX2-1)
and 5q in SCC compared to ADC. The region 3q contains
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three genes (TP63, SOX2, and PIK3CA) that are often
implicated in SCC and several other oncogenes involved in
the pathogenesis of SCC (13,14).

The authors have generated a large volume of data given
the dataset and the platform used. The dataset enables
not only prognostic markers to be interrogated, but also
putative predictive markers based on the 491 samples from
patients treated with adjuvant chemotherapy. Analyses of
976 samples identified few prognostic genes potentially
impacting disease-free survival (DFS), OS and lung cancer
specific survival (LCSS).

Losses in 9p21.3, 19p13, 18q12.1 and 19p11-13 and gains
in 7p11-12 resulted in shorter DFS (P<0.005, Q<0.142)
in univariate analysis. In multivariate analysis, only 9p21.3
(HRloss =1.5, P<0.001, Q=0.02) and 7p12.3 (HRgain =2.1,
P=0.002) were found to be prognostic. Multivariate analysis
also confirmed association between higher DFS and losses
in 1p31-36 (HRloss =0.32, P<0.001). CN losses in 9p21,
18q12, 19p13 were also prognostic of shorter OS (P<0.005,
Q<0.092) but only 9p21.3 was found to be relevant in
multivariate analysis (HRloss =2.1, P<0.001). Amplification
in 3q26 resulted in better OS (HRgain =0.55, P=0.001). One
of the novel findings was the divergent genomic pattern
seen in 14q23.1 with gains in short-term (HRgain =0.46)
and losses in long-term survivors (HRloss =2.2). Other
studies have also shown a prognostic impact of CN gains
on 14q23.1-24.3 and losses on 14q31.1-32.33 in SCC (15).
Preplanned sub group analysis of different histologies
revealed significant different prognostic profiles of genomic
regions including CN gains in region 7p11, 7q11, 11p14 and
20q11 as indicators of worse prognosis in ADC compared
to SCC. Whereas gains in 1p13, 4p12-15 and 4q27 resulted
in favourable prognosis in ADC and vice versa in SCC. Of
these, only 1 region 11p14 was found to have statistically
significant impact on OS in ADC (Q=0.056).

With regards to LCSS, multivariate analysis confirmed
prognostic role for chromosomes 3q26, 9p21, 6p24, 8p23,
19p1 and 20q11.21 while penalized regression designated
17 prognostic regions on chrl, chr9, chrl12, chr19 and
chr20. The authors also found an association between
elevated tumour CN heterogeneity (a marker of dynamic
chromosome instability) and increased risk for disease
recurrence (HR =1.5, P=0.015) and short LCSS (HR =1.7,
P=0.003) but no impact on OS and treatment effect.

The validity of the copy number alterations (CNAs)
as potential predictive biomarkers was not proven in this
study. Regions in 14q32.33, 8p23 and 20ql1 although
potentially predictive of better survival following adjuvant
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chemotherapy were also associated with very high Q values
and none significant in penalised regression.

Based on the results of LACE-Bio2 project, potential
novel genes identified were 9p21 and chrl9 encoding
STKI11 and FSTL. Region 9p21 along with CDKN2A/B also
codes for p16 and pI4 which are tumour suppressor genes.
CDKN2/p16/MTS1 encodes CDK4, which is frequently
abnormal in NSCLC (16% to 100%) (14). Other studies
have also demonstrated that promoter methylation of p16
is associated with recurrence after resection in stage 1 lung
cancer, poor 5-year survival rate in resectable NSCLC
and in the development of squamous-cell lung cancer
(14,16). 9p21 had impact on DFS, OS and LCSS which was
statistically significant in this study.

The STKI1 gene (chromosome 19) which is also a
tumour-suppressor gene is frequently mutated in non-small
cell lung tumours. Several studies have also found it to be
associated with risk of metastases. In other studies, STK11
mutations (including point mutations and deletions) were
found to be more common in ADC than SCC (14). In the
current study, it was associated with shorter DFS and OS.

Another novel prognostic gene FSTL3 was identified
with its amplification significantly increasing the risk
of death. FSTL3, encodes a secreted glycoprotein, and
transcriptional factors MLLT1, SH3GLI, and TCF3, and
the guanine nucleotide exchange factor (GEF) gene VAV1I.
FST can weaken the Activin A-induced A549 cell apoptosis.
Hoda and colleagues (17) showed high expression of Activin
A in lung adenocarcinoma correlated with poor prognosis
and tumour progression.

Even though regions in 14q32 and 20q11 had high false
discovery rate as predictive regions for chemotherapy effect,
they should still be considered for future validation. MOAP1
(or MAP-1) is an interesting gene present in the survival
region on chromosome 14q32.12 associated with BAX
induces apoptosis. MOAPI-deficient cells show anchorage-
independent cell growth (15). The 20q11.21 region is rich
in genes such as HCK (tyrosine kinase), BCL2LI (apoptotic
regulator), MAPREI and TPX2 (microtubule associated
factors), DNMT3B (epigenetic modifier) and transcriptional
regulators which may have potential role in cancer.

The LACE-Bio dataset is an impressive collaborative
effort and the investigators should be congratulated for
utilising available technology to better investigate their
samples. However, it is notable that no independent
validation of novel genes was performed and while deletions
identified are likely to be real, CN gains can be difficult
to interpret as the assay and analyses cannot account for
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polysomy. Two important components missing from CNA
evaluation were clustering based analyses and percentage
genome alteration (PGA). Clustering of CNAs has often
led to resolution of heterogeneity of the expression-
only subgroups and successful identification of clinically
important subgroups (18,19). Incorporation of clustering
may have identified relevant CNAs as predictive biomarkers
to chemotherapy. PGA is a global measure of CNA
burden across tumour genomes which has proven to be of
prognostic value in numerous cancers (20).

While the OncoScan platform has the ability to
interrogate prespecified genomic regions, in contrast, whole
genome (WGS) or whole exome sequencing of tumours
using next generation sequencing (NGS) (21) is an unbiased
approach that provides extensive genomic mapping. WGS
can provide information both at the single nucleotide
level, as well as detect structural variations such as large
rearrangements, gross deletions and duplications. While
at the time this study was conceived, WGS had limited
applicability in FFPE tissues, more recent studies have been
demonstrated that robust results can be generated (22,23).

In the era of immunotherapy, the hunt for biomarkers is
proceeding at a rapid pace. As immunotherapies potentially
move into adjuvant and neoadjuvant NSCLC paradigms,
better genomic information will be required. However, despite
important collaborative ventures such as LACE-Bio, our ability
to both predict patients more likely to benefit and importantly
identify patients who do not need adjuvant therapies remains
elusive. The need to prospectively collect tissues and validate
biomarkers is of utmost importance therefore in order to better
personalise therapies. As genomic technologies rapidly evolve,
it is feasible that better predictive and prognostic information
will be available to better guide treatment decisions for patients
undergoing adjuvant therapies.

Acknowledgements

T John is part funded as an Olivia Newton-John Research
Fellow.

Footnote
Conflicts of Interest: The authors have no conflicts of interest

to declare.

References

1. Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant

© Translational lung cancer research. All rights reserved.

10.

11.

12.

13.

tlcr.amegroups,com

S241

cisplatin evaluation: a pooled analysis by the LACE
Collaborative Group. J Clin Oncol 2008;26:3552-9.
Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer
incidence and mortality worldwide: sources, methods
and major patterns in GLOBOCAN 2012. Int J Cancer
2015;136:E359-86.

Howlader N, Noone A, Krapcho M, et al. SEER Cancer
Statistics Review, 1975-2014. Bethesda, MD; 2017.
Available online: https://seer.cancer.gov/csr/1975_2014/.
Based on November 2016 SEER data submission, posted
to the SEER web site, April 2017.

Shepherd FA, Lacas B, Le Teuff G, et al. Pooled Analysis
of the Prognostic and Predictive Effects of TP53
Comutation Status Combined With KRAS or EGFR
Mutation in Early-Stage Resected Non-Small-Cell Lung
Cancer in Four Trials of Adjuvant Chemotherapy. J Clin
Oncol 2017;35:2018-27.

Olaussen KA, Postel-Vinay S. Predictors of chemotherapy
efficacy in non-small-cell lung cancer: a challenging
landscape. Ann Oncol 2016;27:2004-16.

Rosell R, Skrzypski M, Jassem E, et al. BRCA1: A Novel
Prognostic Factor in Resected Non-Small-Cell Lung
Cancer. PLoS One 2007;2:e1129.

Shedden K, Taylor JM, Enkemann SA, et al.

Gene expression-based survival prediction in lung
adenocarcinoma: A multi-site, blinded validation study.
Nature Medicine 2008;14:822-7.

Jamal-Hanjani M, Wilson GA, McGranahan N, et

al. Tracking genomic cancer evolution for precision
medicine: the lung TRACERx study. N Engl ] Med
2017;376:2109-21.

Wilkerson MD, Yin X, Walter V, et al. Differential
pathogenesis of lung adenocarcinoma subtypes involving
sequence mutations, copy number, chromosomal
instability, and methylation. PLoS One 2012;7:¢36530.
Bonomi M, Pilotto S, Milella M, et al. Adjuvant
chemotherapy for resected non-small-cell lung cancer:
future perspectives for clinical research. J Exp Clin Cancer
Res 2011;30:115.

Foster JM, Oumie A, Togneri FS, et al. Cross-laboratory
validation of the OncoScan® FFPE Assay, a multiplex tool
for whole genome tumour profiling. BMC Med Genomics
2015;8:5.

Huang YT, Lin X, Chirieac LR, et al. Impact on disease
development, genomic location and biological function
of copy number alterations in non-small cell lung cancer.
PLo0S One 2011;6:€22961.

Qiu ZW, Bi JH, Gazdar AF, et al. Genome-wide copy

Transl Lung Cancer Res 2018;7(Suppl 3):S239-5242



S$242

14.

15.

16.

17.

18.

number variation pattern analysis and a classification
signature for non-small cell lung cancer. Genes
Chromosomes Cancer 2017;56:559-69.

Herbst RS, Heymach JV, Lippman SM. Lung cancer. N
Engl ] Med 2008;359:1367-80.

Micke P, Edlund K, Holmberg L, et al. Gene copy number
aberrations are associated with survival in histologic
subgroups of non-small cell lung cancer. ] Thorac Oncol
2011;6:1833-40.

Varella-Garcia M. Chromosomal and genomic changes in
lung cancer. Cell Adh Migr 2010;4:100-6.

Hoda MA, Rozsas A, Lang E, et al. High circulating
activin A level is associated with tumor progression

and predicts poor prognosis in lung adenocarcinoma.
Oncotarget 2016;7:13388-99.

Curtis C, Shan SP, Chin SF, et al. The genomic and
transcriptomic architecture of 2,000 breast tumours reveals

Cite this article as: Lee RC, Thapa B, John T. LACES and

bootstraps: the hunt for prognostic and predictive markers

for adjuvant therapy in NSCLC. Transl Lung Cancer Res
2018;7(Suppl 3):S239-S242. doi: 10.21037/tlcr.2018.09.01

© Translational lung cancer research. All rights reserved.

19.

20.

21.

22.

23.

tlcr.amegroups.com

Lee et al. Genomic biomarkers in lung cancer

novel subgroups. Nature 2012;486:346-52.

Verhaak RG, Hoadley KA, Purdom E, et al. Integrated
genomic analysis identifies clinically relevant subtypes of
glioblastoma characterized by abnormalities in PDGFRA,
IDH1, EGFR, and NF1. Cancer Cell 2010;17:98-110.
Hieronymus H, Schultz N, Gopalan A, et al. Copy number
alteration burden predicts prostate cancer relapse. Proc
Natl Acad Sci U S A 2014;111:11139-44.

Cummings CA, Peters E, Lacroix L, et al. The Role of
Next-Generation Sequencing in Enabling Personalized
Oncology Therapy. Clin Transl Sci 2016;9:283-92.
Hellmann MD, Ciuleanu T, Pluzanski A, et al. Nivolumab
plus ipilimumab in lung cancer with a high tumour
mutational burden. New Engl ] Med 2018;378:2093-104.
Carbone DP, Reck M, Paz-Ares L, et al. First-Line
Nivolumab in Stage IV or Recurrent Non-Small-Cell
Lung Cancer. N Engl ] Med 2017;376:2415-26.

Transl Lung Cancer Res 2018;7(Suppl 3):S239-5242



