
Prognostic and Predictive Gene Signature for Adjuvant
Chemotherapy in Resected Non–Small-Cell Lung Cancer
Chang-Qi Zhu, Keyue Ding, Dan Strumpf, Barbara A. Weir, Matthew Meyerson, Nathan Pennell,
Roman K. Thomas, Katsuhiko Naoki, Christine Ladd-Acosta, Ni Liu, Melania Pintilie, Sandy Der,
Lesley Seymour, Igor Jurisica, Frances A. Shepherd, and Ming-Sound Tsao

See accompanying editorial on page 4404

From the University Health Network,
Ontario Cancer Institute and Princess
Margaret Hospital; University of Toronto,
Toronto; National Cancer Institute of
Canada Clinical Trials Group and Queen’s
University, Kingston, Ontario, Canada;
Center for Cancer Genome Discovery,
Dana-Farber Cancer Institute, Boston;
Broad Institute of Massachusetts Institute
of Technology; Harvard, Cambridge, MA;
Cleveland Clinic, Cleveland, OH; and the
Max Planck Institute for Neurological
Research with Klaus-Joachim-Zülch Labora-
tories of the Max Planck Society and the
Medical Faculty of the University of Köln,
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A B S T R A C T

Purpose
The JBR.10 trial demonstrated benefit from adjuvant cisplatin/vinorelbine (ACT) in early-stage
non–small-cell lung cancer (NSCLC). We hypothesized that expression profiling may identify
stage-independent subgroups who might benefit from ACT.

Patients and Methods
Gene expression profiling was conducted on mRNA from 133 frozen JBR.10 tumor samples (62
observation [OBS], 71 ACT). The minimum gene set that was selected for the greatest separation
of good and poor prognosis patient subgroups in OBS patients was identified. The prognostic
value of this gene signature was tested in four independent published microarray data sets and by
quantitative reverse-transcriptase polymerase chain reaction (RT-qPCR).

Results
A 15-gene signature separated OBS patients into high-risk and low-risk subgroups with signifi-
cantly different survival (hazard ratio [HR], 15.02; 95% CI, 5.12 to 44.04; P � .001; stage I HR,
13.31; P � .001; stage II HR, 13.47; P � .001). The prognostic effect was verified in the same 62
OBS patients where gene expression was assessed by qPCR. Furthermore, it was validated
consistently in four separate microarray data sets (total 356 stage IB to II patients without adjuvant
treatment) and additional JBR.10 OBS patients by qPCR (n � 19). The signature was also
predictive of improved survival after ACT in JBR.10 high-risk patients (HR, 0.33; 95% CI, 0.17 to
0.63; P � .0005), but not in low-risk patients (HR, 3.67; 95% CI, 1.22 to 11.06; P � .0133;
interaction P � .001). Significant interaction between risk groups and ACT was verified by qPCR.

Conclusion
This 15-gene expression signature is an independent prognostic marker in early-stage, completely
resected NSCLC, and to our knowledge, is the first signature that has demonstrated the potential
to select patients with stage IB to II NSCLC most likely to benefit from adjuvant chemotherapy
with cisplatin/vinorelbine.

J Clin Oncol 28:4417-4424. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Recent clinical trials have led to the adoption of
adjuvant cisplatin-based chemotherapy (ACT) for
patients with resected stages IB to IIIA non–small-
cell lung cancer (NSCLC). The 5-year survival ad-
vantage conferred by ACT in these studies ranged
from 4% in the International Adjuvant Lung Trial to
15% in National Cancer Institute of Canada Clinical
Trials Group JBR.10.1,2 No trial showed a significant
survival benefit in stage IB.1,3 The Lung Adjuvant
Cisplatin Evaluation meta-analysis pooled individ-
ual patient data from five trials of cisplatin-based
chemotherapy1,2 and found a 5.4% 5-year survival

advantage (hazard ratio [HR], 0.89; 95% CI, 0.82 to
0.96; P � .005). Subgroup analysis confirmed the
lack of significant benefit in stage IB (HR, 0.93; 95%
CI, 0.78 to 1.10). Moreover, a potential detrimental
effect was observed in stage IA (HR, 1.40; 95% CI,
0.95 to 2.06). Therefore, the current standard of
treatment for patients with stage I NSCLC remains
surgery alone. However, 30% to 40% of stage I pa-
tients will relapse,4 indicating that some of these
patients have a poorer prognosis, and that poten-
tially, they might benefit from ACT.

The lack of consistent prognostic molecular
markers for early-stage NSCLC led to attempts to
identify novel gene expression signatures using
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genome-wide microarray platforms. It was hypothesized that multi-
gene signatures might be stronger than individual genes to predict
prognosis, and that poor prognosis patients potentially could benefit
from ACT. Numerous studies have identified prognostic signatures in
NSCLC with minimal overlap in their gene sets.5-13 Only recently
published signatures have been subjected to independent valida-
tion.6,7,9,11 Importantly, none could be evaluated for the ability to
predict benefit from adjuvant chemotherapy as none of the testing or
validation sets included randomly assigned treated and untreated con-
trol groups. In National Cancer Institute of Canada Clinical Trials
Group JBR.10, snap-frozen tumor tissues were collected prospectively
from Canadian patients. We report here our microarray study of these
samples, and present a gene signature that is both prognostic for
survival and predictive of benefit from ACT.

PATIENTS AND METHODS

Patients and Samples

JBR.10, a randomized controlled trial of adjuvant vinorelbine/cisplatin
versus observation alone, included prospective collection of snap-frozen or
formalin-fixed paraffin-embedded tumor samples for RAS mutation analysis
(stratification variable) and banking for future laboratory studies.1 Although
445 of 482 randomly assigned patients consented to banking, frozen tissue was
collected from only 169 (Data Supplement), of which only 166 contained
more than 20% tumor cellularity; gene expression profiling was completed in
133 of these samples, using the U133A oligonucleotide microarrays (Af-
fymetrix, Santa Clara, CA). Of patients with microarray profiles, 62 were in the
observation (OBS) group, while 71 received ACT. A quantitative reverse-
transcriptase polymerase chain reaction (RT-qPCR) verification and valida-
tion was carried out in these 133 cases and an additional 30 (19 OBS, 21 ACT)
cases not microarray-profiled initially.

RNA Isolation and Microarray Profiling

The University Health Network research ethics board approved this
study. Total RNA was isolated from frozen tumors by homogenization in
guanidium isothiocyanate solution and acid phenol-chloroform extraction,
purified by RNeasy mini kit (Qiagen, Mississauga, Ontario, Canada) and
checked by Agilent Bioanalyzer (Agilent, Palo Alto, CA) for quality. Ten-�g
total RNA was processed, labeled, and hybridized to Affymetrix HG-U133A at
the Center for Cancer Genome Discovery, Dana-Farber Cancer Institute.14,15

Microarray data are available at National Center for Biotechnology Informa-
tion Gene Expression Omnibus (GSE14814) and from the Director’s Chal-
lenge Project (Data Supplement). 15

Microarray Data Analysis and Gene Annotation

Raw microarray data were preprocessed using RMAexpress version
0.3.16 Probe sets were annotated using the NetAffx version 4.2 annotation tool,
and only probe sets with grade A annotation17 (NA22) were included for
further analysis. Microarray profiling was batched at two different times, and
unsupervised heuristic K-means clustering using Genesis version 1.7.5 identi-
fied a systematic difference between the batches (Data Supplement). There-
fore, distance-weighted discrimination (https://genome.unc.edu/pubsup/
dwd/index.html) was used to adjust for the difference. The data were then
transformed to a Z-score by centering to the mean and scaling to the stan-
dard deviation.

Selection of the Prognostic Gene Expression Signature

We employed the Maximizing R Square Algorithm approach to iden-
tify a minimum set of genes that had the highest independent ability to
classify patients into high- and low-risk subgroups (Data Supplement).
The probe sets were preselected by univariate survival analysis at P � .005,
and transformed to a risk score (expression level weighted by the coeffi-
cient from the Cox regression model), then selected by using exclusion and
inclusion selection procedures. The exclusion procedure removed one

probe set at a time based on the resultant R square (R2, goodness-of-fit) of
the Cox model.18,19 The procedure was repeated until there was only one
probe set left. Starting with this probe set, the inclusion procedure was
performed by including one probe set at a time based on the resultant R2 of
the Cox model. After plotting the R2 against the probe set, the minimum
number of probe sets having the largest R2 was chosen as the candidate
signature for further testing and validation. The gene signature was estab-
lished after internal validation by leave-one-out-cross-validation.

In addition, the expression levels of the 15 genes were verified by
RT-qPCR using the HT7900 Fast Real-time PCR System (Applied Biosystems)
on microarray profiled cases (Data Supplement).

Statistical Analysis

Principle component analysis was used to synthesize information from
the 15 selected gene expressions. The first four principal components (PCs)
with Eigen value � 1 were introduced to the Cox regression model using
disease-specific survival (from date of random assignment to death from
disease or treatment complication). The risk score was derived using the four
coefficients from the Cox regression and the four PCs of the 15-gene expres-
sions (Data Supplement). Using the median of the risk score as the cutoff
point, patients were divided into high- and low-risk prognostic groups. Since
cause of death was not available in the validation data sets, overall survival was
used as the outcome. Kaplan-Meier product-limit methods and log-rank tests
were used to estimate and test differences in survival distributions between risk
groups and treatment arms. Multivariate Cox regression models were used to
validate the prognostic and predictive effects of risk groups on survival while
adjusting for predefined baseline factors. All statistical analyses were per-
formed using SAS version 9.1 (SAS Institute, Cary, NC).

Validation in Independent Microarray Data Sets

Our signature was tested in four independent microarray data sets,
including a subset of the National Cancer Institute Director’s Challenge Con-
sortium (DCC) for the Molecular Classification of Lung Adenocarcinoma.15

As 43 JBR.10 tumors were included in the DCC study as part of the 82
Canada/Dana-Farber samples (Data Supplement), only data from the other
three institutions (University of Michigan, H.L. Moffitt Cancer Center, and
Memorial Sloan-Kettering Cancer Center) were used for validation. To reflect
the JBR.10 population, validation was restricted to stage IB to II patients who
received neither ACT nor radiotherapy (Data Supplement). Therefore, the
DCC validation data set included 96 patients (27 University of Michigan, 38
H.L. Moffitt Cancer Center, 31 Memorial Sloan-Kettering Cancer Center).
Other validation datasets of stage IB to II patients who received no adjuvant
therapy included 48 from Duke University,8 79 patients with squamous carci-
noma from University of Michigan,9 and 133 NSCLC patients from the Neth-
erlands Cancer Institute (NLCI)20 (Data Supplement). Probe set matching
from Affymetrix U133A to the Agilent 44K platform (NLCI study) was based
on Unigene ID mapping from NetAffx annotation (NA22), and annotation
provided by Roepman et al20 (http://research.agendia.com/), respectively
(Data Supplement). Expression level was averaged if multiple matching probe
sets were found in the NLCI data. The RT-qPCR validation was performed in
30 additional JBR.10 cases (Data Supplement).

RESULTS

Table 1 compares the demographic features of 133 JBR.10 patients
with microarray profiling to 349 without profiling. All factors are
similarly distributed, except for stage, where more stage IB patients are
present in the microarray-profiled cohort (55% v 42%; P � .01).
There was no significant difference in the overall survival of patients
with or without microarray profiling (Data Supplement). Further-
more, a similar beneficial effect of ACT was observed in the 133 cases
(HR, 0.80; 95% CI, 0.48 to 1.32), although the difference was not
significant due to the reduced sample size (P� .38; Data Supplement).
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Derivation of the Gene Expression Signature

Using P� .005 as the cutoff, 172 of 19,619 U133A probe sets were
significantly associated with survival in 62 OBS patients (Data Supple-
ment). Maximizing R Square Algorithm identified a 15-gene/probe-
set prognostic signature (Table 2) having the largest R2 of 0.78 (Data
Supplement). The first four PCs of these signature genes were used to
derive the high-risk and low-risk groups (HR, 15.02; 95% CI, 5.12 to
44.04; P � .001; Fig 1A), with 31 of 62 OBS patients classified into each
group. The signature was not associated with stage, patient age or sex,
RAS or p53 mutation, or p53 protein level (Data Supplement). The
prognostic value of this 15-gene signature was stage-independent, and
separated risk groups in stage I (HR, 13.32; 95% CI, 2.86 to 62.11;
P � .001; Fig 1B) and stage II (HR, 13.47; 95% CI, 3.00 to 60.43;
P � .001; Fig 1C). Multivariate analysis adjusting for preselected
significant prognostic factors showed that the signature was an inde-
pendent prognostic marker (HR, 18.00; 95% CI, 5.78 to 56.05;
P � .001, Table 3).

Validation of Prognostic Signature

The 15-gene signature was tested for its prognostic significance in
four independent published microarray data sets containing patients
with completely resected stage IB to II NSCLC who had not received
any adjuvant therapy (total n � 356). The risk score was the four PCs
weighted by the coefficients of the four PCs derived from the training
set, where the four PCs of validation set were derived using the same

rotation matrix from the training set (Data Supplement). When the
risk score was dichotomized at �0.1, the median of the risk score from
the training set (Data Supplement), our 15-gene signature classified
samples into low- and high-risk groups, respectively in 38 and 58 of 96
ADC patients from DCC (P � .026, Fig 2A); 19 and 29 of 48 NSCLC
Duke University patients (P � .08, Fig 2B); and 38 and 41of 79
University of Michigan patients with squamous cancer (P � .006, Fig
2C). In addition, cross-platform validation of the signature was
achieved in 133 NLCI patients profiled using the Agilent 44K plat-
form, classifying 65 and 68 patients into low- and high-risk groups,
respectively with significantly different survival (P � .033, Fig 2D).
Moreover, multivariate analysis demonstrated that the signature was
an independent prognostic factor in these four validation data sets
after adjusting for other prognostic factors (DCC: HR, 2.26; 95% CI,
1.02 to 4.97; P � .044; NLCI: HR, 2.27; 95% CI, 1.18 to 4.35; P � .014;
Duke: HR, 1.96; 95% CI, 0.9 to 4.4, P � .11; University of Michigan
patients with squamous cancer: HR, 3.57; 95% CI, 1.48 to 8.58;
P � .005; Table 3).

We employed RT-qPCR to verify the 15-gene signature risk
group classifying algorithm in our 133 cases that had been microarray
profiled, and to validate further in another 30 JBR.10 cases that were
not profiled by microarray (Data Supplement). For 62 OBS of 133
microarray-profiled patients, qPCR result demonstrated significant
difference in survival of high- and low-risks patients (HR, 1.96; 95%
CI, 0.95 to 4.02; P � .062; Fig 2E). Multivariate analysis showed that
the signature remained an independent prognostic factor (HR, 2.29;
95% CI, 1.06 to 4.94; P � .034; Table 3). In the 30 additional JBR.10
cases that were not profiled by microarray, 19 were OBS patients. The
signature classified nine as low-risk and 10 as high-risk patients with
significantly different survival (HR, 7.65; 95% CI, 0.85 to 69.04;
P � .037 by log-rank test; P � .07 by Wald’s test; Fig 2F and Table 3).

Predictive Value of the Signature for Adjuvant

Chemotherapy Benefit

The signature classified 35 and 36 of 71 patients in the ACT arm
into low- and high-risk groups, respectively. Comparison of survival
between these two subgroups showed that there was no significant

Table 1. Baseline Demographics of JBR.10 Patients With and Without
Microarray Profiles

Factor

All
Patients

(N � 482)

Microarray
Profiled

(n � 133)

No
Microarray
(n � 349)

PNo. % No. %

Treatment received .14
Adjuvant chemotherapy 231 71 53 160 46
Observation alone 251 62 47 189 54

Age, years .6
� 65 324 87 65 237 68
� 65 158 46 35 112 32

Sex .35
Male 314 91 68 223 64
Female 168 42 32 126 36

Performance status .72
0 236 67 50 169 49
1 245 66 50 179 51

Stage of disease .01
IB 219 73 55 146 42
II 263 60 45 203 58

Surgery .66
Pneumonectomy 113 33 25 80 23
Other resection 369 100 75 269 77

Pathologic type .56
Adenocarcinoma 256 71 53 185 53
Squamous 179 52 39 127 36
Other 47 10 8 37 11

RAS mutation status .12�

Present 117 28 21 89 26
Absent 333 105 79 228 65
Unknown 32 0 0 32 9

�P value: without including those with missing or unknown values.

Table 2. Genes and Probe Sets That Constitute the 15-Gene Signature

Gene
Symbol Probe Set Gene Title

ATP1B1 201243_s_at ATPase, Na�/K� transporting, beta 1 polypeptide
TRIM14 203147_s_at Tripartite motif-containing 14
FAM64A 221591_s_at Family with sequence similarity 64, member A
FOSL2 218881_s_at FOS-like antigen 2
HEXIM1 202814_s_at Hexamethylene bis-acetamide inducible 1
MB 204179_at Myoglobin
L1CAM 204584_at L1 cell adhesion molecule
UMPS 202707_at Uridine monophosphate synthetase
EDN3 208399_s_at Endothelin 3
STMN2 203001_s_at Stathmin-like 2
MYT1L 210016_at Myelin transcription factor 1-like
IKBKAP 202490_at Inhibitor of kappa light polypeptide gene enhancer

in B-cells, kinase complex-associated protein
MLANA 206426_at Melan-A
MDM2 205386_s_at Mdm2, transformed 3T3 cell double minute 2
ZNF236 219171_s_at Zinc finger protein 236

Gene Expression Signature for Early-Stage NSCLC
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difference (HR, 1.15; 95% CI, 0.56 to 2.37; P � .694, Data Supple-
ment). However, ACT significantly prolonged survival of high-risk
patients (HR, 0.33; 95% CI, 0.17 to 0.63; P � .0008; Fig 3A), but was
not beneficial and potentially even detrimental to low-risk patients
(HR, 3.67; 95% CI, 1.22 to 11.06; P � .021; Fig 3B). The interaction
between risk group and ACT was highly significant (P � .001). Similar
differential treatment effects between high-risk and low-risk groups
were observed in stage IB and II (Data Supplement). Subsequent

qPCR verification confirmed that only high-risk patients benefited
from ACT (HR, 0.40; 95% CI, 0.18 to 0.87; P � .017; Fig 3C) with no
benefit from ACT in low-risk (HR, 1.28; 95% CI, 0.65 to 2.52;
P � .476; Fig 3D). Multivariate analysis confirmed the signature by
qPCR as predictive (Interaction P � .025).

For the additional 30 JBR.10 samples, 11 patients received chem-
otherapy, with four patients classified in low-risk group and seven in
high-risk group. Due to the small number, no conclusion could be
reached. However, for 17 of 30 patients classified in high-risk group
(10 OBS, seven ACT), the risk of death was reduced by 46% for those
who received ACT (HR, 0.54; 95% CI, 0.10 to 2.80; P � .452).

DISCUSSION

To our knowledge, we present the first NSCLC prognostic gene ex-
pression signature generated from microarray studies using samples
collected prospectively in a randomized phase III ACT trial. The sam-
ples from the untreated control group led to the identification of a
stage independent 15-gene signature that separated the cohort into
good and poor prognosis patients (adjusted HR, 18.00; P � .001). Our
signature was validated for its prognostic significance in independent
microarray data sets of 96 patients with stage IB to II adenocarcinoma15

and 79 patients with squamous cancer.9 Further, cross-platform vali-
dation of the signature was demonstrated in 133 NLCI patients pro-
filed by the Agilent array,20 and showed a trend of similar magnitude
in a smaller Duke data set (n � 48).8 Importantly, the 15-gene signa-
ture and its prognostic value also were verified by RT-qPCR both in
the original 133 samples profiled by microarray and in 30 additional
JBR.10 samples not profiled by microarray.

ACT for resected NSCLC was not considered standard until
recently, when the results of several trials, including JBR.10 became
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Fig 1. Disease-specific survival outcome based on the 15-gene signature in the
JBR.10 training set. (A) Observation all; (B) observation stage IB; (C) observation
stage II. HR, hazard ratio; ACT, adjuvant chemotherapy arm.

Table 3. Validation of the Independent Prognostic Value of the 15-Gene
Signature in Four Other Separate Stage IB-II Patient Cohorts Who Received

No Adjuvant Treatment

Cohort
Tumor
Type Platform No.

Hazard
Ratio� 95% CI

Adjusted
P

Training set
JBR.10 NSCLC U133A 62 18.00 5.78 to 56.05 � .001
JBR.10 NSCLC RT-qPCR 62 2.29 1.06 to 4.94 .034

Validation
sets

DCC ADC U133A 96 2.26 1.02 to 4.97 .044
NLCI NSCLC 44K 133 2.27 1.18 to 4.35 .014
Duke NSCLC U133 � 2 48 1.96 0.87 to 4.42 .11
UM-SQ SQC U133A 79 3.57 1.48 to 8.58 .005
JBR.10† NSCLC RT-qPCR 19 7.65 0.85 to 69.04 .037

Abbreviations: NSCLC, non–small-cell lung cancer; U133A, Affymetrix U133A
chip; RT-qPCR, quantitative reverse-transcriptase polymerase chain reaction;
DCC, Director’s Challenge Consortium adenocarcinoma data set; ADC, ade-
nocarcinoma; NLCI, Netherlands Cancer Institute; 44K, Agilent 44K gene
expression array; Duke, Duke University; U133 � 2, Affymetrix U133 plus2
chip; UM-SQ, University of Michigan, squamous cell carcinoma data set; SQC,
squamous cell carcinoma.

�HR compares the overall survival of the high-risk (poor prognosis) patient
group to that of the low-risk (good prognosis) group, after adjustment for
tumor histologic subtype, stage, age, and sex.

†Values were not adjusted for clinical factors due to small sample size. The
model was not adjusted for histology for UM-SQ. Since the NLCI data set did
not contain information on sex this covariate was not included in the model.
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available.1,2 To date, there is no laboratory or clinical marker other
than stage that can identify patients who are likely to benefit from
ACT. Therefore, this is the first study, to our knowledge, that has
shown that a prognostic microarray signature can also be predictive of
benefit from ACT. Patients identified as high-risk benefited signifi-
cantly (HR, 0.33; P � .0008). In contrast, low-risk patients did not
benefit from ACT (HR, 3.67; P � .021), and the interaction P value
was highly significant (P � .001). As no other microarray studies

performed using tumor samples from randomized trials with treated
and untreated patients are available we could not validate the predic-
tive value of our signature, either in the data sets used to validate its
prognostic strength or in other data sets. We realize, therefore, that
while promising, these results cannot be considered conclusive, and
that they must be validated prospectively in future trials.

The benefit of ACT in stage IB remains controversial.1,3 We
showed that stage IB patients also could be separated into low-risk and
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Fig 2. In silico and quantitative reverse-transcriptase polymerase chain reaction (RT-qPCR) validation of the signature in stage IB to II patients who received no adjuvant
therapy. (A) Director’s Challenge Consortium adenocarcinoma data set; (B) Duke University data set; (C) University of Michigan squamous cancer data set; (D)
Netherlands Cancer Institute data set; (E) observation with RT-qPCR; (F) observation with RT-qPCR with additional samples. HR, unadjusted hazard ratio.
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high-risk groups using our signature (HR, 13.22; 95% CI, 2.86 to
62.11; P � .001). Furthermore, the survival of high-risk IB patients
was greatly improved with ACT (HR, 0.44; 95% CI, 0.18 to 1.09;
P � .07), whereas low-risk patients had no survival benefit when
treated with chemotherapy. Although JBR.10 did not demonstrate
benefit from ACT in stage IB overall,1 this study suggests that a subset
of patients within stage IB may have the potential to benefit from
adjuvant therapy. The Lung Adjuvant Cisplatin Evaluation meta-
analysis3 reported a small but clinically and statistically nonsignificant
benefit from chemotherapy in stage IB (HR, 0.93; 95% CI, 0.78 to
1.10). It is possible that this modest benefit arose almost entirely from
a small subset of patients with a poorer prognosis, who potentially
could have been identified by our gene signature.

The current practice is to treat all stage II patients with ACT.
Our signature identified stage II patients who had a good prognosis
and who did not appear to benefit from chemotherapy or poten-
tially could be affected adversely by ACT (HR, 2.93; 95% CI, 0.63 to
13.57; P � .15).

As there are no other frozen tumor banks associated with a
clinical trial containing patients randomly assigned to treatment
and no treatment, we attempted to evaluate the predictive value of
previously published prognostic signatures when applied to treated
and untreated patients in the JBR.10 data set. We were able to repli-
cate eight of these signatures (reviewed in Zhu21) in JBR.10

cases.6,12,13,15,22-25 Only the six-gene signature identified by Boutros22

was significant in JBR.10 OBS patients. This signature also showed
that only high-risk patients benefited from chemotherapy in JBR.10
(HR, 0.21; 95% CI, 0.05 to 0.84; P � .027; interaction P � .0323; Data
Supplement). A significant beneficial effect of ACT in the high-risk
group was also achieved by the three-gene signature of Lau13 (HR,
0.48; 95% CI, 0.23 to 1.00; P � .05; Data Supplement), but the
interaction with low-risk group did not reach significance. However,
the signatures reported by Chen,6 Gordon,23 Hsu,24 Shedden (method
E in DCC),15 Skrzypski,25 and Sun12 were neither significantly prog-
nostic when applied to the observation arm of JBR.10, nor predictive
of benefit from adjuvant chemotherapy. The results demonstrate the
significant challenges faced in validating prognostic gene expression
signatures. More importantly, the JBR.10 microarray data set now
available with this report may be used for testing future predic-
tive markers.

Functional annotation for the 15 genes reveals properties that
may elucidate their role in lung cancer biology. Using annotation from
Gene Ontology26 and KEGG pathways,27 cellular localization and
functions that predominate among these genes (six of 15) are nuclear
proteins or transcription regulators MDM2, ZNF236, FOSL2,
HEXIM1, MYT1L and IKBKAP. MDM2 is an E3 ubiquitin ligase that
targets p53 for proteasomal degradation,28,29 and may represses tran-
scriptional activity of p53.30-32 MDM2 is amplified in 6.2% of lung
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(microarray); (C) high risk quantitative reverse-transcriptase polymerase chain reaction (RT-qPCR); (D) low risk RT-qPCR.
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adenocarcinoma33,34 and overexpression was associated with poor
prognosis in NSCLC.35 MDM2 amplification also appears mutually
exclusive with p53 mutation33,34 further demonstrating the impor-
tance of MDM2 in the p53 pathway. This supports the notion that a
minimal signature would include genes that regulate additional key
genes and pathways, rather than belonging to a single dominant pro-
cess or pathway. The second subset of genes includes MLANA,
ATP1B1, L1CAM, and STMN2, which encode for transmembrane- or
membrane-associated proteins, potentially involved in signaling path-
ways.36 Finally, ATP1B1 and UMPS are involved in purine and pyra-
midine metabolism, respectively, suggesting dependency of NSCLC
on these pathways.

Direct comparison of the 15 genes in our signature with those in
the published signatures we evaluated (Data Supplement) shows no
overlap but they are connected at the protein level (Data Supplement;
eg, ATP1B1 and HEXIM1 with epidermal growth factor receptor25

and MDM2 with hypoxia-inducible factor 1�),13 suggesting they may
share common signaling networks.

To our knowledge, this is the first report of a gene signature that
is both independently prognostic in patients with untreated NSCLC,
and predictive of survival benefit from ACT. With this signature, we
have provided the algorithm to classify individual patients. The pre-
dictive role of our signature should be tested in prospectively planned
adjuvant chemotherapy trials.
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JCO’s Impact Factor, Annual Cita�ons, and Eigenfactor All Increased in 2009 

Journal of Clinical Oncology (JCO) has strengthened its posi�on as publisher of the most important clinical oncology 
research, with higher scores recorded in all key measures of a journal’s impact on the scien�fic community. 

 As reported by Thomson Reuters in its just-released 2009 Journal Cita�on Reports®: 

• JCO’s impact factor has increased, for the 5th year in a row, to 17.793, ranking it 4th among 165 oncology journals 
surveyed 

• Total annual cita�ons in the scien�fic literature now exceed 104,000, ranking JCO 2nd among oncology journals 
• JCO ranks 4th in impact factor and 2nd in total cita�ons among the 165 oncology journals surveyed 
• JCO’s Eigenfactor® score—a measure of the Journal’s total influence on the scien�fic research community—is the 

20th highest among all 7,347 STM journals included in the Reports. 
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