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Abstract. Background/Aim: The analysis of prognostic
factors is important to identify determinants of disease-free
survival (DFS) and overall survival (OS) in resected non-
small-cell lung cancer (NSCLC). Patients and Methods: We
examined baseline characteristics associated with DFS and
OS among 757 patients with resected, histologically proven,
MAGE-A3-positive Stage IB-1IIA NSCLC assigned to placebo
in the MAGRIT study (NCT00480025). We explored
characteristics of NSCLC that could predict DFS and OS
using Cox regression models. Results: The multivariate
analysis showed that lower nodal stage, the presence of
squamous cell carcinoma (SCC), a broader surgical resection
in patients with SCC, and being female with non-SCC were
significantly associated with longer DFS. Lower nodal stage
and smaller tumor size were significantly associated with an

This article is freely accessible online.

Correspondence to: Byoung Chul Cho, Yonsei Cancer Center,
Yonsei University College of Medicine, 50 Yonsei-ro, Seodaemun-
Gu, Seoul 120-752, Republic of Korea. Tel: +82 1052128867,
e-mail: cbc1971@yuhs.ac

Key Words: Non-small cell lung cancer, MAGE-A3 cancer
immunotherapeutic, prognostic factors, placebo, overall survival.

improved OS. Compared to Other International, enrollment
in East Asia was associated with an improved OS in patients
with non-SCC. Conclusion: This is the first prognostic factor
analysis in NSCLC performed on data from a large
prospective study. These results confirm retrospective studies
and add that histopathology subtype is a strong determinant
of DFS in resected MAGE-A3-positive NSCLC.

Lung cancer is the most frequent cause of death due to
cancer, and non-small-cell lung cancer (NSCLC) accounts
for 85% of all lung cancer cases (1). We have previously
reported the results of the MAGRIT study, the largest
therapeutic trial ever conducted in patient with lung cancer
(2). MAGRIT was a global, multi-centre, phase-3 double-
blind, placebo-controlled, randomized trial to evaluate the
efficacy of the MAGE-A3 cancer immunotherapeutic
investigational product in patients with resected NSCLC
(www.clinicaltrials.gov NCT00480025). From 18 Oct 2007
we enrolled and treated (2:1 randomization) 2,272 patients
in 34 countries with up to 13 intramuscular injections of the
MAGE-A3 immunotherapeutic drug or placebo over a period
of 27 months. Patients were followed-up for chemotherapy
use, clinical and disease outcomes for up to 5 years.
Treatment with the MAGE-A3 immunotherapeutic
showed no effect in terms of disease-free survival (DFS),
overall survival (OS) or any other clinical outcome
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measures. Overall median DFS was 60.5 months [95%
confidence interval (CI)=57.2-not reached] in the treatment
group and 57.9 months (55.7-not reached) in the placebo
group [hazard ratio (HR)=1.02, 95%CI=0.89-1.18, p=0.74].
Median OS was not reached in either group (HR=1.04,
95%C1=0.86-1.24; p=0.70) (2). A gene signature predictive
of clinical benefit to the MAGE-A3 immunotherapeutic (co-
primary objective) could not be identified (2).

There were 757 patients assigned to the placebo group in
the MAGRIT study, for whom detailed information on
demographic characteristics, disease stage, surgical treatment
and clinical outcomes over an extended follow-up period
were collected. This is one of the largest prospective datasets
that can be used to provide important insights into factors
influencing disease prognosis. We conducted an exploratory
search for potential clinical prognostic factors for DFS and
OS in resected NSCLC in the MAGRIT placebo population
and confirmed these results by analysing the total (treatment
group plus placebo group) study population.

Patients and Methods

Patients. Study participants were aged =18 years with histologically
-proven, MAGE-A3-positive stage 1B, II or IIIA NSCLC (American
Joint Committee on Cancer, AJCC 6.0). Participants had undergone
anatomical lung resection (lobectomy or pneumonectomy) with
mediastinal lymph node (LN) dissection or sampling, according to
standard of care. Up to four platinum-based adjuvant chemotherapy
cycles were allowed.

Patients gave written informed consent for MAGE-A3 expression
screening, gene expression profiling, and for study participation. The
study was conducted according to Good Clinical Practice, the
Declaration of Helsinki, US FDA Code of Federal Regulations (title
21 part 50 and 56), and local rules and regulations of the participating
countries. The protocol was approved by national, regional, or
investigational centre institutional review boards or ethics committees.

Analysis methodology. The binary variables for analysis were: i)
administration of adjuvant chemotherapy (yes/no), ii) ECOG (Eastern
Cooperative Oncology Group) performance status (0-1/2), iii) gender
(male/female), iv) histopathological type (squamous cell carcinoma
[SCC]/non-SCC), v) operative technique (pneumonectomy/other), and
vi) type of LN sampling (limited or minimal/systematic). The
categorical variables were: i) disease stage (IB/II/IIIA), ii) region
(East Asia/Europe/North America/Other International), iii) race, iv)
smoking status at randomization (never/past/current), and v) type of
chemotherapy received (none/vinorelbine+cisplatin/other). The
ordered categorical variables were: i) nodal stage (NO/N1/N2-3-x), ii)
number of chemotherapy cycles (none/1-2/3-4), and iii) tumour stage
(0-1/2/3-4). Age, MAGE-A3 quantitative expression and tumour size
were treated as continuous variables.

Univariate and multivariate analyses were conducted to
determine which factors are associated with DFS and OS. The Cox
model was used to model the Hazard (H(t)) as follows:

HO=Ho(t) exp (B1Z; + BoZy + B3Z3 +... + BrZy)

where Z;...Z, are a collection of predictor variables and HO(t) is
the baseline hazard at time t, representing the hazard for a person
with value O for all predictor variables.
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Univariate analyses were conducted for DFS and OS (and in
subgroups according to histological cancer type). Using the
variables significant at p<0.05 in the univariate analysis, a
multivariate model was built using a stepwise approach. The most
significant variables were added sequentially to the model, while
checking whether the variables added at the previous step were still
significant once other variables had been entered. Simple Forward
and Backward selection procedures were used to check for
consistency between models.

The analysis did not account specifically for missing data as very
few baseline data were missing.

Prognostic models for DFS and OS were constructed based on
the patients in the placebo population. Models using all patients
(treatment group and placebo), stratified by treatment group, were
also tested. Models on the total population were not used to draw
conclusions, because even in the absence of a global treatment
effect, the existence of small treatment effect in specific subgroups
could not be excluded.

Results

Characteristics of the placebo population in the MAGRIT
study. All patients enrolled in the MAGRIT study were
MAGE-A3-positive. Among placebo recipients, 401 (53%)
had SCC and 356 (47%) had non-SCC (Table I). Most
patients (644/757, 85%) underwent lobectomy (including bi-
lobectomy and sleeve lobectomy) and 113 patients (15%)
had a pneumonectomy. Mediastinal LN dissection was
performed in 355/757 (47%) and LN sampling in 402 (53%).
There were 392/757 (52%) patients who received adjuvant
platinum-based chemotherapy.

The median follow-up of the placebo population was 39.5
months (interquartile range=27.9-50.4). At the time of the
final analysis, there were 271 disease recurrences amongst
placebo recipients and a further 27 deaths in the absence of
recurrence.

Demographic characteristics of the placebo population
were similar to those of the overall population (2).

Analysis of the placebo population. In the univariate
analysis of the placebo population, lower nodal stage and
earlier disease stage were identified as associated with
improved DFS (p=0.0001 for nodal stage N=2 versus N1,
and N1 versus NO and p=0.0033 for pathological stage
=IITA versus <IB). Lower nodal stage, earlier disease stage
and smaller tumour size were identified as associated with
improved OS (p=0.0002 for nodal stage, p=0.0022 for
pathological stage and p=0.0247 for tumour size). There
was a prognostic impact of histopathology on DFS (but not
on OS), with longer DFS in patients with SCC than with
non-SCC (Figure 1). In view of the different nature of the
diseases, we focused the multivariate analyses on SCC and
non-SCC groups separately.

In the multivariate analysis for DFS, lower nodal stage (HR
for N>2 versus N1, and N1 versus NO=1.34, 95%CI=1.16-
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Table 1. Demographic and disease characteristics of the placebo group
(Total cohort — as treated).

Characteristics Placebo N=757

Age at screening (years)

Mean (IQR) 63 (57-70)
Gender n (%)

Female 179 (24%)

Male 578 (76%)
Histopathology

Squamous 401 (53%)

Non-squamous 356 (47%)
Performance status n (%)

0 440 (58%)

1 300 (40%)

2 17 (2%)
Tumour stage n (%)

1B 346 (46%)

I 275 (36%)

1A 134 (18%)

Other — Ineligible 2 (<1%)
Adjuvant chemotherapy

Yes 392 (52%)

No 365 (48%)
Type of chemotherapy

Cisplatin-Vinorelbine 162 (41%)

Other 230 (59%)
Type of surgery

Pneumonectomy 113 (15%)

Lobectomy/Bi- or Sleeve lobectomy 644 (85%)
Lymph node surgery

Mediastinal lymph node dissection 355 (47%)

Lymph node sampling 402 (53%)
Lifetime smoking status*

Never smoked 49 (7%)

Past smoker 300 (40%)

Current smoker 408 (54%)
Region

East Asia 182 (24%)

Europe 415 (55%)

North America 132 (17%)

Other International 28 (4%)

N: Total number of patients; n (%): number (percentage) of patients
with the defined characteristic; IQR: interquartile range; *Never
smoker: has smoked <100 cigarettes in entire lifetime and stopped or
never smoked cigarettes; Current smoker: has smoked >100 cigarettes
in entire lifetime and is either currently smoking or quit smoking <1
year ago; Past smoker: has smoked >100 cigarettes in entire lifetime
and quit smoking =1 year ago.

1.55) and SCC (HR for SCC versus non-SCC=0.64,
95%C1=0.51-0.81) remained significant (p=0.0001) (Table II).
In the analysis for OS, lower nodal stage and smaller tumour
size were significantly associated with improved OS [HR for
N=2 versus N1, and N1 versus NO=1.47, 95%CI=1.21-1.79
(»p=0.0001), and HR by unit increase=1.08, 95%CI=1.01-1.15
(p=0.0188)], respectively] (Table II).

Placebo population with SCC. Among patients with MAGE-
A3-positive SCC, the univariate analysis identified that an
increased number of chemotherapy cycles and the operative
technique (pneumonectomy) were associated with an
improved DFS (p=0.0356 for 3-4 cycles versus 1-2 cycles,
and 1-2 cycles versus none, and p=0.0275 for
pneumonectomy versus other). Lower nodal stage and
smaller tumour size were significantly associated with
improved OS (p=0.0088 for nodal stage N=2 versus N1, and
N1 versus NO, and p=0.0344 for tumour size).

In the multivariate model, only the extent of surgical
resection remained associated with improved DFS (HR for
pneumonectomy versus other=0.56, 95%CI=0.33-0.94), while
lower nodal stage and smaller tumour size were associated with
longer OS (HR for N=2 versus N1, and N1 versus NO=1.50,
95%ClI=1.11-2.02, HR by unit increase in tumour size=1.10,
95%CI=1.00-1.20) (Table II). When allowing parameters that
were borderline in the univariate analysis into the model of
patients with SCC (i.e. nodal stage p=0.0918 and administration
of chemotherapy p=0.0628 in the univariate analysis), three
variables were significant at p<0.05 for DFS. These were: 1)
nodal stage (HR for N=2 versus N1, and N1 versus NO=1.61,
95%Cl=1.22-2.11), ii) an increased number of chemotherapy
cycles (HR for 3-4 cycles versus 1-2 cycles, and 1-2 cycles
versus none=0.72, 95%CI=0.59-0.89) and iii) the extent of
surgical resection (HR for pneumonectomy versus other=0.51,
95%CI=0.30-0.87). Forward and backward selection processes
selected the same variables in each analysis.

Placebo population with non-SCC. Among patients with
MAGE-A3-positive non-SCC, univariate analysis identified
improved DFS in the following groups: i) younger age, ii)
female gender, iii) lower nodal stage and iv) earlier disease
stage (p=0.0321 for age, p=0.0345 for male versus female
gender, p=0.0003 for nodal stage N=2 versus N1, and N1
versus NO, and p=0.0049 for pathological stage =IIIA versus
<IB). Lower nodal stage, earlier disease stage and region (East
Asia) were associated with improved OS in the univariate
analysis (p=0.0088 for nodal stage, p=0.0223 for pathological
stage, and p=0.0427 for Other International versus East Asia).

Lower nodal stage and female gender remained significant
in the multivariate analysis for DFS [HR for N=2 versus N1,
and N1 versus NO=1.42, 95%CI=1.17-1.71 (p=0.0003), HR
for male versus female=1.44, 95%CI=1.03-2.02 (p=0.0354)]
(Table II). Nodal stage [(HR=1.48, 95%CI=1.14-1.92
(p=0.0032)] and region remained significant in the
multivariate analysis for OS (HR for Europe versus East
Asia=1.53, 95%CI=0.88-2.68, North America versus East
Asia=1.17, 95%CI1=0.58-2.36, Other International versus
East Asia=3.48, 95%CI=1.54-7.86 (p=0.0194)]. In the
forward and backward selection processes, backward
analysis selected the disease stage instead of the nodal stage,
but these variables are known to be correlated.
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Figure 1. Disease-free survival (DFS) by nodal stage and by histological type, and overall survival (OS) by nodal stage and by tumour size in the
placebo population. SCC: Squamous-cell carcinoma; Non-SCC: non squamous cell carcinoma; 95% CI: 95% confidence interval.

Prognostic analysis for the total study population. In the
univariate analysis of the total population, the lower nodal
stage and the earlier pathological stage were identified as
associated with improved DFS, whereas quantitative MAGE-
A3 expression and past or current smoking were associated
with reduced DFS (p<0.0371 for all). Age, ECOG
performance status >1 versus <1, female versus male gender,
nodal stage, pathological stage and tumour size were
identified as associated with improved OS (p<0.0341 for all).
As observed in the placebo population, there was a
prognostic impact of histopathology on DFS and on OS, with
longer DFS in patients with SCC than with non-SCC
(p<0.0001 for DFS and p=0.0015 for OS).

In the multivariate analysis for DFS, lower nodal stage
(p<0.0001) and SCC (p<0.0001) remained significant (Table
II). In the analysis for OS, age (p<0.0001), ECOG
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performance status >1 versus <1 (p=0.0192), female versus
male gender (p=0.0216), disease stage (p<0.0001) and
tumour size (p<0.0001) were significantly associated with
an improved OS (Table II).

In patients with MAGE-A3-positive SCC, the univariate
analysis identified: i) lower ECOG score, ii) lower nodal state,
iii) lower disease stage, iv) administration of chemotherapy,
v) increased chemotherapy cycles, vi) the type of
chemotherapy received, and vii) having never smoked, as
significantly associated with improved DFES (p<0.0420 for all).
In patients with MAGE-A3-positive non-SCC, younger age,
lower nodal stage, lower disease stage, smaller tumour size
and enrolment in East Asia, were associated with improved
DEFS in the univariate analysis (p<0.0342 for all).

In patients with MAGE-A3-positive SCC, younger age,
ECOG performance status of <1, lower nodal stage, lower
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Table II. Cox models for disease-free survival (DFS) and overall survival (OS) in the placebo and total populations (stepwise approach), overall
and according to histological type, based on baseline variables that were significant (level 0.05) at the univariate level.

Placebo population

Total population (placebo + treatment groups)

Parameter Parameter p-Value HR (95%CI) Parameter Parameter p-Value HR (95%CI)
estimate estimate
DFS DFS
Histopathological type: -0.44333  0.0001 0.642 (0.511-0.807) Histopathological type: -0.48668 <0.0001 0.615 (0.538-0.702)
SCC (versus Non-SCC) SCC (versus Non-SCC)
Nodal stage 0.29285  0.0001 1.340 (1.156-1.554) Nodal stage 0.36154 <0.0001 1.436 (1.316-1.566)
SCC scc
Operative technique: -0.58870  0.0275 0.555 (0.329-0.937) Nodal stage 0.48203 <0.0001 1.619 (1.387-1.891)
Pneumonectomy (versus Other) Number of cycles of
adjuvant chemotherapy -0.27622 <0.0001 0.759 (0.677-0.851)
Non-SCC Non-SCC
Nodal stage 0.34759 0.0003 1.416 (1.173-1.708) Age 0.01348  0.0066 1.014 (1.004-1.023)
Gender: Male (versus Female) 0.36504  0.0354 1.441 (1.025-2.024) Nodal stage 0.37501 <0.0001 1.455 (1.302-1.626)
Region: Europe -0.05096  0.0378 0.950 (0.764-1.182)
(versus East Asia)
Region: North America -0.11685 0.890 (0.669-1.183)
(versus East Asia)
Region: Other International  0.46945 1.599 (1.076-2.378)
(versus East Asia)
Tumour size 0.05060  0.0090 1.052 (1.013-1.093)
oS oS
Nodal stage 0.38598  0.0001 1.471 (1.210-1.789) Pathological stage: II 0.50680 <0.0001 1.660 (1.356-2.033)
(versus 1B or less)
Tumour size 0.07529 0.0188 1.078 (1.013-1.148) Pathological stage: IIIA 0.87171 2.391 (1.906-2.999)
or more (versus IB or less)
Tumour size 0.04250  0.0244 1.043 (1.006-1.083)
Histopathological type: -0.41596 <0.0001 0.660 (0.552-0.788)
SCC (versus Non-SCC)
Gender - Male 0.25612  0.0216 1.292 (1.038-1.607)
(versus Female)
ECOG performance status:  0.56617  0.0192 1.762 (1.097-2.830)
>1 (versus 0 or 1)
Age 0.02449 <0.0001 1.025 (1.015-1.035)
SCC Nee
Nodal stage 0.40405 0.0084 1.498 (1.109-2.023) Nodal stage 0.50905 <0.0001 1.664 (1.395-1.985)
Tumour size 0.09325  0.0463 1.098 (1.002-1.203) Age 0.02285  0.0040 1.023 (1.007-1.039)
ECOG performance status:  0.59856  0.0456 1.819 (1.012-3.272)
>1 (versus 0 or 1)
Tumour stage 0.53251 <0.0001 1.703 (1.322-2.194)
Non-SCC Non-SCC
Nodal stage 0.39125  0.0032 1.479 (1.140-1.918) Pathological stage: 0.57585 <0.0001 1.779 (1.352-2.340)
II (versus IB or less)
Pathological stage: IITA 0.88826 2.431 (1.787-3.307)
or more (versus IB or less)
Region: Europe 042593  0.0194 1.531(0.874-2.682) Region - Europe 0.35535  0.0003 1.427 (1.042-1.953)
(versus East Asia) (versus East Asia)
Region: North America 0.15640 1.169 (0.580-2.356) Region - North America 0.06314 1.065 (0.700-1.621)
(versus East Asia) (versus East Asia)
Region: Other International 1.24743 3481 (1.542-7.860) Region: Other International  1.06054 2.888 (1.733-4.812)
(versus East Asia) (versus East Asia)
Age 0.02841 <0.0001 1.029 (1.015-1.043)
Gender: Male 0.39687  0.0056 1.487 (1.123-1.969)

(versus Female)

SCC: Squamous cell carcinoma; non-SCC: non-squamous cell carcinoma; ECOG: Eastern Cooperative Oncology Group; HR: hazard ratio coming
from a Cox regression model, with the Efron method to handle ties; 95%CI: 95% confidence interval; p-Value: Two-sided p-value from a Wald test.
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disease stage, lower tumour stage and smaller tumour size were
significantly associated with an improved OS (p<0.0341 for
all). In patients with non-SCC, age, gender, nodal stage, earlier
disease stage, reduced tumour size and region (East Asia) were
associated with improved OS, whereas pneumonectomy was
associated with a reduced OS (p=<0.0439 for all).

Nodal stage and the number of chemotherapy cycles
remained associated in the multivariate model of DFS for the
total population of patients with MAGE-A3-positive SCC
(Table II) (p<0.0001). Age, nodal stage, tumour stage and
ECOG performance status remained associated in the
multivariate model of OS for patients with MAGE-A3-
positive SCC (Table II) (p<0.0456 for all).

Nodal stage was the only common variable selected in the
placebo and total population analyses of DFS for patients with
MAGE-A3-positive non-SCC. Only nodal stage in the SCC
population, and region in the non-SCC populations were
common variables selected in the analyses of OS in the placebo
and total populations (Table II). There was no consistency in
the selection of other variables when we compared the models
obtained using placebo versus the total population.

Discussion

This is the first prognostic factor analysis in resected NSCLC
performed on data from a large prospective study. Using a
unique repository of prospectively collected data from patients
with completely resected NSCLC, we were able to identify
tumour characteristics and treatment factors linked to improved
prognosis in terms of DFS and OS. Tumour and disease
characteristics associated with an improved prognosis were: i)
histological subtype, ii) nodal stage and iii) tumour size. The
results suggest that patients with MAGE-A3-positive SCC had
a better prognosis than those with MAGE-A3-positive non-SCC
in terms of DFS, but not of OS. Nodal stage played a major role
in defining prognosis (DFS and OS) for patients with both
histological types. Treatment parameters (the number of
chemotherapy cycles and the extent of surgical resection) were
only associated with an improved DFS prognosis in patients with
MAGE-A3-positive SCC. Enrolment in East Asia was associated
with an improved OS whereas enrolment in Europe or North
America was associated with an improved DFS (univariate
analysis only), although we observed no significant associations
with ethnicity in this study. These last results are inconclusive,
but differences between countries could potentially arise from
differences in access to treatment and in treatment practices.
Smaller, retrospective studies have not identified consistent
associations between DFS and disease or treatment
characteristics. For example, improved DFS has been
associated with tumour size and total metastatic LN ratio (not
captured in our study), but not with histologic type (3). In
another study, DFS was associated with lymphovascular
invasion (not captured in our study), the extent of surgical
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resection and age (4). We identified one study that showed a
poorer prognosis in patients with SCC compared with non-
SCC NSCLC (5).

In our study, nodal stage played a major role in defining
prognosis in the placebo population and in the total MAGRIT
study population, regardless of the histopathology. This is
consistent with a large retrospective study of patients with
NSCLC using the Surveillance, Epidemiology, and End Results
database in the United States, which found that the number of
positive LNs or their ratio versus negative LNs were
independent indicators of survival (6). In Japanese patients
with N2 NSCLC, the LN ratio was identified as an important
indicator of poor prognosis (7). However, in patients with T1
tumours, positive LNs were inversely associated with OS only
in patients with adenocarcinoma, but not with SCC (8).

Although we observed an improved DFS in patients with
SCC who underwent pneumonectomy over lobectomy, this was
only observed in the placebo group and it was not confirmed
in the analysis of the total population. Conversely, although not
significant in the multivariate analysis, pneumonectomy was
associated with a reduced OS in the total population with non-
SCC. A study in patients with stage II NSCLC showed no
difference in survival between the two techniques (9), and a
meta-analysis concluded that sleeve lobectomy gave better long
term survival compared to pneumonectomy (10). However,
these studies did not discriminate by histological type and it is
difficult to compare our results with theirs. Based on our
results, it is not clear whether pneumonectomy may confer
some advantage according to histological type, nor the
biological basis for such an effect.

A potential limitation of our study is that we focused on
clinical and treatment factors and a limited number of
demographic features but we did not consider other potential
exposures (such as environmental or genetic). Furthermore, all
patients were MAGE-A3 positive, which skewed the
distribution of the histological type because MAGE-A3
expression is higher in SCC than in non-SCC. Validation of our
results on an external database not limited to MAGE-A3
positive patients would be of interest, even though no
prognostic value of MAGE-A3-expression has been observed
in patients with NSCLC (11). A study evaluating a prognostic
gene signature of molecular biomarkers and gene expression in
the MAGRIT study has been performed (paper in preparation).

Strengths of the study are the large number of patients
studied from heterogeneous settings that encompassed 443
clinics in 34 different countries. In contrast to existing
reports, demographic, clinical, pathological and treatment
characteristics were prospectively gathered during the
MAGRIT study using standardized data collection forms.
Finally, stratification of results by histopathology subtype
adds new information compared to what is currently known.

In conclusion, our results confirm those of the
retrospective studies and add that the histopathology subtype
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is a strong determinant for DFS in resected MAGE-A3-
positive NSCLC. Patients with MAGE-A3-positive SCC had
a better DFS (but not OS) compared to those with non-SCC.
Identification of prognostic factors will help identify risk in
these patients and guide appropriate treatment.
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