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Background: Non-small cell lung cancer (NSCLC) lacks reliable serological biomarkers for predicting patients’ survival and
response to treatment. The present study examined the capability of serum LAMC2 and four known tumour markers for disease
prognosis and patients’ risk stratification.

Methods: LAMC2, CA 125, CEA, CYFRA 21-1 and SCC levels were retrospectively measured in sera obtained from 127 patients
diagnosed with NSCLC by commercial immunoassays. Prognostic performance of the markers was compared with established
clinical parameters and multivariate models were constructed to assess the prognostic complementarity of variables.

Results: LAMC2 showed significant prognostic ability for overall survival (hazards ratio: 1.607, 95% confidence interval:
1.268–2.037, Po0.0001) in the full cohort. LAMC2 and CYFRA 21-1 combination enhanced prognostic models based on common
clinical parameters (c-index: 0.81 vs 0.72, P¼ 0.00018), further enabling stratification of patients into clear risk groups. A bootstrap-
based cross-validation analysis was supportive of our findings. Combination of LAMC2 and CA 125 showed similar performance.

Conclusions: Our preliminary study proposes LAMC2 as a novel NSCLC prognostic factor. LAMC2 combined with CA 125 and
CYFRA 21-1 could aid in clinical prediction of NSCLC patients’ overall survival and inform clinical practice. Larger studies are
necessary to unravel LAMC2’s full potential as a new NSCLC biomarker.

Lung cancer is the second most frequently diagnosed cancer in the
United States and the leading cause of cancer-related mortality in
the western world (Jemal et al, 2011; Siegel et al, 2013). Lung
cancer comprises a remarkably heterogeneous group of disease, the
majority of which are of epithelial origin. From a histological point
of view, lung carcinomas can be categorised into two main groups,
the small cell lung cancer and the more common non-small cell
lung cancer (NSCLC), which account for B85% of all lung cancer
cases (Travis et al, 2004).

Despite intense research activity, the 5-year survival rate for
NSCLC remains low (o15%) (Siegel et al, 2013), partially because of
the fact that one-third of patients are diagnosed with advanced

stages of the disease (Govindan et al, 2008). Patients with early stage
tumours have better survival rates (Flehinger et al, 1992), but even in
the case of early stage disease there is high recurrence implying a
more complex behaviour of the tumours (Singhal et al, 2005).

Absence of accurate prognostic tools impedes efforts for
personalised care by not allowing for a proper assessment of the
aggressiveness of each NSCLC. Despite the fact that several
clinicopathological features—such as tumour staging (Mountain,
2000)—are routinely used as decision-making tools in NSCLC
management, accurate prognosis remains an unfulfilled goal.
To address this need, several serological markers have been tested
for their ability to complement current prognostic modalities in
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NSCLC. Among them, cytokeratin 19 fragments (CYFRA 21-1),
carcinoembryonic antigen (CEA), cancer antigen 125 (CA 125),
squamous cell carcinoma antigen (SCC) and neuron-specific enolase
(NSE) represent the five most widely investigated markers (Niklinski
et al, 1992; Pujol et al, 1993; Margolis et al, 1994; Moro et al, 1995;
Diez et al, 1996; Hirashima et al, 1998; Pujol et al, 2001;
Vassilakopoulos et al, 2001; Hatzakis et al, 2002; Kulpa et al, 2002;
Ando et al, 2003; Ferrigno et al, 2003; Molina et al, 2003; Barak et al,
2004; Muley et al, 2004; Okada et al, 2004; Arrieta et al, 2009).
However, even if taken into consideration (mainly as disease
monitoring markers), evidence for their prognostic value is still
somewhat vague (Holdenrieder et al, 2010).

Laminins are a group of extracellular matrix proteins that exist as
cross-shaped, heterotrimeric complexes of different isoforms of a, b
and g chains (Timpl and Brown, 1994). They are important proteomic
constituents of the basement membrane and are implicated in
numerous biological processes, but predominantly epithelial mor-
phogenesis (Timpl and Brown, 1994). So far, 16 members have been
characterised biochemically (Hohenester and Yurchenco, 2013).

LAMC2 is a laminin gamma (g) chain (B130 kDa) encoded by
the human gene LAMC2, which is located in the chromosomal
region 1q25-q31. LAMC2 is a unique part of the Laminin-332
trimer, which also includes laminin chains LAMA3 and LAMB3.
The glycoprotein laminin-332 (formerly known as laminin-5) is
specifically synthesised and secreted by epithelial cells and is
involved in the cellular adhesion to basement membrane, as well as
cell migration—especially during tumour invasion and metastasis
(Rousselle et al, 1991; Fukushima et al, 1998).

There is ongoing research concerning the expression of the
LAMC2 gene in various human malignancies (Soini et al, 1996;
Sordat et al, 1998; Yamamoto et al, 2001; Koshikawa et al, 1999;
Ono et al, 1999; Gasparoni et al, 2007)—including lung cancer
(Maatta et al, 1999; Manda et al, 2000; Sathyanarayana et al, 2003;
Ma et al, 2006; Takahashi et al, 2011; Masuda et al, 2012). All of
these studies suggest that LAMC2 is elevated in most cancers and
its overexpression is associated with poor prognosis and recurrence
of the disease. However, very few studies have investigated the
profile of LAMC2 serum levels in malignant conditions (Kuratomi
et al, 2008), none for lung cancer in particular. Recently published
data from our laboratory (Kosanam et al, 2013; Chan et al, 2014)
proposed serum LAMC2 as a novel biomarker for pancreatic
adenocarcinoma. Based on this initiative, we set the present study,
aim of which was to investigate the utility of LAMC2 as a serum
biomarker for NSCLC prognosis.

MATERIALS AND METHODS

Patients. A total of 127 patients diagnosed with different subtypes
of NSCLC were included in this study. Clinicopathological
parameters of the patients are listed in Table 1. Cancer stage was
determined according to the American Joint Committee on Cancer
Guidelines (6th and 7th edition) and the best available (clinical or
pathological stage) was used. Blood samples were collected after
diagnosis at the City of Hope Comprehensive Cancer Center
(Duarte, CA, USA), between September 2008 and March 2012.
Sample collection was approved by the City of Hope Institutional
Review Board and included patient written informed consent. In
brief, 8.5 ml of peripheral blood was collected in a serum
separation tube, was allowed to clot for 30 min at room
temperature and then placed on ice. Within 2 h of blood draw,
samples were centrifuged at 1100–1300 g for 10 min and separated.
Serum was aliquoted and stored at � 80 1C until analysis.

Immunoassay measurements. LAMC2 serum levels were measured
using a commercially available enzyme-linked immunosorbent assay
(USCN Life Science Inc., Wuhan, China). In line with the assay’s

protocol, 100ml of serum samples (100-fold diluted in assay buffer
diluent) and calibrators were loaded on pre-coated 96-well plates.
Plates were incubated for 2 h at 37 1C, with gentle shaking. After
washing, 100ml of detection reagent A were added and plates were
incubated for 1 h at 37 1C with gentle shaking. Wells were washed
again and 100ml of detection reagent B was added followed by
incubation for 30 min at 37 1C with gentle shaking. Following a final
wash, 100ml of 3,3,5,5’-tetramethylbenzidine substrate solution was
added and plates were incubated for 15 min at 37 1C with gentle
shaking. Stop solution (50ml) was added on top. Absorbance was
measured with the Wallac EnVision 2103 Multilabel Reader (Perkin
Elmer, Waltham, MA, USA) at 450 nm, with a reference wavelength
of 620 nm. All samples were analysed in duplicate. The assay’s within-
run and between-run precision was lower than 15% throughout the
measurement range.

CA 125 (Ref#2K45), CEA (Ref #7K68), CYFRA 21-1
(Ref #2P55) and SCC (Ref #8D18) were measured using the
clinical grade chemiluminescent microparticle immunoassays on
ARCHITECT i2000 system (Abbott Laboratories, 100 Abbott Park

Table 1. Clinicopathological variables of the full patient
cohort

Clinical parameters N %
Number of patients 127 100.0

Age—median (range) 65 (29–87) —

Sex
Male 62 48.8
Female 65 51.2

Ethnicity group
Hispanic 15 11.8
Non-Hispanic 112 88.2

White 90 70.9
Black 9 7.1
Asian Pacific Islander 13 10.2

Tobacco use
Never 24 18.9
Previous/current 101 79.5
Unknown 2 1.6

Histology
Squamous 19 15.0
Adenocarcinoma 85 66.9
Large cell 4 3.15
Adenosquamous 4 3.15
Unclassified NSCLC 15 11.8

Stage
I 24 18.9
II 11 8.7
III 32 25.2

IIIA 16 12.6
IIIB 16 12.6

IV 60 47.2

Treatment
Surgery 38 29.9

w/ Radiation 2 1.6
w/ Chemotherapy 15 11.8
w/ Both 8 6.3
No other treatment 13 10.2

No surgery 89 70.1
w/ Radiation 7 5.5
w/ Chemotherapy 29 22.8
w/ Both 50 39.4
No other treatment 3 2.4

Status (at last contact)
Deceased 50 39.4
Alive 77 60.6

Abbreviations: NSCLC¼non-small cell lung cancer; w/¼with.
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Road, Abbott Park, IL, USA), according to the manufacturers’
protocol (Quinn, 2005). All samples were analysed in duplicate.
The within-run and between-run precision of all chemiluminescent
microparticle immunoassays was less than 10%.

‘The Cancer Genome Atlas’ mRNA expression data in tissue
samples. LAMC2 mRNA levels in NSCLC tissue samples were
assessed by analysing RNA sequencing data from ‘The Cancer
Genome Atlas’ portal (https://tcga-data.nci.nih.gov/tcga/, LUAD data
set, downloaded December 2013). In total, 417 patients had
information on both the mRNA expression at tumour tissue level
and overall survival (OS) (median OS: 3.4 years; 104 patients had
died through the follow-up). LAMC2 mRNA levels were dichot-
omised into high and low groups for the subsequent survival analysis.

Statistical analysis. Comparisons between groups were accom-
plished by analysis of variance or Pearson w2- (chi-square) tests.
Overall survival was considered the primary analysis end point—
measured from the time of diagnosis to the time of death.
Univariate Cox proportional hazards models (Cox, 1972) were
developed in order to investigate associations between different
variables and OS. The examined variables included risk factors and
clinicopathological parameters (such as age, smoking, histology,
stage, surgery, chemotherapy and radiation therapy), as well as the
continuous expression levels of all markers tested. All non-
parametric estimates of the survival function were based on the
Kaplan–Meier method (Kaplan and Meier, 1958) and differences
between two Kaplan–Meier curves were evaluated by the log-rank
test. Markers were assigned in two expression groups (high vs low)
based the assay manufacturers’ suggested cut-offs (CA 125:
35 U ml� 1, CEA: 5.00 ng ml� 1, CYFRA 21-1: 2.08 ng ml� 1 and
SCC: 1.5 ng ml� 1). Since LAMC2 lacks an optimal cut-off, the
median value (109.55 ng ml� 1) was chosen to dichotomise the
population cohort.

Those variables demonstrating significance in a univariate
analysis were included in subsequent multivariate modelling.
Model selection was performed by employing a stepwise approach
examining the inclusion or exclusion of each variable on every step.
Akaike’s information criterion (AIC) was used as a criterion to
assess the goodness of fit of each model (Akaike, 1974). Univariate
and multivariate Cox model regression coefficients were tested for
significance using a Wald w2-test. Concordance indices (c-index)
were calculated in order to evaluate each model’s performance in
the survival data and were considered a measure of predictive
ability (Harrell et al, 1982). The c-index is a natural extension of
the ROC curve area as applied to survival analysis. A c-index value
of 1 indicates perfect prognostic discrimination of a marker.
Because of the lack of an independent validation set, a cross-
validation bootstrap approach (N¼ 1000) was employed to obtain
a more realistic bias-corrected estimate of the model coefficients
and the c-index, as implemented by the R package rms (available
from http://biostat.mc.vanderbilt.edu/rms).

During statistical analyses, stage was analysed as a binary
predictor (I/II/IIIA vs IIIB/IV) and marker levels were log
transformed. Furthermore, all hypothesis testing was two-tailed,
and P-valueso0.05 were considered to indicate statistical sig-
nificance. Statistical analysis was performed using R statistical
software v 2.15.2 (available from http://www.Rproject.org) and SAS
v9.2 (SAS Institute, Cary, NC, USA).

RESULTS

Quantitative analysis of five tumour markers in serum samples.
Serum levels of the five markers (LAMC2, CA 125, CEA, CYFRA
21-1 and SCC) were assessed in the patient cohort using
commercial enzyme-linked immunosorbent assays (Supplementary
Table S1). CEA, CYFRA 21-1 and SCC were measured in a smaller

group of patients (N¼ 113), due to unsystematic depletion of
unrelated samples. To draw more reliable conclusions from our
study, LAMC2 was first analysed on its own in the full cohort,
followed by a comparative analysis with the rest of the markers in
the common cohort.

Survival analysis in the full patient cohort. Follow-up time
among the 127 patients varied from 0.13 to 8.41 years with a
median of 1.12 years. Median OS was 2.1 years (95% confidence
interval (CI): 1.87–2.82), as a result of 65 patients having an event
at 2 years or presenting follow-up 42 years. Among the patients,
50 had died during the duration of the study (39%). Median
follow-up time among the remaining 77 patients was 1.16 years
(interquartile range: 0.60–1.93). Only 38 patients had undergone
surgery and, therefore, we decided not to include relapse after
surgery as an end point.

Association of LAMC2 and clinical parameters with patient OS
using a univariate model in the full cohort. A univariate Cox
proportional hazards regression analysis (Supplementary Table S2)
revealed that among the seven clinical parameters (age, smoking,
histology, stage, surgery, radiation and chemotherapy), only
histology (adenocarcinoma vs squamous (hazards ratio
(HR): 1.724, 95% CI: 0.800–3.714) vs other (HR: 2.545, 95%
CI: 1.325–4.890), P¼ 0.0164)), stage (HR: 2.254, 95%
CI: 1.190–4.255, P¼ 0.0121) and surgery (HR: 2.362, 95% CI:
1.176–4.744, P¼ 0.0157) showed significant evidence of relation to
OS. LAMC2 expression displayed significant prognostic value for
OS (HR: 1.607, 95% CI: 1.268–2.037, Po0.0001). According to
Kaplan–Meier analysis, the median OS for patients with high levels
of LAMC2 was 1.68 years as compared with 2.82 years for patients
with low levels, indicating that LAMC2 is a marker of poor
prognosis (Supplementary Figure S1). At a follow-up of 2 years,
survival of patients with high vs low LAMC2 levels was 32% vs
79%, respectively, as compared with an OS of 54%.

The association of LAMC2 with the seven clinicopathogical
parameters was also examined (Student t-test or linear model,
where appropriate) (Supplementary Table S3). According to
results, LAMC2 was found to correlate (coefficient¼ 0.8807,
P¼ 0.0014) only with advanced disease stage (IIIB/IV).

Association of five tumour markers and clinical parameters with
patient OS using a univariate model in the common cohort.
Univariate Cox Proportional Hazards regression analysis of the
common cohort revealed that among the seven clinical parameters
(age, smoking, histology, stage, surgery, radiation and chemother-
apy), only histology (adenocarcinoma vs squamous (HR: 1.852,
95% CI: 0.776–4.422) vs other (HR: 3.449, 95% CI: 1.677–7.093),
P¼ 0.0032) and stage (HR: 2.415, 95% CI: 1.149–5.076, P¼ 0.020)
showed significant evidence of relation to OS. Surgery appeared to
be borderline non-significant (HR: 2.132, 95% CI: 0.980–4.637,
P¼ 0.0563) (Table 2).

LAMC2 expression displayed significant prognostic value for
OS (HR: 1.578, 95% CI: 1.207–2.063, P¼ 0.0009). Additionally, CA
125 (HR: 1.339, 95% CI: 1.151–1.557, P¼ 0.0002) and CYFRA 21-1
(HR: 1.492, 95% CI: 1.239–1.798, Po0.0001) were also related to
poor OS. The rest of the markers showed insignificant prognostic
ability in relation to OS.

According to Kaplan–Meier analysis, differences in the median
OS between high and low LAMC2 expression groups remained
significant (P¼ 0.0002) (Figure 1A). Similarly, median OS for
patients with high CYFRA 21-1 levels was 1.33 years compared
with 2.74 years for the ones with low levels (P¼ 0.0007)
(Figure 1B). On the other hand, median OS for patients with high
levels of CA 125 did not differ from the ones that had low levels
(2.30 years vs 2.56 years, P¼ 0.1007). Finally, the difference in
median OS between high vs low CEA expression groups was
marginally significant (P¼ 0.0378) (Figure 1C).
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The prognostic value of LAMC2 was maximised when analysis
was restricted to patients of the adenocarcinoma histological
subtype (N¼ 76, HR: 1.91, 95% CI: 1.25–2.919, P¼ 0.0028) but
not in the squamous histological subgroup (N¼ 16, HR: 0.941,
95% CI: 0.559–1.582, P¼ 0.8177). In the same manner, CA 125
was significant within the adenocarcinoma subgroup (N¼ 76,
HR: 1.405, 95% CI: 1.148–1.72, P¼ 0.001), but not in squamous
(N¼ 16, HR: 1.042, 95% CI: 0.503–2.161, P¼ 0.9116). CYFRA
21-1 was significant in both subgroups, showing higher
significance in the adenocarcinoma group (N¼ 76, HR: 1.424,
95% CI: 1.107–1.832, P¼ 0.0059). CEA was not significant at all,
while SCC was borderline significant in the squamous subgroup
(P¼ 0.0447).

Finally, LAMC2 levels did not display any major correlation
with the rest of the markers measured (Pearson’s ro0.27 in all
cases). In contrast, CA 125 and CYFRA 21-1 were moderately
correlated (r¼ 0.47, Po0.0001).

Association of combined sets of parameters with patient OS
using multivariate models in the common cohort. The six most
significant prognostic parameters (i.e., histology, stage, surgery
and markers: LAMC2, CA 125 and CYFRA 21-1) were selected
for inclusion in a multivariate prognostic model (Table 3). Before
that, a clinical model using histology, stage and surgery was
constructed for baseline comparison. Also, biomarker models
using various combinations of LAMC2, CA 125 and CYFRA 21-1
were built. According to the results, the two-parameter models
that included LAMC2 (LAMC2–CA 125 or LAMC2–CYFRA 21-1)
outperformed the rest but only the second model was included
in the rest of the analysis, as it achieved slightly better fit than
the first one (AIC: 288.482 vs 289.182). A model with CA 125
and CYFRA 21-1 showed considerable less prognostic ability
(AIC: 294.901).

The mixed five-parameter model had a better fit than the
clinical model or the biomarker model, as indicated by lower AIC
values (AIC: 286.51 vs 299.480 vs 288.482, respectively). Addition-
ally, the five-parameter model performed significantly better in
predicting OS with the estimated concordance indices of 0.81 vs
0.72 (P¼ 0.00018) vs 0.77 (P¼ 0.03726), respectively.

Moreover, Kaplan–Meier analysis was used to evaluate two-
marker combinations among LAMC2, CA 125, CEA and CYFRA
21-1. Combinations of LAMC2 with CA 125 (P¼ 0.0002, three df
test) or CYFRA 21-1 (Po0.0001, three df test) showed
statistically significant differences in OS between the four
possible expression groups (Figures 2A and B). Cox HRs indicated
that they can sufficiently discriminate between the intermediate
groups: HRLAMC2(+) CA 125(� ):1.99 and HRLAMC2(� ) CA 125(+):3.76
(P¼ 0.0001), HRLAMC2(+) CYFRA21-1(� ):3.08 and HRLAMC2(� )

CYFRA21-1(+):2.44 (Po0.0001) (Tables 4 and 5).

Investigating the prognostic capability of LAMC2 gene expres-
sion in an independent cohort. The prognostic potential of
LAMC2 gene expression at the mRNA level was examined in an
independent cohort consisting of 417 lung adenocarcinoma
tumour samples (The Cancer Genome Atlas). LAMC2 mRNA
levels displayed a significant prognostic value (log-rank test,
P¼ 0.0014; HR: 1.89, CI: 1.27–2.8, P¼ 0.0017), thus supporting
our earlier findings (Supplementary Table S4).

Table 2. Univariate Cox model for OS in the common cohort

Parameters Risk group HR 95% CI P-valuea

Age — 1.011 0.988–1.035 0.3444

Smoking Previous/
current

1.079 0.442–2.632 0.8672

Histologyb 0.0032

Squamous 1.852 0.776–4.422

Other 3.449 1.677–7.093

Stage IIIB-IV 2.415 1.149–5.076 0.02

Surgery No 2.132 0.980–4.637 0.0563

Radiation therapy No 0.817 0.439–1.521 0.5236

Chemotherapy No 0.956 0.438–2.085 0.9101

LAMC2c — 1.578 1.207–2.063 0.0009

CA 125c — 1.339 1.151–1.557 0.0002

CEAc — 1.058 0.947–1.181 0.318

CYFRA 21-1c — 1.492 1.239–1.798 o0.0001

SCCc — 1.040 0.741–1.461 0.8197

Abbreviations: CI¼ confidence interval; CA 125¼ cancer antigen 125; CEA¼ carcinoembryonic
antigen; HR¼hazards ratio; OS¼overall survival; SCC¼ squamous cell carcinoma antigen.
aBold values are statistically significant (Po0.05).
bAdenocarcinoma is the reference group (HR¼ 1).
cMarkers were analysed as log transformed continuous variables.
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Figure 1. Kaplan–Meier analysis of the association of (A) LAMC2, (B)
CYFRA 21-1 and (C) CEA serum levels with OS. Patients were
dichotomised (high vs low) based on cut-off values suggested by
manufacturer (CA 125, CEA and CYFRA 21-1) or the median value
(LAMC2).
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DISCUSSION

Serological biomarkers have proven to be very important in the
management of lung cancer (Stieber and Holdenrieder, 2010).
Previous clinical studies in NSCLC exposed the pros and cons of
common serum biomarkers for diagnostic applications (Molina
et al, 1989; Stieber et al, 1993; Molina et al, 1994; Schalhorn et al,
2001; Molina et al, 2010), while others underlined their value in
disease prognosis and therapy monitoring (Barak et al, 2010).
From a clinical standpoint, CYFRA 21-1, CEA, CA 125 and SCC
still represent the most valuable markers in NSCLC and are
primarily used for disease monitoring. However, their prognostic
value remains in doubt. Recently, focus has shifted on the
discovery of novel prognostic and monitoring markers, as a means
to improve clinical management of NSCLC.

Quite a few studies have investigated the expression of Laminin-332
and LAMC2 in human malignancies, either at the mRNA
and/or protein level, relating LAMC2 with aggressive disease and
unfavourable prognosis. LAMC2 expression has been detected at the
invasive front of numerous cancers (e.g, colorectal (Pyke et al, 1995),
pancreatic (Tani et al, 1997), gastric (Koshikawa et al, 1999), oral (Ono
et al, 1999), esophageal (Yamamoto et al, 2001) and skin (Hamasaki
et al, 2011)), including lung adenocarcinoma (Moriya et al, 2001).

Several studies have demonstrated a correlation between
LAMC2 expression and tumour invasion and metastasis. Accord-
ing to a study in lung SCC tissues, there seems to be an association
between strong LAMC2 staining at the tumour invasive front and
the presence of tumour buds—an important feature of cells
undergoing epithelial–mesenchymal transition and infiltrative
tumours in general (Masuda et al, 2012). Additionally, it has been
suggested that LAMC2 expression in cancer cells is elevated during
epithelial–mesenchymal transition (Aokage et al, 2011; Zhang et al,
2011) and that it is controlled by regulators of the epithelial–
mesenchymal transition process, such as ZEB1 and activated
b-catenin (Hlubek et al, 2001; Sanchez-Tillo et al, 2011).
This direct association of LAMC2 with epithelial–mesenchymal
transition and its positive effect on metastasis is being favoured by
a recent study in lung adenocarcinoma (Moon et al, 2015).
Another recent article has even proposed a direct interaction of
LAMC2 with epidermal growth factor receptor in anaplastic

thyroid carcinoma cells and further suggested that it could be a
target for therapeutic intervention (Garg et al, 2014).

Concerning the presence of LAMC2 in circulation, initial studies
have shown that Laminin-332 can be secreted by epithelial cells in the
extracellular matrix and enzymatically processed by matrix metallo-
proteinases, thus resulting in the release of LAMC2 fragments from
the complex (Giannelli et al, 1997; Koshikawa et al, 2000). According
to later studies, this release of LAMC2 fragments could be detected in
the bloodstream, while in malignant conditions it seems to be
associated with the aggressiveness of the disease (Katayama et al,
2003; Katayama et al, 2005; Kuratomi et al, 2008).

To our knowledge, this is the first clinical evaluation of LAMC2
as a serum prognostic NSCLC marker, either on its own or in
combination with other established prognostic modalities. Initially,
LAMC2 was analysed in the full cohort and displayed significant
prognostic value for OS (HR: 1.607, Po0.0001). In addition,
Kaplan–Meier analysis revealed significantly higher median OS for
patients with low levels of LAMC2 compared with patients with
high levels of LAMC2 (2.82 years vs 1.68 years, respectively)
(Supplementary Figure S1). Subsequently, LAMC2 and other four
tumour markers were analysed in a common cohort of 112
samples. LAMC2 maintained its prognostic ability, especially in
adenocarcinoma patients (N¼ 76, HR: 1.91, P¼ 0.0028). CA 125
and CYFRA 21-1 also showed great potential for prognosis and
were used together with LAMC2 and clinical variables to construct
multivariate prognostic models.

A constructed multivariate model combining LAMC2 and
CYFRA 21-1 levels, histological subtypes, tumour staging and

Table 3. Multivariate Cox models for OS in the common
cohort

Parameters Risk group HR 95% CI P-valuea

Clinical model
Histologyb 0.038

Squamous 2.336 0.954–5.718
Other 3.223 1.566–6.631

Stage IIIB–IV 2.144 0.748–6.143 0.1558
Surgery No 1.249 0.411–3.794 0.6949

Marker model
LAMC2c — 1.449 1.098–1.912 0.0087
CYFRA 21-1c — 1.387 1.148–1.676 0.0007

Full model
Histologyb 0.0262

Squamous 2.547 0.991–6.545
Other 2.361 1.118–4.984

Stage IIIB–IV 1.655 0.473–5.785 0.4304
Surgery No 1.353 0.372–4.919 0.6461
LAMC2c — 1.344 1.021–1.769 0.0352
CYFRA 21-1c — 1.398 1.126–1.736 0.0024

Abbreviations: CI¼ confidence interval; HR¼ hazards ratio; OS¼overall survival.
aBold values are statistically significant (Po0.05).
bAdenocarcinoma is the reference group (HR¼ 1).
cMarkers were analysed as log transformed continuous variables.
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Figure 2. Kaplan–Meier analysis of the association of (A) LAMC2–CA
125 and (B) LAMC2–CYFRA 21-1 combinations with OS. Patients were
dichotomised (high vs low) based on cut-off values suggested by
manufacturer (CA 125 and CYFRA 21-1) or the median value (LAMC2).
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surgery status (five-parameter model) was compared with a clinical
model (including histology, stage and surgery), as well a two-
parameter model consisting of LAMC2, CYFRA 21-1 (Table 3).
Our data suggested that addition of LAMC2 and CYFRA21-1 in
the prognostic model has a significant prognostic potential
(concordance index: 0.81 vs 0.72 vs 0.77), also underlined by the
calculated cross-validation concordance indices (0.79 vs 0.71 vs
0.76). Moreover, Kaplan–Meier analyses of several two-marker
models suggested that combinations of LAMC2 with CA 125 or
CYFRA 21-1 could discriminate between OS better than the rest of
the marker combinations (log-rank test, P¼ 0.0002 and Po0.0001,
respectively) (Figures 2A and B), enabling stratification of patients
into clear risk groups (Tables 4 and 5).

To further support our findings, evidence was sought in the The
Cancer Genome Atlas portal. LAMC2 mRNA levels revealed the
marker’s prognostic ability (log-rank test, P¼ 0.0014; HR: 1.88, CI:
1.27–2.80, P¼ 0.0017), thus confirming indirectly, and in an
independent cohort, the prognostic potential of the marker
(Supplementary Table S4).

In summary, our retrospective study reveals an important new
role for LAMC2 as a novel serum prognostic marker for NSCLC,
especially for lung adenocarcinoma. Along with LAMC2, we also
evaluated the prognostic performance of four known lung markers
(i.e., CA 125, CEA, CYFRA 21-1 and SCC). Our data confirmed
the association of the aforementioned markers with poor
prognosis. Results for some of the markers (e.g., SCC) were
inconclusive since non-adenocarcinoma samples were under-
represented. We found that the combination of LAMC2 with
CYFRA 21-1 displays significant prognostic information. Further-
more, when these two markers were combined with some
established clinicopathological parameters (i.e., histology, stage
and surgery) the prognostic potential was maximised. Our study is
limited by the small number of patients and the absence of
additional validation data sets. Additionally, The Cancer Genome
Atlas data have their own constraints as well, with more striking
one being the relatively short follow-up period (median follow-up:
0.64 years, mean follow-up: 1.43 years). However, our data clearly
highlight the potential of LAMC2 serum levels for NSCLC
prognosis, as well as its ability to complement and enhance the
performance of established clinical and biochemical markers of the
disease. Further evaluation of LAMC2 and rest of the markers
(alone or in combination) in larger independent patient cohorts is

necessary. In addition, the assessment of the aforementioned
molecules’ predictive value in trial settings is much needed, in
order to accomplish an important milestone towards individualised
therapy of lung cancer.
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