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Original Article

High expression of cell adhesion molecule 2 unfavorably 
impacts survival in non-small cell lung cancer patients with brain 
metastases
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Background: Lung cancer is one kind of malignant tumor with a high risk for morbidity and mortality 
compared to other solid organ malignancies. Brain metastases occur in 30–55% of non-small cell lung 
cancer (NSCLC) patients. Prognosis of NSCLC patients with brain metastases is very poor. Our previous 
study showed that cell adhesion molecule 2 (CADM2) could regulate the development of brain metastasis in 
NSCLC cells. Therefore, the objective of the study is to evaluate the effect of CADM2 on the prognosis of 
NSCLC patients with brain metastases. 
Methods: The expression of CADM2 was detected by quantitative real-time polymerase chain reaction 
(qRT-PCR) in the tissue of the primary tumor. Patients were followed up and overall survival (OS) was 
calculated. The relationships between CADM2 and clinicopathological features were analyzed using the chi-
square test. Kaplan-Meier analysis was carried out to demonstrate the influence of CADM2 on the OS of 
patients. Univariate and multivariate Cox analyses were used to determine the prognosis of NSCLC patients 
with brain metastases.
Results: A total of 139 NSCLC patients with brain metastases from the Affiliated Cancer Hospital & 
Institute of Guangzhou Medical University, treated between January 2015 and December 2017 were 
evaluated retrospectively. The expression level of CADM2 in patients ranged from 1 to 17.2677, with a 
median of 6.0772. Chi-square analysis showed that CADM2 gene expression level was not significantly 
associated with gender, age, tumor location, histological subtype, tumor T stage, extracranial metastasis, or 
smoking status. However, CADM2 expression was notably associated with risk for lymph node metastasis. 
The results of the Kaplan-Meier analysis showed that high expression [CADM2 messenger RNA (mRNA) 

2446

	
^ ORCID: 0000-0002-6895-9619.

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-21-307


2438 Dai et al. CADM2 and survival of NSCLC patients with brain metastases

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(4):2437-2446 | http://dx.doi.org/10.21037/jtd-21-307

Introduction

Lung cancer is the leading cause of cancer-related mortality 
throughout the world. According to Global Cancer Statistics 
2018, lung cancer is the most commonly diagnosed caner 
(11.6% of all cancer cases) and the leading cause of cancer 
death (18.4% of all cancer deaths) (1). Non-small cell lung 
cancer (NSCLC) accounts for 85% of all lung cancer, with 
small cell lung cancer (SCLC) accounting for the remaining 
15% (2). Clinically, approximately 80–90% of patients 
die as a consequence of local invasion and metastasis. 
Brain metastases represent a common complication in 
lung cancer patients, occurring in 30–40% of NSCLC 
and a significantly higher proportion of SCLC  (3).  
Some NSCLC patients with brain metastases suffer from 
severe neurological impairment and experience a poor 
quality of life. The median survival time (MST) in this 
setting is approximately 1–3 months (4).

Many studies have proven that clinical factors such as 
histology, stage, and age are rated to increased risk for 
developing brain metastasis in NSCLC patients (5-9). 
Waqar et al. (10,11) shown that non-squamous histology, 
tumor size and grade, node-positive disease, and a younger 
age were relevant clinical factors for brain metastasis. In 
addition, a variety of biomarkers have also been reportedly 
associated with brain metastasis (12-16). Compared with 
epidermal growth factor receptor (EGFR) wild-type, 
patients with NSCLC harboring EGFR mutations have 
higher risk for brain metastases (17,18). Moreover, brain 
metastases are more common in patients with a high 
expression of echinoderm microtubule-associated protein-
like 4 (EML4) and anaplastic lymphoma kinase (ALK) 

(19,20).
Cell adhesion molecules (CADMs), also known as 

synaptic cell adhesion molecules (SynCAMs) or nectin-like 
molecules (Necls), consist of a protein family, the majority of 
which belong to the immunoglobulin superfamily. They are 
involved in the maintenance of cell adhesion, cell polarity 
and tumor suppression. CADMs, including CADM1, 
CADM2, CADM3, and CADM4, play an important role 
in tumor development, invasion and metastasis (21). In a 
variety of tumors, including prostate cancer, SCLC, and 
pancreatic cancer, the expression of CADM1 is down-
regulated (22). Furthermore, CADM3 and CADM4 have 
also been found to be down-regulated in prostate and 
colon cancers (23-25). CADM2, which is a member of 
the CADM family, is an immunoglobulin‑like CADM. 
Our previous study showed that CADM2 could regulate 
the development of brain metastasis in NSCLC cells by 
inducing epithelial-mesenchymal transition (EMT) (26),  
suggesting that CADM2 may act as an oncogene and 
promote metastasis. However, the effect of CADM2 on 
the prognosis of NSCLC patients with brain metastases 
has not yet been reported. Based on our previous research, 
we hypothesize that CADM2 might affect the prognosis of 
NSCLC patients with brain metastases.

To confirm our hypothesis we performed a retrospective 
study in patients with NSCLC and brain metastases 
analyzing the relationship between overall survival (OS) and 
CADM2 expression. We present the following article in 
accordance with the REMARK reporting checklist (available 
at http://dx.doi.org/10.21037/jtd-21-307).

Methods

Patients

Patients from the Affiliated Cancer Hospital & Institute 

≥6.0772] of CADM2 was markedly associated with poor prognosis. Univariate and multivariate Cox analyses 
demonstrated that CADM2 was an independent risk factor for survival in NSCLC patients with brain 
metastases (P<0.05).
Conclusions: CADM2 expression is up-regulated and closely associated with disease progression and poor 
prognosis in NSCLC patients with brain metastases. CADM2 expression warrants special consideration 
given its potential prognostic significance that might help inform clinical decision making.
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of Guangzhou Medical University treated between 
January 2015 and December 2017 were included in this 
retrospective study. We received approval from the local 
research ethics committee of Affiliated Cancer Hospital & 
Institute of Guangzhou Medical University (No. 2020-57),  
and written informed consent was obtained from all 
subjects for sample collection and research use. All NSCLC 
diagnoses were cito-histologically confirmed and the 
presence of brain metastasis was radiologically confirmed. 
Tumor staging was assessed according to the tumor-node-
metastasis (TNM) staging system. Included cases fulfilled 
the following criteria: (I) patients with newly diagnosed 
NSCLC and brain metastases; (II) histologically or 
cytologically confirmed primary NSCLC, with no history 
of other tumor types; (III) brain metastases detected by 
cranial computed tomography (CT), cranial magnetic 
resonance imaging (MRI), or both; (IV) complete clinical 
characteristics profile data available (gender, age, tumor 
location, histology, T category, N category, extracranial 
lesions, smoking status) available; (V) availability of 
histological specimens; (VI) Chinese origin. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). 

Quantitative real-time polymerase chain reaction (qRT-
PCR)

Total ribonucleic acid (RNA) from lung tissue was isolated 
using TRIzol Reagent (Invitrogen, California, USA) 
according to the manufacturer’s instructions. Next, the 
extracted RNA was reverse-transcribed into complementary 
deoxyribonucleic acid (cDNA) using the Prime Script 
RT reagent Kit (TaKaRa, Shiga, Japan). QRT-PCR 
was performed using Premix EX TaqTM (Probe qPCR) 
(TaKaRa), and the primer sequences are shown in Table 1. 
The reaction conditions were as follows: pre-denaturation 
at 95 ℃ for 3 min, followed by 30 cycles at 95 ℃ for 30 s, 

annealing at 55 ℃ for 30 s and extension at 55 ℃ for 1 min. 
qRT-PCR was performed using the ABI PRISM® 7300 
Sequence Detection System (Foster City, CA, USA). Each 
reaction was performed in triplicate. CADM2 expression 
was quantified by the 2−ΔΔCt method (13), and β-actin was 
used as an internal control.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 software 
(SPSS Inc., Chicago, IL, USA). All data were expressed 
as mean ± standard deviation (SD). Statistical differences 
were evaluated using Chi-square tests and Student’s t-tests. 
Survival analysis was performed by means of Kaplan-Meier 
curves and log-rank test. The prognostic relevance of the 
clinicopathological data was analyzed using univariate and 
multivariate Cox regression analyses. P values of ≤0.05 for 
two-sided tests were considered statistically significant.

Results

Baseline characteristics of NSCLC patients with brain 
metastases

One hundred and thirty-nine NSCLC patients with 
brain metastases were enrolled in this study. The baseline 
characteristics of the study group are summarized in Table 2. 
There were 79 males and 60 females, with the mean age of 
57 years (range, 31–78 years). The mean duration of follow-
up was 2 years.

Follow-up

Patients were followed up by outpatient consultations or 
telephone after enrollment. Considering that the team 
performing this study is different from medical oncologist 
treating the patients included, same date on treatment 
received are missing. Follow-up was continued until the 
patient died or was lost to follow-up, with a data cutoff 

Table 1 Reverse transcription-quantitative polymerase chain reaction primer sequences

Gene Primer sequence

CADM2 F: 5'-GCTCTGGGCCTCATGGTTT-3'

R: 5'-CAGCTGAGCAGAGGCAACTTT-3'

β-actin F: 5'-GCATGGGTCAGAAGGATTCCT-3'

R: 5'-TCGTCCCAGTTGGTGACGAT-3'
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date of April 2020. The OS time was calculated from the 
date of pathological diagnosis until last available follow-
up. Follow-up took place during two time periods: the first 
follow-up time was in April 2018; 68 patients had died, 65 
patients were alive, and 6 patients were lost at follow-up. 

The second follow-up time was in April 2020; 111 patients 
had died, 11 patients were alive, and 11 patients were lost 
to follow-up. In total, 17 patients were lost to follow-up 
(12.2%). The overall 1-year survival rate was 72.7%, overall 
2-year survival rate was 37.4%, overall 3-year survival rate 
was 10.8%, and the overall 4-year survival rate was 5.0%.

Expression of CADM2 in NSCLC patients with brain 
metastasis

CADM2 expression in the lung tissue of all 139 NSCLC 
patients with brain metastases was assessed by qRT-PCR. 
As shown in Figure 1, CADM2 expression ranged from 1 
to 17.2677, with a median of 6.0772. Patients were divided 
into a high expression group (expression ≥6.0772) and a low 
expression group (expression <6.0772) based on this median 
value.

Relationships between CADM2 and the clinicopathological 
features of NSCLC patients with brain metastases

Associations between CADM2 and clinicopathological 
features were analyzed by the chi-square test (Table 3). 
CADM2 expression level was not associated with gender, 
age, tumor location, histological subtype, tumor T stage, 
smoking status, or extracranial metastasis. A significant 
association between CADM2 expression and lymph node 
metastasis (N) was observed (90.1% of patients with CADM2 
high were N-positive vs. 77.9% in the group CADM2 low, 
P=0.049). Patients with positive lymph nodes (N1, N2, or 
N3) had a significantly higher level of CADM2 expression 
compared to those with negative lymph nodes (N0).

High CADM2 expression is associated with poor prognosis 

Kaplan-Meier analysis demonstrated that patients with 
lower CADM2 levels had a longer OS compared to patients 
with increased levels of CADM2 [median OS: 23 vs.  
17 months; P=0.021; hazard ratio (HR): 1.49, 95% CI: 1.013 
to 2.191; Figure 2, Table 4].

Univariate and multivariate Cox analyses for prognosis of 
NSCLC patients with brain metastases

To identify potential prognostic significance, the univariate 
Cox model was applied to estimate individual clinical 
parameters for OS. The group with a value of 0 in Table 5 
was considered as the control. No significant association 

Table 2 Baseline characteristics of NSCLC patients with brain 
metastases 

Variable N

Gender

Male 79

Female 60

Age (years)

<65 102

≥65 37

Tumor location

RUL 36

RML 8

RLL 29

LUL 36

LLL 30

Histology

AC 116

NAC 23

T category

T1 + T2 49

T3 + T4 90

N category

N1 + N2 + N3 117

N0 22

Extracranial lesions

Yes 97

No 42

Smoking

Yes 62

No 77

NSCLC, non-small cell lung cancer; N, Number of patients; RUL, 
right upper lobe; RML, right middle lobe; RLL, right lower lobe; 
LUL, left upper lobe; LLL, left lower lobe; AC, adenocarcinoma; 
NAC, non-adenocarcinoma.
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was observed between OS and gender, tumor location, 
histological subtype, T stage, N stage, extracranial 
metastasis, or smoking status (Table 6). Conversely, age 
(P=0.031) and CADM2 expression level (P=0.026) were 
prognostic for OS in the univariate analysis (Table 6). These 
two variables were subsequently included in the multivariate 
Cox model, which showed that CADM2 expression level 
was an independent prognostic factor for OS, with a 
mortality rate in the high CADM2 group 1.49 times higher 
than that of low CADM2 group (P=0.043, Table 7).

Discussion

NSCLC patients with brain metastases are difficult to 
treat, due to the reduced distribution of cancer treatments 
across the blood brain barrier, a phenomenon which is 
associated with poor overall prognosis. Defining potential 
prognostic factors of brain metastases is of great clinical 
significance. Lee et al. (27) confirmed that pretreatment 
serum carcinoembryonic antigen (CEA) level was markedly 
related to brain metastases of advanced NSCLC. Our 
previous study demonstrated that CADM2 promoted brain 
metastasis by inducing EMT in human NSCLC (26).

CADM2 is expressed in many tissues, including liver, 
lung, and kidney. However, it is lowly expressed in tumors, 
especially in invasive and metastatic tumors. Li et al. (28) 
defined that overexpression of CADM2 could inhibit the 
EMT process, as well as the migratory and invasive ability 
of hepatocellular carcinoma (HCC) cells. They confirmed 
that CADM2 expression was significantly down-regulated 

in HCC tissues compared to normal according to The 
Cancer Genome Atlas (TCGA) data analysis and fresh 
HCC sample detection. Yang et al. (29) described that 
the expression of CADM2 was notably down-regulated 
in HCCs, and that expression was associated with serum 
alpha-fetoprotein (AFP), differentiation, vascular invasion, 
and hepatitis B surface antigen (HBsAg). In addition, they 
determined that CADM2 is an independent risk factor for 
HCC recurrence. Huang et al. (30) found that inhibition of 
microRNA (miR)-182 could suppress cell viability, invasion, 
and angiogenesis in retinoblastoma through inactivation 
of the phosphoinositide 3-kinase (PI3K)/protein kinase 
B (AKT) pathway and CADM2 up-regulation. In a 
separate study, Liu et al. (31) demonstrated that CADM2 
was markedly down-regulated in human glioma tissues 
compared with normal brain and glioma cell lines, and 
that CADM2 expression level was significantly decreased 
in high‑grade glioma tissues. CADM2 also inhibited the 
migration and invasion of U87 and U251 cells. Lastly, He  
e t  a l .  (32 ,33)  reported that  the  CADM2 gene i s 
downregulated in human clear renal cell carcinoma by DNA 
promoter hypermethylation and/or loss of heterozygosity. 
The loss of CADM2 expression was also associated with a 
higher tumor pathologic stage. The reason why CADM2 
plays a different role in our study from prior reports may be 
that the background environment of the gene is different. 
Ultimately, the CADM2 mechanism is not clear and further 
study is needed.

Thus far, there have been no studies that have evaluated 
the relationship between CADM2 and prognosis in NSCLC 

Figure 1 The expression of CADM2 in NSCLC patients with brain metastases. CADM2, cell adhesion molecule 2; NSCLC, non-small cell 
lung cancer.
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patients with brain metastases. In our study, chi-square 
analysis identified that the level of CADM2 gene expression 
was not significantly correlated with gender, age, tumor 
location, histological subtype, tumor T stage, extracranial 
metastasis, or smoking. However, it was significantly 

associated with the presence of lymph node metastasis. 
Patients with positive lymph nodes had a markedly higher 
level of CADM2 expression. Our previous research showed 
that CADM2 was highly expressed in patients with brain 
metastases and CADM2 might regulate EMT (24). In this 

Table 3 The relationship between CADM2 and the clinicopathological features of NSCLC patients with brain metastases

Variable N
CADM2 mRNA

χ2 P
Low High

Gender 0.649 0.420

Male 79 41 38

Female 60 27 33

Age (years) 0.001 0.969

<65 102 50 52

≥65 37 18 19

Tumor location 5.077 0.279

RUL 36 18 18

RML 8 3 5

RLL 29 17 12

LUL 36 20 16

LLL 30 10 20

Histology 2.205 0.138

AC 116 60 56

NAC 23 8 15

T category 0.519 0.471

T1 + T2 49 26 23

T3 + T4 90 42 48

N category 3.880 0.049

N1 + N2 + N3 117 53 64

N0 22 15 7

Extracranial lesions 0.288 0.591

Yes 97 46 51

No 42 22 20

Smoking 0.052 0.819

Yes 62 31 31

No 77 37 40

All statistical tests were two-sided and P<0.05 was considered significant. NSCLC, non-small cell lung cancer; Low, CADM2 messenger 
RNA (mRNA) <6.0772; High, CADM2 mRNA ≥6.0772; N, number of patients; RUL, right upper lobe; RML, right middle lobe; RL, right lower 
lobe; LUL, left upper lobe; LLL, left lower lobe; AC, adenocarcinoma; NAC, non-adenocarcinoma; CADM2, cell adhesion molecule 2.
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study we found that CADM2 gene in NSCLC patients 
with brain metastases was associated with poor prognosis. 
Additionally, univariate and multivariate Cox analyses 
identified that CADM2 was an independent risk factor for 
poor survival of NSCLC patients with brain metastases. 
This implies that CADM2 plays an important role in brain 
metastases, and that expression may be a new target for 
prevention and/or treatment of NSCLC patients with brain 
metastases.

Nevertheless, this study has several limitations. Firstly, 
the number of patients is relatively small and should be 
expanded. Secondly, all patients were from a single hospital 
in China, which is not widely representative of NSCLC 
from around the world. Thirdly, considering that the team 
performing this study is different from medical oncologist 
treating the patients, data on anticancer treatment received 
by the patients included are missing. Thus, larger, high-
quality multicenter studies are needed for further validated 
our finding.

Figure 2 Kaplan-Meier analysis of the survival rate of NSCLC patients with brain metastases in relation to CADM2 expression. HR, hazard 
ratio; NSCLC, non-small cell lung cancer; CADM2, cell adhesion molecule 2. 
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Table 4 Kaplan-Meier survival analysis (log-rank test) according to the level of CADM2 in NSCLC patients with brain metastases 

CADM2 mRNA

Mean OS (months) Median OS (months)

Time SE
95% CI

Time SE
95% CI

CL CU CL CU

High 20.127 1.796 16.607 23.646 17.000 2.033 13.015 20.985

Low 26.610 2.234 22.230 30.990 23.000 4.013 15.135 30.865

NSCLC, non-small cell lung cancer; OS, overall survival; CI, confidence interval; SE, standard error; CL, lower confidence interval limit; 
CU, upper confidence interval; Low, CADM2 mRNA <6.0772; High, CADM2 mRNA ≥6.0772; CADM2, cell adhesion molecule 2.

Table 5 Cox regression analysis assignment table 

Variable Assignment 

Gender Male =1, female =0

Age (years) ≥65=1, <65=0

Tumor location RUL =1, RML =2, RLL =3, LUL =4, LLL =0

Histology AC =1, NAC =0

CADM2 mRNA High =1, low =0

T category T1 + T2=1, T3 + T4=0

N category N1, N2, N3=1, N0=0

Extracranial lesions Yes =1, No =0

Smoking Yes =1, No =0

The group with a value of 0 was considered as the control 
group. RUL, right upper lobe; RML, right middle lobe; RLL, 
right lower lobe; LUL, left upper lobe; LLL, left lower lobe; AC, 
adenocarcinoma; NAC, non-adenocarcinoma; Low, CADM2 
mRNA <6.0772; High, CADM2 mRNA ≥6.0772; CADM2, cell 
adhesion molecule 2.
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Table 6 Univariate survival analyses (log-rank test) according to the clinicopathological features in NSCLC patients with brain metastases

Variable B SE Walds P HR 95% CI

Gender 0.307 0.193 2.528 0.112 1.360 0.931–1.985 

Age (years) −0.472 0.218 4.672 0.031 0.624 0.407–0.957 

Tumor location 0.941 0.919

RUL −0.107 0.273 0.154 0.695 0.898 0.526–1.535 

RML 0.205 0.459 0.200 0.655 1.228 0.499–3.019

RLL −0.084 0.287 0.086 0.770 0.920 0.524–1.612

LUL −0.188 0.288 0.429 0.513 0.828 0.471–456.000

Histology 0.335 0.287 1.362 0.243 1.399 0.796–2.457

CADM2 mRNA 0.437 0.196 4.989 0.026 1.548 1.055–2.270

T category −0.171 0.202 0.716 0.397 0.843 0.568-1.252

N category 0.07 0.259 0.074 0.786 1.073 0.646–1.782

Extracranial lesions −0.114 0.214 0.282 0.595 0.893 0.587–1.357

Smoking 0.318 0.191 2.781 0.095 1.375 0.946–1.999

NSCLC, non-small cell lung cancer; HR, hazard ratio; CI, confidence interval; RUL, right upper lobe; RML, right middle lobe; RLL, right 
lower lobe; LUL, left upper lobe; CADM2, cell adhesion molecule 2.

Table 7 Multivariate survival analyses for overall survival according to the Cox regression model

Variable B SE Walds P HR 95% CI

Age (years) 0.422 0.219 3.700 0.054 1.524 0.992–2.342

CADM2 mRNA 0.399 0.197 4.109 0.043 1.490 1.013–2.191

SE, standard error; HR, hazard ratio; CI, confidence interval; CADM2, cell adhesion molecule 2.

In conclusion, our study demonstrated that high 
CADM2 expression was associated with poor prognosis 
of NSCLC patients with brain metastases. CADM2 
expression may represent a novel target for patients with 
brain metastasis that are poorly treated by conventional 
therapy. Improvements in screening, a more thorough 
understanding of tumor gene expression, and novel targets 
that impact actionable mutations represent important ways 
to reduce the mortality associated with NSCLC.
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