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Abstract
Background: N-myc downstream-regulated gene 2 (NDRG2) plays a substantial role in lung adenocarcinoma (LUAD). Epidermal growth factor receptor
(EGFR)-sensitizing mutation could significantly improve prognosis in patients with LUAD. Here, we aimed to elucidate the prognostic value of NDRG2
combined with EGFR-sensitizing mutations in patients with LUAD.

Methods: Lung parenchyma specimens obtained during surgery or CT-guide percutaneous lung puncture biopsy for the NDRG2 protein and EGFR
genomic testing were obtained. Associations between NDRG2/EGFR and clinicopathological characteristics of patients with LUAD were extracted from
the Tianjin First Central Hospital in China between June 2013 and June 2014.

Results: The expression of NDRG2 was significantly decreased in patients with LUAD. Expressions of NDRG2 and EGFR-sensitizing mutations showed
positive correlations with survival. Expression of NDRG2 and EGFR-sensitizing mutations were associated with the longer overall survival (OS),
disease-free survival (DFS) and progression-free survival (PFS). Advanced stages were significantly associated with low expression of NDRG2. In
multivariate analysis, compared with other patients, NDRG2 (+)/EGFR (+) was independently associated with prolonged OS and PFS.

Conclusion: NDRG2 combined with EGFR-sensitizing mutations might be valuable markers to evaluate the prognosis of LUAD patients. 

Background
Lung cancer remains the leading cause of cancer-related death worldwide, accounting for 19.4% of cancer mortality among adults [1]. Among lung
cancers, small-cell lung cancers represent approximately 15% of the cases and non-small cell lung cancers (NSCLCs) approximately 85%. NSCLC
includes lung adenocarcinoma (LUAD), which is the most prevalent subtype of lung cancer [2]. Only approximately 20% of patients with NSCLC can be
potentially treated by resection, and the remaining are diagnosed in advanced stages [3]. Despite advances accomplished in terms of early detection
and standard treatments such as surgery, chemotherapy, radiotherapy, and iodine-125 (125I) brachytherapy, the overall survival (OS) of NSCLC still
remains poor [3, 4].

Targeted therapy, such as tyrosine kinase inhibitors (TKIs), has recently emerged as a new therapeutic approach for patients with advanced NSCLC,
especially for LUAD harboring EGFR mutations, showing better progression-free survival (PFS) compared with wild type tumors [5, 6]. Nevertheless,
after surgical resection, several patients eventually relapse due to inevitable drug resistance, and patients lacking driver oncogene aberrations are still
treated with traditional regimens, with poor outcomes [7]. Hidayat et al. found that FBXW7 expression in CD133-positive cells was increased, and c-
MYC expression was decreased in gefitinib-resistant tumors from PC9 cells in mice and in nine out of 14 tumor specimens from patients with EGFR-
mutant NSCLC and acquired resistance to gefitinib [8]. Another study reported that hyperprogressive disease (HPD) promptly leads to death in patients
harboring EGFR exon 20 insertion mutation and MYC amplification [9]. Consequently, the interaction between MYC and EGFR mutations may play a
significant role in malignant tumor cells, involving cell proliferation, invasion, and metastasis.

The N-myc downstream-regulated gene (NDRG) family consists of four members: NDRG1, NDRG2, NDRG3, and NDRG4 [10]. A previous study showed
that NDRG2 exerts important functions in cell differentiation and tumor suppression. Researches revealed that DNA damage, hypoxia, and
glucocorticoids promoted NDRG2 expression, and NDRG2 can be transcriptionally activated by p53 and HIF1-α [11]. Decreased expression of NDRG2
has been found in several types of human cancers, such as lung cancer, bladder cancer, colon cancer, pancreatic cancer, thyroid cancer, glioblastoma,
melanoma, and meningioma; besides, NDRG2 was found as a candidate tumor suppressor gene [12]. Although a previous analysis revealed that
NDRG2 might serve as a novel prognostic marker in human lung cancer, its prognostic value among patients with mutant EGFR adenocarcinoma has
not been studied adequately.

Accordingly, the purpose of this study was to explore the prognostic impact of NDRG2 expression based on the EGFR-sensitizing mutation status in
LUAD patients.

Methods
Patients

A total of 89 LUAD patients were prospectively enrolled in this cohort study at the Tianjin First Central Hospital between June 2013 and June 2014.
Patients who received neoadjuvant chemotherapy, radiotherapy, or those diagnosed with distant metastasis at initial presentation were excluded.
Clinicopathological characteristics including survival data were retrospectively collected by review of medical records (Table 1).

Tumor staging and grading were according to the 8th edition of the Union for International Cancer Control (UICC) TNM classification of malignant
tumors. Hematoxylin and eosin (H&E) staining of tissue slides was performed and verified by two board-certified pathologists.

Among the patients (89), 34 cases underwent curative‑intent surgery; 55 cases with advanced LUAD were treated with iodine-125 (125I) brachytherapy.
Patients only received four courses of chemotherapy, mainly platinum-pemetrexed combination, as part of their treatment.
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Normal tissues were removed from at least 5 cm away from the edge of the tumors. All tumor samples obtained during surgery or CT-guide
percutaneous lung puncture biopsy underwent genomic testing to detect EGFR mutations.

EGFR mutation analysis

DNA from formalin-fixed, paraffin-embedded tumor tissue and matched blood samples was extracted. Comprehensive genomic profiling was
performed by next generation sequencing (NGS) with a 37 or 450 cancer related gene panel covering the whole EGFR gene at a mean coverage depth
of > 800x. The genomic alterations including single base substitution and deletions were assessed.

Immunohistochemistry
In the present study, formalin-fixed paraffin-embedded tissue sections (thickness, 4-µm) were used for detecting the expression of NDRG2. Tissue
sections were dewaxed, rehydrated, antigen-retrieved, and cooled to room temperature. The sections were incubated with mouse monoclonal anti-
NDRG2 antibody (1:500 dilution, Santa Cruz Biotechnology, Santa Cruz, CA, USA) at 4ºC overnight, rinsed with phosphate-buffered saline (PBS), and
incubated with horseradish peroxidase (HRP)-labeled goat anti-mouse secondary antibody for 60 min. NDRG2 expression was revealed using 3,3′-
diaminobenzidine (DAB) as the chromogen. Negative control was performed by replacing the primary antibody with normal mouse serum. The brown
or yellow staining was identified as a positive expression. The total staining score of 0-12 was considered in a semi-quantitative manner and stratified
as follows: negative (-, range of score: 0-1), weak (+, range of score: 2-4), moderate (++, range of score: 5-8), or strong (+++, range of score: 9-12). The
tumor specimens were divided into the low-expression group (range of score: 0-4) and the high-expression group (range of score: 5-12) [12].

Western blot analysis

Total protein concentration was measured by the bicinchoninic acid (BCA) assay kit. The proteins were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto polyvinylidene fluoride (PVDF) membranes. The membranes were incubated with
mouse anti-human NDRG2 antibody (1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA) and GAPDH antibody (1:1000, Beyotime Institute of
Biotechnology, Haimen, China) at 4°C overnight after being blocked with 5% non-fat milk for 1 h. The membranes were washed and incubated with
HRP-conjugated secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA). The blots were visualized using an enhanced
chemiluminescence kit (Amersham Pharmacia Biotech, Arlington Heights, IL, USA) according to the manufacturer’s instructions. Each experiment was
performed in triplicate.

Quantitative real-time PCR

The total RNA was extracted from the fresh tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions.
The first chain of cDNA was synthesized by reverse transcription with TaqMan® Reverse Transcription Reagents (Applied Biosystems, Grand Island,
NY). GAPDH was used as internal control. The sequences of the primers were: NDRG2, forward-5’-ATG GCG GAG CTG CAG GAG GTC-3’, and reverse-5‘-
AAC AAG GGC CAT TCA ACA GGA GAC-3’; GAPDH, forward-5’-GCC TCA AGA TCA GCA AT-3’ and reverse-5’-AGG TCC ACC ACT GAC ACG TT-3’. RT-PCR
reaction was performed using the CFX96 Touch PCR system (Bio-Rad). The relative mRNA expression of NDRG2 was calculated by the -2∆∆Ct method.
Each experiment was undertaken in triplicate.

Statistical analysis

Statistical analysis was performed with SPSS software (version 18.0; SPSS, Chicago, IL, USA). Continuous data were presented as means ± standard
deviations (SD). Differences between categorical variables were investigated by the chi-square test. The differences in means between groups were
analyzed using the Student’s t-test. The relationship between NDRG2 expression levels and clinicopathological factors was analyzed using the
Wilcoxon- Mann-Whitney test.

The patient’s survival curves were evaluated using the Kaplan-Meier method, and PFS, DFS and OS were compared using the log-rank test as well as
univariate Cox proportional-hazards regression model. To adjust for the clinically important factors, multivariate Cox proportional-hazards regression
model was utilized. All statistical tests were two-sided, and P < 0.05 was considered statistically significant.

Results
Clinical characteristics of the patients

In total, 89 patients with lung adenocarcinoma were included in this retrospective study. The median age of the study population was 65.6 years old
(range, 38-86) and 52 (58.4 %) were male. NDRG2 expression was positive in 36 (40.4 %) patients. EGFR mutations (denoted as EGFR (+)) were
detected in 29 (32.6 %) patients. 69 (77.5 %) patients received postoperative adjuvant chemotherapy. The baseline characteristics of the study
population and their associations with NDRG2 and EGFR are summarized in Table 1.

Driver mutations in the LUAD

The EGFR mutation patterns are shown in Table 2. The most frequent mutations found in EGFR in turn were the exon 19 deletion (51.7 %), followed by
the activation-mutation of exon 21 (L858R) (41.4 % of the cases).
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Expression of NDRG2 and EGFR mutations correlates with clinicopathological characteristics of LUAD

The expression and distribution of NDRG2 in 34 cases of lung adenocarcinoma were examined by IHC (Figure 1 A-C). In total, 23 (67.6 %) cases were
highly positive for NDRG2 (denoted as NDRG2 (+)) while 11 (32.4 %) cases were negative-to-weakly positive (denoted as NDRG2 (-)). 34 cases of lung
adenocarcinoma were also examined by Western blotting and qRT-PCR revealed that the expression of NDRG2 at the protein (Figure 1 D) and mRNA
(Figure 1 E) levels in LUAD was significantly lower compared with adjacent non-carcinoma tissues.

To evaluate the expression of NDRG2 in different stages of LUAD, we divided LUAD samples into four groups according to the disease stage. The
expression of NDRG2 decreased as the TNM stage increases (Figure 1 F-G).

Statistically significant correlations were found between the level of NDRG2 expression and the presence of vascular invasion (P < 0.001), and TNM
stage (P < 0.001). Meanwhile, statistically significant correlations were found between the wild-type of EGFR (denoted as EGFR (-)) and the poor degree
of histological differentiation (P = 0.001), the presence of vascular invasion (P<0.001), TNM stage (P < 0.001) and smoking history (P = 0.003) (Table
1).

Prognostic significance of NDRG2 and EGFR

The Kaplan-Meier analysis for postoperative OS and DFS showed that patients with preserved NDRG2 and mutant EGFR had longer OS, and better
DFS than patients with reduced NDRG2 and wild-type EGFR (Figure 2). The results also showed that iodine-125 radioactive seeds brachytherapy for
advanced LUAD with low expression level of NDRG2 and wild-type EGFR led to significantly poor OS and PFS (Figure 3).

In subgroup univariate analysis according to the surgery, LUAD patients with reduced NDRG2 expression was significantly associated with a lower OS
(hazard ratio (HR) 0.267, 95% confidence interval (CI) 0.107-0.662, log-rank p = 0.004) and showed a trend toward lower DFS (HR 0.306, 95% CI 0.101-
0.927, log-rank p = 0.036). EGFR mutation was significantly associated with higher OS rate (HR 0.139, 95% CI 0.045-0.428, log-rank p = 0.001) and
better DFS (HR 0.169, 95% CI 0.046-0.801, log-rank p = 0.007) (Table 3).

In subgroup univariate analysis according to the iodine-125, highly positive NDRG2 expression was associated with better OS (hazard ratio (HR) 0.484,
95% confidence interval (CI) 0.251-0.935, log-rank p = 0.031) and PFS (HR 0.489, 95% CI 0.251-0.950, log-rank p = 0.035). EGFR mutation showed a
trend toward better OS (HR 0.071, 95% CI 0.023-0.217, log-rank p = 0.000) and PFS (HR 0.188, 95% CI 0.082-0.432, log-rank p = 0.000) (Table 3).

In multivariate analysis, NDRG2 and EGFR may be two prognostic factors for OS of LUAD patients (Table 4).

Prognostic significance of the combinations of NDRG2 and EGFR

The patients into two groups in terms of the marker combinations as follows: the first group consisted of patients who were NDRG2 (+)/EGFR (+), and
the second group consisted of patients who were NDRG2 (+)/EGFR (-), NDRG2 (-)/EGFR (+), and NDRG2 (-)/EGFR (-).

Kaplan-Meier analysis (Figure 4) showed that OS was lower in the others group than in the NDRG2 (+)/EGFR (+) group; the DFS and PFS were also
significantly poorer in the former.

In univariate analysis according to the surgery, NDRG2 (+)/EGFR (+) was associated with both longer OS (HR 0.145, 95% CI 0.042-0.504, log-rank p =
0.002) and longer DFS (HR 0.219, 95% CI 0.060-0.801, log-rank p = 0.022) (Table 3). In multivariate analysis according to the surgery, NDRG2 (+)/EGFR
(+) was significantly associated with a longer OS (HR 16.019, 95% CI 0.036-174.349, p = 0.032) but not with DFS (HR 1.002, 95% CI 0.137-7.208, p =
0.999) (Table 4).

  In univariate analysis according to the iodine-125, NDRG2 (+)/EGFR (+) group showed better OS (HR 0.269, 95% CI 0.104-0.696, p = 0.007) and PFS
(HR 0.272, 95% CI 0.103-0.716, p = 0.008) (Table 3). In multivariate analysis according to the iodine-125, NDRG2 (+)/EGFR (+) group showed better OS
(HR 3.675, 95% CI 1.020-13.249, p = 0.047) and PFS (HR 0.399, 95% CI 0.086-1.040, p = 0.048). In addition, vascular invasion, adjuvant chemotherapy
and TNM stage were also shown to be independent prognostic factors after controlling for all other clinicopathological factors (Table 4).

Discussion
To improve the prediction of lung cancer survival, several tumor markers have been assessed and extensively used [13, 14], but each marker has its
own specificity and sensitivity, which might lead to limitations in prognostic ability. The combined detection of tumor markers may be of great
importance for improving the prediction of lung cancer survival. 

MYC influences growth, proliferation, differentiation, and apoptosis of cancer cells through regulating the expression of numerous genes[15]. In
addition, MYC governs events associated with tumor progression, including genetic stability, migration, and angiogenesis [16]. Two human cDNAs,
encoding NDRG3 and NDRG4, are homologous to NDRG1. These two genes, together with NDRG1 and a previously deposited cDNA (designated
NDRG2), constitute the NDRG gene family, which is identified as a novel type of myc-repressed genes and believed to play important roles in diverse
biological processes of human cancer [17]. Previous studies reported that NDRG2 was associated with human lung cancer, and the decreased
expression of NDRG2 was correlated with a worse outcome of lung cancer patients [12, 18]. Similarly, we showed significantly decreased NDRG2
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levels in patients with lung adenocarcinoma. NDRG2 levels showed opposite correlated with cancer progression on the basis of the TNM staging
system. Advanced disease stage was significantly associated with low NDRG2, suggesting that NDRG2 can be a promising tumor marker of lung
adenocarcinoma reflecting systemic tumor burden. We also confirmed that NDRG2 positivity was correlated with EGFR mutations.

EGFR mutations are detectable in approximately 10-35% of lung adenocarcinoma [19]. Several EGFR-targeting tyrosine kinase inhibitors (TKIs) have
demonstrated higher objective response rates (ORR) and PFS over chemotherapy in patients with advanced disease, making first-line EGFR TKIs the
treatment of choice for this subtype of adenocarcinoma [20,21,22]. Catherine Labbé et al. demonstrated that patients with dual TP53/EGFR mutations,
especially missense mutations, had marginally lower response rates and shorter PFS when treated with EGFR TKI therapy [23]. Feng Wang et al. also
showed that mutant TP53 is a poor prognostic factor in LUAD patients, and the prognosis of TP53/EGFR co-mutation is worse [24]. They also
demonstrated that, there was no significant difference in OS benefit when patients with EGFR mutations were compared with those with EGFR wild
type. However, our data did show a significant difference in OS of patients with EGFR mutations. Ji Young Park et al. also noted that patients with
EGFR-positive lung adenocarcinoma had longer OS than those with EGFR-negative malignancy [6].

In this current study, we first observed the correlation between NDRG2 and EGFR in LUAD patients and the prediction of LUAD prognosis based on the
expression of NDRG2 and mutant EGFR. Our results also showed that NDRG2 expression and EGFR mutation correlated with vascular invasion,
adjuvant chemotherapy and TNM stage of LUAD patients. MYC and mutant EGFR have been identified as potential biomarkers that can predict the
efficacy of targeted therapy [25, 26, 27]. We reclassified the patients into two groups using the marker combinations of NDRG2 and EGFR to further
investigate the prognostic impact of NDRG2 and EGFR and found that patients with NDRG2 (+)/EGFR (+) had a significantly better OS and PFS than
those with other marker combinations.

This study has several limitations. First, it was a retrospective study performed at a single center. Thus, a wide multicentric study is probably required
to confirm our results. Second, the sample size was very limited. The present study, in itself, cannot be used to change clinical practice and to propose
the use of a new test. Those results have to be validated using a large sample size. Hence, with increasing numbers, it should be possible to evaluate
the true effect of NDRG2/EGFR as both a prognostic and predictive variable.

Conclusions
In summary, this study reported the different expression levels of NDRG2 in patients with LUAD. In addition, for the first time, the relationship between
NDRG2/EGFR and clinicopathological characteristics of patients with LUAD, especially prognosis status, was investigated. NDRG2/EGFR can be used
as a novel prognostic biomarker for patients with LUAD.
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Clinicopatholog-ic
Variables                    

All              

(n =
89)            

NDRG2
(+)          

(n =
36)           

NDRG2
(-)         

(n =
53)            

P-value        EGFR (+) (n =
29)                

EGFR
(-)            

(n = 60)
                

P-value         

Gender                                                                       0.988                                                      0.177              

Male                      52                 21     
              

31                             14                  38                           

Female                     37                    15                   22                                    15                 22                                 

Age (years)                                                   0.996                                                       0.887         

<65                       42                 17              25                           14              28                             

≥65                        47                 19               28                            15                32                                   

Smoking
status                

                                                     0.771                                                    0.003          

No Smoking history
                

41                  14              19                                  20               21                                  

Smoking history
                   

48              22                34                               9                39                               

Blood
type                  

                                  0.265                                                         0.051                 

A                29 14 15   11 18                

B                       27 7 20   5 22                  

AB                         9 5 4   5 4             

O                         24 10 14   8 16              

Stage                                                           < 0.001                                                      <
0.001                

I                        25 18 7   17 8              

II                       15 9 6   7 8                    

III                    10 2 8   2 8                

IV                        39 7 32   3 36                

Grade                                           0.077                                                       0.001         

 1 30 16 14   17 13              

 2-3 59 20 39   12 47                 

Vascular
invasion                  

                                        < 0.001                                                        <
0.001                 

No                     51 19                    32                                27                       24                                   

Yes                        38 34                  4                                   2                     36                                  

EGFR-sensitizing
mutation                    

                                      < 0.001                                     N/A                

Wild-type (-)   
                  

60 16                    44                               N/A                  N/A                               

Mutation (+) 29 20 9   N/A N/A  

AC       0.132     0.178

Performed 69 25 44   20 49  

Not performed 20 11 9   9 11  

NDRG2, N-Myc downstream-regulated gene2; EGFR, epidermal growth factor receptor; AC, adjuvant chemotherapy.

Table 1. Patients’ clinicopathological characteristics according to NDRG2 and EGFR
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Site Alteration Amino Acid Variation NDRG2 (+) (n = 20) NDRG2 (-) (n = 9) Patients, n (%)

Exon 18 Substitution G719A 0 1 1 (3.4)

Exon19 Deletion E746-A750/ E746-T751/ L747-T751 10 5 15 (51.7)

Exon 20 Substitution T790M 1 0 1 (3.4)

Exon 21 Substitution L858R 9 3 12 (41.4)

Table 2. EGFR mutations based on NDRG2 status

Table 3. Univariate Cox regression analysis for overall survival, disease-free survival and progression-free survival.
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A, Surgery

Variable                          OS                                                 DFS                              

HR (95%CI)       P-value             HR (95%CI)        P-value                 

Male (vs. female)                       1.008 (0.396-2.565)     0.987                1.567 (0.490-5.007)      0.449                         

Age ≥ 65（vs. < 65）                           1.327 (0.503-3.496)     0.568     
                      

1.110 (0.370-3.328)      0.853       

Smoking history (vs. no smoking history)
                                 

2.728 (1.064-6.999)     0.037                   2.719 (0.907-8.157)      0.074         
                             

Vascular invasion (+ vs. -)                       65.933 (7.580-573.532)  0.000                    71.187 (7.857-644.945)   0.000         

AC (+ vs. -)                                   11.970 (1.588-90.236)   0.016            8.163 (1.055-63.142)     0.044            
                                      

Stage II–III (vs. Stage I)                       18.577 (5.577-61.879)   0.000                
                          

9.918 (3.036-32.406)     0.000             
                                    

Grade 2–3 (vs. Grade 1)                    1.851 (0.743-4.613)     0.186         
                              

1.688 (0.585-4.871)      0.333         
                                          

NDRG 2 (+ vs. -)                        0.267 (0.107-0.662)     0.004     
                                

0.306 (0.101-0.927)      0.036          
                                 

EGFR (+ vs. -)                                0.139 (0.045-0.428)     0.001    
                                

0.169 (0.046-0.613)      0.007

NDRG2 (+)/EGFR (+) (vs. Others)                       0.145 (0.042-0.504)     0.002         
                    

0.219 (0.060-0.801)      0.022              
                                   

B, Iodine-125

Variable                                  OS                                                   PFS                              

                                  HR (95%CI)        P-value                   HR (95%CI)        P-value

Male (vs. female)                                      1.465 (0.840-2.555)     0.178               1.403 (0.811-2.427)      0.226                        

Age ≥ 65（vs. < 65）                           1.111 (0.641-1.925)     0.707     
                      

1.440 (0.835-2.485)      0.853       

Smoking history (vs. no smoking history)
                                 

1.325 (0.756-2.322)     0.325                  1.459 (0.844-2.523)      0.176        
                             

Vascular invasion (+ vs. -)                       3.717 (1.972-7.006)     0.000                    3.567 (1.854-6.863)      0.000         

AC (+ vs. -)                                   0.242 (0.118-0.499)     0.000            0.337 (0.159-0.716)      0.005            
                                      

Stage II–III (vs. Stage IV)                       7.106 (2.977-16.960)    0.000                
                          

3.592 (1.875-6.880)      0.000             
                                    

Grade 2–3 (vs. Grade 1)                    3.248 (1.592-6.628)     0.001         
                              

2.083 (1.063-4.084)      0.033
                                                    

NDRG 2 (+ vs. -)                        0.484 (0.251-0.935)     0.031     
                                

0.489 (0.251-0.950)      0.035         
                                 

EGFR (+ vs. -)                                0.071 (0.023-0.217)     0.000    
                                

0.188 (0.082-0.432)      0.000

NDRG2 (+)/EGFR (+) (vs. Others)                       0.269 (0.104-0.696)     0.007         
                    

0.272 (0.103-0.716)      0.008                 
                                

OS, overall survival; DFS, disease-free survival; AC, adjuvant chemotherapy; NDRG2, N-Myc downstream-regulated gene2; EGFR, epidermal
growth factor receptor; PFS, progression-free survival; HR, hazard ratio; CI, confidence intervals.

         

Table 4. Multivariate Cox regression analysis on overall survival, disease-free survival and progression-free survival according to the groups based on
the combination of NDRG2 and EGFR.
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A, Surgery

Variable                          OS                                                 DFS                              

HR (95%CI)       P-value             HR (95%CI)        P-value                 

Male (vs. female)                       1.111 (0.175-7.044)     0.911                4.774 (0.549-41.507)      0.157                         

Age ≥ 65（vs. < 65）                           1.360 (0.363-5.097)     0.648     
                      

0.963 (0.243-3.817)       0.958       

Smoking history (vs. no smoking history)
                                 

0.857 (0.109-6.755)     0.884                   0.825 (0.092-7.399)       0.863         
                             

Vascular invasion (+ vs. -)                       33.198 (2.205-499.855)  0.011                    12.174 (0.000-4287.470)   0.905          

AC (+ vs. -)                                   12.917 (1.103-151.245)  0.042            24.593 (0.000-8455.142)   0.916            
                                      

Stage II–III (vs. Stage I)                       14.411 (2.734-75.974)   0.002
                                          

4.460 (0.871-22.821)      0.073             
                                    

Grade 2–3 (vs. Grade 1)                    1.285 (0.435-3.801)     0.650         
                              

1.192 (0.306-4.639)       0.800         
                                          

NDRG 2 (+ vs. -) 0.145 (0.029-0.733)     0.019 0.266 (0.027-2.584)       0.254

EGFR (+ vs. -) 0.073 (0.009-0.582)     0.013 2.124 (0.144-31.360)      0.583

NDRG2 (+)/EGFR (+) (vs. Others)                       16.019 (0.036-174.349)  0.032         
                    

1.002 (0.137-7.208)       0.999              
                                   

B, Iodine-125

Variable                                  OS                                                   PFS                              

                                  HR (95%CI)        P-value                   HR (95%CI)        P-value

Male (vs. female)                                      1.750 (0.773-3.963)     0.180               1.118 (0.569-2.197)      0.745                        

Age ≥ 65（vs. < 65）                           1.677 (0.892-3.153)     0.108     
                      

2.143 (1.171-3.921)      0.113       

Smoking history (vs. no smoking history)
                                 

0.760 (0.322-1.792)     0.530                  0.832 (0.420-1.650)      0.599        
                             

Vascular invasion (+ vs. -)                       2.281 (1.087-4.787)     0.029                    2.723 (1.289-5.755)      0.009         

AC (+ vs. -)                                   0.075 (0.027-0.209)     0.000            0.495 (0.217-1.129)      0.095            
                                      

Stage II–III (vs. Stage IV)                       3.768 (1.295-10.966)    0.015               
                          

3.370 (1.496-7.594)      0.003             
                                    

Grade 2–3 (vs. Grade 1)                    2.776 (1.180-6.528)     0.019         
                              

1.135 (0.628-2.838)      0.453
                                                    

NDRG 2 (+ vs. -) 0.421 (0.182-0.973)     0.043 2.058 (1.118-3.786)      0.020

EGFR (+ vs. -) 0.122 (0.024-0.616)     0.011 2.441 (1.114-5.349)      0.026

NDRG2 (+)/EGFR (+) (vs. Others)                       3.675 (1.020-13.249)    0.047         
                    

0.399 (0.086-1.040)      0.048                 
                                

OS, overall survival; DFS, disease-free survival; AC, adjuvant chemotherapy; NDRG2, N-Myc downstream-regulated gene2; EGFR, epidermal
growth factor receptor; PFS, progression-free survival; HR, hazard ratio; CI, confidence intervals.

         

Figures
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Figure 1

The expression level of NDRG2 in LUAD patients and in different stages. Immunohistochemistry showed the expression level of NDRG2 in adjacent
normal tissues (Figure 1A), LUAD tissues (Figure 1B), and negative control (Figure 1C) (200× magnification). The expression level of NDRG2 was
determined by western blot assay (Figure 1D) and qRT-PCR (Figure 1E). It was significantly downregulated in patients with LUAD tissues compared
with that in adjacent normal tissues at both protein and mRNA levels. The expression of NDRG2 in different stages of LUAD (Figure 1F-G) (p < 0.001).
Abbreviations: NDRG2, N-Myc downstream-regulated gene 2; LUAD, lung adenocarcinoma; RT-PCR, reverse transcription-polymerase chain reaction;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; T, LUAD tissues; N, adjacent normal tissues.
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Figure 2

Kaplan-Meier curves for overall survival and disease-free survival according to NDRG2 expression and EGFR mutation status after surgery.
(A) NDRG2
expression for overall survival. (B) NDRG2 expression for disease-free survival. (C) EGFR mutation status for overall survival. (D) EGFR mutation status
for disease-free survival.
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Figure 3

Kaplan-Meier curves for overall survival and progression-free survival according to NDRG2 expression and EGFR mutation status after iodine-125. (A)
NDRG2 expression for overall survival. (B) NDRG2 expression for progression-free survival. (C) EGFR mutation status for overall survival. (D) EGFR
mutation status for progression-free survival.
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Figure 4

Kaplan-Meier curves for overall survival, disease-free survival and progression-free survival between NDRG2 (+)/EGFR (+) group and the others
including NDRG2 (+)/EGFR (-), NDRG2 (-)/EGFR (+), and NDRG2 (-)/EGFR (-) group.
(A, B) Overall survival and disease-free survival curves according to
NDRG2 expression and EGFR mutation status in the LUAD patients after surgery. (C, D) Overall survival and progression-free survival curves according
to NDRG2 expression and EGFR mutation status in the LUAD patients after iodine-125. NDRG2 (+) denote highly positive expression, while NDRG2 (-)
denote negative-to-weakly positive expression. EGFR (-) denote wild-type, while EGFR (+) denote mutation.
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