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Abstract: The diagnostic value of SHOX2 DNA methylation in patients with lung cancer 

remains controversial. Thus, we performed a systematic review and meta-analysis to assess 

diagnostic accuracy of SHOX2 DNA methylation in the lymph node, bronchial aspirates, pleural 

effusion, plasma, and tumor tissue for lung cancer. We conducted a comprehensive literature 

search in PubMed, Ovid, the Cochrane library, and Web of Science databases in May 2015. 

The diagnostic sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), negative 

likelihood ratio (NLR), diagnostic odds ratio (DOR), and summary receiver operating character-

istic (SROC) curve were pooled using STATA 12.0 software. A total of 2,296 subjects included 

1,129 lung cancer patients in eight studies were recruited in this meta-analysis. The summary 

estimates for SHOX2 DNA methylation in the diagnosis of lung cancer in these studies were 

pooled SEN =0.70 (95% confidence interval [CI]: 0.46–0.87), SPE =0.96 (95% CI: 0.91–0.99), 

PLR 20.01 (95% CI: 6.96–57.52), NLR 0.31 (95% CI: 0.15–0.64), and DOR 65.11 (95% 

CI: 13.10–323.61), and the area under the curve (AUC) was 0.96 (95% CI: 0.94–0.97). SHOX2 

DNA methylation has greater diagnostic value in detecting lung cancer. In addition, consider-

ing the potential publication bias and high heterogeneity, further research studies with more 

well-designed and large sample sizes are needed in the future.
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Introduction
Lung cancer is the leading cause of cancer deaths worldwide. Lung cancer is the second 

most common cancer in both females and males representing approximately 15% of 

all cancer diagnoses.1 Despite research on the diagnosis of lung cancer and the use 

of increasingly advanced technology in its treatment, the prognosis of lung cancer is 

still poor. Diagnosis for lung cancer has become a major focus.

Early diagnosis and treatment can improve the 5-year survival rate and reduce 

mortality.2 However, most patients with lung cancer are found to be at stages III, IV 

when they are diagnosed for the first time. Low-dose spiral computed tomography 

can be a reliable screening tool for early detection of lung cancer.3,4 Even when signs, 

symptoms, and computed tomography findings are such that the clinical diagnosis 

of malignant lung neoplasms appears obvious, it often takes considerable effort and 

invasive ways (percutaneous needle biopsy or bronchoscopy biopsy) to obtain tissue 

material confirming the presence of lung cancer.5 However, studies demonstrated 

that the diagnosis cannot be confirmed in approximately 50% suspected lung cancer 

patients analyzed for the first time using invasive procedures.5–7 Therefore, a more 

effective way is needed to assist confirmatory diagnosis in order to avoid repeated 

percutaneous needle or bronchoscopy.

Short stature homeobox 2 (SHOX2) is a homologue to the short stature homeobox 

gene SHOX in humans. The SHOX2 gene, also called OG12, OG12X, or SHOT gene, 
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is another gene of the SHOX gene family and is located at 

3q25-q26.1.8 The SHOX2 gene is mainly expressed in the 

limb bud, gill arches, nose, heart, nervous system, and repro-

ductive nodules of human embryos.9 Recently, several recent 

studies reported that hypermethylation of the SHOX2 DNA 

locus could be a candidate biomarker for lung cancer.10–14 

SHOX2 DNA methylation has been described as a useful 

and powerful biomarker for detection of patients with lung 

cancer, based on the analysis of the lymph node samples 

obtained by endobronchial ultrasound-guided transbronchial 

needle aspiration, bronchial aspirates, pleural effusion, 

plasma, and tumor tissue.10–14 However, the results are con-

troversial. To fully understand the diagnostic performance of 

SHOX2 DNA methylation for lung cancer, we conducted a 

meta-analysis on the diagnostic sensitivity and specificity of 

SHOX2 DNA methylation for diagnosis of lung cancer.

Materials and methods
search strategy
We conducted a comprehensive literature search in PubMed, 

Ovid, the Cochrane library, and Web of Science databases. 

The main search terms included: (SHOX2 or short stature 

homeobox 2 or SHOX2 DNA methylation) and (lung cancer 

or lung carcinoma or NSCLC or SCLC). All articles pub-

lished till May 2015 were considered.

inclusion criteria
All candidate studies were evaluated and extracted by two 

independent investigators (Qing-Tao Zhao and Tao Guo). 

The articles, which could not be excluded based on title and 

abstract, were retrieved for full-text review. If disagreement 

occurred, two investigators discussed and arrived at consen-

sus with a third investigator (Hui-En Wang).

Studies were included in this meta-analysis if they 

met the following criteria: 1) the diagnostic potential of 

SHOX2 for lung cancer being studies; 2) study design being 

observational studies (cohort or case-control studies); 3) the 

patients being diagnosed with lung cancer by pathology; 

4) sensitivity (SEN) and specificity (SPE) of SHOX2 being 

reported to provide sufficient information to construct 2×2 

contingency tables.

exclusion criteria
Studies were excluded from the meta-analysis for the follow-

ing reasons: 1) abstracts, letters, reviews, expert opinions, 

case reports, or nonclinical studies; 2) studies had duplicate 

or overlapping data; 3) studies were not written in English; 

4) no human studies.

Data extraction and quality assessment
All the studies were reviewed by two investigators (Qing-Tao 

Zhao and Tao Guo) independently based on titles and 

abstracts, author, year of publication, country of origin, 

sample size, assay methods, and diagnostic performance 

(SEN, SPE, true positive [TP], false-positive [FP], false-

negative [FN], and true negative [TN]). We resolved dis-

agreements by reaching a consensus through discussion.

The Quality Assessment of Diagnostic Accuracy Studies 

(QUADAS) was used to assess each study for the quality 

of the information reported.15 QUADAS is a quality assess-

ment tool specifically developed for systematic reviews 

of diagnostic accuracy studies to assess bias in the study, 

including 14 questions (each of which is scored as yes, no, 

or unclear).

statistical analysis
We used STATA software, version 12.0 (Stata Corporation, 

College Station, TX, USA) to perform the meta-analysis. 

The number of TP, TN, FP, and FN were retrieved from 

each article. The SEN, SPE, positive likelihood ratio (PLR), 

negative likelihood ratio (NLR), diagnostic odds ratio (DOR) 

estimates with 95% confidence interval (CI) from each study 

were analyzed using a random-effect model and the bivariate 

summary receiver operating characteristic (SROC) curve 

was generated. The area under the curve (AUC) represents 

an analytical summary of the test performance and illustrates 

the trade-off between SEN and SPE. The between-study het-

erogeneity was evaluated by Q-test and I2 statistics. P,0.10 

for Q-test or I2.50% indicates substantial heterogeneity. 

The leave-one-out sensitivity analysis was conducted to 

determine whether our assumptions or decisions have a 

major effect on the results of the review by omitting each 

study (one at a time). Furthermore, subgroup analyses were 

performed for sample size and types of biological sample. 

As publication bias is of concern for the meta-analysis of 

diagnostic studies, we tested for the potential presence of 

this bias using Deeks’ funnel plots.16 P,0.05 was considered 

statistically significant.

Results
search results
A total of 37 titles and abstracts were preliminarily reviewed, 

of which eight studies were available for the meta-analysis, 

including 1,129 lung cancer patients who received SHOX2 

DNA methylation tests.10–14,17–19 Figure 1 shows a flow dia-

gram of the selection process. The characteristics of each 

study are shown in Table 1.
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Figure 1 The study selection and inclusion process.

Table 1 summary of the diagnostic results of the included studies

Study Case/ 
controls

Sample Assay  
method

Kits used TP FP FN TN SEN  
(%)

SPE  
(%)

QUADAS

schmidt et al11 281/242 Bronchial aspirates real-time Pcr Qiagen 190 12 91 230 68 95 12
Kneip et al13 188/155 Plasma real-time Pcr epi prolung Bl 112 16 76 139 60 90 10
schneider et al14 55/55 Tumor tissue real-time Pcr epi prolung Bl 53 0 2 55 96 100 13
Dietrich et al17 100/104 Bronchial aspirates real-time Pcr epi prolung Bl 78 4 22 100 78 96 12
Dietrich et al18 58/56 Pleural effusions real-time Pcr roche and Qiagen 7 0 51 56 12 100 11
Darwiche et al10 96/69 lymph nodes real-time Pcr epi prolung Bl 90 1 6 68 94 99 13
ilse et al12 276/443 Pleural effusions real-time Pcr epi prolung Bl 138 70 138 373 50 84 11
ilse et al19 75/43 Bronchial aspirates real-time Pcr epi prolung Bl 48 1 27 42 64 98 12

Abbreviations: TP, true positive; FP, false-positive; TN, true negative; FN, false-negative; SEN, Sensitivity; SPE, Specificity; QUADAS, Quality Assessment of Diagnostic 
accuracy studies; Pcr, polymerase chain reaction.

assessment of methodological quality
Quality assessment based on QUADAS guidelines was 

conducted on all eight studies included for systematic review. 

The QUADAS scores of studies were from 10 to 13, which 

satisfy the majority of the standards.

Diagnostic accuracy analysis
The forest plot of SEN and SPE for SHOX2 DNA methylation 

assays in the diagnosis of lung cancer of the eight studies 

is shown in Figure 2. The SEN ranged from 0.12 to 0.96 

(pooled: 0.70; 95% CI: 0.46–0.87) whereas SPE ranged from 

0.84 to 1.00 (pooled, 0.96; 95% CI: 0.91–0.99) (Figure 2A 

and B). The PLR was 20.01 (95% CI: 6.96–57.52), NLR was 

0.31 (95% CI: 0.15–0.64), and DOR was 65.11 (95% CI:  

13.10–323.61).

The graph of the SROC curve is shown in Figure 3. It can 

demonstrate the trade-off between SEN and SPE values 

in multiple studies.20 SROC results showed that AUC of 

SHOX2 DNA methylation was 0.96 (95% CI: 0.94–0.97), 

indicating that SHOX2 DNA methylation may be able to dif-

ferentiate lung cancer patients from non-lung-cancer patients 

with a high overall accuracy.21 The LRT_I2 statistic value 

was 91.99 (95% CI: 84.57–99.42), indicating that an evident 

heterogeneity was present in these eight studies. The LRTQ 

(χ2) statistic was 24.98 (P=0.000), indicating that the hetero-

geneity was likely the result of nonthreshold effects.

subgroup analysis
Subgroup 1: the corresponding values of the subgroup 

with sample size $200 were 0.61 (95% CI: 0.58–0.65) for 

sensitivity and 0.89 (95% CI: 0.87–0.91) for specificity. 

It showed sensitivity of 0.70 (95% CI: 0.64–0.75) and speci-

ficity of 0.99 (95% CI: 0.97–1.00) in the sample size ,200 

subgroup. Subgroup 2: the corresponding values for bronchial 

aspirates were sensitivity of 0.69 (95% CI: 0.65–0.74) and 

specificity of 0.96 (95% CI: 0.93–0.97). It showed sensitivity 

of 0.43 (95% CI: 0.38–0.49) and specificity of 0.86 (95% 

CI: 0.83–0.89) in the pleural effusions subgroup. The corre-

sponding values for the otherwise subgroup were sensitivity 

of 0.75 (95% CI: 0.70–0.80) and specificity of 0.94 (95% CI: 

0.90–0.96). Subgroup 3: the corresponding values of the sub-

group with Epi proLung BL were 0.66 (95% CI: 0.62–0.69) 

for sensitivity and 0.89 (95% CI: 0.87–0.91) for specific-

ity. It showed sensitivity of 0.58 (95% CI: 0.53–0.63) and 

specificity of 0.96 (95% CI: 0.93–0.98) in the Roche and/or  

Qiagen subgroup (Table 2).

sensitivity analysis
A single study involved in this meta-analysis was evalu-

ated each time to reflect the influence of the individual data 

set to SEN and SPE. The results pattern was not impacted 

by single study (Table 2). The P-value for Q-test and the 

I2-value also showed that none of the single studies affected 

the heterogeneity of this meta-analysis.

Publication bias
We investigated the publication bias analysis for the meta-

analysis. The funnel plots for publication bias showed no 
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Figure 2 Forest plots showing the sen and sPe of shOX2 Dna methylation in diagnosis of lung cancer.
Notes: (A) Forest plot showing the sen of shOX2 Dna methylation in diagnosis of lung cancer. (B) Forest plot showing the sPe of shOX2 Dna methylation in diagnosis 
of lung cancer.
Abbreviations: CI, confidence interval; SEN, sensitivity; SPE, specificity.

asymmetry (Figure 4). The result of Deeks’ test was 0.05, indi-

cating that publication bias could exist in the meta-analysis.

Discussion
DNA methylation is an important manner of regulation at 

the epigenetic level for gene expression, cell growth, and cell 

differentiation. DNA methylation occurs mainly at the C-phos-

phate-G (CpG) site, in which cytosine is linearly connected 

to an adjacent guanine.22 Methylation of the cytosine within 

the CpG islands plays a key role in fundamental biological 

processes and human diseases and aberrant DNA methylation 

is a hallmark of human cancers.22–24 It has been found that the 
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Table 2 The result of subgroup analyses and sensitivity analysis

Variables SEN (95% CI) I2 SPE (95% CI) I2 PLR (95% CI) NLR (95% CI) DOR (95% CI)

Subgroup analyses
subgroup 1

sample size $200 0.61 (0.58–0.65) 90.7 0.89 (0.87–0.91) 89.1 7.93 (3.24–19.41) 0.39 (0.28–0.55) 20.77 (6.31–68.37)

sample size ,200 0.70 (0.64–0.75) 97.9 0.99 (0.97–1.00) 0 41.63 (13.45–128.80) 0.18 (0.02–1.54) 229.74 (27.80–1,898.64)
subgroup 2

Bronchial aspirates 0.69 (0.65–0.74) 60.9 0.96 (0.93–0.97) 0 15.59 (9.76–24.92) 0.32 (0.25–0.40) 50.10 (29.50–85.09)
Pleural effusions 0.43 (0.38–0.49) 96.9 0.86 (0.83–0.89) 94.5 3.48 (1.68–7.23) 0.72 (0.44–1.20) 5.42 (3.83–7.65)
Otherwise 0.75 (0.70–0.80) 96.9 0.94 (0.90–0.96) 86.4 28.47 (2.16–376.10) 0.11 (0.01–0.87) 263.95 (5.48–12,719.85)

subgroup 3
epi prolung Bl 0.66 (0.62–0.69) 95.6 0.89 (0.87–0.91) 88.5 14.03 (4.88–40.35) 0.25 (0.16–0.41) 65.95 (15.54–279.92)
roche and/or Qiagen 0.58 (0.53–0.63) 98.4 0.96 (0.93–0.98) 80.4 13.67 (7.91–23.62) 0.55 (0.14–2.15) 38.43 (20.73–71.24)

Sensitivity analysis
schmidt et al11 0.71 (0.42–0.89) 97.57 0.97 (0.91–0.99) 95.90 23.93 (6.43–89.14) 0.30 (0.13–0.71) 79.52 (11.72–539.55)
Kneip et al13 0.72 (0.44–0.89) 97.57 0.97 (0.92–0.99) 96.36 26.35 (7.84–88.64) 0.29 (0.12–0.69) 90.92 (14.79–559.10)
schneider et al14 0.63 (0.40–0.81) 95.99 0.96 (0.90–0.98) 92.72 14.10 (5.77–34.49) 0.39 (0.21–0.70) 36.40 (10.08–131.44)
Dietrich et al17 0.69 (0.41–0.88) 97.32 0.97 (0.90–0.99) 95.60 21.73 (5.89–80.19) 0.32 (0.14–0.73) 68.18 (10.20–455.67)
Dietrich et al18 0.70 (0.46–0.87) 97.04 0.96 (0.91–0.99) 95.10 20.01 (6.96–57.52) 0.31 (0.15–0.64) 65.11 (13.10–323.61)
Darwiche et al10 0.64 (0.39–0.83) 95.95 0.96 (0.90–0.99) 93.58 16.25 (5.48–48.18) 0.37 (0.19–0.72) 43.61 (9.33–203.83)
ilse et al12 0.73 (0.45–0.90) 96.76 0.97 (0.93–0.99) 84.96 25.51 (9.26–70.31) 0.28 (0.12–0.66) 91.37 (18.24–457.74)
ilse et al19 0.71 (0.43–0.89) 97.62 0.96 (0.90–0.99) 95.99 19.52 (6.12–62.30) 0.30 (0.12–0.71) 65.64 (10.66–404.34)
Total 0.70 (0.46–0.87) 97.04 0.96 (0.91–0.99) 95.10 20.01 (6.96–57.52) 0.31 (0.15–0.64) 65.11 (13.10–323.61)

Abbreviations: SEN, sensitivity; SPE, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; CI, confidence interval.

Figure 3 summary receiver operation characteristic curve for shOX2 Dna 
methylation assays.
Notes: hollow numbered circles represent included studies. srOc curve summarizes 
the overall diagnostic accuracy.
Abbreviations: SEN, sensitivity; SPE, specificity; SROC, summary receiver operating 
characteristic; AUC, area under the curve.

SHOX2 gene includes two large CpG islands, one at the 5′ end, 

covering a region of approximately 1 kb, the other at the 3′ 
end, covering approximately 0.5 kb.25 Studies have revealed 

that the methylation level of the SHOX2 gene CpG islands 

was significantly increased in tissues and cells of lung cancer 

compared with that from normal tissues and cells.10–14,17–19 

Growing evidence suggests that SHOX2 DNA methylation is a 

promising auxiliary diagnostic biomarker for lung cancer, but 

with considerable controversial results.17,19,25 Therefore, in this 

study, we performed a systematic review and meta-analysis 

to assess diagnostic accuracy of SHOX2 DNA methylation in 

the lymph node, bronchial aspirates, pleural effusion, plasma, 

and tumor tissue of patients with lung cancer.

The results of the meta-analysis indicated that the pooled 

SEN and SPE of SHOX2 DNA methylation were 0.70 (95% 

CI: 0.46–0.87) and 0.96 (95% CI: 0.91–0.99), respectively. 

This means that 70% of the lung cancer patients had high 

SHOX2 levels, and 96% of non-lung-cancer patients have 

low SHOX2 DNA methylation levels. It has low sensitivity 

(70%) for diagnosing lung cancer. The reason for this discrep-

ancy could be the inconsistent amount of methylated DNA 

obtained from samples. If a high amount of methylated DNA 

can be obtained from histological samples, the detection 

sensitivity is high. In contrast, for samples with much less or 

a trace amount of methylated DNA, such as pleural effusion 

samples, the sensitivity is expected to be lower. It is still bet-

ter than the traditional serum-based biomarkers. For example, 

the sensitivities of CEA, CYFRA 21-1, SCC, and NSE were 

47.5%, 47.5%, 49%, and 39.7% for diagnosing lung cancer, 

respectively.26 Thus, SHOX2 DNA methylation has higher 

sensitivity and specificity compared to conventional lung 

cancer biomarkers. It has higher sensitivity and specificity 

in effectively diagnosing lung cancer.
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Figure 4 The Deeks’ test of the diagnostic meta-analysis.
Abbreviation: ess, effective sample size.

Glas et al27 found that the DOR combined the strengths 

of SEN and SPE as prevalence in dependent indicators and 

was useful from the statistical point of view in the assessment 

of the overall test accuracy in meta-analysis. The value of 

DOR ranges from 0 to ∞, with higher values indicating better 

discriminatory test performance.28 The DOR value of 6.66 

indicates that the SHOX2 DNA methylation could be a useful 

biomarker for lung cancer patients’ diagnosis. AUC is calcu-

lated to evaluate accuracy of the selected indicator, and SROC 

is usually used to summarize overall test performance.29,30 To 

demonstrate excellent accuracy, the valve of AUC should 

be more than 0.97. An AUC of 0.93–0.96 is considered 

to be very good and 0.75–0.92 is good.21,31 In this study, 

we show that testing for methylated SHOX2 DNA shows 

good accuracy for the diagnosis of lung cancer, with an area 

under the ROC curve of 0.78. Overall, although the SEN is 

compromised, SHOX2 DNA methylation has a good SPE 

in the diagnosis of lung cancer. The PLR and NLR are more 

meaningful indicators of diagnostic accuracy.32,33 A good 

diagnostic test may have high PLR (PLR .5) and low NLR 

(NLR ,0.2).34,35 However, the NLR value of 0.40 (95% CI: 

0.37–0.44) did not meet the thresholds. The PLR value of 7.04 

(95% CI: 5.72–8.65) demonstrated that lung cancer patients 

had approximately 7.04 times higher chance of testing posi-

tive than non-lung cancer, and this was relatively high for 

clinical purposes. SHOX2 DNA methylation was an effective 

biomarker for lung cancer diagnosis.

Exploring the sources of heterogeneity is one major 

purpose of meta-analysis.36,37 In this study, we found signifi-

cant heterogeneity observed in our analysis, and the result 

of Spearman approach showed that heterogeneity could not 

be explained by a threshold effect. We surmised that the 

heterogeneity was attributed to the sample, etiology, and 

different stages of lung cancer patients. We speculated that 

the limited number of eligible studies was the main factor 

that made subgroup analysis not possible. However, these 

hypotheses need to be investigated in the future study.

This meta-analysis had some limitations. First, we only 

included eight studies that have a smaller number of cases. 

Therefore, the results of the trials in a pooled analysis were 

not robust. More studies are needed for future analyses. Sec-

ond, we did not calculate some covariates because sufficient 

raw data were not available from the selected articles. These 

probable covariates included tumor type, ethnicity, and TNM 

staging. Third, this meta-analysis was based on published 

studies; the exclusion of unpublished data is generally associ-

ated with an overestimation of the true effect, thus resulting 

in a publication bias. Fourth, only articles published in the 

English language were included in this meta-analysis, and 

all studies included in our meta-analysis were from West-

ern countries. This would have introduced some bias to the 

analysis.

In conclusion, this meta-analysis demonstrated that 

SHOX2 DNA methylation is a valuable diagnostic biomarker 

for lung cancer diagnosis. More well-designed research 

studies with strictly defined controls are needed to elucidate 

further the accuracy of SHOX2 DNA methylation for diag-

nosis indicator of lung cancer.
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