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Results  MACC1 was more highly expressed in NSCLC 
patients than in patients with benign disease (P  <  0.001) 
or in healthy volunteers (P < 0.001). High MACC1 expres-
sion was significantly associated with NSCLC stage 
(P = 0.013) and lymph node metastasis (P = 0.016). The 
area under the receiver operating characteristic curve was 
0.766, and the optimal cutoff value was 0.105, providing 
a sensitivity of 71.4  % and a specificity of 89.1  %. The 
diagnostic capability of circulating MACC1 mRNA was 
higher than that of carcinoembryonic antigen (P = 0.025) 
or cytokeratin-19 (P = 0.010). Furthermore, high MACC1 
expression was associated with poor overall survival (OS) 
and disease-free survival (DFS) and predicted poor survival 
in NSCLC patients. Consequently, MACC1 mRNA was an 
independent prognostic factor of OS and DFS.
Conclusion  We concluded that circulating MACC1 
mRNA represents a potential noninvasive, diagnostic and 
prognostic marker for NSCLC.

Keywords  Circulating MACC1 mRNA · Nonsmall cell 
lung cancer · Diagnosis · Prognosis · Plasma

Introduction

Lung cancer, largely nonsmall cell lung cancer (NSCLC), 
is becoming the major cause of cancer and cancer-related 
mortality worldwide, with a five-year survival rate below 
15 % after the initial diagnosis (Jemal et  al. 2011; Siegel 
et  al. 2011). This poor prognosis of NSCLC is largely 
associated with late-stage diagnosis, when a potential cure 
is unlikely. Moreover, a lack of effective treatments con-
tributes to the poor survival of patients with early-stage 
lung cancer. Novel biomarkers with high sensitivity and 
specificity are therefore urgently needed to allow the early 
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diagnosis of NSCLC and to encourage the development of 
new treatments (Alberg et al. 2007).

Some biomarkers have already been identified, includ-
ing mutations in the KRAS, epidermal growth factor recep-
tor, TP53 genes, and changes in the expression levels of 
carcinoembryonic antigen (CEA), cytokeratin-19 fragment 
(CK19), cancer antigen-125 (CA125), and neuron-specific 
enolase (NSE) (Arya and Bhansali 2011; Cabrera-Alarcon 
et  al. 2011; Gridelli et  al. 2011). However, the low sensi-
tivities, specificities, and reproducibilities of these mark-
ers have limited their clinical value (Cho and Sung 2009; 
Huang et al. 2013a).

Studies on circulating mRNA have increased since the 
first detection of plasma RNA in nasopharyngeal carci-
noma and melanoma (Kopreski et al. 1999; Lo et al. 1999). 
Numerous circulating RNAs have been found in different 
types of carcinomas (Gahan 2010). Furthermore, many 
highly expressed circulating RNAs have been shown to 
correlate with tumor diagnosis and prognosis (Gahan 2010; 
Holdenrieder et  al. 2010). Detection of circulating RNA 
thus represents a promising noninvasive strategy for tumor 
diagnosis and prognosis, and for monitoring antitumor 
therapies.

Metastasis-associated in colon cancer-1 (MACC1) is a 
novel gene that was initially detected in colon cancer (Stein 
et  al. 2009). MACC1 is located on human chromosome 
7p 21.1 and encodes a protein containing four domains: 
ZU5, SH3, and two C-terminal death domains related to 
signal transduction and cell apoptosis (Kokoszynska et al. 
2009). MACC1 has been identified in relation to the pro-
liferation and invasion of colon cancer, both in vivo and 
in vitro (Stein et  al. 2009). Moreover, recent studies have 
shown that MACC1 is overexpressed in epithelial ovarian 
cancer (Zhang et al. 2011), hepatocellular carcinoma (Qiu 
et al. 2011; Xie et al. 2013), rectal cancer (Kawamura et al. 
2012), pancreatic cancer (Wang et  al. 2012), lung cancer 
(Chundong et  al. 2011; Hu et  al. 2012; Shimokawa et  al. 
2011; Wang et al. 2014), nasopharyngeal carcinoma (Meng 
et al. 2013), breast cancer (Huang et al. 2013b), osteosar-
coma (Zhang et al. 2013b), glioma (Hagemann et al. 2013; 
Yang et al. 2013), esophageal cancer (Zhu et al. 2013), and 
gastric cancer (Guo et al. 2013; Wang et al. 2013), where 
it has been associated with tumor metastasis, progression, 
and prognosis.

In order to allow repeated, noninvasive measurements, 
the detection of MACC1 by blood-based assays needs to be 
considered. Circulating MACC1 mRNA was first detected 
in colorectal cancer by Stein (Stein et  al. 2012) and rep-
resents a promising diagnostic and prognostic biomarker 
of metastasis and survival, and for monitoring therapeutic 
responses in cancer patients. However, the value of circu-
lating MACC1 for the diagnosis and prognosis of NSCLC 
remains unknown. We therefore retrospectively examined 

the expression status of plasma MACC1 mRNA in NSCLC 
patients and healthy volunteers to assess its value as a bio-
marker for NSCLC.

Materials and methods

Patients

This study was authorized by the Ethics Committee of the 
Affiliated Hospital of Jiangnan University. All plasma spec-
imens and clinical materials were obtained and used with 
prior written informed consent from the patients and the 
Affiliated Hospital of Jiangnan University.

This study analyzed data for consecutive patients with 
NSCLC from the Department of Cardiothoracic Surgery 
at the Affiliated Hospital of Jiangnan University between 
January 2007 and December 2007. A total of 272 eligible 
patients were finally enrolled, including 149 with squa-
mous carcinoma and 123 with adenocarcinoma. Tumors 
were classified according to the TNM cancer staging sys-
tem (2009) set by the Union of International Cancer Con-
trol, and the patients were divided into stage I (n =  35), 
stage II (n = 68), stage III (n = 74), and stage IV (n = 95). 
Of the 272 patients (142 male, 130 female), 140 underwent 
radical surgery. The control group included 61 patients (34 
male, 27 female) with benign lung diseases such as hamar-
toma, pneumonia, and phthisis, and 80 healthy volunteers 
(45 male, 35 female). None of the control patients had for-
merly been diagnosed with any malignancy. Blood samples 
were taken from patients on the day of diagnosis, prior to 
any surgery and therapy.

Patients were followed up every 1–3 months for the first 
year, and every 3–6 months thereafter for at least 5 years, 
by telephone, correspondence, or clinical assessments. The 
study was censored on April 30, 2013. The median follow-
up time was 23 months (range 3–75 months). The study end 
point was death. Patients underwent routine physical exam-
inations, blood tests, abdominal ultrasonography, bone 
scintigraphy, and imaging studies. For patients who under-
went surgery, the overall survival time (OS) was calculated 
from the date of diagnosis to death (or last follow-up), and 
disease-free survival (DFS) was defined as the period from 
diagnosis to first locoregional or distant recurrence.

Plasma preparation and RNA extraction

Plasma was separated as described previously (Stein et al. 
2011, 2012; Fleischhacker et al. 2001). A volume of 5 ml of 
EDTA-anticoagulated blood was obtained from each patient 
and healthy volunteer. Plasma separation was carried out 
using cooled EDTA-blood on the same day, within 7 h of 
blood collection. The 5 ml of cooled EDTA-anticoagulated 
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blood was separated by centrifugation at 1,600g for 10 min 
at 4 °C followed by a second centrifugation at 16,000g for 
10 min at 4 °C to eliminate any cell debris. Finally, plasma 
samples were stored at −80 °C until use. All samples were 
blinded to the manipulators, and neither clinical nor patho-
logical data were disclosed during detection.

RNA was extracted from 3 ml of plasma using TRIzol 
LS reagent (Invitrogen, Life Technologies, Paisley, UK), 
as described previously (Zhang et al. 2012). The procedure 
was carried out according to manufacturer’s instructions, 
with minor modifications, as follows. A concentrator was 
used to concentrate each plasma sample at 4 °C, followed 
by separation into six aliquots. TRIzol LS reagent (Invitro-
gen) (750 μl) was mixed with each aliquot and incubated 
at room temperature for 5  min, followed by the addition 
of 200 μl chloroform and shaking for 15  s. The mixture 
was incubated at room temperature for another 10 min fol-
lowed by centrifugation at 12,000g at 4 °C for 15 min. The 
supernatant was obtained and mixed with 0.5 ml isopropyl 
alcohol. The mixture was then precipitated at −20 °C for 
16 h, centrifuged at 12,000g at 4 °C for 15 min, followed 
by washing with 1 ml 75 % ethanol. Finally, the RNA pel-
let was dehydrated at room temperature for 5–10 min and 
dissolved in 20 μl Rnase-free water at 60 °C. All aliquots 
were pooled, and the RNA concentration was detected by 
spectrophotometric analysis. The final RNA concentration 
ranged from 2.54–11.27 ng/μl.

Reverse transcription quantitative real‑time polymerase 
chain reaction

All plasma samples were evaluated by reverse transcrip-
tion quantitative real-time polymerase chain reaction (RT-
qPCR) as described previously (Qiu et al. 2011; Zhang et al. 
2012). The procedure was conducted in a blinded man-
ner, with no knowledge of the clinical or follow-up data. 
cDNA was generated by reverse transcription of 100  ng 
RNA from each sample in triplicate, using PrimeScript RT 
(Takara, Dalian, China), according to the manufacturer’s 
instructions. The resulting cDNA was pooled and amplified 
by PCR. RT-qPCR was performed using a SYBR green I 
Master Mix kit (Invitrogen). The primers (GenScript, Nan-
Jing, China) were 5′-GGATGCGTGCATTTATCAGA-3′ 
(forward) and 5′-GTTGATAGGGCAGACGTTCG-3′ 
(reverse) for 18  s rRNA; and 5′-TTCTTTTGATTCCTC-
CGGTGA-3′ (forward) and 5′-ACTCTGATGGGCATGT-
GCTG-3′ (reverse) for MACC1. RT-qPCR was carried out 
using an ABI Prism7900 HT Sequence Detection System 
(Applied Biosystems, Foster, CA, USA). 18  s rRNA was 
also analyzed for normalization of the RT-qPCR results. 
Lung cancer A549 cells were used as a positive control for 
each run of amplification, and samples lacking cDNA were 
used as a negative control. The ratio between MACC1 and 

18  s rRNA was calculated as the normalized expression 
level of MACC1 in each sample.

Plasma CEA and CK‑19 assays

CK19 and CEA are the most frequently investigated 
NSCLC biomarkers (Holdenrieder et  al. 2010). CEA is 
considered to be a more valuable indicator for adenocarci-
noma, while CK19 is used for squamous cell carcinomas 
(Cabrera-Alarcon et  al. 2011). We compared the diagnos-
tic values of plasma MACC1 mRNA, and plasma CEA 
and CK19 by enzyme-linked immunosorbent assay using 
an ARCHITECT i2000 SR system (Abbott Laboratories, 
Chicago, USA), according to the manufacturer’s protocol. 
The immunoassay kits were from Cusabio (Wuhan, China). 
According to the manufacturers, upper limits of 5–4 ng/ml 
were used to define the normal ranges for CEA and CK-19, 
respectively. Results were compared with standard curves, 
and all measurements were done in triplicate.

Statistical analysis

All statistical analyses were carried out using SPSS 19.0 
(SPSS, Chicago, IL, USA). The data were characterized by 
median values and interquartile ranges. The Kolmogorov–
Smirnov test was used to analyze the distribution of sam-
ples in each group. Mann–Whitney U and Kruskal–Wal-
lis tests were performed to assess the differences between 
nonparametric distributed variables. Subjects with or with-
out NSCLC were discriminated by receiver operating char-
acteristic curve (ROC) analysis. The optimal cutoff value of 
circulating MACC1 mRNA was determined by the Youden 
index (sensitivity  +  specificity  −  1). The Kaplan–Meier 
method was used to depict survival curves, and compari-
sons were made using log-rank tests. A forward stepwise 
Cox proportional hazards regression model analysis was 
used to estimate the independent prognostic factors for OS 
and DFS.

Results

Plasma MACC1 expression in patients with NSCLC, 
benign lung disease, and healthy volunteers

We analyzed MACC1 mRNA levels in 272 patients with 
NSCLC, 61 with benign lung disease, and 80 healthy vol-
unteers. The dissociation curve showed a single peak for 
MACC1 mRNA. RT-qPCR indicated MACC1 mRNA 
expression in all samples, but with higher levels in patients 
with NSCLC than in those with benign disease (P < 0.001) 
or in healthy volunteers (P  <  0.001) (Fig.  1a). CEA and 
CK19 levels were also higher in patients with NSCLC than 
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in nontumor groups. Table  1 shows the relative levels of 
circulating MACC1 mRNA in each group.

Correlations between MACC1 mRNA expression 
and clinical parameters

We analyzed the correlation between MACC1 mRNA 
levels and various NSCLC clinical parameters (Table  2). 
Circulating MACC1 mRNA levels were significantly posi-
tively correlated with clinical stage (P = 0.013) (Fig. 1b) 
and regional lymph node metastasis (P  =  0.016). There 
were no significant correlations between age, sex, tumor 
size, histological type, or cell differentiation and MACC1 
levels (all P  >  0.05). Regarding tumor stage, MACC1 
mRNA levels were higher in patients with stage Ι NSCLC 
than in healthy controls (P =  0.027) and were similar to 
levels in patients with stage II and III NSCLC (P = 0.224), 
but lower than in those with stage IV NSCLC (P < 0.001) 
(Fig. 1b).

Diagnostic performance of circulating MACC1 mRNA 
for NSCLC

To evaluate the diagnostic value of circulating MACC1 
mRNA, we compared its levels with those of the conven-
tional tumor markers, CEA and CK19, using ROC analysis 
(Fig.  2a–e). The optimal cutoff point for MACC1 mRNA 

in NSCLC patients was 0.105, providing a sensitivity of 
71.4 % and a specificity of 89.1 %. However, the optimal 
cutoff points were 7.46 (sensitivity of 65.4 % and specific-
ity of 87.2  %) for CEA in NSCLC patients and 4.05 for 
CK19 (sensitivity of 68.6  % and specificity of 83.1  %). 
The area under the ROC curve (AUC) for circulating 
MACC1 mRNA for the detection of NSCLC was 0.766, 
which was significantly higher than that for CEA (0.713) 
or CK19 (0.705) alone, but lower than that for the combi-
nation of CEA and CK19 (0.785), indicating that circulat-
ing MACC1 mRNA might be a more reliable marker than 
conventional tumor markers for discriminating between 
NSCLC and nontumor cases. Meanwhile, ROC analysis 
gave an AUC for the combination of circulating MACC1 
mRNA, CEA, and CK19 of 0.812 (Fig. 2e), which was sig-
nificantly higher than that for circulating MACC1 mRNA 
alone (P  =  0.014). Regarding its diagnostic ability for 
early NSCLC, MACC1 revealed a sensitivity of 63.5 % and 
specificity of 77.4 % with an AUC of 0.663 for distinguish-
ing between stage Ι NSCLC and nontumor groups (Fig. 2f).

Correlation between MACC1 mRNA expression 
and prognostic survival

Patients with NSCLC were divided into two groups accord-
ing to MACC1 expression levels: patients with values 
below the median (0.184) of all NSCLC patients (low-level 

Fig. 1   Mann–Whitney test was used to analyze differences in plasma MACC1 mRNA levels between patients with NSCLC, benign lung dis-
ease, and healthy controls (a). Comparisons between healthy controls and patients with stage Ι–IV NSCLC (b)

Table 1   Characteristics and 
levels of MACC1 mRNA 
and CEA and CK19 [median 
(interquartile range)]

NSCLC (n = 272) Benign disease (n = 61) Healthy (n = 80)

Age (years) 60 (29–75) 58 (30–74) 57 (30–72)

MACC1 mRNA 0.184 (0.057–0.423) 0.047 (0.001–0.091) 0.053 (0.001–0.012)

CEA (ng/ml) 15.94 (3.72–27.56) 2.30 (1.75–3.57) 2.21 (1.81–3.70)

CK19 (ng/ml) 6.29 (2.10–26.40) 2.47 (0.95–3.85) 2.56 (1.02–3.74)
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Table 2   Circulating MACC1 mRNA level and clinicopathological characteristics [median (interquartile range)]

Parameters No. of patients Median months Circulating MACC1 mRNA levels P value

Gender 0.872

 Male 142 24 0.174 (0.046–0.327)

 Female 130 22 0.195 (0.052–0.368)

Age 0.905

 <65 175 23 0.176 (0.042–0.343)

 ≥65 97 23 0.198 (0.050–0.381)

Smoking index 0.921

 <400 104 24 0.176 (0.041–0.306)

 ≥400 168 23 0.189 (0.057–0.330)

Histological type 0.907

 Squamous cell carcinoma 149 25 0.174 (0.039–0.298)

 Adenocarcinoma 123 21 0.196 (0.051–0.339)

Cell differentiation 0.308

 Well and moderate 176 27 0.167 (0.035–0.294)

 Poor 96 18 0.213 (0.039–0.365)

Clinical stage 0.013

 I–II 103 30 0.105 (0.016–0.227)

 III–IV 169 17 0.231 (0.187–0.452)

Regional lymph node metastasis 0.016

 Positive 161 19 0.237 (0.063–0.348)

 Negative 111 26 0.111 (0.041–0.269)

T status 0.245

 ≤3 cm 66 27 0.128 (0.035–0.257)

 >3 cm 206 21 0.201 (0.044–0.380)

Fig. 2   ROC curve analysis for detecting NSCLC using MACC1 (a), CEA (b), CK19 (c), combined CEA and CK19 (d), combined CEA, CK19, 
and MACC1 (e), and MACC1 alone for detecting stage Ι NSCLC (f)
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group; n  =  136), and the remainder (high-expression 
group; n = 136).

Kaplan–Meier survival curves demonstrated that high 
MACC1 mRNA expression was significantly associated 
with reduced OS (P = 0.004, Fig. 3a) and DFS (P = 0.006, 
Fig.  3b). Univariate Cox proportional hazards regres-
sion model analysis (Table 3) showed that OS was associ-
ated with MACC1 mRNA level (P =  0.008), tumor size 

(P = 0.031), clinical stage (P < 0.001), lymph node metas-
tasis (P  =  0.023), and cell differentiation (P  =  0.034). 
MACC1 mRNA level (P  =  0.014), clinical stage 
(P = 0.040), and lymph node metastasis (P = 0.006) were 
significantly correlated with DFS. Parameters significantly 
correlated with survival in univariate analysis were brought 
into multivariate analysis to identify the independent 
prognostic factors. MACC1 mRNA level and lymph node 

Fig. 3   Kaplan–Meier curves for 
overall survival (a) and disease-
free survival (b) in 140 resected 
NSCLC patients, according to 
plasma MACC1 mRNA levels. 
The median value (0.184) of 
circulating MACC1 mRNA was 
used to categorize the NSCLC 
patients into high- and low-level 
groups

Table 3   Univariate and multivariate analyses of survival

a  HR hazard ratio
b  CI confidence interval
c  Ad adenocarcinoma
d  Sq squamous cell carcinoma

Parameters Categories Univariate analysis Multivariate analysis

HRa (95 % CIb) P value HR (95 % CI) P value

Overall survival

 MACC1 mRNA level Low versus high 3.473 (1.358–6.392) 0.008 2.565(1.274–5.389) 0.012

 Age <65 versus ≥65 1.540 (0.583–2.839) 0.560

 Gender Male versus female 1.1206 (0.743–2.368) 0.785

 Tumor size ≤3 versus >3 2.038 (0.786–4.520) 0.031 1.803 (0.731–4.105) 0.066

 Regional lymph node metastasis Negative versus positive 2.207 (1.258–4.149) 0.023 2.061 (0.837–3.925) 0.058

 Clinical stage I–II versus III–IV 4.836 (2.027–8.382) <0.001 3.286 (1.305–6.855) 0.001

 Cell differentiation Well + moderate versus poor 1.930 (0.835–4.301) 0.034 1.639 (0.521–3.104) 0.107

 Histological type Adc versus Sqd 1.374 (0.603–2.525) 0.482

Disease-free survival

 MACC1 mRNA level Low versus high 2.837(1.305–5.951) 0.014 2.387(1.201–5.420) 0.036

 Age <65 versus ≥65 1.293 (0.538–2.702) 0.512

 Gender Male versus female 1.567 (0.535–3.021) 0.659

 Tumor size ≤3 versus >3 1.926 (0.627–3.624) 0.347 1.461 (0.560–2.8024) 0.105

 Regional lymph node metastasis Negative versus positive 3.502 (1.627–6.609) 0.006 3.022 (1.263–5.136) 0.009

 Clinical stage I–II versus III–IV 2.193 (1.206–4.378) 0.040 2.807 (1.021–4.385) 0.223

 Cell differentiation Well + moderate versus poor 1.268 (0.530–3.062) 0.420

 Histological type Ad versus Sq 1.165 (0.763–2.304) 0.637
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metastasis were independent prognostic factors for DFS 
(P = 0.036 and P = 0.009, respectively), whereas MACC1 
mRNA level and clinical stage were independently related 
to OS (P = 0.012 and P = 0.001, respectively).

Discussion

MACC1 has been identified overexpressed in many tumors 
and been associated with tumor metastasis, progression, 
and prognosis, but the molecular mechanisms remain 
unclear. However, previous studies showed that MACC1 
may activate and regulate the hepatocyte growth factor 
(HGF)/c-Met signaling pathway in colon cancer via tran-
scriptional activation of c-Met by binding Sp1 (Kokoszyn-
ska et al. 2009; Stein et al. 2009). The signaling pathway 
was shown to lead to colon cancer cell proliferation, inva-
sion, and migration in vitro (Stein et al. 2010), as well as 
to colon cancer metastasis and recurrence in vivo (Arlt and 
Stein 2009; Boardman 2009). MACC1 and c-Met have also 
been shown to be consistently overexpressed in hepatocel-
lular carcinoma (Qiu et al. 2011), rectal cancer (Kawamura 
et  al. 2012), NSCLC (Hu et  al. 2012), epithelial ovar-
ian cancer (Hu et al. 2012), colorectal cancer (Isella et al. 
2013), and gastric cancer (Guo et  al. 2013). The consist-
ent overexpression of MACC1 and c-Met suggests that 
MACC1 may play a key role in tumor development, pro-
gression, and metastasis via the c-Met signaling pathway. 
Moreover, studies have also reported that MACC1, com-
bined with c-Met and HGF, may activate downstream sign-
aling pathways, including the Akt/ß-catenin (Meng et  al. 
2013; Zhang et al. 2013a), Ras/ERK (Wang et al. 2012) and 
EMT (Wang et al. 2013) signaling pathways, and that this 
could be inhibited by MACC1 siRNA (Stein et  al. 2009; 
Wang et al. 2012). In addition, bioinformatic analyses indi-
cated that MACC1 was associated with apoptosis in MET 
signaling (Kokoszynska et al. 2009).

We investigated the diagnostic and prognostic values 
of plasma MACC1 mRNA for NSCLC, measured using a 
quantitative, noninvasive assay suitable for the routine clin-
ical monitoring of tumor patients. Plasma MACC1 mRNA 
levels were significantly higher in patients with NSCLC, 
compared with patients with benign lung diseases or 
healthy volunteers. Moreover, circulating MACC1 mRNA 
was more suitable for detecting NSCLC than the tradi-
tional NSCLC diagnostic markers, CEA and CK19. Impor-
tantly, survival analysis showed that high plasma MACC 
mRNA predicted poor OS and DFS in NSCLC, and plasma 
MACC1 mRNA was identified as an independent prognos-
tic factor of NSCLC.

In previous studies, tumor progression, metastasis, and 
survival have been associated with expression level of 
MACC1. This was confirmed in our study that circulating 

MACC1 mRNA was significantly increased in patients 
with NSCLC, consistent with the results that found in 
NSCLC tissues (Chundong et  al. 2011; Hu et  al. 2012; 
Shimokawa et al. 2011; Wang et al. 2014). The results of 
this study showed that high plasma MACC1 mRNA levels 
were associated with advanced NSCLC stage and positive 
lymph node metastasis. This can be explained by the entry 
of increasing numbers of circulating tumor cells into the 
peripheral blood as the tumor progresses (Muinelo-Romay 
et al. 2014; Sun et al. 2011), thus increasing the levels of 
circulating MACC1 mRNA. Plasma MACC1 mRNA was 
also identified as an independent prognostic marker for 
NSCLC; patients with high MACC1 mRNA levels had 
poorer OS and DFS than those with lower levels. Similar 
results were demonstrated in colon cancer patients, where 
patients with higher circulating MACC1 mRNA levels 
showed shorter OS and DFS (Stein et  al. 2012). These 
results suggest that circulating MACC1 mRNA may be 
serving as a predictor of high or low risk for NSCLC.

Many circulating biomarkers can be used to help diag-
nose NSCLC, of which the most widely used are CEA and 
CK19 (Holdenrieder et al. 2010). However, their low sen-
sitivities and specificities limit their clinical application, 
especially for the diagnosis of early NSCLC. The results of 
the current study suggest that circulating MACC1 mRNA 
may represent a useful biomarker for NSCLC, with a sen-
sitivity of 71.4  %, a specificity of 89.1  %, and an AUC 
of 0.766. Regarding its ability to identify early NSCLC, 
plasma MACC1 mRNA was higher in stage Ι NSCLC than 
in nontumor groups, with a sensitivity of 63.5 %, specificity 
of 77.4 %, and an AUC of 0.663 for distinguishing between 
stage Ι and nontumor patients. We therefore conclude that 
plasma MACC1 mRNA represents a useful diagnostic bio-
marker for early stage, as well as later-stage NSCLC.

The results of this study suggest that MACC1 might be 
a more suitable plasma biomarker than CEA or CK19 for 
distinguishing between NSCLC and nontumor cases. The 
AUC for MACC1 was higher than that for CEA or CK19, 
indicating that circulating MACC1 mRNA had a higher 
diagnostic value than CEA or CK19 for NSCLC. Further-
more, the combination of circulating MACC1 mRNA, 
CEA, and CK19 had a significantly larger AUC than that 
of MACC1 alone, suggesting that this combination might 
further improve the diagnosis of NSCLC.

This study had certain limitations. Firstly, circulating 
MACC1 mRNA is expressed in healthy individuals and in 
patients with different types of tumors and is not specific 
for NSCLC. Secondly, the number of patients involved in 
the study was small, and further studies with larger num-
bers of patients are needed to validate the results. In addi-
tion, the patients in this study all came from one hospital 
and the study results may differ according to the techniques 
used. Multicenter studies are therefore required to confirm 
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the value of MACC1 mRNA as a diagnostic and prognostic 
marker.

In conclusion, plasma MACC1 mRNA levels were sig-
nificantly higher in patients with NSCLC compared with 
healthy volunteers, suggesting that MACC1 might repre-
sent a useful biomarker for distinguishing between early 
NSCLC patients and nontumor individuals. Blood levels of 
MACC1 show promise as a diagnostic and prognostic bio-
marker in patients with NSCLC. Further prospective stud-
ies with larger cohorts are required to clarify the value of 
plasma MACC1 mRNA as a useful marker for screening 
response to chemotherapy and detecting tumor recurrence 
in NSCLC, and the mechanisms responsible for the role of 
MACC1 in cancer should also need to be clarified.
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