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ABSTRACT. Growing evidence has implicated that neutrophil
gelatinase-associated lipocalin (NGAL) plays a role in a spectrum of
human cancers. Several observational studies from different parts of the
world have been devoted to elucidate the clinical relationship between
NGAL and colorectal cancer. This meta-analysis aimed to explore the
overall accuracy of NGAL detection for the diagnosis and prognosis
of colorectal cancer. Based on comprehensive literature screening on
Pubmed, Ovid, and CNKI databases, our screening covered all published
papers until March 2013. The relevant papers were selected according
to some stringent inclusion criteria. Essential data were extracted from
the recruited papers and further processed by systematic meta-analysis.
The meta-analysis included 5 studies for diagnosis of colorectal cancer.
Overall, the pooled sensitivity and specificity of all studies were 73%
(95%CI=0.69-0.76) and 89% (95%CI = 0.85-0.93). The pooled positive
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likelihood ratio and negative likelihood ratio were 5.41 (95%CI = 3.85-
7.59) and 0.37 (95%CI = 0.22-0.62). The pooled diagnostic odds ratios
was 18.05 (95%CI = 11.77-27.69). The area under the summary receiver
operating characteristic curve for the diagnosis of colorectal cancer was
0.87. Meanwhile, 3 studies were included to evaluate the prognostic
significance of NGAL overexpression in colorectal cancer patients.
The pooled hazard ratio was 2.12 (95%CI = 1.35-3.33). High level of
NGAL predicted poor disease-free survival. Thus, NGAL is a potential
biomarker for the diagnosis and prognosis of colorectal cancer.

Key words: NGAL; Colorectal cancer; Diagnosis; Prognosis;
Meta-analysis

INTRODUCTION

Colorectal cancer is the third most common cause of cancer-related deaths in Western
Europe and North America (Bi et al., 2006), and is one of the most common gastrointestinal
cancers worldwide (Flower, 1996). Despite extensive research in these 2 decades, the mecha-
nisms underlying colorectal cancer progression and metastasis are still unknown.

If detected at an earlier stage, the majority of colorectal cancer patients can be cured
successfully, as there is a strong correlation between the tumor stage of diagnosis and the 5-year
survival rate (Davies et al., 2005). With the developments in modern surgery and chemical
therapeutics, including molecular-targeted therapy, the S5-year survival rate is still not high,
especially for stage IV colorectal cancer patients (Sanjoaquin et al., 2007). The early diagno-
sis of colorectal cancer is always difficult because of the late onset of symptoms; therefore,
many screening tests have been developed, such as fecal occult blood test and colonoscopy.
TNM staging is still the traditional technique for prognosis predication in the majority of cases.
Therefore, it is important to find an effective tumor biomarker, which can be useful for both
diagnosis and prognosis of colorectal cancer.

Neutrophil gelatinase-associated lipocalin (NGAL), also known as lipocalin 2, is a
25-kDa glycoprotein, which was originally identified as a covalent complex with the matrix
metalloproteinase-9 in human neutrophils (Triebel et al., 1992). NGAL has been investigated
in a variety of physiological and pathological conditions in the recent decade. Primary studies
have found that human NGAL is highly homologous to the oncogene products 24p3 and NRL
in mice and rats; thus, it is speculated that NGAL may be a new oncogene in human (Kjeldsen
et al., 2000).

In a baseline study conducted by Friedl et al., published in 1999, they comprehen-
sively investigated NGAL expression in human organs and systems and found that colonic
adenocarcinomas were strongly NGAL-positive, in contrast to the adjacent normal mucosa. A
few studies provided evidence that NGAL acted as a negative prognostic factor for colorectal
cancer, as in the case of breast cancer, and even appeared to be a significant predictor of pro-
gression in stage I colorectal carcinoma (Barresi et al., 2010). Nevertheless, a study found that
NGAL overexpression did not stimulate the growth of colorectal cancer cells either in vitro or
in vivo and produced controversial outcomes (Lee et al., 2006).

Therefore, any particular study may not have the persuasiveness for evaluating the
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relationship between NGAL expression and colorectal cancer risk. This study aims to estimate
the possibility of NGAL as a biomarker in the diagnosis and prognosis of colorectal cancer via
meta-analysis of published literature.

MATERIAL AND METHODS

Data sources and search strategy

We followed the Meta-Analysis of Observational Studies in Epidemiology (MOOSE)
guidelines for the conduct of meta-analyses of observational cohort studies. Two investiga-
tors (Y.W. and T.T.Z.) conducted a literature search on Pubmed, Ovid, and CNKI (China
National Knowledge Infrastructure) databases, including all published papers until March
2013, with a combination of the following terms: neutrophil gelatinase-associated lipocalin;
NGAL,; lipocalin 2; colorectal cancer; colon cancer; and rectal cancer. There were no lan-
guage restrictions.

Publication selection

Two reviewers (Y.W. and T.T.Z.) independently reviewed potentially associated publica-
tions by checking their titles and abstracts, and then procured the most relevant papers for a fur-
ther examination. Moreover, the reference lists of the selected papers were screened for any po-
tential information. The criteria used for the literature selection were listed as follows: 1) papers
clearly describing studies about the association of NGAL with colorectal cancer; 2) pathological
diagnoses and sources of cases and controls should be stated; 3) test methods and completeness
of data, or any information that may help infer the results should also be offered. Accordingly,
the following exclusion criteria were also used: 1) design and definition of the experiments were
obviously different from those of the selected papers; 2) source of cases and controls and other
essential information could not be obtained; and 3) reviews and repeated literature.

Data extraction and study quality assessment

Two reviewers (Y.W. and T.T.Z.) independently executed data extraction. For con-
flicting evaluations, an agreement was reached following a discussion. The quality of each
study included was assessed using the diagnostic accuracy tool QUADAS (quality assessment
for studies of diagnostic accuracy [maximum score 14]). Data including author, publication
year, region, study population, the measurement method of NGAL, and completeness of data
(the number of true-positive, false-positive, true-negative, and false-negative results to al-
low reconstruction of the diagnostic 2 by 2 table) were extracted. Meanwhile, to evaluate the
prognostic value of NGAL for the survival of colorectal cancer patient, completeness of data
(hazard ratios and its confidence intervals, Kaplan Meier curve and its P value, events in each
arm) were extracted.

Statistical analysis

The studies were analyzed using the chi-square-based Q-statistic test to assess het-
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erogeneity and I? to estimate the degree of heterogeneity. Statistically significant het-
erogeneity was considered when the P value was less than 0.05 and the 1> value was
more than 50%. If there was significant heterogeneity, we used the random-effect
model (DerSimonian and Laird). Otherwise, we used the fixed-effect model (Mantel-
Haenszel).

The bivariate model was applied for diagnostic meta-analysis to perform the pooled
sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR),
and diagnostic odds ratio (DOR). All the pooled estimates with the corresponding 95%CI
were initially calculated using the appropriate statistical analysis model. We constructed
summary receiver operator characteristic (SROC) curves. The area under the curve (AUC)
value with Q value was also calculated to present an overall summary of test performance to
differentiate between a diseased and a non-diseased participant. The Spearman correlation
coefficient of sensitivity and 1-specificity was calculated to estimate the threshold effect.
The publication bias of the studies included was assessed using the effective sample-size
funnel plot and the Egger test.

In addition, to evaluate the prognostic significance of NGAL expression in colorec-
tal cancer, the primary endpoint of this analysis was disease-free survival (DFS). The pooled
hazard ratios (HR) were estimated according to the Tierney’s methods (Tierney et al., 2007)
by calculating the 2 following parameters: O-E statistic (the difference between the number of
observed and expected events) and log rank variance.

Statistical analysis was implemented by MetaDisc 1.4, Revman 5, and Stata 11.0
softwares.

RESULTS
Search results and study characteristics

The systematic literature search generated 28 references based on the search strat-
egy. We excluded 19 studies after screening the titles and abstracts, because they were du-
plication in these databases, or not relevant to our interests. After a careful review, in the
remaining 9 studies, 3 studies were discarded, because of lack of sufficient data for con-
structing the 2 x 2-contingency tables (Friedl et al., 1999; Conrotto et al., 2008; Zhang et
al., 2009b). Because of overlapping of data in the 2 studies (Barresi et al., 2010, 2011), the
latest study was chosen (Barresi et al., 2011). Finally, 5 studies were included in this meta-
analysis to evaluate the diagnosis value (Nielsen et al., 1996; Chen and Wu, 2007; Zhang
et al., 2009a; Barresi et al., 2011; Sun et al., 2011). Among the carefully reviewed 9 stud-
ies, 3 studies were recruited to evaluate the prognosis value of NGAL by DFS (Zhang et
al., 2009a; Barresi et al., 2011; Sun et al., 2011). A flow chart showing the study selection
procedure is given in Figure 1.

We established a database according to the extracted information from these 5
studies. The information was listed in Table 1. Overall, all the selected 5 studies were single-
center trials from different part of the world and included nearly 857 colorectal cancer
patients and health controls. NGAL was measured by IHC in paraffin-embedded sections.
The quality of each study was appraised according to QUADAS. The results were shown
in Table 1.
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Figure 1. Flow diagram of included/excluded studies.

Table 1. Characteristics of the 5 studies included in the meta-analysis.

7106

Author Year

Method No. of patients

Type of patients

No. of control

Type of control

Country QUADAS

Zhang etal. 2009a

Chen and Wu 2007
Sun et al. 2011

Nielsen etal. 1996
Barresi etal. 2011

IHC

HC
IHC

HC
IHC

83

23
432

14
48

32 colon cancer,

51 rectum cancer
colon cancer

287 colorectal cancer,
145 adenoma
colorectal cancer
colon cancer

81

20
94

14
48

adjacent normal tissue

colonic mucosa
normal mucosa

adjacent normal tissue
adjacent normal tissue

China

China
China

Denmark
Italy

11

IHC = immunohistochemistry.

Diagnostic accuracy analyses

The Forest plot of sensitivity, specificity, PLR, NLR, and DOR for the NGAL test in
the diagnosis of colorectal cancer was shown in Figures 2 and 3. The overall pooled sensitiv-
ity and specificity of all studies were 73% (95%CI = 0.69-0.76) and 89% (95%CI = 0.85-
0.93), respectively. The overall pooled PLR and NLR were 5.41 (95%CI = 3.85-7.59) and 0.37
(95%CI = 0.22-0.62). The pooled DOR was 18.05 (95%CI = 11.77-27.69).
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Figure 2. Forest plots of the pooled sensitivity (A), specificity (B), positive LR (C), and negative LR (D) of NGAL
for the diagnosis of breast cancer. The solid circles represent each individual study and the diamond represents the
pooled diagnostic odds ratio. The size of the circle is proportional to the size of the study included. Error bars are
95% confidence intervals. LR = likelihood ratio.
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Figure 3. Forest plots of the pooled diagnostic odds ratio (DOR) of NGAL for the diagnosis of breast cancer. The
solid circles represent each individual study and the diamond represents the pooled DOR. The size of the circle is
proportional to the size of the study included. Error bars are 95% confidence intervals.

Summary receiver-operating characteristics

The sROC curve for NGAL expression showing true-positive rates against false-pos-
itive rates from each study displays the trade-off between sensitivity and specificity. The 5
studies were included to construct the SROC curve in Figure 4. The AUC for the diagnosis of
colorectal cancer was 0.87 and the Q* value was 0.8023.
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Figure 4. sSROC curve of all studies included in the diagnosis of breast cancer. The solid circles represent each
individual study in the meta-analysis. The size of the circle is proportional to the size of the study included.

Prognostic value analyses

The Forest plot of HR for the NGAL test in colorectal cancer prognosis evaluation
was shown in Figure 5. The pooled HR was 2.12 (95%CI = 1.35-3.33). High NGAL level in

tumor tissue predicted poor DFS.

NGAL positive  NGAL negative(Control)

Hazard Ratio
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Figure 5. Hazard ratio plot for disease-free survival. The squares represent each individual study and the diamond
represents the overall hazard ratio. The size of the square is proportional to the size of the included study. The

extremities make the 95% confidence intervals.

Test of heterogeneity

We performed a threshold analysis to explore the threshold effect, which was evaluated with
the Spearman’s correlation coefficient, by using Moses’ model weighted by inverse variance. We
did not find a statistically significant difference (Spearman’s correlation coefficient = 0.4, P = 0.505).
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The Cochran Q-test and the I? statistic were used to evaluate the presence of statisti-
cal heterogeneity occurred in the studies shown in Figures 2, 3, and 5. We found the pooled
sensitivity (chi-square = 58.12, I = 93.1%, P < 0.01), specificity (chi-square = 20.26, I> =
80.3%, P < 0.05), PLR (chi-square = 5.22, I = 23.4%, P > 0.05), NLR (chi-square = 45.27,
12=91.2%, P<0.01), DOR (chi-square = 4.99, I> = 19.8%, P > 0.05), and HR (chi-square =
0.21, I* = 0%, P > 0.05).

Publication bias

Funnel plot was constructed and the Egger test was performed to assess the publica-
tion bias of the 5 studies. The shape of funnel plots showed symmetry in Figure 6. The P value
of the Egger test was 0.068. The result did not suggest any evidence of publication bias.
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Figure 6. Funnel plot for the assessment of publication bias. Symbols represent each study in the meta-analysis.

DISCUSSION

NGAL has attracted a rush of scientific investigations in a variety of human cancers
worldwide, as a candidate biomarker. In most of the common human cancers, NGAL expres-
sion is upregulated, for example in colorectal cancer, gastric cancer (Kubben et al., 2007),
esophageal squamous cell carcinoma (Zhang et al., 2007), lung adenocarcinoma (Friedl et
al., 1999), primary liver carcinoma (Li et al., 2012), breast cancer (Fernandez et al., 2005),
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and thyroid neoplasia (lannetti et al., 2008), while in a few conditions, NGAL expression is
downregulated or remains debatable, for example in pancreatic cancer (Furutani et al., 1998;
Laurell et al., 2006; Tong et al., 2008), prostate cancer (Mahadevan et al., 2011), and chronic
myeloid leukemia (Villalva et al., 2008).

The mechanisms underlying the cancer-promoting role of NGAL has been explored
by some studies, which found that NGAL promoted iron uptake from the extracellular space
within the malignant cells to maintain multiplication of neoplastic cells (Devireddy et al.,
2005). Elevated NGAL expression in majority of human colorectal carcinoma contributes to
colorectal cancer through the alteration of Rac1 cellular distribution and E-cadherin-mediated
cell-cell adhesion (Hu et al., 2009).

In this study, we clarified the diagnostic accuracy of NGAL for colorectal cancer
by meta-analysis of 5 studies and the results showed the relationship between NGAL and
colorectal cancer. Using the bivariate model for diagnostic meta-analysis, we found a sum-
mary AUC of 0.87. The DOR is a single indicator to evaluate the diagnostic value of proposed
tests. The pooled DOR of NGAL was 18.05, which indicated the ratio of the odds of positivity
in colorectal cancer patients to that in the non-diseased subjects. The pooled sensitivity and
specificity were 73 and 89%, respectively, which indicated that the assay might result in 27%
false-negative test results and 11% false-positive test results. The overall results indicated that
NGAL test could be useful in the diagnosis of colorectal cancer. However, the low sensitivity,
but high specificity, suggested that a patient with a positive result needed to undergo further
laboratory evaluation and imaging.

When PLR > 10 or NLR < 0.1, the possibility of approving or negating a diagnosis
of a disease significantly increased. In our study, the pooled PLR was 5.41, indicating that the
possibility of the NGAL test making a correct diagnosis for positive result is 5.41 times higher
than making a wrong diagnosis for positive result. The pooled NLR was 0.37, indicating that
the possibility of the NGAL test making a wrong diagnosis for negative result is 0.37 times
higher than making a correct diagnosis for negative result. The overall results indicated that
the NGAL protein test had a certain value in the diagnosis of colorectal cancer.

We analyzed the heterogeneity of the 5 studies included. The Spearman’s correlation
coefficient indicated that the heterogeneity was not related to threshold effect. The funnel
plot and the Egger test showed that the meta-analysis did not have publication bias, but the
influence of bias on this analysis could not be completely excluded. We may suspect that the
heterogeneity was probably due to the small studies with sample sizes.

In this study, we evaluated the prognostic value of NGAL expression in colorectal
cancer. When HR > 1, there is a difference between the 2 groups, and it is a result of causative
effect. The pooled HR of 2.12 (95%CI = 1.35-3.33) showed a 112% relative promotion in the
risk of disease progression with high NGAL level. The value of 95%CI > 1 indicated that high
NGAL level was a poor influencing factor for the prognosis of colorectal cancer.

Some limitations of the present meta-analysis should be considered. First, studies that
met the inclusion criteria were quite few. Some studies reported were excluded because of lack
of control groups or lack of certain essential information. Second, IHC was the unique approach
for detecting the NGAL in the 5 primary studies included. Third, the sample size of some stud-
ies included was small, which did not have adequate power to estimate. In conclusion, because
of the limitations of this present meta-analysis, more worldwide studies are required to confirm
the value of the NGAL test for the diagnosis or prognosis of colorectal cancer in future.

In summary, the association of NGAL and colorectal cancer was assessed by pooling

Genetics and Molecular Research 13 (3): 7102-7112 (2014) ©FUNPEC-RP www.funpecrp.com.br



A meta-analysis of NGAL in colorectal cancer 7111

the recruited data via a systematic meta-analysis. The results of the study demonstrated that
NGAL might be a potential biomarker for the diagnosis and prognosis of colorectal cancer.
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