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Abstract

This study examined the predictive role of circulating lipocalin 2 in long-term prognostic outcome of Colorectal
Cancer (CRC) patients with surgical intervention.

204 CRC patients with surgical intervention between April 2009 and May 2011 were prospectively enrolled.
Circulating lipocalin 2 levels in CRC patients before surgery and healthy-control subjects were measured using
ELISA. Patients were categorized into different CRC clinical stage (I to IV) based on pathological findings. Mean
follow-up time was 21.2 £ 3.5 months. Patients were categorized into group 1 (n=67), lipocalin 2 levels <116.7 ng/
ml; and group 2 (n=137), lipocalin 2 levels = 116.7 ng/ml by ROC curve analysis. CRC patients had higher circulating
levels of lipocalin 2 than healthy subjects (P<0.0001). Occurrence of new metastases after surgery, primary (any
cause of death or new metastasis) and secondary (CRC-related death and new metastasis) combined endpoint were
higher in group 1 than group 2 (all P<0.03). Lower lipocalin 2 levels and CRC stage IV was independently predictive
of primary and secondary combined endpoint (all P<0.001) during long-term follow-up. In conclusion, circulating

lipocalin 2 level may be a useful biomarker for risk stratification of CRC patients during long-term follow-up.

Keywords: Lipocalin 2; Colorectal Cancer (CRC); Prognostic
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Introduction

Colorectal Cancer (CRC) is the fourth leading cause of cancer death
in Western countries, and it is the most common cause among gastro-
intestinal tract malignancies [1-3]. The long-term prognostic outcome
of CRC is usually favorable if there is early diagnosis and treatment
[4,5]. On the other hand CRC cases diagnosed at an advanced stage
result in a high mortality rate because of the relatively asymptomatic
nature of early-stage disease and lack of adequate screening tests
[1,6,7]. Adequate early detection screening for CRC has been reported
to greatly improve patient survival (occult blood or colonoscope) [8,9].

Traditionally, early detection of CRC has largely focused on
Carcinoembryonic Antigen (CEA) as a serum marker. However, the
usefulness of CEA as a biomarker for early diagnosis is limited by the
fact that CEA exhibits lower sensitivity and specificity in early-stage
disease [10,11]. The limitations of CEA in the early detection of CRC
mean that there is a need to evaluate other potential biomarkers to
complement CEA to enhance diagnostic sensitivity and specificity
and improve predictive prognostic outcome in CRC in daily clinical
practice.

Lipocalin 2, (also known as matrix metalloproteinase 9) is a 25
kDa glycoprotein that was initially purified from neutrophil granules
[12,13]. This small protein molecule was first purified from granules
of human neutrophils, and thus is also named Neutrophil Gelatinase-
Associated Lipocalin (NGAL) [12,13]. A variety of functions have been
attributed to lipocalin 2, including transport of iron [14], induction
of apoptosis in cytokine-dependent neutrophils [15], suppression
of bacterial growth through the binding of bacterial catecholate-
type ferric siderophores (i.e., resulting in iron sequestration) [16,17],

and modulation of inflammatory responses [18,19]. Accumulating
evidence suggests that lipocalin 2 plays an important role in innate
immune response [15].

In addition, experimental data have shown that lipocalin 2 plays an
important role in regulating cell growth since its expression is highly
upregulated in a variety of proliferative cells such as cancer cells [20,21].
Increased lipocalin 2 expression has been reported in various cancers
including ovarian, pancreatic, lung and breast cancers, indicating there
is a strong association between this biomarker and the malignance
of cancer cells and metastasis [20-23]. Surprisingly, a link between
circulating level of this biomarker and metastasis and prognostic
outcome of CRC has not been reported. Particularly surprising is that
even the results of in vitro studies appear to be inconsistent; one study
showed that overexpression of lipocalin 2 aggravated metastatic colon
cancer cells [24], while another showed an opposite pattern [20]. In this
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study we investigated whether increased circulating level of lipocalin 2
may be a useful biomarker by which to predict metastasis and clinical
outcome of CRC after surgical intervention.

Methods
Patient population, data collection and therapeutic strategy

All patients who presented with CRC at Kaohsiung Chang Gung
Memorial Hospital were evaluated, and their eligibility for surgical
intervention was considered. CRC was categorized into stage I, II, III
and IV according to pathological findings and the criteria of JN VII
[25].

Detailed in-hospital and follow-up data, including age, gender,
colonscopic findings, computer tomography, ultrasonographic scans
and other image findings, and histological, pathological and surgical
findings were collected prospectively and entered into a computer
database. Additionally, for the purpose of the study, all patients who
experienced CRC undergoing surgical intervention were eligibly
considered for collections of pathological specimens. The resection of
the cancer tissue and blood sampling of patients after informed consent
were obtained from each patient. These pathological specimens from
CRC and blood sample were stored in tissue bank of our hospital. The
whole process was monitored by the committee of tissue bank. Each
researcher who is interested in the CRC must fill out the application
form to apply for the use of specimen or blood sample. The authority
for utilizing the specimen belonged to the committee of tissue bank.

For the purpose of the present study, we were granted permission
of utilizing specimens for research by the committee of the tissue
bank. Two-hundred and four consecutive patients of all ages who
were diagnosed with CRC for the first time and underwent surgical
intervention between April 2009 and May 2011 were prospectively
enrolled into the study (stage I, n=48; stage II, n=69; stage III, n=49;
stage IV, n=38) (Table 1).

In addition to surgical intervention adjunct therapeutic strategies

Colorectal cancer = Healthy control

Variables (n=204) (n=10) P value
Age (yr) 64.4+11.8 65.4 +3.1 0.447
Male gender 54.4% (111) 60.0% (6) 1.000
WBC count (x10° /ul) 74+25 6.0+2.0 0.063
Hemoglobin (g/dl) 122+24 14.2+2.0 0.011
CEA (ng/ml) 122.8 £ 626.5 33+27 0.008
Albumin (g/dl) 40+14 43+0.2 0.483
BUN (mg/dl) 14.0+12.9 14.0+5.2 0.993
Creatinine (mg/dl) 1.0+1.3 0.8+0.2 0.484
Total bilirubin (mmol/L) 0.7+£0.3 1.0+0.5 0.124
Phosphate (mg/ml) 3.5+0.9 34+05 0.664
Alk-P (U/L) 79.5+61.3 59.6 +21.3 0.332
AST (IU/L) 28.3+19.5 279+6.6 0.943

Lipocalin 2 (ng/ml) 193.3+ 1354 36.5+ 16.1 <0.0001

Stages of colorectal cancer
| 23.5% (48) —
1l 33.8% (69) —
1 24.0% (49) —
\% 18.6% (38) —
Data are expressed as mean + SDor % (n).

Alk-P: Alkaline Phosphatase; AST: Aspartate Aminotransferase; BUN: Blood Urea
Nitrogen; CEA: Carcinoembryonic Antigen; WBC: White Blood Cell.

Table 1: Baseline Characteristics, Laboratory Findings and Serum Level of
Lipocalin 2 in Study Patients and Control Subjects.

for CRC patients were as follows: 1) patients with stage I CRC did
not receive any adjunct therapy in addition to surgical intervention;
2) patients with stage II or III colon cancer routinely received
chemotherapy; 3) patients with stage II rectal cancer received
radiotherapy; 4) patients with stage III rectal cancer received combined
chemotherapy and radiotherapy; 5) patients with stage IV CRC
received combined chemotherapy and target therapy.

Ten age- and gender-matched healthy controls were also studied.
Informed consent was obtained from each study subject. The whole
study protocol was approved by the Institutional Review Committee on
Human Research of the Institute of Kaohsiung Chang Gung Memorial
Hospital (the IRA number: 100-1024B).

To circumvent other potential influences on measurement of
circulating level of lipocalin 2, patients with one or more of the
following were excluded: recent surgery or trauma during the preceding
2 months, an inoperable condition, refused surgical intervention with
other palliative treatment, diagnosed as having recurrent CRC during
the enrollment period, other co-existent malignances, history of febrile
disorders, acute or chronic inflammatory disease other than CRC
during the study period, and history of autoimmune diseases with or
without immunosuppressive therapy.

Blood sampling for ELISA, biochemistry and white blood cell
count study

Blood samples were obtained once prior to CRC surgery from
study subjects and once from the ten healthy control subjects who
participated in a health screening program in the Health Clinic of
Kaohsiung Chang Gung Memorial Hospital.

After centrifugation, the aliquot of the samples was stored at
-80°C before assay for lipocalin 2 level. White Blood Cell (WBC)
counts, biochemistry, CEA measurements and electrolyte levels were
performed using standard laboratory methods.

Serum lipocalin 2 level was measured in duplicate with a
commercially available ELISA kit (R&D Systems). The intra-observer
variability of the measurements of lipocalin 2 levels was also assessed
and the mean intra-assay coeflicients of variance were all < 4.1%.

Definitions of endpoints and occurrence of new metastasis
during long-term follow-up

The primary combined endpoint was defined as any cause of death
or metastasis during long-term follow-up. The secondary combined
endpoint was defined as death caused by CRC or metastasis during
long-term follow-up. The occurrence of new metastasis was defined as
distal organ metastasis observed after post-surgical long-term follow-

up.
Statistical analysis

Data were expressed as means + SD. Continuous variables were
analyzed using the independent t-test, and categorical variables were
analyzed using the Chi-square test. Areas under the Receiver Operator
Characteristic (ROC) curve were used to determine the sensitivity
and specificity of lipocalin 2 and CEA in predicting long-term clinical
outcome (i.e., freedom from death or cancer metastasis) in patients
with CRC. The correlation between circulating levels of lipocalin 2 and
the clinical stages of CRC were analyzed with Pearson product-moment
correlation coefficient. Baseline variables were used for univariable Cox
regression analysis. All significant factors revealed by univariable Cox
regression analysis were further examined by multivariable stepwise
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Cox regression analysis. Multivariable stepwise Cox regression analysis
was used to assess the independent predictors of long-term clinical
outcomes. Statistical analysis was performed using SPSS statistical
software (SPSS for Windows, version 13; SPSS, IL). A P value of < 0.05
was considered statistically significant.

Results

Baseline characteristics, laboratory results and serum
lipocalin 2 level in study patients and control subjects

Age and gender did not differ between study subjects and healthy
control subjects. Additionally, WBC count, albumin level, and
parameters of renal function and liver function indices were similar
between study patients and healthy control subjects. However,
hemoglobin level was significantly lower in study subjects than in
healthy control subjects. Conversely, the serum level of CEA and
lipocalin 2 were remarkably higher in study patients than in control
subjects. The incidence of CRC was highest at stage II, followed by stage
Iand II, and lowest in stage IV in the current study (Table 1).

Comparison of baseline variables, laboratory findings,
clinical presentation, and long-term outcomes in patients
with higher and lower levels of lipocalin 2

ROC curve analysis (Figure 1) revealed that circulating level
of lipocalin 2 > 116.7 (ng/ml) was the most powerful predictor of
favorable long-term clinical outcome (i.e., freedom from death or
cancer metastasis) in the current study with a sensitivity of 73.0%
and a specificity of 60.0%. The positive and negative predictive values
were 20.3% and 94.1%, respectively. Accordingly, patients with levels
of lipocalin 2 < 116.7 (ng/ml) were categorized into the patient group
with lower levels of lipocalin 2 (group 1), and patients with levels of
lipocalin > 116.7 (ng/ml) were assigned into the group with higher
levels of lipocalin 2 (group 2) (Table 2).

Age was not no significantly different between group 1 and group
2. However, there were significantly less men than women in group 1

1.07
0.81
3.
= 0.67
=
% 0.4 Area under the curve: 0.673
wo P=0.005
0.21

O.G . T T T
0,0 02 04 06 08 1.0
1 - Specificity

Figure 1: Receiver operating characteristic (ROC) plot: Receiver Operating
Characteristic (ROC) plot of circulating level of lipocalin 2 = 116.7 (ng/ml)
and freedom from death or cancer metastasis. The area under the curve was
0.673. When the cut-off value of lipocalin 2 2 116.7 (ng/ml), the sensitivity and
specificity were 73.0% and 60.0%, respectively for predicting freedom from
long-term death or cancer metastasis.
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Variables Group 1 (n=67)f Group 2 (n=137)f P value
Age (yr) 67.6 £ 10.1 64.8+12.6 0.465
Male gender 43.3% (29) 59.9% (82) 0.026
WBC count (x108 /ul) 6.9+24 7.7+25 0.037
Hemoglobin (g/dl) 122+24 123+24 0.794
CEA (ng/ml) 90.2 £ 515.1 138.8 £ 675.9 0.607
Albumin (g/dl) 43+22 39+0.6 0.027
BUN (mg/dl) 13.3+125 14.4+13.2 0.557
Creatinine (mg/dl) 09+0.9 11214 0.229
Total bilirubin (mmol/L) 0.7+0.3 0.7+0.3 0.339
Phosphate (mg/ml) 35+04 35%+1.0 0.972
Alk-P (U/L) 71.6 £28.7 83.5+72.1 0.214
AST (IU/L) 27.5+13.5 28.8+21.9 0.664
Lipocalin 2 (ng/ml) 75.34 £29.2 246.7 +130.8 <0.001
Stages of colorectal cancer 0.032

| 22.4% (15) 24.1% (33)

Il 23.9% (16) 38.7% (53)

1 35.8% (24) 18.2% (25)

v 17.9% (12) 19.0% (26)

Duration of follow-up (days) 455.9 +187.0 539.8 +201.3 0.005
Mortality of any cause 14.9% (10) 11.7% (16) 0.514
Mortality due to CRC 10.4% (7) 5.1% (7) 0.236

Occurrence of new metastasis 16.4% (9) 3.3% (4) 0.004

Primary combined endpoint* 25.4% (17) 13.1% (18) 0.029

Secondary combined endpointt 22.4% (15) 7.3% (10) 0.002

Data are expressed as mean + SDor % (n).

Alk-P = Alkaline Phosphatase; AST = Aspartate Aminotransferase; BUN = Blood
Urea Nitrogen; CEA = Carcinoembryonic Antigen; CRC = Colorectal Cancer;
WBC = White Blood Cell.

* Defined as any cause of death or occurrence of new metastasis during long-
term follow-up.

1 Defined as death caused by CRC or metastasis during long-term follow-up.

1 Group 1: defined as lower lipocalin 2 (<116.7 ng/ml) level; group 2: defined as
higher lipocalin 2(=116.7 ng/ml) level.

Table 2: Comparison of Baseline Characteristics, Laboratory Findings and Clinical
Outcomes between Higher Lipocalin 2 and lower Lipocalin 2 Study Patients.

than in group 2. The laboratory findings showed that hemoglobin and
CEA levels, and renal and liver function were similar in group 1 and
group 2. However, albumin level was higher and WBC count was lower
in group 1 than in group 2. Additionally, circulating level of lipocalin 2
was substantially lower in group 1 than in group 2.

The incidence of CRC stage was found to be significantly different
between group 1 and group 2. This result was mainly due to the fact
that the incidences of stage II CRC was notably lower whereas the
incidence of stage III CRC was remarkably higher in group 1 than in
group 2 (Table 2).

The duration of long-term follow up after discharge from
hospitalization was significantly shorter in group 1 than in group 2.
This was mainly due to the relatively higher incidence of long-term
CRC-related mortality in group 1 than in group 2 but this difference
did not reach statistical significance (Table 2).

The incidence of new onset of CRC metastasis was significantly
higher in group 1 than in group 2. Additionally, the primary and
secondary combined endpoints during long-term follow up were
significantly higher in group 1 than in group 2.

Correlation between circulating level of lipocalin 2 and the
stages of CRC at time of blood sampling

To determine whether there was a correlation between serum level
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of lipocalin 2 and the clinical stages of CRC, Spearman rank correlation
analysis was performed. Unexpectedly, the result of the analysis
revealed no significant correlation between the level of lipocalin 2 and
individual stage of CRC (Figure 2A). Further analysis also showed no
correlation between level of lipocalin 2 and combined stages (I, II, III)
of CRC and stage IV of CRC (Figure 2B).

Univariable and multivariable stepwise Cox regression
analysis of predictors for primary combined endpoint during
long-term follow-up

The results of univariate Cox regression analysis of the enrollment
variables (Table 2) for prediction of primary combined endpoint during
long-term follow-up are shown in (Tables 3 and 4). The most significant
factors among these variables were WBC count, CEA level (an increase
in each 10 ng/ml of CEA), and CRC stage IV. Additionally, lower levels
of lipocalin 2, hemoglobin and albumin were also significantly related
to combined endpoint of long-term follow-up.

Multivariable stepwise Cox regression analysis revealed that
lower level lipocalin 2, WBC count and CRC stage IV were the most
significant independent predictors for primary combined endpoint
during long-term follow-up. Moreover, CEA level (an increase in each
10 ng/ml of CEA) was also significantly and independently predictive
of primary combined endpoint in long-term follow-up.

(A)
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Figure 2: Linear regression analysis : (A) Linear regression analysis for the
correlation between lipocalin 2 and individual cancer stage (p = 0.807; r =
-0.017). (B) Linear regression analysis for the correlation of lipocalin 2 to early
cancer (stage |, Il 1l ) or advanced cancer stage (p = 0.977; r = 0.002).

Variables Hazard ratio (95% Cl) P value

White blood cell count (x10%/ul)* 1.200 (1.083-1.328) <0.001
Hemoglobin (g/dl)* 0.832 (0.735-0.941) 0.003

CEA (%10 ng/ml)*t 1.001 (1.005-1.0011) <0.001

CEA (>3.27 ng/ml) 3.099 (1.509-6.367) 0.002

Cancer stage (I + Il + 1ll vs. IV) 7.318 (3.701-14.472) <0.001
Lower level of lipocalin 2 [< 116.7 (ng/ml)] 2.950 (1.475-5.899) 0.002
Albumin (g/dl)* 0.463 (0.287-0.747) 0.002

*Value was used as continuity.

1 Indicated increased each 1.001 Hazard ratio with respect to increase in 10 ng/
ml of CEA.

FPrimary combined endpoint was defined as any cause of death or occurrence of
new onset of metastasis during long-term follow-up.

ClI: Confidence Interval; CEA: Carcinoembryonic Antigen; CRC: Colorectal
Cancer.

Table 3: Univariable Cox Regression Analysis of Predictors for Primary Combined
Endpoint During Long-term Follow-upt.

Variables Hazard ratio (95% CI) P value

WBC (x10%/ul)* 1.327 (1.170-1.506) <0.001

CRC stage (I + Il + lll vs. IV) 8.788 (3.928-19.662) <0.001
Lower level of lipocalin 2 [< 116.7 (ng/ml)] | 6.854 (2.928-16.047) <0.001
CEA (x10 ng/ml)*t 1.004 (1.0005-1.0083) 0.028

*Value was used as continuity.

1 Indicated increased each 1.001 Hazard ratio with respect to increase in 10 ng/
ml of CEA.

FPrimary combined endpoint was defined as any cause of death or occurrence of
new onset of metastasis during long-term follow-up.

ClI: Confidence Interval; CEA: Carcinoembryonic Antigen; CRC: Colorectal
Cancer.

Table 4: Multivariable Stepwise Cox Regression Analysis of Predictors for Primary
Combined Endpoint During Long-term Follow-upt.

In the current study, subgroup analysis was also conducted
to elucidate which CEA level was the cut-off value for significant
prediction of unfavorable long-term clinical outcome (i.e., death from
any cause or cancer metastasis), ROC curve analysis was performed
and the results revealed that the level of CEA > 3.27 (ng/ml) was the
most powerful predictor with a sensitivity of 68.6% and a specificity of
63.6%, respectively [AUC: 0.694 (0.590-0.798), P<0.001]. Furthermore,
reanalysis of variables in Table 4 by using a combination of cut-off level
of CEA (i.e., 2 3.27 ng/ml) and higher lipocalin 2 level was superior
to either one alone for predicting primary combined endpoint [6.400
(2.929-13.982), P<0.0001].

Univariable and multivariable stepwise Cox regression
analysis of predictors for secondary combined endpoint
during long-term follow-up

The results of univariate Cox regression analysis of the enrollment
variables (Table 2) for prediction of secondary combined endpoint
during long-term follow-up are shown in Tables 5 and 6. The most
powerful predictors among these variables were lower levels of lipocalin
2 and CRC stage IV. In addition, the CEA level was also significantly
associated with combined endpoint during long-term follow-up.

Multivariable stepwise Cox regression analysis showed that only
the lower level lipocalin 2 and CRC stage IV were significantly and
independently predictive of primary combined endpoint in long-term
follow-up.

Kaplan Meyer analysis showed that freedom from combined
primary endpoint and secondary combined endpoint were remarkably
higher in higher level of lipocalin 2 (> 116.7 ng/ml) patients in
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Variables Hazard ratio (95% Cl) P value

CRC stage (I + 1l + 11l vs. IV) 6.719 (2.988-15.107) <0.001
Lower level of lipocalin 2 [< 116.7 (ng/ml)] | 5.251 (2.233-12.346) <0.001
CEA (x10 ng/ml)*t 1.006 (1.001-1.012) 0.029

*Value was used as continuity.

1 Indicated increased each 1.001 Hazard ratio when CEA increased 10 ng/ml
Cl: Confidence Interval; CEA: Carcinoembryonic Antigen; CRC: Colorectal
Cancer.

Table 5: Univariable Cox Regression Analysis of Predictors for CRC-Caused
Death or CRC Distal Metastasis During Long-term Follow-up.

Variables Hazard ratio (95% Cl) = P value
CRC stage (I + 1l + 1l vs. IV) 9.451 (3.896-22.926) | <0.001
Lower level of lipocalin 2 [< 116.7 (ng/ml)] = 8.033 (3.160-20.419) <0.001

*Value was used as continuity.
1 Indicated increased each 1.001 Hazard ratio when CEA increased 10 ng/ml
Cl: Confidence Interval;

Table 6: Multivariable Stepwise Cox Regression Analysis of Predictors for Cancer
Death or Cancer Distal Metastasis during Long-term Follow-up.

comparison with those with lower levels of lipocalin 2 (< 116.7 ng/ml)
(Figures 3A and 3B).

Discussion

The present study, which examined the serum level of lipocalin
2 and clinically relevant variables in patients with CRC undergoing
surgical intervention, has several clinical implications. First, circulating
level of lipocalin 2 was significantly higher in study patients than in
healthy control subjects. Second, the circulating level of lipocalin 2
was significantly lower in patients with stage IV CRC than in those
patients with stages I, II and III CRC. Third, the lower circulating level
of lipocalin 2 (< 116.7 ng/ml) and stage IV CRC were the strongest
independent predictors of combined primary endpoint (defined death
from any cause or occurrence of new onset of metastasis) and combined
secondary endpoint (defined as death caused by CRC or metastasis)
during long-term follow up.

Surprisingly, despite the association between lipocalin 2 level and
inflammatory colon disease and distal organ metastasis from lung,
pancreas, ovarian and breast cancers being the subject of extensive
investigation [25-30], the link between the circulating level of this
biomarker and the prognostic outcomes in CRC patients has not
been reported. To the best of our knowledge, this is the first study to
investigate the impact of circulating level of lipocalin 2 on the long-term
prognostic outcome in CRC patients undergoing surgical intervention.
One important finding was that the circulating level of lipocalin 2 was
remarkably higher in CRC patients than in healthy control subjects.
This finding suggests that lipocalin 2 was not only increased in chronic
inflammatory colon disease [31] but was also increased in CRC patients.

Unexpectedly, this study did not show a good correlation between
circulating level of lipocalin 2 and the clinical stages of CRC (Figure
3A). Further analysis also showed no significant correlation between
circulating level of lipocalin 2 and early CRC stages (i.e., combined
stage I, IT and III) and advanced CRC stage (i.e., stage IV). However, the
ROC curve analysis showed that a higher circulating level of lipocalin
(2 2 116.7 ng/ml) was strongly associated with favorable long-term
clinical outcome. From this point of view, our finding is supported
by a previous in vitro study which demonstrated that a higher level of
NGAL (i.e., lipocalin 2) may be a candidate metastasis suppressor in
colon cancer cells [20].

In addition, circulating level of CEA, an traditionally important

index of recurrence of CRC in patients after receiving surgical and/or
pharmacological interventions [8,32], was found to be independently
predictive of primary combined endpoint (i.e., any cause of death or
new onset of distal organ metastasis) during long-term follow up.
This result reinforces the findings of previous studies [8,32]. However,
our study showed that compared with CEA, lower circulating level of
lipocalin 2 was more strongly and independently predictive of primary
combined endpoint. Of particular importance is the fact that combined
use of these two biomarkers (i.e., lipocalin and higher CEA level) was
found superior to either one alone for prediction of primary combined
endpoint. Our findings thus encourage the use of these two biomarkers
together to stratify CRC patients into higher-risk and lower-risk
subgroups during long-term follow-up in daily clinical practice.
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Figure 3: Kaplan Meyer analysis: (A) The Kaplan Meyer analysis comparing
the survival rate between group 1 (i.e., lipocalin 2 levels <116.7 ng/ml) and
group 2 (i.e., lipocalin 2 levels 2116.7 ng/ml) patients, demonstrating the
long-term primary combined endpoint was notably higher in group 1 than in
group 2 patients (p = 0.001). (B) The Kaplan Meyer analysis comparing the
survival rate between group 1 (i.e., lipocalin 2 levels <116.7 ng/ml) and group
2 (i.e., lipocalin 2 levels 2116.7 ng/ml) patients, demonstrating the long-term
secondary combined endpoint was notably higher in group 1 than in group 2
patients (p < 0.001).
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Another principal finding was that the lower circulating level
of lipocalin 2 was the strongest and most independent predictor
of combined secondary endpoint (i.e., CRC-caused death or new
occurrence of distal metastasis) during long-term follow up. Our
findings thus provide evidence that lipocalin 2 is a useful biomarker
for monitoring the long-term clinical status of CRC patients following
surgical/pharmacological therapies. An extremely surprising finding
was that in comparison with our result, previous studies have
demonstrated that higher rather than lower levels of lipocalin 2 are
significantly predictive of distal metastasis in lung, pancreas, ovarian
and breast cancer settings [21-23,26, 27,31]. However our results are
supported by one previous experimental study [20] that found that
higher levels of lipocalin 2 suppressed the invasion and metastasis
of colon cancer cells to the liver. We are uncertain why there is
discrepancy between our and previous findings [21,22,26,27,31].
Perhaps different cancer cells (i.e., CRC vs. lung, ovarian, breast and
pancreas cancer cells) have divergent responses to stimulation by
different lipocalin 2 concentrations in invasion and mobilization, and
distal organ metastasis.

It is well known that stage IV CRC, an advanced cancer stage,
always indicates a poorer prognostic clinical outcome as compared
with stages I, IT and III of CRC [28,29]. Consistently, the findings of the
present study also showed that the stage IV of CRC was independently
predictive of primary and secondary combined endpoints during
long-term clinical follow up. Our findings, therefore, strengthen the
findings of previous studies [28,29]. Interestingly, WBC count was also
an independent predictor of combined primary endpoint. Previous
studies have demonstrated the association between neoplasm and
inflammatory reaction [30,33]. These findings [30,33] may, at least
in part, explain why WBC count was independently predictive of
unfavorable clinical outcome in CRC patients.

Study Limitations

This study has several limitations. First, the sample size of this
cohort study was relatively small. This may explain why the correlation
between circulating level of lipocalin 2 and the clinical stages of CRC
did not reach the statistical significance. Additionally, this may also
explain why the sensitivity and specificity of ROC curve analysis
were found to be relatively low in the current study. Second, the same
reason could also be used to explain why mortality did not significantly
differ in patients with higher lipocalin 2 level as compared with those
patients with lower levels of this biomarker. Similarly, the incidence
of unfavorable long-term clinical outcome (i.e., death from any cause
or cancer metastasis) which was relatively low could, at least in part,
explain why the sensitivity and specificity of ROC curve analysis were
found to be relatively low in the present study. Third, Body Mass
Index (BMI) is usually identified as a useful predictor of prognostic
outcome in various types of cancers. In the current study, however,
this parameter was missing. Therefore, we did not know whether the
BMI was an important factor for predictive of prognostic outcome in
CRC patients.

Conclusion

In conclusion, the results of our study demonstrated that lower
circulating levels of lipocalin 2 were a strong and independent predictor
of long-term unfavorable clinical outcome in CRC patients undergoing
surgical/pharmacological and or irradiation intervention. This finding
encourages the use of this biomarker as a supplementary parameter for
use alongside CEA to monitor CRC patients in daily clinical practice.
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