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Abstract

The prognostic role of phosphatase of regenerating liver 3 (PRL-3) in colorectal cancer (CRC)
remains inconclusive. We aimed to evaluate the association between the expression of PRL-3 and
clinic outcomes in CRC patients by conducting a meta-analysis of cohort studies. Relevant studies
were identified by electronic databases search through Feb 2014. We included cohort studies that
reported hazard ratios (HRs) with 95% confidence intervals (Cls) for the association of PRL-3
expression with overall survival (OS) or disease-free survival (DFS). A fixed- or random-effects
model was used to calculate the pooled HR estimates. We identified 10 prospective cohort studies of
PRL-3 expression and prognosis involving 1,462 CRC patients. Overall, the combined HR for OS
and DFS in a random-effects model was 2.54 (95% CI, 1.70-3.80) and 2.47 (95% ClI, 1.45-4.19),
respectively. The association between PRL-3 expression and prognosis did not substantially modified
by subgroup analysis. Omission of any single study had no significant effect on the combined HR
estimate. No evidence of publication bias was observed. The present meta-analysis provides further
evidence of a significant inverse association between PRL-3 overexpression and prognosis in CRC

patients.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in terms of incidence and mortality for the
United States, with estimated 102,900 new cases in 2010 [1, 2] . The increase of CRC prevalence is
also reported in Eastern Asia [3]. Although considerable advances have been made in understanding
the pathogenesis, early diagnosis, and treatment of CRC, the survival rates have not been
substantially improved over the past few years. Some independent prognostic factors for survival
such as stage of disease at diagnosis, age, physical inactivity, and obesity have already been
identified [4, 5]. Moreover, several biological factors involved in molecular carcinogenesis should be
considered as potential prognostic and predictive molecular markers in individuals with CRC.
Protein tyrosine phosphatases (PTPs) are key regulatory enzymes in signal transduction pathways
and are implicated in the tumorigenesis and metastasis of human cancers [6]. Phosphatase of
regenerating liver (PRL) family, comprising three members, PRL-1, PRL-2, and PRL-3, belongs to
the PTP superfamily [7]. PRL-3 (also known as PTP4A3) is an important metastasis gene firstly
identified in CRC in 2001 [8]. PRL-3 gene has been observed to be consistently overexpressed in
metastatic lesions derived from primary CRC versus the corresponding normal colorectal epithelium,
adenomas, and primary tumors. Since then, numerous studies have suggested that PRL-3 expression
IS associated with various carcinogenic and metastatic processes by promoting cancer cell migration

and invasion [9-11]. Therefore, PRL-3 is a promising prognostic marker and its enhanced expression

Yao et al., 2014: Vol 2(7) 38 ajrc.journal@gmail.com


http://www.usa-journals.com/

American Journal of Research Communication www.usa-journals.com

in cancer cells can be a significant biomarker for predicting poor survival in CRC [12, 13].

Several observational studies have evaluated whether PRL-3 expression can be a prognostic factor
for survival in CRC patients. However, the results of these studies are conflicting or inconclusive
because of limited sample size and genuine heterogeneity. We therefore designed this study to review
all available reports that investigated the relationship between PRL-3 overexpression and clinical
outcomes in CRC patients. A meta-analysis was conducted to derive a more precise estimate of the

prognostic significance of PRL-3 expression.

Methods

Search strategy

The electronic databases PubMed, Embase, ISI Web of Science and China National Knowledge
Infrastructure were searched for studies to be included in the present meta-analysis. An upper date
limit of Feb 2, 2014 was applied; we used no lower date limit. Searches included the terms “PRL-3,”
“PRL3,” “PTP4A3,” “phosphatase of regenerating liver 3,” or “protein tyrosine phosphatase type
IVA member 3” and “colorectal tumor,”*“colorectal tumour,” “colorectal cancer,” “colorectal
carcinoma,” “colorectal neoplasms,” “rectal cancer,” “rectum cancer,” “colonic neoplasms,” “colon
cancer,” “colonic cancer,” or “CRC.” and “survival,” “prognostic”, or “prognosis.” No language
restrictions were imposed. We also reviewed the Cochrane Library for relevant articles. The
references reported in the identified studies were also used to complete the search.

Study eligibility

The studies included in this meta-analysis are prospective cohort studies that evaluated the
association between PRL-3 expression and overall survival (OS; i.e., date of surgery to date of death
as a result of any cause) and disease-free survival (DFS; i.e., date of surgery to date of second cancer,

local or regional recurrence, or distant metastases). Studies considered ineligible for the
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meta-analysis were as follows: reviews, conference abstracts, editorials, or letters; studies in which
OS or DFS was not used as clinical endpoints index; and articles with insufficient published data for
determining an estimate of hazard ratio (HR) and 95% confidence interval (Cl). In the case of
multiple publications from the same institution with identical or overlapping patient cohorts, only the
largest study was included to avoid duplication of information.

Data extraction

Two authors (N. Yao and Y. Chen) independently extracted data from eligible studies and
disagreements were resolved through consensus in all items. Standardized abstraction sheets were
used to record data from individual studies. Data retrieved from the studies included: first author,
year of publication, country of origin, number of patients analyzed, follow-up months, analysis
method, blinding of PRL-3 measurements, cutoff scores, number of high/low PRL-3 expression to
the study outcomes, and HR estimation. For each study, HR was estimated using methods reported
by Parmar et al [14]. The most accurate approach is to obtain the HR estimate and 95% CI from the
paper directly, or by calculation using the parameters such as statistics of observed minus expected
events and variance provided in the papers. Otherwise, the number of patients at risk in each group,
the number of events and P-value of the log-rank statistic were retrieved to permit an approximate
calculation of the HR estimate and its variance. If the study did not show the HR while the survival
curve was reported, survival rates at certain specified times were extracted from them for the
reconstruction of the HR estimate and its variance, with the assumption that the rate of patients
censored was constant during the follow-up [15].

Quality assessment

Quality assessment of the cohort studies in this meta-analysis was performed using the Newcastle
Ottawa scale (NOS) recommended by the Cochrane Non-randomized Studies Methods Working
Group [16, 17]. Based on the NOS, studies were judged based on three broad perspectives: selection
(four items, one star each), comparability (one item, up to two stars), and outcome (three items, one

star each). A “star” represents a ““high-quality” choice of an individual study. Given the variability in
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quality of cohort studies found in our initial literature search, we considered studies as of high
quality if they achieved a score of five or more.
Statistical analysis
STATA version 11.0 (STATA Corporation, College Station, TX, USA) was used for all statistical
analyses. The combined HR with 95% CI was used to calculate and assess the strength of the
association of PRL-3 expression with OS or DFS, and HR > 1 indicated poor prognosis in patients
with PRL-3 expression if the 95% CI did not overlap 1. The significance of the pooled HR was
determined using a Z-test, and P < 0.05 was considered statistically significant.

Heterogeneity assumption was examined by the chi-squared test based on the Q statistic [18] and
was considered statistically significant when P < 0.10. Heterogeneity was quantified by the I* metric,
which is independent of the number of studies used in the meta-analysis (1 < 25%, no heterogeneity;

1> = 25%-50%, moderate heterogeneity; I

> 50%, extreme heterogeneity). The pooled HR
estimation of each study was calculated using a random-effects model (DerSimonian and Laird
method) when P < 0.10; otherwise, a fixed-effects model was used (Mantel-Haenszel method) [19].
To validate the credibility of outcomes in this meta-analysis, sensitivity analysis was performed
by sequential omission of each individual study using the “metaninf” STATA command. Potential
publication bias was evaluated through Begg’s and Egger’s Asymmetry tests [20], as well as through
visual inspection of funnel plots, in which the standard error was plotted against log (HR) to form a

simple scatterplot. Statistical significance for the interpretation of the Egger’s test was defined as

P < 0.10.

Results

Study characteristics

The literature search identified a total of 73 potentially relevant articles. Among them, 60 were
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excluded after reading the title and abstract because of obvious lack of relevance. These other articles
were also excluded: one review-type article [13], one duplicated publication [21], and one study in
which other survival endpoint was used instead of OS or DFS [22]. Finally, 10 prospective cohort
studies were eligible for the meta-analysis [23-32]. A flow chart summarizing the process of study
inclusion or exclusion is shown in Figure 1. The main characteristics of the selected studies are

reported in Table 1.

Records identified through
database searching (n = 73)

Records excluded because of obvious
irrelevance (n = 60)

\4

\ 4

Full-text articles assessed for
eligibility
(n=13)

Records excluded:

Review (n=1)

Duplicated publications (n = 1)

Other survival endpoint instead of OS or
DFS(n=1)

\ 4

\4

Studies included in the
meta-analysis
(n=10)

\ 4 A 4

8 studies for 5 studies for
oS DFS

Fig. 1 Flow diagram for study selection and specific reasons for exclusion in the meta- analysis.
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The 10 prospective cohort studies with a total of 1462 CRC patients ranging from 46 to 273 patients
per study were conducted in three countries (China, Japan, and Spain) and published between 2004
and 2012. The follow-up period ranged from 34.0 to 107.3 m. Among the 10 studies, nine studies (1
382 patients, 94.5 %) were performed in Asian populations, and the remaining one study (80 patients)
followed up non-Asian patients. Six studies were published in English and four studies were
published in Chinese. Eight studies (with a total of 1070 CRC patients) reported the effect of PRL-3
expression on OS, among which two reported multivariate adjusted HRs and six provided
Kaplan—Meier curves. Five studies (with a total of 871 CRC patients) reported the effect of PRL-3
expression on DFS, among which only one reported multivariate adjusted HR and four provided
Kaplan—Meier curves. For each single endpoint, 5 of 8 studies used OS to identify PRL-3
overexpression as an indicator of poor prognosis, whereas 3 of 5 studies used DFS. All other studies
showed no statistically significant effect of PRL-3 overexpression on the survival period. According

to the quality criteria, all prospective cohort studies were high quality with five scores or higher.

Table 1 Main characteristics of 10 eligible studies in this meta—analysis

Study Patients ~ Analysis  Blinding PRL-3 Cutoff Outcomes Analysis of HR (95% CI) Language
(authors—year) source method evaluation expression  scores variance
(High/Low)
Kato H (2004) Japan ISH NR 79/98 > 10% DFS Univariate 5.53 (0.86-35.4)" English
Peng LR (2004) China IHC NR 21/67 NR (OF] Univariate 3.45 (1.60-7.48)"° English
Lian P (2006) China IHC NR 97/99 Score>6  OS Univariate 8.06 (3.11-20.90)  Chinese
Mollevi DG Spain IHC blinded 38/42 NR 0S Multivariate 3.32(1.41-7.85)* English
(2008) DFS Univariate 5.93 (2.54-13.81)*°
Zhao GP (2008)  China IHC NR 32/14 > 5% 0S Univariate 1.14 (0.17-7.754)®  Chinese
Xing XF (2009) China IHC blinded 64/209 > 10% 0S Univariate 1.46 (0.97-2.19)° English
DFS Univariate 2.30 (1.41-3.76)"
Wu YY (2009) China IHC NR 33/36 Score>4  OS Univariate 1.66 (0.28-9.82)° Chinese
Liu CY (2010) China IHC blinded 38./78 Score=2  OS Univariate 2.28 (1.21-4.31)" Chinese
DFS Univariate 2.27 (1.12-4.61)°
Liu CY (2012) China IHC blinded 56/169 Score>3  DFS Multivariate 1.30 (0.80-1.90)* English
Tamagawa H Japan QRT- NR 101/101 NR 0S Multivariate 2.36 (1.21-4.60)? English
(2012) PCR

0S overall survival, DFS disease—free survival, NR data were not reported, NS not significant, CRC colorectal cancer, ISH in situ
hybridization, IHC immunohistochemistry, QRT -PCR quantitative real-time polymerase chain reaction, Sur.
Curves survival curves, Score 2, 3, 4, 5, 6 different scores with combination of percentage of positives cells and
intensity, ® Directly extracted from original data, ® Calculated from Kaplan—Meier curve.
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Main results of meta-analysis

We conducted meta-analysis on the association of PRL-3 overexpression in CRC patients with OS or
DFS. The pooled HRs, along with their 95% Cls, are presented in detail in Table 2. Among the eight
studies on OS, a poor prognosis was demonstrated in the pooled HR estimate (HR = 2.54; 95% ClI,
1.70-3.80). When the results of HR obtained from the Kaplan—Meier curves by univariate analysis
were pooled, combined HR was 2.51 (95 % CI, 1.44-4.39). Furthermore, when we pooled the studies
of HR derived from multivariate analysis, a significant association was observed with HR of 2.68
(95 % CI, 1.59-4.54). We also observed statistically significant effect of PRL-3 expression on OS
from the studies published in English and Chinese with the HR of 2.01 (95% CI, 1.50-2.71) and 2.90
(95 % ClI, 1.25-6.72), respectively. After exclusion of the study [26] from Spain, the pooled HR in
Asian populations was 2.46 (95% ClI, 1.57-3.85); and omission of the study [32] with quantitative
real-time PCR not immunohistochemistry analysis yielded a pooled result of 2.61 (95% CI,
1.61-4.24). When the blinding evaluation in three studies [26, 28, 30] was considered, the results did
not change (HR = 1.83; 95% CI, 1.33-2.51). The forest plot for the overall association between
PRL-3 overexpression in CRC patients and OS is shown in Figure 2. Similar results were found
among the five studies on DFS, as presented in detail in Table 2. The pooled HR estimate for DFS in
CRC patients with PRL-3 expression was 2.47 (95% CI, 1.45-4.19), and poor prognosis was also
observed in subgroup analyses, such as Kaplan—Meier curves (HR = 2.80; 95% CI, 1.96-4.00),
published in English (HR = 2.62; 95% ClI, 1.31-5.22), IHC analysis, and blinding evaluation (HR =
2.33; 95% CI, 1.34-4.06). The forest plot for the overall association between PRL-3 overexpression

in CRC patients and DFS is shown in Figure 3.
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Table 2 Results of meta-analysis of PRL-3 overexpression and prognosis in colorectal cancer patients

Categories Studies (no. of 2
. HR (95% CI) 1” (%) Ph z P,
patients)
Overall survival
Total 8(1070) 2.54(1.70-3.80) 49.4 0.054 455  <0.001
Multivariate analyses 2(282) 2.68(1.59-4.54) " 0.00 0.539 3.67 <0.001
Univariate analyses 6(788) 2.51(1.44-4.39) 61.1 0.025 3.24  0.001
Asian populations 7(990) 2.46(1.57-3.85) 53.6 0.044 3.94 <0.001
Published in English 4(643) 2.01(1.50-2.71)F 48.2 0.122 4.62 <0.001
Published in Chinese 4(427) 2.90(1.25-6.72) 52.2 0.099 249  0.013
IHC analysis 7(868) 2.61(1.61-4.24) 56.5 0.032 3.88  <0.001
Stated blinding 3(469) 1.83(1.33-2.51)" 42.6 0.175 3.71  <0.001
Disease-free survival
Total 5(871) 2.47(1.45-4.19) 65.8 0.020 3.33  0.001
Univariate analyses 4(669) 2.80(1.96-4.00) " 33.1 0.214 5.66 <0.001
Published in English 4(755) 2.62(1.31-5.22) 74.1 0.009 2.73  0.006
IHC analysis 4(694) 2.33(1.34-4.06) 71.6 0.014 299  0.003
Stated blinding 4(694) 2.33(1.34-4.06) 71.6 0.014 299  0.003
All pooled HRs were derived from random-effects model except for cells marked with (fixed ")
Py, denotes P- value for heterogeneity based on Q test
Pz denotes P- value for statistical significance based on Z test
Study %
ID HR (95% CI) Weight
Peng LR(2004) —i—o— 3.45 (1.60, 7.48) 13.89
I
Lian P(2006) i > 8.06 (3.11,20.90)  10.94
Mollevi DG(2008) —i—o— 3.32 (1.40, 7.85) 12.34
Zhao GP(2008) : 1.14 (0.17, 7.54) 3.88
Xing XF(2009) T i 1.46 (0.97, 2.19) 22.02
I
Wu YY(2009) : 1.66 (0.28, 9.82) 4.32
Liu CY(2010) —_— 228(121,431)  16.63
Tamagawa H (2012) —0‘—: 2.36 (1.21, 4.60) 15.97
|
Overall (I-squared = 49.4%, p = 0.054) <> 2.54 (1.70, 3.80) 100.00
NOTE: Weights are from random effects analysis i
T T T T T T
2 5 1 2 5 10 20

Fig. 2 The forest plot for the overall association between PRL-3 overexpression and OS of CRC patients.
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Study %

ID HR (95% CI) Weight

Kato H(2004) . > 5.53 (0.86, 35.40) 6.58

Mollevi DG(2008) — 5.93 (2.54, 13.80) 18.22
Xing XF(2009) —— 2.30 (1.41, 3.76)  26.32
Liu CY(2010) —_— 2.27 (1.12,4.61) 21.18

Liu CY (2012) - 1.30(0.80,1.90) 27.70

Overall (I-squared = 65.8%, p = 0.020) <> 2.47 (1.45,4.19) 100.00

NOTE: Weights are from random effects analysis

| | | | |
S 1 2 5 10 20

Fig. 3 The forest plot for the overall association between PRL-3 overexpression and DFS of CRC patients.

Sensitivity analysis and publication bias
In the sensitivity analysis, the influence of each study on the pooled HR was examined by omission
while repeating the meta-analysis. Figure 4 demonstrates that no point estimate of the omitted
individual study lied outside the 95% CI of the combined analysis on the summary OS. Similarly, no
significant influence was observed when the overall DFS was analyzed. These analyses suggested
that no individual study dominated the meta-analysis results, which validated the credibility of
outcomes.

Publication bias was analyzed in the included literature involving the overall HR estimation of
OS or DFS. Neither Begg’s nor Egger’s tests provided any obvious evidences of publication bias

(# > 0.10; Table 3). In addition, the shapes of the funnel plots showed that the included studies did

not have apparent asymmetry, indicating that our results were statistically robust.
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Meta-analysis estimates, given named study is omitted

| Lower CI Limit O Estimate | Upper CI Limit
Peng LR(2004) | O
Lian P(2008) |- 1o RIRTCTRRRUTORINY AT
Mollevi DG(2008) ) ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 1 TR .~
Zhao GP(2008) ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 16 TR
X|ng XF(zoog) ;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; O ee e
WU YY(2009) | [ D et b
Liu CY(2010) | || [ TR SRS RY ORISR
Tamagawa H (2012) Froseferes e 16 T e |
1.551.70 2.54 3.80 4.‘30

Fig. 4 Effect of individual studies on the pooled HR for PRL-3 overexpression and OS of CRC patients.

Table 3 Results of Egger’s test and Begg’s test for overexpression of PRL-3 and prognosis in colorectal
cancer patients

Categories Egger’s test Begg’s test
t P 95% ClI Z P
Overall survival 1.10 0.312 -1.5841t04.188 0.37 0.711
Disease-free survival 1.85 0.161 -2.073t07.836 1.22 0221
Discussion

The relationship between CRC prognosis and predictive molecular markers is attracting considerable
attention. Since PRL-3 protein was firstly determined to play a key role in tumor metastatic process,

the biological functions of this protein have been extensively studied by in vitro experiments and in
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vivo analyses. For example, stably expressing PRL-3 facilitated the lung and liver metastasis of
B16F10 cells in an animal model [33]. Similarly, migration and invasion have been shown to be
enhanced by PRL-3 expression in Chinese hamster ovary cells, and overexpression of the protein
induces metastatic tumor formation in mice [34]. Furthermore, PRL-3 expression is reported to be a
potential prognostic factor in different types of cancer, including gastric [35], nasopharyngeal [36],
hepatocellular [37], ovarian [38], and breast [39] cancers.

Meanwhile, several studies have investigated the effect of PRL-3 overexpression on the clinical
outcomes of CRC. Mollevi et al. [26] reported that individuals with highly expressed PRL-3 have a
significantly shorter survival than individuals with no or low expression genotype. However, some
researchers such as Xing et al. [28] and Liu et al. [31] failed to demonstrate any relationship between
PRL-3 overexpression and survival in CRC patients. These controversies in the predictive
significance of the PRL-3 expression in CRC warrant a quantitative meta-analysis of the studies'
outcomes.

To our knowledge, the present meta-analysis is the first study to systematically elucidate the
association between PRL-3 expression and CRC survival. Our results showed that PRL-3
overexpression was significantly associated with OS and DFS, indicating that PRL-3 may be a
marker for poor prognosis of CRC. Furthermore, all subgroup analyses and sensitivity analyses
identified the prognostic role of PRL-3 overexpression in CRC patients. Notably, when the analysis
was restricted to multivariate analyses adjusting for clinicopathological factors such as age, sex,
tumor size and tumor differentiation, heterogeneity was not detected and a statistically significant
unfavorable effect of PRL-3 overexpression on OS was observed, indicating PRL-3 expression to be
an independent factor for OS. In addition, using Begg’s, Egger’s test, and funnel plot, we found no
publication bias in our analysis. Regarding quality assessment, all included prospective cohort
studies in the meta-analysis were high quality with five scores or higher. These results are thus
encouraging and may provide further basis for the development of a new marker for CRC prognosis

and of PRL-3 inhibitors for CRC therapy.
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Our study had several important strengths. Because individual studies had insufficient statistical
power, our meta-analysis of 10 studies involving a large number of CRC patients enhanced the
power to detect a significant association and provided more reliable estimates. All the original
studies used a prospective cohort study design, which greatly reduced the likelihood of recall and
selection biases.

Potential limitations of the present meta-analysis should be considered. The first was our inability
to explore the potential confounding factors such as disease stage and different treatment regimes,
because of insufficient information in these included studies. Second, the studies included in this
meta-analysis were from different sources of PRL-3 antibody, indicating a possibility that the
antibody factor can confound the results. Third, differences in definition of PRL-3 overexpression
and experimental process may partly influence the significance of the clinic outcome in survival
analyses. Fourth, patient cohorts in our meta-analysis were mainly from Eastern Asian countries (1
382 patients, 94.5 %); only one study was from Spain. The pooled HRs only represented the Eastern
Asian population in our meta-analysis; however, the results of western countries remained unclear.
The last limitation is related to the method of HR and 95% CI estimations. In the meta-analysis, the
majority of HRs and 95% CI were calculated from Kaplan—Meier curves and not directly extracted
from original data in these included studies. Thus, the estimated HR may be less reliable than that
directly obtained from published statistics. Meanwhile, we compared our estimated HRs and their
statistical significance with the results reported in papers and did not identify any major deviation.

We hereby make the following recommendations to future studies: 1) usage of anti-PRL-3
monoclonal antibody instead of polyclonal antibody for immunostaining, 2) uniform standard for
assessment the overexpression of PRL-3, 3) presentation of results as a comparison of survival
curves and as a multivariate Cox proportional hazard model, and 4) complete description of survival
events to allow calculations. Moreover, future studies should include more homogeneous
populations.

In conclusion, this meta-analysis of prospective cohort studies indicated that PRL-3
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overexpression may be a poor prognostic factor of survival in CRC patients. Further studies using

additional putative prognostic markers in combination with PRL-3 are required to evaluate their

potential in predicting patient outcomes.
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