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Abstract

yielded controversial results.

blood and prognosis in breast cancer patients.

Background: Breast cancer remains a leading cause of cancer-related death in women. Numerous studies have
demonstrated that mammaglobin is one of the most promising markers for diagnosis of breast cancer. However, little is
known about the relationship between mammaglobin and overall survival. The small number of published studies has

Objective: This study was performed to clarify the association between expression of mammaglobin in peripheral

Methods: We systematically reviewed and meta-analyzed the data showing the association between expression
of mammaglobin in peripheral blood and prognosis in breast cancer patients. The data were obtained from analysis of
disease free survival (DFS)/event free survival (EFS) and overall survival (OS).

Results: Our analysis showed that patients expressing mammaglobin in peripheral blood before the removal of the
primary tumors or chemotherapy showed shorter DFS/EFS, but no change in OS. The detection of mammaglobin mRNA
in peripheral blood was not associated with worse outcome for OS, but the effect size was not small.

Conclusion: These data indicate that a meaningful association of mammaglobin might be found if large scale
studies are performed. Large prospective studies are necessary to determine the prognostic value of the detection of
mammaglobin mRNA in peripheral blood of breast cancer patients.
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Abbreviations: CI: Confidence Interval; DFS: Disease Free Survival;
EFS: Event Free Survival; ER: Estrogen Receptor; HR: Hazard Ratio;
OS: Overall Survival; RR: Risk Ratio

Introduction

Breast cancer is one of the most frequent cancers in women and
its incidence is constantly increasing. Despite many advances in early
diagnostics and treatment strategies, breast cancer remains a leading
cause of cancer-related death in women; approximately 40% of patients
suffer death through the development of metastases [1].

It is important to detect occult metastasis in early-stage patients
to provide an accurate prognosis to patients. Detection of relevant
tumor biomarkers in circulating tumor cells (CTC) is consummate
for detection of occult metastasis in early-stage patients. CTCs are
observed in the peripheral blood of many patients although they do
not show disseminated tumor cells in the bone marrow [1], nor do
they represent metastasis [2-4]. CTC counts are used as a prognostic
factor for overall survival (OS) in cancer patients [5]. Detection of
molecular markers specific to cancer cells or tissues in CTC could
enhance prognostic information in breast cancer patients. However,
several markers identified in CTC obtained from breast cancer
patients, such as cytokeratin, CEA, mucin 1, EpCAM and human
epidermal growth factor receptor 2 [1,6] lack sufficient sensitivity and
specificity for detecting breast cancer CTC [7], with the exception of
mammaglobin (SCGB2A2), which is a member of the uteroglobin
protein family [8-10].

Mammaglobin is specifically expressed in the mammary epithelium
and overexpressed in breast cancer. It is not expressed in CTCs obtained
from healthy donors [9,11-17] or from benign breast disease [18,19].
However, detection frequency of mammaglobin in blood varies from
10% [15,17,18] to >35% [20-22] of patients with breast cancer. Increased
mammaglobin expression in breast cancer was associated with clinical
and biologic features characteristic of a less aggressive phenotype as
expression was significantly higher in estrogen receptor (ER)-positive
tumors [23,24]. A small number of reports has shown that expression of
mammaglobin affects disease (or event) free survival (DFS or EFS) and
OS, in agreement with numerous studies showing that mammaglobin
is one of the most promising markers for breast cancer diagnosis
[25-30]. However, the relationship between mammaglobin and OS,
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a gold standard primary end point to evaluate the outcome of any
drug, biologic, intervention or procedure that is assessed in oncologic
clinical trials [31], is controversial among researchers. Some reports
demonstrate that high expression of mammaglobin in peripheral
blood decreases OS of breast cancer patients and some reports find the
opposite [25-30].

This systematic review was performed to determine whether
expression of mammaglobin in the peripheral blood affects OS. Based
on meta-analysis, the expression of mammaglobin insignificantly
affects OS, but size effect is high, suggesting that mammaglobin could
be a prognostic marker for breast cancer.

Methods

The aim of this systematic review and meta-analysis was to compare
OS of breast cancer patients with and without mammaglobin expression.
We followed the Cochrane review method [32] and reported our results
according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [33].

Data Source and Literature Source (Literature Search
Strategy)

In May 2014, we searched the following general biomedical and
science database: MEDLINE, EMBASE, the Cochrane Central Register
of Controlled Trials (CENTRAL) and KoreaMed. Our search strategies
were developed in collaboration with systematic review methodology
experts. Search strategies were tailored to each database using the
following keywords: breast cancer, mammaglobin, blood and prognosis
(Supplementary Table 1). We also manually searched reference lists
of all included publications and clinical trial registries (http://www.
ClinicalTrial.gov) for ongoing studies. Our searches were not limited by
publication time or language.

Study Selection

The inclusion of all studies was blindly determined by two reviewers
(Kang and Koh) according to the pre-specified selection criteria. Two
reviewers screened each title and abstract of identified studies. After
first selection, full texts were reviewed. Studies were included in our
meta-analysis if they cover breast cancer, mammaglobin, OS and
peripheral blood.

Data Extraction

Relevant data were independently extracted by two reviewers using a
predefined data extraction form. We resolved any discrepancy by discussion.
The following variables were extracted from studies: hazard ratio (HR)
or risk ratio (RR), standardized error with 95% confidence interval (CI),
origin of population, stages of cancer, mean age of patients, mean length of
follow-up month and percentage of mammaglobin expression in patients.
If the above variables were unclear in the studies, we attempted to contact
authors of the original article for the data via email.

Assessment of Methodological Quality

Two reviewers (Kang and Koh) independently evaluated the
methodological qualities for identified studies using the Quality In
Prognosis Studies (QUIPS) tool [34]. Any unresolved disagreements
were resolved through discussion or the review from the third reviewer
(HJ KIM). Publication bias was not assessed. Tests for funnel plot
asymmetry are only conducted when at least 10 studies are included in
the meta-analysis. This analysis includes only 6 studies.

Statistical Analysis

The main outcome of this meta-analysis was analysis of the effect of
mammaglobin on survival (DFS, EFS and OS) in breast cancer patients.
The most relevant statistic to use for meta-analyses of time-to-event is
the HR. If reported in each article, HR was used in our meta-analysis, in
several of the identified studies; the RR was presented rather than a time-
to-event analysis of these events. Therefore, we separately analyzed studies
using hazard ratios and relative risk ratios. We analyzed survival data
using estimating Log (HR) and Var (Log(HR)) from published summary
statistics to combine trials that measure the same statistics but use different
methods. The 95% CI were reported on all estimates. For heterogeneity,
we calculated the I* statistic to describe the degree of heterogeneity with
value of above 50% considered high. All cases were analyzed through the
random-effect model as clinical heterogeneity existed even if statistical
heterogeneity did not. To explore variation between trials, we conducted
subgroups analyses by types of analysis (multivariate and univariate). We
used RevMan version 5.2 for these analyses.

Results

Study selection

Searches of the databases resulted in 601 articles (Figure 1). Of
these, 594 publications were excluded as it was clear from the title and
abstract that they did not meet the selection criteria. For the remaining
7 articles, we obtained full manuscripts, and following scrutiny of
these, we identified 6 potentially relevant studies; one publication was
excluded because of unclear criteria. The publication was divided into
groups termed Test+ and Test-. Test+ meant that patients had either a
bone marrow or a peripheral blood test positive for mammaglobin or
carcinoembryonic antigen [35]. Therefore, the total number of studies
included in the review was 6 (Figure 1).

Records identified through
database searching
(n=751)

A 4

Records after duplicates removed
(n=601)

A 4

Records excluded
(n =594)

Records screened
(n=601)

l

Full-text articles assessed
for eligibility >
(n=7)

Full-text articles excluded,
with reasons (n = 1)
1) unclear criteria

Studies included in
quantitative synthesis
(meta-analysis)
(n=6)

Figure 1: Flow diagram of study selection.
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Study or Subgroup log[Hazard Ratio] SE__Weight

Hazard Ratio

IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% ClI

1.1.1 OS5 univariate

lgnatiadis etal 2008 1.0533 0.4981 46.2%
Leeetal 2012 1.0382 07741 26.3%
Mtoulia et al 2006 -0.4305 075 27.5%
Subtotal (95% CI) 100.0%

Testfor overall effect Z=138(P=017)

1.1.2 OS5 Multivariate

lgnatiadis et al 2008 0.9247 0.5033 100.0%

Subtotal (95% Cl) 100.0%
Heterogeneity. Mot applicable

Test for overall effect Z=1.84 (P=0.07)

1.1.3 DF S/EF S univariate

lgnatiadis et al 2008 1.1863 037 456%
Leeetal 2012 1.4289 0623 161%
MNtoulia et a1 2006 08506 04038 38.3%
Subtotal (95% CI) 100.0%

Testfor overall effect: Z=4.29 (P < 0.0001)

1.1.4 DF S/EF S multivariate

lgnatiadis et al 2008 0.9681 03797 35.9%
Marques et al 2009 -0.0111 04075 33.6%
Mtoulia et al 2006 1.0438 04473 306%
Subtotal (95% CI) 100.0%

Test for overall effect: Z=1.95 (P = 0.05)

Study or Subgroup  log[Risk Ratio] SE

2.87[1.08, 7.61]
2.83[0.62, 12.89]
0.65 [0.15, 2.83]
1.90 [0.77, 4.70]

Heterogeneity Tau®= 0.21; ChiF= 2.97, di= 2 (P = 0.23); F= 33%

2.52(0.94,6.76)
2.52[0.94, 6.76]

3.27 [1.59, 6.76]
4.17[1.23,14.15)]
2.34[1.06,5.17)
2.99 [1.83, 4.89]

Heterogeneity: Tau®= 0.00; Chi*=0.71,df= 2 (P=070), F=0%

2.63[1.25, 5.54]
0.99 [0.44, 2.20]
2.84[1.18, 6.82]
1.94 [1.00, 3.77]

Heterogeneity: Tau*= 018, ChF=411,df=2 (P=013), F=51%

Risk Ratio

Weight IV, Random, 95% CI

(it

’+++ 0+}+

Risk Ratio
IV, Random, 95% Cl

Benoy et al 2006 05008 08161 33.7%
Zach et al 2002 07732 03631 BE3%
Total (95% Cl) 100.0%

Testfor overall effect £=2.27 (P =0.02)

1.65[0.60, 4.54]
217 [1.05, 4.46]

1.98 [1.10, 3.56]

¢ 5t

Heterogeneity: Tau®= 0.00; Chi*=018, df=1 (P=0.67), F=0%

Figure 2: Forrest plots and meta-analysis of studies assessing hazard ratio (A) and risk ratio (B) of mammaglobin-positive group as compared to mammaglobin-
negative group in peripheral blood. Survival data are reported as (1.1.1-2) overall survival (OS) and (1.1.3-4) disease-free survival (DFS).

001 01 1 10 100
Favours [experimental] Favours [control]

Authors Origin of population Ngr:t‘:;;"f N::t‘ig(:;:f Mean age Mean Iengnt:;:tfhf ollow-up, MAM expression (%, positive)
Benoy et al. [25] Belgium 37 148 27-88 25.8 19.6
Ignatiadis et al. [30] Greece - 175 (285—475) 60.0 8.0
Lee et al. [26] Korea 16 82 (265—%2) 20.9 48.8
Marques et al. [28] Portugal 28 321 (25_131) 43.0 18.7
Ntoulia et al. [27] Greece 70 140 (25_375) 24.0 15.0
Zach etal. [29] Austria 143 467 (25_2 " 19.0 34

Table 1: Summary of studies included in the meta-analysis.

Study Characteristics and Patient Populations

The characteristics of the six studies included in the meta-analysis
are summarized in Table 1. The mean age of participant ranged from
50 to 56 years; one study did not report mean age of patients [25].
The mean length of follow-up ranged from 19.0 to 60.0 months. The
percentage of mammaglobin expression in peripheral blood ranged
8.0% to 48.8% in breast cancer patients. Four studies included sample
obtained from patients with metastatic breast cancer [25-27,29].

Quality of the Included Studies

The results of the quality assessment indicated that all six studies
were high quality. As shown in Table 2, most studies included in the
meta-analysis showed risk of bias judged as low’ in six assessments
(study participation, study attrition, prognostic factor measurement,
outcome measurement and statistical analysis and presentation).
However, in the outcome measurement and statistical analysis, Marques
et al. and Zach et al. showed moderate risk of bias [28,29], because there
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Prognosis

Study ID Study Participation Af:r‘i‘t‘}'gn P’:nge:‘;zt::r::ﬁ:”
Benoy et al. [25] Low Low Low
Ignatiadis et al. [30] Low Low Low

Lee et al. [26] Low Low Low
Marques et al. [28] Low Low Low
Ntoulia et al. [27] Low Low Low

Zach et al. [29] Low Low Low

EFS: Event Free Survival; HR: Hazard Ratio; OS: Overall Survival; RR: Risk Ratio

Outcome Measurement

Risk of bias

Statistical Analysis

Study Confounding and Presentation

Medium (data were analyzed by

Low L . Low
only univariate analysis)

Low Low Low

Low Medium (same as above) Low
Moderate Low Moderate

(no HR in OS) (no HR in OS)

Low Medium (same as above) Low

Moderate Moderate

low

(data shown by RR) (data shown by RR)

Table 2: Risk of bias of studies included in the meta-analysis.

was no HR when displaying OS data [28] and Zach et al. reported OS
data with RR other than HR. In addition, they did not show EFS data
[29]. We judged risk of bias in the assessment of study confounding as
moderate because OS data were analyzed by only univariate analysis
[25-27].

Correlation between Mammaglobin and DFS/EFS

Of the six publications, four studies analyzed DFS/EFS using
univariate and/or multivariate analyses [26-28,30]. Univariate
analysis showed shorter DFS/EFS in patients with expression of
mammaglobin in peripheral blood than in patients without expression
of mammaglobin [26,27,30]. There was statistically significant
association between detection of mammaglobin in peripheral blood
and DFS/EFS (HR=2.99, 95% CI=1.83-4.89, P<0.0001). There was
no statistically significant heterogeneity between studies (I’=0%).
Multivariate analysis showed that there was a trend that detection of
mammaglobin in peripheral blood is associated with short DFS/EFS
(HR=1.94, 95% CI=1.00-3.77, P=0.05) [27,28,30]. There was moderate
statistical heterogeneity between studies (I’=51%, P<0.13).

Relation between Expression of Mammaglobin and OS

Five publications analyzed the relationship between mammaglobin
expression and OS using univariate and/or multivariate analyses.
In the analysis of OS, three studies used HR [26,27,30], while two
studies used RR [25,29]. The pooled univariate analysis did not show
a significant difference in OS between mammaglobin-positive group
and mammaglobin-negative group in peripheral blood (HR=1.90; 95%
CI=0.77-4.70, P=0.17). There was no statistical heterogeneity between
studies (I’=33%). Multivariate analysis also showed insignificant
relationship between mammaglobin expression and OS (HR=2.52;
95% CI=0.94-6.76, P=0.07) [30]. The two studies using RR showed
that there was statistically significant association between expression
of mammaglobin in peripheral blood and OS. (RR=1.98; 95% CI=1.10-
3.56, P=0.02). There was no statistical heterogeneity between studies
(I*=0%).

Discussion

This systematic review and meta-analysis were performed to clarify
the association between mammaglobin expression in peripheral blood
and prognosis in breast cancer patients by analyzing DFS/EFS and OS.
This study focused on OS, which is universally recognized as being
unambiguous, unbiased, with a defined end point of paramount clinical
relevance; positive results provide confirmatory evidence that a given
treatment extends the life of a patient [31].

Patients expressing mammaglobin in peripheral blood before the

removal of the primary tumors or chemotherapy showed significantly
shorter DFS/EFS as judged by univariate analysis. In addition,
multivariate analysis exhibited a trend that mammaglobin expression
decreased DFS/EFS. Two studies included in multivariate analysis
demonstrated that the detection of peripheral blood mammaglobin
positive cells reduced disease-free interval (DFI) and DFS in women
with early breast cancer [27,30], whereas another study did not find
that mammaglobin expression predicted poor DFS [28]. In multivariate
analysis, the studies showed heterogeneity among them unlike data
obtained by univariate analysis. The differences are likely to result from
a variety of factors including origin of population and the number of
patients analyzed. The first two studies targeted Greeks patients and
included five identical authors in each study [27,30]. The other study
targeted the Portuguese population and included more patients than
other two studies [28].

Unlike correlation between mammaglobin and DFS/EFS, the
expression of mammaglobin in peripheral blood was not associated
with worse outcome for OS in either univariate or multivariate analyses
[26,27,30]. The data were statistically insignificant, but effect size
was not small, indicating that a meaningful association of OS with
mammaglobin may be found if large scale studies are performed. This
insignificant relationship between mammaglobin and OS is driven by
results from the study by Ntoulia et al. [27], among the studies analyzed.
Ntoulia et al. [27] reported that operable breast cancer patients (stage
I-II) without mammaglobin expression in peripheral blood showed
worse OS compared with mammaglobin-positive patients, although
there was no significance between them (P=0.566). These results
may be explained by the fact that an absence of mammaglobin in
blood samples does not mean the absence of CTC; that is, CTM in
blood of mammaglobin-negative patients would not be detected
by mammaglobin-specific primers. In addition, the study included
fewer breast cancer patients expressing ER than the other two studies.
These studies used HR as a variable, but analysis of RR demonstrated
significant correlation between mammaglobin expression and OS
in the other two studies [25,29]. Breast cancer patients who were
mammaglobin-negative at time of diagnosis of metastasis lived longer
than mammaglobin-positive patients.

From this systematic review and meta-analysis, we found a trend
that mammaglobin detection in peripheral blood correlates with poor
outcome. However, this review has some limitations. First, the number of
studies and the number of patients included are relatively small. The patient
populations vary across studies, which may cause heterogeneity within our
analysis. Five out of six studies were carried out targeting European patients
with breast cancer. Ethnic differences can lead to different results. Racial/
ethnic differences result in survival differences in breast cancer patients
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[36]. Second, publication bias and selective reporting biases cannot be
excluded. Finally, the studies analyzed for this review used different cutoff
values for detection of mammaglobin. Although we use same cutoff, the
ratio of detection can be potentially different depending on instruments,
materials and researchers. In particular, the differences in sensitivity and
efficiency of primers used for RT-PCR or real-time PCR could cause
differences in the results of each study.

In conclusion, our study provides evidence that the detection of
mammaglobin mRNA in peripheral blood before the removal of a
primary tumor or the initiation of chemotherapy is a prognostic factor
for shorter DFS. The detection of mammaglobin mRNA in peripheral
blood was not associated with worse outcome for OS, but effect size
was not small. Therefore, large prospective studies are necessary to
determine the prognostic value of the detection of mammaglobin
mRNA in peripheral blood of breast cancer patients.
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