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Abstract

Objective: To undertake a systematic review and meta-analysis to evaluate the prognostic value

of Forkhead box F2 (FOXF2) levels in different types of cancers prone to bone metastasis.

Methods: A systematic search of publications listed in electronic databases (The Web of Science,

EMBASEV
R
, PubMedV

R
, PMC, Science Direct and CNKI) from inception to 5 November 2020 was

conducted. The hazard ratios (HRs) and 95% confidence intervals (95% CIs) were used to assess the

relationship between FOXF2 levels and patient prognosis including overall survival (OS) and disease-

free survival (DFS).

Results: Sixteen studies enrolling 8461 participants were included in the meta-analysis. High

levels of FOXF2 were a predictor of OS (HR: 0.66; 95% CI 0.51, 0.86) and DFS (HR: 0.60; 95% CI

0.48, 0.76). The trim-and-fill analysis, sensitivity analysis and subgroup analyses stratified by the

study characteristics confirmed the robustness of the results.

Conclusion: These current findings indicate that high FOXF2 levels could be an indicator of a

good prognosis in cancer patients with tumours that are prone to bone metastasis. FOXF2 levels

might be a clinically important prognostic biomarker.
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Introduction

Distant organ metastasis is the main cause
of death in many cancer patients.1 The bone
is the most common distant metastatic site
of multiple cancer types and it is affected
by specific mechanisms that disrupt bone
homeostasis.2 Osteolytic metastases, charac-
terized by destruction of the bone structure
and loss of bone mass, are detected mostly in
breast cancer, lung cancer, multiple myelo-
ma, melanoma and renal cell carcinoma.3–7

In contrast, osteoblastic metastases, charac-
terized by excessive bone formation, are
found predominantly in prostate cancer.8

Despite advances in surgical treatment and
adjuvant techniques, the prognosis for
tumours that are prone to form bone metas-
tases remains poor.9

The Forkhead box (FOX) transcription
factor family represents a group of genetical-
ly conserved transcriptional regulators that
play important roles in both healthy biolog-
ical functions and tumour progression, such
as invasion, differentiation and develop-
ment.10 Forkhead box F2 (FOXF2; also
known as FKHL6, FREAC-2 and
FREAC2) is a member of the FOX tran-
scription factor family, which locates at
human chromosome 6p25.3 (Figure 1).11 It
consists of 6028 base pairs and produces a
functional protein comprising of 444 amino
acids.11 During embryonic development and
tissue differentiation, FOXF2 plays a key
role in maintaining tissue homeostasis by
promoting mesenchymal cell differentiation
and inhibiting mesenchymal transformation
of adjacent epithelial cells.12

Recent studies have shown that FOXF2
plays a critical role in the development and
poor prognosis of several types of cancer
prone to bone metastasis, such as breast
cancer, oesophageal squamous cell cancer,
gastric cancer, hepatocellular cancer, colo-
rectal cancer, nonsmall-cell lung cancer,
prostate cancer and renal cell carcinoma.13

For example, a previous study demonstrated

that FOXF2 was a new independent predic-
tive factor for nonsmall-cell lung cancer.14

Decreased levels were correlated with a
poor prognosis, especially for patients with
stage I nonsmall-cell lung cancer.14

Decreased FOXF2 levels were also associat-
ed with early-onset metastasis and poor
prognosis in patients with histological
grade II and triple-negative breast cancer;
and reduced FOXF2 in intestinal fibroblasts
increased colon adenoma formation, sug-
gesting a tumour-suppressive role for
FOXF2.15,16

A previous observational study reported
that FOXF2 levels were positively associated
with bone metastasis and shorter bone
metastasis-free survival in patients with
breast cancer.17 Moreover, targeting FOXF2
might be a promising therapeutic strategy to
manage cancer bone metastasis.17 The role of
FOXF2 in transactivating bone-related genes
implies a biological function for FOXF2 in
regulating bone development and remodel-
ing.18 A number of observational studies
have separately reported the relationship
between FOXF2 protein levels and survival
in cancer patients.14,15 These studies have
shown uncertain and conflicting results.14,15

There has been no meta-analysis assessing
the usefulness of FOXF2 levels for the prog-
nosis of tumours prone to metastasizing to the
bone. Therefore, the current study undertook
a systematic review and meta-analysis to
assess the prognostic value of FOXF2 in var-
ious cancer types prone to bone metastasis in
order to determine if FOXF2 levels might be
an effective biomarker for tumour therapy.

Materials and methods

Search strategy

This meta-analysis strictly followed the check-
list of items established by the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement. A sys-
tematic search of publications listed in
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electronic databases (The Web of Science,

EMBASEVR , PubMedVR , PMC, Science

Direct, CNKI and Google) from inception

to 5 November 2020 was conducted using

the following MeSH terms: “FOXF2* or

Forkhead box F2* or FOXF2 expression*”,

“metastasis* or bone metastasis”, and “meta-

analysis* or systematic review*”, “cancer* or

tumor* or tumour* or carcinoma*” and

“prognosis* or survival outcome* or overall

survival* or disease-free survival*”.19 Two

reviewers (Q.C. & L.Z.) conducted an initial

screening of the retrieved articles and reviews

to carefully read the titles and abstracts. A

manual review of references from primary or

review articles was performed to identify any

additional relevant studies. If there were mul-

tiple published studies from the same patient

population, only the publication that included

the most patients with complete information

was selected. Disagreement was resolved by

consensus.

Inclusion and exclusion criteria

Studies were eligible for inclusion if they met
the following criteria: (i) according to cur-
rent clinical knowledge, the tumour type
has a relatively high incidence of bone
metastasis; (ii) studies described the levels
of FOXF2 mRNA or protein in patient sam-
ples; (iii) the association between FOXF2
levels and survival status of patients with
any type of tumours prone to bone metasta-
sis was assessed; (iv) the subjects of the study
were patients with cancer confirmed by
pathological diagnosis, so studies of patients
with precancerous lesions and benign
tumours were excluded; (v) studies reported
the correlation between FOXF2 levels and
overall survival, disease-free survival or
other survival outcomes; (vi) studies provid-
ed the risk-effect hazard ratio (HR) and its
95% confidence interval (CI) or the corre-
sponding data could be extracted from the
Kaplan–Meier survival curve.

Figure 1. The structure of the transcription factor Forkhead box F2. The colour version of this figure is
available at: http://imr.sagepub.com.
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A study meeting any of the following

exclusion criteria was excluded: (i) letter to

the editor, guidance, comment, review, or

systematic study; (ii) studied FOXF2 levels

in animal models or cell lines; (iii) duplicate

studies were excluded by verifying the

names of the authors and the study details;

(iv) the research data were incomplete and

the risk effect indicator value could not be

calculated because of lack of data; (v) the

conclusion of the study was not related to

the levels of FOXF2.

Quality assessment

According to the Cochrane Collaboration,

the Newcastle-Ottawa Scale (NOS) was

used to perform a quality assessment of

the included studies.20 The score assesses

eight methods in three dimensions, includ-

ing selection, comparability and outcome.20

The reviewers judged the quality of each

study within the scope of the eight items

included in each tool.

Data extraction and data items

The data extraction was carried out inde-

pendently by two researchers (Q.C. & L.

Z.) and a third researcher (F.C.) was con-

sulted in cases of disagreement. In order

to standardize the data extraction process,

a predefined Microsoft ExcelVR 2010

(Microsoft Corp., Redmond, WA, USA)

spreadsheet was prepared based on previ-

ous studies focusing on similar topics and

the PRISMA guidelines.21 The following

data were extracted from all included stud-

ies: (i) first author, year of publication and

country; (ii) age, sex, population, cancer

type, source of sample, methods of detec-

tion and follow-up period; (iii) clinicopath-

ological parameters such as country, cancer

type, tumour size, TNM stage and HRs

with 95% CIs for overall survival (OS),

recurrence-free survival (RFS), disease-free

survival (DFS), cancer-specific survival

(CSS) and distant metastasis-free survival
(DMFS). The HRs and 95% CIs were
extracted from the multivariate analysis.
If only Kaplan–Meier survival curves were
available, the Engauge Digitizer software
(version 4.1) was used to extract the surviv-
al information from the plots; and Tierney’s
method was used to indirectly calculate
HRs and 95% CIs.

Statistical analyses

Statistical analyses were performed using
RevMan software version 5.3 (The
Cochrane Collaboration, Oxford, UK) and
STATA 15.0 (Stata Corporation, College
Station, TX, USA). The prognostic value of
FOXF2 levels was assessed across all includ-
ed studies using pooled HR (95% CI) values.
For the FOXF2 upregulated group, an
HR> 1 indicated worse survival. If there
was no overlap between the 95% CI and an
HR of 1, the impact of FOXF2 on survival
was considered statistically significant.
v2-test-based Cochran’s Q and I2 statistics
were used to calculate the heterogeneity of
the individual HRs. For Q statistics, a
P< 0.05 was considered statistically signifi-
cant. For I2 statistics, I2< 25% indicated no
heterogeneity, 25%< I2< 50% indicated
moderate heterogeneity, and I2> 50% indi-
cated strong heterogeneity. If no obvious het-
erogeneity was found among the studies, a
fixed effects model was used to combine the
individual HR estimates; otherwise, a
random effects model was applied. The Z
test was used and then the significance of
the pooled HRs were determined where
P< 0.05 was considered statistically signifi-
cant. Subgroup analysis was conducted as
an additional parameter based on the hetero-
geneity of the relative contributions of one or
more key variables, including the time period,
tumour stage and other demographic fac-
tors.22 Finally, funnel plot, Egger’s linear
regression asymmetry test and sensitivity
analysis were performed to estimate the
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publication bias.23 Duval’s non-parametric

trim-and-fill procedure was applied to further

assess the possible effect of publication bias.24

Results

A total of 825 relevant studies were

retrieved from the electronic databases

and Google (Figure 2). After 750 duplicates

were removed, 75 records remained for fur-

ther evaluation. Of these, 47 studies were

excluded after screening the titles, abstracts

and data because they did not include data

on survival and FOXF2 levels or they did

not discuss the prognostic significance of

FOXF2 in cancer patients. After removing

duplicates and abstract screening, 28 studies

remained. Double verification of the refer-

ence lists of the remaining narrative reviews

and meta-analyses revealed no further rele-

vant missed studies.25 After full-text screen-

ing, a further 12 articles were removed

because of insufficient data, inability to cal-

culate HR and 95% CI values, improper

patient data, absence of Kaplan–Meier sur-

vival curves/HR values or no accurate

investigation of the association between

FOXF2 levels and survival outcomes. A

total of 16 articles met the inclusion criteria

and were included in this systematic review

Figure 2. Flow diagram of eligible studies showing the number of citations identified, retrieved and included
in the final meta-analysis of the role of the levels of the transcription factor Forkhead box F2 as a prognostic
biomarker for bone metastases.
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and meta-analysis.14,16–18,26–37 Figure 2
presents an overview of the selection
procedure.

The analysis included 16 studies with a
total of 8461 participants (Table 1).14,16–
18,26–37 All 16 included studies were pub-
lished from 2009 to 2019. Most of the stud-
ies were performed in China (n¼ 12);
although other studies performed in Hong
Kong, Slovenia, South Korea, USA and
Switzerland were included. The studies
examined populations with multiple types
of cancer prone to bone metastasis, includ-
ing breast cancer (BC) (n¼ 9), gastric
cancer (GC) (n¼ 2), nonsmall-cell lung
cancer (NSCLC) (n¼ 2), oesophageal squa-
mous cell cancer (ESCC) (n¼ 2), renal cell
carcinoma (RCC) (n¼ 1), hepatocellular
cancer (HC) (n¼ 1) and colorectal cancer
(CC) (n¼ 1). All of the studies provided
information about sample size, sample
source and HRs. All of the studies included
in this meta-analysis were considered to be
of good quality based on the NOS score.
Reverse transcription–polymerase chain
reaction was used to detect FOXF2 levels
in all of the studies, although some studies
also assessed FOXF2 levels using Western
blotting and immunohistochemistry. Six
studies mentioned age and seven included
information on sex and tumour size.
Almost all of the studies included informa-
tion on the TNM stage and follow-up
period. All 18 articles focused on the asso-
ciation between FOXF2 and survival out-
comes, including OS, DFS, RFS, DMFS
or CSS; two articles investigated both
OS and DFS.

Seven articles comprising 2572 cases
were included in the meta-analysis for OS
(Figure 3).26,28–33 Pooled HRs and 95% CIs
were used to evaluate the correlation
between FOXF2 levels and OS. FOXF2
levels were associated with increased OS in
patients with various cancers prone to bone
metastasis (HR¼ 0.66; 95% CI 0.51, 0.86;
P¼ 0.002; Z¼ 3.04). Higher levels of

FOXF2 decreased the likelihood of death
by 34%, which suggests that FOXF2
might be an excellent predictor of survival
in patients with cancers prone to bone
metastasis.

Strong heterogeneity (I2¼ 63%,
P¼ 0.008) was observed when the pooled
HR for OS was analysed using a random
effects model. Sensitivity analysis indicated
that the pooled HR was not significantly
affected by the exclusion of any of the stud-
ies. As shown in Table 2 (Figure 4), sub-
group analyses were performed to identify
the source of the heterogeneity, including
subgroups based on location (China and
other countries), cancer type (BC, GC,
NSCLC, ESCC, HC, CC and RCC),
follow-up period (�120 months and <120
months), sample size (�200 and <200),
sample source (tissue and datasets), detec-
tion methods (tissue microarray and immu-
nohistochemistry) and HR extraction
(reported and Kaplan–Meier survival
curve). These analyses found that higher
levels of FOXF2 were significantly correlat-
ed with better OS regardless of the study
location, follow-up period, sample size,
detection method and HR extraction.
However, increased levels of FOXF2 had
different prognostic values in different
cancer types prone to bone metastasis.
Higher levels of FOXF2 were associated
with better OS in patients with GC
(HR¼ 0.42; 95% CI 0.25, 0.71; P¼ 0.001),
NSCLC (HR¼ 0.78; 95% CI 0.63, 0.97;
P¼ 0.020) and HC (HR¼ 0.65; 95% CI
0.42, 0.99; P¼ 0.050), whereas higher
FOXF2 levels were associated with poorer
OS in patients with ESCC (HR¼ 2.39; 95%
CI 1.36, 4.18; P¼ 0.002). There was no cor-
relation between OS and FOXF2 levels in
patients with BC (HR¼ 1.09; 95% CI 0.50,
2.40), CC (HR¼ 0.27; 95% CI 0.03, 2.10)
or RCC (HR¼ 0.94; 95% CI 0.79, 1.12).
Additionally, in the subgroup analysis by
sample source, there was a strong associa-
tion between OS and FOXF2 levels when
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Figure 3. Forest plot of the meta-analysis to evaluate the association between the levels of the tran-
scription factor Forkhead box F2 and overall survival in patients with tumours that usually metastasise to
bone. 26,28–33

Table 2. Results of subgroup analyses of the association between the levels of the transcription factor
Forkhead box F2 and overall survival or disease-free survival.

Comparison

variable

Overall Survival Disease-free survival

Included

studies HR (95% CI) P-value

Included

studies HR (95% CI) P-value

Total 8 0.79 (0.70, 0.89) P< 0.001 8 0.70 (0.59, 0.83) P< 0.001

Country

China 5 0.80 (0.69, 0.92) P¼ 0.002 7 0.69 (0.60, 0.78) P< 0.001

Others 3 0.79 (0.64, 0.97) P¼ 0.020 1 0.89 (0.76, 1.04) NS

Cancer type

BC 1 1.09 (0.50, 2.40) 0.830 5 0.71 (0.61, 0.82) P< 0.001

GC 2 0.42 (0.25, 0.71) P¼ 0.001 – – –

NSCLC 1 0.78 (0.63, 0.97) P¼ 0.020 2 0.85 (0.73, 0.99) P¼ 0.040

ESCC 1 2.39 (1.36, 4.18) P¼ 0.002 – – –

HC 1 0.65 (0.42, 0.99) NS 1 0.67 (0.50, 0.91) P¼ 0.010

CC 1 0.27 (0.03, 2.10) 0.210 – – –

RCC 1 0.94 (0.79, 1.12) 0.490 – – –

Follow-up period

� 120 months 4 0.84 (0.74, 0.96) P¼ 0.010 5 0.80 (0.70, 0.91) P< 0.001

< 120 months 3 0.55 (0.39, 0.76) P¼ 0.003 3 0.70 (0.60, 0.83) P< 0.001

Sample size

� 200 5 0.84 (0.74, 0.95) P¼ 0.006 5 0.78 (0.69, 0.88) P< 0.001

< 200 3 0.48 (0.31, 0.68) P< 0.001 3 0.71 (0.59, 0.87) P< 0.001

Sample source

Tissue 5 0.69 (0.58, 0.82) P< 0.001 6 0.66 (0.52, 0.84) P< 0.001

Datasets 3 0.91 (0.77, 1.08) NS 2 0.76 (0.67, 0.87) P< 0.001

Detection methods

TMA 6 0.82 (0.72, 0.93) P¼ 0.003 5 0.78 (0.69, 0.88) P< 0.001

IHC 2 0.61 (0.43, 0.86) P¼ 0.005 3 0.74 (0.62, 0.88) P< 0.001

HR extraction

Reported 4 0.82 (0.72, 0.93) P¼ 0.002 3 0.81 (0.71, 0.93) P¼ 0.003

Survival curve 4 0.54 (0.36, 0.83) P¼ 0.005 5 0.71 (0.61, 0.82) P< 0.001

HR, hazard ratio; CI, confidence interval; BC, breast cancer; GC, gastric cancer; NSCLC, Nonsmall-cell lung cancer;

ESCC, oesophageal squamous-cell carcinoma; HC, hepatocellular carcinoma; CC, colorectal cancer; RCC, renal cell

carcinoma; TMA, tissue microarray; IHC, immunohistochemistry; NS, no significant association (P � 0.05).
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tissue was used to measure the levels of
FOXF2 (HR¼ 0.69; 95% CI 0.58, 0.82;

P< 0.001). However, no significant correla-
tion was observed between OS and FOXF2
levels in studies in which the sample source
was a dataset (HR¼ 0.91; 95% CI 0.77, 1.08).

Eight studies examined the association
between FOXF2 expression and
DFS.14,16,26,27,33–36 As shown in Figure 5,
FOXF2 levels had a significant positive
effect on DFS (HR¼ 0.60; 95% CI 0.48,

0.76; P< 0.0001). A random effects model

was used because there was high heterogene-
ity among the studies (I2¼ 75%, P< 0.001).
Due to the heterogeneity, a sensitivity anal-
ysis was performed by excluding each study.
After excluding one study,36 the pooled HR
shifted to 0.70 (95% CI 0.59, 0.83), the het-
erogeneity decreased (I2¼ 48%, P¼ 0.06)
and the robustness of the result was con-
firmed. In order to avoid heterogeneity, fur-
ther subgroup analysis was conducted.38

Table 2 shows the results of the subgroup
analysis for DFS based on the clinical

Figure 4. Forest plots of the subgroup meta-analysis to evaluate the association between the levels of the
transcription factor Forkhead box F2 and overall survival (a) and disease-free survival (b) in patients with
tumours that usually metastasise to bone.14,16–18,26–37

Figure 5. Forest plot of the meta-analysis to evaluate the association between the levels of the tran-
scription factor Forkhead box F2 and disease-free survival in patients with tumours that usually metastasis to
bone.16,26,27,33–36

Chen et al. 9



characteristics described above (Figure 4).
The results showed that increased FOXF2
levels were predictive of better DFS regard-
less of cancer type, follow-up period, sample
size, sample source, detection method and
HR extraction. When stratified by location,
increased levels of FOXF2 predicted a sig-
nificantly improved DFS among Chinese
patients (HR¼ 0.69; 95% CI 0.60, 0.78;
P< 0.001). However, no association was
observed in patients from other countries
(HR¼ 0.89; 95% CI 0.76, 1.04).

Limited data were available to assess the
prognostic value of FOXF2 levels for RFS,
DMFS and CSS. One dataset each evaluated

the association between FOXF2 levels and
RFS and DMFS for BC and one dataset
examined the association between FOXF2
levels and CSS in ESCC.18,28,35 The results
from two studies indicated that elevated
FOXF2 levels were associated with shorter
RFS and DMFS among BC patients
(HR¼ 1.25; 95% CI 1.11, 1.39; HR¼ 2.23;
95% CI 1.16, 3.12; respectively). However, in
patients with ESCC, decreased FOXF2 levels
were significantly correlated with an unfav-
ourable CSS (HR¼ 1.71; 95% CI 1.08, 2.71).

Figures 6 and 7 show the results of the
Egger’s linear regression and Begg’s funnel
plot tests, respectively, which were used to

Figure 6. Egger’s linear regression tests of the pooled hazard ratios for the meta-analysis of the association
between the levels of the transcription factor Forkhead box F2 and overall survival (a) and disease-free
survival (b) in patients with tumours that usually metastasise to bone.14,16–18,26–37

Figure 7. Begg’s funnel plots for the meta-analysis of the association between the levels of the transcription
factor Forkhead box F2 and overall survival (a) and disease-free survival (b) in patients with tumours that
usually metastasise to bone.14,16–18,26–37
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assess the publication bias in the current
meta-analysis. For OS, the shape of the
funnel plots appeared slightly asymmetri-
cal, which might indicate the presence of
publication bias (P¼ 0.035 for Begg’s test;
P¼ 0.174 for Egger’s test). After adding
two studies by the trim-and-fill method to
adjust for publication bias, the corrected
pooled HR of OS was 0.83 (95% CI 0.74,
0.94; P¼ 0.003). For DFS, there was also
evidence of asymmetry, suggesting that the
asymmetry could be attributed mainly to
publication bias, which was further con-
firmed with Begg’s and Egger’s tests
(P¼ 0.035 and P¼ 0.006, respectively). An
adjusted random effects summary HR of
0.78 (95% CI 0.65, 0.94; P¼ 0.007) was
obtained using the trim-and-fill method
when including the four missing studies.

Discussion

As transcription factors, the members of the
FOX family play important roles in cell cycle
regulation, embryonic development, aging,
immune regulation and other biological pro-
cesses.39–41 Increasing evidence has demon-
strated that the regulation of FOXF2 is
related to the aggressive phenotype in
cancer cells and promotes cell invasion, pro-
liferation and metastasis.42 To the best of our
knowledge, no systematic review and meta-
analysis has investigated the relationship
between FOXF2 levels and oncological out-
comes. The results of this current meta-
analysis demonstrated that the prognostic
role of FOXF2 in cancer was consistent
with previous studies in which FOXF2
levels were found to be positively correlated
with bone metastasis in breast cancer.17,42–44

This current study extends the role of
FOXF2 as a prognostic marker for bone
metastasis-prone cancers. The combined
results of all published studies in the field
indicate that increased FOXF2 levels results
in positive clinical outcomes and prognosis
for patients in cancer types prone to bone

metastasis. The limitations of this current
study were generally attributed to the
absence of high-quality clinical studies pub-
lished in this area of research. The aim of this
study was to help the clinical decision-
making process by developing a prognostic
factor, not only to help healthcare professio-
nals predict clinical outcomes, but also to
prevent cancer metastasis, particularly bone
metastasis in patients with cancer. The results
obtained will contribute to the ability of
physicians and patients to make informed
decisions and may lead to a better quality
of life for cancer patients.

The present meta-analysis systematically
aggregated the data from 16 studies
including 8461 cancer patients that
assessed the relationship between FOXF2
levels and OS, DFS, RFS, CSS and
DMFS.14,16–18,26–37 These current results
demonstrated that FOXF2 might be a
potentially promising prognostic biomarker.
The upregulation of FOXF2 levels was inde-
pendently associated with better OS
(HR¼ 0.66; 95% CI 0.51, 0.86; P¼ 0.002)
and DFS (HR¼ 0.60; 95% CI 0.48, 0.76;
P< 0.0001). Further subgroup analysis indi-
cated that FOXF2 had a substantial prog-
nostic role in most of the subgroups
examined, including subgroups based on
study location, cancer type, follow-up
period, sample size, sample source, detection
methods and HR extraction. This current
meta-analysis was supported by the evalua-
tion of different modules of publication bias,
including the use of Begg’s and Egger’s tests,
funnel plots and the trim-and-fill method.
Overall, these current findings indicate that
high FOXF2 levels could be an indicator of
a good prognosis in cancer patients with
tumours that are prone to bone metastasis.

The FOX transcription factors are highly
conserved, although they serve different func-
tions in cancer and other diseases.45,46 Three
previous systematic reviews have outlined the
relationship between levels of the FOX family
members and outcomes in multiple cancer
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types.19,47,48 The first meta-analysis included
eight studies involving 529 patients with
gastric cancer.47 The meta-analysis demon-
strated that the levels of FOXM1 were
associated with TNM stage (odds ratio
[OR]¼ 0.482; 95% CI 0.275, 0.845; P¼
0.011), depth of invasion (OR¼ 0.617;
95% CI 0.382, 0.998; P¼ 0.049), lymph
node metastasis (OR¼ 2.084; 95% CI
1.305, 3.328; P¼ 0.002) and 5-year overall
survival (OR¼ 0.180; 95% CI 0.095, 0.341;
P< 0.001).47 Another meta-analysis stud-
ied the prognostic value of FOXC1 in
various cancers from 16 studies and dem-
onstrated a statistically significant associa-
tion between FOXC1 protein levels and
survival (HR¼ 1.186; 95% CI 1.122,
1.255; P< 0.001).19 A total of 1520
patients from six studies (seven cohorts)
with multiple malignant tumours were
included in a third meta-analysis.48 The
meta-analysis found that high FOXQ1
expression could significantly predict
worse OS, with a pooled HR of 1.38
(95% CI 1.17, 1.59; P< 0.001).48 The sub-
group analysis suggested that elevated
levels of FOXQ1 were associated with
worse OS in patients with hepatocellular
carcinoma (HR¼ 1.34; 95% CI 1.11,
1.57; P< 0.001) and other cancers (HR¼
1.62; 95% CI 1.09, 2.14; P< 0.001).48

Previous research has examined the
mechanism underlying the association
between the levels of FOXF2 and poor
prognosis in patients with multiple types
of cancer (Table 3).16,18,26,27,30,34,35,49–57

Other studies suggested that the regulation
of FOXF2 levels is involved in tumorigen-
esis, development and metastasis in breast
cancer and other cancer types.28,32 Studies
suggest that FOXF2 may be dependent on
different breast cancer subtypes, thereby
affecting treatment response and prognosis
of breast cancer patients.16,18 FOXF2 is
known to be highly expressed in triple-
negative/basal-like breast cancers and
lowly expressed in luminal subtype breast

cancers, while independently predicting
poor prognosis in triple-negative breast
cancer patients.16 Bone metastasis is a pro-
cess attributed to the loss of intercellular
cohesion of s welling cells, cell migration,
angiogenesis, entry into the humoral circu-
lation, evasion of local immune responses
and colonization of bone.58 Further
research revealed the role and specific
mechanism of FOXF2 in breast cancer
bone metastasis, in which FOXF2 initiates
the epithelial-to-bone fusion transition
through multiple counteracting activation
of the BMP4/SMAD1 signalling pathway.17

Since the exact role of FOXF2 in other
tumours prone to bone metastases remains
unknown, further studies in larger popula-
tions are needed to gain a deeper under-
standing of the mechanisms underlying the
development of bone metastasis in different
types of cancer.

This current meta-analysis had several
strengths. First, the studies chosen for the
systematic review and meta-analysis were
published in multiple online databases
with no publication status limitation, ensur-
ing all the relevant studies were selected.59

Secondly, a comprehensive and clear search
strategy was used to identify studies inves-
tigating the prognostic value of FOXF2
levels in cancers prone to bone metastasis.
The search strategy followed a prespecified
protocol to guide the collection of evidence,
noting any deviations from protocol.
Thirdly, the studies included in this meta-
analysis provided a sample size of 8461,
which should have enabled this meta-
analysis to obtain accurate and reasonable
results. Fourthly, appropriate subgroup
analyses were used for key characteristics,
including study location, cancer type,
follow-up period, sample size, sample
source, detection method and HR extrac-
tion, which confirmed that most of the
studies’ characteristics were consistent.
Fifthly, the included studies reported vari-
ous survival endpoints (OS, DFS, RFS,
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CSS and DMFS) and this ensured analysis
of all the included cancer survival data.
Lastly, the standard PRISMA guidelines
were used to assess the quality of the evi-
dence. Additionally, many factors that
could have influenced the pooled results
were extracted to objectively assess the
data so that reasonable methodological
quality could be confirmed for the majority
of the studies.

This current meta-analysis had several
limitations. First, some of the information
in the included studies was incomplete. For
example, clinicopathological parameters
will affect the results of the corresponding
HR for survival curve processing. Secondly,
different methods were used to determine
the levels of FOXF2, which may cause sta-
tistical heterogeneity. Thirdly, the popula-
tions of the included studies were Chinese,
Korean, American, Slovenian and Swiss,
and many other ethnicities were not includ-
ed, so the results might be more representa-
tive of Asians. Therefore, an ethnicity bias
may exist. Fourthly, some of the HRs and
corresponding 95% CIs were not directly
available, so survival data were extracted
from the Kaplan–Meier curves. These data
were less reliable than those directly
obtained from survival data, which might
affect the overall group analysis. Finally,
studies regarding various tumours did not
have a consistent cut-off value for FOXF2,
which may limit the general applicability of
the findings. Therefore, a unified cut-off
value for FOXF2 is warranted. Because of
these limitations, the current outcomes
should be interpreted with caution and the
conclusions of this meta-analysis require
detailed consideration.60–62

In conclusion. this current systematic
review and meta-analysis demonstrated
that FOXF2 may be a clinically important
prognostic factor for patients with various
types of cancer prone to bone metastasis.
FOXF2 might be a potential biomarker
for prognosis and response to therapy.

High-quality studies with large patient

cohorts using modern sequencing technolo-

gies are needed to confirm the validity of

the predictive role of FOXF2 for clinical

guidance in cancer.
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