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Introduction

Triple-negative breast cancer (TNBC) is one of the 
four major molecular subtypes of breast cancer (1). It is 
characterized as loss of expression of estrogen receptors 
(ERs), progesterone receptors (PRs) and human epidermal 
growth factor receptor 2 (HER2), and it is one of the 

most aggressive breast cancer subtypes and is more prone 
to metastasize compared with other subtypes (2-4). 
Although several genes and proteins have been identified 
as prognostic indicators or therapeutic targets in breast 
cancer, there is still a lack of therapeutic targets for TNBC 
(5-7). TNBC patients usually have a poor prognosis and 
a high rate of recurrence after chemotherapy (8,9). Thus, 
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prognostic indicators or therapeutic targets of TNBC still 
need to be identified.

Fibroblast growth factor receptor 4 (FGFR4) is 
a member of the FGFR family, which is part of the 
receptor tyrosine kinase (RTK) family (10). FGFR4 is 
encoded by FGFR4 gene, which is located at chromosome  
5q35-qter (11). FGFR4 shares the conserved structure 
with other FGFRs, but the FGFR4 gene codes only one 
isoform (12). Previous studies have shown that FGFR4 
may be involved in the carcinogenesis and progression of 
many cancers (13-16). FGFR4 has also been implicated 
in breast cancer. FGFR4 can increase glucose metabolism 
and lead to chemoresistance (17), and the FGF19/FGFR4 
axis can enhance basal-like breast cancer cell survival 
and might be an effective strategy to suppress cancer 
development, progression and metastasis (18,19). There 
have been almost no studies on the prognosis of FGFR4 
in TNBC, so in the present study, we investigated the 
association between FGFR4 and TNBC prognosis through 
immunohistochemistry (IHC) analyses.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-1756).

Methods

Subjects

A total of 282 primary breast cancer patients from 
November 2008 to March 2011 were included. Patients 
with sporadic breast cancer underwent initial diagnosis and 
resection at Harbin Medical University Cancer Hospital. 
Patients did not receive any chemotherapy or radiotherapy 
before surgery. Routine testing for ER, PR, HER2, p53 and 
Ki67 was performed for every patient. TNBC patients were 
included with invasive ductal carcinomas histological type. 
All procedures performed in this study involving human 
participants were in accordance with the 1964 Helsinki 
Declaration and its later amendments or comparable ethical 
standards. Written informed consent was obtained from 
every participant. This study was approved by the ethics 
committee of Harbin Medical University and carried out in 
accordance with approved guidelines.

Patient follow-up

Patient fol low-up was conducted as our previous  
study (20). It was conducted on a scheduled basis until 

patient death or the end of the observation period (May 1st, 
2016). Examinations were carried out every 6 months for 
the first 2 years and every 12 months thereafter. All patients 
were followed regularly for at least 5 years at Harbin 
Medical University Cancer Hospital. Every patient was 
contacted by telephone after terminal treatment. Survival 
time was calculated in months. Overall survival (OS) was 
used to assess prognosis.

IHC

A total of 282 samples from patients were randomly selected 
for IHC analyses. FGFR4 IHC was performed using a 
rabbit anti-FGFR4 monoclonal antibody (1:200 dilution, 
Abcam: ab41948) as previously described (20).

IHC for ER, PR, HER2, Ki67 and p53 (ZSBG-BIO: 
ZM-0104, ZM-0215, ZM-0065, ZM-0165, ZM-0405) 
was performed similarly. Staining for ER and PR was 
considered negative if <1% of tumor cell nuclei were 
stained (21). The expression of HER2 was evaluated with 
the HercepTest kit (Dako) and scored as 0, 1+, 2+ and 3+. 
Scores of 0 and 1+ were considered to be negative. Scores of 
2+ were insufficient to determine positive or negative status; 
thus, HER2/neu status confirmed by fluorescence in situ 
hybridization (FISH) was added (22). Ki67 scores of 30% or 
above were considered positive (23). p53 status was defined 
as positive when more than 10% of the tumor cells stained 
positive (24).

The expression of FGFR4 was evaluated by multiplying 
the intensity by the percent reactivity extension values. The 
intensity of staining was scored as no staining [0], weak 
staining [1], moderate staining [2] and strong staining [3], 
while the percent reactivity extension value was scored as 
a continuous variable (<10%=0, 10–30%=1, 30–50%=2, 
>50%=3). A cut-off value of 4 was used to categorize 
FGFR4 expression into high and low (25). All staining 
was scored by the original two pathologists and a senior 
pathologist.

Statistical analysis

We performed statistical analyses with SPSS software 
version 22.0 (SPSS, Chicago, IL, USA). We used the chi-
square test to conduct the association analysis between 
FGFR4 protein expression and clinicopathological 
variables. A Cox regression model was performed for 
univariate and multivariate survival analyses, and the 
Kaplan-Meier method was employed to estimate the OS 
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of TNBC patients. P<0.05 was considered statistically 
significant.

Results

Patient characteristics

A total of 282 TNBC patients were enrolled in the present 
study. Patient characteristics: the mean age of the patients 
was 49.6±10.2. A total of 218 patients (77.3%) and 64 
patients (22.7%) were classified as stage I/II and stage 
III, respectively. There were 249 patients (88.3%) whose 

tumor diameters were less than or equal to 2 cm, whereas 
33 (11.7%) had tumor diameters greater than 2 cm. Other 
detailed clinicopathological features of the patients are 
shown in Table 1.

Associations between FGFR4 protein expression and 
clinicopathological features in TNBC

The expression of FGFR4 protein is shown in Figure 1. In 
total, 154 (54.6%) patients had high FGFR4 expression, 
and the remaining 128 (45.4%) had low FGFR4 expression. 
As indicated in Table 2, statistically significant associations 
between high expression of FGFR4 and LNM and p53 
status were noted. Patients with high FGFR4 expression 
were more likely to have LNM (P=0.033, R=0.127) and 
p53-positive status (P=0.019, R=0.140). Nevertheless, 
the associations between high FGFR4 status and other 
clinicopathological characteristics, such as pTNM stage, 
tumor size, pathological grade, vessel cancer embolus and 
status of Ki67, were not significant.

Univariate and multivariate analyses of the prognostic 
value of FGFR4 expression in TNBC

We conducted univariate and multivariate analyses 
to evaluate the clinical prognostic value of FGFR4 in 
patients with TNBC (Table 3). The univariate analysis was 
performed first, and the results showed that pTNM stage 
(P<0.001), tumor size (P=0.03), LNM (P=0.002), Ki67 status 
(P=0.007) and FGFR4 expression (P=0.016) were significant 
prognostic predictors in the present population. There was 
no prognostic value of other features. Furthermore, the 
statistically significant factors (P<0.05) were selected for a 
final model to perform multivariate analysis on the same 
group of patients. pTNM stage (P=0.004), Ki67 status 
(P=0.017) and FGFR4 expression (P=0.016) were found to 
be independent prognostic factors, whereas tumor size and 
LNM were not.

Kaplan-Meier survival analysis

Kaplan-Meier analysis was used to evaluate the survival of 
TNBC patients. The survival information for the patients 
is shown in Figure 2. TNBC patients with high FGFR4 
expression were likely to have significantly poorer OS 
(P=0.015). It was suggested that high FGFR4 expression 

Table 1 Summary of patient characteristics

Characteristics Frequency, n (%)

Patients (n) 282

Age 49.6±10.2

pTNM stage

I, II 218 (77.3)

III 64 (22.7)

Tumour size (cm)

≤2 249 (88.3)

>2 33 (11.7)

Pathological grade

II 195 (69.1)

III 87 (30.9)

LNM

Negative 159 (56.4)

Positive 123 (43.6)

Vessel cancer embolus

Negative 252 (89.4)

Positive 30 (10.6)

Ki67 status

<30% 95 (33.7)

≥30% 187 (66.3)

p53 status

Negative 137 (48.6)

Positive 145 (51.4)

LNM, lymph node metastasis.
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Figure 1 Immunohistochemical staining of FGFR4 in TNBC tissues. Staining for each specimen is shown at two magnifications: (A,C) 
200×; (B,D) 400×. FGFR4 protein low-expression specimens (A,B); FGFR4 protein high-expression specimens (C,D). FGFR4, fibroblast 
growth factor receptor 4; TNBC, triple-negative breast cancer.

was associated with worse OS in TNBC patients.

Discussion

To investigate the role of FGFR4 in TNBC, we evaluated a 
substantially large patient cohort with long-term follow-up 
by analysis of FGFR4 protein expression and its association 
with clinicopathological features. A total of 282 TNBC 
patients were enrolled for evaluation via IHC. Our results 
revealed that high expression of the FGFR4 protein was 
associated with LNM and p53 status. Univariate analysis 
indicated that FGFR4 protein expression might be a 
prognostic predictor, and multivariate analysis showed that 
FGFR4 protein expression was an independent prognostic 
factor. Kaplan-Meier curves showed that high expression 
of FGFR4 protein was associated with worse outcomes. 
No significant correlation between FGFR4 expression and 
other clinical characteristics was found.

FGFR4 is encoded by the FGFR4 gene, which is located 
at chromosome 5q35-qter (11). Physiologically, FGFR4 
is involved in embryonic development, angiogenesis and 
tissue differentiation (26) and participates in regulating 
bile acid production, metabolism, muscle differentiation 
and tissue repair (27-30). FGFR4 is also involved in cancer 
development and progression.

Previous studies have shown that FGFR4 protein is 
highly expressed in many cancers, such as lung cancer, 
gastric cancer, colorectal cancer, and breast cancer 
(16,25,31,32). The present study is in line with those. 
FGFR4 was highly expressed in our TNBC patients, among 
whom 154 (54.6%) had high FGFR4 expression. Inokuchi 
et al. (16) and Murase et al. (33) found that high expression 
of FGFR4 was associated with LNM in gastric cancer, 
and the FGFR4 polymorphism Gly388Arg was reported 
to be correlated with LNM in many cancers (11,34,35). 
We also found that high levels of FGFR4 expression 
had a relationship with LNM in our previous study (20). 
Consistent with these findings, our data revealed that high 
FGFR4 expression was correlated with LNM in TNBC 
patients. In addition, a significant correlation was observed 
between FGFR4 and the status of p53. However, there was 
no correlation between these factors in gastric cancer (36). 
The reasons for the opposite results might be different types 
of cancer or individual differences. Mutations in p53 are 
the most common mutations in TNBC, and approximately 
60–88% of TNBC or basal-like breast cancers have p53 
mutations (37,38). Many studies have reported that p53 
status could affect chemotherapy responsiveness, but the 
findings were controversial. Bae et al. (39) reported that p53 
positivity in TNBC was more sensitive to chemotherapy, 
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Table 2 Correlation between FGFR4 expression and clinicopathological characteristics in TNBC

Characteristics Cases
FGFR4 protein expression

P value
High expression, n (%) Low expression, n (%)

pTNM stage 0.558

I, II 218 117 (53.7) 101 (46.3)

III 64 37 (57.8) 27 (42.2)

Tumour size (cm) 0.462

≤2 249 134 (53.8) 115 (46.2)

>2 33 20 (60.6) 13 (39.4)

Pathological grade 0.155

II 195 101 (51.8) 94 (48.2)

III 87 53 (60.9) 34 (39.1)

LNM 0.033

Negative 159 78 (49.1) 81 (50.9)

Positive 123 76 (61.8) 47 (38.2)

Vessel cancer embolus 0.811

Negative 252 137 (54.4) 115 (45.6)

Positive 30 17 (56.7) 13 (43.3)

Ki67 status 0.824

Negative 95 51 (53.7) 44 (46.3)

Positive 187 103 (55.1) 84 (44.9)

p53 status 0.019

Negative 137 65 (47.4) 72 (52.6)

Positive 145 89 (61.4) 56 (38.6)

FGFR4, fibroblast growth factor receptor 4; TNBC, triple-negative breast cancer; LNM, lymph node metastasis.

Table 3 Prognostic factors in the Cox proportional hazards model

Variables
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

pTNM stage (I + II vs. III) 2.183 (1.425, 3.343) <0.001 1.897 (1.229, 2.927) 0.004

Tumour size (≤2 vs. >2 cm) 1.786 (1.058, 3.014) 0.03 1.614 (0.954, 2.732) 0.074

Pathological stage (II vs. III) 1.153 (0.756, 1.759) 0.509

LNM (negative vs. positive) 1.899 (1.276, 2.826) 0.002 1.226 (0.730, 2.057) 0.441

Vessel cancer embolus (negative vs. positive) 1.286 (0.717, 2.306) 0.398

Ki67 status (negative vs. positive) 1.931 (1.201, 3.103) 0.007 1.798 (1.112, 2.909) 0.017

p53 status (negative vs. positive) 1.073 (0.721, 1.595) 0.729

FGFR4 expression (low vs. high) 1.660 (1.098, 2.510) 0.016 1.665 (1.100, 2.520) 0.016

LNM, lymph node metastasis; FGFR4, fibroblast growth factor receptor 4.
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but Giannakakou et al. (40) found that loss of functional 
p53 might facilitate the development of resistance. 
FGFR4 had a relationship with p53 in this study, which 
implies that FGFR4 may be involved in the chemotherapy 
responsiveness of TNBC. Thussbas et al. suggested that 
the FGFR4 polymorphism Gly388Arg was associated with 
resistance to chemotherapy in breast cancer (41). Tiong 
et al. found that FGFR4 and FGF19 autocrine enhanced 
basal-like breast cancer cell survival (19). Xu et al. found 
that high levels of FGFR4 increased glucose metabolism 
and led to chemoresistance in breast cancer (17).

The impact of FGFR4 on prognosis has been found 
in different cancers (16,25,31), and we also confirmed 
that patients with high FGFR4 expression had worse  
outcomes (20). In the present study, TNBC patients with 
high FGFR4 expression tended to have shorter survival 
times than those with low FGFR4 expression (Figure 2). Our 
univariate analysis indicated that FGFR4 had prognostic 
value, and multivariate analysis indicated that FGFR4 
was an independent prognostic indicator (Table 3). These 
findings suggest that FGFR4 may have important effects on 
TNBC. In clinical, we can use FGFR4 as therapeutic target 
in TNBC patients, as many FGFR4 inhibitors are under 
development. Furthermore, we can evaluate the prognosis 
of TNBC patients by FGFR4 because of its prognostic 
implication.

Conclusions

In summary, we investigated the relationship between 
FGFR4 protein expression and TNBC prognosis, and we 
confirmed that FGFR4 had an effect on TNBC. FGFR4 
was correlated with LNM, p53 status and a worse TNBC 
prognosis. Our findings suggest that FGFR4 may be used 
as a prognostic marker for TNBC. Because of the scale 
and method of our study, there are still many limitations. 
Therefore, more studies are needed to determine the 
detailed mechanism of action of FGFR4.
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