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ABSTRACT

Purpose: To investigate whether FGFR1 gene amplification is associated with 
clinicopathologic characteristics and its potential impact on survival in patients with 
resected esophageal squamous cell carcinoma (ESCC).

Methods: Five hundred fifty-six ESCC patients undergoing curative resection 
of ESCC were retrospectively studied. FGFR1 gene copy number was determined in 
microarrayed tumor samples using fluorescent in situ hybridization (FISH) analysis. 
FGFR1 gene amplification status was prespecified as copy number ≥ 6 or FGFR1/CEN 
8 ratio ≥ 2.2. FGFR1 expression was evaluated by immunohistochemistry. Overall 
survival (OS) and disease-free survival (DFS) were analyzed using the Kaplan-Meier 
method followed by the log rank test. Correlation with survival was examined using 
multivariate Cox regression.

Results: FGFR1 amplification was identified in 67 (12.1%) patients; these 
patients had significantly shorter OS (50.0 vs 32.0 months; log rank; P<0.001) as 
well as shorter DFS (47.0 vs 28.0 months; log rank; P<0.001) than those without 
FGFR1 amplification. Under a Cox proportional hazard model, FGFR1 amplification was 
associated with significantly shorter OS (adjusted hazard ratio [AHR]=1.61; 95% CI, 
1.10-2.43, P=0.004) and DFS (AHR=1.72; 95%CI, 1.15-2.48; P<0.001). Moreover, 
cases with high intratumoral FGFR1 expression showed significantly shorter OS and 
DFS than those with low FGFR1 expression. The frequency of FGFR1 amplification was 
significantly higher in heavy drinkers than in moderate and light drinkers.

Conclusion: FGFR1 amplification is an independent adverse prognostic factor in 
surgically resected ESCC. FGFR1 may be a promising therapeutic target in patients 
with ESCC.

INTRODUCTION

Esophageal cancer is one of the most aggressive 
malignancies [1, 2]. Esophageal squamous cell carcinoma 

(ESCC), the predominant histological type in east Asia, is 
considered as an environmental malignancy attributable 
to tobacco smoking and alcohol intake [3]. In contrast, 
esophageal adenocarcinoma (EAC) is associated with 
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Barrett’s esophagus, and mainly affects Caucasian 
population [4]. The two main subtypes of esophageal 
cancer have considerably different epidemiological 
features but share the same dismal prognosis despite 
recent advances in imaging and surgical techniques [5].

Over the last decade, molecularly stratified 
therapy have afforded benefits to patients with many 
types of cancer but, unfortunately, the same is not true 
for ESCC [6]. Many genomic abnormalities have been 
described in ESCC and there is growing evidence of 
their biological significance [7, 8]. Further delineation of 
genetic alterations may help uncover aberrant molecular 
pathways, novel biologic markers and tumorigenic 
pathways, and eventually allowing successful targeted 
therapy. Fibroblast growth factor receptor 1 (FGFR1), 
whose gene is located at 8p12, is a member of the FGFR 
family of receptor tyrosine kinases (FGFR1-4). FGFRs 
activation leads to downstream signaling via the PI3K/
AKT/RAS/MAPK pathways, which are essential to cell 
growth, survival, migration, and angiogenesis. FGFR1 
amplification has been identified in breast cancer, head 
and neck squamous cell carcinoma, ovarian cancer, ESCC, 
bladder cancer and lung cancer [9–12]. Existing studies on 
the prognostic impact of FGFR1 amplification for ESCC 
have yielded conflicting results. Loga et al. investigated 
the prevalence of FGFR1 amplification in a tissue 
microarray containing 346 esophageal adenocarcinomas 
and 254 ESCCs using dual-labeling fluorescent in situ 
hybridization (FISH) analysis and found that FGFR1 
amplification correlated with the histologic subtype of 
ESCC (9.4% vs. esophageal adenocarcinoma 1.6%, 
P<0.001) [13]. However, they failed to demonstrate an 
association between FGFR1 amplification and clinical 
outcome. Kwon et al. studied 180 patients with resected 
ESCC and found FGFR1 amplification in 21.4% (37/173) 
patients; they observed that FGFR1 amplification was an 
independent predictor of prolonged OS in these patients 
[14]. Kim et al. investigated 526 curatively resected ESCC 
using FISH for FGFR1 amplification and found that an 
association between high FGFR1 amplification (defined as 
an FGFR1/centromer 8 ratio ≥ 2.0, or average number of 
FGFR1 signals/tumor cell nucleus ≥ 6.0, or percentage of 
tumor cells containing ≥ 15 FGFR1 signals or large cluster 
in ≥ 10% with significantly shorter disease-free survival 
(DFS) and OS [15]. FGFR1 inhibition in cell lines and 
mouse models with FGFR1-amplified engrafted tumors 
suppressed tumor cell growth and induced apoptosis, 
suggesting that FGFR inhibitors may be an effective 
therapeutic option in SCCs with FGFR1 amplification [11, 
16, 17]. Furthermore, FGFR1 inhibitors (e.g. dovitinib) 
have entered early stage clinical trials in patients with 
solid tumors [18, 19].

In this study, we examined FGFR1 amplification 
status and analyzed the impact of FGFR1 amplification 
on the OS and DFS in 556 ESCC patients who received 
radical resection of curative intent at our institution.

RESULTS

Demographic and baseline characteristics

A total of 687 patients underwent radical resection 
for ESCC during the study period. 556 cases with 
undisputable survival data were included in data analysis 
in the current study (Figure 1). The demographic and 
baseline characteristics of the study participants are 
shown in Table 1. The median age of the patients was 
63 years (range 39-80 years) and the majority of them 
(86.2%) were men. The patients had predominantly stage 
II (58.3%) or III (21.4%) tumors. Slightly more than half 
of the patients (57.4%) were current smokers and the 
majority of the patients were moderate (27.3%) or heavy 
drinkers (48.4%).

Treatment

Nine (1.6%) patients with upper thoracic ESCC 
received three-incision esophagectomy and three-field 
lymph dissection while the remaining patients (98.4%) 
received Ivor Lewis esophagectomy and two-field lymph 
dissection. Three hundred and two patients (54.3%) who 
had T stage ≥ T3 and/or lymph node metastasis received 
adjuvant platinum-based chemotherapy. The proportion 
of patients receiving adjuvant chemotherapy was 14.2% 
for stage I, 58.0% for stage II, and 82.4% for stage III 
patients. Thirty-one patients with pathologic evidence 
of T4 and/or mediastinal lymphatic metastasis received 
postoperative mediastinal radiotherapy.

FGFR1 amplification

Among a total of 556 cases, 67 (12.1%) were 
positive for FGFR1 amplification (Supplementary Figure 
1). The median FGFR1 gene copy number in all patients 
was 3 (range, 2 to 17 copies per cell). The median FGFR1 
gene copy number was 10 (range, 6 to 17) in ESCC 
patients with FGFR1 amplification and 2 (range, 2 to 
5) in those without FGFR1 amplification. The median 
FGFR1/CEN8 ratio was 3.6 (range, 2.2 to 8.5) and 1.4 
(range, 1.0 to 2.0) for ESCC patients with or without 
FGFR1 amplification, respectively. ESCC patients with 
and without FGFR1 amplification were comparable in 
the demographic and baseline variables except that the 
percentage of heavy drinkers was significantly higher in 
patients with FGFR1 amplification than those without 
FGFR1 amplification (86.6% vs 43.1%, P<0.001) (Table 
1).

Survival and FGFR1 amplification

The median follow-up duration for the study 
cohort was 47.0 months (range, 9.0 to 137.0 months). 
As expected, both of the median OS and DFS were 
longer in patients with stage I to II disease than in those 
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with stage III disease (73.0 vs 32.0 months; P<0.001; 
68.0 vs 28.0 months; P<0.001). Kaplan–Meier analysis 
showed that ESCC patients with FGFR1 amplification 
had significantly shorter OS (32.0 months; range, 
11.0 to 116.0 months) than those without FGFR1 
amplification (50.0 months; range, 9.0 to 137.0 months) 
(log rank; P<0.001) (Figure 2). After adjustment for sex, 
pathologic stage, diabetes, adjuvant chemotherapy and 
other factors, FGFR1 amplification remained associated 
with significantly shorter OS (adjusted hazard ratio 
[AHR], 1.61; 95% CI, 1.10-2.43, P=0.004) (Table 2). 
The median DFS was 42.5 months (range, 5.0 to 137.0 
months) for the entire study sample. The median DFS 
was 28.0 months (range, 7.0 to 116.0 months) for ESCC 
patients with FGFR1 amplification and 47.0 (range, 
5.0 to 137.0 months) months in those without FGFR1 
amplification. Kaplan-Meier analysis revealed that 
patients with FGFR1 amplification had significantly 
shorter DFS (log rank; P<0.001) (Figure 2). After 
adjusting for sex, pathologic stage, diabetes, and other 
variables, FGFR1 amplification was associated with 
shorter DFS (AHR=1.72; 95%CI, 1.15-2.48; P<0.001) 
(Table 3).

FGFR1 expression by IHC

In addition to gene copy number analysis, we also 
evaluated the correlation between FGFR1 amplification 
and FGFR1 expression by using IHC (Figure 3). The mean 
IHC score for FGFR1 was 34.1 ± 39.5 (range, 0 to 242) for 
the entire study sample. A cutoff IHC score of 62 was used 
to stratify ESCC patients into the high FGFR1 expression 
group (n=81) and the low FGFR1 expression group 
(n=475). ESCC patients with high FGFR1 expression 
and those with low FGFR1 expression were comparable 
in the demographic and baseline variables except that 
the percentage of heavy drinkers was significantly higher 
in patients with high FGFR1 expression than those with 
low FGFR1 expression (79.0% vs 43.2%, P<0.001) 
(Supplementary Table 1, Supplementary Figure 2). 
Furthermore, ESCC patients with FGFR1 amplification 
had significantly higher IHC scores (mean 121.8 ± 36.8; 
range, 78 to 242) than those without FGFR1 amplification 
(mean 22.1 ± 19.9; range, 0 to 75) (P<0.001) (Figure 3) 
and all patients with FGFR1 amplification fell into the 
high FGFR1 expression group. Moreover, patients with 
high intratumoral FGFR1 expression had shorter OS (31.0 
vs 52.0 months in subjects with low FGFR1 expression; 

Figure 1: Flowchart of the current study.
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Table 1: Patient characteristics stratified by FGFR1 amplification by FISH

Characteristics All
FGFR1 amplification

P
No Yes.

No. of patients (%) 556(100) 489(87.9) 67(12.1)

Median age (range), years 63(39-80) 63(39-80) 64(48-72) 0.45

Male sex, n(%) 479(86.2) 418(85.5) 61(91.0) 0.22

Tumor location, n(%) 0.43

 Upper 9(1.6) 9(1.8) 0(0)

 Middle 429(77.2) 373(76.3) 56(83.6)

 Lower 118(21.2) 107(21.9) 11(16.4)

Median tumor size (range), cm 3.0(0.5-9.0) 3.0(0.5-9.0) 3.5(1.0-8.0) 0.89

pT stage, n(%) 0.24

 T1 119(21.4) 104(21.3) 15(22.4)

 T2 265(47.7) 238(48.7) 27(40.3)

 T3 141(25.3) 123(25.1) 18(26.9)

 T4 31(5.6) 24(4.9) 7(10.4)

pN stage, n(%) 0.42

 N0 210(37.8) 189(38.7) 21(31.3)

 N1 27(48.7) 238(48.6) 33(49.3)

 N2 46(8.3) 38(7.8) 8(11.9)

 N3 29(5.2) 24(4.9) 5(7.5)

pTNM stage, n(%) 0.28

 I 113(20.3) 96(19.6) 17(25.4)

 II 324(58.3) 291(59.5) 33(49.2)

 III 119(21.4) 102(20.9) 17(25.4)

Differentiation, n(%) 0.27

 Well 177(31.8) 154(31.5) 23(34.3)

 Moderate 286(51.5) 257(52.6) 29(43.4)

 Poorly 93(16.7) 78(15.9) 15(22.4)

P53 expression, n(%) 0.13

 Positive 289(52) 260(53.2) 29(43.3)

Diabetes, n(%) 0.92

 Yes 77(13.8) 68(13.9) 9(13.4)

Hypertension, n(%) 0.58

 Yes 191(34.4) 170(34.8) 21(31.3)

Smoking status, n(%) 0.16

 Never-smoker 124(22.3) 115(23.5) 9(13.4)

 Former smoker 113(20.3) 99(20.7) 14(21.0)

 Current smoker 319(57.4) 275(55.8) 44(65.6)

(Continued)
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P<0.001) and DFS (28.0 vs 48.0 months; P<0.001) 
(Figure 4).

FGFR1 amplification and patient response to 
adjuvant chemotherapy

We assessed the impact of neoadjuvant and 
adjuvant chemotherapy on postoperative survival 
according to histologic stage. Among 52 patients who 
received neoadjuvant chemotherapy, one was in stage II 
while the rest were in stage III. Therefore, we compared 
survival in subjects with stage III disease (n=51 and 68 
for those with vs without neoadjuvant chemotherapy, 
respectively). No significant difference in OS (34.0 vs 
33.0 months; P=0.33) and DFS (31.0 vs 29.0 months; 
P=0.27) was found between these two subgroups. 
Among the patients treated with adjuvant chemotherapy, 
only patients in stage III showed OS and DFS superior 
to that of patients without adjuvant chemotherapy 
(OS: 35.0 vs 25.0 months; P=0.026; DFS: 31.0 vs 23.0 
months; P=0.036) (Figure 5). We next examined the 
influence of adjuvant chemotherapy according to FGFR1 
amplification status. Thirty-six patients with FGFR1 
amplification received adjuvant therapy. Compared to 
those with FGFR1 amplification receiving no adjuvant 
chemotherapy, these patients had significantly longer 
median OS (chemotherapy: 42.0 vs no chemotherapy 
26.0 months; P=0.006) and median DFS (chemotherapy 
38.0 vs no chemotherapy: 21.0 months; P=0.009) (Figure 
5). Two hundred sixty-six patients without FGFR1 
amplification received adjuvant therapy and showed 
no significant difference in OS (chemotherapy: 56.0 
vs no chemotherapy 47.0 months; P=0.81) and DFS 
(chemotherapy: 53.0 vs no chemotherapy 42.0 months; 

P=0.84) compared to 223 patients without FGFR1 
amplification receiving no adjuvant chemotherapy. 
However, no significant difference was observed in OS 
and DFS between patients with or without adjuvant 
radiotherapy.

Alcohol intake and FGFR1 amplification

Given the high percentage of heavy drinkers (48.4%) 
in the study sample, we examined the rate of FGFR1 
amplification according to alcohol intake. We found 
higher rate of FGFR1 amplification in heavy drinkers 
(21.5%) than light (1.0%) or moderate drinkers (5.3%). 
Furthermore, the incidence of FGFR1 amplification was 
26.1% in patients whose alcohol intake was more than 200 
g/day, 25.0% in patients whose alcohol intake was 100.1 
to 200 g/day, 16.4% in patients whose alcohol intake was 
30.1 to 100 g/day, 5.3% in patients whose alcohol intake 
was 15.1 to 30 g/day, and 1.0% in patients whose alcohol 
intake was less than 15 g/day, suggesting increasing rate 
of FGFR1 amplification with increment of alcohol intake 
(Ptrend< 0.001) (Figure 6).

DISCUSSION

FGFR1 is an important signaling molecule 
implicated in multiple cellular process including cellular 
growth and survival as well as angiogenesis. FGFR1 
amplification has been documented in ESCC and other 
cancer types; however, it still remains controversial 
whether FGFR1 amplification adversely impacts on the 
clinical outcome of ESCC patients [13–15]. In this study, 
we investigated a large cohort of 556 ESCC patients 
who received radical resection of curative intent at our 

Characteristics All
FGFR1 amplification

P
No Yes.

Alcohol intake, n(%) 0.00

 None 34(6.1) 34(7.0) 0(0)

 Light 101(18.2) 100(20.5) 1(1.5)

 Moderate 152(27.3) 144(29.4) 8(11.9)

 Heavy 269(48.4) 211(43.1) 58(86.6)

Neoadjuvantchemotherapy, n(%) 0.44

 Yes 52(9.4) 44(9.0) 8(11.9)

Adjuvant chemotherapy, n(%) 0.92

 Yes 302(54.3) 266(54.4) 36(53.7)

Adjuvant radiotherapy, n(%) 0.78

 Yes 31(5.6) 27(5.5) 4(6.0)
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institution and whose FGFR1 amplification was known 
by FISH. We demonstrated that FGFR1 amplification 
was an independent adverse prognostic predictor of OS 
and DFS of ESCC patients. This finding was further 
supported by our immunohistochemical analysis showing 
that high intratumoral FGFR1 expression correlated with 
significantly shorter OS and DFS of ESCC patients.

FGFR1 amplification status has been investigated 
in several previous studies using different approaches 
such as comparative genomic hybridization, single 
nucleotide polymorphism array, and FISH assay [20–23]. 
Unlike EGFR mutation in lung cancer, which is more 
prevalent in Asians than in Caucasians, the frequency 
of FGFR1 amplification in ESCC does not seem to be 
widely different by ethnicity. The frequency of FGFR1 
amplification, as detected by FISH analysis in our cohort, 
was 12.1%, which was higher than 9.4% reported by Loga 
et al. for a Caucasian ESCC patients cohort, [13] but lower 
than 21.4% for a small Korean cohort reported by Kwon 
et al [14].

In head and neck squamous cell carcinoma, FGFR1 
amplification was significantly associated with poor 
prognostic factors such as higher T stage, and visceral 
metastasis [24]. In lung squamous cell carcinoma, 
Kim et al. found that FGFR1 amplification was an 
adverse prognostic factor while Tran et al. reported the 
opposite outcomes [25, 26]. Tumor heterogeneity, varied 
assaying methods, lack of consensus criteria for FGFR1 
amplification and small sample size may contribute to the 
controversial results. Current evidence on the prognostic 
significance of FGFR1 amplification for ESCC also 
remains inclusive. Two studies of smaller cohort size 
yielded conflicting results. Loga et al. found no association 
between FGFR1 amplification and clinical outcome of 
ESCC patients while Kwon et al. showed that FGFR1 
amplification was an independent predictor of prolonged 

OS of ESCC patients [13, 14]. Kim et al. investigated 
526 curatively resected ESCC and showed that high 
FGFR1 amplification was associated with significantly 
shorter DFS and OS [15]. Consistently, our study of 556 
ESCC patients also showed that FGFR1 amplification 
was independently associated with worse OS and DFS. 
On the basis of previous studies, we adopted a criteria 
including both of gene copy number and FGFR1/CEN8 
ratio in our study [23]. High FGFR1/CEN8 ratio has been 
used to screen patients of squamous cell lung cancer who 
may benefit from treatment with FGFR inhibitors [27, 28]. 
Apart from genetic evidence, we further showed that high 
intratumoral FGFR1 expression was also associated with 
shorter OS and DFS, lending support to the proposition 
that FGFR1 amplification predicts poor clinical outcome 
of ESCC patients.

The genomic landscape of ESCC is highly complex 
[29]. Delineation of aberrant signaling pathways in ESCC 
has identified candidate molecular targets such as HER2, 
EGFR, VEGF, FGFR and PI3K. However, lack of reliable 
prognostic predictors hampers development of targeted 
therapies for ESCC. Our study has demonstrated that 
FGFR1 amplification is an independent adverse predictor 
of OS of ESCC patients, suggesting that FGFR1 may be 
a promising molecular therapeutic target [30]. Defining 
therapeutic targets for subgroups of ESCC patients is 
critical to advancing treatment of this disease. Currently, 
FGFR1 amplification may define one large subgroup, and 
efforts to target this population are already ongoing with 
some clinical trials already in progress. FGFR1 inhibitors 
that are currently in clinical development are shown 
in Supplementary Table 2. Dovitinib, a potent FGFR 
inhibitor, has demonstrated antitumor activity in heavily 
pretreated patients with FGFR pathway-amplified breast 
cancer but has not been studied in clinical trials for ESCC 
patients [31].

Figure 2: Survival analysis on the basis of FGFR1 amplification status.  (A) Median OS was 32.0 months in the FGFR1 
amplification group (n=67) and 50.0 months in the no amplification group (n=489). (B) The median DFS was 28.0 months in the FGFR1 
amplification group (n=67) and 47.0 months in the no amplification group (n=489).
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Table 2: Multivariate analysis of overall survival of ESCC patients

Variables Category
OS

HR 95%CI P

Age ≥ 63 vs.< 63 1.15 0.84 - 1.57 .554

Sex Female vs. male 0.93 0.65 - 1.27 .642

Pathologic stage III vs. I + II 2.83 2.23 - 3.59 .000

Differentiation Poor vs. well/moderate 1.24 0.83 - 1.84 .093

Diabetes Yes vs. no 1.58 0.82 - 2.85 .031

Hypertension Yes vs. no 1.08 0.81 - 1.43 .401

Adjuvant chemotherapy Yes vs. no 0.95 0.77 - 1.19 .679

Adjuvant radiotherapy Yes vs. no 1.16 0.87 - 1.51 .209

Smoking status Smoker vs.never-smoker 1.04 0.82 - 1.29 .747

Alcohol intake Heavy vs. moderate/light 1.17 0.93 - 1.41 .752

FGFR1 amplification by FISH Yes vs. no 1.61 1.10 - 2.43 .004

OS, overall survival; FGFR1, fibroblast growth factor receptor 1; FISH, fluorescent in situ hybridization; HR, hazard ratio.
Clinical stage of initial diagnosis was determined according to the American Joint Committee on Cancer (seventh edition) 
guidelines.

Table 3: Multivariate analysis of disease-free survival of ESCC patients

Variables Category
DFS

HR 95%CI P

Age ≥ 63 vs.< 63 1.06 0.79 - 1.50 .591

Sex Female vs. male 0.92 0.68 - 1.25 .604

Pathologic stage III vs. I + II 2.82 2.22 - 3.58 .000

Differentiation Poor vs. well/moderate 1.38 0.98 - 1.94 .065

Diabetes Yes vs. no 1.36 0.71 - 2.58 .196

Hypertension Yes vs. no 0.96 0.79 - 1.16 .480

Adjuvant chemotherapy Yes vs. no 0.95 0.76 - 1.19 .673

Adjuvant radiotherapy Yes vs. no 1.19 0.91 - 1.55 .202

Smoking status Smoker vs.never-smoker 1.03 0.83 - 1.29 .777

Alcohol intake Heavy vs. moderate/light 1.14 0.91 - 1.40 .751

FGFR1 amplification by FISH Yes vs. no 1.72 1.15 - 2.48 .000

DFS, disease-free survival; FGFR1, fibroblast growth factor receptor 1; FISH, fluorescent in situ hybridization; HR, hazard 
ratio.
Clinical stage of initial diagnosis was determined according to the American Joint Committee on Cancer (seventh edition) 
guidelines.
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Patients who would benefit from postoperative 
adjuvant chemotherapy in ESCC are still undefined [32–
34]. Our data showed the benefit of adjuvant chemotherapy 
in patients with stage III ESCC. Patients with FGFR1 
amplification benefitted from adjuvant chemotherapy 
while patients without FGFR1 amplification did not. 
However, this result should be cautiously interpreted 
because of the small sample size and, in addition, FGFR1 
amplification may be a local manifestation of global 

genomic instability. Concurrent genetic alterations in 
other regions of the genome associated with DNA damage/
repair may contribute to greater benefit from adjuvant 
chemotherapy [35]. Therefore, comprehensive evaluation 
of genomic alterations will be needed to develop optimized 
treatment decisions for patients with resected ESCC.

Alcohol intake is an established risk for many 
types of cancer including ESCC while how it may affect 
the gene is still unknown [21, 36]. A novel finding of the 

Figure 3: Fibroblast growth factor receptor 1 (FGFR1) expression in esophageal squamous cell carcinomas assessed by 
immunohistochemistry (magnification: ×200).  (A) Strong expression. (B) Weak expression. (C) No expression. (D) The correlation 
between fibroblast growth factor receptor 1 (FGFR1) amplification and protein expression: the group with FGFR1 amplification had a 
higher expression level than those without FGFR1 amplification.

Figure 4: Survival analysis on the basis of FGFR1 expression.  (A) The median OS was 31.0 months in the high FGFR1 
expression group (n=81) and 52.0 months in the low FGFR1 expression group (n=475). (B) The median DFS was 28.0 months in the high 
FGFR1 expression group (n=81) and 48.0 months in the low FGFR1 expression group (n=475).



Oncotarget88865www.impactjournals.com/oncotarget

Figure 5: Impact of adjuvant chemotherapy on OS and DFS in patients with stage III ESCC.  (A) The median OS was 
35.0 months in the group with adjuvant chemotherapy (n=98) and 25.0 months in the group without adjuvant chemotherapy (n=21). 
(B) The median DFS was 31.0 months in the group with adjuvant chemotherapy (n=98) and 23.0 months in the group without adjuvant 
chemotherapy (n=21). Impact of adjuvant chemotherapy on OS and DFS in patients with FGFR1 amplification. (C) The median OS 
was 42.0 months in the group with adjuvant chemotherapy (n=36) and 26.0 months in the group without adjuvant chemotherapy (n=31). 
(D) The median DFS was 38.0 months in the group with adjuvant chemotherapy (n=36) and 21.0 months in the group without adjuvant 
chemotherapy (n=31).

Figure 6: The incidence of FGFR1 amplification according to (A) drinking pattern and (B) alcohol dosage.  P value was tested by χ2 test 
for linear trend.
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current study is significant association between FGFR1 
amplification and alcohol intake. We also found that the 
incidence of FGFR1 amplification rose as the amount of 
alcohol intake increased. Our findings suggest that FGFR1 
amplification may be a major oncogenic aberration in 
ESCC that is induced by alcohol abuse. Interestingly, 
among heavy drinkers with more than 100g per day, 
approximately 20% showed FGFR1 amplification. On 
the basis of this finding, ESCC patients with alcohol 
consumption more than 100 g/day may be targeted for 
screening for FGFR1 amplification.

The main limitations of this study reside in its 
retrospective nature and the fact that patients were selected 
from a single tertiary care institution. Also, clinical 
decisions were not likely uniform in such retrospective 
study, and could have produced biases. Future studies are 
required to validate our findings in an independent cohort, 
especially in a Caucasian population.

In this study, we demonstrated that FGFR1 
amplification is an independent adverse prognostic factor 
in surgically resected ESCC, indicating that FGFR1 
amplification may be a relevant therapeutic target in 
ESCC. FGFR1 amplification was positively associated 
with alcohol consumption, which strongly implies that 
FGFR1 amplification is an oncogenic aberration caused 
by alcohol abuse.

MATERIALS AND METHODS

Patients

We retrospectively analyzed the clinicopathologic 
data of patients with pathologically proven primary 
thoracic ESCC who received radical resection of curative 
intent at Shandong Provincial Hospital affiliated to 
Shandong University, Jinan, China, between January 
2004 and December 2009. Patients with incomplete 
survival data were excluded. Archived tumor specimens 
were obtained from the Tissue Bank of Shandong 
Provincial Hospital. ESCC was staged according to the 
American Joint Committee on Cancer (seventh edition) 
guidelines.

The study protocol was approved by the Ethics 
Committee of Shandong Provincial Hospital. Patient 
consent was not required because of the retrospective 
nature of this study. Acquisition of tissue specimens 
was approved by the Shandong Provincial Hospital 
Ethics Committee and performed in accordance with the 
established institutional and state guidelines.

Patient assessment

We retrieved data, including age, gender, co-
morbidities, smoking and drinking status, TNM stage, OS 
and DFS, from the medical records of eligible patients. 
Never-smokers were defined as those smoking fewer than 

100 cigarettes in lifetime; former smokers were those who 
had stopped smoking for more than one year, and current 
smokers were those who currently smoke or quit smoking 
for less than one year [37]. Alcohol intake was categorized 
into light drinker (0-15g/day), moderate drinker (15.1-30g/
day) and heavy drinker (>30 g/day) [38]. Diabetes was 
defined as fasting blood glucose ≥ 7.0 mmol/L or 2-hour 
plasma glucose ≥ 11.1 mmol/L or previously diagnosed 
diabetes. Hypertension was defined as seated resting systolic 
blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 
90 mmHg, or taking an anti-hypertensive medication [39].

Follow-up assessment

All patients were followed up every 3 months for 
the first 3 years, every 6 months for the following 3 years, 
and thereafter annually. Follow-up was done at the Out-
Patient Department of Shandong Provincial Hospital or 
by phone calls or postal mails if the patients failed to 
appear or missed appointments. Survival was measured 
from the date of surgery to the date of death or the last 
follow-up. The last follow-up visit was carried out in June 
2015. DFS was defined as the length of time from the 
date of surgery to the date of initial tumor relapse (local/
distant recurrence) or death as a result of any cause. OS 
was calculated from the time of surgery to death or the last 
follow-up date.

Gene copy number analysis

Paraffin-embedded tumor specimens were used 
to construct a tissue microarray with 2-mm-diameter 
cores. Two pathologists (Y.J.Q. and Q.X.W.) confirmed 
the diagnosis of ESCC by hematoxylin and eosin 
(H&E) staining. FISH assay was performed on the 
tissue microarrays by using a ZytoLight SPEC FGFR1/
CEN 8 Dual Color Probe (ZytoVision, Bremerhaven, 
Germany) according to the manufacturer’s recommended 
protocol. All samples were independently analyzed by 
two evaluators (Y.J.Q. and Q.X.W.) who were blinded to 
clinical data using a fluorescence microscope (DM4000, 
Leica). At least 100 nuclei per sample were evaluated. 
FGFR1 amplification cases were defined as harboring a 
gene copy number ≥ 6 or FGFR1/CEN 8 ratio ≥ 2.2 [40]. 
Images were produced using the AxioCamMRm CCD 
camera and Axiovision v4.5 software suite.

Immunohistochemistry

Immunohistochemical analysis was performed using 
anti-FGFR1 antibody (GTX100264, GeneTex, U.S.A.) 
following conventional methods. FGFR1 expression 
levels were scored semi-quantitatively independently by 
two pathologists (Y.J.Q. and Q.X.W.) who were blinded 
to patient information. Only clear membranous staining 
of tumor cells was considered to be positive; cytoplasmic 
or granular staining was considered negative or trace. 
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The percentage of positive tumor cells per core (0% to 
100%) was multiplied by the dominant staining pattern 
(1, negative or trace; 2, weak; 3, moderate; 4, intense). 
The overall score theoretically ranged from 0 to 400 [41]. 
The cutoff value for IHC scores was determined using the 
X-tile software (version 3.6.1) to stratify ESCC patients 
into the high and low FGFR1 expression groups [42]. 
Cases with discordant results underwent a consensus 
review by a third pathologist (Z.G.Y.).

Statistical analysis

Patient demographic and baseline characteristics are 
expressed as mean (SD) or percentage (%) and compared 
using Student’s t-test and χ2 test, where appropriate. The 
primary end point of OS and secondary end point of DFS 
are presented as median and 95% confidence interval 
(95%CI), and analyzed using the Kaplan-Meier method, 
followed by log rank test. Statistical significance was set at 
P<0.05. All statistical analyses were performed by using 
SPSS 19.0 software.

Abbreviations

FGFR1: Fibroblast growth factor receptor 1; 
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DFS: Disease-free survival; AHR: Adjusted hazard 
ratio; EAC: Esophageal adenocarcinoma; IHC: 
Immunohistochemistry; PI3K: Phosphatidylinositol 
3-kinase; AKT: Protein kinase B; MAPK: Mitogen-
activated protein kinase.
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