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Fibroblast growth factor receptor 1 gene (FGFR1) amplification 

in non-small cell lung cancer (NSCLC) by real-time PCR  
 

Abstract 

Background: Comprehensive molecular assessment of cancers could open up new 

horizons for novel therapies. Fibroblast growth factor receptor 1 (FGFR1) gene 

amplification has been previously demonstrated in non-small cell lung cancer (NSCLC) 

patients. The current study aimed to evaluate the prevalence of FGFR1 gene 

amplification and its association with clinical and demographic data in a group of 

NSCLC patients. 

Methods: The present study was performed on eighty-eight NSCLC patients who 

underwent bronchoscopy or surgery in Qaem Hospital, Mashhad, between 2010 and 

2016. FGFR1 gene amplification was detected using real-time PCR assay on DNA 

extracted from paraffin-embedded tissue blocks of patients. Also, patients' clinical and 

demographic data, such as their survival, were evaluated. Statistical analysis was carried 

out using SPSS software. 

Results: Seventeen (19.31%) out of eighty-eight patients with NSCLC presented 

FGFR1 gene amplification. Besides, we found a significant association between FGFR1 

amplification and cigarette smoking (p-value= 0.01; OR: 4.08). Although cases with 

squamous cell carcinoma (SCC) showed a higher prevalence of FGFR1 amplification 

compared to adenocarcinoma patients, the difference was not statistically significant (p-

value> 0.05). In addition, our findings showed no relationship between FGFR1 gene 

amplification and other clinical and demographic factors, including age, sex, grade, 

tumor operability, and survival. 

Conclusion: The frequency of FGFR1 amplification is estimated at 20% in the current 

study (26% in SCC versus 11% in adenocarcinoma; p-value= 0.07). Moreover, we found 

a direct association between FGFR1 amplification and cigarette smoking. However, no 

significant relationship with survival or other factors was observed. 

Keywords: FGFR1, Fibroblast growth factor receptor 1, Real-time PCR, Non-small cell 

lung cancer, Gene amplification. 

 

Citation: 

Homayounfar S, Ayatollahi H, Ferns G, et al. Fibroblast growth factor receptor 1 gene 

(FGFR1) amplification in non-small cell lung cancer (NSCLC) by real-time PCR. 

Caspian J Intern Med 2025; 16(1): 66-72. 

 

 
Lung cancer has one of the highest incidence and mortality rates among cancers 

worldwide. Despite decades of research, systemic treatments have failed in most lung 

cancer cases. The 5-year survival rate is estimated to be only about 10% in non-small 

cell lung carcinoma (NSCLC) (1-3). Cancer is the third leading cause of death in Iran, 

and lung cancer remains the second leading cause of cancer death after gastric cancer in 

Iran (4, 5). More than 70% of lung cancer patients represent an advanced disease at 

diagnosis, and men are five times more likely to be affected (6). Tobacco smoking has 

been increasing globally, especially in developing countries. Similarly, the prevalence 

of lung cancer has also been rising. Tobacco smoking remains by far the leading risk 

factor for lung cancer worldwide. Approximately 60% of new lung cancer cases occur 

in older smokers (≥ 100 cigarettes throughout life for more than one year) (5, 7).

https://caspjim.com/article-1-3792-en.html
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On the contrary, many lung cancer patients have quit for 

decades (fewer than 100 cigarettes in a lifetime). 

Interestingly, one in five women and one in twelve men 

diagnosed with lung cancer have never smoked (5, 7). As 

the efficacy of conventional cytotoxic chemotherapy has 

reached a plateau in NSCLC, there is an urgent need to 

develop new therapeutic strategies (7-9). The FGFR1 gene 

is on chromosome 8 at position p11.23 and consists of 24 

exons. This gene is also known as H2, FLT2, BFGFR, FLG, 

CEK, KAL2, and CD331 (9-11), which encodes FGFR 1, a 

protein involved in cellular processes such as cell division 

and maturation, growth regulation, angiogenesis, wound 

healing, and fetal development. FGFR1 is a transmembrane 

protein that acts as a bridge between the intra- and 

extracellular space. The binding of FGF1 to FGFR1 

receptors triggers a cascade of cellular chemical reactions, 

leading to tyrosine kinase activity (12, 13). The malfunction 

of the FGFRs-FGFs signaling axis may increase the survival 

of tumoral cells in early stages and the rate of invasion and 

metastasis, thereby leading to poor prognosis and reduced 

survival. It is hypothesized that cigarettes may cause DNA 

damage on bronchial epithelial cells by inducing FGFR1 

amplification leading to an increased risk of carcinogenesis 

(14). Some studies proposed that the FGFRs-FGFs axis may 

play a role in repairing small airways in chronic obstructive 

diseases caused by cigarette smoking (15). Increasing data 

have demonstrated higher FGFR1 levels in NSCLC patients 

(16-20). In addition, FGFR1 gene amplification has also 

been shown using fluorescent in situ hybridization (FISH) 

(20-23). However, the association between FGFR1 gene 

status and lung cancer has not been fully elucidated. Herein, 

we determined the frequency of FGFR1 gene amplification 

in Iranian patients with NSCLC and its possible association 

with patients' survival and clinicopathological 

characteristics. Our findings may provide further light on 

the screening and prognosis of these patients and may help 

choose a suitable targeted therapy for these patients. 

 

 

Methods  

Patients: Eighty-eight (65 males and 23 females; mean age: 

60 years) patients undergoing bronchoscopy or surgery in 

Qaem Hospital of Mashhad from 2010 to 2016 were finally 

diagnosed with NSCLC and were included in the present 

study. All cases were thoroughly reviewed, and the initial 

diagnosis, histological type, and tumor grading were all 

reassessed by two accomplished pathologists. Clinical and 

demographic data, including age, sex, cigarette smoking, 

and the tumor's surgical operability status, were retrieved 

from patients' medical records. The time interval between 

the diagnosis and death or between the diagnosis and phone 

call in living patients was considered the survival time. 

Survival analysis was conducted for 70 out of 88 patients 

because we could not contact eighteen of them. Patients 

alive during contact or those deceased because of reasons 

other than lung cancer were regarded as censored data in the 

survival analysis. Formalin-fixed paraffin-embedded 

(FFPE) tissue blocks were collected from the archive of the 

pathology department, and those blocks with a sufficient 

amount of tumor and stroma were selected. The Ethics 

Committee of Mashhad University of Medical Sciences 

reviewed and approved the study protocol 

(IR.MUMS.fm.rec.1395.271). 

DNA extraction and quality assessment: According to the 

manufacturer's instructions, genomic DNA was extracted 

from FFPE NSCLC tissues using the Tissue DNA 

Extraction Mini Kit (YTA, IRAN, Cat No: YT9030). DNA 

concentration was determined using a Nanodrop 

spectrophotometer (Nanodrop thermo 2000, Finland) and 

adjusted to a 2.5 ng/ml concentration. We used 2 µl of each 

DNA for PCR assay. 

Real-time PCR assay: FGFR1 copy number alterations 

were analyzed by a Step-one Real-Time PCR System 

(Applied Biosystems, Foster City, USA) using a SYBR 

Green qPCR Master mix (YTA, Cat No: YT2551, IRAN). 

Sequences of specific primers for FGFR1 amplification 

were as forward primer, 5'-

ACTGCAGAACTGGGATGTGG-3', and reverse primer, 

5'-ACCACATCACCTGCAACCAT-3' (reverse). GAPDH 

(glyceraldehyde-3-phosphate dehydrogenase), a 

housekeeping gene, was used as the internal control. The 

cycling condition comprised the initial denaturation at 95˚C 

for 5 minutes, 40 cycles at 94˚C for 15 seconds, 60˚C for 30 

seconds, and 72˚C for 34 seconds. The FGFR1 gene 

amplification was analyzed compared to the control gene 

using the delta-delta CT method and fold change 

calculation. Positive FGFR1 amplification was defined as 

an FGFR1 /GAPDH copy number ratio of >2. According to 

previous studies, a ratio of 2 can be defined as an optimal 

cut-off value. Samples <2 were considered negative, and 

samples>2 were regarded as positive (18, 19). As shown in 

fig 1, to evaluate the efficiency of real-time PCR for the 

genes FGFR1 and GAPDH, a series of diluted DNA copies 

of these genes were prepared and subjected to real-time 

PCR reactions. The resulting CT graph was plotted against 

the initial DNA concentration, and the slope of the line was 

determined. The efficiency of the reaction was then 

computed using the formula: Efficiency= [10 (-1/slope)]-1. 

The PCR efficiency for the FGFR1 gene was determined to 

be 97%, with a slope of -3.4 and a y-intercept of 38.8. 
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Similarly, the PCR efficiency for the GAPDH gene was 

found to be 93%, with a slope of -3.5 and a y-intercept of 

39.6. Furthermore, as depicted in fig 2, the specificity of 

PCR reaction for FGR1 and GAPDH was analyzed using 

melting curve analysis post PCR reactions. The melting 

curve is a reliable method for identifying the presence of 

non-specific products such as primer-dimers, which may 

appear as additional peaks in the melting curve.  

Statistical analysis: The sample size was calculated using 

the prevalence formula of n= z2(p)(1-p)/d2 with a relative 

accuracy of 10 % and 80 % power. The prevalence rate of 

32%, presented by a previous study by Sasaki et al., was 

employed for estimating the sample size (20). Statistical 

data were collected from clinical and laboratory 

observations and analyzed by SPSS Version 16 software. 

The relationships between grouped variables were analyzed 

by the Fisher and chi-square tests. Survival was assessed 

using the Kaplan-Meier test, log-rank, and cox regression. 

P-values of less than 0.05 were considered statistically 

significant (figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Real time PCR efficiency for standard curves of FGFR1 and GAPDH genes using serial dilution of DNA from 

FGFR1 and GAPDH genes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Specificity of the real time PCR based on melt-curving analysis for FGFR1 and GAPDH genes 
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Figure 3. Kaplan-Meier survival curve based on the amplification of FGFR1 gene 

 

 

Results 

Our study consisted of 88 NSCLC patients. The patients' 

median age was 60 years, and the majority of patients were 

males (n=65, 73.9%). Concerning the disease subtype, 46 

(52.3%) patients were diagnosed with SCC. Moreover, 42 

(47.7%) cases were classified as adenocarcinoma. 

Furthermore, patients' demographic and clinicopathological 

data are presented in table 1. FGFR1 amplification was 

observed in seventeen out of eighty-eight (19.31%) patients, 

according to the criteria defined for amplification (fold 

change>2, 95% CI: 0.612-10.17).  

Despite the higher prevalence of amplification in SCC 

compared to adenocarcinoma patients, the difference was 

not statistically significant (SCC 26.1% VS 

adenocarcinoma 11.9%; P= 0.09). Among the patients in 

this study, 33 (37.5%) mentioned a smoking history, and 55 

(62.5%) cases stated that they had never smoked. In the 

group without FGFR1 gene amplification, 22 (31%) 

subjects had a smoking history, and 49 (69%) patients were 

non-smokers. In the group with FGFR1 amplification, 11 

(64.7%) patients had a smoking history, and six (35.3%) 

were non-smokers. Based on these findings, FGFR1 gene 

amplification was significantly correlated with smoking 

status (smoker 33.3% VS non-smoker 10.9%; P =0.01, OR= 

4.08).  

However, we found no significant association with other 

demographic or clinicopathological data, including age 

(≥65 vs˂ 65 years; P = 0.33), sex (male vs. female; P = 

0.34), tumor grade (1, 2, 3. P= 0.48), and tumor operability 

(operable vs. inoperable; P= 0.08). Also, we found no 

significant relationship between FGFR1 amplification and 

survival. As illustrated in fig 3, the survival status of 

patients with FGFR1 gene amplification (n = 17, 10 ± 4.9 

months, CI= 5.1-14.9) and patients with normal FGFR1 

copy number (n = 71, 9 ± 2.5 months, CI= 6.52-11.48) was 

not significantly different (Log-Rank; P= 0.62).  

 

Table 1. Demographic and clinicopathologic data of NSCLC patients 

Variable Amplified group Non-amplified group P-value 

Gender 

Male 

Female 

 

11 (64.7%) 

6 (35.3%) 

 

54 (76%) 

17 (24%) 

 

0.34 

Age (years) 

<65 

>=65 

 

12 (70.6%) 

5 (29.4%) 

 

41 (57.7%) 

30 (42.3%) 

 

0.33 

Smoking status 

Never smoker 

Smoker 

 

6 (35.3%) 

11 (64.7%) 

 

49 (69%) 

22 (31%) 

 

0.01 
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Variable Amplified group Non-amplified group P-value 

Histologic type 

SCC 

Adenocarcinoma 

 

12 (70.6%) 

5 (29.4%) 

 

34 (47.9%) 

37 (52.1%) 

 

0.09 

Differentiation 

Well 

Moderate 

Poor 

 

4 (23.5%) 

7 (41.2%) 

6 (35.3%) 

 

25 (35.2%) 

30 (42.3%) 

16 (22.5%) 

 

0.48 

Operability 

Operable 

Inoperable 

 

6 (35.3%) 

11 (64.7%) 

 

42 (59.2%) 

29 (40.8%) 

 

0.07 

 

 

Discussion  

Comprehensive knowledge regarding tumorigenesis 

changes in NSCLC patients could pave the way for better 

treatment and management of patients. Also, developing 

rapid and reliable methods for identifying these molecular 

aberrations is crucial, especially in clinical settings (24-26). 

The current study evaluated the frequency of FGFR1 gene 

amplification in a group of NSCLC patients from northeast 

Iran and investigated its association with patients' survival 

and clinical data. Our results may be helpful for screening 

and prognosis assessment of lung cancer patients. 

According to real-time PCR assay, our study revealed that 

the FGFR1 gene copy number was elevated in 19.3% of 

NSCLC patients. In addition, FGFR1 amplification was 

more frequently found in SCC than in adenocarcinoma 

patients. However, we found no statistically significant 

difference (P-value= 0.09).  

Furthermore, this amplification occurred more 

frequently in smokers than non-smokers (P-value= 0.01). 

On the contrary, our findings suggested no association 

between FGFR1 amplification and patients' survival or 

other demographic and clinical factors (P> 0.05). A 

previous investigation by Weiss et al. showed the 

amplification of 8p11-12 (containing the FGFR1 gene) in a 

significant percentage of SCC cases of lung cancer (22% of 

patients) (20). A study by Sasaki et al., utilizing real-time 

PCR, found FGFR1 amplification in 32% of patients. 

However, Kim et al., using the FISH technique, showed a 

lower frequency of only 13% in their patients. One possible 

explanation for the difference observed between these 

studies may be the different methods used to detect FGFR1 

amplification (22, 25). In addition, several other studies 

assessing the FGFR1 amplification in NSCLC patients 

using the FISH technique showed relatively significant 

variations in their results. Despite using a similar method, 

their differences may be attributable to multiple factors, 

such as the difference in defining the cut-off value and other 

variables in the testing process. Noteworthy that one of the 

main disadvantages of the FISH method is its challenging 

and manual procedure, which may limit its routine clinical 

utility (26). Therefore, we evaluated FGFR1 amplification 

with real-time PCR assay because of its simplicity and 

automated and quantitative process. 

After comparing the findings of Weiss et al. and Tran et 

al. with those of the current study, it seems that, unlike 

EGFR mutation that is more frequent in Asian countries 

than in western countries, the frequency of FGFR1 

amplification is not significantly different between diverse 

ethnic groups (20, 21). In this study, the prevalence of 

FGFR1 gene amplification was 26% and 11% in SCC and 

adenocarcinoma patients, respectively, which is in 

concordance with the results of Tran et al., using the SISH 

(Silver in Situ Hybridization) technique (24% frequency in 

SCC VS 11.3% in adenocarcinoma) (21). Moreover, our 

study's prevalence of FGFR1 amplification was consistent 

with previous studies, which used FISH assays (22%, 20 %, 

and 21%) (20, 27-29). While different studies have shown 

that the prevalence of FGFR1 gene amplification is greater 

in SCC than in adenocarcinoma patients, the frequencies 

recorded for adenocarcinoma are diverse. Although a higher 

prevalence of amplification in SCC was observed in this 

study, similar to Kohler and Gadgeel's studies, it was not 

statistically significant (p > 0.05). One justification may be 

patient selection bias (26, 30). In concordance with other 

studies, we also found a significant correlation between 

FGFR1 gene amplification and cigarette smoking (20, 26). 

This association suggests that FGFR1 amplification is an 

oncogenic aberration in SCC patients, possibly triggered by 

cigarette smoking. Some studies have shown heavier 

smokers have higher FGFR1 amplification frequency (20 % 

in smokers with 45 or more packets per year). Based on 

these findings, heavy smokers with SCC can be a high-risk 
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population for FGFR1 gene amplification (22). Similar to 

previous studies, we found no significant association 

between other demographic and clinical factors, including 

age, gender, differentiation, staging, operability, and 

survival with FGFR1 gene amplification (21, 31-33). On the 

contrary, few studies showed a higher prevalence in male 

patients (25). Besides, some studies suggested FGFR1 

amplification as a prognostic factor (34, 35). However, its 

prognostic effect has yet to be fully delineated. While some 

previous studies consider it a poor prognostic factor (22), 

others regarded it as a favorable prognostic marker (21). 

Some reports found no difference in the survival of lung 

cancer patients with or without FGFR1 amplification (32, 

33). Therefore, more research is needed to highlight this 

controversial issue (31). 

The main limitation of the current study includes the low 

sample size, which might have limited statistical power. In 

addition, due to the small sample size, the effect of cigarette 

smoking on FGFR1 gene amplification was not adjusted by 

the bias effect of gender. More comprehensive studies using 

larger sample sizes and employing multiple techniques such 

as hybridization, PCR, and SNP microarray and their 

combination with immunohistochemical evaluations are 

warranted to compare gene amplification with gene 

expression. Our findings revealed that the frequency of 

FGFR1 gene amplification in NSCLC is significant. 

However, no relationship was found between FGFR1 

amplification and the survival of patients with NSCLC. The 

presence of FGFR1 gene amplification in a significant 

portion of patients with NSCLC may highlight its 

importance as a potential marker for targeted therapy for 

these patients. 
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