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Abstract

Background: Fibroblast growth factor receptor (FGFR) gene amplification has been reported in different types of cancer. We
performed an up-to-date meta-analysis to further characterize the prognostic value of FGFR gene amplification in patients
with cancer.

Methods: A search of several databases, including MEDLINE (PubMed), EMBASE, Web of Science, and China National
Knowledge Infrastructure, was conducted to identify studies examining the association between FGFR gene amplification
and cancer. A total of 24 studies met the inclusion criteria, and overall incidence rates, hazard risk (HR), overall survival,
disease-free survival, and 95% confidence intervals (Cls) were calculated employing fixed- or random-effects models
depending on the heterogeneity of the included studies.

Results: In the meta-analysis of 24 studies, the prevalence of FGFR gene amplification was FGFR1: 0.11 (95% Cl: 0.08-0.13)
and FGFR2: 0.04 (95% ClI: 0.02-0.06). Overall survival was significantly worse among patients with FGFR gene amplification:
FGFRT [HR 1.57 (95% Cl: 1.23-1.99); p=0.0002] and FGFR2 [HR 2.27 (95% Cl: 1.73-3.00); p<<0.00001].

Conclusions: Current evidence supports the conclusion that the outcomes of patients with FGFR gene amplified cancers is

worse than for those with non-FGFR gene amplified cancers.
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Introduction

The fibroblast growth factor receptor (FGFR) family comprises
four main members (FGFRI-FGFR4) and encodes membrane
tyrosine kinase receptors involved in signaling by interacting with
fibroblast growth factors [1]. FGFR gene amplification is frequent
in breast cancer, gastric cancer and lung cancer etc. In contrast to
the activation of FGFR3 and FGFR4 by mutation [2,3],
amplification of FGFR3 and FGFR4 has been described only
rarely in cancer and no data related to prognosis could be
obtained. As a result, we mainly discuss FGFRI and FGFR2
amplification in our present study.

FGFRI is one of the most commonly amplified genes in human
cancer. Recently, FGFRI amplification has been demonstrated to
be an independent negative prognostic factor in surgically resected
squamous cell carcinoma of the lung [4]. Some of other types of
cancer such as oral squamous carcinoma [5], esophageal
squamous cell carcinomas [6], breast cancer [7-9] and pancreatic
cancer [10] have also been reported to be associated with FGFRI
amplification. FGFR2, the second most commonly amplified gene
of the FGFR family, has been shown to be amplified in gastric
cancer [11,12], breast cancer [13], and non-small-cell lung cancer
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[14]. As a new candidate for a ‘driver gene’ in gastric cancer,
FGFR2-targeted therapy has shown great potential in the
treatment of gastric cancer [15,16]. The aim of this study was to
perform a systematic review and meta-analysis on the incidence of
FGFR gene amplification, as well as the influence of FGFRI and
FGFR2 amplification on the outcomes of different types of
cancers, and to provide an overview of the current status of FGFR
gene amplification and cancer progression.

Methods

Literature search strategy

This analysis was performed in accordance with Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the
PRISMA Statement [17]. We searched the online databases
MEDLINE (PubMed), EMBASE, Web of Science, and China
National Knowledge Infrastructure up to August 2, 2013, without
language limitations. For PubMed, the following contextual query
language was used: (“FGFR” OR “fibroblast growth factor
receptor”) AND (“cancer” OR “neoplasm” OR “carcinoma”).
Reference lists of identified studies and reviews were also hand-
searched.
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Figure 1. Flow diagram of the study selection process.
doi:10.1371/journal.pone.0105524.g001

Study selection

Study eligibility was determined by two reviewers independent-
ly. Disagreements were solved by consensus. We included full
papers and abstracts, without language restrictions, that: (i) studied
FGFR gene amplification in any type of human cancers;
(i1) measured FGFR gene amplification in human samples; and
(iti) reported data necessary to calculate the incidence of FGIR
gene amplification and/or HR on survival outcomes. Studies were
excluded if they were: (1) reviews, case-only studies, or familial
studies; (ii) lacking sufficient data for calculation of incidence and/
or HR with 95% ClIs; and (iii) duplication of previous publications
or replicated samples.

Data extraction and quality assessment

Data extraction was carried out by two reviewers independent-
ly, using a predefined form. Disagreements were resolved by
discussion with a third reviewer. From each study, the following
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information was extracted: country of origin of the study, first
author’s name, year of publication, study population, FGFR gene
amplification assessment methods, cut-oft definition, and incidence
of FGFR gene amplification with 95% Cls, HR for OS, and/or
DFS with corresponding 95% ClIs. In the studies that included
cohorts of different ethnic populations, the data were collected
separately and the data sets were recognized as independent
studies. If the HRs and ClIs were not reported, the total observed
death events and the numbers of patients in each group were
extracted to calculate HR and its variance indirectly [18]. In
studies for which only Kaplan-Meier plots were available, data was
extracted from the graphical survival plots. When both univariate
analysis and multivariate analysis were reported to get the HR, the
results of multivariate analysis, including other variables, were
preferentially taken as they would be more accurate.

Study quality was assessed independently by the two reviewers
using the following factors: (i) clear definition of the study
population and the type of carcinoma; (ii) clear definition of the
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measurement method and the cut-off value of FGFR gene
amplification; (ii1) sample size larger than 10; and (iv) clear
definition of the outcome assessment (if applicable). Any studies
lacking any of these points were excluded from the final analysis.

Statistical analysis

For the incidence of FGFR gene amplification, the incidences
and 95% ClIs were combined. For the survival analyses, HRs with
95% Cls were used to combine the pooled data. Heterogeneity
was assessed by a Q-test. A fixed-effect model was used when there
was no heterogeneity ($=0.10) [19], otherwise a random-effect
model was used [20]. For exploration of heterogeneity, subgroup
analyses were performed based on cancer type, ethnicity, and
assessment method. Sensitivity analyses were performed to assess
the stability of the results, namely, a single study was deleted each
time to reflect the influence of the individual data set on the results.
Begg’s funnel plots and Egger’s tests [21] were used to assess
publication bias. All the p values were two-sided, with $<<0.05
considered statistically significant except for the Q-test. Statistical
analyses were conducted using STATA version 11.0 (StataCorp
LP, College Station, TX, USA) and Review Manager Version 5.1
(Copenhagen: The Nordic Cochrane Centre, The Cochrane
Clollaboration, 2011).

Results

Trail flow

Figure 1 showed the results of the literature search. A total of
106 potentially relevant abstracts were found, and 24 studies were
included in the analysis after screening. Most of the excluded
abstracts were reviews or research with insufficient data.

Characteristics of the studies

In this analysis, 4394 cases from 17 studies [4-10,14,22-30]
were used to study FGFRI amplification and 2247 cases from 7
studies [11-14,31-33] were used to investigate FGFR2 amplifi-
cation. For FGFRI amplification, 9 of 17 studies were in lung
cancer, 4 studies were in breast cancer, and the other 4 studies
were about oral and tongue squamous cell carcinoma, and oral
squamous cell carcinoma. For FGFR2 amplification, 5 of 7 studies
were in gastric cancer, and the other 2 studies were in breast
cancer and lung cancer. The main characteristics of the included
studies were shown in Table S1. Additionally, prognostic data
were obtained from 6 of 17 studies on FGFRI amplification and 3
of 7 studies (4 datasets) on FGFR2 amplification.

Method of evaluation FGFR amplification

Single-nucleotide polymorphism (SNP) array, quantitative
polymerase chain reaction (qPCR), assay comparative genomic
hybridization (aCGH), fluorescence in situ hybridization (FISH),
chromogenic in situ hybridization (CISH) and silver in situ
hybridization (SISH) [29] were used to determine FGFR gene
amplification. FISH was the most commonly used method (18 of
24 studies). Most notably, the criteria for FGFR gene amplification
were highly heterogeneous among different studies using FISH.
For example, in some studies, FGFRI/CENS greater than 2
[10,29,30], 2.2 [24,25] and 4 [26], and FGFR2/CEPI10 greater
than 2 [12,32] were considered to be FGFR gene amplification
(see Table S1). However, for the rest of the studies, the definition
of FGFR gene amplification varied.

Prevalence of FGFR gene amplification

The prevalence of FGFRI amplification in these studies ranged
from 0 to 30.9%, partly reflecting the heterogeneity in the criteria
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for gene amplification. In the meta-analysis of 17 studies, the
prevalence of FGFRI amplification was 0.11 [95% confidence
mterval (CI): 0.08-0.13] and large heterogeneity existed
(P =91.3%; p=0.000; Figure 2A). Subgroup analysis was strat-
ified by cancer type, ethnicity, and methods, but the heterogeneity
could not be reduced (Table S2). For FGFR2 amplification, the
prevalence in different studies was all under 10%. Six studies were
assessed (Figure 2B) and the combined prevalence was 0.04 (95%
CIL: 0.02-0.06). The results also showed high heterogeneity
(12 =83.5%; p =0.000). In addition, we checked the public Cancer
Genome Atlas (http://cancergenome.nih.gov) for the prevalence
of FGFR gene amplification. The results showed that FGFRI
amplification occurred in 3.4% of 10,648 patients and FGFR2
amplification occurred in 0.9% of 8352 patients. Consistent with
our results, the amplifications were most commonly found in lung
cancer (16.9%), breast cancer (13.4%), and gastric cancer (5.1%).

Meta-analysis of FGFR gene amplification and cancer
prognosis

Pooled overall survival (OS) was used to illustrate FGFR gene
amplification overall effect estimates for the studies containing
prognostic data. Meta-analysis of FGFR gene amplification status
and OS in a variety of cancers was performed; 1345 patients in 6
studies for FGFR1 amplification and 1344 patients in 3 studies for
FGFR2 amplification were included. Notably, the patients in the
analysis of FGFR2 amplification were all gastric cancer patients.
The results showed that the pooled hazard risks (HRs) were
significant for both FGFRI [HR 1.57 (95% CI: 1.23-1.99);
$=0.0002] and FGFR2 [HR 2.27 (95% CI: 1.73-3.00); p<
0.00001). Both pooled HRs >1 indicated that FGFR gene
amplification may be associated with poor OS in various cancers
(Figures 3A and 3B). No evidence of heterogeneity was observed
in the overall effects estimates with I statistics of 0%. Four studies
also reported disease-free survival (DFS) and FGFRI amplifica-
tion, and the pooled result indicated that FGFRI amplification
was also related to shorter DFS [HR 1.91 (95% CI: 1.43-2.54);
$<0.0001; Figure S1].

Sensitivity and publication bias

The sensitivity analysis was performed by omitting one study at
one time to measure its effect on the gene amplification prevalence
and pooled HRs. Deletion of the study by Pros et al [14]
significantly reduced the heterogeneity in the analysis of FGFR2
amplification incidence. No other individual study influenced the
results. Publication bias of the included studies was evaluated by
Begg’s funnel plots and Egger’s tests, and it was only detected in
the analysis of FGFRI amplification prevalence (p=0.000 for
Egger’s test, Figure S2). In the other analyses, the Begg’s funnel
plots were almost symmetric and Egger’s tests indicated that there
was no evidence of publication bias (Figures 4A and 4B, Iigure

$3).

Discussion

Deregulation of FGFR family signaling has been described in
multiple cancers. Mechanisms of FGFR deregulation are included:
1) gene amplification (e.g. FGFRI amplification in lung cancer
and breast cancer [4,24,29] and FGFR2 amplification in gastric
cancer [11,31]); 2) gene mutation (e.g. FGFR2 mutation in
endometrial carcinomas [8] and FGFR3 mutation in bladder
cancer [3]); 3) gene translocation (e.g. FGFR3 translocation in
multiple myeloma [34]); 4) autocrine FGF signaling (e.g. FGF1
autocrine in ovarian cancer [35]). Compared to FGFR gene
mutation and translocation, gene amplification of FGIFR is most
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well-studied and associated with poor prognosis. To our knowl-
edge, this is the first meta-analysis and systematic review on the
association of FGFR gene amplification and cancer. In this article,
we showed that FGFR1 is amplified in lung cancer, breast cancer
and, rarely, in pancreatic cancer and squamous cell cancer,
whereas FGFR2 amplification mainly occurs in gastric cancer and
breast cancer. More importantly, we also performed this meta-
analysis to assess the association between FGFR gene amplifica-
tion and OS in different types of cancer.

As a new emerging therapy target, the FGFR gene has drawn
much interest for developing specific inhibitors such as the
multiple target inhibitors dovitinib, Ki23057, and ponatinib, and
the highly selective inhibitors AZD4547 and BGJ398. Several
preclinical studies have shown the striking therapeutic efficacy of
AZD4547 and BGJ398 on FGFR gene—amplified cancers both in
vitro and in vivo [15,36,37]. Some ongoing clinical trials have
been summarized in a published paper [38]. Recently, a phase II
study was designed to assess the activity of the FGFR inhibitor
AZD4547 in patients with FGFR1- and FGFR2-amplified breast,
squamous lung, or stomach cancers, whose cancers had progressed
following previous chemotherapy (NCTO01795768). Our data
indicated that both FGFR1 and FGFR2 amplification were
associated with poor survival in breast, lung, and gastric cancers. It
is therefore reasonable to conduct more clinical trials that set
FGFR copy number as an inclusion criterion. More importantly,
our data highlighted the need for collaborative efforts in
addressing FGIR as a therapeutic target. For example, the sample
size for clinical trial evaluating anti-FGFR2 drug efficacy is about
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400 (0=5%, 1-p=80%). According to our results, the incidence
of FGFR2 amplification is 0.04, which is relatively low. As a result,
over 10000 patients were needed to be enrolled in such clinical
trail to identify a statistical difference.

Notably, various laboratory assays have been used to determine
FGFR gene amplification. In situ hybridization techniques are
used to measure gene amplification that relies on either
fluorescence (FISH) or chromogenic and silver in situ hybridiza-
tion (CISH and SISH). However, even using the same measure-
ment method (e.g. FISH), different criteria have been used to
define FGFR positivity. These differences in methodology can be
the cause of the large range and heterogeneity of FGFRI
amplification (from 2.6 to 30.9%). Standardization of the
definition of FGFR gene amplification’ is therefore urgently
needed. As for other gene amplifications such as HER2 and
EGFR, a scoring system is recommended for FGIR gene
amplification. Nonetheless, most of the included studies in this
meta-analysis used subjective scores without standardization. We
believe that publication bias for FGFR1 amplification prevalence
is due to the many evaluation standards used. Despite this, the
results from subgroup analysis relating to specific methodology
(SNP screen, FISH, qPCR, and aCGH) were similar to those of
the overall analysis (see Table S2).

In interpreting the results, some limitations of this meta-analysis
should be addressed. First, we were unable to conduct stratified
analysis based on possible confounders such as sex, Helicobacter
pylori infection, smoking status, and alcohol intake due to
msufficient data. Second, there was statistical heterogeneity among
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Figure 4. Funnel plots of the association between FGFR amplification and overall survival. (A) Publication bias for FGFRT amplification and
overall survival in various cancers. (B) Publication bias for FGFR2 amplification and overall survival in gastric cancer. Each point represents a separate

study. Log [Hazard Ratio], natural logarithm of HR; SE, standard error.
doi:10.1371/journal.pone.0105524.g004

the studies regarding the prevalence of FGFRI amplification.
Fortunately, we found that the heterogeneity may be due to the
differences in validation standards. Third, publication bias among
studies of FGFRI amplification may influence the results. Also, it
is recommended that tests for funnel plot asymmetry should be
used only when at least 10 studies are included in the meta-analysis

[39].

Conclusions

In conclusion, this meta-analysis and systematic review sum-
marized the existing data on FGFR gene amplification and cancer
outcomes. The results showed that patients with FGIFR gene
amplified cancers have shorter OS. Further studies with larger
sample size and standardized scoring system are recommended to
confirm this finding.
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amplification. Each point represents a separate study.

(DOCX)

Figure S3 Funnel plots of the association between FGFR
amplification and disease-free survival. Each point repre-
sents a separate study. Log[Harzard Ratio],natural logarithm of
HR. SE, standard error.

DOCX)

References

1. Turner N, Grose R (2010) Fibroblast growth factor signalling: from development
to cancer. Nat Rev Cancer 10: 116-129.

2. Jang JH, Shin KH, Park JG (2001) Mutations in fibroblast growth factor
receptor 2 and fibroblast growth factor receptor 3 genes associated with human
gastric and colorectal cancers. Cancer Res 61: 3541-3543.

3. Cappellen D, De Oliveira C, Ricol D, de Medina S, Bourdin J, et al. (1999)
Frequent activating mutations of FGFR3 in human bladder and cervix
carcinomas. Nat Genet 23: 18-20.

4. Kim HR, Kim DJ, Kang DR, Lee JG, Lim SM, et al. (2013) Fibroblast growth
factor receptor 1 gene amplification is associated with poor survival and cigarette
smoking dosage in patients with resected squamous cell lung cancer. J Clin
Oncol 31: 731-737.

5. Freier K, Schwaenen C, Sticht C, Flechtenmacher C, Muhling J, et al. (2007)
Recurrent FGFR1 amplification and high FGFR1 protein expression in oral
squamous cell carcinoma (OSCC). Oral Oncol 43: 60-66.

6. Young RJ, Lim AM, Angel C, Collins M, Deb S, et al. (2013) Frequency of
Fibroblast Growth Factor Receptor 1 gene amplification in oral tongue
squamous cell carcinomas and associations with clinical features and patient
outcome. Oral Oncol 49: 576-581.

7. Andre F, Bachelot T, Campone M, Dalenc F, Perez-Garcia JM, et al. (2013)
Targeting FGFR with dovitinib (TKI258): preclinical and clinical data in breast
cancer. Clin Cancer Res 19: 3693-3702.

8. Brunello E, Brunelli M, Bogina G, Calio A, Manfrin E, et al. (2012) FGFR-1
amplification in metastatic lymph-nodal and haematogenous lobular breast
carcinoma. J Exp Clin Cancer Res 31: 103.

PLOS ONE | www.plosone.org

Table S1 FGFR gene amplification: characteristics of
included studies. FGFRI: fibroblast growth factor receptor 1;
FGFR2: fibroblast growth factor receptor 2; NSCLC: non-small-
cell lung cancer; SQLC: squamous cell lung cancer; OTSCC: oral
tongue squamous cell carcinoma; FISH: fluorescence in situ
hybridization; CISH: chromogenic in situ hybridization; SISH:
silver in situ hybridization; gPCR: quantitative polymerase chain
reaction; aCGH: assay comparative genomic hybridization; SNP:
single-nucleotide polymorphism; N/A: not applicable.

DOCX)

Table $2 Overall and subgroup analysis of FGFR gene
amplification prevalence. FGFRI: fibroblast growth factor
receptor 1; FGFR2: fibroblast growth factor receptor 2; NSCLC:
non-small-cell lung cancer; SQLC: squamous cell lung cancer;
OSCC: oral squamous cell carcinoma; OTSCC: oral tongue
squamous cell carcinoma; FISH: fluorescence in situ hybridiza-
tion; CISH: chromogenic in situ hybridization; SISH: silver in situ
hybridization; PCR: polymerase chain reaction; aCGH: assay
comparative genomic hybridization; SNP: single-nucleotide poly-
morphism; N/A: not applicable; PDAC: Pancreatic ductal
adenocarcinoma.

(DOCX)

Checklist S1 PRISMA statement.
(DOC)

Acknowledgments

We thank Mary Smith (PhD) for language editing.

Author Contributions

Conceived and designed the experiments: JL. Performed the experiments:

JC XL SW. Analyzed the data: JC XL SW. Contributed reagents/

materials/analysis tools: ZZ ZW XZ. Wrote the paper: ZZ ZW XZ.
Carried out the literature research and performed statistical analysis: JC
XL SW.

9. Turner N, Pearson A, Sharpe R, Lambros M, Geyer F, et al. (2010) FGFR1
amplification drives endocrine therapy resistance and is a therapeutic target in
breast cancer. Cancer Res 70: 2085-2094.

10. Lehnen NC, von Massenhausen A, Kalthoff H, Zhou H, Glowka T, et al. (2013)
Fibroblast growth factor receptor 1 gene amplification in pancreatic ductal
adenocarcinoma. Histopathology.

11. Matsumoto K, Arao T, Hamaguchi T, Shimada Y, Kato K, et al. (2012) FGFR2
gene amplification and clinicopathological features in gastric cancer. Br J Can-
cer 106: 727-732.

12. Jung EJ, Jung EJ, Min SY, Kim MA, Kim WH (2012) Fibroblast growth factor
receptor 2 gene amplification status and its clinicopathologic significance in
gastric carcinoma. Hum Pathol 43: 1559-1566.

13. Turner N, Lambros MB, Horlings HM, Pearson A, Sharpe R, et al. (2010)
Integrative molecular profiling of triple negative breast cancers identifies
amplicon drivers and potential therapeutic targets. Oncogene 29: 2013-2023.

14. Pros E, Lantuejoul S, Sanchez-Verde L, Castillo SD, Bonastre E, et al. (2013)
Determining the profiles and parameters for gene amplification testing of growth
factor receptors in lung cancer. Int J Cancer 133: 898-907.

15. Gavine PR, Mooney L, Kilgour E, Thomas AP, Al-Kadhimi K, et al. (2012)
AZD4547: an orally bioavailable, potent, and selective inhibitor of the fibroblast
growth factor receptor tyrosine kinase family. Cancer Res 72: 2045-2056.

16. Hickinson DM, Klinowska T, Speake G, Vincent J, Trigwell C, et al. (2010)
AZD8931, an equipotent, reversible inhibitor of signaling by epidermal growth
factor receptor, ERBB2 (HER2), and ERBB3: a unique agent for simultaneous
ERBB receptor blockade in cancer. Clin Cancer Res 16: 1159-1169.

August 2014 | Volume 9 | Issue 8 | e105524



20.

21.

22.

23.

26.

27.

28.

29.

. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, et al. (2009) The

PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate health care interventions: explanation and elaboration. Ann Intern

Med 151: W65-94.

. Chin K, DeVries S, Fridlyand J, Spellman PT, Roydasgupta R, et al. (2006)

Genomic and transcriptional aberrations linked to breast cancer pathophysiol-
ogies. Cancer Cell 10: 529-541.

. Mantel N, Haenszel W (1959) Statistical aspects of the analysis of data from

retrospective studies of disease. J Natl Cancer Inst 22: 719-748.

DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin
Trials 7: 177-188.

Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis
detected by a simple, graphical test. BMJ 315: 629-634.

Dutt A, Ramos AH, Hammerman PS, Mermel C, Cho J, et al. (2011) Inhibitor-
sensitive FGFR1 amplification in human non-small cell lung cancer. PLoS One
6: ¢20351.

Elbauomy Elsheikh S, Green AR, Lambros MB, Turner NC, Grainge M]J, et al.
(2007) FGFR1 amplification in breast carcinomas: a chromogenic in situ
hybridisation analysis. Breast Cancer Res 9: R23.

. Heist RS, Mino-Kenudson M, Sequist LV, Tammireddy S, Morrissey L, et al.

(2012) FGFR1 amplification in squamous cell carcinoma of the lung. J Thorac

Oncol 7: 1775-1780.

. Jang MH, Kim EJ, Choi Y, Lee HE, Kim Y]J, et al. (2012) FGFR1 is amplified

during the progression of in situ to invasive breast carcinoma. Breast Cancer Res
14: R115.

Kohler LH, Mireskandari M, Knosel T, Altendorf-Hofmann A, Kunze A, et al.
(2012) FGFR1 expression and gene copy numbers in human lung cancer.
Virchows Arch 461: 49-57.

Lee S, Kim Y, Sun JM, Choi YL, Kim JG, et al. (2011) Molecular profiles of
EGFR, K-ras, c-met, and FGFR in pulmonary pleomorphic carcinoma, a rare
lung malignancy. J Cancer Res Clin Oncol 137: 1203-1211.

Schildhaus HU, Heukamp LC, Merkelbach-Bruse S, Riesner K, Schmitz K, et
al. (2012) Definition of a fluorescence in-situ hybridization score identifies high-
and low-level FGFR1 amplification types in squamous cell lung cancer. Mod
Pathol 25: 1473-1480.

Weiss J, Sos ML, Seidel D, Peifer M, Zander T, et al. (2010) Frequent and focal
FGFR1 amplification associates with therapeutically tractable FGFR1 depen-
dency in squamous cell lung cancer. Sci Transl Med 2: 62ra93.

PLOS ONE | www.plosone.org

30.

31.

33.

36.

37.

38.

39.

FGFR Gene Amplification and Cancer

Zhang J, Zhang L, Su X, Li M, Xie L, et al. (2012) Translating the therapeutic
potential of AZD4547 in FGFR1-amplified non-small cell lung cancer through
the use of patient-derived tumor xenograft models. Clin Cancer Res 18: 6658
6667.

Deng N, Goh LK, Wang H, Das K, Tao J, et al. (2012) A comprehensive survey
of genomic alterations in gastric cancer reveals systematic patterns of molecular
exclusivity and co-occurrence among distinct therapeutic targets. Gut 61: 673~

684.

. Xie L, Su X, Zhang L, Yin X, Tang L, et al. (2013) FGFR2 gene amplification

in gastric cancer predicts sensitivity to the selective FGFR inhibitor AZD4547.
Clin Cancer Res 19: 2572-2583.

Kilgour E SX, Zhan P, Gavine P, Morgan S, Womack C, Jung E, Bang Y, Im Y,
Kim Y, Grabsch H. Prevalence and prognostic significance of FGF receptor 2
(FGFR2) gene amplification in Caucasian and Korean gastric cancer cohorts.;

2012. J Clin Oncol.

. Avet-Loiseau H, Facon T, Daviet A, Godon C, Rapp M]J, et al. (1999) 14q32

translocations and monosomy 13 observed in monoclonal gammopathy of
undetermined significance delineate a multistep process for the oncogenesis of
multiple myeloma. Intergroupe Francophone du Myelome. Cancer Res 59:
4546-4550.

. Birrer MJ, Johnson ME, Hao K, Wong KK, Park DC, et al. (2007) Whole

genome oligonucleotide-based array comparative genomic hybridization analysis
identified fibroblast growth factor 1 as a prognostic marker for advanced-stage
serous ovarian adenocarcinomas. J Clin Oncol 25: 2281-2287.

Zhang J, Zhang L, Su X, Li M, Xie L, et al. (2012) Translating the therapeutic
potential of AZD4547 in FGFR1-amplified non-small cell lung cancer through
the use of patient-derived tumor xenograft models. Clin Cancer Res 18: 6658—
6667.

Guagnano V, Furet P, Spanka C, Bordas V, Le Douget M, et al. (2011)
Discovery of 3-(2,6-dichloro-3,5-dimethoxy-phenyl)-1-{6-[4-(4-ethyl-piperazin-
1-yl)-phenylamin  o]-pyrimidin-4-yl}-1-methyl-urea (NVP-BGJ398), a potent
and selective inhibitor of the fibroblast growth factor receptor family of receptor
tyrosine kinase. J] Med Chem 54: 7066-7083.

Katoh M, Nakagama H (2013) FGF Receptors: Cancer Biology and
Therapeutics. Med Res Rev.

Toannidis JP, Trikalinos TA (2007) The appropriateness of asymmetry tests for
publication bias in meta-analyses: a large survey. CMAJ 176: 1091-1096.

August 2014 | Volume 9 | Issue 8 | e105524



