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Background: Bronchial washing fluid (BWF) is a common specimen collected during
bronchoscopy and has been suggested to contain both tumor cells and cell-free DNA.
However, there is no consensus on the feasibility of BWF in epidermal growth factor
receptor (EGFR) genetic analysis because of the limited sample size and varying results in
previous studies. This study compared the feasibility, sensitivity, and specificity of
detecting EGFR mutation using BWF, bronchoscopy biopsy, and plasma samples in
patients with lung cancer (LC).

Materials and Methods: A total of 144 patients (110 with LC and 34 without LC) were
enrolled in the study. During diagnostic bronchoscopy for suspected LC lesions, bronchial
washing with saline was performed directly or through a guide sheath. BWF was collected
as well as paired bronchoscopy biopsy and plasma samples, and EGFR mutation testing
was performed via highly sensitive blocker polymerase chain reaction. The EGFRmutation
status of histologic samples was set as the standard reference.

Results: Compared with the histologic samples, the sensitivity, specificity, and
concordance rate of EGFR mutation detected in BWF samples were 92.5%, 100%,
and 97.9%, respectively. Moreover, BWF showed a higher sensitivity in EGFR mutation
testing than both plasma (100% [8/8] vs. 62.5% [5/8], p = 0.095) and bronchoscopy
biopsy samples (92.5% [37/40] vs. 77.5% [31/40], p = 0.012) and identified EGFR
mutations in 6 cases whose biopsy failed to establish an LC diagnosis. The diameter of the
target lesion and its contact degree with BWF were positive predictive factors for EGFR
testing results.
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Conclusions: BWF yields a high sensitivity in EGFR mutation testing, having high
concordance with histologic samples, and presenting the benefit of rapid EGFR
mutation detection in LC patients.
Keywords: lung cancer, bronchoscopy, plasma, bronchial washing fluid, EGFR
INTRODUCTION

Lung cancer (LC) is the most common cause of cancer-related
mortality worldwide. Previous studies have proved that the
epidermal growth factor receptor (EGFR) is a major molecule
leading to the development of LC. Inhibition of EGFRs, such as
tyrosine kinase inhibitors (TKIs), is confirmed to be clinically
beneficial, especially in tumors that harbor active EGFR
mutations (1). Several trials indicated that using TKIs instead
of chemotherapy is a better choice for patients with EGFR
mutant LCs, making EGFR a good therapeutic target for LC.
Therefore, EGFR mutation testing is necessary and important for
the initial diagnosis of LC (2).

Generally, tumor tissue samples are preferred for genetic
analysis, but insufficient quantities of the sample is the main
shortcoming across almost all populations (3). To guide
treatment decisions in locally advanced and metastatic LC
patients, many efforts have been made to rapidly detect EGFR
mutations using less invasive methods, including the use of small
biopsies, cytology specimens, and liquid biopsy samples (4, 5).
However, testing of these samples also have limitations such as
insufficient amounts, low accuracy, and long turn over periods.
For example, circulating tumor DNA (ctDNA) specimens
extracted from plasma samples may have low concentration,
high fragmentation, and contamination of non-tumoral cell-free
DNA (cfDNA) (6, 7). Although the specificity of detection in
these specimens was near 100%, the sensitivity ranged from
67.5% to 75% (8–10).

Bronchial washing fluid (BWF) is the fluid recovered after
washing the target pulmonary lesions using physiological saline
during bronchoscopy. BWF may be a suitable specimen for
molecular testing for the following reasons (1): compared with
histology samples, fresh specimens have better DNA
preservation; (2) compared with plasma samples, samples with
direct correlation to tumor lesions may lead to the collection of
larger amounts of tumor-related DNA; (3) the technique could
be practical for patients with contraindications to biopsy
procedures (bleeding or pneumothorax); and (4) the technique
has the potential to reflect intratumoral heterogeneity (11, 12).

However, there is no consensus on the feasibility of BWF in
EGFR genetic analysis because of the limited sample size and
varying results in previous studies (13–15). Some studies
performed EGFR mutation detection using cfDNA in BWF
supernatant samples using the TaqMan Mutation Detection
assay (sensitivity: approximately 0.5%) (16, 17). Although a
high sensitivity of 88% had been observed in cases containing
malignant or atypical cells, no EGFR mutation was found in
cases without tumor cells in the pellet. As nearly half of clinical
BWF samples are devoid of malignant cells (18), its clinical
2

application is greatly limited until a more sensitive technique is
applied. Ryu et al. reported genetic profiling of early-stage lung
tumors using both supernatant and cytologic samples of BWF,
but the conclusions were drawn from a small sample size and
from resectable tumors only (19). Another study performed a
similar test using extracellular vesicle-derived DNA isolated from
BWF samples of LC patients (20); however, the extraction of
exosomes is complicated and has limited popularity in modern
clinical applications.

Based on our previous studies, we demonstrated that the
detection rate of EGFR mutations in BWF samples was 100%
concordant with that in histological samples, with an overall
accuracy of 95.3% (21). In the present study, we aimed to further
investigate the feasibility of BWF specimens in EGFR mutation
testing using highly sensitive blocker polymerase chain reaction
(PCR) (0.1%) and compare this with bronchoscopy biopsy and
plasma samples. In addition, we attempted to clarify the impact
of tumor lesion-related factors and bronchoscopic technical
factors on EGFR-testing outcomes.
MATERIALS AND METHODS

Ethics Approval
This study was conducted according to the principles of the
World Medical Association Declaration of Helsinki and
approved by the ethics committee of Zhongshan Hospital (IRB
approval No. B2013-031). All participants provided written
informed consent for this study.

Patient Population and Study Design
Between October 2016 and April 2017, 144 patients with
suspected LC, based on chest computed tomography (CT),
who underwent diagnostic bronchoscopic biopsy were enrolled
at Zhongshan Hospital, Fudan University (Shanghai, China).
Exclusion criteria included cases with metastatic lung tumor.
BWF and paired biopsy samples were prospectively collected
from each patient. In patients not diagnosed with LC based on
bronchoscopic biopsy samples, further sampling or clinical
follow-up was undertaken. EGFR mutation detection was
performed in all enrolled patients to evaluate the validity and
reliability of using BWF samples.

Bronchoscopy and Bronchial Washing
A fibrobronchoscope (BF-1TQ260; Olympus, Tokyo, Japan) was
used for careful airway examination. For endobronchial visible
lesions, endobronchial biopsy and bronchial washing were
performed through the working channel of the wedged
bronchoscope in the target segmental bronchus. For
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endobronchial invisible peripheral lesions, transbronchial lung
biopsy was performed by experienced practitioners under the
assistance of endobronchial ultrasound. The endoscopic
ultrasonography (EBUS) model included an EBUS probe
(20MHz mechanical-radial type, UM-S20-20R or UM-S20-17S;
Olympus, Japan) and a guide sheath (GS) kit (K-203,
Olympus, Japan).

While EBUS was being performed, the ultrasound probe and
GS were inserted through the working channel of the
bronchoscope into the target bronchus. After sonographic
confirmation of the biopsy site, bronchoscopic forceps were
advanced through the working channel on GS. Multiple
forceps biopsies were performed through additional X-ray
fluoroscopy assistance. Based on the sonographic view on the
display, the location of the biopsy forceps was evaluated as
within, adjacent to, or outside of the target lesion (22). The
extent of the contact between the target lesion and the BWF was
defined as the contact degree. Depending on the location of the
biopsy forceps, the contact degree was classified as positive
contact (PSC) and possible contact (PBC). We defined PSC as
biopsies taken within the lesion and possible contact PBC as
biopsies taken adjacent to the lesion or when invisible under
EBUS. Instead of traditional bronchial washing, we administered
20–40 mL saline through the GS channel using a connected
syringe and suctioned back the fluid into the syringe after 3–5 s.
The volume of the recovered fluid was at least 6 mL. Time of
washing, use of GS, recovery volume, and biopsy location in
relation to the lesion were documented.

Sample Collection and Pathological
Diagnosis
At least 6 mL of BWF was collected from each patient and was
centrifuged at 600 g for 10 min within 2 h of collection to separate
the supernatant and sediment. Cell smears were randomly prepared
using the sediments from 21 LC patients, and two independent
pathologists performed tumor cell assessments. Biopsy samples
were endorsed to the pathology laboratory for the formalin-fixed
paraffin embedded (FFPE) procedure, routine staining, and
pathological assessment. Plasma samples were obtained from 13
randomly selected LC patients and were stored in cfDNA blood
collection tubes (Streck, NE, USA) until use.

DNA Extraction and Genetic Analysis
EGFR analyses were performed immediately after collection in
all prepared BWF specimens regardless of the pathologic
diagnostic result of the donor. DNAPlus™ Human Circulating
Nucleic Acid Kit (Yunying, Shanghai, China) was used to extract
cfDNA from 1 mL of the supernatant samples and paired plasma
samples. The extracted cfDNA was dissolved in 20 mL of Tris-
EDTA buffer solution and was quantified using the Qubit 2.0
Fluorometer and Qubit dsDNA HS Assay kit (Thermo Fisher
Scientific, MA, USA). Genomic DNA (gDNA) was extracted
from both sediment and paired biopsy samples using the DNA
FFPE Tissue Kit (Yunying, Shanghai, China).

EGFR gene detection was conducted on cfDNA and gDNA
using the Alldetect™ EGFR Mutation Test Kit (Yunying,
Frontiers in Oncology | www.frontiersin.org 3
Shanghai, China), which is a modified detection method based
on blocker PCR (sensitivity: 0.01–0.1%) (23). Within each
reaction mixture, exon 28 was amplified as the internal
control. The mutational status of a sample was determined by
calculating the Dcycle threshold value (DCT value) between the
mutant allele assay with the mutated probe and the gene
reference assay with the wild-type probe. Samples with a DCT
less than the cut-off CT value of 20 were designated as mutation
positive. For histological samples, genomic DNA was extracted
from FFPE blocks using the QIAamp DNA Mini Kit (Qiagen,
Hilden, Germany), according to the manufacturer’s protocol.
EGFR mutation status was detected via the amplified refractory
mutat ion system (ARMS) PCR and was used as a
standard reference.

Statistical Analyses
Statistical analyses were performed using the SPSS software
(SPSS Statistics 21.0; IBM, New York, United States). In LC
patients, EGFR status assessment of histologic tumor samples
was considered as the standard reference; in cases wherein the
patients were diagnosed with benign diseases, we followed up for
an adequate period and considered the confirmed outcomes as
standard references. McNemar’s test was used to assess the
significance of differences between BWF and histologic
samples. The degree of consistency was assessed using the
Kappa coefficient. The chi-square test or Fisher’s exact test was
used for univariate analysis. Statistical significance was assessed
using a two-tailed p value < 0.05.
RESULTS

Patient Characteristics
This study prospectively enrolled 144 consecutive patients with
suspected LC. Primary lung malignancy was confirmed in 110
cases, whereas 33 were diagnosed with non-malignant diseases.
One case of metastatic lung tumor was excluded. The
clinicopathological characteristics of the patients are listed in
Table 1. Of the 110 LC cases, 95 were diagnosed through
bronchoscopic biopsy, with a diagnostic accuracy of 86.4% (95/
110). In the 15 remaining patients whose biopsy results were
negative, histologic and molecular diagnoses were based on
tumor samples obtained using other sampling methods (7
cases of surgical resection, 3 of fine-needle aspiration, 2 of CT-
guided percutaneous core needle biopsy, and 1 of transbronchial
needle aspiration) or using clinical-radiological surveillance (2
cases) (Figure 1).

Factors Related to Better Outcomes
Using BWF samples, we first explored the clinical factors related
to better EGFR test results (Figure 2). In patients whose biopsies
were evaluated as central to the lesion, BWF samples successfully
detected all 31 cases with EGFR mutation, with the concordance
rate being significantly better than that of biopsies taken from the
periphery of the lesion (sensitivity: 100% vs. 66.7%, p = 0.009;
concordance rate: 100% vs. 86.4%, p = 0.007). In addition, larger
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TABLE 1 | Patient characteristics.

Diagnosed with lung cancer (n = 110) Not diagnosed with lung cancer (n = 33)

Demography, n (%)
Male 64 (58.2%) 22 (66.7%)
Median age, yrs (range) 62.9 (29–87) 59.2 (35–79)
Never-smoker 69 (62.7%) 19 (57.6%)
Bronchoscopy modalities, n (%)
EBB 40 (36.4%) 4 (12.1%)
TBLB 70 (63.6%) 29 (87.9%)
Histologic type, n (%)
ADC 61 (55.5%)
SCC 31 (28.2%)
SCLC 10 (9.1%)
LCNEC 2 (1.8%)
Large cell carcinoma 2 (1.8%)
Adeno-squamous carcinoma 1 (0.9%)
aOthers 3 (2.7%)
EGFR mutated subtype, n (%)
Exon 19 (deletion) 10 (9.1%)
Exon 21 (L858R) 27 (24.5%)
Exon 21 (L861Q) 2 (1.8%)
Exon 20 (Insertion) 1 (0.9%)
Wild type 70 (63.6%) 33 (100%)
Frontiers in Oncology | www.frontiersin.org
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aincluding one with NSCLC-NOS, and two clinically diagnosed with LC.
EGFR, epidermal growth factor receptor; EBB, endobronchial biopsy; TBLB, transbronchial lung biopsy; ADC, adenocarcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung
cancer; LCNEC, large cell neuroendocrine carcinoma; NSCLC-NOS, non-small cell lung cancer-not otherwise specific; LC, lung cancer.
FIGURE 1 | Comparison of EGFR mutation status between BWF and histologic samples. aThe cases with negative bronchoscopic biopsy results were detected as
EGFR mutated type in BWF samples; bFalse-negative cases. EGFR, epidermal growth factor receptor; BWF, bronchial washing fluid.
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tumor diameters (≥20 mm) showed a trend toward higher
sensitivity (100% vs. 50%, p = 0.002) and concordance rate
(100% vs. 80%, p = 0.002). Other factors, including tumor
location, tumor stage, bronchoscopy modalities, time of
washing, and recovery volume were not significant.

Comparison of EGFR Genotyping Results
Between BWF and Plasma Samples
The Alldetect™ kit was used to perform the comparison of EGFR
mutation detection in the pairwise BWF and plasma samples. The
plasma samples were obtained at the same time as BWF samples
(within one day). A total of 13 BWF and plasma sample pairs from
LC patients were randomly included in the analysis, of which 8 were
confirmed to be EGFR mutated-type paired histologic samples and
4 were wild-type (Supplementary Table S1). BWF samples, both
supernatant and sediment, had 100% (8/8) concordant results with
histologic samples. By contrast, plasma samples failed to detect 3
cases harboring EGFR mutation, with a sensitivity of 62.5% (5/8)
and concordance rate of 75% (9/12) (Figure 3 and Supplementary
Table S1). Notably, one case was excluded since no histologic
specimens were obtained (case 8 in Figure 3 and Supplementary
Table S1).

Comparison of EGFR Genotyping Results
Between BWF and Bronchoscopy Biopsy
Samples
We successfully performed EGFR mutation detection in all 143
cases. Using BWF samples, the average duration of the
bronchoscopic procedures for EGFR mutant results was 2 days,
Frontiers in Oncology | www.frontiersin.org 5
which was significantly shorter than the 11.8 days average
duration when histologic samples are used (range: 1–36 days;
median, 10.5 days) (p < 0.001). In all 33 non-malignant cases,
EGFR mutation status was identified as wild-type, using both
histologic and BWF samples. Among the 95 LC patients with
bronchoscopy biopsy samples, EGFR mutations were identified
in 31 patients. Paired BWF samples identified the same mutation
in all these cases, with a sensitivity of 100% and specificity of
100%. Out of the 15 LC patients who failed to be diagnosed
through the initial bronchoscopic biopsy, 9 patients were found
to harbor EGFRmutations in the BWF samples. These mutations
were then identified through further biopsy sampling (N=8) or
clinical follow-up (Case 6, which was depicted in case
representation) (Table 2). BWF samples still revealed the
presence of EGFR mutations in 6 cases despite the negative
biopsy results (Figure 1). Overall, BWF achieved a sensitivity of
92.5% (37/40), specificity of 100% (103/103), a positive predictive
value of 100% (37/37), and a negative predictive value of 97.2%
(103/106). The overall concordance rate between BWF and
histologic samples was 97.9% (140/143) (Supplementary
Table S2). Interestingly, BWF yielded a higher sensitivity in
EGFR testing than the bronchoscopic biopsy samples (92.5% [37/
40] vs. 77.5% [31/40], p =0.012).

Notably, the concordance between the BWF supernatant and
BWF sediment was 100%, even though nearly half of the BWF
sediment samples were observed to have ≤ 10% tumor cells in the
21 randomly selected cases (12/21, Supplementary Table S3).
EGFR mutations were detected in 6 cases, of which 2 cases had
absence of tumor cells.
FIGURE 2 | Influencing factors of using BWF samples in EGFR testing. The lesion-related and technical factors in BWF collection. The colored dots indicate the
different grade of sensitivity or concordance ratios in EGFR testing results. PSC, positive contact; PBC, possible contact; EBB, endobronchial biopsy; TBLB,
transbronchial lung biopsy.
March 2021 | Volume 11 | Article 602402
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Case Representation
There was one patient whose EGFR mutation status was
identified only through BWF samples (Case 6 in Table 2).
According to the record, the patient had adenocarcinoma,
which was treated surgically in 2008. Four years later, the
tumor relapsed as a right hilar mass and was identified as
EGFR wild-type through histological samples; the patient then
received radiotherapy and chemotherapy (Figure 4). In May
2017, the tumor progressed with an increased right pulmonary
mass (Figure 4). Bronchoscopic biopsy failed to obtain adequate
tumor tissue to establish the diagnosis, and EGFR mutation
detection using forceps biopsy and plasma samples showed
EGFR wild-type. However, in both supernatant and sediment
BWF samples, EGFR mutations in exon 21 (L861Q) were
detected. The patient received afatinib for two months and
showed an improvement in clinical status. A chest CT revealed
good partial response (Figures 4C). The patient has remained
stable to date, i.e., 30 months after the initial diagnosis. This case
Frontiers in Oncology | www.frontiersin.org 6
suggests that BWF could be a reliable basis to determine EGFR
mutation status in biopsy-negative cases, avoiding further
invasive biopsy procedures.
DISCUSSION

Following our previous report (21), the present study further
demonstrated that BWF samples can provide sufficient material
in either the cell-free supernatant or the cell pellet for accurate
genetic analysis of EGFR mutation status. Upon review of the
epidemiological data in the Asian population, 40-55% of patients
with non-small cell lung cancer were found to harbor EGFR
mutations. E19Del (40-49%) and L858R (39-47%) are the most
common subtypes of EGFR mutations, and the remaining
mutations such as E20Ins (2.3-4.5%) and L861Q (1.3-1.9%) are
uncommon (24). However, due to the small sample size, our
results showed a certain deviation from these epidemiological
FIGURE 3 | Comparison between BWF and plasma samples in EGFR testing. Black dots indicate the EGFR mutation type, and white dots indicate the EGFR wild
type.. EGFR, epidermal growth factor receptor; BWF, bronchial washing fluid.
TABLE 2 | Detailed information of LC patients harboring EGFR mutation with negative results at initial biopsy.

Case Contact degree Lesion size (mm) Clinical diagnosis EGFR mutation

Histologic samples (sampling method) BWF samples Follow-up BB samples

1 PSC 45*30 ADC L858R (Surgery) L858R L858R
2 PSC 25*17 ADC L858R (Surgery) L858R L858R
3 PSC 46*30 ADC E19Del (FNA) E19Del E19Del
*4 PSC 46*30 LC L858R (Plasma) L858R WT
*5 PBC 26*17 LC L858R (Plasma) L858R WT
†6 PSC 42*22 ADC WT (Surgery) L861Q WT
7 PBC 20*13 ADC L858R (TBNA) WT WT
8 PBC 21*20 ADC L858R (FNA) WT WT
9 PBC 14*10 ADC L858R (Surgery) WT WT
March 2021 | Vo
*Clinically diagnosed with LC, EGFR-L858R mutation was detected both in BWF and plasma. The tumor showed partial response (PR) to EGFR-TKIs. †Case represented.
EGFR, epidermal growth factor receptor; EGFR-TKIs, epidermal growth factor receptor tyrosine kinase inhibitors; BWF, Bronchial washing fluid; BB, bronchoscopic biopsy; PSC, positive
contact; PBC, possible contact; ADC, adenocarcinoma; LC, lung cancer; FNA, fine-needle aspiration; TBNA, transbronchial needle aspiration; WT, wild type.
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data: In our study, EGFR mutations were detected in 36.4% of
patients in the lung cancer cohort (40/110). Among them, 25%
(10/40) had the E19Del mutation, 67.5% (27/40) had the L858R
mutation, 5% (2/40) had the L861Q mutation, and 2.5% (1/40)
had the E20Ins mutation. Further, compared with analysis
results from tumor histologic samples, the sensitivity of BWF
in EGFRmutation detection was 92.5% and the concordance rate
was 97.9%. Based on these results, BWF appears to be an
excellent source for EGFR mutation analysis.

Our results have potential clinical significance in comparing
BWF with other sample sources for EGFR detection. Although
liquid biopsy using cfDNA extracted from plasma is non-invasive,
BWF has several advantages over plasma samples. First, the
cfDNA obtained in the serum/plasma is low in concentration
(8–60 ng/mL), with the quantity varying with tumor burden (25–
27). By contrast, BWF has the advantage of yielding a much
higher level of cfDNA concentration (58.21 ng/mL), according to a
previous report (16). Presumably, there is direct shedding of
tumor-related material into the BWF. Second, with the plasma
specimen, even with highly sensitive droplet digital PCR and next-
generation sequencing (NGS), the sensitivity of detecting EGFR-
sensitive mutations in advanced or recurrent non-small cell LC
patients has plateaued at around 76–79% (28–31) and is even
lower (33%) in early-stage patients (32). Using the Alldetect™ kit,
BWF demonstrated a higher sensitivity than paired plasma (100%
vs. 62.5%) (Supplementary Table S1). Therefore, BWF may be
potentially superior to plasma as a sampling source for
genetic analysis.

Moreover, our study showed that BWF has a detection accuracy
comparable with that of the tissue specimen in patients whose
bronchoscopic biopsy could obtain adequate tumor tissue for
pathology diagnosis. Therefore, BWF can be considered as a
backup or a substitute source, depending on the clinical setting.
Frontiers in Oncology | www.frontiersin.org 7
For peripheral lesions, the overall diagnostic yield of bronchoscopic
biopsy is 58–77%, despite the assistance of the ancillary technique
(33). In patients whose bronchoscopic biopsy is not successful in
establishing the diagnosis of malignancy, BWF could still identify
patients harboring EGFR mutations, which can be an alarm to
trigger further workup. Its suboptimal sensitivity in this setting
likely is because of scant shedding from the tumor lesion owing to
the lesion’s small size or peripheral location. In addition, BWF
samples also allowed immediate detection and shortened the
waiting period to access to therapeutic-instructive EGFR results to
1–2 days, which is significantly shorter than that of histologic
samples (average 11.8 days, p < 0.001).

We also attempted to establish the criteria for BWF collection
and promote its routine application. A small amount of saline (20
mL) could guarantee amean recovery volume of 5.7mL (range: 1.5–
15 mL) in our study, making bronchial washing a safe and less
invasive procedure. Only 1 mL of the recovery fluid could already
meet the needs for gene detection, using highly sensitive blocker
PCR. The presence of tumor cells, as confirmed on cytologic
examination, does not seem obligatory for a successful detection
using BWF supernatant cfDNA, and similar results were reported
for cell paucity or cytologic-negative malignant pleural fluid
specimens (34). We hypothesised that the origins of cfDNA in
the BWF supernatant may derive from apoptotic and necrotic
tumor cells or active release of living tumor cells (Figure 5).
Further investigations in larger cohorts are expected to improve
the criteria for the clinical application of BWF sampling.

With the high yield of cfDNA found in BWF, further
development for expansion of testing from NGS to other
genomic markers, such as ALK, KRAS, PIK3CA, ROS1, BRAF,
ERBB2, and many others, as well as immune therapy-related
markers, is conceivable and promising. In addition, BWF
collected through bronchoscopy is a relatively non-invasive
A B

C D

FIGURE 4 | CT findings. (A) tumor status at diagnosis; (B) the increased tumor progress; (C) chest CT scan result before the afatinib treatments and (D) the chest
CT scan result after two months of afatinib treatments. CT, computed tomography.
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source compared with bronchoscopic biopsy. Future directions
could be studies on BWF without concurrent biopsy, and if
similar success can be achieved, then BWF could be an optimal
method of sample collection in cases with high risk of
complications for bronchoscopic biopsy. Our results illustrated
the potential superiority of BWF samples over plasma samples in
EGFR mutational analysis; however, these results need further
verification in larger cohorts.
CONCLUSION

In conclusion, BWF is a reliable and sensitive specimen for the
evaluation of EGFR mutation status, yielding a higher sensitivity
and concordance with histologic samples and a shorter waiting
time. As a parallel or alternative source to bronchoscopic biopsy
samples, BWF has potential in the rapid detection of EGFR
mutations and other gene alterations in LC patients.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics committee of Zhongshan Hospital. The
patients/participants provided their written informed consent
to participate in this study.
Frontiers in Oncology | www.frontiersin.org 8
AUTHOR CONTRIBUTIONS

XYZ, CL, MY, DZ, ZG, YX, YH, and XZ participated in the
design and coordination of the study, provided the study
materials, and helped to review the manuscript. XYZ, CL, QH,
and JH performed the experiments. XYZ, JL, and XKZ analyzed
the data and contributed to writing and editing the manuscript.
JL performed data visualization. All authors contributed to the
article and approved the submitted version.
FUNDING

This research was supported by a grant provided by the Shanghai
Three-Year Development Plan Project (15GWZK0102), the
Shanghai Science and Technology SMEs Technology
Innovation Fund (1702H117500), the Jiaxing Leading Talent
Entrepreneurship Project; and the Technology innovation
projects of Jiaxing.
ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.com) for English
language editing.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.602402/
full#supplementary-material
FIGURE 5 | Summary diagram. EGFR, epidermal growth factor receptor; BWF, bronchial washing fluid; FSP, forward specific primer; STP, specific TaqMan probe;
BP, block probe; RSP, reverse specific primer; C, cytosine; MT, mutation type; WT, wild type.
March 2021 | Volume 11 | Article 602402

www.editage.com
https://www.frontiersin.org/articles/10.3389/fonc.2021.602402/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.602402/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. BWF and EGFR Mutation Status
REFERENCES

1. da Cunha Santos G, Shepherd FA, Tsao MS. EGFR mutations and lung cancer.
Annu Rev Pathol (2011) 6:49–69. doi: 10.1146/annurev-pathol-011110-130206

2. Tan C-S, Gilligan D, Pacey S. Treatment approaches for EGFR-inhibitor-
resistant patients with non-small-cell lung cancer. Lancet Oncol (2015) 16(9):
e447–e59. doi: 10.1016/S1470-2045(15)00246-6

3. Lindeman NI, Cagle PT, Beasley MB, Chitale DA, Dacic S, Giaccone G, et al.
Molecular testing guideline for selection of lung cancer patients for EGFR and
ALK tyrosine kinase inhibitors: guideline from the College of American
Pathologists, International Association for the Study of Lung Cancer, and
Association for Molecular Pathology. J Mol Diagn (2013) 15(4):415–53.
doi: 10.1016/j.jmoldx.2013.03.001

4. Rolfo C, Mack PC, Scagliotti GV, Baas P, Barlesi F, Bivona TG, et al. Liquid Biopsy
for AdvancedNon-Small Cell Lung Cancer (NSCLC): A Statement Paper from the
IASLC. J Thorac Oncol (2018) 13(9):1248–68. doi: 10.1016/j.jtho.2018.05.030

5. Sacher AG, Paweletz C, Dahlberg SE, Alden RS, O’Connell A, Feeney N, et al.
Prospective Validation of Rapid Plasma Genotyping for the Detection of
EGFR and KRAS Mutations in Advanced Lung Cancer. JAMA Oncol (2016) 2
(8):1014–22. doi: 10.1001/jamaoncol.2016.0173

6. Underhill HR, Kitzman JO, Hellwig S, Welker NC, Daza R, Baker DN, et al.
Fragment Length of Circulating Tumor DNA. PloS Genet (2016) 12(7):
e1006162. doi: 10.1371/journal.pgen.1006162

7. ZhaoX,HanR-B, Zhao J,Wang J, Yang F, ZhongW, et al. Comparison of epidermal
growth factor receptormutation statuses in tissue and plasma in stage I-IV non-small
cell lung cancer patients. Respiration (2013) 85(2):119–25. doi: 10.1159/000338790

8. Douillard J-Y, Ostoros G, Cobo M, Ciuleanu T, Cole R, McWalter G, et al.
Gefitinib treatment in EGFR mutated caucasian NSCLC: circulating-free
tumor DNA as a surrogate for determination of EGFR status. J Thorac
Oncol (2014) 9(9):1345–53. doi: 10.1097/JTO.0000000000000263

9. Goto K, Ichinose Y, Ohe Y, Yamamoto N, Negoro S, Nishio K, et al. Epidermal
growth factor receptor mutation status in circulating free DNA in serum: from
IPASS, a phase III study of gefitinib or carboplatin/paclitaxel in non-small cell lung
cancer. J Thorac Oncol (2012) 7(1):115–21. doi: 10.1097/JTO.0b013e3182307f98

10. Rekhtman N, Brandt SM, Sigel CS, Friedlander MA, Riely GJ, Travis WD,
et al. Suitability of thoracic cytology for new therapeutic paradigms in non-
small cell lung carcinoma: high accuracy of tumor subtyping and feasibility of
EGFR and KRAS molecular testing. J Thorac Oncol (2011) 6(3):451–8.
doi: 10.1097/JTO.0b013e31820517a3

11. Heitzer E, Haque IS, Roberts CES, Speicher MR. Current and future
perspectives of liquid biopsies in genomics-driven oncology. Nat Rev Genet
(2019) 20(2):71–88. doi: 10.1038/s41576-018-0071-5

12. Lim ZF, Ma PC. Emerging insights of tumor heterogeneity and drug resistance
mechanisms in lung cancer targeted therapy. Nat Rev Genet (2019) 12(1):134.
doi: 10.1186/s13045-019-0818-2

13. Allegrini S, Antona J, Mezzapelle R, Miglio U, Paganotti A, Veggiani C, et al.
Epidermal growth factor receptor gene analysis with a highly sensitive
molecular assay in routine cytologic specimens of lung adenocarcinoma.
Am J Clin Pathol (2012) 138(3):377–81. doi: 10.1309/AJCPVAGIUC1AHC3Y

14. Leslie C, Giardina T, Carrello A, Spagnolo DV, Amanuel B. Detection of EGFR
mutational profile by direct dideoxy sequencing in cytology and non-cytology biopsy
samples. Pathology (2014) 46(4):283–8. doi: 10.1097/PAT.0000000000000093

15. Sun P-L, Jin Y, Kim H, Lee C-T, Jheon S, Chung J-H. High concordance of EGFR
mutation status between histologic and corresponding cytologic specimens of lung
adenocarcinomas. Cancer Cytopathol (2013) 121(6):311–9. doi: 10.1002/cncy.21260

16. Kawahara A, Fukumitsu C, Taira T, Abe H, Takase Y, Murata K, et al.
Epidermal growth factor receptor mutation status in cell-free DNA
supernatant of bronchial washings and brushings. Cancer Cytopathol (2015)
123(10):620–8. doi: 10.1002/cncy.21583

17. Park S, Hur JY, Lee KY, Lee JC, Rho JK, Shin SH, et al. Assessment of EGFR
mutation status using cell-free DNA from bronchoalveolar lavage fluid. Clin
Chem Lab Med (2017) 55(10):1489–95. doi: 10.1515/cclm-2016-0302

18. Lee P, Colt HG. Bronchoscopy in lung cancer: appraisal of current technology
and for the future. J Thorac Oncol (2010) 5(8):1290–300. doi: 10.1097/
JTO.0b013e3181e41843

19. Ryu J-S, Lim JH, Lee MK, Lee SJ, Kim H-J, Kim MJ, et al. Feasibility of Bronchial
Washing Fluid-Based Approach to Early-Stage Lung Cancer Diagnosis. Oncologist
(2019) 24(7):e603–e6. doi: 10.1634/theoncologist.2019-0147
Frontiers in Oncology | www.frontiersin.org 9
20. Hur JY, Kim HJ, Lee JS, Choi C-M, Lee JC, Jung MK, et al. Extracellular
vesicle-derived DNA for performing EGFR genotyping of NSCLC patients.
Mol Cancer (2018) 17(1):15. doi: 10.1186/s12943-018-0772-6

21. Zhang XY, Jiang ZZ, Li C, Ye MS, Hu Q, Zhao YC, et al. Detection of epidermal
growth factor receptor mutations using bronchial washing fluid in lung cancer
patients with negative results by rapid on-site evaluation. Zhonghua Bing Li Xue Za
Zhi (2018) 47(12):915–9. doi: 10.3760/cma.j.issn.0529-5807.2018.12.004

22. Kurimoto N, Miyazawa T, Okimasa S, Maeda A, Oiwa H, Miyazu Y, et al.
Endobronchial ultrasonography using a guide sheath increases the ability to
diagnose peripheral pulmonary lesions endoscopically. Chest (2004) 126
(3):959–65. doi: 10.1378/chest.126.3.959

23. Zhang M. Modified ctDNA extraction method combined with blocker PCR
assays improves the liquid biopsy efficiency in NSCLC patients. Ann Oncol
(2016) 27(suppl_9):ix139–56. doi: 10.1093/annonc/mdw594

24. Li K, Yang M, Liang N, Li S. Determining EGFR-TKI sensitivity of G719X and
other uncommon EGFR mutations in non-small cell lung cancer: Perplexity and
solution (Review). Oncol Rep (2017) 37(3):1347–58. doi: 10.3892/or.2017.5409

25. Sozzi G, Conte D, Leon M, Ciricione R, Roz L, Ratcliffe C, et al. Quantification
of free circulating DNA as a diagnostic marker in lung cancer. J Clin Oncol
(2003) 21(21):3902–8. doi: 10.1200/JCO.2003.02.006

26. Szpechcinski A, Chorostowska-Wynimko J, Struniawski R, Kupis W,
Rudzinski P, Langfort R, et al. Cell-free DNA levels in plasma of patients
with non-small-cell lung cancer and inflammatory lung disease. Br J Cancer
(2015) 113(3):476–83. doi: 10.1038/bjc.2015.225

27. Valpione S, Gremel G, Mundra P, Middlehurst P, Galvani E, Girotti MR, et al.
Plasma total cell-free DNA (cfDNA) is a surrogate biomarker for tumour burden
and a prognostic biomarker for survival in metastatic melanoma patients. Eur J
Cancer (Oxford Engl 1990) (2018) 88:1–9. doi: 10.1016/j.ejca.2017.10.029

28. Jenkins S, Yang JCH, Ramalingam SS, Yu K, Patel S, Weston S, et al. Plasma
ctDNA Analysis for Detection of the EGFR T790M Mutation in Patients with
Advanced Non-Small Cell Lung Cancer. J Thorac Oncol (2017) 12(7):1061–70.
doi: 10.1016/j.jtho.2017.04.003

29. Paweletz CP, Sacher AG, Raymond CK, Alden RS, O’Connell A, Mach SL,
et al. Bias-Corrected Targeted Next-Generation Sequencing for Rapid,
Multiplexed Detection of Actionable Alterations in Cell-Free DNA from
Advanced Lung Cancer Patients. Clin Cancer Res (2016) 22(4):915–22.
doi: 10.1158/1078-0432.CCR-15-1627-T

30. Reckamp KL, Melnikova VO, Karlovich C, Sequist LV, Camidge DR, Wakelee
H, et al. A Highly Sensitive and Quantitative Test Platform for Detection of
NSCLC EGFR Mutations in Urine and Plasma. J Thorac Oncol (2016) 11
(10):1690–700. doi: 10.1016/j.jtho.2016.05.035

31. Thress KS, Brant R, Carr TH, Dearden S, Jenkins S, Brown H, et al. EGFR
mutation detection in ctDNA from NSCLC patient plasma: A cross-platform
comparison of leading technologies to support the clinical development of
AZD9291. Lung Cancer (2015) 90(3):509–15. doi: 10.1016/j.lungcan.2015.10.004

32. Chen K-Z, Lou F, Yang F, Zhang J-B, Ye H, Chen W, et al. Circulating Tumor
DNA Detection in Early-Stage Non-Small Cell Lung Cancer Patients by
Targeted Sequencing. Sci Rep (2016) 6:31985. doi: 10.1038/srep31985

33. Kikuchi E, Yamazaki K, Sukoh N, Kikuchi J, Asahina H, Imura M, et al.
Endobronchial ultrasonography with guide-sheath for peripheral pulmonary
lesions. Eur Respir J (2004) 24(4):533–7. doi: 10.1183/09031936.04.00138603

34. Shin S, Kim J, Kim Y, Cho S-M, Lee K-A. Assessment of real-time PCRmethod for
detection of EGFR mutation using both supernatant and cell pellet of malignant
pleural effusion samples from non-small-cell lung cancer patients. Clin Chem Lab
Med (2017) 55(12):1962–9. doi: 10.1515/cclm-2016-0851

Conflict of Interest: Authors ZG, JL, XkZ, andDZ are employed by Shanghai Yunying
Medical Technology, Co. Ltd. and by Jiaxing Yunying Medical Inspection Co. Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021 Zhang, Li, Ye, Hu, Hu, Gong, Li, Zhao, Xu, Zhang, Hou and
Zhang. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these terms.
March 2021 | Volume 11 | Article 602402

https://doi.org/10.1146/annurev-pathol-011110-130206
https://doi.org/10.1016/S1470-2045(15)00246-6
https://doi.org/10.1016/j.jmoldx.2013.03.001
https://doi.org/10.1016/j.jtho.2018.05.030
https://doi.org/10.1001/jamaoncol.2016.0173
https://doi.org/10.1371/journal.pgen.1006162
https://doi.org/10.1159/000338790
https://doi.org/10.1097/JTO.0000000000000263
https://doi.org/10.1097/JTO.0b013e3182307f98
https://doi.org/10.1097/JTO.0b013e31820517a3
https://doi.org/10.1038/s41576-018-0071-5
https://doi.org/10.1186/s13045-019-0818-2
https://doi.org/10.1309/AJCPVAGIUC1AHC3Y
https://doi.org/10.1097/PAT.0000000000000093
https://doi.org/10.1002/cncy.21260
https://doi.org/10.1002/cncy.21583
https://doi.org/10.1515/cclm-2016-0302
https://doi.org/10.1097/JTO.0b013e3181e41843
https://doi.org/10.1097/JTO.0b013e3181e41843
https://doi.org/10.1634/theoncologist.2019-0147
https://doi.org/10.1186/s12943-018-0772-6
https://doi.org/10.3760/cma.j.issn.0529-5807.2018.12.004
https://doi.org/10.1378/chest.126.3.959
https://doi.org/10.1093/annonc/mdw594
https://doi.org/10.3892/or.2017.5409
https://doi.org/10.1200/JCO.2003.02.006
https://doi.org/10.1038/bjc.2015.225
https://doi.org/10.1016/j.ejca.2017.10.029
https://doi.org/10.1016/j.jtho.2017.04.003
https://doi.org/10.1158/1078-0432.CCR-15-1627-T
https://doi.org/10.1016/j.jtho.2016.05.035
https://doi.org/10.1016/j.lungcan.2015.10.004
https://doi.org/10.1038/srep31985
https://doi.org/10.1183/09031936.04.00138603
https://doi.org/10.1515/cclm-2016-0851
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Bronchial Washing Fluid Versus Plasma and Bronchoscopy Biopsy Samples for Detecting Epidermal Growth Factor Receptor Mutation Status in Lung Cancer
	Introduction
	Materials and Methods
	Ethics Approval
	Patient Population and Study Design
	Bronchoscopy and Bronchial Washing
	Sample Collection and Pathological Diagnosis
	DNA Extraction and Genetic Analysis
	Statistical Analyses

	Results
	Patient Characteristics
	Factors Related to Better Outcomes
	Comparison of EGFR Genotyping Results Between BWF and Plasma Samples
	Comparison of EGFR Genotyping Results Between BWF and Bronchoscopy Biopsy Samples
	Case Representation

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


