
Contents lists available at ScienceDirect 

Lung Cancer 

journal homepage: www.elsevier.com/locate/lungcan 

Cryobiopsy increases the EGFR detection rate in non-small cell lung cancer 
Maik Haentschela,*, Michael Boeckelera, Ahmed Ehabb, Robert Wagnerc, Werner Spenglera,  
Volker Stegerd, Hans Boesmuellere, Marius Horgerf, Richard A. Lewisg, Falko Fende, Lothar Kanzh,  
Irina Bonzheime, Juergen Hetzela 

a Department of Medical Oncology and Pneumology, Eberhard Karls University, Tuebingen, Germany 
b Department of Pneumology, Klinik Loewenstein, Loewenstein, Germany 
c Department of Diabetology, Endocrinology and Nephrology, Eberhard Karls University, Tuebingen, Germany 
d Department of Thoracic and Cardiovascular Surgery, Eberhard Karls University, Tuebingen, Germany 
e Institute of Pathology and Neuropathology, Eberhard Karls University, Tuebingen, Germany 
f Department of Diagnostic and Interventional Radiology, Eberhard-Karls-University, Tuebingen, Germany 
g NPARU, University of Worcester, Worcester, UK 
h Department of Hematology, Oncology, Clinical Immunology and Rheumatology, Eberhard-Karls-University, Tuebingen, Germany  

A R T I C L E  I N F O   

Keywords: 
Cryobiopsy 
Non-small cell lung cancer 
Epidermal growth factor receptor mutation 

A B S T R A C T   

Objectives: Detection of activating epidermal growth factor receptor (EGFR) mutation is crucial for in
dividualized treatment of advanced non-small-cell lung cancer (NSCLC). However little is known about how 
biopsy technique affects the detection rate of EGFR mutations. This retrospective, single center study evaluated 
the detection rate of EGFR mutations in tissue obtained by bronchoscopic cryobiopsy and compared this to other 
standard tissue sampling techniques. 
Materials and methods: We retrospectively analyzed 414 patients with histologically confirmed NSCLC and 
known EGFR mutation status between 3/2008-7/2014. Tumor specimens obtained by tissue preserving 
bronchoscopic cryobiopsy were compared to those obtained by other techniques. 
Results and conclusion: Analysis of bronchoscopic cryobiopsy tissue detected 29 activating EGFR mutations in 27 
(21.6 %) out of 125 patients, while analysis of tissue obtained by non-cryobiopsy techniques (bronchoscopic 
forceps biopsies, fine needle aspiration, imaging guided transthoracical and surgical procedures) detected 42 
EGFR mutations in 40 (13.8 %) out of 298 patients (p < 0.05). Cryobiopsy increased detection rate of EGFR 
mutations in central tumors compared with forceps biopsy (19.6 % versus 6.5 %, p < 0.05), while an insig
nificant trend was detected also for peripheral tumors (33.3 % versus 26.9 %). 

Bronchosopic cryobiopsy increases the detection rate of activating EGFR mutations in NSCLC in comparison 
to other tissue sampling techniques. This will help to optimize individualized treatment of patients with ad
vanced tumors. Because of the retrospective nature of this analysis, a prospective trial is mandatory for final 
assessment.   

1. Introduction 

Lung cancer ranks among the most common cancers worldwide with 
approximately 1.8 million patients in 2012 [1,2]. Non small cell lung 
cancer (NSCLC) represents 75–85 % of all lung cancers. 2/3 of these 
patients are in non-curable stage III and IV at the time of diagnosis, and 
are usually treated systemically [3]. The current management of non- 
curable NSCLC has become more and more individualized and is based 
on immunohistochemical and molecular tumor characterization [4]. In 
this context, EGFR mutation is currently the most relevant molecular- 
genetic alteration [5] since target therapies directed to activating EGFR 

mutation not only have a much better side effect profile [6], but also 
lead to an improved clinical response [7], an improved progression free 
survival, and an improved overall survival in certain subgroups (e.g. 
with deletion in Exon 19 [8–14]). 

As a consequence, precise and correct molecular characterization of 
advanced stage III and IV NSCLC is crucial for ensuring optimal treat
ment, and missing any targetable alteration may result in suboptimal 
therapy. Therefore, representative tumour tissue of adequate volume 
and quality forms the basis for optimal histological and molecular 
evaluation. EGFR testing lays the cornerstone for current NSCLC 
treatment in advanced stages [15]. Apart from surgical resection and 
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radiologically guided biopsies, the standard techniques to obtain tissue 
samples in patients with suspected lung cancer are bronchoscopic for
ceps biopsy and fine needle aspiration [16]. However, there has been no 
detailed evaluation of the quality of biopsy specimen required for 
molecular testing, nor has there been an evaluation as to which biopsy 
technique provides the best material for molecular testing. As a result, 
guidelines on molecular testing of NSCLC do not discuss the quality of 
biopsy specimens required for EGFR testing, and limit their re
commendations to statements like “a sufficient cancer cell content and 
appropriate DNA quantity and quality” [17,18] are required. This had 
led to the imprecise advice that each laboratory defines its own criteria 
[17]. Even in prospective large multicentre trials evaluating the effect 
of targeted therapies, criteria addressing the quality of biopsy speci
mens needed for molecular testing are usually not specified [19]. 

The recently developed technique of cryobiopsy for the diagnosis of 
patients with endobronchial tumor has revealed a significantly higher 
diagnostic yield for lung cancer than conventional forceps biopsy [20]. 
In addition, cryobiopsy samples are of sufficiently large size to routinely 
allow immunohistological staining [21]. Cryobiopsy provides better 
tissue preservation without biopsy artifacts. Nevertheless, it cannot be 
ruled out that physical alterations caused by the freezing and thawing 
cycle during cryobiopsy could influence the diagnostic value on a mo
lecular level. 

We have therefore evaluated the detection rate of EGFR mutations 
in cryobiopsies and compared these to other biopsy techniques in pa
tients with pathologically proven non small cell lung cancer. 

2. Patients and methods 

2.1. Study design and population 

This retrospective single center study was performed at the 
Department of Internal Medicine II in collaboration with the Institute of 
Pathology at the University of Tuebingen, Germany. All malignant 
tissue samples from the University Hospital which had been examined 
for EGFR mutations between March 2008 and July 2014 were included 
in this study. A total of 483 tissue samples were analyzed for mutations 
of the EGFR gene on exon 18, 19, 20, 21 using Sanger sequencing [22]. 
60 tumor samples were excluded because of extrapulmonary tumor 
origin or unspecified diagnoses, and another 9 cases with cancer of 
unknown primary were excluded (Fig. 1). Altogether 414 patients with 
histologically confirmed NSCLC were included in the analysis. The 
study protocol and the retrospective evaluation of the patient specific 
data were approved by the ethics committee of the University of Tue
bingen (Project number 466/2014BO1). 

2.2. Sampling procedures and data source 

In 125 cases (30.2 %) the tissue samples had been obtained by 
cryobiopsy in the manner as previously described [21] using cryop
robes of 1.9 or 2.4 mm diameter (Erbe Elektromedizin GmbH, Tue
bingen, Germany) and a freezing time of up to 10 s depending on the 
freezing power and diameter of the cryoprobes. In the remaining 289 
cases (69.8 %), the “non-cryobiopsy” group, other diagnostic proce
dures were performed (see Fig. 1). Of these, conventional broncho
scopic forceps biopsy was undertaken in 98 cases (23.7 %). M.B., W.S. 
and J.H. carried out all bronchoscopies, and type of biopsy (cryobiopsy, 
forceps biopsy or fine needle aspiration) was decided by each in
vestigator. More than 80 % of radiologically guided transthoracic 
biopsies were performed by M.H., and by V.S. for surgical techniques. 
Diagnostic video assisted thoracic surgery was predominately per
formed for pleural resection (n = 12) showing pleural carcinosis and 
for resection of a peripheral nodule (n = 5). Only in a single case video 
assisted thoracoscopy was proceeded for lymph nodes extraction. 

For both the cryobiopsy and non-cryobiopsy group specific patient 
data included age, gender, and smoking history, as well as tumor 

characteristics including localization, staging (according to the 7th lung 
cancer TNM classification and staging system) [23] and histopatholo
gical classification. Only those samples in which EGFR testing was 
possible were included in the analysis. For all tissue specimens histo
pathological diagnosis of NSCLC and EGFR mutation analysis were 
performed on the same tissue sample. All histological and EGFR mu
tation analyses were done at the Institute of Pathology at the University 
of Tuebingen. 

2.3. DNA extraction and EGFR mutation detection (Sanger Sequencing) 

Genomic DNA was isolated from 5 μm paraffin-embedded tissue 
sections, partially after macrodissection to enrich tumor cell content. 
Tissue was dewaxed and digested with proteinase K for 16 h and DNA 
was purified applying standard phenol/chloroform purification [24]. 
DNA was amplified for exon 18, 19, 20 and 21 of the EGFR gene using 
M13-tailed primers previously published (exon 18, 21 [25] and 19, 20 
[26]). 

PCR was performed using 100 ng DNA template in a final volume of 
50 μl with 0.2 μM of each primer, 0,2 mM dNTPs, 1.5 mM MgCl2 and 
one Unit Phusion HotStart High Fidelity Polymerase (Finnzymes, 
Woburn, MA, USA). Cycling conditions entailed an initial denaturation 
at 98 °C for 30 s followed by 45 cycles of denaturation (98 °C for 10 s), 
annealing (60 °C for 75 s) and elongation (72 °C for 30 s), with a final 
elongation at 72 °C for 4 min. 

PCR products were purified (AMPure, Beckman Coulter, Brea, CA, 
USA) and aliquots of 7 μl were used for the sequencing reaction with 1 
μM of the universal M13 sequencing primer and 2 μl of GenomeLab 
DTCS-Quick Start Kit (Beckman Coulter, Brea, CA, USA) in a final vo
lume of 10 μl according to the manufacturers protocol. Sequencing 
reactions were purified (CleanSEQ, Beckman Coulter, Brea, CA, USA) 
and analyzed in a GenomeLab GeXP Genetic Analysis System and 
evaluated by the GenomeLab GeXP software 10.2 (Beckman Coulter, 
Brea, CA, USA) to determine the mutation status. 

2.4. Tumor cell proportion analysis 

The proportion of tumor cells was evaluated independently by two 
pathologists at the Department of Pathology, University of Tuebingen, 
and defined as percentage (%) of tumor cells compared to non tu
morous cells on fixed tissue specimens. In cases of reduced tumor cell 
percentage, microdissection was performed on unstained serial paraffin 
sections in order to increase tumor cell percentage and optimize further 
analysis. 

2.5. Statistical analysis 

For statistically analysis SAS jmp® 11.2 (SAS, Cary, United States) 
was used. Comparisons between groups were made using the following 
tests: age – t-test; localization of tumor and timeline of tumor biopsy in 
relation to cancer treatment –Fisher’s exact test; tumor staging, histo
pathological classification, subcharacterization and comparison of 
bronchoscopic techniques – chi-square test; EGFR mutation frequency – 
2 × 2 contingency table; tumor cell proportion – t-test. Significance 
was defined as p- value < 0.05. 

3. Results 

3.1. Patient characteristics 

Demographic data of the cryobiopsy group and the non-cryobiopsy 
group were comparable with regard to age and gender, as shown in  
Table 1. Almost all patients were Causasian (> 99 %). Due to the ret
rospective study design smoking status was unknown in a large pro
portion of patients, but when known, it did not differ between both 
groups. 
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3.2. Tumor characteristics 

Tumor characteristics for both groups are shown in Table 2. Cryo
biopsy was used more frequently for sampling of central tumors (85.6 
%), while non-cryobiopsy techniques were more frequently used in 
peripheral tumors (66.1 %). The proportion of advanced cancers ac
cording to the UICC classification [23] was significantly higher in the 
cryobiopsy group compared to the non cryobiopsy group. The 

Fig. 1. Study population. n – absolute number; CUP – cancer of unknown primary; Extrapulmonary LN biopsy – extrapulmonary lymph node biopsy; FNAC – fine 
needle aspiration cytology. 

Table 1 
Patient characteristicsa.      

Diagnostic procedure Cryobiopsy Non cryobiopsy p-value  

Total number of patients, n 125 289 – 
Age – year    
Median 65 66 n.s. 
Sex - no (%)    

Male 77 (61.6) 183 (63.3)  
Female 48 (38.4) 106 (36.7) n.s. 

Smoking status    
Known, n (100 %) 69 165  

- Never smoker, n (%) 5 (7.2) 13 (7.9) n.s. 
- Ever smoker, n (%) 64 (92.8) 152 (92.1)  

Unknown 56 124  

a Patient characteristics (total number, median age, gender and smoking 
status) comparing the cryobiopsy group with the non cryobiopsy group.  

Table 2 
Tumor characteristicsa.      

Diagnostic procedure Cryobiopsy Non 
cryobiopsy 

p-value  

Total number of patients, n (%) 125 (100) 289 (100)  
Localisation of tumor, n (%)     

• Central 107 (85.6) 98 (33.9)  < 0.05  

• Peripheral 18 (14.4) 191(66.1) 
Tumor staging, n (%)    < 0.05  

• I 3 (2.4) 27 (9.3)  

• II 3 (2.4) 19 (6.6)  

• III 14 (11.2) 39 (13.5)  

• IV 105 (84.0) 204 (70.6) 
Histopathological classification, n 

(%)   
n.s.  

• Adenocarcinoma/ Adenosquamous 
cell carcinoma 

113 (90.4) 264 (91.3)  

• Large cell carcinoma 6 (4.8) 14 (4.8)  

• Squamous cell carcinoma 5 (4.0) 10 (3.5)  

• Carcinoma (not otherwise specified) 1 (0.8) 1 (0.4) 

a Tumor characteristics (total number, localization of tumor, tumor staging 
according to UICC and histopathological classification) comparing the cryo
biopsy group with the non-cryobiopsy group.  
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distribution of histological tumor types was similar in both groups. 
Examples for preserved tumor tissue for bronchoscopic cryobiopsy and 
forceps biopsy are shown in Supplementary Fig. S1. 

3.3. Frequency of patients with activating EGFR mutations 

Among 125 tumor samples obtained by bronchoscopic cryobiopsy, 
27 (21.6 %) tumors showed activating mutations in the EGFR gene, 
while in the non cryobiopsy group 40 out of 289 (13.8 %) EGFR mu
tated tumors were identified. This represented a significantly higher 
detection rate (p < 0.05) for activating EGFR mutation in tumor sam
ples obtained using bronchoscopic cryobiopsy compared to non-cryo
biopsy (Table 3). 29 activating EGFR mutations were detected in 27 
patients in the cryobiopsy group with two patients harboring mutations 
in two EGFR Exons (18 and 20, respectively 19 and 20). 

3.4. Subcharacterization/ specification of detected activating EGFR 
mutations 

In both cryo- and non-cryobiopsy groups subcharacterization of 
activating EGFR mutations showed most changes in Exon 19 (cryo
biopsy: 48.3 %; forceps biopsy 45.2 %) and 21 (cryobiopsy: 27.6 %; 
forceps biopsy 38.1 %) (Supplementary Table ST1). Detected altera
tions were consistent with the known predominant mutations e.g. de
letion of exon 19 or mutation L858R in exon 21. There was no sig
nificant difference in the distribution of mutations between the two 
groups. 

3.5. Frequency of activating EGFR mutations detected in the non cryobiopsy 
group 

The frequency of activating EGFR mutations detected in the non- 
cryobiopsy group using different techniques is shown in Table 4. 

3.6. Comparison of bronchoscopic tissue extraction: influence of tumor 
localization and biopsy technique 

The overall comparison of bronchoscopic tissue extraction with 
conventional forceps biopsy (n = 98) and cryobiopsy (n = 125) did not 
reveal any significant difference in the detection rate of activating 
EGFR mutations (Supplementary Table ST2). 

However, cryobiopsy detected significantly more EGFR activating 
mutations in central tumours than forceps biopsy (19.6 % versus 6.5 % 
p < 0.05), whereas in peripheral lung tumors the detection rate, al
though higher, was similar for both techniques (cryobiopsy (33.3 %) 
and forceps biopsy (26.9 %), Supplementary Table ST2). 

In those patients diagnosed by bronchoscopic techniques a sig
nificantly higher proportion of EGFR mutations could be detected in 
peripheral tumors compared to central tumors (28.6 % versus 15.7 %, 
Supplementary Table ST3). 

3.7. Proportion of tumor cells 

Proportion of tumor cells of a tissue sample was defined as de
scribed above. Percentage of tumor cells was not evaluable in 3 patients 
in the cryobiopsy group and 35 patients in the non-cryobiopsy group 
due to technical problems (17 patients) or those with only cytology 
smear specimens (18 patients). Tumor tissue processing by micro
dissection was performed in 7 patients (5.6 %) after cryobiopsy and 30 
patients (10.4 %) in the non-cryobiopsy group to enhance tumor cell 
proportion, but this did not significantly differ between both groups (p 
= 0.09). Supplementary Table ST 4 shows the proportion of tumor cells 
in whole sample. Samples with microdissection were excluded for this 
analysis. There was a tendency towards higher tumor cell proportion in 
cryobiopsy samples (56.7 %) compared to non-cryobiopsy samples 
(51.1 %). 

The percentage of tumor cells in cryobiopsy samples (56.7 %, 
SD ± 19.6) was significantly higher compared to bronchoscopic forceps 

Table 3 
Frequency of patients with activating EGFR mutationsa.      

Diagnostic procedure Cryobiopsy Non cryobiopsy p-value  

Total number of patients, n (%) 125 (100) 289 (100)  
Total number of patientswith EGFR mutation(s) 27 (21.6) 40 (13.8)  < 0.05 
Total number of Patients without EGFR mutation(s) 98 (78.4) 249 (86.2) 

a Frequency of patients with/ without activating EGFR mutation(s) comparing the cryobiopsy group with the non-cryobiopsy group.  

Table 4 
Frequency of activating EGFR mutation detected in NSCLC in the non-cryobiopsy group with regard to the applied techniquea.       

Absolute number of patients (n) Specimen with mutation (n) Muation detection rate (%)  

Total 289 40 13.8 
Bronchoscopy 124 20 16.1 
Forceps biopsy 98 17 17.3 
Fine needle aspiration cytology 26 3 11.5 
Imaging guided transthoracic technique 60 9 15.0 
Computer tomography guided biopsy 36 4 11.1 
Ultrasound guided biopsy 5 0 0 
Ultrasound guided pleural fluid aspiration 18 4 22.2 
Ultrasound guided pericardial fluid aspiration 1 1 100.0 
Surgical techniques 105 11 10.5 
Resection of lung tissue via thoracotomy 45 3(5)° 6.7(11.1)b 

Biopsy or excision of extrapulmonary metastasis 25 0 0 
Diagnostic video assisted thoracic surgery 18 5 27.8 
Extrapulmonary lymph node resection 10 3 30.0 
Mediastioscopy 7 0 0 

a Frequency of activating EGFR mutations comparing bronchoscopic, imaging guided and surgical techniques for tumor tissue sampling in the non-Cryobiopsy 
group. Table shows the absolute number of the different techniques and the corresponding absolute number and frequency of detected activating EGFR mutations, 
separately for each technique. 

b In one patient with surgical resection of lung tissue three activating mutations in Exon 18, 19 and 21 could be detected simultaneously, leading to the increased 
number of 5 detectable mutations in 3 patients.  
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biopsy samples (46.1 %, SD ± 20.3) (p < 0.05). 
There was no difference in the tumor cell percentage in samples 

with activating EGFR mutations compared to those without activating 
EGFR muations in either cryo- or non-cryobiopsy samples. 

3.8. Timeline of tumor biopsy and cancer treatment 

As EGFR mutation detection may differ between treatment-naïve 
patients or pretreated patients with relapsed or progressive NSCLC we 
evaluated whether patients were treatment-naïve or have already had 
cancer treatment before biopsy (Supplementary Table ST 5). Most pa
tients were untreated at time of biopsy (95.2 % in the cryobiopsy co
hort, 90.3 % in the non-cryobiopsy cohort). There was no significant 
difference between both groups (p = 0.12). 

4. Discussion 

To our knowledge, this is the first analysis to study the influence of 
biopsy techniques on the rate of EGFR mutation detection in patients 
with NSCLC. Our restrospective analysis indicates that sampling by 
bronchoscopic cryobiopsy increased the detection rate of molecular 
genetic alterations in NSCLC in comparison to other biopsy techniques 
(21.6 % vs 13.8 % (p < 0.05). Thus cryobiopsy might be able to sub
stantially increase the number of patients who go on to receive targeted 
therapy. 

EGFR directed TKI therapy is based on acquired genetic alterations 
of the EGFR in Exon 18, 19, 20 and 21 as oncogenic drivers. Mutation 
detection serves as a predictor for treatment response. It plays a central 
role in the choice of treatment for each patient with advanced NSCLC 
due to the improvement of progression free survival and even overall 
survival under certain circumstances [9–14]. 

The prevalence of EGFR mutations varies substantially and is af
fected by ethnicity, age, gender and smoking history. In our study po
pulation from the surrounding area of Tuebingen in Southern Germany, 
with a Caucasian proportion of > 95 %, the EGFR mutation frequency 
with 13.8 % in the non cryobiopsy group is in accordance with the 
reported frequencies in large studies of predominantely Caucasian po
pulations in both France and the United States (11–17%) [19,27]. 
However, the frequency of 21.6 % in the cryobiopsy group exceed the 
expected EGFR mutation level despite there being no observed differ
ence between cryo- and non-cryo biopsy groups in terms of age, his
topathological classification, smoking status or gender (Table 1). The 
medium age of 64 years in our study population is about 5 years lower 
than the expected median age at first diagnosis of 69–70 years in 
Germany. 

The difference in tumor stage noted between the cryobiopsy and 
non-cryobiopsy group does not explain the observed differences in 
EGFR mutation rate and the higher perentage in the cryobiopsy group 
for the following reasons. Firstly, EGFR mutation develops in early 
stage malignancy and remains consistently present during further 
tumor development. To our knowledge, there are no data proving dif
ferences in EGFR- mutation rate as a reflection of tumor stage [28,29]. 
Secondly, driver mutations are usually consistent between primary 
tumor and metastasis [18,30]. Therefore, differences in tumor stage – 
whether primary tumor or metastasis – cannot serve as a definitive 
explanation for the differences in the observed frequencies of EGFR 
mutations. 

In most cases diagnosis was based on the primary tumor tissue, only 
in few cases lymph node or tissue of metastasis was used. However, 
according to Yatabe et al. [30], a heterogeneous distribution of EGFR 
mutation is extremely rare in lung adenocarcinoma. 

The proportion of tumors located in the central airways was higher 
in the cryobiopsy group compared to the non-cryobiopsy group. This 
may be explained by the utilization of different techniques in different 
situations, such as the use of transthoracic biopsy or surgical biopsy for 
peripherally located tumors and cryobiopsy for the more readily 

accessible central airway tumors. 
In the subgroup of bronchoscopically diagnosed tumors EGFR mu

tation frequency was significantly higher in perpheral compared to 
central tumors, independent of the bronchoscopic technique, (forceps 
or cryobiopsy) (Supplementary Table ST3). However, the imbalance in 
tumor localization, with significantly more central tumors in the cryo
biopsy groups compared to the non cryobiopsy group, should theore
tically result in a higher increased EGFR mutation rate detected in the 
non-cryobiopsy group, which was not the case (Supplementary Table 
ST2). Thus the rate of EGFR mutations detected in the cryobiopsy group 
may be an underestimate of the detection rate if there had been an 
equal proportion of central to peripheral tumours in both groups. 

The biopsy technique used is influenced by the accessibility of the 
neoplastic tissue. In the past there has been little attention paid to tissue 
quality in deciding which technique should be used. This is partly ex
plained by the fact that there are no quality criteria for lung tumor 
tissue specimens. Adequacy of tissue has been decided on individual 
pathologists’s assessments [31] and limitation of tissue is considered 
unavoidable with conventional biopsy techniques. Even in large mul
ticenter trials molecular analysis of tumor tissue is not possible in a 
significant proportion of patients – sometimes this proportion is even 
not reported. Due to the lack of evidence, guidelines are forced to limit 
their requirements for tumor tissue to a recommendation for “sufficient 
cancer cell content” and an “adequate DNA quantity and quality” 
without precise definition. On the other hand, the importance of good 
quality tumor tissue for exact molecular diagnoses has been emphazied 
[17] and large specimens are generally recommended [32–37]. 

Bronchoscopic cryobiopsy directly addresses these requirements, 
since the specimens are of large size, of good quality and with fewer 
artifacts [15,20,38,39] compared to other biopsy or aspiration techni
ques. The size, representative nature and quality of tissue preservation 
found in cryo-biopsy specimens compared to forceps biopsy specimens 
probably explains the improved EGFR detection rate. 

Undoubtedly, the continuous development and optimization of di
agnoses in molecular tumor characterization, with its step from Sanger 
sequencing to next generation sequencing, has improved analytic sen
sitivity and specificity significantly, and allows tumor specimen char
acterization down to single cell level [32–37]. However, these highly 
sensitive methods are not infallible [40–43], and minimal tumor spe
cimens may be declared to be representative of the entire tumor al
though they cannot cover the heterogeneity of tumors. Therefore these 
methods face limitations in sensitivity, too [44–47] and type of biopsy 
is still essential [48]. Reasons for false negative results may be due to an 
imbalance of tumor cells and normal tissue, including inflammatory 
and stromal cells [41], a low copy number DNA template [49] or DNA 
damage with consecutive sequence artifacts due to formalin fixation 
[50,51]. Tumor cell enrichment techniques such as laser capture mi
crodissection may increase tumor cell content and compensate for some 
of the limitations of the sample size and quality, but diagnostic in
accuracy may still not be overcome completely [39,49,52,53]. There
fore by using highly sensitive detection techniques, harvesting of re
presentative, and thus large, biopsies is still crucial. Cryobiopsy 
specimens provide the “greater amount of material and greater capacity 
to enrich the malignant content” as specified by Lindeman et al. in 2013 
[17]. Thus increased tumour sample size, with consequentially more 
representative material, may be enough to explain the increase in de
tection of EGFR mutation in cryobiopsy specimens. Arimura et al. 
showed that gene analysis and whole genome sequencing is possible on 
cryobiopsy samples and supposed an advantage compared to forceps 
biopsy [54,55]. Naito et al. measured a larger amount of DNA in 
cryobiopsies compared to forceps biopsies resulting in more successful 
whole-exome sequencing. [56]. 

Liquid biopsy for detection of cell-free tumor DNA and circulating 
tumor cells in the blood of advanced NSCLC patients has emerged as a 
non-invasive concept in EGFR mutation detection. This may overcome 
some of the risks and challenges of solide tissue sampling [57,58]. 
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However, the sensitivity of these sequencing techniques has been re
ported to reach only 60–80 % as shedding of DNA into the bloodstream 
differs from tumor to tumor and from patient to patient [59,60]. This 
may explain the false negative rate of liquid biopsy. A clinically re
levant example is the T790 M resistant mutation. In a case series liquid 
biopsy missed the detection of histologically proven mutation in 30 % 
of the cases [59,61]. Another limitation is the fact that PD-L1 tumor cell 
reactivity analysis can not be performed by using liquid biopsy. Thus 
liquid biopsy may serve as additive, sometimes substitutive techniques 
for moleculargenetic NSCLC analysis, but has not demonstrated to re
place solide tissue sampling reliably. 

Our study has several limitations. The retrospective approach does 
not allow a balance between both study groups, and this has led to an 
observed imbalance in tumor staging and localization in the groups. 
The type of bronchoscopic biopsy was not defined and the different 
techniques (cryobiopsy, forceps biopsy or fine needle aspiration) were 
used upon investigators choice. We did not differentiate between first 
diagnosis and relapse of disease in either group. However most patients 
were treatment-naïve when biopsy was taken (95.2 % in the cryobiopsy 
cohort, 90.3 % in the non-cryobiopsy cohort) (Suppementary Table 
ST5). As rebiopsy would rather be expected in a certain amount of 
known EGFR-mutated patients in order to evaluate for required T790 M 
mutation, the higher percentage of pretreated patients would rather 
favor a higher percentage of detectable EGFR muations in the non- 
cryobiopsy cohort. 

We used Sanger sequencing as the former gold standard for EGFR 
mutation analysis in all cases, though nowadays it has been replaced 
stepwise by next generation sequencing or other techniques providing 
an increase in sensitivity. This could have resulted in missing some of 
the EGFR mutations. It has to be noted, that this less sensitive analyzing 
technique was used for both cohorts. However it cannot be concluded, 
that a more sensitive analyzing technique would have canceled out the 
differences. 

The EGFR mutations rate in the non-cryobiopsy cohort was 13.8 % 
and thus even higher than previously reported 9.8 % and 10.3 % for a 
Caucasian European NSCLC cohort in Germany [62,63]. 

Interestingly, the largest metaanalysis on EGFR mutation pre
valence, including 456 studies (only in 2 studies Sanger sequencing was 
used), showed an EGFR mutation prevalence of 14.1 % (95 % con
fidence interval 12.7 %–15.5 %) for the European population which is 
comparable to the rate in our study [64]. 

Due to the retrospective design of the study there was no strict 
protocol for indication when a cryobiopsy or another procedure was 
performed. Furthermore there were cases in which a cryobiopsy could 
not be applied e.g. mediastinal lymph node assessment. 

We assume that the observed differences between biopsy techniques 
reflect the importance of adequate NSCLC tumor sampling for mole
cular characterization. Up till now this has only partially been taken 
into account or has been neglected completely when trying to optimise 
molecular diagnoses. However, correct molecular typing is crucial for 
prognosis, therapeutic choice, and quality of life in lung cancer pa
tients. Any stepwise diagnostics are always limited by the step of least 
sensitivity. Therefore each step of the diagnostic pathway has to be 
optimized. The current study illustrates that some current biopsy 
techniques may be inadequate to reach this goal and even subsequent 
applied analytics of highest sensivitiy may not be able to overcome this 
problem. We suggest adhering to the current guidelines [17] but we are 
aware of the retrospective character of our study and therefore a pro
spective trial is required to prove our findings. Even a small increase in 
mutation detection in NSCLC would have significant implications for 
many patients’ lives. 

In conclusion, bronchosopic cryobiopsy is feasible for EGFR detec
tion analysis in NSCLC and increases the detection rate of activating 
EGFR mutations in comparison to other tissue sampling techniques. 
Therefore it may optimize individualized treatment in a substantial 
number of patients and offer additional therapeutic options. However, 

due to the retrospective nature of our study, a prospective trial is 
mandatory for final assessment. 
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