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Abstract

Introduction:  Cytological  samples  obtained  by  endobronchial  ultrasound  (EBUS)  are  capital  for

diagnosis,  staging  and molecular  profile  in  non-small  cell  lung  carcinoma  (NSCLC).

Objective:  To  assess  the  success  rate  of  complete,  partial  and individual  of  molecular  anal-

ysis in samples  obtained  by  EBUS-guided  transbronchial  needle  aspiration  (TBNA)  and/or  by

oesophageal ultrasound-guided  fine  needle  aspiration  with  an  echobronchoscope  (EUS-B-FNA)

in patients  with  NSCLC.

Methods:  Prospective  study  including  90  patients  with  non-squamous  NSCLC,  or  non-smoking

squamous. Cytological  samples  were  classified  into  two  groups.  Group  1: PEN  membrane  slide

and/or cell  blocks  for  the  determination  of  mutations  of  EGFR,  KRAS,  ERBB2  and  BRAF.  Group

2: silane  coated  slides  or  cell  blocks  for  rearrangements  of  ALK,  ROS1  and  MET  amplification.

Results:  The  success  rate  was  78.6%  for  4 molecular  alterations  (EGFR,  KRAS,  ALK  and  ROS1),

and 44%  for  7  determinations.  The  individual  success  rate  for  EGFR  was  97%,  KRAS  96.3%,  ALK

85%, ROS1  82.3%,  ERBB2  71.4%,  BRAF  67.7%  and  MET  81.1%.  There  were  no significant  differences

(p =  0.489)  in the  number  of molecular  analyses  (1---3  vs.  4)  in group  1, depending  on the  types

of samples  (cell  block  vs.  PEN  membrane  slide  vs.  cell  block  and  PEN  membrane  slide).
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Conclusions:  In  patients  with  NSCLC,  the  cytological  material  obtained  by  ultrasound-guided

needle aspiration  is sufficient  for  individual  and partial  molecular  analysis  in the  vast  majority

of cases.  Membrane  slides  such  as  cell  blocks  are valid  samples  for  molecular  analysis.

© 2020  Sociedade  Portuguesa  de  Pneumologia.  Published  by  Elsevier  España,  S.L.U.  This  is an

open access  article  under  the  CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Lung  cancer  is  the most  frequent  malignant  neoplasm  and
the  main  cause  of  cancer  mortality.1 NSCLC  accounts  for
85%  of all  lung  cancers,  with  adenocarcinoma  as  the most
prevalent  histological  subtype.1,2 Currently,  the identifica-
tion of  different  oncogenic  alterations  leads  to  oncospecific
treatment  which  improves  the overall  response  rate  and
progression-free  survival  in this  group  of  patients.3,4

The  diagnostic  and/or  staging  process  includes  differ-
ent minimally  invasive  and  invasive  techniques  to  obtain
cytological  and/or  histological  material,  which provides  dif-
ferentiation  of  the  histological  subtype  and  identification
of  molecular  markers  according  to  treatment  guidelines.5,6

EBUS-TBNA  is  a cost-effective  tool  for  obtaining  cytological
samples  safely,  less  invasively,  and with  a lower  complication
rate,  when  compared  to  surgical  techniques.7,8 Several  stud-
ies  have  shown  that the  performance  of  isolated  molecular
determinations  is  feasible  in 70---90%  of  samples  obtained
by  EBUS-TBNA.9,10 Nevertheless,  for  newer  onco-targeted
treatments,  a  greater  amount  of cyto/histological  material
is  required  in order  to  analyse  a greater  number  of  possible
molecular  targets  or  resistances.

The  main  objective  of our study  was  to  assess  the  success
rate  in  the  determination  of  molecular  alterations  (EGFR  ---
epidermal  growth  factor  receptor,  KRAS  ---  kirsten  rat  sar-
coma  viral  oncogene  homolog,  ALK  ---  anaplastic  lymphoma
receptor  tyrosine  kinase,  ROS1  ---  proto-oncogene  tyrosine-
protein  kinase  ROS,  ERBB2  ---  erb-b2  receptor  tyrosine  kinase
2,  BRAF  ---  v-Raf  murine  sarcoma  oncogene  homolog  B1 and
MET  ---  tyrosine-protein  kinase  Met)  in a  complete,  partial
and  individual  way,  from  samples  obtained  by  EBUS-TBNA
and/or  EUS-B-FNA  in patients  with  NSCLC.  The  secondary
objectives  of this study  were  to  study  its  prevalence  in  our
population,  and  to  compare  the  usefulness  of  different  cyto-
logical  samples  for  mutation  analysis.

Methods

Patients

This is  an  observational  prospective  study conducted  in
a  tertiary  hospital  in  patients  with  suspected  or  known
NSCLC  undergoing  EBUS-TBNA  and/or  EUS-B-FNA  for  diag-
nosis  and/or  staging  study, from  January  2013  to  December
2016.  The  inclusion  criteria  were  patients  with  advanced
stages  (IIIB,  IV),  or  stage IIIA non-tributary  of surgical
treatment,  and cases with  suspected  recurrence  or  disease
progression,  in the  absence  of  an  active  treatment.

Current  smokers  with  squamous  carcinoma  were
excluded.  Our  study  was  approved  by  the Ethics  Committee

of our  hospital  (PI-14-073),  and  the patients  signed  informed
consent  forms.

Procedures

TBNA  or FNA  were  performed  under local  anaesthesia  with
lidocaine,  and with  moderate  sedation  with  midazolam,
propofol  and/or  remifentanil.  The  convex  probe  EBUS  (UC
180F,  Olympus  Optical  Co  Ltd.,  Tokyo,  Japan)  was  used,  and
sampling  was  performed  with  the 22-gauge  cytology  needle
(NA2015X-4022;  Olympus  Optical  Co,  Tokyo,  Japan).  Medi-
astinal  and/or  hilar  nodes  with  a  diameter  of the  minor axis
≥5  mm  and central  masses  were punctured.  The  broncho-
scopist  proceeded  from  nodes  in regions  corresponding  to
N3  disease  to regions  of  N1  disease.8 We  performed  1---7
punctures  per  node  and/or  mass  with  a maximum  of  15
revolutions  per  puncture,  and negative  pressure  was  used
(−20  cmH2O)  in most  cases.

Preparation  of cytological  samples

The  aspirates  obtained  were placed  on  slides,  fixed  with  96%
ethanol  and  stained  with  haematoxylin.  Rapid  on-site  evalu-
ation  (ROSE)  was  performed  by  a cytopathologist.  Aspirates
were  considered  satisfactory  with  the following  criteria:  (1)
Benign:  40  lymphocytes  per  high-power  field  in cellular  areas
of  the smear  and/or  clusters  of  pigmented  macrophages
without  evidence  of  malignant  cells  or  (2)  Metastatic:
presence  of  malignant  cells.  Samples  were  considered  inad-
equate  if they  showed  only  bronchial/oesophageal  cells,
erythrocytes  or  necrotic  tissue.

From  the metastatic  aspirate,  two  cell  blocks  ±  PEN
(polyethylene  naphthalate)  membrane  slide  (Carl  Zeiss,
membrane  slide  NF  1.0  PEN,  Germany)  were  prepared,  and
if  it  was  not  feasible  (even  with  procoagulants),  4  exten-
sions  were  performed  on  silane  coated  slides,  and  1  PEN
membrane  slide.  The  cell blocks  were  prepared  by  air-drying
the  slides  to  clot,  fixed  in  10%  formalin,  and subsequently
analysed  in laboratory.  Blocks  were  included  in paraffin
and  sectioned  (4  �m  thickness,  8---10 slides),  two  for  with
haematoxylin---eosin  staining,  two  slides  for immunohisto-
chemistry  staining  (IHC)  such  as  thyroid  transcription  factor
1  (TTF-1)  and/or  p40,  the remaining  slides  were  later  used
for  sequential  molecular  analysis (Fig.  1).

The  samples  obtained  were  divided  into  two  groups.
Group  1:  PEN  membrane  slide  and/or  cell  blocks  and  were
used  to  perform  PCR  for  molecular  analysis  of EGFR,  KRAS,
BRAF  and  ERBB2.  Group  2:  silane  coated  slide  or  cell  blocks
and  were  used  to  perform  FISH  techniques  for  ALK, ROS1,
and  MET  studies.
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Figure  1  Algorithm  of  sequential  molecular  analysis.  EGFR:

epidermal  growth  factor  receptor;  KRAS:  kirsten  rat sarcoma

viral oncogene  homolog;  ALK:  anaplastic  lymphoma  receptor

tyrosine kinase;  ROS1:  protooncogene  tyrosine  protein  kinase

ROS;  ERBB2:  erb-b2  receptor  tyrosine  kinase  2;  BRAF:  v-Raf

murine sarcoma  oncogene  homolog  B1;  MET:  tyrosine-protein

kinase Met.

Laboratory  methods

Detection  of  EGFR,  KRAS,  BRAF,  ERBB2  genes  mutations

The  polymerase  chain  reaction  (PCR)  technique  was  used
from  cell  blocks  or  membrane  slides,  where  tumour  cell
extraction  was  performed  using laser  microdissection  tech-
niques  (Carl  Zeiss MicroImaging  GmbH,  München,  Germany).
DNA  was  extracted  with  phenol---chloroform---isoamyl  alco-
hol.  If  tumour  cells  were  <200,  a  lysis  buffer  with  proteinase
K compatible  with  the  PCR  buffer  was  used (Ecogen,
Barcelona,  Spain).  For  the  determination  of deletions  of
exon  19  of  the EGFR,  the GeneScan  technique  (Applera,
Norwalk,  CT,  USA)  was  used,  while  for  the  detection  of the
L858R  mutation  of  exon  21  and  T790M  of  exon  20  the Taqman
technique  was  used (Applied  Biosystems).

Genomic  KRAS  codons  12  and  13  mutations  were  assessed
by  the  Sanger  technique.  Taqman  technique  was  used for
V600  mutations  in BRAF  and  exon  20  in  ERBB2.

Detection  of ALK,  ROS1  genes rearrangements  and  MET

gene  amplification

Fluorescence  in situ hybridisation  (FISH)  was  used  with  the
following  probes:  the  Vysis  ALK  Break-Apart  (Abbott  Molecu-
lar,  Inc.,  Des  Plaines,  IL,  USA)  for  ALK,  ZytoLight® SPEC  ROS1
Dual  Color  Break  Apart  (ZytoVision,  Bremerhaven,  Germany)
for  ROS1,  and  ZytoLight® MET/CEP  7  Dual  Color  (ZytoVision,
Bremerhaven,  Germany) for  MET. After dewaxing,  the  slides
were  processed  with  the Histology  FISH  Accessory  kit  (Dako,
Denmark)  and  hybridisation  titration  was  carried  out  with
an  Olympus  BX51 fluorescence  microscope.  A minimum  of  50
tumour  cells  was  necessary.  For  ALK  and ROS1 genes  rear-
rangements,  samples  were considered  positive  when  ≥15%
of  the  cells  showed  a positive  hybridisation  pattern.  For the
MET  gen,  the  criteria  described  by  Noonan  et al.11 was  used
according  to  a  ratio  of  MET/centromere  ≥1.8.

Statistical  analysis

Categorical  variables  were  expressed  in relative  and abso-
lute  frequencies;  continuous  variables  in mean  and standard
deviation  when  they  presented  a  normal  distribution,  or  as
median  and interquartile  range  when  they  did not present  a
normal  distribution.

Table  1 General  characteristics  of  patients.

Baseline  characteristics  Patients  (n  =  90)

Age  65.2  ± 9.4

Sex,  n  (%)

Male  74  (82.2%)

Smoking  history,  n  (%)

Never-smoker  8 (9%)

Former smoker  35  (38.8%)

Current  smoker  47  (52.2%)

Histological  type,  n  (%)

Adenocarcinoma  71  (78.9%)

Squamous  carcinoma  3 (3.3%)

Carcinoma  NOS  16  (17.8%)

Stages,  n  (%)

Inoperable  IIIA  31  (34.4%)

Multi-level  N2  11

Persistent  N2 5

Poor lung  function  11

Performance  status  3---4  4

IIIB 16  (17.8%)

IV 43  (47.8%)

Procedure

EBUS-TBNA  76  (84.4%)

EUS-B-FNA  11  (12.2%)

Both  3 (3.3%)

Molecular  study,  n  (%)

Yes  87  (96.7%)

No 3 (3.3%)

Final treatment

Oncospecific  11  (12.2%)

Conventional  (chemotherapy  and/or

radiotherapy)

62  (68.9%)

None  →  (rapid  →  progression  →  or  →  poor  →  performance)

17  (18.9%)

Carcinoma NOS (not otherwise specified) type; EBUS-TBNA

(endobronchial ultrasound guided biopsy); EUS-B-FNA

(oesophageal ultrasound-guided fine needle aspiration with an

echobronchoscope).

The  success  rate  for  the  complete  or  individual  molecular
analysis  in  the samples  obtained  by  EBUS-TBNA  or  EUS-B-
FNA  was  calculated.  The  relationships  between  categorical
variables  were  analysed  using  the chi-square  test  or  Fisher’s
exact  test. Values  of  p < 0.05  were  considered  statistically
significant.  Data  were  analysed  using IBM  SPSS  software  ver-
sion  24.0  (SPSS  Inc.,  Chicago,  IL, USA).

Results

Patient  characteristics

Ninety  patients  were  included  in the  study.  In  54  cases (60%),
EBUS/EUS-B  was  the first  diagnostic  procedure  performed.
Seventy-one  patients  (78.9%)  had  a  diagnosis  of adenocarci-
noma.  Baseline  characteristics  are  shown  in Table  1.
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Table  2  Individual  molecular  analysis.

Type  of  molecular  study  Number  of  analysed  samples  Enough  (%)  Positive  (%)  Negative  (%)

EGFR  87  84  (97%)  13  (15%)  71  (82%)

KRAS 81  78  (96.3%)  18  (22.2%)  60  (74.1%)

ALK 80  68  (85%)  1 (1.3%)  67  (83.7%)

ROS1 79  65  (82.3%)  0 65  (82.3%)

ERBB2 63  45  (71.4%)  0 45  (71.4%)

BRAF 62  42  (67.7%)  0 42  (67.7%)

MET 37  30  (81.1%)  1 (2.7%)  29  (78.3%)

EGFR: epidermal growth factor receptor; KRAS: kirsten rat  sarcoma viral oncogene homolog; ALK: anaplastic lymphoma receptor tyro-

sine kinase; ROS1: protooncogene tyrosine protein kinase ROS; ERBB2: erb-b2 receptor tyrosine kinase 2; BRAF: v-Raf murine sarcoma

oncogene homolog B1; MET: tyrosine-protein kinase Met.

Of  the 12  pulmonary  lesions  (24---63 mm  of  short-
axis  diameter)  and  329  hilar  and/or  mediastinal  lym-
phadenopathies  punctured,  114  (30.6%) were  malignant.
The most  frequently  punctured  metastatic  lymph  nodes  sta-
tions  were  7  (33),  4R  (30),  4L  (12) and  10/11/12  (11).
The  mean  short-axis  diameter  of  the lymph  node  was
13.3  ±  6.8  mm  and  the  average  number  of punctures  per
node  was  3 (range  1---7).

Histological  subclassification

In  35  cases  (39%),  the final  diagnosis  was  obtained  by  mor-
phological  assessment,  while  IHC  (TTF-1,  p40)  was  used  in  53
(58.9%).  A  definitive  subtyping  (morphology  and/or  IHC) was
achieved  in  82.2%  vs. 17.8%  of  carcinoma  NOS  (not  otherwise
specified).  In this subgroup  of  14  cases,  both  morphological
assessment  and  IHC  were  inconclusive,  while  in  2 cases  IHC
was  not  performed  because  the  material  for  the  molecular
analysis  was prioritised.

Molecular  analysis

In  96.7%  cases  it  was  feasible  to start the sequential  molec-
ular  analysis.  The  samples  obtained  were  insufficient  in the
remaining  3 cases:  one  corresponded  to re-staging  (difficulty
obtaining  viable  material  post  neoadjuvant  inflammatory
changes),  and  silane  coated  slides  and  PEN  membrane  slides
did not  contain  enough  tumour  cells  for molecular  detection
in  the  other  two.  In the  first  case,  the patient  underwent
palliative  treatment  due  to  deterioration  of  general  condi-
tion,  while  in the other  two  cases  a  second  procedure  was
performed  [puncture  of  the  primary  mass  by  CT-guided  per-
cutaneous  transthoracic  needle  biopsy  (CT-guided  PTNB)  and
by  EBUS].

IHC  was performed  in both  sufficient  and  insufficient
samples  for  complete  molecular  analysis  (65.5%  vs.  60%,
p  =  0.115).

A  partial  molecular  analysis  (EGFR,  KRAS,  ALK  and  ROS1)
was  performed  in 78.6%  of  patients,  while  complete  analysis
was  carried  out  in 44%  of  cases.  Table 2  details  the  individual
results  for  each  molecular  detection.

Mutations  in the EGFR  genes  were  detected  in thirteen
cases  (15%),  12  of them  (92.3%)  belonging  to  the adenocar-
cinoma  subtype.  Mean  age was  67.8  ±  10  years,  38%  were

Table  3 Molecular  analyses  by  cytological  sample  in  group

1 (type of mutations:  EGFR,  KRAS, BRAF  and  ERBB2).

Sample  type

n =  87  (%)

Number  of

determinations

p

1---3  (n  = 49)  4  (n =  38)

Membrane  23  (47.0%) 16  (42.1%) 0.489

Cell block  12  (24.0%)  9  (23.7%)

Membrane  +  Cell  block  14  (29.0%)  13  (34.2%)

women, and 5 cases  corresponded  to  never-smokers.  The
most  frequent  mutation  was  the deletion  of  exon  19  (54%).

Molecular  analysis  by  group

In group  1,  it was  feasible  to  carry out  4 determinations  in
38  (44%),  while  only 1---3 mutations  could  be studied  in 49
(56%).  There  were  no  significant  differences  in the number  of
molecular  determinations  (1---3 vs.  4)  (p  =  0.489)  when  sep-
arated by  sampling  subgroups  between:  (1)  cell  block,  (2)
PEN  membrane  slide,  and  (3)  cell  block  and  PEN  membrane
slide  (Table  3).

In group  2, it was  feasible  (70/81)  to  carry out  3  deter-
minations  (ALK  and/or  ROS1 and/or  MET)  in  86%.  Of  these,
complete  analysis  was  performed  in 28  cases  (34.6%),  and
only  2 in 38 cases  (47%).

Discussion

The  results  of  our  study  showed  that  the cytological  sam-
ples  obtained  by  EBUS-TBNA  or  EUS-B-FNA,  mainly  cell
blocks  and  PEN  membrane  slides,  has  had  a high  success
rate  for  sequential  molecular  analysis,  both  partially  and
individually.  The  College  of  American  Pathologists  (CAP),
the  International  Association  for  the  study  of  Lung  Cancer
(IASLC)  and the  Association  for  Molecular  Pathology  (AMP)
jointly  issued  guidelines  for  routine  testing  of  biomarkers
in  lung cancer  and  recommended  performing  the EGFR,  ALK
and  ROS1  genes  rearrangements  as  a  first  step,  and KRAS  only
if  the studies  of  the  first  step are negative.6 In our series,
the partial  success  rate  with  these  4  biomarkers  was  around
80%.  However,  the individual  success  rate  decreased  with
the  sequential  analysis,  so  that  EGFR  detection  was  96.6%
while  for  BRAF  it was  67.7%.  These  results  could  be  explained
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by  the  loss  of  tumour  material  during  the  cell  block  cuts,
scraping  tumour  cell  from  PEN  membrane  slide  by  manual
or  laser  microdissection,  or  by  the delay  in processing  fresh
slides.12

The  usefulness  of  cytological  samples  obtained  by
EBUS/EUS-B  for  molecular  analysis  has  been  assessed  in  dif-
ferent  studies,  with  2 or  3  molecular  alterations  studied  in
most  of  them.9,10,13---16 In  our series,  by  applying  a protocol
for obtaining  cytological  material,  effectiveness  was  opti-
mal  (96.7%)  to start  sequential  molecular  analysis,  and it
was  up  to  44%  favourable  for  7  biomarkers.  Jurado  et al.13

observed  that  in 82%  (42/56)  of  cases,  enough  cytological
material  was  obtained  for  molecular  testing  (EGFR,  ALK  and
KRAS),  while  in  our  study  there  were  4  detections  (EGFR,
KRAS,  ALK  and ROS1)  in 78.6%  of  cases,  which was  similar
but  with  an  additional  biomarker  in  our  series.  Folch  et al.16

compared  the  detection  of  3 biomarkers  (EGFR,  KRAS  and
ALK)  in  cytological  samples  (cell  blocks)  obtained  by  EBUS,
with  samples  obtained  by  other  techniques  (surgical  biopsy
of  mediastinal  and hilar  nodes,  bronchial  biopsies,  CT-guided

PTNB  of  lung  lesions)  and managed  to  show  a  success  rate
above  90%,  confirming  that the  EBUS  is  a  suitable  tool  with
which  to initiate  a  genotypic  study  of  NSCLC.

The presence  of  ROSE  was  a notable  advantage  in the
optimisation  and handling  of  the  samples,  as  it increases
performance  in obtaining  tumour  material  for  IHC  and
molecular  testing.17---19 Trisolini  et  al.20 demonstrated  that
the  presence  of an anatomopathologist  can  prevent  the per-
formance  of  additional  procedures  for genotyping  in  1 in  10
cases  and,  although  there  was  no  statistical  relevance,  clin-
ical  relevance  was  observed.  In  our  institution,  the good
cooperation  between  cytopathologist  and  bronchoscopist
facilitated  the  preparation  of the samples  with  adequate
tumour  material,  and  in some cases,  allowed  us to  modify
the  puncture  zone  in the metastatic  lymph  node  (e.g.  pres-
ence  of  necrosis  zones),  change  the  lymph  node  station,  or
the  number  of  punctures.  In our  study,  ROSE  allowed  us  to
perform  an  average  of  3 punctures  to  obtain  sufficient  mate-
rial,  below  the  4  punctures  recommended  by  the guidelines
for obtaining  material  for  molecular  study,21 yet  our  success
rate  for  partial  study  was  close  to  80%.

When  evaluating  by  type  of  cytological  sample  (cell
block  ± PEN  membrane  slide)  for  the number  of mutations
(1---4)  we  did  not observe  differences  between  these  sam-
ples.  PEN  membrane  slides  are an additional  tool  that
contains  DNA  for  molecular  subtyping  in NSCLC.

The  success  rate  for  the detection  of  EGFR  in cytolog-
ical  samples  obtained  by  EBUS  varies  between  72.2%  and
98.7%.9,10 In our sample,  it was  97%,  higher  than  the  90%  pub-
lished  by  Navani  et  al.15 In  our  study,  mutation  in  EGFR  genes
was  detected  in  15%,  similar  to  that  reported  in histological
samples  from  other  Spanish  studies  (11.6---16.6%).3,22

The  success  rate  for  the detection  of KRAS was  96.3%,
higher  than  the  results  reported  in the studies  by  Kang  and
Jurado,  90.2%  and  75%  respectively13,23.  Mutations  in the
KRAS  genes  were  observed  in 20%,  similar  to  that reported
(23.6%)  in different  cytological  series.24 In line  with  previous
research,  in  our experience  the presence  of EGFR  and  KRAS
mutations  was  exclusive.24

The  determination  of  ALK-rearrangements  was  possible
in  85%  of  samples,  similar  to  the experience  of  Jurado
et al.,13 which  was  91%  (39/41)  with  a frequency  of

positive  cases (by  FISH)  of  6.4%  (7/109),14 while  in our  group
only  1  case  was  positive.

Our  article  shows  that  it is  feasible  to  perform  a  greater
number  of detections  in cytological  samples  such  as  cell
blocks  and  membrane  PEN  slides,  following  a sequential
algorithm  and  with  the help  of  a cytopathologist.  The
limitations  of our study includes  not  having  all the deter-
minations  available  in all  cases  (our  assistance  protocol  did
not  perform  additional  analysis  in cases  where  a molecular
alteration  was  already  detected)  and  it was  based  on  data
from  a single  centre  with  a  small sample  size,  which  limits
the  generalizability  of  our  results.

Immunotherapy  with  checkpoint  inhibitors  was  recently
approved  to  treat  NSCLC.  Wang  et  al.25 demonstrated
87%  feasibility  to  determine  the  expression  of  PD-L1  (pro-
grammed  death  ligand  1)  in  samples  obtained  by  EBUS-TBNA
with  a  good  correlation  between  the cytological  and  surgical
samples.  Likewise,  the incorporation  of  second-generation
sequencing  (NGS)  allowed  the  analysis  of  numerous  genetic
alterations  simultaneously,  with  the use  of  small  amounts
of  DNA  (nanograms).  However,  its usefulness  in cytologi-
cal  samples  obtained  by  EBUS  should be validated,  since  it
requires  quality  DNA  and a sufficient  tumour  cell  percentage
to  give  adequate  sequencing.26

In  conclusion,  in our  series  applying  a protocol  based  on
obtaining  a minimum  of 2 cell  blocks  and optimising  the han-
dling  of  the  samples  for  multiple  molecular  analysis,  we  have
shown  that  the cytological  samples  obtained  by  EBUS-TBNA
or  EUS-B-FNA  are suitable  in a  high  percentage  of  patients
for  individual  and  partial  molecular  analysis.  PEN  membrane
slides  and cell  blocks have  shown  to  be  equally  valid  samples
for  the determination  of  mutations.
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