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Abstract  

Object ives :  C yto logical  ex amina t ion  o f  s amples  ob ta ined  b y 

b ronchoscop y i s  a  use fu l  method  o f  es t ab l i sh ing  the  d i agnos is  o f  

non -smal l  ce l l  l ung  cancer  (NSC LC) .  However,  t he  u t i l i t y  o f  a  

h igh l y sens i t i ve  method  for  the  det ec t ion  o f  ep idermal  growth  

fac to r  r ecep to r  (EGFR)  mutat ion  in  t he  cyto logical  spec imens  has  

no t  been  fu l l y  eva luat ed .  

Methods :  We re t rospect ivel y ex amined  the  e ff i cacy o f  t he  pept ide  

nuc le i c  ac id - locked  nucle i c  ac id  pol ymerase  cha in  react ion  c l amp  

(PNA-LN A PCR cl amp)  method for  det ec t ing  EGFR mutat ions  in  

122 b ronchoscop ic  cyto logical  specimens  f rom NSCLC pat ien t s .  

Resu l t s :  Overa l l ,  41  specimens  (33 .6%)  were  pos i t i ve  fo r  EGFR 

muta t ion .  Twent y -n ine  (39 .7%)  o f  73  specimens  ob ta ined  b y us ing  

endobronch ia l  u l t r asonograph y wi th  a  guide  shea th ,  7  (33 .3%) o f  21  

spec imens  obta ined  under  d i rec t  v i s ion  b y us ing  a  convent ional  

b ronchoscope,  4  (36 .4%) of  11  specimens  obta ined  b y us ing  an  

u l t r a th in  b ronchoscope ,  and  1  (5 .9%) o f  17  spec imens  ob ta ined  b y 

endobronch ia l  u l t r asound -gu ided  t r ansb ronch ia l  ne ed le  asp i ra t ion  

were  pos i t i ve  fo r  EGFR muta t ion .  Fur the rmore ,  among 22  resect ed  

NSC LC cases ,  t he  EGFR mutat ion  s t a tus  obta ined  f rom 

bronchoscopic  mate r i a l s  was  cons is t en t  wi th  the  s t a tus  ob ta ined  

f rom su rg i cal  s amples ,  wi th  t he  ex cept ion  o f  one  case .  
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Concl us ion:  The  det ect ion  o f  EGFR mutat ion  b y s ub ject ing  

b ronchoscopic  cyto logical  spec imens  to  a  PNA - LNA PCR cl amp 

assay p roves  use fu l .  
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In troduct ion  

The  epidermal  growth  fac to r  r ecepto r  (EGFR)  i s  f r equen t l y 

overexpressed  in  l ung  cancer  [1] ,  and  i t s  k inase  dom ain  i s  a  t a rge t  

o f  t yros ine  k inase  inhib i to rs  (TK Is )  [2 ,  3 ] .  Recent l y,  ac t iva t ing  

muta t ions  in  the  t yr os ine  k inase  domain  o f  EGFR were  found to  be 

s t rongl y as soci a t ed  wi th  the  c l i n i ca l  r esponse  to  EGFR -TKIs  [ 4 -6] .  

S ince  then ,  man y c l in i ca l  t r i a l s  have  repo r t ed  that  non -smal l  ce l l  

lung  cancer  (NSC LC)  harbor ing  EGFR muta t ion  showed  a  s t r i k ing 

response  to  EGFR -TKIs  [ 7-11] .  Thus ,  t e s t ing  fo r  EGFR muta t ions  

has  become an  es sen t i a l  s t ep  in  det e rmin ing  the  t r ea tment  fo r  

NSC LC.  

Man y advanced  lung cancers  a re  d i agno sed  b y us ing  

spec imens  ob ta ined  wi th  b ronchoscop y.  However,  man y c yto logical  

spec imens  somet imes  conta in  onl y a  smal l  number  o f  cancer  ce l l s ,  

and  the  spec imens  a re  comprised  o f  man y normal  ce l l s .  These  

condi t i ons  a re  d i sadvantageous  fo r  t he  det ec t ion  o f  t h e  EGFR 

muta t ion .  There fo re ,  a  t es t  t ha t  can  det ec t  EGFR mutat ion  f rom a  

smal l  number  o f  cancer  ce l l s  i s  needed .  

Recent l y,  new bronchoscopic  p rocedures  and  devices  have 

become ava i l ab l e  and  have  improved  the  d i agnos t i c  yi e ld .  

Endobronchia l  u l t r asound -gu ided  t r ansb ronchia l  need le  asp i ra t ion  

(EBUS -TBNA)  has  an  advantage  in  es t ab l i sh ing  a  d i agnos is  o f  
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metas t a t i c  d i sease  in  t he  h i l a r  and  medias t inal  l ymph  nodes  [12 ,  13] .  

Transbronchia l  b iops y (TBB)  us ing  endobronchia l  u l t r asonograph y 

wi th  a  gu ide  sheath  (EBUS -GS)  [14 ,  15]  o r  an  u l t r a th in  

b ronchoscope  [16 ,  17]  i s  use fu l  fo r  t he  inves t iga t ion  o f  smal l  

pe r iphera l  pulmonar y l es ions .  Spec imens  i so l a t ed  b y us ing  these  

techniques  a re  mos t  o f t en  cyto logica l  specimens .  Techn iques  that  

r e l i ab l y de t ec t  EGFR muta t ion  in  t hes e  specimens  a re  requ i red .  

 The  pept ide  nucle i c  ac id - locked nuc le i c  ac id  po l ymerase  

chain  react ion  c l amp  (PNA- LNA PCR c l amp)  i s  a  r ap id  and  

sens i t i ve  det ec t ion  p rocedure  fo r  EGFR mutat ions  [ 18 -20] .  The  

method de t ect s  muta t ions  in  cancer  ce l l s  p resen t  i n  a  background  o f  

100 -  t o  1000 - fo ld  more  normal  ce l l s  [ 19] ,  t he reb y enabl ing  the  

det ec t ion  o f  EGFR muta t ion  f rom cyto logical  specimens .  

 In  t he  cur rent  s tud y,  we evaluat ed  the  power  o f  t he 

PNA- LNA PCR c l amp method fo r  t he  det ec t ion  of  EGFR muta t ion  

in  cyto logi cal  spec imens  i so l a t ed  b y b ronchoscop y.  We val idat ed  

the  method  b y compar ing  the  mutat ion  s t a tus  de t e rmined  f rom the  

cyto logical  specimens  wi th  the  muta t ion  s t a tus  det e rmined  f rom 

su rg i ca l l y resec t ed  tumor  t i s sue .  

 

Materia ls  and  Methods  

Ethics  commit t ee  ap prova l  
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Th is  s tud y was  approved  b y the  in s t i t u t ional  r ev i ew board  o f  

Hokkaido  Univers i t y Hosp i t a l ,  and  a l l  pa t i en t s  p rov ided  wr i t t en  

in formed  consen t .  

 

Pat i en t s  and  bronchoscopic  procedures  to  obta in  cy to log ica l  

samples  

We re t rospec t ivel y anal yzed  122 NSC LC  cases  d i agnosed  b y 

us ing  b ronchoscop ic  cyto logical  specimens  a t  Hokka ido  Univers i t y  

Hospi t a l  be tween  Februar y 2006  and  November  2009 .  Al l  pa t i en ts  

underwen t  b ronchoscop y under  loca l  anes thes i a .  Bronchoscop ical l y  

v i s ib l e  t umors  were  b rushed  under  d i rec t  v i s ion  b y us ing  a  f l ex ib l e  

f i be ropt i c  b ronchoscope (BF -240,  Ol ympus ,  Tok yo ,  J apan) ,  whi l e  

h i l a r  and  medias t inal  l ymph  nodes  were  needle -asp i ra t ed  accord ing  

to  t he  EBUS -TBNA procedure  b y us ing  an  u l t r asonic  punctu re  

b ronchoscope ( BF- UC260F-O L8,  Ol ympus )  [ 12 ,  13] .  Pe r iphera l  

pu lmonar y l es ions  were  b rushed  accord ing  to  the  EBUS -GS 

p rocedure  [14 ,  15] ,  and  smal l e r  per iphera l  pulmonar y l es ions  were  

b rushed  b y us ing  an  u l t r a th in  b ronchoscope  (XP260F,  Ol ympus )  [16 ,  

17] .  

 

Samples  fo r  EGFR muta t ion  det ec t ion  and  cy to log ica l  d iagnos is  

The  cyto logical  specimen  was  suspended  in  6  ml  o f  s a l ine  
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and  d iv ided  in to  two  a l iquot s .  One  a l iquot  was  sent  t o  the  

Pa thology Depar tment  t o  i nves t iga t e  t he  p resence  o f  cancer  ce l l s .  

Fo r  cyto logic a l  ana lys i s ,  t he  specimen  was  p l aced  onto  a  g lass  s l ide ,  

sp ray- f ix ed  us ing  e thano l ,  and  Papan ico laou -s t a in ed .  Al l  

cyto logical  spec imens  were  conf i rmed  to  con ta in  cancer  c e l l s ,  and  

cyto logical  d i agnos is  was  made  b y the  two c l in i ca l  cyto log is t s .  The 

d i agnos is  was  based  on  s t andard  h is to logic  c r i t e r i a  accord ing  to  t he  

2004  WHO c las s i f i ca t ion  o f  l ung  tumors  [ 21] .  S t ag ing  was  based  on 

the  s ix th  ed i t ion  o f  the  U ICC TNM s t ag ing  s ys t em [ 22] .  

The  o ther  a l i quo t  was  cent r i fuged ,  and  pel l e t ed  ce l l s  were  

d i sso lved  in  A L b uffe r  ( a  bu ffe r  conta in ing  p ro t e in  denatu ran t :  

Qiagen ,  Hi lden  German y)  and  s to red .  Pa t i en t s  who  had  resect able  

NSC LC underwent  cu ra t ive  pulmonar y  su rger y.  Para ff in -embedded 

spec imens  o f  su rg i cal l y resec t ed  tumors  were  ana l yzed  for  EGFR 

muta t ion .  

 

EGFR mutat ion  ana lyses  w i th  PNA-LNA PCR clamp  

The s to red  cyto logic  spec imens  and/o r  t h in  s l i ces  o f  

pa ra ff in -embedded  spec imens  o f  r esect ed  tumors  were  sen t  and  

tes t ed  for  EGFR muta t ion  a t  t he  Depar tment  o f  Resp i ra to r y 

Med ic ine  o f  Sai t ama  Medica l  Un iv ers i t y.  Al l  anal yses  o f  EGFR 

muta t ion  were  pe r fo rmed  wi th  the  PNA - LNA PCR cl amp,
 

as  
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p rev ious l y desc r ibed  [ 18 -20] .  Br i e f ly,  genomic  DNA f ragmen ts  

f rom mutat ion  hot  spot s  o f  t he  EGFR gene  were  ampl i f i ed  b y PCR 

in  the  p resence  o f  a  pept ide  nucle i c  ac id  c l amp.  Thi s  technique  

resu l t s  i n  the  p re fe rent i a l  ampl i f i ca t ion  o f  t he  mutant  s equence,  

wh ich  i s  t hen  det ect ed  b y a  f l uo rescent  p r imer  t hat  i nco rporat es  

locked  nucle i c  ac ids  to  i nc rease  i t s  spec i f i c i t y.  Th is  technique  

det ect s  ge f i t in ib - sens i t i ve  muta t ions  (G719C ,  G719S ,  G719A,  

L858R,  L861Q and exon 19  del e t ions )  and  a  ge f i t in ib - res i s t an t  

muta t ion ,  T790M.  

 

S t a t i s t i ca l  ana l ys i s  

S t a t i s t i ca l  anal yses  were  pe r fo rmed wi th  SPSS  vers ion  11 .01  

(Chicago ,  IL) .  An y s ign i f i cant  d i ffe rences  among the  ca t egor ized  

groups  were  compared  us ing  the  ch i - square  t es t .  The  adjus t ed  

e ffec t s  o f  s ex ,  smok ing  s t a tus  and  cyto logy on  EGFR mutat ion  were  

evaluat ed  b y  logis t ic  r egres s ion  anal ys i s .  S t a t i s t i ca l  s ign i f i cance  

was  es t ab l i shed  a t  p  <0 .05 .  Al l  ana l ys es  were  two -s ided .  

 

Resul ts  

Pat i en t  charac ter i s t i cs  

 Pa t i en t  charact e r i s t i c s  a re  summarized  in  Tab le  1 .  

S ix t y- th ree  pat i en t s  (52%)  were  female ,  45  pat i en ts  (37%)  never  
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smoked,  and  the  most  common tumor  cy to logy was  adenocarc inoma,  

wh ich  occurred  in  77  pat i en ts  (63%) .  Twent y- two  pat i e n t s  had  

resec t ab le  NSC LC and  underwent  su rg ica l  r esect ion .  

 

Frequency  o f  EGFR mutat ions  

Fort y-one pat i en ts  (33 .6%) were  pos i t ive  fo r  an  EGFR 

muta t ion  (F igure  1 ) ,  whereas  80  pa t i en t s  (65 .6%)  were  nega t ive .  

Three  samples  t hat  were  nega t ive  fo r  EGFR mutat ion  conta ined  a  

ve r y smal l  quant i t y  o f  DNA;  one  o f  t hese  samples  was  ob ta ined  b y 

b rush ing  wi th  EBUS -GS,  and  the  o ther  two  samples  were  obta ined  

b y b rushing  wi th  an  u l t r a th in  bronchoscope.  In  t hese  3  cases ,  i t  i s  

poss ib l e  t hat  t he  smal l  amount  o f  DNA led  to  a  f a l se -nega t ive  resu l t .  

Addi t i onal l y,  one  cyto logical  s ample  ob ta ined  b y b rushing  under  

d i rec t  v i s ion  fa i l ed  to  be  ampl i f i ed  b y PCR and  was  thus  cons idered  

insu ff i c i en t  fo r  t he  muta t ion  t es t .   

Among the  pat i en ts  wi th  EGFR muta t ions ,  21  pat i en ts  

(51 .2%)  had  L858R,  and  20  pat i en ts  (48 .8%) had  exon 19  del e t ions .  

None  o f  t he  pat i en t s  had  the  ge f i t in ib - res i s t an t  muta t ion  T790M nor  

the  o ther  minor  muta t ion  such  as  G719X and  L861Q.  The  

associ a t ion  be tween EGFR muta t ion  s ta tus  and  c l in i copa tho logica l  

charact e r i s t i cs  was  assessed  b y the  ch i - square  t e s t  (Table  2 ) .  Sex  

( female ) ,  smoking  s t a tus  (never  smoked) ,  and  t ype  o f  cancer  
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(adenocarc inoma)  were  s igni f i can t l y associ a t ed  wi th  the  p resence  

o f  EGFR muta t ion .  In  a  mul t iva r i a t e  logi s t i c  r egres s ion  anal ys i s ,  

on l y cyto log ical  subt ype  (adenocarc inoma)  was  s ign i f i can t l y 

associ a t ed  wi th  the  p resence  o f  EGFR muta t ion  (Tab le  3 ) .  

 

Frequency  o f  EGFR mutat ions  i so la t ed  by  bronchoscopic  

procedures  

C ytological  spec imens  were  obta ined  b y b rushing  us ing  

EBUS -GS (n=73) ,  b rush ing  under  d i rec t  v i s ion  (n=21) ,  b rush ing  

us ing  u l t r a th in  b ronchoscope (n=11) ,  and  needle  asp i ra t ion  b y the 

EBUS -TBNA procedure  (n=17)  (Tab le  1 ) .  The number  o f  s amples  

pos i t i ve  fo r  EGFR muta t ion  were  23  o f  73  (39 .7%) fo r  EBUS -GS,  7  

o f  21  (33 .3%)  fo r  d i rec t  v i s ion ,  4  o f  11  (36 .4%)  fo r  u l t r a th in  

b ronchoscope,  and  1  o f  17  (5 .9%) fo r  EBUS -TBNA.  

 

Val ida t ion  o f  EGFR mutat ion  det ec t ion  by  compar ing  the  mu ta t ion  

s ta tus  be tween cy to logical  and  resec t ed  samples  

To val ida t e  t he  resu l t s  o f  EGFR muta t ion  sc reen ing  w i th  

cyto logic  spe c imens ,  we  compared  the  EGFR mutat ion  s t a tus  

between  the  cyto logical  specimens  and  su rg i ca l l y resec t ed  tumor  

t i s sues  in  22  pa t i en ts  (Table  4 ) .  The resu l t s  matched  in  21  pat i en ts ,  

inc luding  9  (45 .5%)  pat i en ts  who were  pos i t i ve  for  EGFR muta t ion .  
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In  t he  one case  wi th  resu l t s  t ha t  d id  no t  match ,  t he  sample  was  

i so l a t ed  b y b rush ing  us ing  an  u l t r a th in  b ronchoscope.  The  

cyto logical  s ample  was  nega t ive  fo r  EGFR muta t ion ,  whereas  t he  

t i s sue  sample  was  pos i t i ve  (Tab le  4 ,  the  pat i en t  i s  marked  wi th  * ) .  

The  sens i t i v i t y,  speci f i c i t y and  accuracy were  the re fo re  90%,  100%, 

and  95 .5%,  respect ivel y.  

 

Discuss ion  

In  t he  cu rrent  s tudy,  we assessed  the  u t i l i t y o f  ou r  EGFR 

muta t ion  t es t  s ys t em,  i n  wh ich  cyto logical  specimens  ob ta ined  b y 

b ronchoscop y were  t es t ed  b y a  sens i t i ve  PN A-LN A PCR 

cl amp-based  t es t .  The  f requency o f  EGFR mutat ions  det ec t ed  b y 

our  as say was  s imi l a r  t o  p revious ly repor t ed  f requencies  fo r  

su rg i ca l l y resec t ed  spec imens  f rom Asian  pat i en ts  [23 ,  24] .  

Severa l  s tud ies  have  as ses sed  the  f requency o f  E GFR 

muta t ions  d e t ec t ed  in  b ronchoscopic  spec imens ,  a l t hough the  t e s t  

for  t he  EGFR muta t ions  was  d i fferen t  [ 19 ,  25-27] .  The  f requency o f  

EGFR mutat ions  in  these  s tudies  var i ed  between 21 .1% and 53 .3%,  

p robab l y due  to  a  smal l  number  o f  s amples .  The  cu r rent  s tud y 

emplo yed  a  l a rger  number  o f  s amples  than  tha t  o f  t he  repor t ed 

s tud ies  [19 ,  25 -27] ,  and  th i s  r e l a t i vel y la rge  s tud y s iz e  may be  the  

reason  wh y the  f requency o f  EGFR mutat ions  i s  comparable  wi th  
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the  prev ious l y repor t ed  f requency fo r  t he  Japanese  popu la t ion  [ 23 ,  

24] .  

The  concordance  ra t e  o f  EGFR mutat ions  between 

cyto logical  specimens  and  t i s sue  samples  was  21/22  (95 .4%) .  

Nomoto  e t  a l  [25 ] .  a l so  compared  the  EGFR mutat ion  s t a tus  

det e rmined  in  cyto logical  spec imens  i so l a t ed  b y  us ing  

b ronchoscop y wi th  the  muta t ion  s t a tus  det e rmined  in  su rg i cal l y 

resec t ed  spec imens  f rom 15  pat i en ts .  They emplo yed  

h igh - reso lu t ion  mel t ing  ana l ys i s ,  wh ich  i s  another  h igh l y sens i t i ve  

method fo r  t he  de tec t ion  o f  EGFR muta t ion ,  and  demonst ra t ed  

complet e  co r respondence .  Thus  the  s t r a t eg y o f  us ing  cyto logical  

mate r i a l s  i n  a  h igh l y sens i t i ve  det ec t ion  method  p roves  use fu l  fo r  

c l in i ca l  p rac t i ce .  However,  we  had  on l y 22  NSC LC cases  wh ich  

were  su rg i ca l l y resect ed  and  conf i rmed for  t he  d i agnos is ,  fo l lowing 

EGFR muta t ion  t es t  wi th  b ronchoscopic  examinat io n .  The smal l  

s ample  s iz e  fo r  the  compar i son  was  a  l imi t a t ion  o f  t h i s  s tud y.  

 Un t i l  r ecen t l y,  d i rec t  s equencing  f rom su rg i cal l y resec ted  

tumor  mate r i a l s  had  been  the  mains t ay t echnique  fo r  t he  

det e rmina t ion  o f  EGFR muta t ion  s t a tus .  However,  the  sens i t i v i t y o f  

d i rec t  s equencing  was  approx imate ly 10%  [28] ,  ind i cat ing  that  

su rg i ca l l y  resect ed  o r  b iops i ed  t i s sue  specimens  were  requ i red  to  t e s t  

for  EGFR mutat ions .  However,  such  spec imens  a re  not  a lways  
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avai l ab l e .  In  man y ins t ances ,  on l y cyt o logical  s amples  that  i nc lude  

samples  obta ined  by b ronchoscop ic  p rocedures ,  p l eu ra l  e f fus ions ,  o r  

sputum are  ava i l ab le .  Fur the rmore ,  t i s sue  samples  requi re  a  longer  

amoun t  o f  t ime fo r  t he  det ec t ion  o f  EGFR muta t ions  because  more  

s t eps  a re  usual l y needed  to  p repare  DNA f rom t i s su e  than  f rom 

cyto logical  s amples .  When  we use  the  PNA - LNA PCR cl amp,  t he 

resu l t s  a re  ob ta ined  wi th in  severa l  days ,  and  we  usual l y de t e rmine  

the  pa t i en t ’s  t r ea tment  based  on  the  EGFR mutat ion  s ta tus .  Th is  

s ens i t i ve  t es t  fo r  EGFR muta t ion ,  i nc lud ing  the  PNA - LNA PCR c l amp,  

i s  a l r ead y covered  b y hea l th  i nsu rance  in  J apan .  

In  th i s  s tud y,  we  main l y as sessed  the  cyto logica l  specimens  

ob ta ined  b y recen t ly deve loped b ronchoscop ic  p rocedures .  These  new 

b ronchoscopic  p rocedures  have  improved  the  d i agnos t i c  yi e ld ;  which  

i s  r epor t ed  to  be  94 .6% to  95 .7% in  EBUS -TBNA [12 ,  13] ,  67% to  

77% in  EBUS -GS [14 ,  15] ,  and  65 .4% in  u l t r a th in  b ronchoscope [ 17] .  

Thereb y,  more  pa t i en t s  wi th  EGFR mutat ion  cou ld  be  found  us ing  

such  new p rocedures .  In  t h i s  s tud y,  t he  f requency o f  EGFR muta t ion 

was  somewhat  lower  i n  samples  f rom EBUS -TBNA than  samples  

co l l ec t ed  wi th  the  o ther  p rocedures .  Among the  pa t i en ts  who 

underwen t  EBUS -TBNA,  the re  were  more  male  pat i en t s  (13/17 ,  

76 .5%) ,  more  smokers  (15 /17 ,  88 .2%) ,  and  more  

non-adenocarc inomas  (10/17 ,  58 .8%) .  Al though the  number  o f  
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ex amined samples  fo r  EBUS -TBNA was  smal l ,  these  c l i n i ca l  f ea tu res  

might  account  fo r  t he  lower  f requency o f  EGFR muta t ion .  

Even wi th  the  new p rocedures ,  some specimens  con ta ined  no  

DNA or  had  a  ve r y smal l  quan t i t y  o f  DNA.  One  cyto logical  s ample  

ob ta ined  b y b rushing  under  d i rec t  v i s ion  fa i l ed  to  be  ampl i f i ed  b y 

PCR.  We rev iewed  th i s  cyto logica l  s l i de  and  found  few cancer  ce l l s .  

Th is  might  have  l ed  to  misampl i f i ca t ion  of  DNA.  In  ano ther  case  in  

wh ich  the  specimen  was  obta ined  wi t h  an  u l t r a th in  b ronchoscope ,  t he  

muta t ion  resu l t  was  found  to  be  a  f a l se -nega t ive  (Table  4 ,  pa t i en t  

marked  wi th  * ) .  We rev iewed  the  cyt o logical  s l i de  in  t h i s  case  and  

found  tha t  tumor  ce l l s  were  ve r y sparse .  To  avo id  fa l se -nega t ive  

resu l t s ,  i t  i s  c ruc i a l  t o  obta in  a  su ff i c i en t  amoun t  o f  spec imen .  I t  i s  

much eas i e r  t o  r epeat  t he  specimen  col l ec t ion  a t t empt  when  us ing 

new b ronchoscop ic  p rocedures  as  compared  to  conven t ional  

b ronchoscopies .  The i so l a t ion  o f  a  su ff i c i en t  amoun t  o f  mate r i a l s  

shou ld  a lways  be  p ra ct i ced .  

In  conc lus ion ,  cyto logical  specimens  i so l a t ed  b y 

b ronchoscop y and sub ject ed  to  the  PNA -LN A PCR cl amp -based  t es t  

p rovide  c l in i ca l l y  u sefu l  i nfo rmat ion  regard ing  the  EGFR muta t ion  

s t a tus .  C yto logica l  specimens  ob ta ined  b y b ronchoscop y a re  

appropr i a t e  fo r  t e s t ing  EGFR mutat ion  to  i den t i f y pa t i en t s  wi th  

advanced  NSC LC who  can  benef i t  f rom EGFR -TK Is .  
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Financ ia l /nonf inancia l  d isc losures:  Dr.  Hagiwara  has  received  a  

pat ent  f ee  fo r  t he  PNA - LNA PCR method.  The o ther  au thors  have 

no  conf l i c t s  o f  i n t e res t  to  d i sc lose .  
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F igure  1  

Detec t ion  of  t he  EGFR mutat ion  b y PNA -LN A PCR cl amp  

*Three  pat i en t s  (1  pat i en t  t ha t  underwent  b rushing wi th  EBUS -GS 

and  2  pat i en t s  tha t  underwen t  t he  b rush ing  wi th  an  u l t r a th in  

b ronchoscope)  had  a  ve r y smal l  quant i t y o f  DNA.  

†DNA was  no t  ob ta ined  f rom the  cyto logical  spec imen  ga thered  b y 

b rush ing  under  d i rec t  v i s ion .  
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Tab le  1 .  Pa t i en t  charact e r i s t i c s  (n  =  122)  

Charact e r i s t i cs  No .  o f  pa t i en t s  (%)  

Age   

 Median  (Range)  66  (35 -88)  

Sex   

 Male  59  (48)  

 Female  63  (52)  

Smoking  h i s to r y   

 Cur rent  33  (27)  

 Former  44  (36)  

 Never  45  (37)  

C yto logy   

 Adenocarc inoma  77  (63)  

 Squamous  ce l l  ca rc inoma  14  (12)  

 Non-smal l  ce l l  ca rc inoma  31  (25)  

Cl in i ca l  s t age   

 S t age  I - I I  27  (22 )  

 S t age  I I I - IV  94  (77)  

 Pos t -opera t ive  1  (1 )  

C yto logical  specimen ob ta ined  b y   

 EBUS -GS 73  (60)  
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 Under  d i rec t  v i s ion  21  (17)  

 EBUS -TBNA 17  (14)  

 Ul t ra th in  b ronchoscope  11  (9 )  

Abbrevia t ions :  EBUS -GS =  endobronchia l  u l t r asonograph y wi th  a  

gu ide  shea th ;  EBUS -TBNA =  endobronch ia l  u l t r asound  gu ided  

t r ansb ronchia l  need le  asp i ra t ion .  
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Tab le  2 .  Assoc ia t ion  between  pos i t ive  EGFR mutat ion  and  

c l in i copathological  charac t er i s t i c s  

Charact e r i s t i cs  Pos i t ive  Nega t ive  p -va lue  

Sex     

  Male  11  47  0 .001  

  Female  30  33   

Smoking  s t a tus     

  Smoker  15  61  <0.001  

  Never  smoker  26  19   

C yto logy     

  Adenocarc inoma  38  39  <0.001  

  Non-adenocarc inoma  3  41   

 



 26 

Tab le  3 .  Logi s t i c  r egres s ion  anal ys i s  for  the  associ a t ion  between  

pos i t i ve  EGFR mutat ion  and  c l in i copatho logica l  charact e r i s t i cs   

Charact e r i s t i cs   Odds  ra t i o   

(95% conf idence  in te rval )  

p -va lue  

Sex  Female  vs  male  1 .67  (0 .57 -4 .92)  0 .35  

Smoking  s t a tus  Never  smoker  vs  

smoker  

2 .60  (0 .91 -7 .46)  0 .076  

C yto logy  Adenocarc inoma vs  

non -adenocarc inoma  

9 .13  (2 .51 -33 .21)  <0 .001  

 



 27 

Tab le  4 .  Compar i son  o f  EGFR mutat ion  s t a tus  be tween 

b ronchoscopic  and  su rg i ca l l y resec t ed  spec imens  

Age  Sex  Smoking  

s t a tus  

C yto log

y  

Bronchoscop i

c  p rocedure  

Mutat ion  s t a tus  o f  

b ronchoscopic  

spec imen  

Mutat ion  s t a tus  o f  

su rg i ca l  spec imen  

58  F  Cur ren t  

 

Ad  

 

EBUS -GS 

 

E746-A750del  E746-A750del  

68  F  Never  

 

Ad  

 

Ul t ra th in  Nega t ive†  

 

L747 -T751del  

81  F  Never  

 

Ad  EBUS -GS 

 

E746-A750del  E746-A750del  

64  M Never  

 

Ad  EBUS -GS 

 

L747 -S752de l  

P753S  

 

L747 -S752de l  

P753S  
73  F  Never  

 

Ad  Ul t ra th in  L747 -T751del  L747 -T751del  

77  F  Never  

 

Ad  Ul t ra th in  E746-A750del  E746-A750del  

72  F  Cur ren t  

 

Ad  EBUS -GS 

 

L858R  L858R  

82  F  Never  

 

Ad  EBUS -GS 

 

L858R  L858R  

71  F  Never  

 

Ad  EBUS -GS 

 

L858R  L858R  

66  F  Never  

 

Ad  EBUS -GS 

 

L858R  L858R  

56  M Cur ren t  

 

Sq  

 

EBUS -GS 

 

Nega t ive  

 

 

Nega t ive  

64  F  Former  Ad  EBUS -GS 

 

Nega t ive  Nega t ive  

73  M Cur ren t  

 

NS  

 

EBUS -GS 

 

Nega t ive  Nega t ive  

73  F  Never  

 

Ad  EBUS -GS 

 

Nega t ive  Nega t ive  

60  M Cur ren t  

 

Ad  EBUS -GS 

 

Nega t ive  Nega t ive  

63  F  Former  Sq  

 

EBUS -GS 

 

Nega t ive  Nega t ive  

74  F  Never  

 

Ad  EBUS -GS 

 

Nega t ive  Nega t ive  

63  F  Former  Sq  

 

EBUS -GS 

 

Nega t ive  Nega t ive  

59  M Former  NS  

 

EBUS -GS 

 

Nega t ive  Nega t ive  

68  M Former  NS  

 

EBUS -GS 

 

Nega t ive  Nega t ive  

67  M Former  NS  

 

EBUS -GS 

 

Nega t ive  Nega t ive  

70  M Former  NS  

 

EBUS -GS 

 

Nega t ive  Nega t ive  
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†Smal l  quant i t y o f  DNA  

Abbrevia t ions :  Ad  =  adenocarc inoma;  Sq  =  squamous  ce l l  

ca rc inoma;  NS =  non -smal l  ce l l  ca rc inoma;  EBUS -GS =  

endobronch ia l  u l t r asonograph y wi th  a  gu ide  sheath .  




