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ABSTRACT 

Mu i - i h lu g ade o a i o as ADC , a el  u i ous a d olloid ADC, a e lassified as ADC 

a ia ts a o di g to the WHO  lassifi atio . A o elatio  et ee  o phologi al patte s 

a d utatio al status of these a e e tities is ot ell esta lished. We i estigated the utatio al 

p ofile of u i - i h lu g ADC i  o elatio  ith histopathologi  a d o phologi al featu es ith 

the goal of ide tif i g iologi al tu o  ha a te isti s of pote tial p og osti  a d the apeuti  

i te est. A se ies of  su gi all  ese ted p i a  u i ous lu g ADC sa ples as et ospe ti el  

a al zed fo  li i al-pathologi al ha a te isti s a d  ta geted Ne t-Ge e atio  Se ue i g. 

Fift  ases e e i asi e u i ous IMA,  pu e a d  i ed  a d  e e olloid p edo i a t 

ADC CPA . IMA ases ith pu e u i ous patte  e e asso iated to a lo e  isk of as ula  

i asio  p= . , a se e of sig et i g ell p= . , egati e odal status p= .  a d ea l  

li i al stage p= . . The ost p e ale t utatio s i ol ed KRAS a d TP5  ge es. The ajo it  

of utatio s luste ed i  the MAP-AKT ki ase KRAS, PIK CA, STK , PTEN, AKT , HRAS, BRAF  a d 

the p /DNA epai  TP5 , CDKN A, ATM, RB  path a s. A fe  u o o  EGFR utatio s e e 

fou d. A o elatio  et ee  a highe  u e  of utatio s a d fa o a le li i al out o e as 

see  p< . . Ou  data sho ed that u i ous ADCs ha e pe ulia  pathologi al a d ole ula  

featu es that ight i pl  a diffe e tiall  tailo ed the apeuti  app oa h o pa ed to o e tio al 

lu g ADC. 

 

KEY WORDS: lu g, u i ous ade o a i o a, e t ge e atio  se ue i g, utatio
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INTRODUCTION 

Mu i ous lu g ade o a i o as ADC  a ou t fo  - % of all lu g ADCs. Based o  a p oposal 

f o  the I te atio al Asso iatio  fo  the Stud  o  Lu g Ca e , the WHO has e e tl  lassified 

lu g ADCs a o di g to thei  i asi e apa it , p edo i a t a hite tu al patte  a d a ou t of 

u i  p odu tio . Spe ifi all , a disti tio  et ee  i asi e ADC of o e tio al t pe a d its 

a ia ts, hi h i lude i asi e u i ous ADC IMA  a d olloid ADC, as ade. A  alte ati e 

lassifi atio  of lu g ADCs lassifies these tu o s i to te i al- espi ato -u it TRU  a d o

TRU t pes o  the asis of disti t o phologi al featu es , . Lu g u i ous ADCs elo g ostl  to 

the o -TRU t pe g oup, as the  o igi ate f o  the o hial epitheliu  o  su u osal gla ds, 

a d e hi it a gast i - u i  phe ot pe a d a poo e  p og osis tha  TRU t pe ADCs .  

Despite these effo ts of e- lassifi atio , u i ous ADCs p ese t a hete oge eous spe t u  of 

o phologi al patte s ,  a d, pote tiall , a high deg ee of ole ula  hete oge eit  ould d i e 

the o se ed histologi al diffe e es, ut fe  studies ha e spe ifi all  add essed this h pothesis. 

I deed, hile the p e ale e a d t pe of g i  o e tio al ADC 

ha e ee  ell ha a te ized , s a t i fo atio  is a aila le a out i asi e u i ous ADC 

a ia ts. Most of the a aila le studies that i luded all t pes of ADC a d e plo ed lo  se siti e 

a d si gle-ge e te h ologies, ha e esta lished that KRAS utatio s o u  i  % a d % of 

i asi e u i ous a d olloid ADCs, espe ti el ,  a d a e asso iated ith poo  p og osis a d 

la k of espo se to he othe ap . KRAS utatio s ha e ee  epo ted to ofte  o-o u  ith 

CDKN A/B i a ti atio  a d lo  e p essio  of the Th oid T a s iptio  Fa to   TTF , although 

the li i al i pli atio s of these fi di gs e ai  to e full  elu idated . A e e t stud  has 

ide tified a CD -NRG  ge e fusio  as a o el d i e  i  the a i oge esis of i asi e u i ous 

ADC. Ho e e , these fusio s p ese t at a lo  p e ale e < %  a d a e o fi ed to KRAS ild-

t pe ases . Mo e e e tl , Shi  a d olleagues ha e pe fo ed ta geted NGS fo  ge e fusio s 
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a d utatio s i   u i ous ADC sa ples p e iousl  fou d to e KRAS ild-t pe  Sa ge  

se ue i g. The  des i ed a la ge u e  of ge e fusio s, u e pe tedl  i f e ue t TP5  

utatio s a d a  o e all lo  u e  of utatio s, ithout sig ifi a t diffe e es i  te s of age, 

ge de , s oki g status a d stage o pa ed to KRAS utated ases . 

Based o  the la k of o plete a d u a i ous i fo atio  o  the li i al-pathologi al a d 

ole ula  ha a te isti s of pul o a  u i - i h ADC, e et ospe ti el  pe fo ed a detailed 

o phologi al a al sis of u i ous ha a te isti s a d ta geted Ne t-Ge e atio  Se ue i g T-

NGS  of  ge es i   ese ted u i ous ADC sa ples i espe ti e of thei  KRAS ge ot pe  i  

o de  to i estigate ge ot pe-phe ot pe elatio ships a d ide tif  ole ula  alte atio s of 

pote tial p og osti  a d the apeuti  i te est. 

 

MATERIALS AND METHODS 

Patie ts a d tissue sa ples  A o se uti e se ies of su gi all  ese ted p i a  i asi e lu g 

ADC ith u i ous featu es, diag osed i  Cau asia  patie ts f o  Ap il  to De e e  , 

as et ospe ti el  olle ted at th ee I stitutio s Sa  Luigi Hospital, O assa o, To i o; 

Poli li i o Hospital, Mode a; Sa ta Ma ia Nuo a Hospital, Reggio E ilia . All ases e e e t all  

e ie ed  th ee pathologists LR, MP a d GR  a o di g to the  WHO lu g ade o a i o a 

lassifi atio . Stud  i lusio  ite ia e e the p ese e of a u i ous patte  i.e. IMA a d 

olloid ADC, hile e te i  ADC ases e e e luded , the la k of a p io  o -lu g elated a e  

diag osis, the p ese e of a u ate li i al follo -up data, as ell as the a aila ilit  of esidual 

tissue fo  ge eti  a al ses. Patie ts e e staged a o di g to the A e i a  Joi t Co ittee o  

Ca e  TNM Stagi g Ma ual . The I stitutio al Re ie  Boa d app o ed the stud . All sa ples 

e e de-ide tified a d ases a o ized  a patholog  staff e e  ot i ol ed i  the stud . 

Cli i al pa a ete s e e o pa ed a d a al zed th ough oded data.  
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Mo phologi al a al sis - He ato li -eosi  stai ed slides of ea h tu o  e e e ie ed. The 

follo i g histologi al pa a ete s e e assessed Figu e : a  the p ese e of a o - u i ous 

o po e t, that seg egated the IMA g oup i to pure u i ous featu es i ed; i  the 

i ed ases the p edo i a t patte  of o e tio al ADC as also e o ded;  the p ese e of 

e tra ellular u i  that as e o ded he  o se ed i  > % of the tu o ;  the e te t of tufts 

u hes o  s all luste s of eoplasti  u i ous ells atta hed to the al eola  all, losel  at the 

ase a d loose at the uppe  e ds  s o ed as pe e tage usi g a ut-off 

p ese e o  a se e of tufts ; d  the p ese e of > % of sig et i g ells SRC  o po e t, 

ha a te ized  ells ith la ge i t a ellula  u i  d ops a d pe iphe al u lei displa ed to a d 

o e e d of the toplas .  

 

I u ohisto he ist  - Fo ali  fi ed pa affi  e edded FFPE  tu o  tissue lo k a d 

sta da d auto ated i u ostai e  Be hMa k, Ve ta a Medi al S ste , Tu so , USA  e e 

used. Spe ifi  p i a  a ti odies agai st TTF  G G / , Dako/Agile t, Glost up, De a k , CDX  

DAK-CDX , Dako , toke ati   CK , OV-TL / , Dako , toke ati   CK , KS . , 

Neo a ke s, F ee o t, USA , p  DO- , Neo a ke s , ALK D F , Ro he-Ve ta a , -

e B /HER / eu HER , SP , Neo a ke s  e e used. Stai i g patte s e e u lea  fo  TTF  a d 

CDX  s o ed positi e e e  i  the p ese e of a eak ea ti it  a d fo  p  i  hi h a 

pe e tage highe  tha  % of stai ed ells as o side ed positi e ; toplas i  fo  CK  a d 

CK , a d e a ous fo  HER . ALK as s o ed positi e i  the p ese e of g a ula  toplas i  

stai i g a d positi e ases e e o fi ed  FISH a al sis usi g the FISH eak apa t p o e f o  

V sis A ott La o ato ies, A ott Pa k, Illi ois USA , as e o e ded .  
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Ge o i  DNA e t a tio , Ta geted Ne t-Ge e atio  Se ue i g a d Va ia t Calle  a d 

A otatio  - Ge o i  DNA gDNA  as o tai ed f o  FFPE tissues afte  a ual i o-disse tio  

i  i ed IMA ases, the u i ous o po e t as sele ti el  i o-disse ted  ith e i h e t 

fo  eoplasti  ellula it  at least % tu o  ells , as p e iousl  epo ted . T-NGS a al ses e e 

pe fo ed i   sa ples usi g the Io  To e t Pe so al Ge o e Ma hi e PGM, Life 

Te h ologies, G a d Isla d, USA  a d the -ge e Io  A plise  Ca e  Hotspot Pa el  Life 

Te h ologies , as p e iousl  epo ted . This pa el i ludes ge es k o  to pla  a p o i e t ole 

i  a i oge esis a oss se e al alig a ies a d/o  that a  e the apeuti all  ia le 

Supple e ta  Ta le S . Alig e t to hg  hu a  efe e e ge o e a d Va ia t Calli g 

i luded i  To e t Suite Soft a e .  as used to ide tif  a iatio s i  ta get egio s . Ta get 

egio s fo  utatio al a al sis a d RefSe  se ue es used fo  ge e a otatio s a e detailed i  

Supple e ta  Ta le S . All ge o e oo di ates a e hu a  ge o e uild GRCh /hg . 

 

Bioi fo ati s pipeli e a d e pe i e tal validatio  - A usto -desig ed ioi fo ati s pipeli e, 

as illust ated i  Supple e ta  Figu e , as used to a al ze ge eti  a ia ts. To i i ize the isk 

of alli g alte atio s de i ed f o  se ue i g e o s o  PCR- ased e i h e t a tifa ts, all eads 

ith a QC<  e e e luded f o  fu the  a al ses. The ge eti  alte atio s e e fu the  

a otated usi g the follo i g data ases: COSMIC e sio  , the Si gle Nu leotide 

Pol o phis  d SNPs uild , the  Ge o es P oje t G , the  e o es of the 

Natio al Hea t, Lu g a d Blood I stitute E o e Se ue i g P oje t a d the No -s o ous 

 light e sio  . . I  sili o a al ses e e a ied out to 

p edi t oth the a i o a id ha ges pote tiall  delete ious o  p otei  fu tio  a d li i al 

i pli atio s of ge eti  alte atio s ot p e iousl  ide tified  ea s of SIFT So ti g I tole a t 

F o  Tole a t  a d Pol Phe -  Pol o phis  Phe ot pi g  algo ith s. Mat hed ge -li e DNA 
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sa ples e e ot a aila le fo  pa allel se ue i g a al sis. Esta lished tools a  a u atel  all 

so ati  a ia ts he  at hed o al a d tu o  sa ples a e se ue ed, ut o gold sta da d 

ethod is u e tl  a aila le i  the a se e of at hi g ge -li e DNA data. The efo e, the 

dis i i atio  of likel  ge -li e o  likel  so ati  a ia ts as pe fo ed ased o  a it a  

ite ia. K o  pol o phis s e o ded i  the a o e e tio ed pu li  pol o phis s data ases 

e e e o ed f o  the a al sis . We the  applied a st i ge t i i u  a ia t ead f e ue  

utoff of % fo  all a didate alte atio s diffe e t f o  ell- ha a te ized k o  hotspots . 

Lastl , e la eled si gle- u leotide a ia ts of likel  ge -li e o igi  those a ia ts that follo ed 

the Ha d -Wei e g e uili iu  a d displa ed a  alleli  f e ue  eithe  i  the %- % a ge 

o  ea l  %. Whe eas e o side ed likel  so ati  alte atio s those a ia ts hose alleli  

f e ue  iolated the Ha d -Wei e g e uili iu , as p e iousl  des i ed . Whe  feasi le, 

se ue e a ia t o fi atio  of utatio s as pe fo ed  o e tio al et te h i ues 

i ludi g p o-se ue i g o  Sa ge  se ue i g, allele-spe ifi  PCR a d Real-Ti e PCR, as 

p e iousl  des i ed . 

 

Statisti al a al ses - Chi-s ua e , as app op iate, e e used to test the 

asso iatio  et ee  utatio s a d li i al - histologi al a ia les. Cohe  oeffi ie t as used to 

e aluate o o da e et ee  diffe e t tests. Fo  statisti al pu poses patie ts e e seg egated 

i to g oups ased o  the follo i g ite ia: a  p ese e of high o  lo  u e  of likel  so ati  

o -s o ous utatio s as defi ed  e plo i g as a ut-off the statisti al edia  alue of 

the dataset;  o e all ild t pe o  utated status, ased o  the p ese e of at least o e utatio  

i  a  gi e  ge e. Patie ts ithout e ide e of p og essi e disease at the a al sis e e 

o side ed e so ed at the ti e of the last follo -up. Media  follo -up ti e as  o ths 

a ge - . Media  o e all su i al OS  as defi ed as the ti e f o  diag osis to death fo  
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disease o  to date of the last follo  up. U i a iate a al ses of su i al e e pe fo ed ith 

Kapla -Meie  u es a d the sig ifi a e e ified  log- a k test. I  o de  to test the p og osti  

ole of the u e  of utatio s a d of othe  li i al-pathologi al a ia les  adjusted  stage, 

ulti a iate a al ses e e pe fo ed appl i g a Co  p opo tio al haza ds odel. All a al ses 

e e pe fo ed usi g G aphPad soft a e o  the e site http://statpages.o g/p ophaz.ht l. 

Multi a iate a al ses e e pe fo ed usi g S-Plus S-PLUS .  P ofessio al, elease ; I sightful 

Co po atio , Seattle, WA, USA . P alues of < .  e e o side ed statisti all  sig ifi a t. 

 

RESULTS 

Tissue sa ples a d li i al-pathologi al data - Fift -fou  ases of ese ted u i ous ADC  

IMA,  pu e a d  i ed a d  olloid p edo i a t, CPA  e e a al zed O assa o = ; 

Mode a = ; Reggio E ilia =  Ta le . Neithe  u i ous AIS o  MIA ases e e fou d. 

T o patie ts had s h o ous odules: o e patie t had t o diffe e t ilate al u i ous ADC 

odes, hile the othe  had t o sepa ate odes a u i ous ADC a d a o e tio al a i a  ADC  

i  the sa e lo e. No sig ifi a t o phologi al diffe e es e e fou d et ee  IMA a d CPA, ith 

the e eptio  of e t a ellula  u i  p= .  a d CDX  e p essio  p= .  that e e o e 

ep ese ted i  CPA, as e pe ted. Co e sel , i  the i ed IMA su g oup, a highe  p e ale e of 

as ula  i asio  p= . , p edo i a t i asi e g o th patte  p< . , sig et i g ells SRC  

p= . , l ph ode i ol e e t p= .  a d highe  stage p= .  as fou d. The p ese e 

of tuft g o th as sig ifi a tl  asso iated ith the la k of SRC o po e t p= . , ithout 

o elatio  ith a  su t pe. 

The i u ohisto he ist  p ofile as ha a te ized  a hete oge eous, ot utuall  e lusi e 

e p essio  of CK  %  a d CK  % , TTF  %  a d CDX  % . p  as e p essed i  

/  %  ases, a gi g f o  % to % of positi e ells. All ases e e egati e fo  HER , 
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hile t o %  i ed IMA sa ples e e positi e fo  ALK ea a ge e t i  the SRC o po e t, 

o fi ed also  FISH, see ate ials a d ethod se tio . 

 

T-NGS of u i ous ade o a i o a - A  ade uate li a  as o tai ed i  all ut t o of the  

p i a  tu o  sa ples a al zed  T-NGS. Afte  ead ualit  filte i g, appi g a d alig e t to 

efe e e ge o e hg , the edia  se ue i g depth esulted . A total of  ge eti  

a iatio s edia = , a ge -  e e ide tified eithe  i  e o i  a el  o -se se, 

s o ous, o  s o ous likel -ge i al a d o  s o ous likel -so ati  alte atio s  o  

egulato  egio s Figu e A . The p edo i a t u leotide ha ges e e C:G T:A t a sitio s, 

o siste t ith p e ious ADC ge o i s data , ith o sig ifi a t diffe e e a o g i di idual 

ge es Figu e B .  

We ele ted to fo us o   utatio s leadi g to a p otei  ha ge i.e. o  s o ous a d 

o se se utatio s , as these a e o e likel  to pla  a ausati e ole i  tu o ige esis a d 

ep ese t the apeuti  ul e a ilities. As detailed i  the Methods, e fu the  atego ized all o -

s o ous a ia ts i to likel  so ati  e.g. tu o -spe ifi  o  likel  ge -li e ased o  p io  

a otatio  i  pu li  pol o phis  data ases a d thei  alleli  f e ue  Supple e ta  Ta les S  

a d S . The u e  of o -s o ous utatio s o side ed to e tu o -spe ifi  as  

edia =  pe  sa ple, a ge f o   to . These a ia ts e e dist i uted a oss  diffe e t 

ge es a d e e fou d i   sa ples % ith at least o e utatio  Figu e . Ni e ases %  

 hi h e e -   did ot ha o  a  likel  so ati  utatio s i  the set of 

se ue ed ge es, although o e of these ases p ese ted a  ALK ea a ge e t  FISH a al sis. 

So ati all  utated ge es luste ed ai l  i  fou  sig ali g path a s ith the highest 

p e ale e of utatio s i  the MAP ki ase % , t osi e ki ase %  a d DNA epai  %  

path a s. 
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KRAS as the ost o o l  utated ge e a d utatio s e e o se ed i  /  %  

sa ples. Nea  all utatio s affe ted gl i e at positio   a d e e o fi ed  

p ose ue i g. TP5  as the se o d ost utated ge e / , % , ai l  ith isse se o  

I Del ha ges ith a o se ue t loss of p otei  fu tio . I  fou  ases, o -se se utatio s ith 

a p e atu e stop- odo  e pe ted to do - egulate p otei  le els as dete ted. All TP5  

utatio s e e alidated  Sa ge  se ue i g.  

Si  out of the se e  EGFR si gle u leotide a ia ts e e of u e tai  iologi al a d/o  

the apeuti  ele a e G S, E K, D N, V M, R C, A T . Ho e e , a de ovo T M 

utatio , k o  to o fe  esista e to t osi e ki ase i hi ito s, as dete ted i  o e sa ple. 

We fou d likel -so ati  utatio s of PIK CA i  se e  tu o s, ost of hi h a e k o  e 

o oge i   ases ith E K,  Q H,  A V,  M I,  G S  a d ould ha e 

i pli atio s fo  ta geted the ap . T o sa ples ha o ed the R H hotspot utatio  i  IDH  

that has ee  fou d to d i e tu o ige esis i  glio lasto a a d e tai  he atologi al 

alig a ies a d fo  hi h li i al i hi ito s a e ei g de eloped . We also dete ted o e ase 

a i g a PDGFRA a ia t of u k o  fu tio  ut affe ti g the t osi e ki ase do ai  G S , 

as ell as KIT utatio s i  si  tu o s  V I,  L F,  P S  of u e tai  fu tio al ele a e 

a d ot p e iousl  asso iated ith li i al espo se to ta geted the ap . 

 

TP /p  ge ot pe/phe ot pe a al sis - I u ohisto he ist  fo  p  as pe fo ed as a 

su ogate of alidatio  of the TP5  utatio al status, si e a st o g positi e u lea  stai i g is 

o side ed to e the phe ot pi  ou te pa t of ge eti  alte atio s . I  ou  se ies, p  as 

e p essed i  /  ases %  ith a ia le i te sit  a d a hete oge eous patte  of dist i utio  

i  tu o  a eas a gi g f o   to % of positi e ells, hile i  /  ases %  esulted 

o pletel  egati e o  ith fe  fo al positi e tu o  ells. The o se ed i t a-tu o al 
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hete oge eit  of p  i u ostai i g a  i pli ate that TP5  utatio s ould e p ese t i  a 

f a tio  of tu o  ells. To test this h pothesis, e assessed the p edi ted fu tio al ele a e of 

all TP5  ge e utatio s o u i g at a  alleli  f e ue  of at least %, i di ati g thei  possi le 

su lo al o igi . O e all, a o g p  positi e ases,  ha o ed isse se utatio s a d  e e 

WT i  the se ue ed egio s. O  the othe  ha d i  the p  egati e g oup,  ases ha o ed 

do i a t egati e utatio s,  sho ed o se se utatio s a d  ases e e ild-t pe o  ith 

ot-fu tio al a ia ts. A sig ifi a t o elatio  p= .  a d a ode ate o o da e Cohe  

oeffi ie t k alue= .  et ee  the t o tests e e thus o se ed Supple e ta  Figu e .  

 

Mole ula  to li i al-pathologi al o elatio s - Co elati e a al ses et ee  ole ula  data a d 

li i al-pathologi  a ia les a e su a ized i  Supple e ta  Ta le S . Tuft g o th as the o l  

featu e sig ifi a tl  asso iated ith a highe  so ati  o -s o ous u e  of utatio s 

p= . . Nota l , tuft g o th as fou d i  /  sa ples displa i g at least o e utatio  i  a  

ge e p= .  a d o e of the  ild- displa ed tuft g o th. 

Rathe , these sa ples la ki g utatio s p ese ted ith a highe  pathologi al stage %  a d all 

e e IMA % , o e f e ue tl  of the i ed su t pe % . The  also had lesse  as ula  

i asio  %  a d TTF  positi it  % . I te esti gl , ases ith at least o e utatio  i  a  

ge e e e ost o o l  asso iated ith a la k of TTF  e p essio  / , % . The sa e 

i u ohisto he i al patte  as also dete ted i  KRAS utated ases / , % , e e  if the 

asso iatio  as ot statisti all  sig ifi a t Supple e ta  Ta le S . Fu the o e, KRAS utated 

ases e e asso iated ith a lo  pathologi al stage % , a se e of l ph ode i ol e e t 

% , lo  SRC o po e t % , p ese e of tuft g o th %  a d a se e of p  p otei  

e p essio  %  Supple e ta  Ta le S .  
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Su vival a al ses - At u i a iate a al sis s oki g status p= . , pathologi al highe  stage 

p= . , i ed IMA su t pe p= . , p edo i a t i asi e g o th patte  p= . , as ula  

i asio  p= . , a d p ese e of SRC p= .  e e p edi ti e of poo  su i al, togethe  ith 

KRAS a d TP5  ild t pe status. Si e the edia  u e  of o -s o ous likel  so ati  

alte atio s as , this as hose  as a  a it a  ut-off alue to di ide patie ts i  t o atego ies 

ased o  the u e  of utatio s. The su set of patie ts displa i g o e tha  o e so ati  o -

s o ous utatio s i  thei  tu o s N=  had a sig ifi a tl  ette  o e all su i al edia  

o e all su i al ot ea hed  o pa ed to ases sho i g -  utatio s  o ths, HR . , % 

CI .  to . , p< . , Figu e . Whe  the p og osti  ole of the u e  of utatio s as 

tested i  a ulti a iate a al sis i ludi g stage of disease, u e  of utatio s e ai ed 

i depe de tl  p edi ti e of o e all su i al HR . , % CI .   . , p= . .   

 

DISCUSSION  

Mu i ous lu g ADCs ha e ee  asso iated ith poo  e u e e-f ee su i al a d ad e se 

p og osis, as the disease ofte  p ese ts ith i i al o  isleadi g li i al s pto s a d 

ultifo al hete oge eous u ese ta le lesio s , . I  this stud , e e plo ed the pathologi al 

ha a te isti s a d the ge eti  p ofile of  u i - i h ADC of the lu g ith the ai  of u eili g 

ge ot pe-phe ot pe elatio s a d ide tif i g li i all  alua le a ke s.  

No sig ifi a tl  diffe e t li i al-pathologi al featu es o  su i al out o e e e fou d et ee  

IMA a d CPA su g oups ith the e eptio  of the p ese e  defi itio  of e t a ellula  u i  

i  % of CPA p= . . Co pa ed to o e tio al ADC, lu g IMAs a e asso iated ith a o se 

p og osis  a d a e less se siti e to he othe ap . I  the p ese t stud , e failed to 

de o st ate sig ifi a t diffe e es i  o e all su i al et ee  IMA a d CPA e ause of the 

e t e el  li ited u e  of the latte , a e  a e su t pe . O  the othe  ha d, the pu e 
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u i ous IMA su g oup as sig ifi a tl  asso iated ith ette  su i al he  o pa ed to the 

i ed o e. Pu e IMA sa ples p ese ted fa o a le featu es su h as the lepidi  g o th patte , the 

a se e of as ula  i asio , SRC o po e t, a d l ph ode i ol e e t, as ell as 

pathologi al stage I. I  the a se e of othe  high-g ade o phologi al featu es, e ould ot 

st atif  the u e t se ies of u i ous ADC i to p og osti all  ele a t g adi g- ased su g oups. 

Ou  o se atio s take i to o side atio  the fa t that lu g u i ous ADCs e e judged u suita le 

fo  i lusio  i  the e e tl  p oposed g adi g s ste s ased o  a hite tu al a d tologi al 

featu es , , . Ne e theless, the p ese e of tufts as dist i uted i  all the histologi al atego ies 

a al zed eithe  CPA, pu e IMA o  i ed IMA  at e  high pe e tage %, %, %, 

espe ti el , he eas the p ese e of sig et i g ells o u ed at lo  f e ue , f o  % to 

% i  ou  se ies, possi l  suggesti g that the tufts ould e a spe ifi  hall a k of this tu o  t pe. 

Fu the o e, tuft g o th as also sig ifi a tl  asso iated ith the p ese e of highe  u e  of 

so ati  utatio s, thus o fi i g fo  su h tu o  t pe- the i po ta e of this spe ifi  

to o phologi al featu e, hi h is also dete ta le i  s all o e iopsies . 

A li itatio  of this stud  is the la k of at hed ge -li e DNA, hi h has p e e ted us f o  

o fi i g the so ati  atu e of the ge eti  a ia ts ide tified  T-NGS. Ho e e , e a efull  

e ie ed all a ia ts taki g i to o side atio  oth thei  alleli  f e ue  a d a otatio  i  

pol o phis  data ases to i i ize the isk of alli g false-positi e so ati  utatio s. This 

a al sis has et ie ed a list of  likel  so ati  tu o -spe ifi  utatio s, ith a edia  alue of 

t o utatio s pe  sa ple, a d KRAS utatio s lea l  do i ated the utatio al la ds ape of 

u i ous ADC. KRAS is the ost f e ue tl  utated o oge e i  ale, s oke  a d o -Asia  

lu g ADC patie ts % to %  a d asso iated to the u i ous ADC su t pe ith o t o e sial 

li i al ele a e , , . Co siste tl  ith ea lie  epo ts, utatio s e e dete ted i  % ases 

i ludi g % of CPA a d % of IMAs . We fou d that KRAS utatio s a e sig ifi a tl  
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asso iated ith l ph ode egati it , a se e of SRC a d p ese e of tufts. Fu the o e, i  ou  

se ies, the p ese e of KRAS utatio s as asso iated ith ette  o e all su i al at u i a iate 

a al sis HR . , %CI . - . , p= . . Ho e e , as e tio ed i  the esults, KRAS 

utatio s e e sig ifi a tl  o e o o  i  stage I patie ts o pa ed to patie ts ith o e 

ad a ed disease. I  the Co  odel adjusted  stage of disease, KRAS utatio  as ot a  

i depe de t p og osti  fa to  HR . , %CI . - . , p= . .  

TP5  as the se o d ost o o l  alte ed ge e ith a p e ale e of %. Spe ifi all , e 

dete ted se e al TP5  utatio s ith a k o  do i a t egati e fu tio  a d othe  less 

o o  utatio s of the t u ati g t pe, hi h a e usuall  asso iated to a se e of p otei  

e p essio . This fi di g ould e plai  the elati el  good o o da e et ee  p  

i u o ea ti it  a d the TP5  ge eti  status. Ou  esults a e appa e tl  o fli ti g ith those of 

Shi  a d olleagues, ho epo ted a sig ifi a tl  lo e  p e ale e of TP5  utatio s . A 

pote tial e pla atio  fo  this dis epa  ould lie i  the fa t that the  a al zed  NGS o l  

tu o s k o  to e KRAS ild-t pe  Sa ge  se ue i g, hile e se ue ed a la ge  oho t 

that i luded all tu o s i espe ti e of KRAS ge ot pi g. I deed, /  TP5  uta t ases also 

ha o ed KRAS utatio s. Othe  diffe e es et ee  these studies i lude the spe ifi  ge es 

a d/o  the e o s se ue ed i  the espe ti e pa els Supple e ta  Ta le S ; as ell as patie t 

eth i  o igi , si e Shi et al., a al zed a oho t o posed of oth Cau asia  a d East Asia  

patie ts a d ou  stud  o l  i luded Cau asia  i di iduals. Fi all , diffe e tl  f o  the oho t 

a al zed  Shi  a d olleagues, i  this stud  the ajo it  of patie ts e e s oke s, a d so e of 

the dete ted ge eti  alte atio s a e o e o o l  epo ted i  s oki g- elated tu o s.  

No e of the e a i ed tu o  sa ples sho ed positi e i u ostai i g of HER , a ge e highl  

e p essed i  u i ous KRAS ild t pe ases displa i g the CD -NRG  fusio  p odu t , . This 

ight i di e tl  suggest the a se e of CD -NRG  ge e alte atio s i  ou  dataset. Ne e theless, 
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e a k o ledge that ge e ea a ge e ts othe  tha  ALK e e ot i estigated i  this stud . 

Fu the  a al ses a e the efo e a a ted i  this di e tio , si e a e e t stud  has ide tified 

e u e t ge e fusio s i pli ated i  the pathoge esis of KRAS ild-t pe u i ous lu g ADC .  

App o i atel  half of the sa ples / , %  e e egati e fo  TTF  e p essio . This ould 

i di e tl  poi t out at a pi otal ole of NKX -  the ge e e odi g fo  TTF  i  tu o ige esis of 

u i ous pul o a  ADC, as suggested  p e ious studies , , . 

Ge ot pi g of u i ous ADC sa ples ould e eal i di idual patie ts ho ight e efit f o  

ta geted the apeuti  i te e tio . We fou d se e  ases a i g PIK CA o oge i  utatio s 

ith a  o e all p e ale e of % that is highe  tha  the % /  ases  epo ted  Shi  a d 

olleagues ea lie  this ea . PIK CA status ight e used to sele t patie ts pote tiall  espo si e 

to PI K i hi ito s i  li i al t ials , . Ho e e , all PIK CA utated tu o s o-ha o ed KRAS 

utatio s, hi h a  e det i e tal i  sho i g si gle age t a ti it  of PI K/AKT/ TOR a is 

i hi ito s . O e all, i  ou  stud  e i estigated a highl  o phologi all  sele ted se ies of 

i odisse ted u i ous ADC ases ith a ge eti  p ofile hi h diffe s f o  that of o e tio al 

ADC: the utatio  p e ale e a d the p ese e of TP5  a d PI KCA ge eti  a o alities ould 

suggest a pa tial o e lap ith ge eti  p ofile of s ua ous a i o a . 

Note o th , e dete ted the hotspot IDH  R H o oge i  utatio  i  t o sa ples. IDH  has 

ee  p oposed as a plas a io a ke  fo  the diag osis of lu g ADCs  a d the pha a ologi al 

i hi itio  of the uta t e z e has ee  sho  to lo k the s thesis of R-

-h d o gluta ate, i du i g a titu o  effe ts i  glio a p e li i al odels . Although li i al 

studies a e still i  a  ea l  phase, a sele ti e uta t IDH  i hi ito  alled AG-  has e e tl  

sho  a ti it  i  patie ts affe ted  IDH - uta t hae atologi al alig a ies . No data a e 

a aila le a out the a ti it  of AG-  i  IDH-  uta t lu g a e  patie ts, ut IDH  utatio s 

ha e ee  epo ted to o u  i  . % lu g ADCs , . Ne e theless, i  ou  se ies, oth IDH  utated 
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tu ou s o-ha o ed KRAS utatio s a d sho ed a high u e  of utatio s, aisi g autio  o  

the fu tio al ele a e of IDH  as a d i e  of tu o ige esis i  these pa ti ula  ases. The 

o se ed EGFR utatio s o u ed outside the -spots e o s  a d  that 

o fe  EGFR-TK i hi ito  se siti it , .  

We epo t that patie ts a i g tu o s ith a highe  u e  of likel  so ati  o  s o ous 

alte atio s ight ha e a ette  p og osis, e e  he  adjusted  stage of disease. Ho e e , this 

fi di g ust e i te p eted ith autio , gi e  the li ited u e  of se ue ed ge es a d the 

s all u e  of e e ts a aila le fo  p og osti  a al sis. The u e  of utatio s i  a a e  

sa ple a  also i fo  t eat e t hoi e. I deed, a e e t stud  has sho  that a highe  

o s o ous utatio  u de  i  NSCLC is asso iated ith i eased eo-a tige  fo atio  

a d li i al e efit f o  i u othe ap .  

We a k o ledge that ou  stud  has se ue ed o l  a s all po tio  of the a e  ge o e. I  

o de  to d a  a o e detailed ole ula  la ds ape of lu g ADC, futu e studies should i o po ate 

e o e se ue i g a d t a s ipto e a al sis of a la ge se ies of sa ples to u eil i te -tu o al 

a d possi l  i t a-tu o al  ge o i  hete oge eit .  

I  o lusio , o el so ati  utatio s e e ide tified i  u i ous lu g ade o a i o a a d the 

utatio  f e ue  of alte ed ge es e e o elated ith li i al-pathologi al data. So e of the 

ide tified ge es a  e ta kled  spe ifi  ta geted the apies. While p e li i al studies a e eeded 

to assess the ole of these ge e alte atio s as o oge e d i e s, the li ited the apeuti  

pe fo a e of toto i  he othe ap  i  patie ts ith u i ous o  olloid ADC ep ese ts the 

a kg ou d fo  pi otal studies to e o du ted i  tu o s ha o i g o e o  o e of the u e tl  

epo ted ge e alte atio s. 
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FIGURE LEGENDS  

Figu e . Rep ese tative o phologi al patte s of  u i ous ADC he ato ili  a d eosi  

stai s . A  Pu e IMA u i ous featu es - u i ous 

ADC o po e t; C  u i ous ADC ith a u da t e t a ellula  u i  > % of the tu o ; D  CPA 

sho i g u ous-pools li ed  olu a  tu o  ells; E  Mu i ous ADC ith tuft g o th i se t: 

high po e  field of u hes o  s all luste s of eoplasti  u i ous ells atta hed to the al eola  

all ; F  Sig et i g ells o po e t ells ith la ge i t a ellula  u i  d ops a d pe iphe al 

u lei displa ed to a d o e e d of the toplas . 

Figu e . Total of ge eti  va iatio s i   u i ous ADC. A  total ge eti  a iatio s ide tified 

a el  o -se se, o  s o ous likel -ge i al, o  s o ous likel -so ati  a d 

s o ous alte atio s  fo  ea h se ue ed tu o  i  e o i  o  egulato  egio s. B  Dist i utio  

of u leotide ha ges. A e iatio s: S : s o ous; LG: likel  ge i al; LS: likel  so ati  

Figu e . Dist i utio  of tu o -spe ifi  so ati  o -s o ous utatio s. A  Heat ap of the 

tu o  spe ifi  so ati  utatio s ide tified fo   u i ous ADC sa ples i  ea h ge e, luste ed 

a o di g to spe ifi  sig ali g path a s A e iatio s: *a sa ple as o side ed to ha o  a 

o ple  utatio  he  a  I Del as dete ted o o ita t ith poi t utatio s; RTK: Re epto  

T osi e Ki ases . B  Histog a  of the u e  of sa ple fo  ea h utated ge e. 

Figu e . Kapla -Meie  su vival u ves fo  patie ts seg egated a o di g to the u e  of o -

s o ous likel  so ati  alte atio s. O e all su i al i  tu o s ith >  utatio  ou t N=  

o pa ed to tu o s ith -  utatio s N=  HR . , % CI .  to . , log- a k p< . . 
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TABLE . Cli i al pathologi al hara teristi s of  pri ar  lu g u i ous ade o ar i o a 

tu or sa ples. 

Para eter Total #  
%  

IMA#  
%  

CPA #  
%  

IMA #   
Pure #  

%  
Mixed # 8 

%  p-value 

Age, ea  ra ge    
-  

  
-  

  
-  

 -   -   

Se        
Male           ns Fe ale           
S oki g ha it       
No          ns Yes           
Vas ular I asio        
Yes          .  No           
Gro th Patter        
Predo i a t lepidi  
Predo i a t i vasive 

  
  

  
  

  
 

  
 

  
  

< 
.  

E tra ellular u i        
Prese e           ns A se e          
Tufts       
Prese e           ns A se e           
Sig et ri g ell 
features 

      

Prese e          .  A se e           
pT       
pT            ns pT - -            
pN       
pN            .  pN - -           
Stage       
I           . 6 II-III-IV           
Status       
Alive 
Dead 

  
  

  
  

  
  

  
  

  
  ns 

Mea  OS o ths    NR   ns 
TTF-  IHC       
Positive           ns Negative           



CK7       
Positive          - Negative      
CDX-        
Positive           ns Negative           
CK        
Positive 
Negative 

  
  

  
  

  
  

  
  

  
  ns 

p        
Positive 
Negative 

  
  

  
  

  
  

 
 

 
 ns 

 

A re iatio s: IMA: I asi e Mu i ous Ade o ar i o a; OS: o erall sur i al, WT: ild type; MUT: 

utated. 

 










