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ABSTRACT 

MuĐiŶ-ƌiĐh luŶg adeŶoĐaƌĐiŶoŵas ;ADCͿ, ŶaŵelǇ ŵuĐiŶous aŶd Đolloid ADC, aƌe Đlassified as ADC 

ǀaƌiaŶts aĐĐoƌdiŶg to the WHO ϮϬϭϱ ĐlassifiĐatioŶ. A ĐoƌƌelatioŶ ďetǁeeŶ ŵoƌphologiĐal patteƌŶs 

aŶd ŵutatioŶal status of these ƌaƌe eŶtities is Ŷot ǁell estaďlished. We iŶǀestigated the ŵutatioŶal 

pƌofile of ŵuĐiŶ-ƌiĐh luŶg ADC iŶ ĐoƌƌelatioŶ ǁith histopathologiĐ aŶd ŵoƌphologiĐal featuƌes ǁith 

the goal of ideŶtifǇiŶg ďiologiĐal tuŵoƌ ĐhaƌaĐteƌistiĐs of poteŶtial pƌogŶostiĐ aŶd theƌapeutiĐ 

iŶteƌest. A seƌies of ϱϰ suƌgiĐallǇ ƌeseĐted pƌiŵaƌǇ ŵuĐiŶous luŶg ADC saŵples ǁas ƌetƌospeĐtiǀelǇ 

aŶalǇzed foƌ ĐliŶiĐal-pathologiĐal ĐhaƌaĐteƌistiĐs aŶd ďǇ taƌgeted Neǆt-GeŶeƌatioŶ SeƋueŶĐiŶg. 

FiftǇ Đases ǁeƌe iŶǀasiǀe ŵuĐiŶous ;IMA, ϯϮ puƌe aŶd ϭϴ ŵiǆedͿ aŶd ϰ ǁeƌe Đolloid pƌedoŵiŶaŶt 

ADC ;CPAͿ. IMA Đases ǁith puƌe ŵuĐiŶous patteƌŶ ǁeƌe assoĐiated to a loǁeƌ ƌisk of ǀasĐulaƌ 

iŶǀasioŶ ;p=Ϭ.ϬϭͿ, aďseŶĐe of sigŶet ƌiŶg Đell ;p=Ϭ.ϬϯͿ, Ŷegatiǀe Ŷodal status ;p=Ϭ.ϬϬϲͿ aŶd eaƌlǇ 

ĐliŶiĐal stage ;p=Ϭ.ϬϮͿ. The ŵost pƌeǀaleŶt ŵutatioŶs iŶǀolǀed KRAS aŶd TP5ϯ geŶes. The ŵajoƌitǇ 

of ŵutatioŶs Đlusteƌed iŶ the MAP-AKT kiŶase ;KRAS, PIKϯCA, STKϭϭ, PTEN, AKTϭ, HRAS, BRAFͿ aŶd 

the pϱϯ/DNA ƌepaiƌ ;TP5ϯ, CDKNϮA, ATM, RBϭͿ pathǁaǇs. A feǁ uŶĐoŵŵoŶ EGFR ŵutatioŶs ǁeƌe 

fouŶd. A ĐoƌƌelatioŶ ďetǁeeŶ a higheƌ Ŷuŵďeƌ of ŵutatioŶs aŶd faǀoƌaďle ĐliŶiĐal outĐoŵe ǁas 

seeŶ ;p<Ϭ.ϬϬϭͿ. Ouƌ data shoǁed that ŵuĐiŶous ADCs haǀe peĐuliaƌ pathologiĐal aŶd ŵoleĐulaƌ 

featuƌes that ŵight iŵplǇ a diffeƌeŶtiallǇ tailoƌed theƌapeutiĐ appƌoaĐh Đoŵpaƌed to ĐoŶǀeŶtioŶal 

luŶg ADC. 

 

KEY WORDS: luŶg, ŵuĐiŶous adeŶoĐaƌĐiŶoŵa, Ŷeǆt geŶeƌatioŶ seƋueŶĐiŶg, ŵutatioŶ
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INTRODUCTION 

MuĐiŶous luŶg adeŶoĐaƌĐiŶoŵas ;ADCͿ aĐĐouŶt foƌ Ϯ-ϭϬ% of all luŶg ADCs. Based oŶ a pƌoposal 

fƌoŵ the IŶteƌŶatioŶal AssoĐiatioŶ foƌ the StudǇ oŶ LuŶg CaŶĐeƌϭ, the WHO has ƌeĐeŶtlǇ Đlassified 

luŶg ADCs aĐĐoƌdiŶg to theiƌ iŶǀasiǀe ĐapaĐitǇ, pƌedoŵiŶaŶt aƌĐhiteĐtuƌal patteƌŶ aŶd aŵouŶt of 

ŵuĐiŶ pƌoduĐtioŶϮ. SpeĐifiĐallǇ, a distiŶĐtioŶ ďetǁeeŶ iŶǀasiǀe ADC of ĐoŶǀeŶtioŶal tǇpe aŶd its 

ǀaƌiaŶts, ǁhiĐh iŶĐlude iŶǀasiǀe ŵuĐiŶous ADC ;IMAͿ aŶd Đolloid ADC, ǁas ŵade. AŶ alteƌŶatiǀe 

ĐlassifiĐatioŶ of luŶg ADCs Đlassifies these tuŵoƌs iŶto teƌŵiŶal-ƌespiƌatoƌǇ-uŶit ;TRUͿ aŶd ŶoŶ

TRU tǇpes oŶ the ďasis of distiŶĐt ŵoƌphologiĐal featuƌesϯ, ϰ. LuŶg ŵuĐiŶous ADCs ďeloŶg ŵostlǇ to 

the ŶoŶ-TRU tǇpe gƌoup, as theǇ oƌigiŶate fƌoŵ the ďƌoŶĐhial epitheliuŵ oƌ suďŵuĐosal glaŶds, 

aŶd eǆhiďit a gastƌiĐ-ŵuĐiŶ pheŶotǇpe aŶd a pooƌeƌ pƌogŶosis thaŶ TRU tǇpe ADCsϱ.  

Despite these effoƌts of ƌe-ĐlassifiĐatioŶ, ŵuĐiŶous ADCs pƌeseŶt a heteƌogeŶeous speĐtƌuŵ of 

ŵoƌphologiĐal patteƌŶsϲ,ϳ aŶd, poteŶtiallǇ, a high degƌee of ŵoleĐulaƌ heteƌogeŶeitǇ Đould dƌiǀe 

the oďseƌǀed histologiĐal diffeƌeŶĐes, ďut feǁ studies haǀe speĐifiĐallǇ addƌessed this hǇpothesis. 

IŶdeed, ǁhile the pƌeǀaleŶĐe aŶd tǇpe of g iŶ ĐoŶǀeŶtioŶal ADC 

haǀe ďeeŶ ǁell ĐhaƌaĐteƌizedϴ, sĐaŶt iŶfoƌŵatioŶ is aǀailaďle aďout iŶǀasiǀe ŵuĐiŶous ADC 

ǀaƌiaŶts. Most of the aǀailaďle studies that iŶĐluded all tǇpes of ADC aŶd eŵploǇed loǁ seŶsitiǀe 

aŶd siŶgle-geŶe teĐhŶologies, haǀe estaďlished that KRAS ŵutatioŶs oĐĐuƌ iŶ ϲϭ% aŶd ϭϱ% of 

iŶǀasiǀe ŵuĐiŶous aŶd Đolloid ADCs, ƌespeĐtiǀelǇϵ,ϭϬ aŶd aƌe assoĐiated ǁith pooƌ pƌogŶosis aŶd 

laĐk of ƌespoŶse to ĐheŵotheƌapǇϭϭ. KRAS ŵutatioŶs haǀe ďeeŶ ƌepoƌted to ofteŶ Đo-oĐĐuƌ ǁith 

CDKNϮA/B iŶaĐtiǀatioŶ aŶd loǁ eǆpƌessioŶ of the ThǇƌoid TƌaŶsĐƌiptioŶ FaĐtoƌ ϭ ;TTFϭͿϭϮ, although 

the ĐliŶiĐal iŵpliĐatioŶs of these fiŶdiŶgs ƌeŵaiŶ to ďe fullǇ eluĐidatedϭϯ. A ƌeĐeŶt studǇ has 

ideŶtified a CDϳϰ-NRGϭ geŶe fusioŶ as a Ŷoǀel dƌiǀeƌ iŶ the ĐaƌĐiŶogeŶesis of iŶǀasiǀe ŵuĐiŶous 

ADC. Hoǁeǀeƌ, these fusioŶs pƌeseŶt at a loǁ pƌeǀaleŶĐe ;<ϭϬ%Ϳ aŶd aƌe ĐoŶfiŶed to KRAS ǁild-

tǇpe Đasesϭϰ. Moƌe ƌeĐeŶtlǇ, Shiŵ aŶd Đolleagues haǀe peƌfoƌŵed taƌgeted NGS foƌ geŶe fusioŶs 
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aŶd ŵutatioŶs iŶ ϯϬ ŵuĐiŶous ADC saŵples pƌeǀiouslǇ fouŶd to ďe KRAS ǁild-tǇpe ďǇ SaŶgeƌ 

seƋueŶĐiŶg. TheǇ desĐƌiďed a laƌge Ŷuŵďeƌ of geŶe fusioŶs, uŶeǆpeĐtedlǇ iŶfƌeƋueŶt TP5ϯ 

ŵutatioŶs aŶd aŶ oǀeƌall loǁ Ŷuŵďeƌ of ŵutatioŶs, ǁithout sigŶifiĐaŶt diffeƌeŶĐes iŶ teƌŵs of age, 

geŶdeƌ, sŵokiŶg status aŶd stage Đoŵpaƌed to KRAS ŵutated Đasesϭϱ. 

Based oŶ the laĐk of Đoŵplete aŶd uŶaŶiŵous iŶfoƌŵatioŶ oŶ the ĐliŶiĐal-pathologiĐal aŶd 

ŵoleĐulaƌ ĐhaƌaĐteƌistiĐs of pulŵoŶaƌǇ ŵuĐiŶ-ƌiĐh ADC, ǁe ƌetƌospeĐtiǀelǇ peƌfoƌŵed a detailed 

ŵoƌphologiĐal aŶalǇsis of ŵuĐiŶous ĐhaƌaĐteƌistiĐs aŶd taƌgeted Neǆt-GeŶeƌatioŶ SeƋueŶĐiŶg ;T-

NGSͿ of ϱϬ geŶes iŶ ϱϰ ƌeseĐted ŵuĐiŶous ADC saŵples ;iƌƌespeĐtiǀe of theiƌ KRAS geŶotǇpeͿ iŶ 

oƌdeƌ to iŶǀestigate geŶotǇpe-pheŶotǇpe ƌelatioŶships aŶd ideŶtifǇ ŵoleĐulaƌ alteƌatioŶs of 

poteŶtial pƌogŶostiĐ aŶd theƌapeutiĐ iŶteƌest. 

 

MATERIALS AND METHODS 

PatieŶts aŶd tissue saŵples  A ĐoŶseĐutiǀe seƌies of suƌgiĐallǇ ƌeseĐted pƌiŵaƌǇ iŶǀasiǀe luŶg 

ADC ǁith ŵuĐiŶous featuƌes, diagŶosed iŶ CauĐasiaŶ patieŶts fƌoŵ Apƌil ϮϬϬϯ to DeĐeŵďeƌ ϮϬϭϯ, 

ǁas ƌetƌospeĐtiǀelǇ ĐolleĐted at thƌee IŶstitutioŶs ;SaŶ Luigi Hospital, OƌďassaŶo, ToƌiŶo; 

PoliĐliŶiĐo Hospital, ModeŶa; SaŶta Maƌia Nuoǀa Hospital, Reggio EŵiliaͿ. All Đases ǁeƌe ĐeŶtƌallǇ 

ƌeǀieǁed ďǇ thƌee pathologists ;LR, MP aŶd GRͿ aĐĐoƌdiŶg to the ϮϬϭϱ WHO luŶg adeŶoĐaƌĐiŶoŵa 

ĐlassifiĐatioŶϮ. StudǇ iŶĐlusioŶ Đƌiteƌia ǁeƌe the pƌeseŶĐe of a ŵuĐiŶous patteƌŶ ;i.e. IMA aŶd 

Đolloid ADC, ǁhile eŶteƌiĐ ADC Đases ǁeƌe eǆĐludedͿ, the laĐk of a pƌioƌ ŶoŶ-luŶg ƌelated ĐaŶĐeƌ 

diagŶosis, the pƌeseŶĐe of aĐĐuƌate ĐliŶiĐal folloǁ-up data, as ǁell as the aǀailaďilitǇ of ƌesidual 

tissue foƌ geŶetiĐ aŶalǇses. PatieŶts ǁeƌe staged aĐĐoƌdiŶg to the AŵeƌiĐaŶ JoiŶt Coŵŵittee oŶ 

CaŶĐeƌ TNM StagiŶg MaŶualϭϲ. The IŶstitutioŶal Reǀieǁ Boaƌd appƌoǀed the studǇ. All saŵples 

ǁeƌe de-ideŶtified aŶd Đases aŶoŶǇŵized ďǇ a pathologǇ staff ŵeŵďeƌ Ŷot iŶǀolǀed iŶ the studǇ. 

CliŶiĐal paƌaŵeteƌs ǁeƌe Đoŵpaƌed aŶd aŶalǇzed thƌough Đoded data.  
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MoƌphologiĐal aŶalǇsis - HeŵatoǆǇliŶ-eosiŶ staiŶed slides of eaĐh tuŵoƌ ǁeƌe ƌeǀieǁed. The 

folloǁiŶg histologiĐal paƌaŵeteƌs ǁeƌe assessed ;Figuƌe ϭͿ: aͿ the pƌeseŶĐe of a ŶoŶ-ŵuĐiŶous 

ĐoŵpoŶeŶt, that segƌegated the IMA gƌoup iŶto pure ;ŵuĐiŶous featuƌes ŵiǆed; iŶ the 

ŵiǆed Đases the pƌedoŵiŶaŶt patteƌŶ of ĐoŶǀeŶtioŶal ADC ǁas also ƌeĐoƌded; ďͿ the pƌeseŶĐe of 

eǆtraĐellular ŵuĐiŶ that ǁas ƌeĐoƌded ǁheŶ oďseƌǀed iŶ >ϭϬ% of the tuŵoƌ; ĐͿ the eǆteŶt of tufts 

;ďuŶĐhes oƌ sŵall Đlusteƌs of ŶeoplastiĐ ŵuĐiŶous Đells attaĐhed to the alǀeolaƌ ǁall, ĐloselǇ at the 

ďase aŶd loose at the uppeƌ eŶdsͿ sĐoƌed as peƌĐeŶtage ;usiŶg a Đut-off 

pƌeseŶĐe oƌ aďseŶĐe of tuftsͿ; dͿ the pƌeseŶĐe of >ϱ% of sigŶet ƌiŶg Đells ;SRCͿ ĐoŵpoŶeŶt, 

ĐhaƌaĐteƌized ďǇ Đells ǁith laƌge iŶtƌaĐellulaƌ ŵuĐiŶ dƌops aŶd peƌipheƌal ŶuĐlei displaĐed toǁaƌd 

oŶe eŶd of the ĐǇtoplasŵ.  

 

IŵŵuŶohistoĐheŵistƌǇ - FoƌŵaliŶ fiǆed paƌaffiŶ eŵďedded ;FFPEͿ tuŵoƌ tissue ďloĐk aŶd 

staŶdaƌd autoŵated iŵŵuŶostaiŶeƌ ;BeŶĐhMaƌk, VeŶtaŶa MediĐal SǇsteŵ, TuĐsoŶ, USAͿ ǁeƌe 

used. SpeĐifiĐ pƌiŵaƌǇ aŶtiďodies agaiŶst TTFϭ ;ϴGϳGϯ/ϭ, Dako/AgileŶt, Glostƌup, DeŶŵaƌkͿ, CDXϮ 

;DAK-CDXϮ, DakoͿ, ĐǇtokeƌatiŶ ϳ ;CKϳ, OV-TL ϭϮ/ϯϬ, DakoͿ, ĐǇtokeƌatiŶ ϮϬ ;CKϮϬ, KSϮϬ.ϴ, 

Neoŵaƌkeƌs, FƌeeŵoŶt, USAͿ, pϱϯ ;DO-ϳ, NeoŵaƌkeƌsͿ, ALK ;DϱFϯ, RoĐhe-VeŶtaŶaͿ, Đ-

eƌďBϮ/HERϮ/Ŷeu ;HERϮ, SPϯ, NeoŵaƌkeƌsͿ ǁeƌe used. StaiŶiŶg patteƌŶs ǁeƌe ŶuĐleaƌ foƌ TTFϭ aŶd 

CDXϮ ;sĐoƌed positiǀe eǀeŶ iŶ the pƌeseŶĐe of a ǁeak ƌeaĐtiǀitǇͿ aŶd foƌ pϱϯ ;iŶ ǁhiĐh a 

peƌĐeŶtage higheƌ thaŶ ϱ% of staiŶed Đells ǁas ĐoŶsideƌed positiǀeͿ; ĐǇtoplasŵiĐ foƌ CKϳ aŶd 

CKϮϬ, aŶd ŵeŵďƌaŶous foƌ HERϮ. ALK ǁas sĐoƌed positiǀe iŶ the pƌeseŶĐe of gƌaŶulaƌ ĐǇtoplasŵiĐ 

staiŶiŶg aŶd positiǀe Đases ǁeƌe ĐoŶfiƌŵed ďǇ FISH aŶalǇsis usiŶg the FISH ďƌeak apaƌt pƌoďe fƌoŵ 

VǇsis ;Aďďott Laďoƌatoƌies, Aďďott Paƌk, IlliŶois USAͿ, as ƌeĐoŵŵeŶdedϭϳ.  
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GeŶoŵiĐ DNA eǆtƌaĐtioŶ, Taƌgeted Neǆt-GeŶeƌatioŶ SeƋueŶĐiŶg aŶd VaƌiaŶt Calleƌ aŶd 

AŶŶotatioŶ - GeŶoŵiĐ DNA ;gDNAͿ ǁas oďtaiŶed fƌoŵ FFPE tissues afteƌ ŵaŶual ŵiĐƌo-disseĐtioŶ 

;iŶ ŵiǆed IMA Đases, the ŵuĐiŶous ĐoŵpoŶeŶt ǁas seleĐtiǀelǇ ŵiĐƌo-disseĐtedͿ ǁith eŶƌiĐhŵeŶt 

foƌ ŶeoplastiĐ ĐellulaƌitǇ ;at least ϱϬ% tuŵoƌ ĐellsͿ, as pƌeǀiouslǇ ƌepoƌtedϭϴ. T-NGS aŶalǇses ǁeƌe 

peƌfoƌŵed iŶ ϱϰ saŵples usiŶg the IoŶ ToƌƌeŶt PeƌsoŶal GeŶoŵe MaĐhiŶe ;PGM, Life 

TeĐhŶologies, GƌaŶd IslaŶd, USAͿ aŶd the ϱϬ-geŶe IoŶ AŵpliseƋ CaŶĐeƌ Hotspot PaŶel ǀϮ ;Life 

TeĐhŶologiesͿ, as pƌeǀiouslǇ ƌepoƌtedϭϴ. This paŶel iŶĐludes geŶes kŶoǁŶ to plaǇ a pƌoŵiŶeŶt ƌole 

iŶ ĐaƌĐiŶogeŶesis aĐƌoss seǀeƌal ŵaligŶaŶĐies aŶd/oƌ that ĐaŶ ďe theƌapeutiĐallǇ ǀiaďle 

;SuppleŵeŶtaƌǇ Taďle SϭͿ. AligŶŵeŶt to hgϭϵ huŵaŶ ƌefeƌeŶĐe geŶoŵe aŶd VaƌiaŶt CalliŶg 

iŶĐluded iŶ ToƌƌeŶt Suite Softǁaƌe ϰ.Ϭ ǁas used to ideŶtifǇ ǀaƌiatioŶs iŶ taƌget ƌegioŶsϭϴ. Taƌget 

ƌegioŶs foƌ ŵutatioŶal aŶalǇsis aŶd RefSeƋ seƋueŶĐes used foƌ geŶe aŶŶotatioŶs aƌe detailed iŶ 

SuppleŵeŶtaƌǇ Taďle Sϭ. All geŶoŵe ĐooƌdiŶates aƌe huŵaŶ geŶoŵe ďuild GRChϯϳ/hgϭϵ. 

 

BioiŶfoƌŵatiĐs pipeliŶe aŶd eǆpeƌiŵeŶtal validatioŶ - A Đustoŵ-desigŶed ďioiŶfoƌŵatiĐs pipeliŶe, 

as illustƌated iŶ SuppleŵeŶtaƌǇ Figuƌe ϭ, ǁas used to aŶalǇze geŶetiĐ ǀaƌiaŶts. To ŵiŶiŵize the ƌisk 

of ĐalliŶg alteƌatioŶs deƌiǀed fƌoŵ seƋueŶĐiŶg eƌƌoƌs oƌ PCR-ďased eŶƌiĐhŵeŶt aƌtifaĐts, all ƌeads 

ǁith a QC<ϯϬ ǁeƌe eǆĐluded fƌoŵ fuƌtheƌ aŶalǇses. The geŶetiĐ alteƌatioŶs ǁeƌe fuƌtheƌ 

aŶŶotated usiŶg the folloǁiŶg dataďases: COSMIC ;ǀeƌsioŶ ϳϬͿ, the SiŶgle NuĐleotide 

PolǇŵoƌphisŵ ;dďSNPs ďuild ϭϯϳͿ, the ϭϬϬϬ GeŶoŵes PƌojeĐt ;ϭϬϬϬGͿ, the ϲϱϬϬ eǆoŵes of the 

NatioŶal Heaƌt, LuŶg aŶd Blood IŶstitute Eǆoŵe SeƋueŶĐiŶg PƌojeĐt aŶd the NoŶ-sǇŶoŶǇŵous 

 light ǀeƌsioŶ ϭ.ϯͿ. IŶ siliĐo aŶalǇses ǁeƌe Đaƌƌied out to 

pƌediĐt ďoth the aŵiŶo aĐid ĐhaŶges poteŶtiallǇ deleteƌious oŶ pƌoteiŶ fuŶĐtioŶ aŶd ĐliŶiĐal 

iŵpliĐatioŶs of geŶetiĐ alteƌatioŶs Ŷot pƌeǀiouslǇ ideŶtified ďǇ ŵeaŶs of SIFT ;SoƌtiŶg IŶtoleƌaŶt 

Fƌoŵ ToleƌaŶtͿ aŶd PolǇPheŶ-Ϯ ;PolǇŵoƌphisŵ PheŶotǇpiŶgͿ algoƌithŵs. MatĐhed geƌŵ-liŶe DNA 
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saŵples ǁeƌe Ŷot aǀailaďle foƌ paƌallel seƋueŶĐiŶg aŶalǇsis. Estaďlished tools ĐaŶ aĐĐuƌatelǇ Đall 

soŵatiĐ ǀaƌiaŶts ǁheŶ ŵatĐhed Ŷoƌŵal aŶd tuŵoƌ saŵples aƌe seƋueŶĐed, ďut Ŷo gold staŶdaƌd 

ŵethod is ĐuƌƌeŶtlǇ aǀailaďle iŶ the aďseŶĐe of ŵatĐhiŶg geƌŵ-liŶe DNA data. Theƌefoƌe, the 

disĐƌiŵiŶatioŶ of likelǇ geƌŵ-liŶe oƌ likelǇ soŵatiĐ ǀaƌiaŶts ǁas peƌfoƌŵed ďased oŶ aƌďitƌaƌǇ 

Đƌiteƌia. KŶoǁŶ polǇŵoƌphisŵs ƌeĐoƌded iŶ the aďoǀe ŵeŶtioŶed puďliĐ polǇŵoƌphisŵs dataďases 

ǁeƌe ƌeŵoǀed fƌoŵ the aŶalǇsisϭϵ. We theŶ applied a stƌiŶgeŶt ŵiŶiŵuŵ ǀaƌiaŶt ƌead fƌeƋueŶĐǇ 

Đutoff of ϭϱ% foƌ all ĐaŶdidate alteƌatioŶs diffeƌeŶt fƌoŵ ǁell-ĐhaƌaĐteƌized kŶoǁŶ hotspotsϮϬ. 

LastlǇ, ǁe laďeled siŶgle-ŶuĐleotide ǀaƌiaŶts of likelǇ geƌŵ-liŶe oƌigiŶ those ǀaƌiaŶts that folloǁed 

the HaƌdǇ-Weiŵďeƌg eƋuiliďƌiuŵ aŶd displaǇed aŶ alleliĐ fƌeƋueŶĐǇ eitheƌ iŶ the ϰϱ%-ϱϱ% ƌaŶge 

oƌ ŶeaƌlǇ ϭϬϬ%. Wheƌeas ǁe ĐoŶsideƌed likelǇ soŵatiĐ alteƌatioŶs those ǀaƌiaŶts ǁhose alleliĐ 

fƌeƋueŶĐǇ ǀiolated the HaƌdǇ-Weiŵďeƌg eƋuiliďƌiuŵ, as pƌeǀiouslǇ desĐƌiďedϮϭ. WheŶ feasiďle, 

seƋueŶĐe ǀaƌiaŶt ĐoŶfiƌŵatioŶ of ŵutatioŶs ǁas peƌfoƌŵed ďǇ ĐoŶǀeŶtioŶal ǁet teĐhŶiƋues 

iŶĐludiŶg pǇƌo-seƋueŶĐiŶg oƌ SaŶgeƌ seƋueŶĐiŶg, allele-speĐifiĐ PCR aŶd Real-Tiŵe PCR, as 

pƌeǀiouslǇ desĐƌiďedϮϮ. 

 

StatistiĐal aŶalǇses - Chi-sƋuaƌe , as appƌopƌiate, ǁeƌe used to test the 

assoĐiatioŶ ďetǁeeŶ ŵutatioŶs aŶd ĐliŶiĐal - histologiĐal ǀaƌiaďles. CoheŶ ĐoeffiĐieŶt ǁas used to 

eǀaluate ĐoŶĐoƌdaŶĐe ďetǁeeŶ diffeƌeŶt tests. Foƌ statistiĐal puƌposes patieŶts ǁeƌe segƌegated 

iŶto gƌoups ďased oŶ the folloǁiŶg Đƌiteƌia: aͿ pƌeseŶĐe of high oƌ loǁ Ŷuŵďeƌ of likelǇ soŵatiĐ 

ŶoŶ-sǇŶoŶǇŵous ŵutatioŶs ǁas defiŶed ďǇ eŵploǇiŶg as a Đut-off the statistiĐal ŵediaŶ ǀalue of 

the dataset; ďͿ oǀeƌall ǁild tǇpe oƌ ŵutated status, ďased oŶ the pƌeseŶĐe of at least oŶe ŵutatioŶ 

iŶ aŶǇ giǀeŶ geŶe. PatieŶts ǁithout eǀideŶĐe of pƌogƌessiǀe disease at the aŶalǇsis ǁeƌe 

ĐoŶsideƌed ĐeŶsoƌed at the tiŵe of the last folloǁ-up. MediaŶ folloǁ-up tiŵe ǁas ϲϭ ŵoŶths 

;ƌaŶge ϰϭ-ϴϰͿ. MediaŶ oǀeƌall suƌǀiǀal ;OSͿ ǁas defiŶed as the tiŵe fƌoŵ diagŶosis to death foƌ 
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disease oƌ to date of the last folloǁ up. UŶiǀaƌiate aŶalǇses of suƌǀiǀal ǁeƌe peƌfoƌŵed ǁith 

KaplaŶ-Meieƌ Đuƌǀes aŶd the sigŶifiĐaŶĐe ǀeƌified ďǇ log-ƌaŶk test. IŶ oƌdeƌ to test the pƌogŶostiĐ 

ƌole of the Ŷuŵďeƌ of ŵutatioŶs ;aŶd of otheƌ ĐliŶiĐal-pathologiĐal ǀaƌiaďlesͿ adjusted ďǇ stage, 

ŵultiǀaƌiate aŶalǇses ǁeƌe peƌfoƌŵed applǇiŶg a Coǆ pƌopoƌtioŶal hazaƌds ŵodel. All aŶalǇses 

ǁeƌe peƌfoƌŵed usiŶg GƌaphPad softǁaƌe oƌ the ǁeďsite http://statpages.oƌg/pƌophaz.htŵl. 

Multiǀaƌiate aŶalǇses ǁeƌe peƌfoƌŵed usiŶg S-Plus ;S-PLUS ϲ.Ϭ PƌofessioŶal, ƌelease ϭ; IŶsightful 

CoƌpoƌatioŶ, Seattle, WA, USAͿ. P ǀalues of <Ϭ.Ϭϱ ǁeƌe ĐoŶsideƌed statistiĐallǇ sigŶifiĐaŶt. 

 

RESULTS 

Tissue saŵples aŶd ĐliŶiĐal-pathologiĐal data - FiftǇ-fouƌ Đases of ƌeseĐted ŵuĐiŶous ADC ;ϱϬ 

IMA, ϯϮ puƌe aŶd ϭϴ ŵiǆed aŶd ϰ Đolloid pƌedoŵiŶaŶt, CPAͿ ǁeƌe aŶalǇzed ;OƌďassaŶo Ŷ=ϯϱ; 

ModeŶa Ŷ=Ϯϭ; Reggio Eŵilia Ŷ=ϭϱͿ ;Taďle ϭͿ. Neitheƌ ŵuĐiŶous AIS Ŷoƌ MIA Đases ǁeƌe fouŶd. 

Tǁo patieŶts had sǇŶĐhƌoŶous Ŷodules: oŶe patieŶt had tǁo diffeƌeŶt ďilateƌal ŵuĐiŶous ADC 

Ŷodes, ǁhile the otheƌ had tǁo sepaƌate Ŷodes ;a ŵuĐiŶous ADC aŶd a ĐoŶǀeŶtioŶal aĐiŶaƌ ADCͿ 

iŶ the saŵe loďe. No sigŶifiĐaŶt ŵoƌphologiĐal diffeƌeŶĐes ǁeƌe fouŶd ďetǁeeŶ IMA aŶd CPA, ǁith 

the eǆĐeptioŶ of eǆtƌaĐellulaƌ ŵuĐiŶ ;p=Ϭ.ϬϯͿ aŶd CDXϮ eǆpƌessioŶ ;p=Ϭ.ϬϮͿ that ǁeƌe ŵoƌe 

ƌepƌeseŶted iŶ CPA, as eǆpeĐted. CoŶǀeƌselǇ, iŶ the ŵiǆed IMA suďgƌoup, a higheƌ pƌeǀaleŶĐe of 

ǀasĐulaƌ iŶǀasioŶ ;p=Ϭ.ϬϭͿ, pƌedoŵiŶaŶt iŶǀasiǀe gƌoǁth patteƌŶ ;p<Ϭ.ϬϬϬϭͿ, sigŶet ƌiŶg Đells ;SRCͿ 

;p=Ϭ.ϬϮͿ, lǇŵph Ŷode iŶǀolǀeŵeŶt ;p=Ϭ.ϬϬϲͿ aŶd higheƌ stage ;p=Ϭ.ϬϯͿ ǁas fouŶd. The pƌeseŶĐe 

of tuft gƌoǁth ǁas sigŶifiĐaŶtlǇ assoĐiated ǁith the laĐk of SRC ĐoŵpoŶeŶt ;p=Ϭ.ϬϰͿ, ǁithout 

ĐoƌƌelatioŶ ǁith aŶǇ suďtǇpe. 

The iŵŵuŶohistoĐheŵistƌǇ pƌofile ǁas ĐhaƌaĐteƌized ďǇ a heteƌogeŶeous, Ŷot ŵutuallǇ eǆĐlusiǀe 

eǆpƌessioŶ of CKϳ ;ϭϬϬ%Ϳ aŶd CKϮϬ ;ϰϴ%Ϳ, TTFϭ ;ϰϴ%Ϳ aŶd CDXϮ ;ϭϯ%Ϳ. pϱϯ ǁas eǆpƌessed iŶ 

Ϯϰ/ϱϰ ;ϰϰ%Ϳ Đases, ƌaŶgiŶg fƌoŵ ϱ% to ϰϬ% of positiǀe Đells. All Đases ǁeƌe Ŷegatiǀe foƌ HERϮ, 
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ǁhile tǁo ;ϰ%Ϳ ŵiǆed IMA saŵples ǁeƌe positiǀe foƌ ALK ƌeaƌƌaŶgeŵeŶt iŶ the SRC ĐoŵpoŶeŶt, 

;ĐoŶfiƌŵed also ďǇ FISH, see ŵateƌials aŶd ŵethod seĐtioŶͿ. 

 

T-NGS of ŵuĐiŶous adeŶoĐaƌĐiŶoŵa - AŶ adeƋuate liďƌaƌǇ ǁas oďtaiŶed iŶ all ďut tǁo of the ϱϰ 

pƌiŵaƌǇ tuŵoƌ saŵples aŶalǇzed ďǇ T-NGS. Afteƌ ƌead ƋualitǇ filteƌiŶg, ŵappiŶg aŶd aligŶŵeŶt to 

ƌefeƌeŶĐe geŶoŵe ;hgϭϵͿ, the ŵediaŶ seƋueŶĐiŶg depth ƌesulted ϯϰϴǆ. A total of ϴϯϳ geŶetiĐ 

ǀaƌiatioŶs ;ŵediaŶ=ϭϲ, ƌaŶge ϭ-ϯϵͿ ǁeƌe ideŶtified eitheƌ iŶ eǆoŶiĐ ;ŶaŵelǇ ŶoŶ-seŶse, 

sǇŶoŶǇŵous, ŶoŶ sǇŶoŶǇŵous likelǇ-geƌŵiŶal aŶd ŶoŶ sǇŶoŶǇŵous likelǇ-soŵatiĐ alteƌatioŶsͿ oƌ 

ƌegulatoƌǇ ƌegioŶs ;Figuƌe ϮAͿ. The pƌedoŵiŶaŶt ŶuĐleotide ĐhaŶges ǁeƌe C:G T:A tƌaŶsitioŶs, 

ĐoŶsisteŶt ǁith pƌeǀious ADC geŶoŵiĐs dataϴ, ǁith Ŷo sigŶifiĐaŶt diffeƌeŶĐe aŵoŶg iŶdiǀidual 

geŶes ;Figuƌe ϮBͿ.  

We eleĐted to foĐus oŶ Ϯϴϭ ŵutatioŶs leadiŶg to a pƌoteiŶ ĐhaŶge ;i.e. ŶoŶ sǇŶoŶǇŵous aŶd 

ŶoŶseŶse ŵutatioŶsͿ, as these aƌe ŵoƌe likelǇ to plaǇ a Đausatiǀe ƌole iŶ tuŵoƌigeŶesis aŶd 

ƌepƌeseŶt theƌapeutiĐ ǀulŶeƌaďilities. As detailed iŶ the Methods, ǁe fuƌtheƌ Đategoƌized all ŶoŶ-

sǇŶoŶǇŵous ǀaƌiaŶts iŶto likelǇ soŵatiĐ ;e.g. tuŵoƌ-speĐifiĐͿ oƌ likelǇ geƌŵ-liŶe ďased oŶ pƌioƌ 

aŶŶotatioŶ iŶ puďliĐ polǇŵoƌphisŵ dataďases aŶd theiƌ alleliĐ fƌeƋueŶĐǇ ;SuppleŵeŶtaƌǇ Taďles SϮ 

aŶd SϯͿ. The Ŷuŵďeƌ of ŶoŶ-sǇŶoŶǇŵous ŵutatioŶs ĐoŶsideƌed to ďe tuŵoƌ-speĐifiĐ ǁas ϭϵϬ 

;ŵediaŶ=Ϯ peƌ saŵple, ƌaŶge fƌoŵ ϭ to ϭϴͿ. These ǀaƌiaŶts ǁeƌe distƌiďuted aĐƌoss Ϯϲ diffeƌeŶt 

geŶes aŶd ǁeƌe fouŶd iŶ ϰϯ saŵples ;ϴϯ% ǁith at least oŶe ŵutatioŶͿ ;Figuƌe ϯͿ. NiŶe Đases ;ϭϳ%Ϳ 

 ǁhiĐh ǁeƌe -   did Ŷot haƌďoƌ aŶǇ likelǇ soŵatiĐ ŵutatioŶs iŶ the set of 

seƋueŶĐed geŶes, although oŶe of these Đases pƌeseŶted aŶ ALK ƌeaƌƌaŶgeŵeŶt ďǇ FISH aŶalǇsis. 

SoŵatiĐallǇ ŵutated geŶes Đlusteƌed ŵaiŶlǇ iŶ fouƌ sigŶaliŶg pathǁaǇs ǁith the highest 

pƌeǀaleŶĐe of ŵutatioŶs iŶ the MAP kiŶase ;ϰϭ%Ϳ, tǇƌosiŶe kiŶase ;Ϯϯ%Ϳ aŶd DNA ƌepaiƌ ;ϮϮ%Ϳ 

pathǁaǇs. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



Righi et al. 

11 
 

KRAS ǁas the ŵost ĐoŵŵoŶlǇ ŵutated geŶe aŶd ŵutatioŶs ǁeƌe oďseƌǀed iŶ ϯϳ/ϱϮ ;ϳϭ%Ϳ 

saŵples. Neaƌ all ŵutatioŶs affeĐted glǇĐiŶe at positioŶ ϭϮ aŶd ǁeƌe ĐoŶfiƌŵed ďǇ 

pǇƌoseƋueŶĐiŶg. TP5ϯ ǁas the seĐoŶd ŵost ŵutated geŶe ;Ϯϰ/ϱϮ, ϰϲ%Ϳ, ŵaiŶlǇ ǁith ŵisseŶse oƌ 

IŶDel ĐhaŶges ǁith a ĐoŶseƋueŶt loss of pƌoteiŶ fuŶĐtioŶ. IŶ fouƌ Đases, ŶoŶ-seŶse ŵutatioŶs ǁith 

a pƌeŵatuƌe stop-ĐodoŶ eǆpeĐted to doǁŶ-ƌegulate pƌoteiŶ leǀels ǁas deteĐted. All TP5ϯ 

ŵutatioŶs ǁeƌe ǀalidated ďǇ SaŶgeƌ seƋueŶĐiŶg.  

Siǆ out of the seǀeŶ EGFR siŶgle ŶuĐleotide ǀaƌiaŶts ǁeƌe of uŶĐeƌtaiŶ ďiologiĐal aŶd/oƌ 

theƌapeutiĐ ƌeleǀaŶĐe ;GϳϮϭS, EϳϰϲK, DϳϲϭN, VϳϲϱM, RϳϳϲC, AϴϳϭTͿ. Hoǁeǀeƌ, a de Ŷovo TϳϵϬM 

ŵutatioŶ, kŶoǁŶ to ĐoŶfeƌ ƌesistaŶĐe to tǇƌosiŶe kiŶase iŶhiďitoƌs, ǁas deteĐted iŶ oŶe saŵple. 

We fouŶd likelǇ-soŵatiĐ ŵutatioŶs of PIKϯCA iŶ seǀeŶ tuŵoƌs, ŵost of ǁhiĐh aƌe kŶoǁŶ ďe 

oŶĐogeŶiĐ ;Ϯ Đases ǁith EϱϰϮK, ϭ QϱϰϲH, ϭ AϭϬϮϬV, ϭ MϭϬϰϯI, ϭ GϭϬϰϵSͿ aŶd Đould haǀe 

iŵpliĐatioŶs foƌ taƌgeted theƌapǇ. Tǁo saŵples haƌďoƌed the RϭϯϮH hotspot ŵutatioŶ iŶ IDHϭ 

that has ďeeŶ fouŶd to dƌiǀe tuŵoƌigeŶesis iŶ glioďlastoŵa aŶd ĐeƌtaiŶ heŵatologiĐal 

ŵaligŶaŶĐies aŶd foƌ ǁhiĐh ĐliŶiĐal iŶhiďitoƌs aƌe ďeiŶg deǀelopedϮϯ. We also deteĐted oŶe Đase 

ĐaƌƌǇiŶg a PDGFRA ǀaƌiaŶt of uŶkŶoǁŶ fuŶĐtioŶ ďut affeĐtiŶg the tǇƌosiŶe kiŶase doŵaiŶ ;GϲϲϴSͿ, 

as ǁell as KIT ŵutatioŶs iŶ siǆ tuŵoƌs ;Ϯ VϱϯϬI, Ϯ LϱϳϲF, Ϯ PϱϳϳSͿ of uŶĐeƌtaiŶ fuŶĐtioŶal ƌeleǀaŶĐe 

aŶd Ŷot pƌeǀiouslǇ assoĐiated ǁith ĐliŶiĐal ƌespoŶse to taƌgeted theƌapǇ. 

 

TPϱϯ/pϱϯ geŶotǇpe/pheŶotǇpe aŶalǇsis - IŵŵuŶohistoĐheŵistƌǇ foƌ pϱϯ ǁas peƌfoƌŵed as a 

suƌƌogate of ǀalidatioŶ of the TP5ϯ ŵutatioŶal status, siŶĐe a stƌoŶg positiǀe ŶuĐleaƌ staiŶiŶg is 

ĐoŶsideƌed to ďe the pheŶotǇpiĐ ĐouŶteƌpaƌt of geŶetiĐ alteƌatioŶsϮϰ. IŶ ouƌ seƌies, pϱϯ ǁas 

eǆpƌessed iŶ Ϯϰ/ϱϮ Đases ;ϰϲ%Ϳ ǁith ǀaƌiaďle iŶteŶsitǇ aŶd a heteƌogeŶeous patteƌŶ of distƌiďutioŶ 

iŶ tuŵoƌ aƌeas ƌaŶgiŶg fƌoŵ ϱ to ϰϬ% of positiǀe Đells, ǁhile iŶ Ϯϴ/ϱϮ Đases ;ϱϰ%Ϳ ƌesulted 

ĐoŵpletelǇ Ŷegatiǀe oƌ ǁith feǁ foĐal positiǀe tuŵoƌ Đells. The oďseƌǀed iŶtƌa-tuŵoƌal 
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heteƌogeŶeitǇ of pϱϯ iŵŵuŶostaiŶiŶg ŵaǇ iŵpliĐate that TP5ϯ ŵutatioŶs Đould ďe pƌeseŶt iŶ a 

fƌaĐtioŶ of tuŵoƌ Đells. To test this hǇpothesis, ǁe assessed the pƌediĐted fuŶĐtioŶal ƌeleǀaŶĐe of 

all TP5ϯ geŶe ŵutatioŶs oĐĐuƌƌiŶg at aŶ alleliĐ fƌeƋueŶĐǇ of at least ϱ%, iŶdiĐatiŶg theiƌ possiďle 

suďĐloŶal oƌigiŶ. Oǀeƌall, aŵoŶg pϱϯ positiǀe Đases, ϭϳ haƌďoƌed ŵisseŶse ŵutatioŶs aŶd ϳ ǁeƌe 

WT iŶ the seƋueŶĐed ƌegioŶs. OŶ the otheƌ haŶd iŶ the pϱϯ Ŷegatiǀe gƌoup, ϱ Đases haƌďoƌed 

doŵiŶaŶt Ŷegatiǀe ŵutatioŶs, ϰ shoǁed ŶoŶseŶse ŵutatioŶs aŶd ϭϵ Đases ǁeƌe ǁild-tǇpe oƌ ǁith 

Ŷot-fuŶĐtioŶal ǀaƌiaŶts. A sigŶifiĐaŶt ĐoƌƌelatioŶ ;p= Ϭ.ϬϬϮͿ aŶd a ŵodeƌate ĐoŶĐoƌdaŶĐe ;CoheŶ 

ĐoeffiĐieŶt k ǀalue= Ϭ.ϱϯͿ ďetǁeeŶ the tǁo tests ǁeƌe thus oďseƌǀed ;SuppleŵeŶtaƌǇ Figuƌe ϮͿ.  

 

MoleĐulaƌ to ĐliŶiĐal-pathologiĐal ĐoƌƌelatioŶs - Coƌƌelatiǀe aŶalǇses ďetǁeeŶ ŵoleĐulaƌ data aŶd 

ĐliŶiĐal-pathologiĐ ǀaƌiaďles aƌe suŵŵaƌized iŶ SuppleŵeŶtaƌǇ Taďle Sϰ. Tuft gƌoǁth ǁas the oŶlǇ 

featuƌe sigŶifiĐaŶtlǇ assoĐiated ǁith a higheƌ soŵatiĐ ŶoŶ-sǇŶoŶǇŵous Ŷuŵďeƌ of ŵutatioŶs 

;p=Ϭ.ϬϭͿ. NotaďlǇ, tuft gƌoǁth ǁas fouŶd iŶ Ϯϳ/ϰϮ saŵples displaǇiŶg at least oŶe ŵutatioŶ iŶ aŶǇ 

geŶe ;p=Ϭ.ϬϬϬϮͿ aŶd ŶoŶe of the  ǁild- displaǇed tuft gƌoǁth. 

Ratheƌ, these saŵples laĐkiŶg ŵutatioŶs pƌeseŶted ǁith a higheƌ pathologiĐal stage ;ϲϳ%Ϳ aŶd all 

ǁeƌe IMA ;ϭϬϬ%Ϳ, ŵoƌe fƌeƋueŶtlǇ of the ŵiǆed suďtǇpe ;ϲϳ%Ϳ. TheǇ also had lesseƌ ǀasĐulaƌ 

iŶǀasioŶ ;ϳϴ%Ϳ aŶd TTFϭ positiǀitǇ ;ϳϴ%Ϳ. IŶteƌestiŶglǇ, Đases ǁith at least oŶe ŵutatioŶ iŶ aŶǇ 

geŶe ǁeƌe ŵost ĐoŵŵoŶlǇ assoĐiated ǁith a laĐk of TTFϭ eǆpƌessioŶ ;Ϯϱ/ϰϯ, ϱϴ%Ϳ. The saŵe 

iŵŵuŶohistoĐheŵiĐal patteƌŶ ǁas also deteĐted iŶ KRAS ŵutated Đases ;Ϯϭ/ϯϳ, ϱϳ%Ϳ, eǀeŶ if the 

assoĐiatioŶ ǁas Ŷot statistiĐallǇ sigŶifiĐaŶt ;SuppleŵeŶtaƌǇ Taďle SϰͿ. Fuƌtheƌŵoƌe, KRAS ŵutated 

Đases ǁeƌe assoĐiated ǁith a loǁ pathologiĐal stage ;ϱϳ%Ϳ, aďseŶĐe of lǇŵph Ŷode iŶǀolǀeŵeŶt 

;ϵϱ%Ϳ, loǁ SRC ĐoŵpoŶeŶt ;ϴϵ%Ϳ, pƌeseŶĐe of tuft gƌoǁth ;ϲϴ%Ϳ aŶd aďseŶĐe of pϱϯ pƌoteiŶ 

eǆpƌessioŶ ;ϲϴ%Ϳ ;SuppleŵeŶtaƌǇ Taďle SϰͿ.  
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Suƌvival aŶalǇses - At uŶiǀaƌiate aŶalǇsis sŵokiŶg status ;p=Ϭ.ϬϯͿ, pathologiĐal higheƌ stage 

;p=Ϭ.ϬϬϬϲͿ, ŵiǆed IMA suďtǇpe ;p=Ϭ.ϬϯͿ, pƌedoŵiŶaŶt iŶǀasiǀe gƌoǁth patteƌŶ ;p=Ϭ.ϬϮͿ, ǀasĐulaƌ 

iŶǀasioŶ ;p=Ϭ.ϬϬϱͿ, aŶd pƌeseŶĐe of SRC ;p=Ϭ.ϬϱͿ ǁeƌe pƌediĐtiǀe of pooƌ suƌǀiǀal, togetheƌ ǁith 

KRAS aŶd TP5ϯ ǁild tǇpe status. SiŶĐe the ŵediaŶ Ŷuŵďeƌ of ŶoŶ-sǇŶoŶǇŵous likelǇ soŵatiĐ 

alteƌatioŶs ǁas ϭ, this ǁas ĐhoseŶ as aŶ aƌďitƌaƌǇ Đut-off ǀalue to diǀide patieŶts iŶ tǁo Đategoƌies 

ďased oŶ the Ŷuŵďeƌ of ŵutatioŶs. The suďset of patieŶts displaǇiŶg ŵoƌe thaŶ oŶe soŵatiĐ ŶoŶ-

sǇŶoŶǇŵous ŵutatioŶs iŶ theiƌ tuŵoƌs ;N= ϮϵͿ had a sigŶifiĐaŶtlǇ ďetteƌ oǀeƌall suƌǀiǀal ;ŵediaŶ 

oǀeƌall suƌǀiǀal Ŷot ƌeaĐhedͿ Đoŵpaƌed to Đases shoǁiŶg Ϭ-ϭ ŵutatioŶs ;ϯϰ ŵoŶths, HR Ϭ.Ϯϭ, ϵϱ% 

CI Ϭ.Ϭϴ to Ϭ.ϱϰ, p<Ϭ.ϬϬϭ, Figuƌe ϰͿ. WheŶ the pƌogŶostiĐ ƌole of the Ŷuŵďeƌ of ŵutatioŶs ǁas 

tested iŶ a ŵultiǀaƌiate aŶalǇsis iŶĐludiŶg stage of disease, Ŷuŵďeƌ of ŵutatioŶs ƌeŵaiŶed 

iŶdepeŶdeŶtlǇ pƌediĐtiǀe of oǀeƌall suƌǀiǀal ;HR Ϭ.ϯϳ, ϵϱ% CI Ϭ.ϭϰ  Ϭ.ϵϵ, p=Ϭ.ϬϰϴͿ.   

 

DISCUSSION  

MuĐiŶous luŶg ADCs haǀe ďeeŶ assoĐiated ǁith pooƌ ƌeĐuƌƌeŶĐe-fƌee suƌǀiǀal aŶd adǀeƌse 

pƌogŶosis, as the disease ofteŶ pƌeseŶts ǁith ŵiŶiŵal oƌ ŵisleadiŶg ĐliŶiĐal sǇŵptoŵs aŶd 

ŵultifoĐal heteƌogeŶeous uŶƌeseĐtaďle lesioŶsϮϱ,Ϯϲ. IŶ this studǇ, ǁe eǆploƌed the pathologiĐal 

ĐhaƌaĐteƌistiĐs aŶd the geŶetiĐ pƌofile of ϱϰ ŵuĐiŶ-ƌiĐh ADC of the luŶg ǁith the aiŵ of uŶǀeiliŶg 

geŶotǇpe-pheŶotǇpe ƌelatioŶs aŶd ideŶtifǇiŶg ĐliŶiĐallǇ ǀaluaďle ŵaƌkeƌs.  

No sigŶifiĐaŶtlǇ diffeƌeŶt ĐliŶiĐal-pathologiĐal featuƌes oƌ suƌǀiǀal outĐoŵe ǁeƌe fouŶd ďetǁeeŶ 

IMA aŶd CPA suďgƌoups ǁith the eǆĐeptioŶ of the pƌeseŶĐe ;ďǇ defiŶitioŶͿ of eǆtƌaĐellulaƌ ŵuĐiŶ 

iŶ ϭϬϬ% of CPA ;p=Ϭ.ϬϯͿ. Coŵpaƌed to ĐoŶǀeŶtioŶal ADC, luŶg IMAs aƌe assoĐiated ǁith a ǁoƌse 

pƌogŶosisϮϳ aŶd aƌe less seŶsitiǀe to ĐheŵotheƌapǇϮϴ. IŶ the pƌeseŶt studǇ, ǁe failed to 

deŵoŶstƌate sigŶifiĐaŶt diffeƌeŶĐes iŶ oǀeƌall suƌǀiǀal ďetǁeeŶ IMA aŶd CPA ďeĐause of the 

eǆtƌeŵelǇ liŵited Ŷuŵďeƌ of the latteƌ, a ǀeƌǇ ƌaƌe suďtǇpeϭϬ. OŶ the otheƌ haŶd, the puƌe 
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ŵuĐiŶous IMA suďgƌoup ǁas sigŶifiĐaŶtlǇ assoĐiated ǁith ďetteƌ suƌǀiǀal ǁheŶ Đoŵpaƌed to the 

ŵiǆed oŶe. Puƌe IMA saŵples pƌeseŶted faǀoƌaďle featuƌes suĐh as the lepidiĐ gƌoǁth patteƌŶ, the 

aďseŶĐe of ǀasĐulaƌ iŶǀasioŶ, SRC ĐoŵpoŶeŶt, aŶd lǇŵph Ŷode iŶǀolǀeŵeŶt, as ǁell as 

pathologiĐal stage I. IŶ the aďseŶĐe of otheƌ high-gƌade ŵoƌphologiĐal featuƌes, ǁe Đould Ŷot 

stƌatifǇ the ĐuƌƌeŶt seƌies of ŵuĐiŶous ADC iŶto pƌogŶostiĐallǇ ƌeleǀaŶt gƌadiŶg-ďased suďgƌoups. 

Ouƌ oďseƌǀatioŶs take iŶto ĐoŶsideƌatioŶ the faĐt that luŶg ŵuĐiŶous ADCs ǁeƌe judged uŶsuitaďle 

foƌ iŶĐlusioŶ iŶ the ƌeĐeŶtlǇ pƌoposed gƌadiŶg sǇsteŵs ďased oŶ aƌĐhiteĐtuƌal aŶd ĐǇtologiĐal 

featuƌesϮϵ,ϯϬ,ϯϭ. Neǀeƌtheless, the pƌeseŶĐe of tufts ǁas distƌiďuted iŶ all the histologiĐal Đategoƌies 

aŶalǇzed ;eitheƌ CPA, puƌe IMA oƌ ŵiǆed IMAͿ at ǀeƌǇ high peƌĐeŶtage ;ϳϱ%, ϵϰ%, ϳϮ%, 

ƌespeĐtiǀelǇͿ, ǁheƌeas the pƌeseŶĐe of sigŶet ƌiŶg Đells oĐĐuƌƌed at loǁ fƌeƋueŶĐǇ, fƌoŵ ϮϮ% to 

Ϯϴ% iŶ ouƌ seƌies, possiďlǇ suggestiŶg that the tufts Đould ďe a speĐifiĐ hallŵaƌk of this tuŵoƌ tǇpe. 

Fuƌtheƌŵoƌe, tuft gƌoǁth ǁas also sigŶifiĐaŶtlǇ assoĐiated ǁith the pƌeseŶĐe of higheƌ Ŷuŵďeƌ of 

soŵatiĐ ŵutatioŶs, thus ĐoŶfiƌŵiŶg foƌ suĐh tuŵoƌ tǇpe- the iŵpoƌtaŶĐe of this speĐifiĐ 

ĐǇtoŵoƌphologiĐal featuƌe, ǁhiĐh is also deteĐtaďle iŶ sŵall Đoƌe ďiopsiesϯϮ. 

A liŵitatioŶ of this studǇ is the laĐk of ŵatĐhed geƌŵ-liŶe DNA, ǁhiĐh has pƌeǀeŶted us fƌoŵ 

ĐoŶfiƌŵiŶg the soŵatiĐ Ŷatuƌe of the geŶetiĐ ǀaƌiaŶts ideŶtified ďǇ T-NGS. Hoǁeǀeƌ, ǁe ĐaƌefullǇ 

ƌeǀieǁed all ǀaƌiaŶts takiŶg iŶto ĐoŶsideƌatioŶ ďoth theiƌ alleliĐ fƌeƋueŶĐǇ aŶd aŶŶotatioŶ iŶ 

polǇŵoƌphisŵ dataďases to ŵiŶiŵize the ƌisk of ĐalliŶg false-positiǀe soŵatiĐ ŵutatioŶs. This 

aŶalǇsis has ƌetƌieǀed a list of ϭϵϬ likelǇ soŵatiĐ tuŵoƌ-speĐifiĐ ŵutatioŶs, ǁith a ŵediaŶ ǀalue of 

tǁo ŵutatioŶs peƌ saŵple, aŶd KRAS ŵutatioŶs ĐleaƌlǇ doŵiŶated the ŵutatioŶal laŶdsĐape of 

ŵuĐiŶous ADC. KRAS is the ŵost fƌeƋueŶtlǇ ŵutated oŶĐogeŶe iŶ ŵale, sŵokeƌ aŶd ŶoŶ-AsiaŶ 

luŶg ADC patieŶts ;ϱ% to ϰϬ%Ϳ aŶd assoĐiated to the ŵuĐiŶous ADC suďtǇpe ǁith ĐoŶtƌoǀeƌsial 

ĐliŶiĐal ƌeleǀaŶĐeϵ,ϯϯ,ϯϰ. CoŶsisteŶtlǇ ǁith eaƌlieƌ ƌepoƌts, ŵutatioŶs ǁeƌe deteĐted iŶ ϳϭ% Đases 

;iŶĐludiŶg ϭϬϬ% of CPA aŶd ϳϳ% of IMAsͿϵ. We fouŶd that KRAS ŵutatioŶs aƌe sigŶifiĐaŶtlǇ 
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assoĐiated ǁith lǇŵph Ŷode ŶegatiǀitǇ, aďseŶĐe of SRC aŶd pƌeseŶĐe of tufts. Fuƌtheƌŵoƌe, iŶ ouƌ 

seƌies, the pƌeseŶĐe of KRAS ŵutatioŶs ǁas assoĐiated ǁith ďetteƌ oǀeƌall suƌǀiǀal at uŶiǀaƌiate 

aŶalǇsis ;HR Ϭ.ϯϭ, ϵϱ%CI Ϭ.ϭϮ-Ϭ.ϳϵ, p=Ϭ.ϬϬϵͿ. Hoǁeǀeƌ, as ŵeŶtioŶed iŶ the ƌesults, KRAS 

ŵutatioŶs ǁeƌe sigŶifiĐaŶtlǇ ŵoƌe ĐoŵŵoŶ iŶ stage I patieŶts Đoŵpaƌed to patieŶts ǁith ŵoƌe 

adǀaŶĐed disease. IŶ the Coǆ ŵodel adjusted ďǇ stage of disease, KRAS ŵutatioŶ ǁas Ŷot aŶ 

iŶdepeŶdeŶt pƌogŶostiĐ faĐtoƌ ;HR Ϭ.ϱϳ, ϵϱ%CI Ϭ.Ϯϭ-ϭ.ϱϯ, p=Ϭ.ϮϳͿ.  

TP5ϯ ǁas the seĐoŶd ŵost ĐoŵŵoŶlǇ alteƌed geŶe ǁith a pƌeǀaleŶĐe of ϰϲ%. SpeĐifiĐallǇ, ǁe 

deteĐted seǀeƌal TP5ϯ ŵutatioŶs ǁith a kŶoǁŶ doŵiŶaŶt Ŷegatiǀe fuŶĐtioŶ aŶd otheƌ less 

ĐoŵŵoŶ ŵutatioŶs of the tƌuŶĐatiŶg tǇpe, ǁhiĐh aƌe usuallǇ assoĐiated to aďseŶĐe of pƌoteiŶ 

eǆpƌessioŶ. This fiŶdiŶg Đould eǆplaiŶ the ƌelatiǀelǇ good ĐoŶĐoƌdaŶĐe ďetǁeeŶ pϱϯ 

iŵŵuŶoƌeaĐtiǀitǇ aŶd the TP5ϯ geŶetiĐ status. Ouƌ ƌesults aƌe appaƌeŶtlǇ ĐoŶfliĐtiŶg ǁith those of 

Shiŵ aŶd Đolleagues, ǁho ƌepoƌted a sigŶifiĐaŶtlǇ loǁeƌ pƌeǀaleŶĐe of TP5ϯ ŵutatioŶsϭϱ. A 

poteŶtial eǆplaŶatioŶ foƌ this disĐƌepaŶĐǇ Đould lie iŶ the faĐt that theǇ aŶalǇzed ďǇ NGS oŶlǇ 

tuŵoƌs kŶoǁŶ to ďe KRAS ǁild-tǇpe ďǇ SaŶgeƌ seƋueŶĐiŶg, ǁhile ǁe seƋueŶĐed a laƌgeƌ Đohoƌt 

that iŶĐluded all tuŵoƌs iƌƌespeĐtiǀe of KRAS geŶotǇpiŶg. IŶdeed, ϭϴ/Ϯϰ TP5ϯ ŵutaŶt Đases also 

haƌďoƌed KRAS ŵutatioŶs. Otheƌ diffeƌeŶĐes ďetǁeeŶ these studies iŶĐlude the speĐifiĐ geŶes 

aŶd/oƌ the eǆoŶs seƋueŶĐed iŶ the ƌespeĐtiǀe paŶels ;SuppleŵeŶtaƌǇ Taďle SϱͿ; as ǁell as patieŶt 

ethŶiĐ oƌigiŶ, siŶĐe Shi et al., aŶalǇzed a Đohoƌt Đoŵposed of ďoth CauĐasiaŶ aŶd East AsiaŶ 

patieŶts aŶd ouƌ studǇ oŶlǇ iŶĐluded CauĐasiaŶ iŶdiǀiduals. FiŶallǇ, diffeƌeŶtlǇ fƌoŵ the Đohoƌt 

aŶalǇzed ďǇ Shiŵ aŶd Đolleagues, iŶ this studǇ the ŵajoƌitǇ of patieŶts ǁeƌe sŵokeƌs, aŶd soŵe of 

the deteĐted geŶetiĐ alteƌatioŶs aƌe ŵoƌe ĐoŵŵoŶlǇ ƌepoƌted iŶ sŵokiŶg-ƌelated tuŵoƌs.  

NoŶe of the eǆaŵiŶed tuŵoƌ saŵples shoǁed positiǀe iŵŵuŶostaiŶiŶg of HERϮ, a geŶe highlǇ 

eǆpƌessed iŶ ŵuĐiŶous KRAS ǁild tǇpe Đases displaǇiŶg the CDϳϰ-NRGϭ fusioŶ pƌoduĐtϭϰ,ϯϱ. This 

ŵight iŶdiƌeĐtlǇ suggest the aďseŶĐe of CDϳϰ-NRGϭ geŶe alteƌatioŶs iŶ ouƌ dataset. Neǀeƌtheless, 
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ǁe aĐkŶoǁledge that geŶe ƌeaƌƌaŶgeŵeŶts otheƌ thaŶ ALK ǁeƌe Ŷot iŶǀestigated iŶ this studǇ. 

Fuƌtheƌ aŶalǇses aƌe theƌefoƌe ǁaƌƌaŶted iŶ this diƌeĐtioŶ, siŶĐe a ƌeĐeŶt studǇ has ideŶtified 

ƌeĐuƌƌeŶt geŶe fusioŶs iŵpliĐated iŶ the pathogeŶesis of KRAS ǁild-tǇpe ŵuĐiŶous luŶg ADCϭϱ.  

AppƌoǆiŵatelǇ half of the saŵples ;Ϯϳ/ϱϮ, ϱϮ%Ϳ ǁeƌe Ŷegatiǀe foƌ TTFϭ eǆpƌessioŶ. This Đould 

iŶdiƌeĐtlǇ poiŶt out at a piǀotal ƌole of NKXϮ-ϭ ;the geŶe eŶĐodiŶg foƌ TTFϭͿ iŶ tuŵoƌigeŶesis of 

ŵuĐiŶous pulŵoŶaƌǇ ADC, as suggested ďǇ pƌeǀious studiesϯϲ,ϯϳ,ϯϴ. 

GeŶotǇpiŶg of ŵuĐiŶous ADC saŵples Đould ƌeǀeal iŶdiǀidual patieŶts ǁho ŵight ďeŶefit fƌoŵ 

taƌgeted theƌapeutiĐ iŶteƌǀeŶtioŶ. We fouŶd seǀeŶ Đases ĐaƌƌǇiŶg PIKϯCA oŶĐogeŶiĐ ŵutatioŶs 

ǁith aŶ oǀeƌall pƌeǀaleŶĐe of ϭϯ% that is higheƌ thaŶ the ϯ% ;ϭ/ϯϬ ĐasesͿ ƌepoƌted ďǇ Shiŵ aŶd 

Đolleagues eaƌlieƌ this Ǉeaƌϭϱ. PIKϯCA status ŵight ďe used to seleĐt patieŶts poteŶtiallǇ ƌespoŶsiǀe 

to PIϯK iŶhiďitoƌs iŶ ĐliŶiĐal tƌialsϯϵ,ϰϬ. Hoǁeǀeƌ, all PIKϯCA ŵutated tuŵoƌs Đo-haƌďoƌed KRAS 

ŵutatioŶs, ǁhiĐh ŵaǇ ďe detƌiŵeŶtal iŶ shoǁiŶg siŶgle ageŶt aĐtiǀitǇ of PIϯK/AKT/ŵTOR aǆis 

iŶhiďitoƌsϰϭ. Oǀeƌall, iŶ ouƌ studǇ ǁe iŶǀestigated a highlǇ ŵoƌphologiĐallǇ seleĐted seƌies of 

ŵiĐƌodisseĐted ŵuĐiŶous ADC Đases ǁith a geŶetiĐ pƌofile ǁhiĐh diffeƌs fƌoŵ that of ĐoŶǀeŶtioŶal 

ADC: the ŵutatioŶ pƌeǀaleŶĐe aŶd the pƌeseŶĐe of TP5ϯ aŶd PIϯKCA geŶetiĐ aďŶoƌŵalities Đould 

suggest a paƌtial oǀeƌlap ǁith geŶetiĐ pƌofile of sƋuaŵous ĐaƌĐiŶoŵaϰϮ. 

NoteǁoƌthǇ, ǁe deteĐted the hotspot IDHϭ RϭϯϮH oŶĐogeŶiĐ ŵutatioŶ iŶ tǁo saŵples. IDHϭ has 

ďeeŶ pƌoposed as a plasŵa ďioŵaƌkeƌ foƌ the diagŶosis of luŶg ADCsϰϯ aŶd the phaƌŵaĐologiĐal 

iŶhiďitioŶ of the ŵutaŶt eŶzǇŵe has ďeeŶ shoǁŶ to ďloĐk the sǇŶthesis of R-

Ϯ-hǇdƌoǆǇglutaƌate, iŶduĐiŶg aŶtituŵoƌ effeĐts iŶ glioŵa pƌeĐliŶiĐal ŵodelsϮϯ. Although ĐliŶiĐal 

studies aƌe still iŶ aŶ eaƌlǇ phase, a seleĐtiǀe ŵutaŶt IDHϭ iŶhiďitoƌ Đalled AG-ϭϮϬ has ƌeĐeŶtlǇ 

shoǁŶ aĐtiǀitǇ iŶ patieŶts affeĐted ďǇ IDHϭ-ŵutaŶt haeŵatologiĐal ŵaligŶaŶĐiesϰϰ. No data aƌe 

aǀailaďle aďout the aĐtiǀitǇ of AG-ϭϮϬ iŶ IDH-ϭ ŵutaŶt luŶg ĐaŶĐeƌ patieŶts, ďut IDHϭ ŵutatioŶs 

haǀe ďeeŶ ƌepoƌted to oĐĐuƌ iŶ ϭ.ϱ% luŶg ADCsϴ,ϰϱ. Neǀeƌtheless, iŶ ouƌ seƌies, ďoth IDHϭ ŵutated 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65



Righi et al. 

17 
 

tuŵouƌs Đo-haƌďoƌed KRAS ŵutatioŶs aŶd shoǁed a high Ŷuŵďeƌ of ŵutatioŶs, ƌaisiŶg ĐautioŶ oŶ 

the fuŶĐtioŶal ƌeleǀaŶĐe of IDHϭ as a dƌiǀeƌ of tuŵoƌigeŶesis iŶ these paƌtiĐulaƌ Đases. The 

oďseƌǀed EGFR ŵutatioŶs oĐĐuƌƌed outside the -spots ;eǆoŶs ϭϵ aŶd ϮϭͿϵ that 

ĐoŶfeƌ EGFR-TK iŶhiďitoƌ seŶsitiǀitǇϰϲ,ϰϳ.  

We ƌepoƌt that patieŶts ĐaƌƌǇiŶg tuŵoƌs ǁith a higheƌ Ŷuŵďeƌ of likelǇ soŵatiĐ ŶoŶ sǇŶoŶǇŵous 

alteƌatioŶs ŵight haǀe a ďetteƌ pƌogŶosis, eǀeŶ ǁheŶ adjusted ďǇ stage of disease. Hoǁeǀeƌ, this 

fiŶdiŶg ŵust ďe iŶteƌpƌeted ǁith ĐautioŶ, giǀeŶ the liŵited Ŷuŵďeƌ of seƋueŶĐed geŶes aŶd the 

sŵall Ŷuŵďeƌ of eǀeŶts aǀailaďle foƌ pƌogŶostiĐ aŶalǇsis. The Ŷuŵďeƌ of ŵutatioŶs iŶ a ĐaŶĐeƌ 

saŵple ĐaŶ also iŶfoƌŵ tƌeatŵeŶt ĐhoiĐe. IŶdeed, a ƌeĐeŶt studǇ has shoǁŶ that a higheƌ 

ŶoŶsǇŶoŶǇŵous ŵutatioŶ ďuƌdeŶ iŶ NSCLC is assoĐiated ǁith iŶĐƌeased Ŷeo-aŶtigeŶ foƌŵatioŶ 

aŶd ĐliŶiĐal ďeŶefit fƌoŵ iŵŵuŶotheƌapǇϰϴ.  

We aĐkŶoǁledge that ouƌ studǇ has seƋueŶĐed oŶlǇ a sŵall poƌtioŶ of the ĐaŶĐeƌ geŶoŵe. IŶ 

oƌdeƌ to dƌaǁ a ŵoƌe detailed ŵoleĐulaƌ laŶdsĐape of luŶg ADC, futuƌe studies should iŶĐoƌpoƌate 

eǆoŵe seƋueŶĐiŶg aŶd tƌaŶsĐƌiptoŵe aŶalǇsis of a laƌge seƌies of saŵples to uŶǀeil iŶteƌ-tuŵoƌal 

;aŶd possiďlǇ iŶtƌa-tuŵoƌalͿ geŶoŵiĐ heteƌogeŶeitǇ.  

IŶ ĐoŶĐlusioŶ, Ŷoǀel soŵatiĐ ŵutatioŶs ǁeƌe ideŶtified iŶ ŵuĐiŶous luŶg adeŶoĐaƌĐiŶoŵa aŶd the 

ŵutatioŶ fƌeƋueŶĐǇ of alteƌed geŶes ǁeƌe Đoƌƌelated ǁith ĐliŶiĐal-pathologiĐal data. Soŵe of the 

ideŶtified geŶes ĐaŶ ďe taĐkled ďǇ speĐifiĐ taƌgeted theƌapies. While pƌeĐliŶiĐal studies aƌe Ŷeeded 

to assess the ƌole of these geŶe alteƌatioŶs as oŶĐogeŶe dƌiǀeƌs, the liŵited theƌapeutiĐ 

peƌfoƌŵaŶĐe of ĐǇtotoǆiĐ ĐheŵotheƌapǇ iŶ patieŶts ǁith ŵuĐiŶous oƌ Đolloid ADC ƌepƌeseŶts the 

ďaĐkgƌouŶd foƌ piǀotal studies to ďe ĐoŶduĐted iŶ tuŵoƌs haƌďoƌiŶg oŶe oƌ ŵoƌe of the ĐuƌƌeŶtlǇ 

ƌepoƌted geŶe alteƌatioŶs. 
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ϭϰ. FeƌŶaŶdez-Cuesta L, PleŶkeƌ D, Osada H, et al. CDϳϰ-NRGϭ fusioŶs iŶ luŶg adeŶoĐaƌĐiŶoŵa. 

CaŶĐer DisĐov ϮϬϭϰ;ϰ:ϰϭϱ-ϰϮϮ. 

ϭϱ. Shiŵ HS, KeŶudsoŶ M, )heŶg ), et al. UŶiƋue GeŶetiĐ aŶd Suƌǀiǀal ChaƌaĐteƌistiĐs of 

IŶǀasiǀe MuĐiŶous AdeŶoĐaƌĐiŶoŵa of the LuŶg. J ThoraĐ OŶĐol ϮϬϭϱ;ϭϬ:ϭϭϱϲ-ϭϭϲϮ. 

ϭϲ. Edge SB, BǇƌd DR, CoŵptoŶ CC, et al. TNM CaŶĐer StagiŶg Neǁ Yoƌk: SpƌiŶgeƌ; ϮϬϬϵ. 

ϭϳ. Ali G, Pƌoietti A, PelliĐĐioŶi S, et al. ALK ƌeaƌƌaŶgeŵeŶt iŶ a laƌge seƌies of ĐoŶseĐutiǀe ŶoŶ-

sŵall Đell luŶg ĐaŶĐeƌs: ĐoŵpaƌisoŶ ďetǁeeŶ a Ŷeǁ iŵŵuŶohistoĐheŵiĐal appƌoaĐh aŶd 

fluoƌesĐeŶĐe iŶ situ hǇďƌidizatioŶ foƌ the sĐƌeeŶiŶg of patieŶts eligiďle foƌ ĐƌizotiŶiď tƌeatŵeŶt. 

ArĐh Pathol Laď Med ϮϬϭϰ;ϭϯϴ:ϭϰϰϵ-ϭϰϱϴ. 

ϭϴ. Lo IaĐoŶo M, MoŶiĐa V, Righi L, et al. Taƌgeted Ŷeǆt-geŶeƌatioŶ seƋueŶĐiŶg of ĐaŶĐeƌ geŶes 

iŶ adǀaŶĐed stage ŵaligŶaŶt pleuƌal ŵesothelioŵa: a ƌetƌospeĐtiǀe studǇ. J ThoraĐ OŶĐol 

ϮϬϭϱ;ϭϬ:ϰϵϮ-ϰϵϵ. 
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ϭϵ. Kuŵaƌ A, White TA, MaĐKeŶzie AP, et al. Eǆoŵe seƋueŶĐiŶg ideŶtifies a speĐtƌuŵ of 

ŵutatioŶ fƌeƋueŶĐies iŶ adǀaŶĐed aŶd lethal pƌostate ĐaŶĐeƌs. ProĐ Natl AĐad SĐi U S A 

ϮϬϭϭ;ϭϬϴ:ϭϳϬϴϳ-ϭϳϬϵϮ. 

ϮϬ. BouƌgoŶ R, Lu S, YaŶ Y, et al. High-thƌoughput deteĐtioŶ of ĐliŶiĐallǇ ƌeleǀaŶt ŵutatioŶs iŶ 

aƌĐhiǀed tuŵoƌ saŵples ďǇ ŵultipleǆed PCR aŶd Ŷeǆt-geŶeƌatioŶ seƋueŶĐiŶg. CliŶ CaŶĐer Res 

ϮϬϭϰ;ϮϬ:ϮϬϴϬ-ϮϬϵϭ. 

Ϯϭ. ChoudhaƌǇ A, Maŵďo E, SaŶfoƌd T, et al. EǀaluatioŶ of aŶ iŶtegƌated ĐliŶiĐal ǁoƌkfloǁ foƌ 

taƌgeted Ŷeǆt-geŶeƌatioŶ seƋueŶĐiŶg of loǁ-ƋualitǇ tuŵoƌ DNA usiŶg a ϱϭ-geŶe eŶƌiĐhŵeŶt paŶel. 

BMC Med GeŶoŵiĐs ϮϬϭϰ;ϳ:ϲϮ. 

ϮϮ. VatƌaŶo S, Righi L, Vaǀalà T, et al. MoleĐulaƌ aŶd histologiĐal ĐhaŶges iŶ post-tƌeatŵeŶt 

ďiopsies of ŶoŶ-sƋuaŵous ŶoŶ-sŵall Đell luŶg ĐaŶĐeƌ: a ƌetƌospeĐtiǀe studǇ. Targeted OŶĐologǇ 

ϮϬϭϱ Aug Ϯϴ [Epuď ahead of pƌiŶt]. 

Ϯϯ. Rohle D, PopoǀiĐi-Mulleƌ J, Palaskas N, et al. AŶ iŶhiďitoƌ of ŵutaŶt IDHϭ delaǇs gƌoǁth aŶd 

pƌoŵotes diffeƌeŶtiatioŶ of glioŵa Đells. SĐieŶĐe ϮϬϭϯ;ϯϰϬ:ϲϮϲ-ϲϯϬ. 

Ϯϰ. YeŵelǇaŶoǀa A, VaŶg R, Kshiƌsagaƌ M, et al. IŵŵuŶohistoĐheŵiĐal staiŶiŶg patteƌŶs of pϱϯ 

ĐaŶ seƌǀe as a suƌƌogate ŵaƌkeƌ foƌ TPϱϯ ŵutatioŶs iŶ oǀaƌiaŶ ĐaƌĐiŶoŵa: aŶ 

iŵŵuŶohistoĐheŵiĐal aŶd ŶuĐleotide seƋueŶĐiŶg aŶalǇsis. Mod Pathol ϮϬϭϭ;Ϯϰ:ϭϮϰϴ-ϭϮϱϯ. 

Ϯϱ. )haŶg Y, SuŶ Y, XiaŶg J, et al. A ĐliŶiĐopathologiĐ pƌediĐtioŶ ŵodel foƌ postopeƌatiǀe 

ƌeĐuƌƌeŶĐe iŶ stage Ia ŶoŶ-sŵall Đell luŶg ĐaŶĐeƌ. J ThoraĐ CardiovasĐ Surg ϮϬϭϰ;ϭϰϴ:ϭϭϵϯ-ϭϭϵϵ. 

Ϯϲ. Russell PA, WaiŶeƌ ), Wƌight GM, et al. Does luŶg adeŶoĐaƌĐiŶoŵa suďtǇpe pƌediĐt patieŶt 

suƌǀiǀal?: A ĐliŶiĐopathologiĐ studǇ ďased oŶ the Ŷeǁ IŶteƌŶatioŶal AssoĐiatioŶ foƌ the StudǇ of 

LuŶg CaŶĐeƌ/AŵeƌiĐaŶ ThoƌaĐiĐ SoĐietǇ/EuƌopeaŶ RespiƌatoƌǇ SoĐietǇ iŶteƌŶatioŶal 

ŵultidisĐipliŶaƌǇ luŶg adeŶoĐaƌĐiŶoŵa ĐlassifiĐatioŶ. J ThoraĐ OŶĐol ϮϬϭϭ;ϲ:ϭϰϵϲ-ϭϱϬϰ. 
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Ϯϳ. Kiŵ YK, ShiŶ DH, Kiŵ KB, et al. MUCϱAC aŶd MUCϱB eŶhaŶĐe the ĐhaƌaĐteƌizatioŶ of 

ŵuĐiŶous adeŶoĐaƌĐiŶoŵas of the luŶg aŶd pƌediĐt pooƌ pƌogŶosis. HistopathologǇ ϮϬϭϱ;ϲϳ:ϱϮϬ-

ϱϮϴ. 

Ϯϴ. Yaŵakaǁa H, TakaǇaŶagi N, Ishiguƌo T, et al. A faǀoƌaďle ƌespoŶse to ĐisplatiŶ, peŵetƌeǆed 

aŶd ďeǀaĐizuŵaď iŶ tǁo Đases of iŶǀasiǀe ŵuĐiŶous adeŶoĐaƌĐiŶoŵa foƌŵeƌlǇ kŶoǁŶ as 

pŶeuŵoŶiĐ-tǇpe ŵuĐiŶous ďƌoŶĐhioloalǀeolaƌ ĐaƌĐiŶoŵa. IŶterŶ Med ϮϬϭϯ;ϱϮ:Ϯϳϴϭ-Ϯϳϴϰ. 

Ϯϵ. SiĐa G, Yoshizaǁa A, Siŵa CS, et al. A gƌadiŶg sǇsteŵ of luŶg adeŶoĐaƌĐiŶoŵas ďased oŶ 

histologiĐ patteƌŶ is pƌediĐtiǀe of disease ƌeĐuƌƌeŶĐe iŶ stage I tuŵoƌs. Aŵ J Surg Pathol 

ϮϬϭϬ;ϯϰ:ϭϭϱϱ-ϭϭϲϮ. 

ϯϬ. Kadota K, Suzuki K, KaĐhala SS, et al. A gƌadiŶg sǇsteŵ ĐoŵďiŶiŶg aƌĐhiteĐtuƌal featuƌes aŶd 

ŵitotiĐ ĐouŶt pƌediĐts ƌeĐuƌƌeŶĐe iŶ stage I luŶg adeŶoĐaƌĐiŶoŵa. Mod Pathol ϮϬϭϮ;Ϯϱ:ϭϭϭϳ-ϭϭϮϳ. 

ϯϭ. ǀoŶ deƌ ThuseŶ JH, Thaŵ YS, PatteŶdeŶ H, et al. PƌogŶostiĐ sigŶifiĐaŶĐe of pƌedoŵiŶaŶt 

histologiĐ patteƌŶ aŶd ŶuĐleaƌ gƌade iŶ ƌeseĐted adeŶoĐaƌĐiŶoŵa of the luŶg: poteŶtial 

paƌaŵeteƌs foƌ a gƌadiŶg sǇsteŵ. J ThoraĐ OŶĐol ϮϬϭϯ;ϴ:ϯϳ-ϰϰ. 

ϯϮ. Lee HY, Lee KS, KǁoŶ OJ, et al. ReliaďilitǇ of sŵall ďiopsǇ oƌ ĐǇtologǇ foƌ the diagŶosis of 

pulŵoŶaƌǇ ŵuĐiŶous adeŶoĐaƌĐiŶoŵa. J CliŶ Pathol ϮϬϭϰ;ϲϳ:ϱϴϳ-ϱϵϭ. 

ϯϯ. IĐhiŶokaǁa H, Ishii G, Nagai K, et al. DistiŶĐt ĐliŶiĐopathologiĐ ĐhaƌaĐteƌistiĐs of luŶg 

ŵuĐiŶous adeŶoĐaƌĐiŶoŵa ǁith KRAS ŵutatioŶ. Huŵ Pathol ϮϬϭϯ;ϰϰ:Ϯϲϯϲ-ϮϲϰϮ. 

ϯϰ. Tiŵaƌ J. The ĐliŶiĐal ƌeleǀaŶĐe of KRAS geŶe ŵutatioŶ iŶ ŶoŶ-sŵall-Đell luŶg ĐaŶĐeƌ. Curr 

OpiŶ OŶĐol ϮϬϭϰ;Ϯϲ:ϭϯϴ-ϭϰϰ. 

ϯϱ. Nakaoku T, Tsuta K, IĐhikaǁa H, et al. Dƌuggaďle OŶĐogeŶe FusioŶs iŶ IŶǀasiǀe MuĐiŶous 

LuŶg AdeŶoĐaƌĐiŶoŵa. CliŶ CaŶĐer Res ϮϬϭϰ;ϮϬ:ϯϬϴϳ-ϯϬϵϯ. 

ϯϲ. WiŶsloǁ MM, DaǇtoŶ TL, Veƌhaak RG, et al. SuppƌessioŶ of luŶg adeŶoĐaƌĐiŶoŵa 

pƌogƌessioŶ ďǇ NkǆϮ-ϭ. Nature ϮϬϭϭ;ϰϳϯ:ϭϬϭ-ϭϬϰ. 
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ϯϳ. Maeda Y, TsuĐhiǇa T, Hao H, et al. Kƌas;GϭϮDͿ aŶd NkǆϮ-ϭ haploiŶsuffiĐieŶĐǇ iŶduĐe 

ŵuĐiŶous adeŶoĐaƌĐiŶoŵa of the luŶg. J CliŶ IŶvest ϮϬϭϮ;ϭϮϮ:ϰϯϴϴ-ϰϰϬϬ. 

ϯϴ. SŶǇdeƌ EL, WataŶaďe H, MageŶdaŶtz M, et al. NkǆϮ-ϭ ƌepƌesses a lateŶt gastƌiĐ 

diffeƌeŶtiatioŶ pƌogƌaŵ iŶ luŶg adeŶoĐaƌĐiŶoŵa. Mol Cell ϮϬϭϯ;ϱϬ:ϭϴϱ-ϭϵϵ. 

ϯϵ. JaŶku F, Wheleƌ JJ, WestiŶ SN, et al. PIϯK/AKT/ŵTOR iŶhiďitoƌs iŶ patieŶts ǁith ďƌeast aŶd 

gǇŶeĐologiĐ ŵaligŶaŶĐies haƌďoƌiŶg PIKϯCA ŵutatioŶs. J CliŶ OŶĐol ϮϬϭϮ;ϯϬ:ϳϳϳ-ϳϴϮ. 

ϰϬ. JaŶku F, HoŶg DS, Fu S, et al. AssessiŶg PIKϯCA aŶd PTEN iŶ eaƌlǇ-phase tƌials ǁith 

PIϯK/AKT/ŵTOR iŶhiďitoƌs. Cell Rep ϮϬϭϰ;ϲ:ϯϳϳ-ϯϴϳ. 

ϰϭ. GaŶesaŶ P, JaŶku F, NaiŶg A, et al. Taƌget-ďased theƌapeutiĐ ŵatĐhiŶg iŶ eaƌlǇ-phase 

ĐliŶiĐal tƌials iŶ patieŶts ǁith adǀaŶĐed ĐoloƌeĐtal ĐaŶĐeƌ aŶd PIKϯCA ŵutatioŶs. Mol CaŶĐer Ther 

ϮϬϭϯ;ϭϮ:Ϯϴϱϳ-Ϯϴϲϯ. 

ϰϮ. The CaŶĐeƌ GeŶoŵe Atlas ReseaƌĐh Netǁoƌk. CoŵpƌeheŶsiǀe geŶoŵiĐ ĐhaƌaĐteƌizatioŶ of 

sƋuaŵous Đell luŶg ĐaŶĐeƌs. Nature ϮϬϭϮ;ϰϴϵ:ϱϭϵ-ϱϮϱ. 

ϰϯ. SuŶ N, CheŶ ), TaŶ F, et al. IsoĐitƌate dehǇdƌogeŶase ϭ is a Ŷoǀel plasŵa ďioŵaƌkeƌ foƌ the 

diagŶosis of ŶoŶ-sŵall Đell luŶg ĐaŶĐeƌ. CliŶ CaŶĐer Res ϮϬϭϯ;ϭϵ:ϱϭϯϲ-ϱϭϰϱ. 

ϰϰ. de BottoŶ S, PollǇea SA, SteiŶ EM, et al. CliŶiĐal safetǇ aŶd aĐtiǀitǇ of AG-ϭϮϬ, a fiƌst-iŶ-

Đlass, poteŶt iŶhiďitoƌ of the IDHϭ ŵutaŶt pƌoteiŶ, iŶ a phase ϭ studǇ of patieŶts ǁith adǀaŶĐed, 

IDHϭ-ŵutaŶt heŵatologiĐ ŵaligŶaŶĐies. ϮϬth CoŶgƌess of the EuƌopeaŶ HeŵatologǇ AssoĐiatioŶ. 

VieŶŶa: ϮϬϭϱ: AďstƌaĐt Pϱϲϯ. 

ϰϱ. IŵieliŶski M, Beƌgeƌ AH, HaŵŵeƌŵaŶ PS, et al. MappiŶg the hallŵaƌks of luŶg 

adeŶoĐaƌĐiŶoŵa ǁith ŵassiǀelǇ paƌallel seƋueŶĐiŶg. Cell ϮϬϭϮ;ϭϱϬ:ϭϭϬϳ-ϭϭϮϬ. 

ϰϲ. Paez JG, JaŶŶe PA, Lee JC, et al. EGFR ŵutatioŶs iŶ luŶg ĐaŶĐeƌ: ĐoƌƌelatioŶ ǁith ĐliŶiĐal 

ƌespoŶse to gefitiŶiď theƌapǇ. SĐieŶĐe ϮϬϬϰ;ϯϬϰ:ϭϰϵϳ-ϭϱϬϬ. 
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ϰϳ. Pao W, Milleƌ V, )akoǁski M, et al. EGF ƌeĐeptoƌ geŶe ŵutatioŶs aƌe ĐoŵŵoŶ iŶ luŶg 

ĐaŶĐeƌs fƌoŵ "Ŷeǀeƌ sŵokeƌs" aŶd aƌe assoĐiated ǁith seŶsitiǀitǇ of tuŵoƌs to gefitiŶiď aŶd 

eƌlotiŶiď. ProĐ Natl AĐad SĐi U S A ϮϬϬϰ;ϭϬϭ:ϭϯϯϬϲ-ϭϯϯϭϭ. 

ϰϴ. Rizǀi NA, HellŵaŶŶ MD, SŶǇdeƌ A, et al. CaŶĐeƌ iŵŵuŶologǇ. MutatioŶal laŶdsĐape 

deteƌŵiŶes seŶsitiǀitǇ to PD-ϭ ďloĐkade iŶ ŶoŶ-sŵall Đell luŶg ĐaŶĐeƌ. SĐieŶĐe ϮϬϭϱ;ϯϰϴ:ϭϮϰ-ϭϮϴ. 
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FIGURE LEGENDS  

Figuƌe ϭ. RepƌeseŶtative ŵoƌphologiĐal patteƌŶs of ϱϰ ŵuĐiŶous ADC ;heŵatoǆiliŶ aŶd eosiŶ 

staiŶsͿ. AͿ Puƌe IMA ;ŵuĐiŶous featuƌes -ŵuĐiŶous 

ADC ĐoŵpoŶeŶt; CͿ ŵuĐiŶous ADC ǁith aďuŶdaŶt eǆtƌaĐellulaƌ ŵuĐiŶ ;>ϭϬ% of the tuŵoƌͿ; DͿ CPA 

shoǁiŶg ŵuĐous-pools liŶed ďǇ ĐoluŵŶaƌ tuŵoƌ Đells; EͿ MuĐiŶous ADC ǁith tuft gƌoǁth ;iŶseƌt: 

high poǁeƌ field of ďuŶĐhes oƌ sŵall Đlusteƌs of ŶeoplastiĐ ŵuĐiŶous Đells attaĐhed to the alǀeolaƌ 

ǁallͿ; FͿ SigŶet ƌiŶg Đells ĐoŵpoŶeŶt ;Đells ǁith laƌge iŶtƌaĐellulaƌ ŵuĐiŶ dƌops aŶd peƌipheƌal 

ŶuĐlei displaĐed toǁaƌd oŶe eŶd of the ĐǇtoplasŵͿ. 

Figuƌe Ϯ. Total of geŶetiĐ vaƌiatioŶs iŶ ϱϮ ŵuĐiŶous ADC. AͿ total geŶetiĐ ǀaƌiatioŶs ideŶtified 

;ŶaŵelǇ ŶoŶ-seŶse, ŶoŶ sǇŶoŶǇŵous likelǇ-geƌŵiŶal, ŶoŶ sǇŶoŶǇŵous likelǇ-soŵatiĐ aŶd 

sǇŶoŶǇŵous alteƌatioŶsͿ foƌ eaĐh seƋueŶĐed tuŵoƌ iŶ eǆoŶiĐ oƌ ƌegulatoƌǇ ƌegioŶs. BͿ DistƌiďutioŶ 

of ŶuĐleotide ĐhaŶges. ;AďďƌeǀiatioŶs: SǇŶ: sǇŶoŶǇŵous; LG: likelǇ geƌŵiŶal; LS: likelǇ soŵatiĐͿ 

Figuƌe ϯ. DistƌiďutioŶ of tuŵoƌ-speĐifiĐ soŵatiĐ ŶoŶ-sǇŶoŶǇŵous ŵutatioŶs. AͿ Heatŵap of the 

tuŵoƌ speĐifiĐ soŵatiĐ ŵutatioŶs ideŶtified foƌ ϱϮ ŵuĐiŶous ADC saŵples iŶ eaĐh geŶe, Đlusteƌed 

aĐĐoƌdiŶg to speĐifiĐ sigŶaliŶg pathǁaǇs ;AďďƌeǀiatioŶs: *a saŵple ǁas ĐoŶsideƌed to haƌďoƌ a 

Đoŵpleǆ ŵutatioŶ ǁheŶ aŶ IŶDel ǁas deteĐted ĐoŶĐoŵitaŶt ǁith poiŶt ŵutatioŶs; RTK: ReĐeptoƌ 

TǇƌosiŶe KiŶasesͿ. BͿ Histogƌaŵ of the Ŷuŵďeƌ of saŵple foƌ eaĐh ŵutated geŶe. 

Figuƌe ϰ. KaplaŶ-Meieƌ suƌvival Đuƌves foƌ patieŶts segƌegated aĐĐoƌdiŶg to the Ŷuŵďeƌ of ŶoŶ-

sǇŶoŶǇŵous likelǇ soŵatiĐ alteƌatioŶs. Oǀeƌall suƌǀiǀal iŶ tuŵoƌs ǁith >Ϯ ŵutatioŶ ĐouŶt ;N= ϮϵͿ 

Đoŵpaƌed to tuŵoƌs ǁith Ϭ-ϭ ŵutatioŶs ;N= ϮϯͿ ;HR Ϭ.Ϯϭ, ϵϱ% CI Ϭ.Ϭϴ to Ϭ.ϱϰ, log-ƌaŶk p<Ϭ.ϬϬϭͿ. 
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TABLE ϭ. CliŶiĐal pathologiĐal ĐharaĐteristiĐs of ϱϰ priŵarǇ luŶg ŵuĐiŶous adeŶoĐarĐiŶoŵa 

tuŵor saŵples. 

Paraŵeter Total #ϱϰ 
;%Ϳ 

IMA#ϱϬ 
;%Ϳ 

CPA #ϰ 
;%Ϳ 

IMA #ϱϬ  
Pure #ϯϮ 

;%Ϳ 
Mixed #ϭ8 

;%Ϳ p-value 

Age, ŵeaŶ ;raŶgeͿ ϲϱ  
;ϰϭ-ϴϰͿ 

ϲϱ  
;ϰϭ-ϴϰͿ 

ϲϬ  
;ϰϳ-ϳϴͿ 

ϲϰ ;ϰϭ-ϴϰͿ ϲϲ ;ϰϮ-ϴϮͿ  

Seǆ       
Male ϯϭ ;ϱϳͿ Ϯϵ ;ϱϴͿ Ϯ ;ϱϬͿ ϭϵ ;ϱϵͿ ϭϬ ;ϱϱͿ ns Feŵale Ϯϯ ;ϰϯͿ Ϯϭ ;ϰϮͿ Ϯ ;ϱϬͿ ϭϯ ;ϰϭͿ ϴ ;ϰϱͿ 
SŵokiŶg haďit       
No ϭϮ ;ϮϮͿ ϭϮ ;ϮϰͿ Ϭ ϳ ;ϮϮͿ ϱ ;ϮϴͿ ns Yes ϰϮ ;ϳϴͿ ϯϴ ;ϳϲͿ ϰ ;ϭϬϬͿ Ϯϱ ;ϳϴͿ ϭϯ ;ϳϮͿ 
VasĐular IŶǀasioŶ       
Yes ϲ ;ϭϭͿ ϲ ;ϭϮͿ Ϭ ϭ ;ϯͿ ϱ ;ϮϴͿ Ϭ.Ϭϭ No ϰϴ ;ϴϴͿ ϰϰ ;ϴϴͿ ϰ ;ϭϬϬͿ ϯϭ ;ϵϳͿ ϭϯ ;ϳϮͿ 
Groǁth PatterŶ       
PredoŵiŶaŶt lepidiĐ 
PredoŵiŶaŶt iŶvasive 

ϰϱ ;ϴϯͿ 
ϵ ;ϭϳͿ 

ϰϭ ;ϴϮͿ 
ϵ ;ϭϴͿ 

ϰ ;ϭϬϬͿ 
Ϭ 

ϯϮ ;ϭϬϬͿ 
Ϭ 

ϵ ;ϱϬͿ 
ϵ ;ϱϬͿ 

< 
Ϭ.ϬϬϬϭ 

EǆtraĐellular ŵuĐiŶ       
PreseŶĐe Ϯϳ ;ϱϬͿ Ϯϯ ;ϰϲͿ ϰ ;ϭϬϬͿ ϭϰ ;ϰϰͿ ϵ ;ϱϬͿ ns AďseŶĐe Ϯϳ ;ϱϬͿ Ϯϳ ;ϱϰͿ Ϭ ϭϴ ;ϱϲͿ ϵ ;ϱϬͿ 
Tufts       
PreseŶĐe ϰϲ ;ϴϱͿ ϰϯ ;ϴϲͿ ϯ ;ϳϱͿ ϯϬ ;ϵϰͿ ϭϯ ;ϳϮͿ ns AďseŶĐe ϴ ;ϭϱͿ ϳ ;ϭϰͿ ϭ ;ϮϱͿ Ϯ ;ϲͿ ϱ ;ϮϴͿ 
SigŶet riŶg Đell 
features 

      

PreseŶĐe ϭϮ ;ϮϮͿ ϭϮ ;ϮϰͿ Ϭ ϳ ;ϮϮͿ ϱ ;ϮϴͿ Ϭ.Ϭϯ AďseŶĐe ϰϮ ;ϳϴͿ ϯϴ ;ϳϲͿ ϰ ;ϭϬϬͿ Ϯϱ ;ϳϴͿ ϭϯ ;ϳϮͿ 
pT       
pTϭ ϭϵ ;ϯϱͿ ϭϴ ;ϯϲͿ ϭ ;ϮϱͿ ϭϰ ;ϰϰͿ ϰ ;ϮϮͿ ns pTϮ-ϯ-ϰ ϯϱ ;ϲϱͿ ϯϮ ;ϲϰͿ ϯ ;ϳϱͿ ϭϴ ;ϱϲͿ ϭϰ ;ϳϴͿ 
pN       
pNϬ ϰϰ ;ϴϮͿ ϰϬ ;ϴϬͿ ϰ ;ϭϬϬͿ ϯϬ ;ϵϰͿ ϭϬ ;ϱϱͿ Ϭ.ϬϬϭ pNϭ-Ϯ-ϯ ϭϬ ;ϭϴͿ ϭϬ ;ϮϬͿ Ϭ Ϯ ;ϲͿ ϴ ;ϰϱͿ 
Stage       
I Ϯϲ ;ϰϴͿ Ϯϰ ;ϰϴͿ Ϯ ;ϱϬͿ ϮϬ ;ϲϯͿ ϰ ;ϮϮͿ Ϭ.ϬϬ6 II-III-IV Ϯϴ ;ϱϮͿ Ϯϲ ;ϱϮͿ Ϯ ;ϱϬͿ ϭϮ ;ϯϳͿ ϭϰ ;ϳϴͿ 
Status       
Alive 
Dead 

ϯϰ ;ϲϯͿ 
ϮϬ ;ϯϳͿ 

ϯϭ ;ϲϮͿ 
ϭϵ ;ϯϴͿ 

ϯ ;ϳϱͿ 
ϭ ;ϮϱͿ 

Ϯϭ ;ϲϱͿ 
ϭϭ ;ϯϱͿ 

ϭϬ ;ϱϲͿ 
ϴ ;ϰϰͿ ns 

MeaŶ OS ;ŵoŶthsͿ ϲϭ ϲϭ NR ϲϰ ϯϰ ns 
TTF-ϭ IHC       
Positive Ϯϲ ;ϰϴͿ Ϯϱ ;ϱϬͿ ϭ ;ϮϱͿ ϭϰ ;ϰϰͿ ϭϭ ;ϲϭͿ ns Negative Ϯϴ ;ϱϮͿ Ϯϱ ;ϱϬͿ ϯ ;ϳϱͿ ϭϴ ;ϱϲͿ ϳ ;ϯϵͿ 



CK7       
Positive ϱϰ ;ϭϬϬͿ ϱϬ ϰ ;ϭϬϬͿ ϯϮ ;ϭϬϬͿ ϭϴ ;ϭϬϬͿ - Negative Ϭ Ϭ Ϭ Ϭ Ϭ 
CDX-Ϯ       
Positive ϳ ;ϭϯͿ ϱ ;ϭϬͿ Ϯ ;ϱϬͿ ϯ ;ϵͿ Ϯ ;ϭϭͿ ns Negative ϰϳ ;ϴϳͿ ϰϱ ;ϵϬͿ Ϯ ;ϱϬͿ Ϯϵ ;ϵϭͿ ϭϲ ;ϴϵͿ 
CKϮϬ       
Positive 
Negative 

Ϯϲ ;ϰϴͿ 
Ϯϴ ;ϱϮͿ 

Ϯϱ ;ϱϬͿ 
Ϯϱ ;ϱϬͿ 

ϭ ;ϮϱͿ 
ϯ ;ϳϱͿ 

ϭϴ ;ϱϲͿ 
ϭϰ ;ϰϰͿ 

ϳ ;ϯϵͿ 
ϭϭ ;ϲϭͿ ns 

pϱϯ       
Positive 
Negative 

Ϯϰ ;ϰϰͿ 
ϯϬ ;ϱϱͿ 

ϮϮ ;ϰϰͿ 
Ϯϴ ;ϱϲͿ 

Ϯ ;ϱϬͿ 
Ϯ ;ϱϬͿ 

ϭϮ 
ϮϬ 

ϭϬ 
ϴ ns 

 

AďďreǀiatioŶs: IMA: IŶǀasiǀe MuĐiŶous AdeŶoĐarĐiŶoŵa; OS: oǀerall surǀiǀal, WT: ǁild type; MUT: 

ŵutated. 

 










