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Abbreviations:

EGFR: epidermal growth factor receptor; ErbB: erythroblastic leukemia viral oncogene
homolog; PI3K: phosphoinositide-3-kinase; AKT: protein kinase B; RAS: retrovirus-ssociated
DNA sequences; RAF: v-raf 1 murine leukemia viral oncogene homolog 1; MEK: mitogen-
activated protein kinase kinase; MAPK: mitogen-activated protein kinase; JAK: Janus
tyrosine kinase; STAT: signal transducers and activators of transcription.

Jlasl Joe o oS ba g ol asl o JLLG) 0,
oaiiS len slosSUse 4 s aam3 0 &, "ATP
Jzo coeal NP ol ol s 5ST 05955
a0 o U o @ JLlyl w00 S 50 (e
5 Bis gl hlew a5 gems 4 cnl loys a
DAl acsls 6 5V0 Toloys a4 gl ol VA 5955
e toby e Jhkml wdy ble oni S Glaies

DN 085 o somlie jiis o glowl § b, Kn

2 ATP binding pocket of the kinase domain
* Response rate

Esed 99,5 (o0 03 o Bl el VA 3] g S
Sllllas 3 Jlligl oainS b, Jole 05 e
LN e il glacaegd g lacale jo cilise
@ 0y ol G Ol e DAL el ooy
€5 Vo 5l Gy Jeiie) V4 5955] 0 B> & js0
E746-A750 Gis oyl o 5als 4 cilisee i
YV et e sola] lbi g Sy (Sl
Loz 90l & end @l (ADA (5995)
05,5 ol il sla g LA Jgtun ol

! Deletion

AL ) Slxio AF g o ole F Jlo \ ‘



‘\U’\QL’;&.:“\?)L@‘\@)M‘?JL» \ ‘

oo 5 5 5lien (waglb o ddi>

o053 DNA o flgie 1) Ggeadlite Sl pets
LoV o e 90,550 DNA e .2l 5055
oz & Siar 5l yaze DNA 5 /%>
Oles s sk TUMMOVET (5es 9055 al>yo «j90s8
28 el mizmed 5 (93 95 4 s9eg8 (o
SBie> (owyp 2 oodle D)l Wifge 9> e
S sz 3055 550,59 DNA (5,1 5l (S
b e 25,555 DNA osi gl o5 el o §
IVEL o )ls (Staaly loys @ oy Olien 5 y9095 o>
55,5 31 41, DNA 51 b e sl oo
e (5l sk DNA L ol o a5 0iiS o 0, (55
5 a8 caddly Wb s g 8okl LB Lwdy o
o5 o905 oyly DNA 51 Slakad 55 Jle ol 3
Sl o 505 ) sl Ly Jy 553
S ok (pgaz ;5 Wy, (nl & Ned
a9 ol J3ls o DNA o4 )4 Iyvol cas Bolo
o355 slo sk Sl it a2, ) 2 g
poelinl 51 U8 H5 6 Ly (s Glyz 51 4 adsl
Olie ol & Mise ile 50 [YP] asly siilio o

IYV] sl o Lial33l 39,5 ,0 DNA
5l bt wilgige o5l pska j5055 bo S50 DNA
Sl @ wlg oo gy ol s Blad 1) jseg peis US
i Sy slaey 5 Sangy s L 3
DNA ;I solazw!l (aied g calises Sldllas o9, IS
Ot Jeld (S35 Dlyess SN o ) j5es8 (89,50
Opedte 5 Tpses soaitS oo slagys da)3sS
w03l a8 Cel oo GL3! pizmen Klosly ylis o)
Slesd b gesi (55 B9ss Condy lislie (iadye
GaSS .l olyen 5095 30,5 ,0 DNA #law o
dged )0 Ogrlige Glie Ol (Sialon Zoonl il
A5 slesr 93 diged (gmlige Gliee 9 j9095 (e
Egotma 4O .[Y%YA] il oo yg055 0,5 ,0 DNA
O Mz son &S Sl gl (e o iy
2 0] ol i ey & il a3, 05,5
L el 2988 g (2Ll 5o gl jsha Wilg e (9>
S5 8 ookl 9y5e plile sl pley 9 pleye

o g e Ogo 4 8l g [YeVA

® Tumor suppressor genes

www.nafasjournal.ir

(Pl sy 0k S fe (o)

2 baee (JLligl ad; Jole gosi S 05 ez 03
P Jy oS Dyze Gz sl s,
2l 4 Shlew ;0 oy 4 ($)geg <8l a4 olowo
S diged o S cwl S i 2l
Soskr ABlise 358 Sz o 5o bl Cudgame
z S dges Ghlew 100 90> gl o5 &S
Shlinl 0d) 0ai S 0f Gz eeon slr s
o8l 6lp ol s en a0 V-] s pal 3
Lol 4185 5y (559095 g 5l (0l

e s g

Sl Slogdlls sla by, » Joido ile (cumgm 2!
4 Mo o1 o T ) sla Solas il 4 e oS
000093 A 5 Wlgiee by, nl 00,8 o0 (o
bl olerm 958 oy p liwlie Garsis (ol
Sy90 Gloyd dr Cuglie Glapudllo 5 Loy 4 Fwly
aile aliswe slizl 5l g, ol jo 08,5 &dly ool
Los o20,5,5 RNA 5351 aes 205 ,0 DNA
5 sl o Tyl cpl LYV o557 solial TRNA S
(Bl ool dawdly oy (93 wile Gy Slale ples
LYyl wsss sl canl mbe g cam 03, Slxd 3
oolaiwl a5 W oo lis alies Sldllas Lo ol 5o
Sl sly ke (e s3e58 05,5 DNA
vyl coslosg (JUbinl g0 o wts, ole g

T yg098 Gbo,5,0 DNA

90 b las )5 DNA G jg095 (50,5 ,0 DNA
8l pyms b Lowdly 4o 45 a5 sl DNA 1 glacs
Ol o33 50 s9es5 0,550 DNA jo20 005 o
Jsb bl s o ool oLid VAFA Lo 4 4k ol
5 SL31 T 0939 oy 4 Mie o131 5 40 b5 oS
00,5 By O ys0s LA Sy plgie 4 odbge L
Slaogas | &l 45 351 ol 5 (Sl ardsl Slalllas
5 Sy oy Glagier il Gy (JsSge

' Liquid biopsy

2 Biomarkers

> microRNAs

* Circulating-tumor DNA (ctDNA)
> Tumor marker



www.nafasjournal.ir

3L (23958 0S5l sy o
asile alogls Gt U JLLyl 00i oS wi, Jole Sl
oS lge > 4o a5 Erlotinib 4 Gefitinib
wntlge Jobinl 055 g03iS Jole (53 s
blo 1, Ssbogw slogier iz & Gllew 50
L Goes a5 [VY¥] OV JS8) canl 0030,5 jo cdiiiwd
Shote ooy oad (GVsb 5 e (SelS” lagaly
o) slegls Kol Iyl ol oog ol on 3 Vose
ulS 5 leye ol bas lgie 4 Yoasie bl s9,l8 g
omrfb);wbuﬂjfu)}.amsw‘mu\ﬂbda)

Dy el 1y gl g0 b Jlbigl o,

Lo Ghlew 5o by 4 Cwglie (2b3)
oleye ileS rigp oS Hke slagylo
iloud

Sleys a4 el gy lazl o a5 Sl e oolos Lo,
wile) ileS e seanS e slagls L
ol 4 cas wilaals (Gefitinib L 4 Erlotinib
cass bY¥s 5l S IYF] wss e polie lag)l
EGFR 4 ppuge 6500 wte Uiz Sl
b ez ol g ol oo e sl @ (g
& ol (Fxiz Gl 5 5l & 0T o5 rals
85,5 oo drog yol> Jl> o Y0l cudl ol jon ATP
D)3 S (g Saaglie e oy p Cux 4 &S
Sl )3 (Bl (o plxl &5 el @ly 008
>y y0 a5 g len Sl Gozen (LY 4 5 )lse
hsleior Gaalb 1y Joe cnl (B (cmrgm (o2l
3 esliiul b a8 Cuaglin (pl 4 ymie sl (S50
OSen 23S o0 S Jlygegs anls l cmyen S
alls jgesi pled coled Heeg Soxenl Judo 4 ol
2o 3l Gl o ysey 30,50 DNA 51 [v#]
el 5 ieee 8 TIOOM gz o)y
o oS e lagyle a4 Cuglie pnslSe
Sl 00l oalo QLA.A.A-' 9 Gl 00 oolawl el 6)LHS

! Progression free survival
2FDA

Skl oy 0 5 15 S 9 s9058 90,5 ;9 DNA

Sl 0,51 Cewdy 4 gl o2 les B9, S Jeieo
»5 ezld pf yge a Wlgiee Hee (89,550
oS Hee5 )0 1) polaisl slagir wbsS (e
A e a5 cal oyl 5l S dilise Slallas oo
by Jele gz owyp ibpin d> e 0 ol iles
O yaden A4S el 428 55 & jge0 Mol JLLipl g0us .S
Ol (BB (s dges Jols (] gy pae LYo
Llys coles j0 9 8l 55, » G oy SYsbk
W oezen [YV] cl oo Jlew (S conlisl
$ooxe Slo cmgn 4 3L 85 geg Seeal o

2909 00,550 DNA I slao )8
6L‘°°}L.‘ IS Q‘}S‘SA 43095 ui}o)f)o DNA )‘l sslazl b

b ) Golem 092 b g ployo 4wl (aseine Sl

o,5
o953 DNA s g o8 Jimow sbabg,
29098

DNA 5 polie o> a0 slags,slod 5l eolal b
Ly, ol cwl plobl BB 50 jsegs (89,5,
e Real-time quantitative PCR (gPCR)

e Digital PCR (dPCR)

e Beads, emulsion amplification and

magnetics (BEAMing)

e Next generation sequencing (NGS)
Sl st TANO G Ve leN o g, opl ol
ausgame 5 wlss 5,5 ) olad Jsam o [YY]
aS GlaSS cnl alnS M 548 sla g, I SO e
P 097 & Swl gedse nl Sl Cenl nl L
Logslocel JLlyl ol oS Gz oo
@)l 39> (Formaldehyde fixation) sl

Wb oo Sl QI e bl e

ST g 90 yeeei 80,5, DNA L i
15 lows

Sl o 5 e 305,0 DNA )
S gshe Gl el wiednyl ey 4 Gl
dyod s ychons STt b yges obo,S,> DNA

s aseien MalS )] pancslSo 45 i 2 ol

AL ) Slxio AF g o ole F Jlo \ ‘



‘\U\Cabd.mﬂ?)l.@‘\o)l.m»‘fgju \ ‘

oo 5 5 5lien (waglb o ddi>

www.nafasjournal.ir

Lol slocydgame g wlsd 9 y9055 (50,5,0 DNA LT sl gy sloghs; —) Jgux

Cadguo g

Oy € 95

995 Joe!

oo axs-Ls 6“"]‘"5-; LgL(e‘-‘,'l..&?

Nested real-time PCR
ARMS/Scorpion PCR

. . oS auje PCR-SSCP
enomic loci o 5 == PCR-based
g » Z” efostin B KR'Z‘S' E(::ER’ *~“ "Mutant allele-specific PCR ase
el on b e A Mass spectrometry
Bi-PAP-A amplification
; ot i BEAMing
enomic o aslis glalais ol st
g" l 65;7;:; Vewlo «ndu‘bd “* "Droplet-based digital PCR  Digital PCR
el on i P35 siledt Microfluidic digital PCR
SafeSeq
. «SNVs, CNVs ., TamSe
plos Jlgs o9, b yeS Vb ol s el uw" = o Targeted deep
o olldFs ME s A0 C (s ble il lon-AmpliSeq X
ol duglin BB pgis o, Lius o sequencing
ol (5,108 Gan CAPP-Seq
OnTarget
SNVS, (o935 (S5 0 (502 - . Whole-genome
ol &g o3l : Digital karyotyping

bt - CNV

sequencing

Abbreviations:

PCR: polymerase chain reaction; ARMS: amplified refractory mutation system; SSCP: single-
strand conformation polymorphism; Bi-PAP-A: amplification bidirectional pyrophosphorolysis-
activated polymerization allele-specific amplification; BEAMing: beads, emulsion, amplification,
and magnetics; SafeSeq: safe sequencing system; TamSeq: tagged amplicon deep sequencing;
CAPP-Seq: cancer personalized profiling by deep sequencing; PARE: personalized analysis of
rearranged ends; KRAS: Kirsten rat sarcoma viral oncogene homolog; EGFR: epidermal growth
factor receptor; PIK3CA: phosphatidylinositol-4,5-biphosphate 3-kinase, catalytic subunit alpha;

SNV: single-nucleotide variants; CNVs:
sequencing;
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Abstract:

The most important diagnostic and therapeutic target in non-small cell lung cancer
(NSCLC) is epidermal growth factor receptor (EGFR). The mutations of this receptor can
predict responsiveness to personalized (or individualized) and targeted therapy. The
increasing discoveries on biomarkers has resulted in more requirement to tumor tissues;
however, most of times the sample harvesting is not easily available, without major
discomfort for the patients. Therefore, blood sampling (also called “liquid biopsy”) is an
alternative method. The blood plasma of the cancer patients contains circulating tumor
DNA (ctDNA) which carries information on tumor mutations and burden. This low-cost
method could facilitate analysis of tumor characteristics for personalized cancer genomics.
This review presents the application of ctDNA for diagnosis and prognosis of lung cancers,
and discusses its predictive parameters during the therapeutic course. Furthermore, it gives
an outlook on future developments.
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Abbreviations:

EGFR: epidermal growth factor receptor; ErbB: erythroblastic leukemia viral oncogene
homolog; PI3K: phosphoinositide-3-kinase; AKT: protein kinase B; RAS: retrovirus-ssociated
DNA sequences; RAF: v-raf 1 murine leukemia viral oncogene homolog 1; MEK: mitogen-
activated protein kinase kinase; MAPK: mitogen-activated protein kinase; JAK: Janus
tyrosine kinase; STAT: signal transducers and activators of transcription.
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Abbreviations:

PCR: polymerase chain reaction; ARMS: amplified refractory mutation system; SSCP: single-
strand conformation polymorphism; Bi-PAP-A: amplification bidirectional pyrophosphorolysis-
activated polymerization allele-specific amplification; BEAMing: beads, emulsion, amplification,
and magnetics; SafeSeq: safe sequencing system; TamSeq: tagged amplicon deep sequencing;
CAPP-Seq: cancer personalized profiling by deep sequencing; PARE: personalized analysis of
rearranged ends; KRAS: Kirsten rat sarcoma viral oncogene homolog; EGFR: epidermal growth
factor receptor; PIK3CA: phosphatidylinositol-4,5-biphosphate 3-kinase, catalytic subunit alpha;

SNV: single-nucleotide variants; CNVs:
sequencing;
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Abstract:

The most important diagnostic and therapeutic target in non-small cell lung cancer
(NSCLC) is epidermal growth factor receptor (EGFR). The mutations of this receptor can
predict responsiveness to personalized (or individualized) and targeted therapy. The
increasing discoveries on biomarkers has resulted in more requirement to tumor tissues;
however, most of times the sample harvesting is not easily available, without major
discomfort for the patients. Therefore, blood sampling (also called “liquid biopsy”) is an
alternative method. The blood plasma of the cancer patients contains circulating tumor
DNA (ctDNA) which carries information on tumor mutations and burden. This low-cost
method could facilitate analysis of tumor characteristics for personalized cancer genomics.
This review presents the application of ctDNA for diagnosis and prognosis of lung cancers,
and discusses its predictive parameters during the therapeutic course. Furthermore, it gives
an outlook on future developments.
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