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Abstract

Background and purpose: Colorectal cancer (CRC) exhibits high genetic, epigenetic, and
immunological heterogeneity, contributing to variable therapeutic responses. This study introduces a
conceptual biological framework, designated as PDS3, which integrates multi-omics data to refine tumor
characterization and facilitate personalized treatment strategies.

Materials and methods: This systematic review was conducted and reported in accordance with
the PRISMA 2020 statement and SWiM guidelines. A comprehensive search was performed in
PubMed/MEDLINE, Scopus, Web of Science, Embase, and the Cochrane Library for studies published
between January 2015 and December 2025. Two independent reviewers conducted study screening, data
extraction, and risk of bias assessment using validated tools (Cochrane RoB 2, ROBINS-I, and the
Newcastle-Ottawa Scale). Ultimately, data from 67 eligible studies on integrative multi-omics, epigenetic
alterations, the tumor immune microenvironment, liquid biopsy (ctDNA), and combinatorial
immunotherapy in CRC were qualitatively synthesized.

Results: Aberrant DNA methylation patterns and epigenetic dysregulation of critical cell signaling
pathways were found to be closely associated with the establishment of an immunosuppressive and
immune-cold tumor microenvironment. This phenotype was associated with poor clinical responses to
standard immune checkpoint inhibitors (IClIs). Emerging evidence from preclinical and early-phase
clinical studies suggests that the concurrent administration of epigenetic-modifying agents (e.g., DNMT
or HDAC inhibitors) alongside immunotherapy may enhance antitumor immune responses and help
overcome primary resistance. Furthermore, novel non-invasive modalities, particularly the analysis of
circulating tumor DNA (ctDNA) via liquid biopsy, have demonstrated considerable promise as tools for
longitudinal molecular profiling of tumors and real-time monitoring of disease dynamics.

Conclusion: The conceptual PDS3 framework underscores that the integrative analysis of multi-
omics data holds substantial potential to deepen our understanding of CRC complexity and enable more
precise treatment tailoring based on individual tumor biology. However, to translate this framework into
routine clinical practice, large-scale, prospective interventional studies are imperative to rigorously
validate its clinical utility and prognostic value.

Keywords: colorectal cancer, integrative biological data, immuno-epigenetic pattern, epigenetics, liquid
biopsy, combination immunotherapy

J Mazandaran Univ Med Sci 2026; 36 (Supple 1): 202-219 (Persian).

Corresponding Author: Yasin SarveAhrabi - Department of Biology, CT.C., Islamic Azad University, Tehran, Iran (E-mail:
Yasin.ahrabi2016@gmail.com)

202


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ohs—3jls (— S W)y ep—L col5 b a_L as
(Pob=PI19) 1100 U jgo  aol ofyg o)laid  @ihuid g w 0)0s

:JUiS)glgS 2l jyUs pu ja Siiifiplgigal (sloyiiS am p
5jlwaz Sy Jan S jlgic s PDS3 Luigis ;620

yuSingl,igo (glmaala

' 53wl (yae
" oS 4 (Sl puod

" 2 2lg puw yauly

23S

E{PER POy [ Ny P PN IPRE N N P N Lo S a5 LS 458 Ol s B0 9 il
Sl (e ool S (5 e cadlllan ol 51 Cadn 5 55 o Olsley Gl s (slagenly 53 sl Ll 5 Sanl
1355 SR 1 (6 5585 513 Ll sm ¢ s 5 Sla03l3 151 0313 )3 oa LS L oS Ll PDS3 il e (55!
LS ) gan 0 dig Sl cadd Slaileys (Gl Tyl g g das &1

Joslly s s PRISMA 2020 (slaialy bl casbly sl g5 im 5 Al dinpllss 5550 ol il g 9 Slgo
(Embase Web of Science Scopus (PubMed/MEDLINE LsLAa‘,iilg: 33 CAL? S Ao | >l 5 1L SWIM
Laosls sl (5 % .28 8 il Y+ YO 1 Y410 o5 (51, (Maglran 5SID) L (slsolSl, 5 Cochrane Library
slaesls (g 53 s plowl Jitwe 5 bas (NOS ROBINS-I ROB 2 (slal3I L) (5,8 s ;b oSl s
Bl e s o ol Bl ol ol g anlas BVl edeT e

(A Slsply oer U8 s 53 (SSES ) D mes 5 DNA 0 dlize 5 (s3ls 1 o sy
ool les 4 Dbl i by L Y smame oy () Lipd sn 5 g0 57 Lame Sl 2ST im0 L3l 5 e
e Sl San 02 72 IS 41 gl 55wl b ol e 1 S5 ol (slagfs S48 Wosls Ol Slidions ool ol o ins!
53 (CtDNA) (55 50 5 31TDNA oy 5 diile o 55 Sl gy ol o 0sde S 0 5le 5905 b 2 Ll g Oy g2
g g s Ol b 03 OT Slais 6,80 5 305 £5 o\ 2Ll (sl (glotiS sl (bl 4 0

3 S FGs €S 53 4 U5 r (53 OSUS laesls 36 L oS das o 0L PDSB o g ol szl
ol 3 b S 0 (sl S e sley 2 Sla Ss elad Ly 15 Olays 5 3L s JUST 5158 O o Sy
353 B OT bl 5,586 L plowl Sty T b Sllllae ol 03 o gl
s s S5 ) S b el S 5 (S Lmesls (IS, ST Ol 15341 s 0l

S 5 85 5]

E-mail: Yasin.ahrabi2016@gmail.com ol 1 ol oSl 33T oKl (535 01,45 domls carly ke 0aSCails -l pw cyaanly i ghamo ilgo
O 015 ¢ ot 35T o5 0535 o Ol g5 oLy el p sk oSl ¢ ol Sy 3 0 £ 5Lkl )

Ol €5 ¢ oDl 313T o1 €555 pm 01,5 domls of S (5505 5 p oo otSCaits (638 g3 03,5 i)l (ol IS (5 gl ¥

Ol e 5 ¢ St 31T o83 ¢ 3570 018 ol el pshe 08Tl ¢ oulid S S 03,8 L3kl X

VEONV/E Dy g 056 VERO/ONA L SNl S gl s VEO/NE D iy sl

Pol 1100 g0 « Aol 0)3g d)Laids (@uinids § ¢, 2)93 ohdjle (i) eolc oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rlolops )s Giijele30.09) slaghiSeay

03,5 25885 Olseas by IS slagduail
sy ST Gla Ldow S (Llodid (s o0 s
Ui 55 CRC (slaygn g5 3l idu 53 1y gla Sl i
Slers s s S 55 L1 oS 5 a5 Wles S
ol 4o 53 o ulad )y () lails Las e ol
S 8 PDSB S5 ] o 5 ool
o e § Sl Sl et ool
PDS3cc gz )l ol 55 555 oo osliul oLa S
58 s el bt J g p 5050 Ol yen
@55 e Sl o (e a0 5 o
S ¢y T g 5L Ol oo 45T
23 il 08 e Saali a5 B S5
53 i Wl 5 oo o8 s S5 a5 Jame
Q&ﬂ):&jﬁﬁﬁ&uéhq\!olﬁ&w%
Sl b ) 1 Sl ey 5 S ESGST LS 8
Slabassjlu wal 5 0leys g Gl ae 55 L
Mol s DNA 0 dhize atles 1 ¢ K5 =]
3La05 0l =8 5 IS ol s jle g st
IS 5 o o gmmn 55 (63 Shas (2300 L
Ol Al cago S1b s 2 il 5 o0 L eudlSo (2l 55
I al lagely @15 s DNA 5 005 5T
ol s 5 S0 g0 5 S s Oln alad 5 5 il IS
O el (S Sk i (OIAS i s gt |
S 35 L aS Lyh e amay ) 6,8 JSS
Srmar 5y Sl 85 55T sl
(oo T slad g a3l ¢ el S8
RS e s 5 55 L das e sLa Sy S
Conmd g (mal 35 oo padedin S gloe S e
Sgdmen ) (sl e )0 5 S Sl Ll 5 e
sladleys 4 jlansd b Lajlge (5 n 53 5035
Wl ol b tsl ol e ml gy b D& e e
ol adyl I Oldlas 5 9 U i dal s
Cl S (S5 ) Gl s () Kas oS Lilosls

= .
deas i |y e g ooy el G S 5 Ll

doddo
O ) o355 ly 5 8 55y 035, Ol
o pekdS 5 w3l (S (CRC LS, 8
s J=8 5 Sl Ol 3 La ey
Pl 355 a1 Ol e U a5 e (sla a5 e
laasl p s a5 b las i 529 L (DA 0
S0l dna g 5 ol Sins g5 a3 (s L
dele 55 Ohles (ST ot Slass gl 5 diedda
Jeelse 3 (SO Nl o gllaals Oloman (6o 43 iy
JoB s 5 IS0 58l Ay ol
e Ol o0 oS Sl JUS5 5 SO 53 a5
5 Sl S iy G pa g b 53 Sate Gl
Ol o (sl 58 53555 Olays oy el
3t 3 Sn ST (sovalon o sl Bitas JUS7, 0
33 Ol ala l odbanst s (K55 Gl s S
A e pLnil (TP53 5 KRAS AAPC usile 4Lacs
i Sole 355U S 5 Lao e ol e S
S Gl il 5 sl el e
ok 53 Glays el 585 (St 9 Lay s 5
Slas, 9l anw g (3l ans 53 (Mdzes (S O jles
SaaY Olejan (o) 2 OLSUl () oSl e
WS e 5 ater 3l ¢ IS 50 SL oMbl o lies
L sla S35 5 S Sl 7 8 55 ]
Clas S ol sl 03, S ool 315 5 5a g (!
O i Ol ooy Joalsd 457 Lilosls OLas 4 HLSS
I3 g sl Camdy 5 (S5 ) Slakss ¢ S
JUS 5 355 Ol o &5 g S8 e 3 (oir S
OLE e oSal e Olalllan (FAS o L]
(S ge ottt lis glaoy 8 5 5L 45 45 Llosls
SLa S 55 5l (S 5 i3 Lo s 3l (lae game
Sl ey s e L e Sl s ol
by st 3 03 28 (S5 gl Sl syl gale
L JladeS mal Jamma 1) <SG 5 bl 5 a0

23 B s 4 seme ol iz Bl 505 odbis S e

11€00 yg0 « sl 0}39 o)ladd (@il g (W 3)9s

ohdjle (Al ek slEibily alas PolE


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ulilSnm g (sasnl gy

59, 5 3lge
p;ﬁjjghr%))fo)ygwba|
23518 L, sl bl e LSS ()
5 PRISMA 2020) Us JJLTks 5 diaplss sLs 55
Lol e =1k (SWIM) 5JUTke 05 i fasdl) g2
ol o el ol e TS 15S
(IS5 G F 55 Ol Jools a0 by o dal
OT Ll 5 IS5 I8 0l o 53 (gmal 5 (S50
Da sl 4 mal s mle s S Sl L
Sty S5 gl 5 pml 5 s ¢ 0] )
Sl Sl (o e &S 0l 504, PDS3

b ) 5 oSl slaedly

S wlio 5 smetea (5520

Slaoll s al ksl Gl e
PUbMed/MEDLINE fol & Mol o SLeNbl
Web of Science Core Collection Scopus
Cochrane Central Register of sEmbase
eoeen A& plowil Controlled Trials (CENTRAL)
&5 ¢l ——ClinicalTrials.gov ¢ 1
o 3kl (sLaoll 5 L e gla ol TE
e 350 e OV sl s Maglran 4SID fels
B YO 4505 Sl smtaa Sl ojb.0p)m S 415
Yl gl (53 e 5 Ab ond V2V julis
<, 7 (Citation Pearl Growing) . swe
o 257 Sl S 5 L gpetas 3 a0, .03 8
5 (Emtree 4 Medical Subject Headings [MeSH])
&S o ¢ L Title/Abstract gladls s 13T 08 315
s 505 (AND/OR) J s ihate la Shas
) S e PUDMeEd 5 ol ol a0 s (651 2l
ROy PP A WO IS WS
("Colorectal Neoplasms“[Mesh] OR "colorectal
cancer"[Title/Abstract] OR "colon

cancer"[Title/Abstract] OR "rectal
cancer"[Title/Abstract])

Laassl ol Wdas ol 3l ol 58 ses) 4 ol
Neoses o Sl B3 alse o dns o0 0L
Olss ol SMlx 5 Sy ol Con g alan
g ol s Sl 5 o5 5 lad
03 AL andls i Slays C"“L" e 90 Al g e
3 025 82,55 lge 5 mle (s 3 sladle
250 O S50 ol adlllen 1 ol
3,5 336505 DNA Low Cl 4 5 )l 3 ax 55
33 S5k IS g0 sl S )y 5 (CIDNA)
oslp3 Sbadl SLedbl dlil 5 on daome 5
(‘&“35 i 5 Slos el Gl s s S
I Jeol slaesls plist (1) ol 5 (6)law 350
Ol ¢ BLy (Sl DL Ly Lo (o
b sl JsSse sla fbs 4o plis
e |y god g 5lu pamd Slsys glas i,
Joole i S s s iy cpl 4 a5 L0Vl e
LS 55 5 (! s (S5 ) D s Ols
Slasd Sldal Slals 4 dlg e yseg JS g0
O, 53 (5 5 Sloss Glas paly a5 5
S 5 il gl S S IS, S
Sleslial 5 oS5 gl oliS b Jolge b ol 5 5 gesl
Solr 5 Ly 8L Gl e o b a1
S e 53 oS gl oLas S g5 Ol e Ol
o) = DKol s = s CRC pglie sl g0 58 (&
Aol g .L;»CLEJ 08 dealllas ol 51 Cada ¢l
S5l S S5 sl e 5 olubis
L alpd i PDS3 (s3lgitey s b Lo o
(I 50 L 5CtDNA 2l e 208 Ol
S eR) (S5 Sl slas paly el b3 5
O s 55 (o) 5 5 sl 5 S5 ) slre S g
sl PRISMA 2020 Jasll; i ol » JUS )18
(e (50 Sl & Ll e 4Bl bl 3 S5 g5 )
LS o 5 IS5 slanY Oloo dal

ST ST 585 3 S ol o b

Pod 11€0 0 ye0 « Al 0}39 d)Louds (@il § ¢, )93

ohsjls (Al eole oGRSl alas


http://clinicaltrials.gov/
http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rlolops )s Giijele30.09) slaghiSeay

4S SYLae g Sl aas gai 4 Jlasl LLs |

OVLzsls (esl bl Sy laesls

Laoss Cu o 5 o Ylde Ol i) ,8

Slade ol 6550 Gilan (5 N2 Al
A o 53 () o )led j guad) L el PRISMA 2020
Laol&ly gobos 31,555 F/FA Lo same eyl olabis
od> ;I e ¢4z EndNote ARl 2505 5 2l Al
ole BU Ilas YYFe sl (VY )l ST sl g0
3 i b SV 0t S 5 Olsie cp3 08 s
o e a5 Ld U S5l 5o Lo 5 Olan 5587
et om0 53 8 L ol aalllas YO FO 15 5
s YPA olg 53 48 s & oLl dlas 10 LS
S G 5 A Y 4

O gty 0 5SS (slmosls sl pls —
(NN g0 5 S5 o) 55 300!

ksl pds L oS Sl 40 g0l - -
«(0r=n) ctDNA s Kilis

35 Slays gladsly Lasls —as 518 -
(VV=N) gl 5 8 sl OMSIe

(Y=n) JiS7, 4 S Ol o Tl Al -

el Ll s aly adlas BV sl (Zolg 5o
%fé..uxi&f;mjuoalzc\ﬂ\%fs)b
S LI el el 2 OLL S, 0L G315
‘gétjsr,u- 3,190 9 (/A=) us oL 5,0 (k Cohen’s)

35 Juabs o Keass 6asls b

S 5 S )

Slalas 55l gdte CodS 5 (6,8 s s
Ll St h 55 Loy s Oy geody 03l
X

il ol L e o le3THE sl -
L& oslazl Cochrane RoB 2 151 51 (RCTs)

AND

("Epigenomics"[Mesh] OR "DNA
Methylation"[Mesh] OR "epigenetic
regulation[Title/Abstract] OR "multi-
omics"[Title/Abstract] OR ""genomic
profiling"[Title/Abstract])

AND

("Tumor Microenvironment“[Mesh] OR "immune
evasion"[Title/Abstract] OR "immune

checkpoint"[Title/Abstract] OR "tumor infiltrating
lymphocytes"[Title/Abstract])

AND

("Liquid Biopsy"[Mesh] OR "Circulating Tumor
DNA"[Mesh] OR "ctDNA"[Title/Abstract] OR
"cell-free DNA"[Title/Abstract])

AND

("Immunotherapy"[Mesh] OR "Immune
Checkpoint Inhibitors"[Mesh] OR "combination
immunotherapy”[Title/Abstract])

3kl (g dnails & PDS3 Mol o8 LT
i s p s a b s 8 S e (S50 g m)

.(\b))}f«.ﬁ ;}u\> 6J‘gcb C_Af_J}J::A J:S)

T 52005 slalas
2505 sloylas

«(Original Articles) jlul Jool cings Olallas
9 u_a,;ﬁ Sl T G150 b cla olesT,8
Olespd s 4 S yine SoaatdS b Ko T obais
CIMP Coni g asile) S gl sla S (gl yome U
ol Loy (G5t O gDlie s DNAQ 5dlize
50Sslan iy J3CIDNA 5 ,,LS (TME) ;55
St S sled S lge o (e Sla)s slag )
(9)Ls g 415, CRC 45 (ICIS) s

Zo slbee
«(Case  reports) gs,5 o sL—a 3,5
aA_._.g.? «n< \')ég_rjfé))}_ndus\_ﬁw
Sdds ( A3 (65,0 VLA (LK oo les
(L U B lesT i jlael 436 (g 5 gl S

O3 Sl b Ik 28T T raomis Slallas

11€00 yg0 « sl 0}39 o)ladd (@il g (W 3)9s

ohdjle (Al ok slEibily dlas Poly


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ulilSnm g (sasnl gy

oles! (AT slap ik 5 &S5 5 5 m lal
oplpls 6355 yadie HJUTe CIB 5 s e g LT
Oy st SWIM - sl ) s wlal 1 Laesls i
O Py Y WP | P T I Pt

KALYR W |J.>.-‘ d}«ﬁ-ﬂ J:Lx? 9 Lg\d.miu.a

3903 SLaskme drly Lhagh adlles PV p sares
d_ajf‘..audu@\'/\dnws\f.u.w o3l jasis olg
SGT50) b oT808 (Gl Jlidas 5
S35 = S5 gl 55 S5l J16s p aslllae Y
Sk Lol sy e (s s 5 (3L Sl S obese
s sROBINS-1 ROB 2 (sla,l5l L &S5 55 sutze
Slalllas dp js AY 457 515 Olzs (NOS) 156 5 JulS 55
U ol (65 s 68y 5 YU kST (slls on
S g Sy Shols adlllan VY Lg5 5035y Lo s
Fo 538 L lastaly 232 F 3 Vb 55 Lo
Fo 3 Jeol glaadl Ll 8 Dl ol 2ls)
38 Aol 5 Aol ) e oy 5> el

Moy 33 Sl S S o sl )
2o (Slasdiadl (Gl glome 5 JUS) 458
Olss s i€ s 55 b os g8 ¢S g5 Sllllas
i gl sl S5 se 5 51 CRC Ol &8 Wilosls
bl 055y dile oliacS 5y (glaes sy ol 0 Sl
s (The Cancer Genome Atlas; TCGA)oWb , £ss 5
Wilosls GLaS Jiws Coyga S oy aom LSS (sla s
Rl 03 i Sl 5 SSE5 el ( SE5 e S
s RS Loy slaes & 5oty O
ol 230kl gl B AN oy e 51 (S Y Y s
Flol S se slaos 85 sisaih 5 e ¢ 5 Kenl
CRC 45 5 4(Consensus Molecular Subtypes; CMS)
CMSL 1S p s Sl 05,5 5 Sl s
L JLbs ) CMS2 (MSI-H el 5 ¢S5 4 5 o)

‘ IDENTIFICATION ‘ l SCREENING I [ ELIGIBILITY | [ INCLUDED |

Records identified from
databases and registers
{n =3,480)

Records removed before Records excluded based

screening: L_5| ontitie/abstract

Duplicate records removed | (n=2,045)

(n=1,120) l
I Reports sought for

Records screened retrieval

(n=2,360) B

l

Full-text articles assessed Studies included in
for eligibility itative synthesis
(n=315) (n=67)

l

Reports excluded with
reasons (n = 248):

« Incomplete immunoepigenetic
data (n = 61)

« Small sample/no ctDNA
validation (n = 53)

« Incomplete immunotherapy
outcome data (n = 71)

« Off-topic non-CRC (n = 63)

colalis A1 3 (gl PRISMA 2020 5 o i3 sad 21 03l g

aplls 550 4 Dl 3555 5 Ll ol b5l es S

sl i le Balai b DL alllas gl -
— 1 55 e L ROBINS-T it 5l ¢ 25 8 o
L5 oslawl(Newcastle-Ottawa Scale; NOS) 156
OV o 2o cCmd) (S 5lael bl Slalllas
L gail
325l s e kil 5o M G5 4 o) s o -
Ao hls DY ) plazl @ e Loy G b
J=dow 5> (High Risk of Bias) YU jlw (5,5 s
SR PNE P S NPYR U PA RN P PE

(AL B2, AL:ML«& J:.l:ﬁ

LAa.)/JJ.’:..;vJG/j»..'“M/
Sl ol o1 b iy g 3 Ikl rﬂ L baosls
3 bl Oladin (Jlw/odins 5 OLedb
A:’)L@.‘)@}—’)”le—“;)b‘Jj—”}s“—L’f
J—bs (0 pwdie S5 5 TMB (MSI/MSS)
«(PD-L1 o, CD8+ TILs 5,&) TME sl
(/s e 5o df/}u 3 Cuwlus) CIDNA ;JSL.:-
Sl 5OS PPFS ORR) 5 4551 sladaly

2L SRl s 4 s ]l (a2l b

PoV 11€0 0 ye0 « Al 0}39 d)Louds (@il § ¢, )93

ohsjls (Al eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rlolops )s Giijele30.09) slaghiSeay

DNA Jis5 )» V.J..M sla g dleul b Ll 5
S M52 5 0l sl S bl S 4
CRC ;5 S5 ) sbed sy oy jodbasls |
Y gans 45l 105 3052 23 CPG (15 O Dl
ol 00,05 ol pen 4 |y O (S 0) pws 595 S
(Fobw as - J S 5 s G0 Ll g o O ks
I AT Cod )y Gl 5 S5k 15 ONA (a5
Llosls OLES § yeadlite 03 78 p 535 Slallan (1) ukins
S ledomy ‘_;Lajiﬂ CRC e gozma s (& > &S
ke (5 53 Oloje O grmdhite st 5 O gpDlite ot
@0 i 15 (0 4575 55 o otalidie 535
Osmehin s 0998 D)3 55 Jsbon nckis (slaaSl
93 o B 5 g seed DDl s Ol o5 DNA
(VIS o 895 Getile d 5Lag S o 2w V‘J“
Ll s 5 S e a5 e el e
O 03 -2d Cel Wl 5 0 H3KOMe3 LH3K27me3
s ol slad; Oy ialS 5 by S5 ksl
H3K27ac Al oS Jlab sla Sl JialS oS7 Jl
L el Gy b o o (gl s (550l b ol Sae
s 0dSUS e (GLaRNA (1F)5 55 ol jon  Jolo LS
s oa B ) (S5 gl ol 56 K3 e Y
La MIiCroRNALS™ Llosls il ¢S o Sl 5 Siladllas
s’-]“‘ G b 51 45,56 Lalong non- coding RNA
L L e SIS (SlaaS aDS o 555l
Sy el ey 5 e e (D L J
L La microRNA = ,; 0L )5 ,.%5 CCRC 3 (rd)das
S o (5o Sl b 55 S0 (gl e (5 Sled
Ol e smemme 53 )l 0wl Ls o yny
Sl 58 6,8 S5 a0 Lilg o (S5 D
ST S et S Sl L 5505
b L MSS (slossnsi g gl damn Slo S s -1
S el ST Sl 5 (N 05 sl as

LS55 Ol 53 Olaps 4 sy 5 (Solaw S50

5 (S 5ke) CMS3 (WNT/MYC s (5l
=) 00 (TOF-P s (g 5Lalad L ol 2) CMSA
S5 55 5 ot Uiy Sl il il
):4_7-}4"‘}_3\56\_;:@3&3\_33“3@_.’2}3 ,CRC
s b Ol ol jas 55 0leys 4 oy 5 ST 2
ilosls 3Lis WSl Fya 5 G gla sy s iy
Sl )00 J Hba U5 e bl ses 4 &
Lal)sa S 5 93 (19)5, S guarws |6 &€ e
(ol e DL MSS lase s Ol 5305 94
Lo 555l (S 5 4S Wlod b otaltin _gLa S
A e Ol 1y S gdos ool b 503 28 S5 !
Cislas CMS eSS Sliasein U JlS 5 sbas
slas¥ as das o 0L glaasl i (Y0)40 I
I 3 S5 D 0350 0 5 ol
(R et 2B (23S 53 o (S aeas)
B ol SLOPALEL ails (GlodiiS i 18 Wy g0 5
S s (S (o e Sla sl sl
Sl 6805 5 50 5 50 55 o1 65 55 (Ll
5 p e iy ) 53 ()l 4l glod 3
shlos U ¢S5 ol o4 PDS3 (glgii ¢S5 o) 5 500
E IR o S 2 b e e
b (b UMSS (glayga s 53 J iS00 sla S5
S50 8525 5% B re Sl 5o 21 55 IS
Dl 0o LUl e 5 Sl o)l il 0 dd S
Lo el S e el ans 5 03 8 S5

C_...w‘)}aj

53 O Ol Spsmelinib 5 Sl i Y
S 455 Ol oo
ol e o Seee S K Shigl s
Jolb s il Gl S p slad g )3 05Ol
(555t S-Sl DNA 0 gdite Ll glopelSo
23 (TR)3 55 oo oS SS 8 GLaRNA Lw g o o
(ol Sl ol 5> s (JLST5 IS Ol e

11€00 yg0 « sl 0339 o)ladd (@il g (w0 5)9s

ohsjls (S eolc oGSl dlas PoA


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ulilSnm g (sasnl gy

s 45 Wilesls 0L oty T Slalllas (FO)US
o2l Ulg e adgl y5eg o> 2 5l CIDNA

(Hl odileSl (oloy (b Sl s
Sl ey ODNA 48 Ly 3 (55)43L (MRD)
ol 358 ot ol (GLals BB )50 5 0 9o
o (Nl odd oS SV gy BBy sba
Ll 5 e Olays J b 55 CIDNA cb_.v): B e ]
23 9 das Sl Oleys 4 Caglas b CWLL oyl Sl
SN g5 5mds Slr i) 3 y5595 (o= 3l g (o
22 S 53 (FNAS oSxia |y (6 plan O s
59 CIDNA § gedhze (gla S s o K555 gla g
el 4B S B a5 3550 5k s 63,505, Olsen
s slalaal a5 Wilosls lis Slallee =
2L L CRC pl8iass5 e s ol il 5 oo ol
=l L FOL 8 5 eslinad 350 IS0 50 glres 5 55
GmBs shsaih 3 (6555 ol 03 28 5 LS (Il
rielie) Slalllas il Olmmer S50 slas 53

el (o iz 5555 a8 S s

S A Sboless G s s slas ), -0
3555 byl ladle 5 JBST, 45 0l e Ol s
L Cwleds g5 B ds sl ol 5 gl
o) 3 BLE (gl S lga e Sl L
53 2B b MSI- H layse 55 6115 Olylay 4 Gtas
(Jolie 53l 03 5 3 guoes G5 pude 0n 5 0T
15 CRC 0l)las odas jiw S MSS (gla g0 55 S|
OLis Loleys ool 4 (g 5 BB Grmly dins o S5
Olalllas (s gdmme ol o ade (gl (00 ) ks oS
oz o sl (L gle LT, 5 (Ui
5SS Ol ;S 5 Slays slas
L ol ssml oS 5 5 55 slas Sy,

DNA  (slrod S lge .ol &Sz ) glagyls
histone deacetylase Lmethyltransferase (DNMT)
5 05BT €L L s e g0 0L 2l 21 L Ll 5 oo
o bajyse s Cowleo (593 200 Gl s (Sludled

4 S Wlesls (Lot ¢S 5 g 5 geul olalllas (VI
Tl sbe 5 16355 LY same MSI- H gl 50 5
ol et (53 ) (Sl e (Sl 5 S 5
JL L MSS (la)ses 5l (ol 45 Il s ckin
L JlmdoS s s (el damman Sls sy (g
e 53 (AL aimmune- cold Sl
i 4S CDBH (sl 5l 3585 O s ¢ 5 LAy g0 ¢
asl alS asyls Gl e clad v Gl s Lol
3 olamesr i sl 8l ¢ e 55 (MOl
Sl odsodalin S 0 285 L el slad gl
S a5 T slad gl a0 015 oo gl ol dlar
ladhw sM2 553 L a5 b a3 o slaSls STl
ol (83,5 o,Lal (MDSC) s shee 51 e S S e
STGF- B 51L- 10 dile glayS s 5 b i sl
el il e ) B e slac sl L 5
(=) e (FVLS Hlgely S5 T sladslw
ol 3 e 03 aS Wlesls Ol 55 0Ly sl Jdos
T slad sl St U bas o sla S5l Ol oy go g
azsl (LIS TIGIT sTIM- 3 (LAG- 3 (PD- 1.k
63, Mhes O35 2alS adiasOlis Cundy cpl (PNl
S G S s 5 s Pl 5 308 T glad sk
Sl 39ds C"’b a.\;.b:@_.éj Ll g e g Sl
o2l (s 3b BB (glaeliS )lgs s MSS (gla ) 50 5
salin 55 (b oleST 8 ke 53 47 (glo oy til,

(s p IV PR V4

53 A28 03 s DNAS wlo ooy s 265 F
Sy o8 Ol S8 50 20k
IR Ol s Gladln 53 mls (o
SStlys (o 8l oL b Sl S
ougj_.»);.(ffx;_w\aucj_bu,f}:g}_i!y
55 o5 sad sl 51 4ST CDNA (JUST, S
W15 e 3 gb a 33T 045 0L o an I L o5 s

A3 g5 S Cands sl (stied 3 Sl

Poq 11€0 0 ye0 « Al 0}39 d)Louds (@il § ¢, )93

ohsjls (Al eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rlolops )s Giijele30.09) slaghiSeay

Glas S50 5 B slaosls s shiiads . ol (5555
s S 250 Splas 5 (ol 8o 5l S
ROUR PRS- PPN ISP PRESPP I U W
laasl 5l asl ksl glaoMs \ o,ld Jalo
S Reals et (ol (sl g 55 s AS
e il o S5 S i LS
..\_A:L;AQL&J\JL;LU:LSLMXA\)}@LAMJ:{
s glie @ ol sba 55T o kel Jgur
$sSI L CMS odsaslis glaoy S 5 sla S5
Olples U Conl azstls , PDS3 (gslgins 09440

355 e 7 3558 OT (Il s

=S e oml posde OV das (I3l ol 5 g sel
ﬂl__,w‘._.:PD' L1 L_..iPD' 1 L;LAGJ__.SJ\@J
TIGIT L LAG- 3 asle el glacs oS
9 oJ_&Lg)Lwdm GJ‘SUT}L LSLA;I“;‘} )‘ oalazw!
= TIL 5 CAR- Tades I Joho 0oy arw i
by 5 T sadshu 5ladlad 5358 2ol 8
L 0R) sl (mal 1,5 (slaeadlSs ke 5 5505
‘59\_{.\.&\}_&)}_& ‘e.\_l.'.f)‘)u\f‘ @L’b S X )
MSS la)se 5 53 Glays glas lblwl ;o gl
FSE 5 Ul Lo TS planil 53,15 55

b s el o IS se g bl 5 JST) 58T Olb 53 (oS (slaadly 4l ksl 4ol 1) osled Jgur

& 5 A e DS S G s bl

©0) st gad iy 1 L g ken Ll s s 5 1) (s 55 il 5 CMIS i 03 28 S gz Sl 5 (S5 (S5 oSl Sl s S8 ol
Ll 35 4 patee e 65 gl 5SS by e LU MSS ey g (CMS4 s CMS1) Lotos 5 5 Juls CMS

©7) 5 2l  DNA e ((Jsho s 2 b o o o035 Ol e sl 05k St ol S35 0 sMitn 528/ s Dte ) DNA 0 pose S S
S o Sy late sla 55 6,8 S 4 5 S e S0l 5L L e by r:Ja-;,A(H?:KZ?ac (H3K9me3 (H3K27me3)  sn
(IncRNA miRNA) .55 ,5 sLRNA

V) & i ey U o g oyl 6l IMMUNE COID) 5 e (il baoe, ¢ MDSC, M2 slajls Sl Treg i3 CD8+ 3,4 tals” MSS (sl 50 5 53 5505 sasl Lo
03 ol e 2l o ST 5 el i 58S slaoniS lge TJTIM3LAG3PD D) g T Kot slo Sk 2181
TIGIT

®A) o Dl el ol om0 st I3 (o ) e CEIDNA Uik 08l 60 55 CIDNA) 25 5 5 55505 DNA lats CIDNA ) w52
Sl s 3,0 bl a0l t,;,,u,H@E‘$)~:xﬁ,.&51;;,;ctDNA sl S o 0l & ey b5l 8 e (MRD
el ey i el L G5 il CtDNAL 5z

%) 2 0l MSS(gla, 505 53 Canslie e 5 5505 2l5sir] SRl ol s DNMTI) 555 sloorkiS lge b gl 555 50) oS 5 S 5 Sl sl

FE 55 G ol w5 lays 3l ok (5 bl el oSl subial 45!

3yl3 3y

53T 55 S STy (i 58S i Ol e s «HDACH
(TILCART) Jihu sladleys

long ) IncRNA « (microRNA) miRNA «(Microsatellite Stable) MSS (Consensus Molecular Subtypes) CMS :&fslaisl Ly 5 ¢y 934
0 52men) H3K272C (8 150 55 68 e 0 sadhize L H3 () men) H3KOMES (Y (3 55 684w 0 pdhze L H3 0 2n) H3K27me3 (non-coding RNA
Myeloid-) MDSC «(M2 365 s'.) M2 «(Regulatory T cells) Treg «(Cluster of Differentiation 8) CD8+ «(YV o3 55 Dzl LH3
T-cell Immunoglobulin ) TIM-3 «Lymphocyte Activation Gene 3) LAG-3 «(Programmed Death-1) PD-1 «(Derived Suppressor Cells
circulating tumor ) ctDNA «(T-cell Immunoreceptor with Ig and ITIM domains) TIGIT «@nd Mucin domain-containingprotein 3
Histone Deacetylase ) HDACi «(DNA Methyltransferase inhibitors) DNMTi (Minimal Residual Disease) MRD «(DNA
(Tumor-Infiltrating Lymphocytes) TIL (Chimeric Antigen Receptor T-cell) CAR-T (inhibitors

JS 5955 0 53 PDS3 (sslgiiy 5 gl p ol b CMSL4) Ml o JsSgn sloes 555 alie o oled Jor

Guazb o3 ! ”;}j’) ENPRC P IO sl 3 S5 gl Slasia el S Halsd islizel o
et S

sediio ses S 5 CMSL (TMB- YU 2> ,L/MSI-H S5 303 Osmde High- CIMP s 15 B e AB S 5 Y asnly o > Ml b sl
Ml 0k iz YU s 345 High) MLH1 P
J CMms2 (933095 6L /MSS Low/Negative- CIMP s, (sl 3 328) adinsimaly 2 g 3 (Hdlom (2l (el
Ml 0k iz Wnt/MYC s s s S
SodECE sles S 5 CMS3 SN a5 g8 S SMY (CIMP-LOW) Laus s20 &3 gosdlza il sl sl 53 Ml (I e slis
Ml ok i lze) KRASGL:, S e S ke eSS s S
SodECE sles S 5 CMs4 338 ¢ glug el £L5,1 /IMSS [P R RTINS Y o 31 6 L gl ] il 2 53 Ml (I e slis
Ml ots i slze (TGF-B) S5 e slas 556 Ly el pomr S
olgey hsehe ol s (TMB- ol ier )L /MSS Sl b sl LHigh - CIMP 1 Ses (5 4 pslie ool 48 Aalpd e e (oolgriy 4
ol allan PDS3 sl 358 3 s Low) b ity 03 ST as o il —eSE al SoaS S ol 30k Jin il L3 (5530
HDAC/EZH2 e (Sl

MSI-H (ol aslllae (s3lgiing (o5 53/ o sete w2 r) PDS3 «(Consensus Molecular Subtypes 1-4) CMS1-4 1Ol )lais! Cio 5 « L
CIMP «(Tumor Mutational Burden-Low)TMB-Low «(Tumor Mutational Burden-High) TMB-High (Microsatellite Instability-High)
- 53) CIMP-Low/Negative (Yt CIMP . ;3) CIMP-High «(Cytosine-phosphate-Guanine) CpG «(CpG Island Methylator Phenotype)
MYC «(Wingless-related integration site)Wnt «MutL Homolog 1)MLH1 «(Microsatellite Stable) MSS  «(_iw/ul; CIMP
«(Transforming Growth Factor-beta)TGF-B «(Kirsten Rat Sarcoma viral oncogene homolog) KRAS (Myelocytomatosis oncogene)

(Enhancer of Zeste Homolog 2) EZH2 .(Histone Deacetylase) HDAC
S Olpe 4 g ot o )5T La S5 s mlie Cogr Al dnglls 55 50 Sl oaT 2 43 5 (o sgde oo S5 Ol o 6 o Jsi ) 2 PDS3 (s 55

35 g0 3eds CMS (gutailo L 51 5o (padnds sdB DT L 3 bl 03 85

11€00 10 « Aol 5339 o)ladd (@il g W 5)9s ohdjle (i) eolc olEibily alas Plo


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ulilSnm g (sasnl gy

Ol 02 S L g B 5 5 e 53 e
g5 €55 Olsiean a5 PDS3 psgie ol
e ol S5 Ul s S olicts J5S05
22 S paml 5 Sagi o) lresls plesl sl
LSS 51 (Sl s 0B LS, S Ol
Q@Ma:x&&cklawbg}@);wﬁ
2 03 05 0l el 3l 53 (S5 ]
O gz Aile (o180 Ko .ol MSS (gla ) 3o 5
GLRNAL . 5 o b5 5 J gims Sl-Slol DNA
GaSs )3 Hl Ol i 4 Ll e 0l US 8
L b e (22U (5l s 5 i i g 559
ERLas 513 5E S 1) el el 5 Jsbe 3l
24 Wilesls 0L O gdlite 03 280 55 Slallae
03 5 Sl S sesp O gredhite ea LERC (&
o) i 5 DNA a5 ¢ Syl L5 la
9o Al 5 o (S yuad i (P0)3 55 e odaline
2 Sas S 4 (g JL s B
Slacsi s s Ll ymte (H5e 5 Sladhe )5 ogs
5 S5 5 el it 1S sl (g late (S
S 305 1 (ol S Aps 0 OLES (glodl 33 ol g
9 dis J2d0S ) 505 (sl Jarmes (51,15MSS

Cmmazr sl 531 CDB+ (glacw g2 558 tals
L5 a5l s D5 5 S8 o el (slad b
oSl G S e I T ladle S b
o=l Nl ols 138 Laysns opl 51 Sy 5o
Sgdsus ely b gl (i Al S e Coad
ol a3k i (glaediS lge 4 MSS (gl ) 5o 5
S Ll okl 7 hae land b oo ol ol 5o L
Oy s G b Sl ) Sae (S g D s
3 592 Gl s 03 BT 4,0 b bas 0 580
ol L i 6,8 U5 el AU
ol a1 NS LS lodis S ) a
ES el el S s §sm LU

oo (SOl iz 22 ) oSl 0 Sl

das e 0L YL ch_w Slalllas 5,0 ¢ goen 5>
oS 55 03 78 (S5 ) D s Olis Jolos
Ul5 505 S5 g0 Dkl g 5505 ol Lo 5
SO o 5 5 s § 5L 53 SloliS okl 2B
MSS (Lo g0 5 I (idms 3 F)ASL axils IS, 4 S
S Wlod staltie ola Sl ¢l —igr L L
Sl 5 (S5l (6t b e edins 0L
EVXd H s § Josea sy 5o f‘“«'&"‘“‘«““””\"“
3l S5 gl 35 sl 5 e ol
ol S5l lSS 1 1= Ol siean L5 s PDS3
ooliil 5 50 Ao Sl Slaas byl g laasly
o ezl 5 8 lelid Jl ol LS 18
la Jow 850 Soan T Sldllas il o s S
33 63, Shes Lo )y 5 o SKial g0 0uis ylukilid
WS 55 slaesls (l_'a.sl FNCsl s glads
s 3 Jrol DAl 5 655 5 gl K55 )
s Gles sy a5 a0l T 55 Ll5 o mls
Ob e Co e )3 0l Sg 5w il 5 5533
M)A ¢SS IS, S

Ol Joolws 4" das o OLES 9,0 opl slaaily

il e 5L 55 00 pu8 (S5 ) Sl s
Crolr Ll 5 S5 oS 5 g5
Slaes S 05 o5 2 O 53 6l S 0 5o
p oo canllln ol 55 S gl 5 IS, S O e
e 0154 PDS3 (kg &S5 ) 5 sl o 53
LS dd iz he olajses G s 6l (s
s Slolsalesy ool (omly (e DL oS 5
a8 Ly 53 Gl S e Sl skl s
S SN b glas S5y SV i sh o0
ol (bl (liyls 3 08 (S5 Sl Gikas
Slakis 48 das o OLis WSl ge Slllas |

S N P S R L;’d-:’wj'-g) Sl ;;:”5@‘

P 11€0 0 ye0 « Al 0}39 d)Louds (@il § ¢, )93

ohsjls (Al eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rlolops )s Giijele30.09) slaghiSeay

Ol Slays . Cwl glados ado 10 )5 Olizman

ol 3L BB GlaediS e L JLS, I 8
Ohlew 5o s ((Immune Checkpoint Inhibitors)
035 jual Cidd 3o MSI- HIAMMR (sls ) 50 5 (515
=l MSS lasn s ST Julie 53 (VP
ny (,ri‘ .(Vb).\:..a:o.« Ol Lol ys J-i‘ 4 (6D 9w
Slyd Sas al, b g Coon 4y |y O, Kk g5 4 55
Claysy ol U Gl odd O pbne (oS 5
250 80,5055 5 (Nl G 5 s e
Al oS5 gl oS s (slagyls Sl eslizul a5
L =S 5 3 (HDAC) ;5w & sur L DNMT
Sl il g oy 3k BLE (Lol S g
L asls e Lagyls ol aS wlesls Olas b iy
@lwdla 05 5T I b s o a0 O 213!
o T Sladho 350 a5 s (a8 la s
S ) oS (el Fl s L
a5 adsl 50 b e slesTHS s (v s
B S L a ety DS S ol (o
33 558 MSS LaCRC s LaoT isw 1oyl
J.—:';LSJ—<1'> L;L;u}gu) (el podle (s o zws
Opr Ole e Hlge adex Slcdis (gw) 5 b o
55T 55 Gl STy 3l sl (el S 508
TIL b Jolo sa0leys anw g g oddigjlu s
SS jiha Ooda (W) el slay e g5 51 CAR- T
e oy (el RIS s paly ol
Lol s lamma i) 53 (il )l s punsSe
slados psao g J b lacs, iy 5y =)
S5l SNl a5y 5S¢ WSl D 50
st U g JuST5 I8 0l 3 ol
e 5 Coale s e Dlalllae Sl (5l o Znl ol pon
355 SLa s, 53 SSReal 5 disls S sd8 L
S5l 5 ESn 85 613 2 b 6 03Liad

o 3,1y Slalllas 5l odd i dal gl bl 5 LS e
Sl &.3356_1\ e sal Ol (6 ylsline ‘;:MM
o) 53 il 5 05 5T 4 oS
JLLMSS layge g 51 side 55 (Cold) ledl e
) e (b ol L3y e salie ol g
slaole s ConSs (5 luamsl Jsle Ol goan LS|
Glotsdy ol Caaglia |y 5 6l bl Ao jL5 i
G o caalllae sl 53 PDS3 (555 5039 Julodis
Tro 5 Sl oS S e sgie 405 4 S Ul e
S s 5 5 33,5 e e 1S
03 Sty 3y b s B s Al alb
T o ) DS el e slas,sls
23l 03, S @l 51y s g S5 Sse Sl s
A 3l S Olsea CIDNA IS, 357 0l e
sdae Olallbs g 555 o sl GLA s Sl
e ladl (gHlaw Ly (sl Ll g o 4T Wlesls Ol
S50 Olays g ol b5l 9 358 (S iy o (B
oty T Slalllas 5 5 55 .3 -5 1,5 eslinal
axry B RISIL ol I ey CIDNA 5 2
S5 o Tt Sl Olyiea 5 03 ol jon 550 o
(K55 Sl g s esde (V1) 58 e il
Olyeas 55 CIDNA 05 odle sla S (e
Nl 45 S 5 5 am 55,50 55eb s (63,50,
Condy osl)s Gl Wil g o 5 gadlite slalilsl
Slallas (5 55 5 diS a5 )5y S5
Sy Slays Fl b L CRC jesis gl ad sl
ol 3 Wl nl b ) las § 1,5 eslinul
SrSse slacs s 85 sdnaib ¢l o g5l
kel g La Jgy g lwa )bl dia sl Oloen
oz Sl gl ol 5 5 Glas a8 )
5Ly S pibs Sl SlodiSlgal 15l mle (g 50
0 5l gn 2 smmn JUS 51 55T O s 06l gt

ool JsSsn slnes 5 55 s 53 0T 5,5l

11€00 yg0 « sl 039 o)lauds «uiub g (10 5)9s

ohjle (Al ek oGRSl das PIp


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ulilSnm g (sasnl gy

S, 358 0l ;3 PDS3 (ealgiiy w5 (ol p Vol gduaids Sllre 5 oS GlaaknT ( Slles o x5 ¥ oxled Joua

- /iy
ratiS Sy )5 o 3l i fs S s Lends 5 Slles gl JERNCGP RSP NE S s
e
\,»>FoxP3* ,CD8" =i
‘ | ot gt 5 305 o 5 5 05 (FOXP3* JCD8" (555 10 555 TILS) 305 0 iS5 58 laoms s U5 o
235k slne _ : 035 S 03 sl 358 0B ESPrre
L i il 5l 55y PD-L1 1, (CPS) oz
V>CPS \L-PD ¢ o
YU SN o 4 Cned
Sk sl s 5T i ) : -
B ed
Dy e " .55 (CIMP J:)CpG
(obazl LA 0L 0 Y Lo 53t O gt s o L)CPG o ozl 5103 55 s05 5 O gdhte
133k | (MS-PCR) Jj SobA B 3) > O st 5 ¢ B 2l 2 SWBO3 5 555 O 55
s ¥ o> sl K55 g o pel (HDACs / EZH2)
ol g5t o M 5 s
) HLA- L 05 =T 20,0
Lesda
.M  A/B/C
) 20 NGS loolgalen) ol Cands
Ledda .
) (MSS / pMMR)
D5 obre Sy o iy 2S5 (TMB) (55505 2 b 5 (MSH SEAtUS) Loyl gale 5 55l Cons Sags
o b oss St
o (mut/Mb \.>TMB)
NA bl e g5 bl S 2
L s _ _
s log el 31 AL a5l PB) sl 1 23 s s b (CMS) olent S S0 sloos 5 5 by
Obiy Jas (RNA-Seq) / _ o ) S Sl
55 oo T Sen S SIS 0l (gLl (catenin-p/Wnt ;TGF
Qo ol P

!

Cluster of )CD8+ «(Tumor-Infiltrating Lymphocytes) TILS (sl allas (g3lgtuy o 5o o 52 )/ i s3) PDS3 1Ol iy 8 ¢ gl
Cytosine-)CpG «(Programmed Death-Ligand 1)PD-L1 «(Combined Positive Score)CPS «(Forkhead box P3)FoxP3+ «(Differentiation 8
«Enhancer of Zeste Homolog 2)EZH2 «(Histone Deacetylases)HDACs «CpG Island Methylator Phenotype) CIMP  (phosphate-Guanine

Methylation-Specific Polymerase Chain )MS-PCR «(Beta-2

Microglobulin)32M «Human Leukocyte Antigen-A/B/C)HLA-A/B/C

Tumor Mutational YTMB «(proficient Mismatch RepainpMMR «(Microsatellite Stable)MSS «(Microsatellite Instability) MSI «(Reaction

TGF-B  «Consensus Molecular Subtypes) CMS «mutations

per megabase)mut/Mb  «(Next-Generation Sequencing)NGS  «Burden

(RNA Sequencing) RNA-Seq «(Wingless-related integration site/beta-catenin) Wnt/B-catenin «(Transforming Growth Factor-beta)

a2y el 5 obiile Sy Soen ela
L il e ea T Sl sy el (53 Slos
Olalllas (el LSl ails S 0 ol ) oo
Ot gy sl m L S sladie s S
S 5 ol Sl S e o B
sla o1, plasil 93 .l (655 0 s Gy
SLasS s bl 1y Ollag &S Soan T 2L
Sl 53 A0l g e ST (g aib Sl g
KBy age B oS 5 Slays slas paly s il
sam S, (G5l Ikl 5 dne 5 (p g L
o bl 550 glresls ple b oT plesl 5 mle
S 0lays s 53 sy $Salts 558 Shb
Gl L gl Sl olwld (nlg )3 .S
S glaa (lil-’w}j GRS 9 Oleyd 4 Fnly (o Ay
Aal g aA;iTou:j,awéuq,J}u\ S 2l
S bLE Sl cdapllss Hy,m ol gy bt 5oy
S 51l Sl eslinwl 4 Ol g5 o anlllas -yl
(e 5 S ne oK g ) =

G315 spin Ol OIS 05,5 1y ) slateay
PDS3 (5 5% ¢ (S 5y 5§ pys )8 5 &S558
GalaT LV gdudib ool &5 JJ6 s
o=l o0 (Faslas Jgu) i gl edin Jlhas
S Olsiea 4 PDS3 s 5 inplss (550 s
Jioe S5 Olsiean a8l cods o5 b Cad g g0
arllln PV dal s i o (e 3l (o5 58
(i Sl ol b e (e e
(W1 8) 3w o505 Lomans Oljon S 0a 5
CIMP-High o3 540) K5 g 03 S b pals
g ol b kS a1y (MSS (6la ) go 5 s o
il bl ol Jate iaslzel 5 b ot
5 N a8 Sl as Ken sl ol
TCGA- sl sosls dows a5ke) Ko7
&Sn g2y Sl 5 5 GEO (sLnesls COAD/READ
Sy dals ST Oblas 5o (JolaeSS LLab
LUl L e gbaasdl 1 (6ol ¢ 0dle

BEBT R V’;J-“ I gs—<::‘5gs—l‘ S Ol

PIw 11€0 0 ye0 « Al 0}39 d)Louds (@il § ¢, )93

ohsjls (Al eole oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rlolops )s Giijele30.09) slaghiSeay

e O PR PN P SR IC SR P
g sl b oslaul 4 Ul e Lal 35 o
(al_&«:l S LS Slaaz 5 Sl ‘5>-\Jb 5 s
3 dg—ijjj}’}“'i‘ ‘ég—:‘j’jgri\ cdg_:.ayj sLlaesls
SRR IS P gl s 3 Jol Db
Ol 53 5585 Gloys g =il sl paly anw i
p s b (sl G 35 i IS 5158
sl p e O Sty Ole 855 5L e
el (I O s} 5 Slmlons OLwlisiCn
Sasil alzel 6l 5 Koy T Slalllas

Wl G s 53 Sl A pe

5018t sl ol 08 i 5
..L.A_&)‘)‘ ‘_;Lbol?u\_i: 9 udw‘) La ny u—:LA—-A’r-’Lﬂ

loao Lilabls iai agis ol padS 35

References

1- Xi Y, Xu P. Global colorectal cancer
burden in 2020 and projections to 2040.
Transl Oncol 2021;14(10):101174.

2- Morgan E, Arnold M, Gini A, Lorenzoni V,
Cabasag CJ, Laversanne M,etal. Global
burden of colorectal cancer in 2020 and
2040: incidence and mortality estimates
from GLOBOCAN. Gut 2023;72(2):338-
344 PMID: 36604116.

3- Liscu HD, Verga N, Atasiei DI, Badiu DC,
Dumitru AV, Ultimescu F,et al. Biomarkers
in Colorectal Cancer: Actual and Future
Perspectives. Int J Mol Sci
2024;25(21):11535 PMID: 39519088.

4- Lakatos E, Gunasri V, Zapata L, Househam
J, Heide T, Trahearn N. Epigenetically

driven and early immune evasion in

Sy Atopllss o5l 5 S J s S
L3S oyl e glacandeSa ol (6,8
980 o obusgdme U aalllas ol s gy ol
S 53V 5 Kal b 8
63l by ladze s CIDNA roiw a&2L5T
Sl 5 Ble 47 Cadeen Slalllas Ole &S 535 )
Pl ) sy GBS Rl s A (S T
Sl 3L el el esdhe .5 S 5 suoes (SWIM
ol s Ll e 05 sl 53 e sla L3 T,
s h aibes S i 1) Lisl 6,8 4w
2 )by3 (s o8 s Sl A g0 Slalllas I Juol
5 lesls 1yl JUST, 8 Ol s g (S s
b 55! o5 Ol il 4 Wlesls Olis
D13 g g S psS 53 (sags S H 05 (S
gty S5 gl 55 3m) 5B o seie sl
o= OLAJ.V.A oS (5] Jv\n Olgea Ll oo PDS3
o DL LMSS Glajysa 5 (F g 5o ) Lo

S5 pagie il A a5, 8 518 eslial 3550 ol

colorectal cancer evolution. Nat Genet
2025;57:3039-3049.

5- XiangJ, Liu S, Chang Z, Li J, Liu Y, Wang
H, etal. Integrating transcriptomics and
machine learning for immunotherapy
assessment in colorectal cancer. Cell Death
Discov 2024;10(1):162.

6- Dang T, Guan X, Cui L, Ruan Y, Chen Z,
Zou H, Lan Y, Liu C, Zhang Y. Epigenetics
and immunotherapy in colorectal cancer:
progress and promise. Clinical epigenetics.
2024 Sep 10;16(1):123. DOl:
10.1186/s13148-024-01740-9

7- Zhang X, Ye X, Jin H . Oxidized Low-
Density Lipoprotein as a Potential Target
for Enhancing Immune  Checkpoint

Inhibitor Therapy in Microsatellite-Stable

11€00 yo0 « b 039 o)lauds «uiud g (10 5)9s

ohjle (Al ok sl dlas Plic


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ul)lSem g 520l ey

10-

Colorectal ~ Cancer. Antioxidants  2025;
14(6):726.

Baretti M, Murphy AG, Zahurak M,
Gianino N, Parkinson R, Walker R, etal. A
study of using epigenetic modulators to
enhance response to pembrolizumab (MK-
3475) in microsatellite stable advanced
colorectal cancer. Clin
2023;15(1):74 PMID: 37120591.

Ganesh K, Stadler ZK, Cercek A,
Mendelsohn RB, Shia J, Segal NH,etal.

Immunotherapy in  colorectal cancer:

Epigenetics

rationale, challenges and potential. Nat Rev
Gastroenterol Hepatol 2019;16(6):361-375
PMID: 30886395.

Dasari A, Morris VK, Allegra CJ, Atreya C,
Benson AB 3rd, Boland P, etal. ctDNA
applications and integration in colorectal cancer:
an NCI Colon and Rectal-Anal Task Forces
whitepaper. Nat Rev Clin Oncol
2020;17(12):757-770 PMID: 32632268.

Pantel K, Alix-Panabieres C. Liquid biopsy
and minimal residual disease — latest
advances and implications for cure. Nat
Rev Clin Oncol 2019;16(7):409-424 PMID:
30796368.

Topper MJ, Vaz M, Marrone KA, Brahmer
J, Baylin S. The emerging role of
epigenetic  therapeutics in  immuno-
oncology. Nat Rev Clin Oncol
2019;17(2):75-90 PMID: 31548600.

Page MJ, McKenzie JE, Bossuyt PM,
Boutron I, Hoffmann TC, Mulrow CD, etal.
The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews.
BMJ 2021;372:n71.

Lefebvre C, Glanville J, Briscoe S, Littlewood
A, Marshall C, Metzendorf MI, Noel- Storr A,
Rader T, Shokraneh F, Thomas J, Wieland LS.
Searching for and selecting studies. Cochrane

handbook  for  systematic  reviews  of

16-

17-

18-

19-

20-

21-

22-

interventions. 2019 Sep 23:67-107.
https://doi.org/10.1002/9781119536604.ch4
Bramer WM, Rethlefsen ML, Kleijnen J,
Franco O. Optimal database combinations
for literature searches in systematic
reviews: a prospective exploratory study.
Syst Rev 2017;6(1):245.

Dienstmann R, Vermeulen L, Guinney J,
Kopetz S, Tejpar S, Tabernero J. Consensus
molecular subtypes and the evolution of
precision medicine in colorectal cancer. Nat
Rev Cancer 2017;17(2):79-92.

Muka T, Glisic M, Milic J, Verhoog S,
Bohlius J, Bramer W, etal. A 24-step guide
on how to design, conduct, and successfully
publish a systematic review and meta-
analysis in  medical research. Eur J
Epidemiol 2020;35(1):49-60  PMID:
31720912.

Sterne JAC, Savovi¢ J, Page MIJ, Elbers
RG, Blencowe NS, Boutron l,etal. RoB 2: a
revised tool for assessing risk of bias in
randomised trials. BMJ 2019;366:14898
PMID: 31462531.

Campbell M, McKenzie JE, Sowden A,
Katikireddi SV, Brennan SE, Ellis S, etal.
Synthesis without meta-analysis (SWiM) in
systematic reviews: reporting guideline.
BMJ 2020;368:16890 PMID: 31948937.
Joanito I, Wirapati P, Zhao N, Nawaz Z,
Yeo G, Lee F.etal. Single-cell and bulk
transcriptome sequencing to define the
consensus molecular subtypes of colorectal
cancer. Nat Gene 2022;54(7):963-974
PMID: 35773407

Baylin SB, Jones PA. Epigenetic determinants
of cancer. Cold Spring Harb Perspect Biol
2016;8(9):a019505 PMID: 27194046.

Feinberg AP, Koldobskiy MA, Gondor A.

Epigenetic modulators, modifiers and

Plo

11€00 yo0 « sl 0339 o)lauds «diu § (0 )93 3)9s

ohsjls Ak} eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rliolops )3 Giijele30.09) slagiiSeay

23-

24-

25-

26-

27-

28-

mediators in cancer aetiology and
progression. Nat Rev Genet
2016;17(5):284-299 PMID: 26972587.

Lao VV, Grady WM. Epigenetics and colorectal
cancer. Nat Rev Gastroenterol Hepatol
2011;8(12):686-700 PMID: 22009203.
Audia JE, Campbell RM.
modifications and cancer. Cold Spring
Harb Perspect Biol 2016;8(4):a019521
PMID: 27037415.

Lawrenson K, lversen ES, Tyrer J, Weber
RP, Concannon P, Hazelett DJ, Li Q,
Marks JR, Berchuck A, Lee JM, Aben KK.

Common variants at the CHEK2 gene locus

Histone

and risk of epithelial ovarian cancer.
Carcinogenesis. 2015 Nov 1;36(11):1341-
53. DOI: 10.1093/carcin/bgv138.

To KK, Tong CW, Wu M, Cho WCS.
MicroRNAs in the prognosis and therapy of
colorectal cancer: From bench to
bedside. World J
2018;24(27):2949-2973 PMID: 30038463.
Le DT, Uram JN, Wang H, Bartlett BR,
Kemberling H, Eyring AD, etal. PD-1
Blockade in Tumors with Mismatch-Repair
Deficiency. N Engl J Med
2015;372(26):2509-2520 PMID: 26028255.
Takeuchi Y, Nishikawa H. Roles of regulatory T

Gastroenterol

cells in cancer immunity. Int Immunol
2016;28(8):401-409 PMID: 27160722.
Anderson AC, Joller N, Kuchroo VK. Lag-
3, Tim-3, and TIGIT: Co-inhibitory
Receptors with Specialized Functions in
Immune Regulation.
2016;44(5):989-1004 PMID: 27192565.
Mei Y, Xiao W, Hu H, Lu G, Chen L, Sun

Z, etal. Single-cell analyses reveal

Immunity

suppressive tumor microenvironment of
human colorectal cancer. Clin Transl Med
2021;11(6):e422 PMID: 34185431.

31-

32-

33-

34-

35-

36-

37-

Tie J, Wang Y, Tomasetti C, Li L, Springer
S, Kinde I, etal. Circulating tumor DNA
analysis detects minimal residual disease
and predicts recurrence in patients with
stage Il colon cancer. Sci Transl Med
2016;8(346):346ra92 PMID: 27384348.
Reinert T, Henriksen TV, Christensen E,
Sharma S, Salari R, Sethi H, etal. Analysis
of Plasma Cell-Free DNA by Ultradeep
Sequencing in Patients With Stages | to IlI
Colorectal Cancer. JAMA  Oncol
2019;5(8):1124-1131 PMID: 31070691.
Siravegna G, Mussolin B, Buscarino M, Corti G,
Cassingena A, Crisafulli G, etal. Clonal
evolution and resistance to EGFR blockade in
the blood of colorectal cancer patients. Nat Med
2015;21(7):795-801 PMID: 26030179.

Le DT, Durham JN, Smith KN, Wang H,
Bartlett BR, Aulakh LK, etal. Mismatch
repair deficiency predicts response of solid
tumors to PD-1 blockade. Science
2017;357(6349):409-413 PMID: 28596308.
Overman MJ, McDermott R, Leach JL, ,
Lonardi S, Lenz HJ, Morse MA, etal.
Nivolumab in patients with metastatic DNA
mismatch repair-deficient or microsatellite
instability-high colorectal cancer
(CheckMate  142): an
multicentre, phase 2 study. Lancet Oncol
2017;18(9):1182-1191 PMID: 28734759.
Yarchoan M, Hopkins A, Jaffee EM.
Tumor Mutational Burden and Response
Rate to PD-1 Inhibition. N Engl J Med
2017;377(25):2500-2501 PMID: 29262275.
Chiappinelli KB, Strissel PL, Desrichard A,
Li H, Henke C, Akman B, Hein A, et al.
Inhibiting DNA Methylation Causes an

open-label,

Interferon Response in Cancer via dsSRNA
Including Endogenous Retroviruses. Cell
2015;162(5):974-986 PMID: 26317466.

11€00 yo0 « b 039 o)lauds «uiub g (10 5)9s

ohjle (Al ek oGRSl dlas Ply


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ul)lSem g 520l ey

38-

39-

40-

41-

42-

43-

44-

Ribas A, Wolchok JD. Cancer immunotherapy
using checkpoint blockade. Science
2018;359(6382):1350-1355 PMID: 29567705.
Sharma P, Allison JP. The future of
immune checkpoint therapy. Science
2015;348(6230):56-61 PMID: 25838373.
Chakravarty D, Gao J, Phillips S, Kundra
R, Zhang H, Wang J, etal. OncoKB: A
Precision Oncology Knowledge Base. JCO
Precis Oncol 2017;1:P0.17.00011 PMID:
28890946.

Cercek A, Dos Santos Fernandes G,
Roxburgh CS, Ganesh K, Ng S, Sanchez-
Vega F, etal. Mismatch Repair-Deficient
Rectal Cancer and Resistance to
Neoadjuvant Chemotherapy. Clin Cancer
Res 2020;26(13):3271-3279  PMID:
32144135.

Kolev M, Horn MP, Semmo N, Nagler M.
Rational development and application of
biomarkers in the field of autoimmunity: a
conceptual framework guiding clinicians
and researchers. Journal of translational
autoimmunity. 2022 Jan 1;5:100151. DOI:
10.1016/j.jtauto.2022.100151

Negro S, Pulvirenti A, Trento C, Indraccolo
S, Ferrari S, Scarpa M, Urso ED, Bergamo
F, Pucciarelli S, Deidda S, Restivo A.
Circulating tumor DNA as a real-time
biomarker for minimal residual disease and
recurrence prediction in stage Il colorectal
cancer: a systematic review and meta-
analysis. International journal of molecular
sciences. 2025 Mar 11;26(6):2486. DOI:
10.3390/ijms26062486

Jin K, Ren C, Liu Y, Lan H, Wang Z. An
update on colorectal cancer
microenvironment, epigenetic and

immunotherapy. Int  Immunopharmacol
2020;89(Pt A):107041 PMID: 33045561.

45-

46-

47-

48-

49-

50-

51-

Lin PC, Lin JK, Lin CH, Lin HH, Yang
SH, Jiang JK,etal. Clinical Relevance of
Plasma DNA Methylation in Colorectal
Cancer Patients Identified by Using a
Genome-Wide High-Resolution Array. Ann
Surg Oncol 2015;22(Suppl 3):1419-1427
PMID: 25472652.

Yang C, Zhao L, Lin Y, Wang S, Ye Y,
Shen Z. Improving the efficiency of
immune  checkpoint  inhibitors  for
metastatic pMMR/MSS colorectal cancer:
Options and strategies. Crit Rev Oncol
Hematol 2024;200:104204 PMID:
37984588.

Zheng Y, Fu Y, Wang PP, Ding ZY.
Neoantigen: a promising target for the
immunotherapy of colorectal cancer.
Disease markers. 2022;2022(1):8270305.
DOI: 10.1155/2022/8270305.

Siravegna G, Bardelli A .Blood circulating
tumor DNA for non-invasive genotyping of
colon  cancer
2016;10(3):475-480.
Warton K, Mahon KL, Samimi G.

patients. Mol Oncol

Methylated circulating tumor DNA in
blood: power in cancer prognosis and
response. Endocr Relat Cancer
2016;23(3):R157-R171 PMID: 26764421.

Kolencik D, Shishido SN, Pitule P, Mason
J, Hicks J, Kuhn P. Liquid Biopsy in
Colorectal Carcinoma: Clinical
Applications and Challenges. Cancers
(Basel) 2020;12(6):1376 PMID: 32471160.
Ding X, Huang H, Fang Z, Jiang J. From
Subtypes to Solutions: Integrating CMS
Classification with Precision Therapeutics
in Colorectal Cancer. Curr Treat Options
Oncol  2024;25(12):1580-1593  PMID:

39589648.

Py

11€00 yo0 « sl 0339 o)lauds «diu § (0 )93 3)9s

ohsjls Ak} eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

JG5)0305 Rliolops )3 Giijele30.09) slagiiSeay

52-

53-

54-

55-

56-

57-

58-

59-

Wu Y, Zhang J, Zhu X, Zhang Y.
PROteolysis
Chimeras (PROTACs) for hematologic
malignancies.Cancer Lett 2022; 545:
215808.

Huyghe N, Benidovskaya E, Stevens P, et

Developing TArgeting

al. Biomarkers of Response and Resistance
to Immunotherapy in Microsatellite Stable
Colorectal Cancer: Toward a New
Personalized Medicine. Cancers (Basel)
2022;14(9):2241 PMID: 35565369.

Sahin IH, Ciombor KK, Diaz LA, Yu J, Kim R.
Immunotherapy for  Microsatellite  Stable
Colorectal Cancers: Challenges and Novel
Therapeutic Avenues. Am Soc Clin Oncol Educ
Book 2022;42:1-13 PMID: 35658496.

Guinney J, Dienstmann R, Wang X, de
Reyniés A, Schlicker A, Soneson C, etal.
The consensus molecular subtypes of
colorectal cancer. Nat Med
2015;21(11):1350-1356 PMID: 26457759.
Lao VV, Grady WM. Epigenetics and
colorectal  cancer.  Nature  reviews
Gastroenterology & hepatology. 2011
Dec;8(12):686-700. DOI:
10.1038/nrgastro.2011.173

Galon J, Bruni D. Approaches to treat
immune hot, altered and cold tumours with
combination immunotherapies. Nat Rev
Drug Discov 2019;18(3):197-218.

Tie J, Cohen JD, Lahouel K, Lo SN, Wang Y,
Kosmider S, etal. Circulating tumor DNA
analysis informing adjuvant chemotherapy in
stage Il colon cancer. N Engl J Med
2022;386(24):2261-2272 PMID: 35657320.

Ma C, Cheng J, Gu J, Wang Q. Epigenetic
drugs in cancer therapy: mechanisms,
immune modulation, and therapeutic
applications. Molecular biomedicine. 2025
Dec 3;6(1):132. DOI: 10.1186/s43556-025-
00373-5

60-

61-

62-

63-

64-

65-

Saigi M, Carcereny E, Moran T, Cucurull
M, Domeénech M, Hernandez A, Martinez-
Cardis A, Pros E, Sanchez-Cespedes M.
Biological and clinical perspectives of the
actionable gene fusions and amplifications
involving tyrosine kinase receptors in lung
cancer. Cancer Treatment Reviews. 2022
Sep 1;109:102430. DOl:
10.1016/j.ctrv.2022.102430

Bourbonne V, Pradier O, Schick U.
Narrative Review of the Post-Operative
Management of Prostate Cancer Patients: Is
It Really the End of Adjuvant
Radiotherapy?.  Cancers. 2022  Jan
30;14(3):719. DOl:
10.3390/cancers14030719

Yang L, Chen X, Lee C, Shi J, Lawrence
EB, Zhang L, etal

characterization of age-dependent pl6

Functional

epimutation reveals biological drivers and
therapeutic targets for colorectal cancer. J
Exp Clin Cancer Res 2023;42(1):113
PMID: 37143122.

Topper MJ, Vaz M, Chiappinelli KB,
DeStefano Shields CE, Niknafs N, Yen RC,
etal. Epigenetic therapy ties MY C depletion
to reversing immune evasion and treating
lung cancer. Cell 2017;171(6):1284-
1300.e21 PMID: 29195073.

Perillo F, Amoroso C, Strati F, et al. Gut
Microbiota Manipulation as a Tool for
Colorectal Cancer Management: Recent
Advances in Its Use for Therapeutic
Purposes. Int J Mol Sci 2020;21(15):5389
PMID: 32751239.

Fidelle M, Yonekura S, Picard M, Cogdill
A, Hollebecque A, Roberti MP.et al.
Resolving the Paradox of Colon Cancer
Through the Integration of Genetics,

Immunology, and the Microbiota. Front

11€00 )0 « Aol 5339 o)ladd (@il g W 5)9s

ohdjle (i) eolc alEibily alas PIA


http://jmums.mazums.ac.ir/article-1-23203-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-11-02 ]

ul)lSem g 520l ey

66-

67-

68-

69-

70-

71-

Immunol  2020; 11:600886 PMID:
33381121.

Lam M, Roszik J, Kanikarla-Marie P,
Davis JS, Morris J, Kopetz S,etal. The
potential role of platelets in the consensus
molecular subtypes of colorectal cancer.
Cancer Metastasis Rev 2017;36(2):273-288
PMID: 28681242.

Skvarova Kramarzova K, Osborn MJ,
Webber BR, DeFeo AP, McElroy AN, Kim
CJ, Tolar J. CRISPR/Cas9-mediated
correction of the FANCD1 gene in primary

patient cells. International journal of

molecular sciences. 2017 Jun
14;18(6):1269. DOI:
10.3390/ijms18061269

Sveen A, Bruun J, Eide PW, Eilertsen IA,
Ramirez L, Murumdégi A, etal. Colorectal
cancer consensus molecular subtypes
translated to preclinical models uncover
potentially  targetable cancer cell
dependencies. Clin Cancer Res
2018;24(4):794-806 PMID: 29242316.
Jones PA, Ohtani H, Chakravarthy A, De
Carvalho DD. Epigenetic therapy in
immune-oncology. Nat Rev  Cancer
2019;19(3):151-167 PMID: 30723290.

Eide PW, Bruun J, Lothe RA, Sveen A.
CMScaller: an R package for consensus
molecular subtyping of colorectal cancer
pre-clinical
2017;7(1):16618 PMID: 29192179.

Schorn S, Demir IE, Reyes CM, Saricaoglu
C, Samm N, Schirren R, Tieftrunk E,
Hartmann D, Friess H, Ceyhan GO. The

impact of neoadjuvant therapy on the

models. Sci Rep

histopathological features of pancreatic

72-

73-

74-

75-

76-

77-

ductal adenocarcinoma—a systematic review
and meta-analysis. Cancer treatment
reviews. 2017 Apr 1;55:96-106. DOI:
10.1016/j.ctrv.2017.03.003

Ten Hoorn S, de Back TR, Sommeijer DW,
Vermeulen L. Clinical Value of Consensus
Molecular Subtypes in Colorectal Cancer:
A Systematic Review and Meta-Analysis. J
Natl Cancer Inst 2022;114(4):503-516
PMID: 340775109.

DeStefanis RA, Kratz JD, Emmerich PB, et
al. Targeted Therapy in Metastatic
Colorectal Cancer: Current Standards and
Novel Agents in Review. Curr Colorectal
Cancer Rep 2019;15(2):61-69 PMID:
31130830.

Stintzing S. Management of colorectal
cancer. F1000prime Rep 2014;6:108
PMID: 25580262.

Zdralevi¢ M, Radovi¢ A, Raoni¢ J, et al.
Advances in microRNAs as emerging
biomarkers for colorectal cancer early
detection and diagnosis. Int J Mol Sci 2024;
25(20):11060 PMID: 39456841.

Yang J, Xu J, Wang W, Zhang B, Yu X,
Shi S. Epigenetic regulation in the tumor
microenvironment: molecular mechanisms
and therapeutic targets. Signal Transduction
and Targeted Therapy 2023; 8(1):210.
Ganesh K, Stadler ZK, Cercek A,
Mendelsohn RB, Shia J, Segal NH, Diaz Jr
LA. Immunotherapy in colorectal cancer:
rationale, challenges and potential. Nature
reviews Gastroenterology & hepatology.
2019 Jun;16(6):361-75. DOI:
10.1038/s41575-019-0126-x.

nq

11€00 yo0 « sl 0339 o)lauds «diu § (0 )93 3)9s

ohsjls Ak} eoke oGRSl alas


http://jmums.mazums.ac.ir/article-1-23203-fa.html
http://www.tcpdf.org

