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Abstract

Colorectal cancer (CRC) remains a leading cause of cancer-related deaths, underscoring the need for accurate and non-invasive
diagnostic methods. This study systematically reviewed clinical research comparing three major technologies used for CRC
detection: quantitative PCR (qPCR), droplet digital PCR (ddPCR), and next-generation sequencing (NGS). The quality and
eligibility of included studies were independently assessed by two reviewers, with disagreements resolved through discussion
and consensus. Among the diagnostic technologies, NGS demonstrated relatively high diagnostic accuracy, followed by qPCR.
Conversely, ddPCR maintained high specificity but showed low sensitivity in some studies. These results are interpreted as being
influenced by study designs that included a high proportion of early-stage patients or were limited to a single target. This study
may introduce bias in the pooled comparisons due to heterogeneity among the included studies and the imbalance in the number
of studies per technique. Therefore, a meta-analysis is needed to quantitatively compare the pooled diagnostic accuracy of each
technique and to perform subgroup analyses based on biomarkers and sample types.

1. A3 HiZ

a2 270 AEoM 2ddte e S
A% HOoMzEel HIFEYEQl A0 [
MAESZE M HMz =3 gez BENEn, 20229 7|&
oF 1928F ol Al SiXpep o 9oTF FHO|  AMRXLTE
LA SHTHT].
7|EL| CHE QY
O & = P = (Computed Tomography
At A AN(Fecal Occult Blood Test, FOBT) %
B H A2 SEA AL Fecal Immunochemical Test, FIT) S0|
0, KMo Moz FEH5tn Fct8o =z =
MK MH 7|9t EXRITHEHO| QUCH CHELHAIZS =Tt
=XE  HEHo|ln X #=8k7 Romp, T
I EY=2 HAMY =0t 3 HZo| 2HE0| ERjstet,
oHH, FOBTRF FITe AMHIEHEEH MEFdAMZ E2

2851 e, ¥Y-flad 7tsda ¢ X0 TE

UEEezE OEUWAE,  CT

Colonography),

ol -
A

AEE AO[= Qs =7] HE TEo= aHAI7H ATH3]
ojfgt 7|E HAMESS SHAE =507 flet YE

ANYHES 0183 EXTE 7|50|
WHoZ FIWD QIrha AHMZL

CHOPE Bt 24A}
"o S Ko A

[« 2w e
=3t ZQF DNA(CtDNA), M ZESEZ| DNA(CfDNA), HlY s}
RNA, dAE & JTY fd H22 245t= HESH
Hezlttdoz dtE ZHFO| 7Jtsstil Y AN

HSE HAIteE FHEY 5= ACHSE].
MY 7|8t 2XTEO= CHet 7|e0] HEED, OAF
ChEXQl uieoz HIFXN FohdAUMEHS(Quantitative
polymerase chain reaction, gPCR), E&& C|XE
SeaA A HLS (Droplet digital polymerase chain reaction,
ddPCR), XtMICH H7|A & A (Next-Generation Sequencing,
NGS)O| RUCH6]. qPCRE DNA W £F {HXe| HO|E
SESIH SA0 FHoz FYot= 7|&0|1(7], ddPCR2
DNAE 4T 7o H¥oz Fsto| PCRE JHEXHC =

TULoZN SOIFe SAMOIE FFH2=z HEdts
7|=0|04[8], NGS= dHelet ®UA SH= Sl
=400, TN TEE EHAZ e 7|=0[EH9].

I R

JdejLt tF e A= 573 Ho|0tAH0| =gotk[of QU0
CHaet HAMdael TEH
Of &Lt

et = A= oYet Ho|OHE EZYe gPCR
ddPCR, NGS 7| TICHHO| F=t= & Hu 2430, iy
AMdde &Y &8 7580 et 2HE DrEstaxt
St

297 Y4

£ A= PRISMA(Preferred Reporting Items for Systemic
Reviews and Meta-Analysis) 7tO|=2tQl0f 2t 2| ALt
2% ZME PubMed, Embase, Cochrane LibraryE &df

HAMCD, & 4573742 220 HME|UCH HM M2
# 11t ZC}

HAME ZHE PICO (Population, Index test, Comparison,
Outcome) — Ze=0f w2t  MHYEQJAC  AZIM

Population2 CHERO| RITHE|QUFALE oM &= FHAFEO|H,
Index test= AH|MAH 7|8 EXIEIEHI|E(qPCR, ddPCR,
NGS), Comparison2 WH2|ZXZHAL S CHELHAIE,
Outcome2 TIEHESE X|E(TPR FP FN, TN)E2 HHESISILCE

Hel 722 AFCHMO| CHE =&, case report,
HArHol =X U= AF=E0| MPEYUCH EEE
SACEEH NA, 9, IVt ME 37|, HERFY, 7|,
He 4, Hto| 20k, et &, 7= HAL

Dey/Ried/ee/aes, By, Sose 22 Fa
YES F30l0] IRSMEES Holoirt ZHE 29
Moo B OB £ 3o SYH AEX of

= H e
TYCACH, oA LR Al €olE Sdff =olsRALt

Hom

Mo
o
[e]



H 1. gM H®Ef Study | Detection type Biomarker Index test
x| "Colorectal Neoplasms“[MeSH] OR colorectal cancer OR 1 cfDNA KRAS ddPCR
== colon cancer OR rectal cancer [2] cfDNA mSEPT9 gPCR
MH| | “Liquid Biopsy"[MeSH] OR liquid biopsy OR "circulating
MZ | tumor DNA" OR ctDNA OR “cell-free DNA" OR cfDNA A ool R UUZE 73.7% S0lZEs 89.9%E

(("Polymerase Chain Reaction"[MeSH] OR PCR OR gPCR) LIEFSCE NGSo| i DIZEE 77.7%, E0|Z= 954%2

AND (“droplet digital PCR" OR ddPCR)) OR ((‘Polymerase  7}& & LIEtSCE gPCRel FHa TZZE  75.1%,

Chain Reaction"[MeSH] OR PCR OR gPCR) AND ("Next- E0|=E& 875%0|1, ddPCRe| EHf DTZEZE 654%,

7|& | Generation Sequencing"[MeSH] OR NGS OR "massively E0|E&= 914%0|Ct NGSQ| H=ZJh HLHHo2 =2
parallel sequencing")) OR (("droplet digital PCR" OR 0|8 = cfDNAZS [jae=2 He QXX HHZX|, 1dE

ddPCR) AND ("Next-Generation Sequencing"[MeSH] OR AMEAMOoZ F0Z Ho|E Q™™o zZ AHAESH ZHo=Z

NGS OR "massively parallel sequencing")) ) TCHEICH11]. ddPCRe| AL =7| W7|q, 1) BXte| H|20|

sensitivity OR specificity OR diagnostic OR accuracy OR =1 Hgt B2l 2ME ¥t ATt Qop HOjFe =R

s detection OR "diagnostic accuracy" OR "diagnostic 2 DZEE EOls ZAezE TCHEICH10. & 97&
performance" ZoE A 7ho| o|FEdut V|EdE dF 9o En¥eR

olsf ZA Hlmof Ho| LAY IJhsdol UL mEtM

3. 7 Zut &2 OEtEME S3 78 oo TS F¥He=
B¢ MY sEE& 0% 11 220, F 41Ho| E3lg Husta, Ho|eO U HANFHH HE St¢ =40

MESHAD. XBHOZ 43749 A7t 240 ZEe(Act A= TR7F UCH

HEE 418 752 F2 OfAI0F A RE XF0A

S|k ZEetEl ool Cfae  OfEY  0-lv7| 4. Acknowledgements

gxRen, tREEe THM cHA-vZ)ol siEstRct 2 7= EUEXRS MR StnEAMYATISRC

AMREe T2 TN EHO| AEEQD, LR 20258 Q=277 EGSristY X FAIYL| XS 2ot

AT M= EFY 7[E

A
1=
(@]

| $#Ec

Records identified from:
n=45

Additional records identified through
other sources
(n=9)

Pubmed (n=1.177)
Embase (n = 3,272)
Cochrane (n= 124)

' !

Records removed before screening.
Duplicate records removed
(n=2803)

l

Records screened
(n=3779)

Identification

)

screening

[ Records excluded

l (n=2.588)

[

)

Full-text article assessed for
eligibility
(n=191)

Reports excluded
1.Not relevant (n = 27)
2 Case report (n=21)
3.Not qQPCR/AdPCR/NGS
based (n = 102}

Eligibility

) (

Included

Studies included in systematic
review (n = 41 articels(43 studies))

[

2121 1. Flow chart

otz & 2&= GFEMEE LEIH ZHO|CH TEH|sEHEE
gPCR 277}, ddPCR 87, NGS 87HZ qPCR 7|gt A7+ Tt
HUALCH AEFHZ DNAZL 32712 CHEES XX W,
ctDNA 57}, exosome 37l;, miRNA 17, cfRNA 17, evDNA
17HRICH =2 Hio|0OtH+= mSEPTI(147l), KRAS(107Y),
mSDC2(471)0| o, Y AHIL0|AM= BCAT1, BRAF 59|
CHE #X8E SA351QULCE

B2 ATSNELE)

Study | Population (n) Sample type Stage
[1] 125 Plasma Y,
[2] 351 Plasma 0-IV

T AS LY.

5.1 29

[1] Hossain MS et al. Colorectal cancer: a review of
carcinogenesis, epidemiology, risk factors and treatment
strategies. Cancers (Basel). 2022;14:1732.

[2] Gimeno-Garcia, A. Z., et al. “Role of colonoscopy in
colorectal cancer screening: Available evidence.” Best Pract
Res Clin Gastroenterol 66 (2023): 101838.

[3] Niedereiter, M., et al. “Colorectal cancer screening and
prevention — pros and cons.” Memo — Magazine of European
Medical Oncology 12 (2019): 239-243.

[4] Ziranu, P, et al. “Navigating the Landscape of Liquid
Biopsy in Colorectal Cancer: Current Insights and Future
Directions.” Int J Mol Sci 26.15 (2025): 7619.

[5] Zhou, H., et al. “Liquid biopsy at the frontier of detection,
prognosis and progression monitoring in colorectal cancer.”
Mol Cancer 21.1 (2022): 86.

[6] Deng, Z., et al. “Innovative technologies and their clinical
prospects for early lung cancer screening.” Clin Exp Med 25.1
(2025): 212.

[7] Alexandrou G et al. Evolution of affordable technologies in
liquid biopsy diagnostics: key to clinical implementation.
Cancers (Basel). 2023;15:5434.

[8] Nikanjam, M., et al. “Liquid biopsy: current technology and
clinical applications.” J Hematol Oncol 15.1 (2022): 131.

[9] National Cancer Institute. NCI Dictionary of Cancer Terms.
“Next-generation sequencing.”

[10] Petit J et al. Evaluation of a multi-gene methylation blood
test for colorectal cancer detection. Med Sci (Basel).
2023;11:60.

[11] Chen M, Zhao H. Next-generation sequencing in liquid
biopsy: cancer screening and early detection. Hum Genomics.
2019;13:34.



