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[Abstract] Objective-To comprehensively evaluate the diagnostic accuracy of cell-free DNA (cfDNA) to biliary tract cancer
(BTC), and provide a basis for better clinical application. Methods-Clinical studies on the diagnostic value of cfDNA to BTC were
collected by searching eight databases from inception to April 2023. The studies were selected according to the inclusion and
exclusion criteria, and then data was extracted. The threshold effects were assessed with Spearman’s rank correlation analysis, and
heterogeneity among the included studies was analyzed by using Cochran’s Q test and I test. A bivariate mixed-effects model was
fitted, and statistics such as overall sensitivity, specificity, and area under the curve (AUC) were calculated to determine the
diagnostic performance. The subgroup analyses were carried out based on the study type, sample size, detection method, sample
source, and diagnostic reference standard. Results- A total of 28 diagnosis tests were included, all of which were evaluated as
medium-high quality by using Diagnostic Accuracy Studies Tool Version 2 (QUADAS-2). The presence of threshold effects was
found by using the Spearman rank correlation analysis. The pooled sensitivity was 0.80 (95%C7 0.67—-0.88), and specificity was 0.96
(95%CT 0.92-0.98), positive likelihood ratio (PLR) was 22.7 (95%CI 9.4—55.2), negative likelihood ratio (NLR) was 0.21 (95%CI
0.12-0.36), and diagnostic odds ratio (DOR) was 108 (95%CI 31-374), respectively. The AUC of the summary receiver operating
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characteristic (SROC) curve was 0.96 (95%CI 0.94—0.98), demonstrating the high accuracy of cfDNA in the diagnosis of BTC. The
results of subgroup analyses suggested that the accuracy and sensitivity of choosing different testing methods and sample sources

varied. Conclusion - The detection of cfDNA has high sensitivity and specificity in diagnosing BTC, and is suitable for the patients

suspected to be malignant after screening with imaging tests and conventional tumor markers. However, the standardization and

uniformity of detection methods and sample sources still need to be further standardized by conducting clinical studies on a wider

population.
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Tab 1 Basic characteristics of the included studies

Study Study type Country
HAN 20212 Prospective study ~ South Korea
HE 202321 Retrospe?tive and China
prospective study
HUA 2021%" Prospective study China
KINUGASA 2018 Prospective study Japan
KUMARI 2019 Retrospective study India
KUMARI 20225 Retrospective study India
KUMARI 20175 Retrospective study India
WANG 20215 Prospective study China
WASENANG 2019"* Prospective study Thailand
WINTACHAT 20215 Retrospective study Thailand
MO 20205 Retrospective study China
Note: BBD—benign biliary disease.
F2 MAFREIERN
Tab 2 Collected data of the included studies
Study Sample Method Sample size/n
HAN 20217 Bile ddPCR 46
Plasma ddPCR 20
HE 2023"¢ Bile qPCR 188
Bile NGS 188
HUA 2021%" Serum qPCR 158
Serum qPCR 153
Serum qPCR 158
Serum qPCR 153
KINUGASA 2018>* Bile NGS 43
KUMARI 2019% Serum qPCR 96
Serum qPCR 96
Serum qPCR 96
Serum Methylated DNA 96
Quantification Kit
KUMARI 20225 Serum qPCR 75
KUMARI 20175 Serum qPCR 56
Serum qPCR 51
WANG 20215 Plasma  Low-coverage WGS 47
WASENANG 2019%  Serum MSP 80

e
@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2023, 43(9)

FRRI R B
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PAMEFR ARG R MR 1PUR, BkA T
MEZR, IESCIhdH 14766, XTHZH 1 15241, %
T2 W P 0 1) DU A% e B S AN R 2. SR T 3
Hr &k QUADAS-2 W R 48, HRMNEI 2~3 Fi, 9
AW 2R 8 )E T b - S Y

Reference standard

BTC: pathological examination

BTC: pathological examination; BBD: pathological examination and clinical follow-up;

healthy population: pathological examination/clinical follow-up
BTC: pathological examination
Pathological examination
Imaging/pathological examination
Imaging/pathological examination
Imaging/pathological examination
Pathological examination
BTC: pathological examination
Pathological examination

BTC/BBD: imaging examination/pathological examination

Cut off TP/n FP/n FN/n TN/n
1 500 copies*mL™" 20 0 22 4
60 copies*mL™" 3 0 13 4
NA 74 0 21 93
NA 80 2 15 91
403.65 ng-mL"' 78 2 5 73
113.82 ng-mL""' 83 0 0 70
364 ng-mL™' 76 7 7 68
96 ng-mL™"' 83 0 0 70
NA 14 0 10 19
406.582 5 ng-mL™' 48 5 12 31
1128.429 ng-mL™" 43 12 17 24
cfDNA integrity index: 0.356 47 7 13 29
Global DNA methylation: 0.713 5 33 18 27 18
251.2 ng-mL™"' 50 0 0 25
372.92 ng-mL"™ 30 0 4 22
218.55 ng-mL"™" 34 0 0 17
|Z|-score in UCAD test 2.32 26 2 3 16
OPCML 3.24%—-50% methylation 32 4 8 36
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Continued Tab
Study Sample Method Sample size/n Cut off TP/n FP/n FN/n TN/n

Serum MSP 80 HOXD9 1.56%—50% methylation 27 4 13 36
Serum MSP 80 HOXA9 1.56%-50% methylation 19 15 21 25
Serum MSP 80 OPCML, HOXD9 25 0 15 40

both methylated
Serum MSP 80 OPCML, HOXA9 12 1 28 39

both methylated
Serum MSP 80 HOXA9, HOXD9 10 1 30 39

both methylated
Serum MSP 80 OPCML, HOXA9, HOXD9 29 2 11 38

=2 markers methylated
Serum MSP 80 OPCML, HOXA9, HOXD9 9 0 31 40
all methylated

WINTACHAI 2021%*  Plasma qPCR 92 0.217 5ng-puL™ 55 1 7 29
Plasma qPCR 95 0.338 8 ng-uL™ 51 14 11 19
MO 2020 Plasma qPCR 85 18.06 ng-uL™ 26 2 19 38

Note: ddPCR—droplet digital PCR; WGS—whole genome sequencing; UCAD—ultrasensitive chromosomal aneuploidy detector; NA—not applicable:
OPCML—opioid binding protein cell adhesion molecule-like; HOXD9—homeobox D9; HOXA9—homeobox A9.
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StudyId : Sensitivity (95% CI)
I
MO 2020 —E— | 0.58 (0.42-0.72)
WINTACHAI 2021 —s- [0.82(0.70-0.91)
WINTACHAI 2021 :1 0.89 (0.78—0.95)
WASENANG 2019 —@— | 0.22 (0.11-0.38)
WASENANG 2019 — 0.73 (0.56-0.85)
WASENANG 2019 —fo— | 0.25 (0.13-0.41)
WASENANG 2019 — : 0.30 (0.17-0.47)
WASENANG 2019 ——, 0.63 (0.46-0.77)
WASENANG 2019 —m— | 0.47 (0.32-0.64)
WASENANG 2019 —m! 0.68 (0.51-0.81)
WASENANG 2019 + 0.80 (0.64-0.91)
WANG 2021 —#- 0,90 (0.73-0.98)
KUMARI 2017 | —® | 1.00 (0.88-1.00)
KUMARI 2017 —@—  |0.88(0.73-0.97)
KUMARI 2022 : - | 1.00 (0.93-1.00)
KUMARI 2019 —— 0.55 (0.42-0.68)
KUMARI 2019 —m 0.78 (0.66-0.88)
KUMARI 2019 —=+ 0.72 (0.59-0.83)
KUMARI 2019 + 0.80 (0.68-0.89)
KINUGASA 2018 —— 0.58 (0.37-0.78)
HUA 2021 | | 1.00 (0.96-1.00)
HUA 2021 | & |0.93 (0.85-0.97)
HUA 2021 I = [1.00 (0.96-1.00)
HUA 2021 : & |0.94 (0.86-0.98)
HE 2023 <@ |0.84(0.75-0.91)
HE 2023 - 0.78 (0.68-0.86)
HAN 2021| —@—— | 0.19 (0.04-0.46)
HAN 2021 —a— : 0.48 (0.32-0.64)
I
Combined —t 0.80 (0.67-0.88)
: 0=448.69, df=27.00, P=0.00
| =93.98 (92.52-95.44)
T

Sensitivity

E5 HEENSERERKE

Fig5 Forest map of sensitivity and specificity

233 WHSH HETHIFEEM . HEAEKRD .
M7= REASKIE RIS W 225 bt 43 A T .40 55
B, GG REIR R 3. ATMETERTST S BT A
TR A AE —E 25, 351N 074 (95%CT
0.51~0.89) F10.86 (95%CI 0.72~0.93) . MWF5E HIFE
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(95%CI 9.4~55.2) , FITEMISALL (NLR ) 4 0.21
(95%CI 0.12~0.36) , L Wi lL £tk (DOR ;) 4 108
(95%CI 31~374) . "TALEURREE (Seny,,) FIH 745
JE (Sepy,) #BAR®ET, 430l 0.84 F10.85, F MK
HATRGF RO HERRE o 40 0357 25 DNA X JEE 12 Wi iy
OB R S B AR AR AN 81 5 s, PLR MINLR (%R
MRS EIE 6 s . B 78R, L8620 TR
fiIE (summary receiver operating characteristic, SROC)
) AUC 4 0.96 (95%CI0.94~0.98), H/Ri%)7 kAR
GRS WP RE .

Studyld : Specificity (95% CI)
|
MO 2020 —® {0.95(0.83-0.99)
WINTACHAI 2021 | ——@—— I 10.58 (0.39-0.75)
WINTACHAI 2021 # 0.97 (0.83-1.00)
WASENANG 2019 —® | 1,00 (0.91-1.00)
WASENANG 2019 — @ {0.95(0.83-0.99)
WASENANG 2019 — & | 0.98 (0.87-1.00)
WASENANG 2019 ﬁ* 0.98 (0.87-1.00)
WASENANG 2019 —® | 1.00 (0.91-1.00)
WASENANG 2019 — I |0.63(0.46-0.77)
WASENANG 2019 — @ {0.90(0.76-0.97)
WASENANG 2019 4: 0.90 (0.76-0.97)
WANG 2021 ——® |0.89(0.65-0.99)
KUMARI 2017 —4#1 | 1.00 (0.80-1.00)
KUMARI 2017 — il | 1.00 (0.85-1.00)
KUMARI 2022 4: 1.00 (0.86-1.00)
KUMARI 2019 | ——@—— | ]0.50(033-0.67)
KUMARI 2019 —@— | |0.81(0.64-0.92)
KUMARI 2019 — @ — | |0.67(0.49-0.81)
KUMARI 2019 —F: 0.86 (0.71-0.95)
KINUGASA 2018 ——® | 1.00 (0.82-1.00)
HUA 2021 181 | 1.00 (0.95-1.00)
HUA 2021 —# | 0.95 (0.87-0.99)
HUA 2021 1@ | 1.00 (0.95-1.00)
HUA 2021 —# |0.97 (0.91-1.00)
HE 2023 @ [ 0.98 (0.92-1.00)
HE 2023 i@ | 1.00 (0.96-1.00)
HAN 2021 — @ |1.00(0.40-1.00)
HAN2021 |  —————8 | 100 (0.40-1.00)
|
Combined < |0.96 (0.92-0.98)
I | 0=389.35, d£=27.00, P=0.00
|| P=93.0791.31-94.82)
03 10
Specificity

ARBA T, KREEARDFFENT, fDNA BRI U
W, kF0.89 (95%CI0.78~0.95). A 8~10 F/K,
oAUl s R7RE 2 = A N iy W R T R 9 SN
), PR s R AR 00T . qPCR A 3102
oI cfDNA AU 737124 0.67 (95%CI 0.44~0.84)
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Negative likelihood ratio 8 SPEC=0.96 (0.92-0.98)
_ SROC Curve

B 6 PLRFAINLRHAIAEFERS AUC=0.96 (0.94-0.98)

. . — 95% Confidence Contour
Fig 6 Matrix scatter plot of PLR and NLR 95% Prediction Contour
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Fig 8 Forest map of sensitivity and specificity of cfDNA for diagnosis of BTC by using gene or mutation analysis
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Fig 10 Forest map of sensitivity and specificity of cfDNA for diagnosis of BTC by using methylation analysis
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Tab 3 Subgroup analysis

Subgroup Study/n  Sensitivity (95%CI)

Overall 28 0.80 (0.67-0.88)
Study type

Prospective study 16 0.74 (0.51-0.89)

Retrospective study 10 0.86 (0.72-0.93)
Sample size

>90 12 0.89 (0.78-0.95)

<90 16 0.67 (0.47-0.83)
Method

Gene or mutation analysis 6 0.67 (0.44-0.84)

qPCR 13 0.94 (0.84-0.98)

Methylation analysis 9 0.51 (0.37-0.65)
Sample type

Bile 4 0.70 (0.53-0.83)

Serum 19 0.85 (0.66-0.94)

Plasma 5 0.72 (0.45-0.89)
Control type

Benign biliary disease 18 0.68 (0.54-0.79)

Healthy population 6 1.00 (0.70-1.00)
Reference standard

Pathological examination 4 0.82 (0.69-0.90)

Pathological examination in BTC group 16 0.75 (0.52-0.89)

Clinical assessment 8 0.87 (0.66-0.96)

3 itig

RGBSR R, RN L, KE R
TEBIR I A BT, RIS R TS o Ak,
Bl R HE B 22 R R, TS TS R AR AR R 11
7 BB 2, cfDNA K B Bl iF W ) 22 il
iR A B IS WA B VY cFDNA 7 JIE 3 93 f) 1o
FHAE TP AE S BT 5 905 T R AR DG DA B A2 2 Wl 1
B X BTC 12 Wi 1 FH B 58 B A7 B, FL R I 7 =K
For DU b FAR T (E R B 45 W C e —hn i, iR R Y
TN ARAE LM NG IR . B, A i — PR R 2R
UiiE 25 DNA 5 B S 12 W 2 (B e R, AR SO It 43k
IR P T A0 [ JEt 7 12 W iU 6 Ji T meta S0 B7 o AS
SCAEGY A 28 TS WIS, ABESCERZ 1 476 4], X
M2 115241, R QUADAS-2 PEM A £ pEAT i & 1
B, BEARGIARY SCHRIE A v e A T

TEARBRTFEIN, BTC A0 R MAE T i
ARSI TP O AR A, R I Uk
Yo RGN R B3 A5G LA — AR BT A
SCH AT 28 WA ST ok O I R, AR T ARy
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Specificity (95%CI) ~PLR ~ NLR  DOR AUC (95%CI)

0.96 (0.92-0.98) 22.7 0.21 108 0.96 (0.94-0.98)
0.97 (0.93-0.99) 26.1 0.26 99 0.97 (0.95-0.98)
0.93 (0.73-0.99) 12.4 0.15 81 0.95 (0.92-0.96)
0.96 (0.83-0.99) 20.9 0.12 179 0.96 (0.94-0.98)
0.97 (0.92-0.99) 23.9 0.34 71 0.96 (0.94-0.97)
1.00 (0.85-1.00) 457.0 0.33 1394 0.95(0.93-0.97)
0.98 (0.88-1.00) 38.8 0.06 644 0.99 (0.98-1.00)
0.94 (0.82-0.98) 9.2 0.52 18 0.77 (0.73-0.81)

1.00 (0.67-1.00) 511.0 0.30 1690  0.95(0.92-0.96)

0.97 (0.90-0.99) 24.7 0.16 156 0.97 (0.96-0.99)
0.92 (0.70-0.98) 9.4 0.30 31 0.91(0.88-0.93)
0.96 (0.92-0.99) 19.0 0.34 57 0.93(0.91-0.95)
1.00 (0.90-1.00) 503.6 0.00 205953 1.00 (0.99-1.00)
0.93 (0.60-0.99) 12.3 0.19 63 0.90(0.87-0.93)
0.98 (0.94-0.99) 33.7 0.26 130 0.98 (0.96-0.99)
0.95 (0.68-0.99) 18.2 0.14 129 0.96 (0.94-0.97)

% BTC FHi2 Wi s it V) 9 755K o ofDNA 1E
Sy Tl 96 SRS ) B D4R, A DRI TR I 58 P S Ak g
BTC 1 & E R IF e .

HHG, WGKEMTEZH BTCHE, M. CT4%
1522625 DL M2 CA19-9 . CA125 25 i g b 75 0 I #5¢
%, REIFE MR AR BT, R 5 BB A P 2
R, RrRMER 2, TR S SRV BRSNS
Ao BT YE NS W T B T AL, (HR A
BIHBAEE 4, Mo BEFAMBUEL . A5t
meta 73 Hr &5 R WoR, 121 BTC B cfDNA A U4 JF
J& BB A 0.80 . R EECH 0.96. SROC T2k T 1
UM 0.96, 7% cfDNA K & —Fp iz Wiz sE ¢ = 1
LW . 5 SINGH % ' % % (9 3 55 miRNA
cfDNA Fl CTC B9 meta 73 AT 45 A0 EE , AWFFE H X
cfDNA B0 7 ik 47 430 #,  JoHE 76 FIH qPCR %
F, R B A B E . I, AT meta 23 T
$ER cfDNA K I R LA e SRR R s pE S B, A4
AN, TCERSTF R E0E K, AT T BTC Y i
YRS .

RO RIVRE 5 B 2 AR T it 1) S B 1 o T 4 s 45
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TR AF AR S et AT B A 4% B A 45800 Al 3
BRI FLAh P 28 38 AR 2 o B AR — Bt
15%, XA S5 HTE cfDNA KPR A EAS [ . A
TR B2 AN 3 00 FH IR 58— RO TN BOIR AR & 10
WIEFEAR BRI AT 2, PA>50%, 48278 5 ER 5T
BRBIEBOCRA K. Ga &R SCRpER iit, &5
NGB 28 T2 M I 50 A7 72 I PR 5 v, 7T B
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Iy RN IR HL25 S RS R ARG

AR SO REA KN R 7 SRR A SR IR R4 7
A HT o FERIN 7 e BE )7 T, A qPCR A A A
cfDNA ¥ i ) S0 I FRR 5 24 4 i, 12 W vfie i
B, HBUAREAR, & TR0 A . R ARG v
S INEIEYT T I BT B Y, cfDNA e i
A AR R ) A B S 0, I DR B UORS HEH T
R A o ), HERIEAS TR A AT AT, et
BEEARMIGIT TS EHINGS. WGS #1ddPCR
S5 5 I EAT S PR B 5% A 67 A 40 BT X BTC 264712 Wi
BEEARE (0.67), HARSEZRW, #Enizfh ik
THEBRIZ W RCR B by, [RlEF, NGS 1l WGS 4575 7]
DASRAE R (0 28 A8 i 0 A5 ., I R B Dl g A~ PEA L
FHZG PR . A BIIS W IR0 DG 1 i 28 A8 A5 2
B KRAS 202 Tp53 [202] 1 MAD4 12028 &
3FRI b, IR RLRE R AIE, Ak e
MiRZ, TELW R b s 45 A Ho il B A A 45

XoF b LA i TR A B REE 5 s AT A o B g 1
B, S5 R cfDNA ARSI ] LA Ay B A 1 X 73~ ft
JRENHERI IR 38 2R . ARARAE AR IR 7 4L 5347 11
S5 T 0 7R IV R TR 1) R R R S e,
b 2 Ff R AR AT PR AF 5 B0 AT R R B R S B v 1)
BRURREE ARSI % s R S B B /R R AR ] LA
S CHRIERT T, FERAAR A ME DLW RO R HEA T X
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