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[HE ]| 258 MUESEEN (microsatellite instability, MSI) S545EEE ( mismatch repair, MMR ) FERHLfH,
YER4E H A9 (colorectal cancer, CRC ) 2537 M S8 i6 97 BB BAEbREW 2 —, HAMIT AR &% . Btk L
ﬁﬁﬁﬂ‘]%ﬁ%)'ﬁ%@%@@%ﬁ@ ( polymerase chain reaction, PCR) KMMSIFES ik ( diPromega®y ) , i iy 2k

20 IR R ARG I R0 . Tdylla™ RGEAE S —Fh 4 [ s SEPCRAE E, KMIMSIEFT AR MR A 406 B, FLIg A TSI Ry
2.5 h, EABAFRIE RN FH AT RAE E NIRRT, 0 7E T E CRC A hIIEIZO IR nT Stk . 773k edE20174F
3H—20194F3 J 5 B2 Fl s Mg 12 B A 8 70 CRC A 3 FHA0% P S35 4% 41 532 7 % 4. ( formalin-fixed paraffin-embedded,
FFPE ) WYLHLIREA, 7 BIRHGEHLUE: (immunochemistry, THC) . f£4PCR ( Promega ) Flldylla™ 3%y kAT
MMR/MSITRE I LA 508, Ak Tdylla™ 28 Ge i RAGH I 10 2 65085 A S 188 DA S A R R B S i REAR g T B M, 5 R
87HICRCHE#H T, IHCHIPromegaly k45584 —3, Jrhsefipl e IMMRELA (deficient MMR, dMMR ) /.EJEMSI

( MSI-high, MSI-H) , 31{i JMMR5E4 ( proficient MMR, pMMR ) /i T A %45 (microsatellite stable, MSS) . AT,
H P45 dMMR/MSI-HE F i Idylla™ MSIR S 2 AMSS, 1#lpMMR/MSS B P2 Wi AMSI-H., #7LAIHC/Promega %
e, 1dylla™ MSIRGH IS R EE #192.9% (52/56) , FiREHR96.8% (30/31) , BIA—HKiK94.3% (82/87) . fiff
Jei . B FTdyla™ ZRGExE IR B0 S5 8 3 HE T E A AN, o 445 bR 5 ik =20% 195 1K 25 SR S THC/Promega MSI
Rl —3, (VB BN 5% A% B3 S5 THC/Promega A — 3, IR AMSS. HeJi, FEXHZRH), it o w ik
PIEN R A g 40 A T 46 ), I Idylla™ MSTRGE RN, 4553 Bom AMSI-H. B6Ah, kRS HA N [R5

(20%~60% ) W, S3BIHEFP 3R ERTERAE, 258N, dylla™RGEEA @ ETEE M. &ig: XTI E R =20%
MICRCHE, Idylla™ RS0 AT LA IGARMSIRM S — Rk | w4 & Asiar %, JEERARESMAEE . FrEm
nfEE M
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[ Abstract | Background and purpose: Microsatellite instability (MST) and mismatch repair (MMR) defects have attracted much

attention recently as one of the important biomarkers for pan-tumor immunotherapy such as colorectal cancer (CRC). Conventional
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methods for MSI detection with polymerase chain reaction (PCR) often require non-tumor controls as well as a long turnaround
time. The Idylla™ system as a fully automated quantitative PCR unit with a turnaround time of only 2.5 h should be proved for its
reliability among Chinese CRC patients before application. Methods: Formalin-fixed paraffin-embedded (FFPE) tissue samples were
collected from 87 CRC patients in Fudan University Shanghai Cancer Center from March 2017 to March 2019 and were subjected to
detect MMR protein expression and MSI using immunochemistry (IHC), conventional PCR (Promega MSI analysis) and the Idylla™
MSI system, respectively. Results: Of the 87 CRC patients enrolled, 56 cases were identified to be deficient MMR (dMMR)/MSI-
high (MSI-H) and 31 to be proficient MMR (pMMR)/microsatellite stable (MSS) by both IHC and Promega MSI analysis. However,
4 cases with AMMR/MSI-H were determined to be MSS and one case with pMMR/MSS to be MSI-H using Idylla™ MSI system,
yielding a sensitivity of 92.9% (52/56), specificity of 96.8% (30/31) and an overall concordance of 94.3% (82/87). Then, the above
five discordant cases were re-examined using Idylla™ with resection tissues, as a result, four cases with =20% tumor contents
changed to be consistent with [HC/Promega MSI assay, however, there was still one inconsistent case with only 5% tumor content.
Subsequently, the case was reconfirmed using Idylla™ with enriched tumor tissue by macrodissection, as expected, the result was
demonstrated to be MSI-H, consistent with Promega MSI analysis and THC. Furthermore, repeatability of the Idylla™ MSI assay
was proved to be reliable in 5 cases with various tumor contents (20%-60%). Conclusion: The Idylla™ MSI system provides a fast,
reliable and fully automated solution to MSI detection in Chinese CRC patients with high sensitivity, specificity and reproducibility,
especially for CRC with more than 20% tumor contents.

[ Key words | Colorectal cancer; Microsatellite instability; Mismatch repair; Idylla™; Immunochemistry; Polymerase chain

reaction

2L H 9% (colorectal cancer, CRC) [ %k
HMBCT 3 8 BRI RLRIER AL, 12%~15%
AICRCEEATAEAETAE S B ( deficient mismatch
repair, dMMR ) , FI A& EHMDENE

( microsatellite instability-high, MSI-H) "2/,
WAL MEAE B AR TECRC (hereditary nonpolyposis
CRC, HNPCC) , WFRAMALEAAE, HAFHE
I MMR K38 3 A5 MLH1 . MSH2 . MSHG6
PMS2IR R %7 )0 SR, K ZHMSI-HYK ]
SRR, 38R T MLH1 B 3 W5t A& T
BT SEN . BT, 26 E L LR AR AE
%% ( National Comprehensive Cancer Network,
NCCN ) 5 Fg 77 72 e I CR C AR 2 v B AGz T
MMR/MSDIRZ ,  FH LA A bk 7 25 5 AL F0 552
AT X SR A A e AR R B Y 7 B o

HAMMR/MSHE I, ZHIOLR G HEHE
i ( polymerase chain reaction, PCR) B4
HL UK LR I MS LIRS B R e brifE, Sy 24k
2#¢ (immunochemistry, THC ) K HY) &M EE
WG R L FAMMR IR A . SR, T
MMR R G AFTE e kM, JIHCAIIMMR 2 M
RHGRIEE, KOS FEMSTHE, il 241
FE 1% (microsatellite stable, MSS) k% 2
Z, HYRiMMRER H 3L R A 5 LR AR,

MMRZE F e S5, (IR K R 454
FERXFREOL T, THCAREAS RN EIMMR 2 [ 1) %
ik, (HHMMRIGEZ S8, MSIFARIES Ry
MSI-H. Hitt, ZElGKRTAET, 5%~10%ACRC
S35 ITHC 5 PCRAG MIMMR/MSIZE 25 H AN — 3
MBS, 2 R E AR kg 2 Rk 7
A, B FIHC T ¥ 14 52 56 28 (] RN SE 56 %5 N 25 57
DL K B A FH A R B 2 52 RS2 K SF- 4 25 57 4
Al REE IR g R BR 2, BT, REE
) Promega MSTK:I 2 SE 78 I R 5 HHAS 2] )12
INH] P800 AR, Promega MSIKI 2 4575 5 1L
A AR iR 1E B 2 U DR bRae 25 r ik IR TR
IF HA I R IR IR R SE e b 3 ~5 d, SR IRYR
J7,  JUHOE I AL 0% B U e B R
ZARME N Wk, NI S T MSTHGE
R A S 15
TSI E S PCRAYTIdylla™ MSTRG I 25
45 ( HeAIrfBiocartisZA H] ) il i 42 sUDNAHEHL |
PAGIR . DA AL A T —1K, HIRIR
M SIAGI$2 HE P gk 7 %€ . 4 F ) TAE AR
2.5 hEIAT B EMSLIRE, IF HORNTT 2R M 1
WAHAWE R, Tdylla™ MSUS I 7E [ fh A RE
CRCHE RO IZ WU A PR | AER AT 551
ST, {BAER ECRCH P i i B = e
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Promega MSIKG N 2245 He e, PEAIdylla™ MSIK:
DAE b E CRC AR TP B I R AT Sk .

1 BORAD %

1.1 NEFH

[l EPE U AE 201 743 H—20194F3 A & k2%
R g i JRd = 6 s BR B2 THC 5 Promega M STAS il
JdMMR/MMR5E4# ( proficient MMR, pMMR )
B MSI-H/MSSHI87HICRCHE# . N H i 5 3iE
Idylla™ MSUR &R S8 9 PEREFE A, P JE ik %
dMMR/MSI-HFJCRCH ¥, f1$556%]dMMR/
MSI-HF131#jpMMR/MSS CRCH % . AT ALY
¥ HCRCHUYAMET RUIGRIR A, IF sl fe &
Wiz A . A AHFEARNSFMMRE T (2
#MLH1. MSH2., MSH6. PMS2 ) THCH: M=%,
Promega MSTES I, ﬁ%%ﬁi#_ﬁldyllam MSTHE
M, @it 5 Promega MSI/IHCH %%, TFfhIdylla™
M ST 2 58 1) R B0 FVRR S 3 . ARG 25 R
— I, AT U B ER AR, B ) F
BEAEMBHLS HEERN . AR CELTE R
B s 2 AR PR D S s A S, B
AL BEHCE MR E.

1.2 IHC#&M A%

AW B R 204 wm 54 0 A2 )
A TMMRE (MLHI., MSH2. MSH6FI
PMS2 ) IHCH: I . G 4 MMRARICTE M 241
Mz rh 8 ik, FlE HpMMR; 4 MMMRER
1 H AR — AR e E R A A% T Rk 58 A ik
fF, JUEENdAMMR. A THCHS R 244 4250
F o PRER IR R Bk R EIIRE A
FRAME . BHPEXT R
1.3 Promega MSI#&ll /7%

Promega MSIK:N 24t ( ZE[E Promega’/s Fl )
eI LRI SFh AL AR IC ( BAT-25. BAT-26,
NR-21, NR-24, MONO-27) , 5 iF & %40
AULES, Y =2/50 AL AT R PR 10 Brx I it e Y m
B R AR, FE AMSIE-H; AANRRIE & A
AR, ) E MR EMST (MSI-low, MSI-L) ;

TR R LE A, I AMSS
1.4 Idylla™ MSI#& 7 5%

Idylla™ MSTA I 28 G845 141 7R 8 AR
¥ (ACVR2A. BTBD7., DIDOl. MREI1,
RYR3. SEC31A. SULF2) ., HAKERME AL AR
P 156 B 15 5 S0 S AH AR R E R SO T T
] BB, K MRE FH 4.0% FE AV ] 5 A s el 1
( formalin-fixed paraffin-embedded, FFPE) ZH41
LIRSS ~10 pm VI R, %1, SSKAT
H-E4e 0, JHITAE R4 E 7 tb . 22 ~45k )
FOCE T EE FRRIBAIELR L, K=
HY R b, e, L EEERFE T KZ
TRRUEACHI L “ =R 45K, K HEE Aldylla™
MSTEEIF &N, W B, BHLES, 4
Idylla™ MSTRGIF & 0 — 2605, S AR
AU A5 5 A Ldylla™ MSIHI R e, A5
R, 2.5 W RIS R bmic s iy
55, VO~ 1ZEIMMEFRR, M E<0.58],
Hh CREBNRAE” 5 ME>0.50F, M
KRR AR MEALIR PR AR G
B, RER TR . TAMSEH ARG =5
AR AT G SR, A %A
AR WRTRED 24824 DL B B oR
R E A" CBEYE ), U BIMS TR I 25 5
FE IMSI-H, AR 745 &8 D F 24 B,
W) E AMSS .

1.5 ZritZ4ahiE

A2 ] b R 25 SR ) 22 SR el 86, £
2 8] FL R 26 SR A 22 5 R )R 86 . il FHSPSS
Statistics 23006 Fe g 170871, P<0.05°h2%E5F
B Fa

2 % R

2.1 876ICRCEEMIGKRFIBFHFIERIHC,
Promega#fldylla™ 3777 & & MIMMR/MS R 7
A EE B

A 5T H 8 745 CRC £ A 114 1 AR s B 2 R AiE
W1, Hdss (63.2%) #EFH B, 614
(70.1% ) BHEBAIRER >50% , HEURHEE
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LR e, 86 (98.9% ) B IR &
7 =>20%.

N FHTHC . Promegafllldylla™ 37577 72 46
MMR/MSPIRE, 45K W78, THCHIPromegaPi
b 5 3k R G 25 2 5 4 — 3k, b S e 45 Bl i
JdMMR/MSI-H, 31#iypMMR/MSS. dMMR/
MSI-HJCRCEFEF W T IH (75.7%,
28/37) . HiiNES EIRRE (82.2%, 37/45) H,
ERAGH¥EX (P<0.05) . IHC4 R R,

fEdMMR CRCH:#, MLH1/PMS23:6 2k £
WL, 5ik76.8% (43/56) , HKAMSH2/MSH6
B, #23.2% (13/56) , AWFFEH AR W H
flldMMRERJE (1) o &7, Hf 45 dMMR/
MSI-HHE F ¥i1dylla™ MSIZR S 2 W hMSS, |
BlpMMR/MSS i #i2 Wi MSI-H. # LAIHC/
Promega bRifE, Idylla™ MSIZR G2 WG 2 M
92.9% (52/56) , RiFJEH96.8% (30/31) ,

BA—BERIK94.3% (82/87) .

%1 876l hECRCEEIGHKFIBFIFMERIHC, Progemaiildylla™ 377 & MMMR/MSHAZS
Tab.1 Clinicopathological characteristics and MMR/MSI status detected by THC and both Progema and Idylla™ MSI analysis in 87 cases

of Chinese CRC
Promega Idylla™
Item Total Discordance P value
MSI-H MSS MSI-H MSS
Gender 0.189
Male 55 33 22 30 25 3
Female 32 23 9 23 9 2
Age/year 0.195
>50 61 37 24 34 27 3
<50 26 19 7 19 7 2
Location <<0.001
Left 43 19 24 20 23 1
Right 45 37 8 33 12 4
Stage <0.05
1 22 15 7 13 9 2
I 37 28 9 28 9 0
] 28 13 15 12 16 3
Tumor content
=20% 87 56 31 53 33 4
<20% 0 0 0 0 1 1
MMR
dMMR (MLH1/PMS?2 loss) 43 43 0 41 2 2
dMMR (MSH2/MSH6 loss) 13 13 0 11 2 2
pMMR 31 0 31 1 30 1

2.2 Idylla™ MSIZZExt561 7 —HfmflE S il
&R

w F ik, 5E481HC/Promegafi N AH L,
Idylla™ MSTHZINZE S SHICRCEF FIMMR/MSI
RSTFAEAR B, ALFGAGE B RN 1 FE BHE

N —RFTA IR, SHIFEIRFFPEREA

pildylla™ MSIRGEE kI, 25K Wow, 3

Bt (afil17. 22, 26) B WMSI-H,
AR BHAE % 1] (54 ) MSS, 5 Promega

MSITHITHC K M 25 5 — 2, H iz 46 i & &
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¥1=20%. Km0, A1) (Hafl55 ) MSPIRAEA
— 3, ZIIEE S A 5% o X I 153 2x
JeA R WA EI R E MR LS, PO H
Idylla™ MSIRZEEZ AN, 2558 /R IMSI-H,
5Promega MSI/THC—Z( (E1) .
2.3 Idylla™ MSIZS#E S M IEiIT

A FIdylla™ MSTEN R % SHIA—BUR#H
(RN 25 SR Ar e 22 5, Bk, Tdylla™ MSI
for I 2R 495 1Y AT B A0 T R PR SR IE . 8 S 471
HA AR MRS (20% ~60% A% ) /Y5 IH
FFPEFEA, f14544dMMR/MSI-HA1{5jpMMR/
MSSHEB . 3l RIS L AL (551~5
R, Hos R fsEs i WATH-BY 6, HLATE
Al bged & i, 3R AR LB I & . Bk
IER2 ~ 4 43 3 i dylla™ MSIR G T3 R A
i o 3 A A 1) e 4 K A SR AR E], HL
5IHC/Promega MSIZM T4 SR 58—, #—2
SrHrldylla™ MSTZRSE H 45 b s 1 7l 843 1
ACVR2A. BTBD7. DIDO1. MREI1AIRYR3 5
AR A EAE S BB A 1 3R A rh 1 v B
AL, SR, S BI39rh Y SEC3 T AFR I Fd ]
281 [ SULF 2R X iz A9 /(B AR 3R FE &2 v i

Yarand

AR ZE SR, 28 ISULF2, 4
AR IMSIAEL (0.92) & T2, 3B ER
(0.02, 0.01) , FEWFE2,

Case 55

)

Area A only

Area A+B
(whole slides)

Y
Idylla™: MSS
Repeat twice

dMMR: MSH2-/MSH6-
Promega: MSI-H

v

| Idylla™: MSI-H

E1 BEE 2N A5%HRGI55R TR 2 E

Fig. 1 Test flow chart of case 55 with tumor content of only 5%

#z2 RAldylla™ MSIEE EAN 74 FEAREWMSISERIENL
Tab.2 The changes of MSI scores of 7 novel markers were analyzed by Idylla™ MSI repeatability test

Case 1D Tumor Section MSI score of each marker Idylla™
content ACVR2A  BTBD7 DIDO1 MRE11 RYR3 SEC31A SULF2 MSI
81 30% 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 MSS
30% 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 MSS
30% 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 MSS
44 30% 2 1.00 0.97 0.86 0.93 0.16 0.93 0.37 MSI-H
30% 3 1.00 0.97 0.86 0.88 0.14 0.97 0.43 MSI-H
30% 4 1.00 0.97 0.88 0.92 0.18 0.97 0.29 MSI-H
5 40% 2 1.00 0.19 0.87 1.00 0.93 0.01 0.98 MSI-H
40% 3 1.00 0.21 0.93 1.00 0.94 0.01 0.98 MSI-H
40% 4 1.00 0.28 0.92 1.00 0.95 0.02 0.99 MSI-H
28 50% 2 0.99 0.63 0.95 0.60 0.19 0.01 0.02 MSI-H
50% 3 1.00 0.91 0.97 0.61 0.03 0.13 0.01 MSI-H
50% 4 1.00 0.62 0.99 1.00 0.15 0.00 0.92 MSI-H
39 60% 2 1.00 1.00 0.96 0.99 0.99 0.41 0.98 MSI-H
60% 3 1.00 1.00 0.97 1.00 0.99 0.55 0.97 MSI-H
60% 4 1.00 1.00 0.97 1.00 0.99 0.58 0.98 MSI-H
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AHIF 5 [m B A 8 7451 H I CRC R I IR
WA YR, ZIHCHIPromega MSIZHTMMR/
MSUIRZS, S6HI#H & HdMMR/MSI-H, 314K
pPMMR/MSS. LIIHC/Promegafiil| 2k 2% b5
HE, Idylla™ MSIR GRS W R T H92.9%, FF
S HR96.8%, MAKR—FRIEI4.3%. XSRS
gERR R, N HIdylla™ MSIR G HE
R, 25, BR VB & R 5% 5
Ah, HA A R = 20% 9 191 52 4% 4% L 1
S5IHC/Promegaste=—3. Iobh, wEHSHIEA R
) g 5 i (20%~60% ) BYCRCHZIFEA, ]
FHIESELH L) F X Tdylla™ MSITR I 22 45 it 8 55 1
HATHRE, 25 BN, 3EE K LS8
W], H5IHC/Promega MSIZMHT4E R 58 & —3K,
FW1dylla™ MSTEIN 2 G878 I8 & i =20%11)
CRCHHA RiFpynTEE M, Ik, Idylla™ MSI
K10 22 48 ] LA A s PR MS TR, I 412 1t — b bl . 7]
5. AR, JFRAR SRR .
RS R A

201745 1, LEEMMZYE R (Food
and Drug Administration, FDA ) 1EzCHt#E(# FH
TR FLPT PR 2595 97 BAA MSI-H/dMMR [ £ Ff 52
g L7 SR, THCHIPromega MSIAE J
ARG ) 512 56 10 Y25 A DR 4 R 1 G 7 K
Promega MSIAb B BRALHE Ll | 2 21 84 |
DNAFEH . FHE IR B i B 55, 70 I R 52 12
T3 ~5 dA fEse . MTHCTT 2™ M 1) S2 56 =
() RIS 6 28 PN s, L I U 7 A WK s A7 20
P, 55 BB R PR R, R S
LAY . MHZ T, Idylla™ MSIKG I £ G445
JFEfE, s TR (2.5h) , BANTAERRE
FEB ARG AT, AR B MR A 75 4 XL
Bo Tdylla™ MSTRZI 2 48 e BT 708 RAR
TER AR A AR, AT SE A g e
SAEAE UL AN, SRR IR S AL A T
—ifd, TS L EAGN 0 [, xR
YR S5 BEARMS PR RGHE, B8

et AR e A, UIBKBREE X /A MSS 5
MSI-H "/ |

ARMFFE Hldylla™ MSIRSE 1 A8 7H|CRC
FEAKEY, A 5645 0 5445 1HC/Promega 7 AN
—5, HhafireTdylla™ & 45 8 8 K b 75 L2
1E, BAT5E 1B R & R 5% g B, Tdylla™
M S TG I 25 5 2 B B M o 3 o e A 4R B i )
HH AR B EMBEALS, Tdylla™ MSIR IR
BREE R A e, EMSI-HRE, dE—
5 I S A A () s 5 1 i i 22 4l 23 1) 7 iF
flildylla™ MSTRIN R 48 v] #4225 R A
TRUE AR W 3 B T A, ELSH
FEARY 3 B PRGN A 2518 2 58 e — 8, HA
SIREA h R YISEC3 1 AFISULF2 B MSIAME
AR E, W RES R Y AR G L X
LEAIF 5T 28 AN FE I IR 52 B TAE o i F Iy 1la™
ARG RMIMS IR A, 0 4 1) 7 2 4T JLFR A
B @ MREREEA T IR & N T R G
R (20% ) BF 1220 F5 f e 400 M 5 4 ) 7
FFIGEERE ;. @ M RGN LSR5 H MTHC DY,
Promega 546l 45 5 tH LR — 2t , B R B A%
S HER3FI T IE TR IE ; B MiX R GG AR TFh
PR b~ 3FAR ) K A AR, BIZS I8 Rl
FEPAPES TR, AT A0 A% SR AR HH A5 bR Rk
WA, R FREZ RN ; @ REXF
MSI-LIYA: W23 UARAFAE S, (Hldylla™ &R 58
RAEX SFMSSHIMSI-L 2 | J5 42 iF 5% vh i i —
P QE

FARATIFFT 25 AL A XS B8/ NI REAS B 5 5]
YOUE, AEE—E R RYE, (HAERmS, T
Jifpd & B =20%CRC R, Tdylla™ MSIR N 5
G2 ] LA G PRMS TR $2 f—Fh bk | n5g . 4
HEhR T %, IFRAREN RS | Fr5E
AT E A M, HA BRI AR AT

PR RER: A EE SRR 2
iz

(& % X Bk
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