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Abstract

Objective: To analyze the correlation between NOTCH3 mutation with the prognosis of colorectal
cancer (CRC) patients treated with immune checkpoint inhibitors (ICIs). Methods: Propensity
score matching (PSM) adjustment method was applied to reduce the influence of confounding va-
riables to assess the association of NOTCH3 mutation with the status of MSI-H and TMB and eva-
luate the correlation of NOTCH3 mutation with the prognosis of CRC patients treated with ICIs.
Results: A total of 55 NOTCH3-mutant and 105 NOTCH3-wildtype colorectal cancer tissues were
obtained and demonstrated that NOTCH3 mutation was closely associated with MSI-H/hypermutated
status and the association coefficient (r,) was 0.464 (P < 0.001). Besides, a dataset consisting of 11
NOTCH3-mutant and 33 NOTCH3-wildtype CRC patients treated with ICIs was collected and sur-
vival analysis indicated that the mean survival time of NOTCH3-mutant CRC patients versus that of
NOTCH3-wildtype CRC patients was 35.55 vs. 17.03 months (hazard ratio 0.12; 95% CI, 0.02~0.88;
Log-rank P = 0.011). Conclusions: NOTCH3-mutant CRC patients had a better prognosis after ICIs
therapy.

Keywords

Colorectal Cancer, Immune Checkpoint Inhibitors, NOTCH3 Gene, Predictive Biomarker,
Propensity Score Match

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

S5 e T AL R G0 TR, 2020 AR EGUTH AT RN, A2BRAA 190 T3 45 B ET RS e,
95 JiLE E AR T B, A2 3 W WA, 2B 2 W WIIEANOCIEIM [1]. JE ELREE AATATE S 1 G
AT BB IR e, 4 B e R R AT BE SRR E .

GRS A AN RS . PR RS S, KETE T S S RSO U R A, 5 F
PUMIREIT I H I, B T AT TBOT SR SR T T M TE R R R R, FEAR 2 SR R R SR L R A
BAIAMRTU R RS, 1E AR HE IX Ly MR R ST g [2] [3] [4].

For e — e HA S5 B Y R T e R A AR S TR IR IT AR . Bl KEYNOTE-177
WFFE[5]EoR: MR BRERGUN LA GeiyT + R 2590 — 23877 =5 i T2 A F25E (microsatellite instabil-
ity-high, MSI-H)/# it 1& 5 Th A 8k [ (defective mismatch repair, AMMR) G 145 B 7 58, WA T A Bk Bt 2e
AR, AT AR A A 16.5 N H vs 8.2 N, 3 L EIRTT A A R 34 22% vs 66%. CheckMate-142
W 7E[6] 8 /R g R G B HTE A VT AR Bt — 2839697 MSI-H/IAMMR HEIAZE B g g, i rktith 29.0 AN H
J5, BMINFIE 69%, TERZMIRIE 13%, HINSZVERGEF. ik, NCCN 8§ [7]HErE0 T-1d& & ofuin
ST MSI-H/IAMMR 1 3145 B e 88 a8 — 43897 3 F e R 2R e/ gh sCR JE SRt + ARHUTR SR,
2021 R E 4L B L T R EE [ HEE XS T MSI-HIAMMR 345 B B8 — 2R 4l 5067 45 FH i 1R Bk
FRT( G LA EHERE) s W T BEAE — 42 4 ARl A G2 i A mCaR FR0E 7 (1 e 0 45 L A S A A PD-1
HHIFGE BB (N 20 2A KHEFF). MEAL, LA BT IT[9]38 B S ok 25 s 77 £ = i 8 SR A 47U 4T (tumor
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mutational burden, TMB)H #i %S B i 5 HF G AR R .. ik, MSI-H/AMMR. & e 8745 471
ot BN T WSS B e RR G P G A U R3S FH 0 R AR AR B4 - {2 MSI-H/AMMR &5 B AN o5 45
B i AR > —3 5, 49 12%~14%, TEREIASE B e R UH 4%~5% [10] [11], HACEERESHK
M4 bR ifE——PCR 15 [12] K Jif 83 SRAZ g K M ——4EJE (K] panel [13], #ARE 44, BRe, IGKiE H 2 2
—EPRH], TSRV EY B AREANE MSI-H. TMB,  #8 S eke 2 S 7 i — B2
I8 G I T T AR 2R (1 7 1) o

NOTCH3 FE FE N —/NMRIREE 21k, SHEAGSEE, RF. BN S, w5
U, SERETFEREGY, BREMEMMAERK. 2. MRITE SAH G FE R R #5% [14]. 210
WFFL[15] [16] [17]3E NOTCH3 RHd KA 5L HEWEI KA. KiE. Bl HBAR; LAIT[18]
RIL NOTCH3 R i ik 5 45 B e A 7T 24 e A R TS A 5%, (HiIE Angi Lin 28 AN BB FE[19]50 & I
NOTCH3 T4 A1 45 B i e e bor 25 st 0 a7 J5 B TE4f, BB IR ARG M2 Sk, 1A 5008
e cBioPortal Hd A Hh i 45 BV il 5 505 K e e G A Rl RV T B, SR A P PR 4y DT FC 1Y)
Jiid, WIEEEFES . MR R TNM 3. JFURIIR AL . KRAS. NRAS. BRAF JE [ 9848454 I,
RRREIEM G, 28T NOTCH3 & [ 5848 15 45 B i 4 41 MSI-HAER S ARARZS (8] () B s 20 b7
NOTCH3 J:[F 5746 55 i JH 25 B Jos 8 3 G 2 K 2 R SRV T 77 U AR DG P o B 7E 10 B NOTCH3 2[R 5%
AR T M S T A S A A SRR T MRS TR AR A, R TN A 45 B R
PR A ARG IT SR, BRI Sk A s A YA ST 3R a A

2. ARMREFHZE
2.1 GEFGEMNFEE

M cBioPortal %# & Hhfic 4 45 B ¥E il 7 $i [20], 12415 ok B MSKCC, 71 & SR 2
MSK-IMPACT gene panel f:Jl (%2741 > 400 genes), At 1134 148 B rEA, 4% 1011 43RG 3045
ELAEFEARD 123 4 H B4s B e A4S, Jor 30%MIFEAS 28 ISR 3R 75, 70%BIREA HFAR3KAS; 52%
MIFEARRIERGIRIT RS . WERMIGIRSEE . B FE. Mol JER MBI s 7 . 4.
MSlsensor -4 R s 25 6 fur . For “MSlsensor 17437, AR FTE R R AR e i AR I E 4
tt: MSlsensor W4 FIEE LS S (MMR) & (1 IHC Kl — B0y 98.6%.  “ MR R i fif (TMB)” « k[
SRAHG PR M S b, A “ANTE JI(IMD)” o BT REAR T 8 1 REA /> MSlsensor ¥4
B, FUGIER, B4 1126 AEARH T G290 .

Bk, Bk MSlisensor #43 > 10 Bk TMB > 25/Mb [IFEAE SN MSI-HIFBZRARIRES, # MSlsensor
P43 <10 B TMB < 25/Mb IR A58 R T2 F2 8 (microsatellite stability, MSS)MIRRAIRES, 264 1018
¥y MSSHMILIEAEFEA(90.4%) . 108 1y MSI-H/HE 545 FE AL (9.6%) -

WA iZ A A G ' KRAS. NRAS. BRAF. NOTCHS3 A A4 R AR K, SRS EILE, R
PEREAS NOTCH3 2 [ (1) AR A BEAT 43 2H

2.2. REAGEAE B E R ERE S HIBIFET HiE

M cBioPortal ##i F22 H1 AR by Ao 25 sS4 VG T dE , 12 EHE[10]2k B MSKCC, & 1662 il %
S R R e R B R R A s, R b i 2 B e R O, S 110 Bl Rl AR SR R
HEHEH KRAS. NRAS. BRAF. NOTCH3 H:[A A0 M RAL KR, 5 45 B e 8 1 s R EE LA,
AR B NOTCH3 BRI RADIRES AT /0 4. AL A] 19 A H (JEFEl 0~80 AN H) o EEMEER bR
ST CRVEAERTIE B SCR: WEE—IRGE TR A R VA T 2 B R AT B S — IR VT
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TEERT S LS AHTFE £ sfEERR:; AMFEIES
KR B (M R L) R o O 1 IR R AR IR, AT

A FH 2 E (DY 2B 2 ) ) 2Rk
BEER S M BB AL ik

it

L 729 KRAS. NRAS. BRAF JEPRRASIRZA A HI 2 42 & logistic [a] V4R AT 51 1 12 1 73 VL T
(Propensity Score Match, PSM), 7EULHACLZS % 0.02 3 FEl P4 Jifi i
AR B AT A IE AT BT 2551 F Mann-Whitney U K556 (2 - B2 U 1656): 74 IEAS M M
J7 ZFVE RIS IR EAT e E 0. r AR R AR AR R 8 K (n > 40) HIRRAIEL > 1 A -RIOTR 5
FEARER/IMn < 40)8k 20% LA FRIFRSIE < 5 B Fisher MiVIMERI IS AT S04, S5 BTRA
Mann-Whitney U #3647 8L 1t 7347 -
F Kaplan-Meier % } Log-rank #:56 32E47 447 50 15 F COX Lh Az XU A2 2L 33k 4T £ 62 % (hazard ratio, HR)
GIHT o BT GE TR T 2 WA, H P < 0.05 ARG 8 L A 73 i e SPSS 25.0 JiR(SPSS Inc.,
Chicago, IL, United States) 1 #1T .

3. R

3.1 faEtE ISy RECHT R 45 EL A R A 3R

B 1) 1 VP23 DE R T 545 NOTCHS BF A RUAEAS 1041 17, NOTCH3 ZRAFRIBEA 85 4, FH4LIA] TNM 4y
W RO SR IMIE AL AT . BRAF RADIRSAEAEZ 7o WlRMEVP A ILECfS, 7EVUACZ 72 0.02 1)
TGN, £ 12§k, L3RS 55 £ NOTCH3 RASFEA, 105 {3 NOTCH3 BFAERIFEAS . [l 14 1 43 DL T
JG RN SEE AT S8 EYILI RGP, ZREE SR FREEE AR 1 FR).

Table 1. Clinical information of colorectal cancer sequencing data

*® 1 HERNFEENRRES

PSM Hif PSM J&
A T2 REMM L. EARM SREA .
(n = 1041) (n = 85) (n = 105) (n = 55)
(%) 54.0 (46.0~64.0)  56.0 (45.0~67.5) 0476 54.76+13.62 55.13+14.87 0.876
54 (%) 562 (54.0) 49 (57.6) 0.515 53 (50.5) 31 (56.4) 0.479
TNM 733 (%)
| 38(3.7) 2(2.4) 8(7.6) 2(3.6)
I 115 (11.0) 17 (20.0) 13 (12.4) 11 (20.0)
n 244 (23.4) 28 (32.9) 24 (22.9) 20 (36.4)
\Y 644 (61.9) 38 (44.7) 0.003" 60 (57.1) 22 (40.0) 0.108
JiiIe 43 28.(%)
e 579 (76.9) 33 (60.0) 69 (65.7) 33 (60.0)
oA 86 (11.4) 11 (20.0) 14 (13.3) 11 (20.0)
ok 88 (11.7) 11 (20.0) 0.005" 22 (21.0) 11 (20.0) 0.498
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Continued
JEL R 98 A (%)
PSR 315 (30.7) 43 (51.2) 56 (53.3) 29 (52.7)
e V-25 712 (69.3) 41 (48.8) <0.001" 49 (46.7) 26 (47.3) 0.942
KRAS Z275 (%)
Liiga syt 587 (56.4) 47 (55.3) 59 (56.2) 29 (52.7)
RAZT 454 (43.6) 38 (44.7) 0.845 46 (43.8) 26 (47.3) 0.676
NRAS 23745 (%)
Lga vt 1000 (96.1) 82 (96.5) 103 (98.1) 52 (94.5)
RAHY 41 (3.9) 3(3.5) 1.000 2(1.9) 3(5.5) 0.340
BRAF 5875 (%)
Ligecis] 932 (89.5) 62 (72.9) 76 (72.4) 39 (70.9)
RAFRY 109 (10.5) 23(27.1) <0.001" 29 (27.6) 16 (29.1) 0.844

P <005, ERAGIFEEE.

3.2.NOTCH3 EEZET S TMB, MSI-H Z [8#HEX4

I3 BT NOTCH3 JE K 98748 55 45 H e 41 21 MSlsensor 143 &% TMB [a] fAH M, &3 NOTCH3 28484
H1 MSlsensor 343 F1 TMB B & 7t 5 (“ MSlsensor 343 "H1 4748 8.65 vs 0.57; TMB H1 i {f 46.98 vs 7.76/Mb),
ZER B EAGE B 1 FR). thAh, 4T NOTCHS (K 58748 5/ T AR i Bl 282D IR 2 1]
FISEBeE R I : NOTCH3 3t K 58748 15 45 B iy 4141 MSI-H BB AR = E R BE, B R %(r) N 0.464

(P i <0.001).

50.0 400.0
Mann-Whitney U6
p<0. 001 ¥
40.0
300.0
*
=
Z 30,0 4 ; -
» . % Mann—Whitney U368 p<<0.001
=
2] —~
g <2000
. S *
200 *
B ’ *
*
100. 0
10.0
*
I° $
0 .0 =
BpARIH RAATIH A R AR
Figure 1. The correlation of NOTCH3 gene alterations with MSlsensor score and TMB
[El 1. NOTCH3 EE 22 5 MSlsensor #4543 & TMB 2z [B]A948 & 1%
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3.3. RIS EERERERE R AIHIFATREEEE

P TE 2 IEEC T NOTCHS3 B A4 Y % 94 5], NOTCHS3 848 R 2 16 f|(Herh 5 4 s B IR
R ATVE), B AR 7Y R 2H R IR S AL R R e Ao e sy, SR T R 3 AL R R S AR R e A
i, ZERAAREE.

PR USRS S, EVCRCZE 2 0.02 IVE R N, &/ T 1:4 ffk, JL3R15 11 1 NOTCH3 =45 &
#, 3315 NOTCH3 B AR 8 3 (VUL 2), Wit vPor VLR /G AATE TG S8 LI R 4F, ZEREH

Guit e E .
Table 2. The clinical information of mMCRC patients treated with immune checkpoint inhibitors before and after PSM
F* 2. RERE SIIFIRETT RS E R B E PSM BIEMIGR &R
PSM Hij PSM &
2R w2 REMA e EERM RERAL o
(n=94) (n=16) (n=33) (n=11)
FR(%) 53.47 £ 13,50 58.81 +12.96 0.144 55.45 + 12.56 55.45 + 12.86 1.000
PE93)(%)
S 55 (58.5) 7 (43.8) 24 (72.7) 6 (54.5)
S 39 (41.5) 9 (56.3) 0.271 9(27.3) 5 (45.5) 0.287
JER Jin R AR (%)
PEE ] 31(39.2) 9(81.8) 25 (75.8) 9 (81.8)
e 4l 48 (60.8) 2(18.2) 0.01" 8 (24.2) 2(18.2) 1.000
KRAS (%)
s gacuit 45 (47.9) 8 (50.0) 13 (39.4) 5 (45.5)
FEARA 49 (52.1) 8 (50.0) 0.875 20 (60.6) 6 (54.5) 0.738
NRAS (%)
L%asvit) 88 (93.6) 16 (100) 33 (100) 11 (100)
AR 6 (6.4) 0(0.0) 0.590 0(0.0) 0(0.0)
BRAF (%)
BA A 84 (89.4) 13 (81.3) 30 (90.9) 9 (81.8)
RASR 10 (10.6) 3(18.8) 0.399 3(9.1) 2(18.2) 0.586
1){’;; ;cf%%%ﬁéﬁﬁ%éﬁ%ﬁ; 2) *PSM J5 NOTCH3 BFAERIZH 5 S AR R (8] 310 NRAS RATFEAS, PRI Hoxof
P TSI A

3.4. NOTCH3 EHRZ(E D FMIRE MM X ITMN 1855

DU ] P 920 DRI i 58 AR A2 I 18] RSP 24 (13.41 AN DEN cut-off 18, X 73 3 il s 4 S5 1 2,
UL, 44 15 B A SERR TS BE A ) AR 14 45, SERR T B 22 1) A 30 5. NOTCH3 A8 4H Hh il 5 B 4
()& 5 6, TR B 35.7% (5/14), 95%E (S [X [A]24 10.6%~60.8%; NOTCH3 B4 B 24 i J5 B 72 (1) A&
2415, TR SEE 80.0% (24/30), 95% 15 X 7] 65.7%~94.3%.

DOI: 10.12677/acm.2022.127963 6682 I IR 2= =23t e


https://doi.org/10.12677/acm.2022.127963

TH
sl
4

35. REHRESHIFFIATRENSG R

6 ) V£ PE 3 DEIRC 5 » NOTCH3 ZRAF4H (n = 11)Hf 1 41 i35 {4 FH 4T PD-1/PD-L1 B & 4T CTLA-4 ¥677,
10 1 e Fl 5t PD-1/PD-L1 Ja97: BFAEMIZH(n = 33)P A 4 4 f 35 {81 40 PD-1/PD-L1 i &5t CTLA-4
BIT, 29 BB E ML PD-1/PD-LL ¥697 . WAk 19 M HE, RAHESAH 1461(9.1%)EE T, B4
R 20 151(60.6%) H AL T, KUK: b (hazard ratio, HR = 0.12; 95% & {5 [X [ii] ¥ 0.02~0.88, P {& = 0.037).
KAV EEA N 3555 N HGER, 29.00~42.00 N H), BAERAFHAGF AN 17.03 ANHGEHE,
12.18~21.87 1M H), ZRrEAGIT#REMEP =0.011, WE 2 7R).

1.001 —I-]
i T Tk i % P s 5
L ~+~ NOTCH35RZ4H:N=11
= ~ NOTCH3EF 4 BIZA:N=33
s . P.value = 0.011
a HR = 0.12; 95%CI:0.02~0.88
T T T
0.251 ,._‘
0.00 1
0 10 20 30 40
Time in months
Number at risk
NOTCH39}"°§§H:N:111 11 8 5 2 0
NOTCH3EF A RIZH:N=331 33 17 5 5 0
0 10 20 30 40

Time in months

Figure 2. Survival analysis

2. ETFSH

4. g

ZM T IE IS USSR cBioPortal HHE 2 Hh (1 25 B g ) Fp s K b s o 2 s M) vE T B, R A
PEVEINUCEC B 53, b AR . PRI MR TNM 203, JFR MRz . KRAS. NRAS. BRAF 3t
IRl R AR S DL 2% (R R I RE MR S5, 20 M NOTCH3 2[R 5848 15 45 H i 41 41 MSI-H/EE RARIRZS . NOTCH3
FE R 58 5 W A 45 B e R G P R A R IR T T T A DG

NRAAHEH NOTCH @ % &4 DUF 324k FFhfiAR[21], 32444 NOTCH1. NOTCH2. NOTCH3
MINOTCH4, 2—MEREN, AEMBER, SFRERAEEERE, RE—RIKEVIE. BN
SERIIE, T PN S5 R — PP L SRS TR T, BERS S DNA S5 AR A45 6, T ML R #4535 [21] [22].
IEHH NOTCH 55X TIER FIA A KK G UAR D, REK NOTCH (552 M E MEER KA
K JE[15] [23]. NOTCHS3 {4 NOTCH {5 5l H (1 — R, ZHIHFFL[15] [16] [17]K, HEIEAKFEHL
BRI . R 2R IEADG; 54 EMEATING . AR BUS A K. HE0E Angi Lin
[19158 N\ & NOTCH3 8748 1Y 45 B figpdi i 3 G2 K 2 i 700V T Tl b NOTCH3 B A= U & 1 et B 3%
BAF, BARGHT RAE IR o it 1 T I R A SR T 45 e R B, SR A
PEULEC R A%, WD B R . PR SRR IR A R o B DL DR SR AR SR A DR R 1 RS
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34T NOTCH3 3 [K] 58745 5 1 1 45 11 e S5 3 S e or 25 sl AR FRYR 797 R ORI o B0, iR ANEE T
cBioPortal 3 2 Hh (1) 45 B e I P BE 20 B NOTCH3 3 [H 58238 5 45 B e 214X MSI-H 2 TMB 1%
e, RILNOTCH3 8748 AU 4 H i 4H 431 A5 W 4. 3 1= 1% MSlsensor 43 & TMB, H NOTCH3 %A% 5
ZEE A MSI-H, RAIREE VIR, KRELERE(r) 4 0.464 (P {2 <0.001), #i# NOTCH3 LA
—NORBEIHEDN, NOTCHS3 Ji [A] 1) 5 e % 5| e g 41 23 2 I TR AR e Bl AR S IRES s I
BEAFRE R IR A A T 4 PR A B R AR A K B LR, 51 B B 2 AL Re e e B [24],
T A AT IR S 28 S N7 2 B 28 A6 7 A Ak SRTE T 3K 2 I R IR [25], ik, NOTCH3 AR R LE B g f7
GRS A R ARV TT 3R R R

B J5 » 120 72 LN cBioPortal 24 22 4 T — 2H I A 45 B e B G 2 R 2 s Ak YR T IR B
[FIRER AR B R B i, b B aEke . MR, R IRIERAL. KRAS. NRAS. BRAF X 5
ARRAS KT R AT BIREMA, 73T NOTCHS3 2 [F 9 A% 55 41 45 T s S8 38 S B s 25 sl A1) 7RV 977 R0 AH
KM, I NOTCH3 Ze78 AU M 45 B [l A A e e b 25 s 3 7R 97 5 P A A7 B AR T NOTCH3
A R 48 i H 5 (35.55 N H vs 17.03 N, Log-rank P {ii = 0.011); H NOTCH3 74 AU HALE H iy
T SR ARG AT ARG T AR TS XS B NOTCH3 BFA= 7 i R [% 88% (HR = 0.12, 95% & {5 [X ]
0.02~0.88, P fE =0.037), Ut B} NOTCH3 Jk [K 5845 52 W 1 45 E i R85 S e Ao 25 U H R RIVE 7 3R e R 2%
NOTCH3 746 AL i {45 B s S5 3 o 3 A 2 ml b1 V6 7 5 L B At

EMAAAFAE— A2 T NOTCH3 RAFAY 25 B pid & I i 45 /b , NOTCH3 2[Rl SRR R Jy i
A4S B e B 3 G A 2 S A R VA T RO bR R A2 1 T R AR A (35.7%) s {EL TR 5 JE 151 (80.0%)
Ut B NOTCH3 B £F A 88 25 G i K 25 Ui 77V 97 5 TS A NOTCH3 J878 38, W AN i S it NOTCH3
RAR T W WA 25 B W e F8 o G A A R R R T S TS S b4, T 45 B 58 NOTCH3 2k [A]
HIRAAIREAL, KAN 2%~14%, “FIIRABZRN 7%, MAWES] NOTCHS F8AR &3 1k A Z s in LA
BOUE. A, S B s a7 B b S i s R I AT B F A S A A SRR T DR
XEVRIT AT RE SN B TG — B M. ik, %700 45 S8 75 KR BT RE LR 78 0 LLSGAIE .

Bz, ARG EVE S ISR 5k, I B AR Ml TR IR, R4 . g
KRAS/NRAS/BRAF & [K 28 AR IR 52 M 5 & : NOTCHS 3[R 5848 55 45 H i 21 20 MSI-HB AR IR
YA G NOTCH3 578 RUI 45 B e JB 5 G B A 1 R SRV T 7 A8 T2 XU B NOTCH3 B A= B R 41K
NOTCH3 Z7A% U A 2% B e R85 G e A 7 AU FRIVE T 5 2R A7 JIBA i Lt NOTCH3 B A= B 45 H e A2
FK. Bk, NOTCH3 Jk [ 58748 2 W 4 B i 8 3 Sk 25 s f I RIva T 3R s R 3R, NOTCH3 JE AR
A ] DL g 3 5 B P e 5B o S A A A R A T O RN

&5k
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