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Abstract

Primary central nervous system lymphoma (PCNSL) is a rare and aggressive extranodal non-Hodg-
kin’s lymphoma. Methotrexate-based high-dose chemotherapy is currently the standard induction
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therapy for newly diagnosed PCNSL, but its effective treatment in elderly PCNSL remains unclear.
As clinical trials continue to emerge with new drugs and combination therapies, more clinical tri-
als have confirmed that BTK inhibitors show good remission rates in the treatment of PCNSL. This
review will focus on the mechanism of action of BTK inhibitors in PCNSL and the results of availa-
ble clinical trials, with the aim of providing a reference for the individualized treatment of pa-
tients with real-world primary central nervous system lymphoma.
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1. 51§

JEUR M P AR #2422 S8k TR (primary  central nervous system lymphoma, PCNSL)/2& — 5% Wiz 28 %
AT SRR, AT R e, 8. DR E R AN %, CI R RG] [2]. 16
B AR A ik R 5 LU R 3%, JLF A TR SR R M X R R G MR 1Y) 3% [1]. PCNSL B4R
5o 5 0 I 1 0T BRAR YT UG, (HE R R [4]. BTG YT 363 T A7) & F &4 1135 S A7 3],
FAATT 28 HZ 804 3.5 g/m? (0.5 g/m? #5115 3%h, 3 o/m? i 3 h; FEUEMS 4G 2600 —H L 24 H ik H,
TR BAAGIR YT, 4ERF 24 h FREZ /D 3000 mI/m?, 252545 005 12 h TR 0 H R4S fif RoiA 7 B 58 & it
OB EE bR B IE), B 3 DN LyTAE, 3k 6 AT, Bl S E T Bl — BT LT I ENR T .
SRIM, ARG RRME R BUAITT I — A S A, JEHGEXT 60 2 L LB . EAIT IR 28 s i)
aR AR A TE ARG R, BEAR T R e TR O — R R A, FRE R VG AT T IR AR RS . e
ZHTEA, PCNSL BFH WA RG IR, (HEZFREPIIRRZE.

PNCSL 141 £ AR 8 2 kI8 K B 41 itk % (DLBCL) [5], fE—TURRMEFEH, JLT 89%HIf
AR K RO AL6], T PCNSL 43 UL R S8 4 A . SRl It 8 R W i ik 42 248 DLBCL
M Z8PE DLBCL B LA TR WA, Hrf MYD88 F1 CD79B KA KRl Eh Aty RN EATIE
PCNSL H1f)ZRIELLIT-LLE RS 1%: DLBCL W 8% WL[6]. CD79B 7& B iffusz ki) —AN %L, MYD8S &
Toll B2 H 41N 225285 5 4% T S AR A o gmit 2 (R 5874 T 5 350k IR 7B V& 14384 n [6] [50] [51]
[52] [53] [56] [59], XN BTK #FIRH T PCNSL H#flt T EEH g 5% . Agidi@id R4 BTK
ORI 0 P IS B Nt PR S R T 4 B 52 BT 4031l 7E PCNSL H (4 AL SO I PRI ER 25 58, BA
H o B St 5 R T HP R RH 2 2R Gtk LR A MR IR T B B S S R

2. HEWEERAEBTK)

A T R B (BTK) ,  SOPRJG AR ER 2 1 LS P S PR IR (TK), 2 Tec SR SRR, e T
1993 4% Vetrie M HiIR] S %8 A AN X o R EREE A IUAE(XLA) SRR 7] [8]. BTK &M
M AEZ AR TK, (RS R PRIE, Rale B 4. R RN EEgii; MR, ERF
EF T 408, NK gz g di[o]. XF & AR B Ak gn i E bt EE/ER, SRR B 41
IR E AL K B 41 A B (1 B TE A7 vE #R B 22[10] [11].
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BTK /& A 7] B 4 i 52 /4 (BCR) 1) 5 A 20 it 43 » B 18I 2 Fh 4 B R 111 7 (B4 PISK. MAPK F1NF-xB
BAR) U Z PP NS S R R E X Ay BT AR SR R A R IR G A [ 12]
[13]. Rk, BTK #3802 B 4L s (51 an, A [RIZE B0 A os A abk E08) [L4180 1 S e 1
WE(BIan, RGBT % RA 1% K IR MS) [15].

BTK H FLANX 4% Pleckstrin homology (PH)%5 #)45. Tec homology (TH)%5 #J4%. SRC homology 3
(SHI)Z LI SH2 25438, DAK AN N i 31| C s 1AL S5 #4380 16] [17] [18]. PH S5t S8 )i -
JEMEE M - EEPAHEAER; TH S5 HN 2R X (PRR)A S, =5 30T 1 SH2 il SH3
GEFAIR 539 25 £ R IR AL T Z BR TR BE A PRR . TE SH3 S5 Mk, 77 7E — AN SEAR IR B R AL AT 25 (Y223 BRI
w5, C il o B A A IR 45 M 3R N YB51 Bk, i S HI4G BTK W& [19]. fEfE{LI+, Cys481 7k
FARE TR Z 0 BTKI S0 45 A 07 55 o

BARI S, BTK eH MR A& S B (Syk) s, ad >k X i BCR #ud[19]. W5, BTK AR
PLCA2 1) Y753 F11 Y759 #&3E, MIMHIECAI =42 IP3. DAG 1 PKCA. 57K T T+ 3% MAPK/ERK i
P, OIS EETE . AEIEANGE M R 1 i DS R R I A R AR AL . [FIIE, BTK AT LABGE AKUNFKB 15 518
P%[20] [21]. MeAh, WEAE) BTK ZERE TN, WM (TNF-a. IL-1b), 5 R%ER N %]
FHK[22].

3. BTK &5
3.1. BTK #5789 4E A #LE

BTK il 751 (1) 7= A B Al AR T R e i) 25 40045 5, ARAE AR LI AN S5 6 07 20, BTK #fil71)
AN — SR AN, AR 2 L e R AR A Be i 5 ATP 45 &AL U ORSF 1) Cys481 bk
FIE RS AN B 5 — RN AT, e 55 n] R AR (0 n U s BRE KA ELAE ) 456 8] SH3 &5
Ptk b e 148 . BRI S, EATEEAN BTK fO%FE SH3 1148, i S A RS MM R [23].

H AT HLHE R K 2 50 BTK I FL& A nl @i i F[24]. SR, 254 RO 2 A& e, b
S8 — R 259 i IR D 7 HAE I [25] [26]. 4R, K5 Cysa81 S U2 H IR IR FL P K T BTK 48
A AP AT B JE AN FAB LA F0 0 (0 S i, [RIINEFEAIS A S8t . lan, A JE Xt C481S RAZIRI)
MR T 6 f5(1C50 = 4.6 nM). Ith4h, ¥ /% Cys481 (4, C481R. C481F. C481Y) [27] [28]F15FTTA
RAZ Thrd74 (T4741. TA74S F1 TA7T4M) [29]1 IA AT 25 AR ffr OO IE S . R RAG & eI mT 5 C481S
RARARILMN G, AR F AR FIALHIAS B AR AE 1258748 B35 197 24 ([30] [31].

TEX T, A5 Cysa81 AHHAEH AL #4175 r] LA C481R. TA741 I T474M RAEfK, f&—
PG BRI R B [27]. AN, 1245 ik, A8 FH AT I S0 ALl T S Ry TT B 5 e M, i XGg
£ % (Rheumatoid Arthritis, RA). A A 258 () 2 V440 (Multiple Sclerosis, MS). 18 #4115 3=
J#i (Chronic Graft Versus Host Disease, cGVHD) 1 5 4t 14 21 5t i 95 (Systemic Lupus Erythematosus, SLE) [32]
[33].

WAER, — et F/K MR A ik & 1R (PROTAC) 73 1 B i g — M EAIS BTK G ME R HTIRTT J7E[34] -
3.2. #EER BTK I3

H At T ISR = BTK #5158 e Bl &8 LFEmE e, A e e & 2013 4F
FDA fEHERIEE —ANA R SRR BTK B E N R, HR A RN . BEE, i
Ve e AT it R R ) 565 A BT ] 11 = 5 JE AVEEAT 5 S8 70 il 3 2017 4E AN 2019 “E3RAE[35]. AT JE
SR A% BTK #l5, 78 1999 44K B 55— MK BTK 4171 LFM-A13 J5[36], T 2007 4 Celera
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BRI SR KB A &) PCI-32765 S5 £ F 128 X DG 15 28 A4 A28 (1) I PR T % [19] - £7
& JeiRYT B 4k LR 97 20 - Honigberg 55 ARIE[37], 45 REBEH O RFAAE BE N\ =1H
RN B 4R A Sk B R A S T RN BE R T SRR B JE (s (B R JER AN B R 1) 38
ML JREGE[39] Sk A 5 BAN) AET H BN 25 P [30] [40] [41], FFK T S8 BPEM 28 — A BTK 4
Hl7. BTREJE, RN ACP-196, A& —Flugi B4 158 4% BTK M55, i Acerta Pharma 1 11[42]. 24
T & JE, Harrington 55 NJEFE 1 B 41 NHL 19 RAR T K DEAG B = B JE AEAR SN I 1R 25 304 FH [43]
SERRH, BB e nl g A BTK MBS, iR B 41tk R 41 & CLBLL 4/t sg5E, &
SN (ORR) A 25%, 20 RAfIHRAL PFS N 225 K. #FAiE e, WHRAN BGB-3111, 7 H BeiGene 2012
FIRIH— BTK #Iil7I[44], B =&HEWH - WX RIS 293 s & T, BoAEAE
OCI-LY10 DLBCL st B v B s 181k A3 ) M Z 3052 [45] & T 2019 4tk
HEH T 2085250 — R IT B G ARk R (MCL) 38, A FDA 7 1 28— A S A3 I 1y v [ 5 7= 24
W

X =P OAHER) BTK IR AL b, WA A Z 4b: Bra#ifilFI7E BTK ) ATP 45548 52
PEETR 481 Al b AN &5 G5 AT B B 2 B A0 BTK $l, ORI T A S &30 1= A &
JERBT-REJE . Bl & e AL A AR, ERetk e, FLUURPRAT B R IR Ai & Je [46]. 253U R3)
1510 22 S AT RE 22 R MR R S e FR kR AR . R RIS RS F(AE) . Fil-R & R it LUt A 5 e
B, B RERAEA—X, BTK GHEEE, BRMIRE A HER—IRE 255 (95.3% vs 87.6%), iX
RRE LAY T BRI [47]. AT e, 160 mg 5K W IR I HFREE 58 A3t 320 mg &R —
EAE, WG BTK (54 2t 95%, DAt i85 R ik 160 mg 1 itk — Bt Fe it 3£ 71 & [48]
AR R ST T4 ok 22 ) 401187 T A A RS 1 S o 1) 1 o2 K ot 08 1) R0 5 245 0 ELAE Y ) 1 XU o
BT 5 2 25 11 2 R M R A L B A% S B BT (19 58 A RIRR S, 10 AN 2 384 i i 5 AR B g
MRFEAE R . 490 R0 55 v] BRI el BTK B RAZ SRSt 2508, 1 r] FEMIK Richter %4k 2:[49].

4. BTK HJ#I54E PCNSL IR FH

i, VFZWFEHRIE T PCNSL RS, A% H IR F 04 DIE U & PCNSL A L i 4%
F4F, i MYD88. CD79B. CARD11 1 TNFAIP3 J& i ML AL FE K [50]. MYD88 J& Toll #5241 5
A -1 2 ARAE SR h i — R 424> T [51] [52], IE4 Ngo Z54RE 8 HIE 1L B ZHAETRIE K B 41/
kBRI (ABC-DLBCL)##6iT- MYD88, MYDS88 L265P j& % %i 1" DLBCL % WL MYD88 35 14[52],
MYD88 7 PCNSL 4% KAEZRAR, & PCNSL % WAEAY[53]. CD79B J&7E PCNSL H & HL 25 A%
I e ) AR FE R [6] [54] [55] [56] [57], CD79B RAZH £t BCR 155 4% /1 NF-xB [)iE A, & n] [ e
4 M B A7 15 5 [58] - MY D88 L265P 1 CD79B RAL I A7 7E ] F T4 DLBCL 43 25 AN [F] 125531 [59] -
CARD11 s BCR i@ 1) Flig i, CARD11 RAA[FES 5 NF-xB {05, MIZE PCNSL [EURHLE
RAFVERI[60]. 76 )LAH A B 4HHBE R th, CARDILL 58748 550k B 24 {7 A 25 J2 i 245 P4 46 55 [30] [40].

i HOK B FC R I & BCR #ll TLR @AM % 38 7 PCNSL Jay7 i HE 5 . BCR {5518
P AT LB A R A 5710 sl 76 I, 120845 T BeIE B0 ) B RE IR VLR 3 G (PI3K)#EAT . 75 %,
SR T P i 55 e 2 R 15 20 mT T4 520 NF-xB ZHRER IRF4. 2 E A7) 7T B 2 BH 1 NF-xB i
B HAZ, AT T B DR R0 1 28 o AN S PR, i i A 0 1 )38 5 AR OROR, T 2 3ot of i 57 i (BB B)
[50]. T A & 1 i S BRI (BTK) /2 i I& AR b A5 54 1 5, W RLAH BTK #IF#E A . — Tt xt 52
W2 R IAETE P PCNSL 83 I RT IS PR 7 7B H 457 560 mg A1 B JE , 22 % 0 52% [61]; & H 840 mg
(R e 7 P e 3 BU MR (CSF) IR BERS I, I OR3F R AF (TR 32 PE[6] [57] [62] [63] [64], RE X FhELE
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T JT 28 BRI IR 2 Ab A2 AR RN 5 A/ BN 2 A A 5 s e BRIV 1) 1C50 5 751 2 AN Bl L A8l [56] o — T
FIFFT” W], PCNSL B XHAG & B I R KA, TEIINE— BT 2 /1, 250040 B 8 (1 ) B
HE B3NN HE[56]. [HMERMNZ, XEEmEMESRGMEMREBNLRMR, ERGEMERE,
FZRATE JE S BN B 2 25% [40]. BARIX W] REHR 73 +2& T PCNSL (1 MYD88)H BCR/TLR 2%
MR AE 2R A, R E BN, RMEFE BCR A& B B (R 5 (1) PCNSL &35 R B 7 A 5
Je [ Ni[61]. [FIRETR RVERE, RE R KA CD79B Fil MYDS88 S8 ARl F- 15 £ Gt 11 bk LR o 1 AT 25 e fit
JK[40], {HAH R B A AR AR PR RGBT I R RS 72, 3X 0] RS2 BT AR PR RSB 5T BCR i
R BN P [6] o XL RAFTE L) 37%0) PCNSL i o 5 [56]. % T HAE BTK R PE, CARD11
AT TNFAIP3 8745 2 A1 B JE i 24 PE T 7E SR IR AR IX CUFE R MEk BB [40] [65]F0 PCNSL FH AT & JE
BUPRTT (6] 45 BIRR, (FAEIX B8 e bW 52 45 B 70 40 I SRR B JE 5 20 M 3 1Ak 9T 24 B A I 1)
AT 2511 [57] .

RO TOT BRI AR R, AR B e S IR YT I TE AR AR B 5 AN, R FI H I 2457 [6]
[57] [61] [62] [63] [64]. @it FH A & BB &IGYT, TVGYT & 1 PFS K245 9 MHI[57]. HAl, Z WY
WEVERE R AEAE T, WA B Je 5 ok 8 i (NCT03703167) % 3% 1| 7 (NCT03581942) . & 2% i 01 1
(NCT04421560. NCT03770416)A11%4:1k )7 (NCT04066920. NCT02315326)45 25T R & VAT, WEAT 4
BRI, (A BTK #0i75SH T PCNSL $&4t 158 (1 i K i fr .

A B e A N NCCN &R MER M PCNSL ¥y e - H AT IEERHTHAT & R Fl TRz i 1
WHIE, —LeRs W B RMNFAE e 5B =M. KT JepiER R R 25 By A p
B i (DA-TEDDI-R) B A B A 55, AR 07 285 i e 2R AR O, JUH I 399% VAT 8 2 (1 i 5 14775 [56] -
[ P 4 LA 9 40 ) T 87 1 B T 2590 W9F 72 (NC T02203526) « ZE R IR 7, A 8 SR ik 55 K7 &
SRS L KRR IR, FZE RPT(NCT02315326. NCT04446962) kA H], IR NG SFIRIT IR
HI 4R VAR TT (NCT02623010)HEAT W 5%

H AT AN 2 T —AC BTK #0617, a0 hiAn & e Mk & e 2 5 et m & e B A . &k, 7EH
AFEAT I — 0N R S s b, BT T B B 8 1e 9T B R MEE T PCNSL, B8 PFS U 2.9 4
H, HEEME(ORR)N 64%. &hifiText BTK A m ks, Hig Lol IR KEME. R, E—
KB E (A7.7%)4 T T 3 WEE ™ E A R FAE, 6048 3 51 3 G kB2 1, ZIRLLBE)AT 1 451 5 2% A
JRPEE, LA oA 57 HIS R 6 B il 2% TS ¥ 7 1) BB R R S P 1 1R ik 28 (PIP) [66]. Tolil-K 7
5 347 IR FL(NCT04947319) . Fif-RHiAhi & Je 22 o —Fh 28 AR BTK il 55), H i EAEX 2R MEE
JE R AN 1 A X A 28 2R bk B R (NC T 04548648, NCT04462328) 5 AT 7%

H A7 BTK #7175 PCNSL H (11EF M7 RIRIEI B, B — 30 BT IR RS , (il TAEA
A JEE . SRZBENUO IR AL, MR — e BRI . B BTK #551G ST PCNSL ) 11 I AR5
WILEIRIR P B, FRATTHASE o] DAE B 2 UEHEIE S8 BTK S FRI%T PCNSL BT 2K 22 4 Pk K it 245 1 S5 A 3
LA B Szt S A S R P X e 22 2R G EEL R R MR AR TR T T SRR O

SEEk
[1] Chukwueke, U.N. and Nayak, L. (2019) Central Nervous System Lymphoma. Hematology/Oncology Clinics of North
America, 33, 597-611. https://doi.org/10.1016/j.hoc.2019.03.008

[2] Ferreri, AJ.M. (2017) Therapy of Primary CNS Lymphoma: Role of Intensity, Radiation, and Novel Agents. Hema-
tology: The American Society of Hematology Education Program, 2017, 565-577.
https://doi.org/10.1182/asheducation-2017.1.565

[3] Ferreri, AJ.M., Reni, M., Foppoli, M., et al. (2009) High-Dose Cytarabine plus High-Dose Methotrexate versus

DOI: 10.12677/acm.2023.131150 1087 I IR 2= =23t e


https://doi.org/10.12677/acm.2023.131150
https://doi.org/10.1016/j.hoc.2019.03.008
https://doi.org/10.1182/asheducation-2017.1.565

EES RPN

(4]

(5]

(6]

[7]

(8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

[20]
[21]
[22]

[23]

High-Dose Methotrexate Alone in Patients with Primary CNS Lymphoma: A Randomised Phase 2 Trial. Lancet, 374,
1512-1520. https://doi.org/10.1016/S0140-6736(09)61416-1

Langner-Lemercier, S., Houillier, C., Soussain, C., et al. (2016) Primary CNS Lymphoma at First Relapse/Progression:
Characteristics, Management, and Outcome of 256 Patients from the French LOC Network. Neuro-Oncology, 18,
1297-1303. https://doi.org/10.1093/neuonc/now033

Preusser, M., Woehrer, A., Koperek, O., Rottenfusser, A., Dieckmann, K., Gatterbauer, B., et al. (2010) Primary Cen-
tral Nervous System Lymphoma: A Clinicopathological Study of 75 Cases. Pathology, 42, 547-552.
https://doi.org/10.3109/00313025.2010.508786

Grommes, C, Pastore, A, Palaskas, N, Tang, S.S., Campos, C., Schartz, D., et al. (2017) Ibrutinib Unmasks Critical
Role of Bruton Tyrosine Kinase in Primary CNS Lymphoma. Cancer Discovery, 7, 1018-1029.
https://doi.org/10.1158/2159-8290.CD-17-0613

Vetrie, D., Vorechovsky, I., Sideras, P., Holland, J., Davies, A., Flinter, F., Hammarstrém, L., Kinnon, C., Levinsky,
R., Bobrow, M., et al. (1993) The Gene Involved in X-Linked Agammaglobulinaemia Is a Member of the src Family
of Protein-Tyrosine Kinases. Nature, 361, 226-233. https://doi.org/10.1038/361226a0

Buggy, J.J. and Elias, L. (2012) Bruton Tyrosine Kinase (BTK) and Its Role in B-Cell Malignancy. International Re-
views of Immunology, 31, 119-132. https://doi.org/10.3109/08830185.2012.664797

Byrd, J.C., Furman, R.R., Coutre, S.E., Flinn, LW., Burger, J.A., Blum, K.A,, Grant, B., Sharman, J.P., Coleman, M.,
Wierda, W.G., et al. (2013) Targeting BTK with Ibrutinib in Relapsed Chronic Lymphocytic Leukemia. New England
Journal of Medicine, 369, 32-42. https://doi.org/10.1056/NEJM0al215637

Hendriks, R.W., de Bruijn, M.F., Maas, A., Dingjan, G.M., Karis, A. and Grosveld, F. (1996) Inactivation of Btk by
Insertion of lacZ Reveals Defects in B Cell Development Only Past the Pre-B Cell Stage. The EMBO Journal, 15,
4862-4872. https://doi.org/10.1002/j.1460-2075.1996.th00867.x

Kil, L.P., de Bruijn, M.J., van Nimwegen, M., Corneth, O.B.J., Piet van Hamburg, J., Dingjan, G.M., Thaiss, F., Rim-
melzwaan, G.F., Elewaut, D., Delsing, D., et al. (2012) Btk Levels Set the Threshold for B-Cell Activation and Nega-
tive Selection of Autoreactive B Cells in Mice. Blood, 119, 3744-3756.

https://doi.org/10.1182/blood-2011-12-397919

Liang, C., Tian, D., Ren, X., Ding, S., Jia, M., Xin, M. and Thareja, S. (2018) The Development of Bruton’s Tyrosine
Kinase (BTK) Inhibitors from 2012-2017: A Mini-Review. European Journal of Medicinal Chemistry, 151, 315-326.
https://doi.org/10.1016/j.ejmech.2018.03.062

Dingjan, G.M., Middendorp, S., Dahlenborg, K., Maas, A., Grosveld, F. and Hendriks, R.W. (2001) Bruton’s Tyrosine
Kinase Regulates the Activation of Gene Rearrangements at the Lambda Light Chain Locus in Precursor B Cells in the
Mouse. Journal of Experimental Medicine, 193, 1169-1178. https://doi.org/10.1084/jem.193.10.1169

Ysebaerta, L. and Michallet, A.-S. (2014) Bruton’s Tyrosine Kinase Inhibitors: Lessons Learned from Bench-to-Bedside
(first) Studies. Current Opinion in Oncology, 26, 463-468. https://doi.org/10.1097/CC0.0000000000000114

Carnero Contentti, E. and Correale, J. (2020) Bruton’s Tyrosine Kinase Inhibitors: A Promising Emerging Treatment
Option for Multiple Sclerosis. Expert Opinion on Emerging Drugs, 25, 377-381.
https://doi.org/10.1080/14728214.2020.1822817

Wang, B., Deng, Y., Chen, Y., Yu, K., Wang, A., Liang, Q., Wang, W., Chen, C., Wu, H., Hu, C., et al. (2017) Struc-
ture-Activity Relationship Investigation for Benzonaphthyridinone Derivatives as Novel Potent Bruton’s Tyrosine Ki-
nase (BTK) Irreversible Inhibitors. European Journal of Medicinal Chemistry, 137, 545-557.
https://doi.org/10.1016/j.ejmech.2017.06.016

Yoon, Y. (2014) Small Chemicals with Inhibitory Effects on PtdIns(3,4,5)P; Bindingof Btk PH Domain. Bioorganic &
Medicinal Chemistry Letters, 24, 2334-2339. https://doi.org/10.1016/j.bmcl.2014.03.068

Jiang, Z., Liang, Z., Shen, B. and Hu, G. (2015) Computational Analysis of the Binding Specificities of PH Domains.
BioMed Research International, 2015, Article 1D: 792904. https://doi.org/10.1155/2015/792904

Pan, Z., Scheerens, H., Li, S.J., Schultz, B.E., Sprengeler, P.A., Burrill, L.C., Mendonca, R.V., Sweeney, M.D., Scott,
K.C., Grothaus, P.G., et al. (2007) Discovery of Selective Irreversible Inhibitors for Bruton’s Tyrosine Kinase. Chem-
MedChem, 2, 58-61. https://doi.org/10.1002/cmdc.200600221

Simar, P.S., Floris, D. and Rudi, W.H. (2018) Role of Bruton’s Tyrosine Kinase in B Cells and Malignancies. Molecu-
lar Cancer, 17, Article No. 57. https://doi.org/10.1186/s12943-018-0779-z

Zuo, Y.Y. and Pan, Z.Y. (2017) Small-Molecule Inhibitors of Bruton’s Tyrosine Kinase. In: Waring, M.J., Ed., Cancer
I1. Topics in Medicinal Chemistry, VVol. 28, Springer, Cham, 75-104. https://doi.org/10.1007/7355_2017_6

Burger, J.A. and Wiestner, A. (2018) Targeting B Cell Receptor Signalling in Cancer: Preclinical and Clinical Ad-
vances. Nature Reviews Cancer, 18,148-167. https://doi.org/10.1038/nrc.2017.121

Brullo, C., Villa, C., Tasso, B., Russo, E. and Spallarossa, A. (2021) Btk Inhibitors: A Medicinal Chemistry and Drug

DOI: 10.12677/acm.2023.131150 1088 Il R 125 23k i


https://doi.org/10.12677/acm.2023.131150
https://doi.org/10.1016/S0140-6736(09)61416-1
https://doi.org/10.1093/neuonc/now033
https://doi.org/10.3109/00313025.2010.508786
https://doi.org/10.1158/2159-8290.CD-17-0613
https://doi.org/10.1038/361226a0
https://doi.org/10.3109/08830185.2012.664797
https://doi.org/10.1056/NEJMoa1215637
https://doi.org/10.1002/j.1460-2075.1996.tb00867.x
https://doi.org/10.1182/blood-2011-12-397919
https://doi.org/10.1016/j.ejmech.2018.03.062
https://doi.org/10.1084/jem.193.10.1169
https://doi.org/10.1097/CCO.0000000000000114
https://doi.org/10.1080/14728214.2020.1822817
https://doi.org/10.1016/j.ejmech.2017.06.016
https://doi.org/10.1016/j.bmcl.2014.03.068
https://doi.org/10.1155/2015/792904
https://doi.org/10.1002/cmdc.200600221
https://doi.org/10.1186/s12943-018-0779-z
https://doi.org/10.1007/7355_2017_6
https://doi.org/10.1038/nrc.2017.121

G RPN

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

Delivery Perspective. International Journal of Molecular Sciences, 22, Article No. 7641.
https://doi.org/10.3390/ijms22147641

Wang, X.H., Wong, J., Sevinsky, C.J., Kokabee, L., Khan, F., Sun, Y. and Conklin, D.S. (2016) Bruton’s Tyrosine
Kinase Inhibitors Prevent Therapeutic Escape in Breast Cancer Cells. Molecular Cancer Therapeutics, 15, 2198-2208.
https://doi.org/10.1158/1535-7163.MCT-15-0813

Roskoski Jr., R. (2020) Properties of FDA-Approved Small Molecule Protein Kinase Inhibitors: A 2020 Update.
Pharmacological Research, 152, Article ID: 104609. https://doi.org/10.1016/j.phrs.2019.104609

Harris, C.M., Foley, S.E., Goedken, E.R., Michalak, M., Murdock, S. and Wilson, N.S. (2018) Merits and Pitfalls in
the Characterization of Covalent Inhibitors of Bruton’s Tyrosine Kinase. SLAS Discovery, 23, 1040-1050.
https://doi.org/10.1177/2472555218787445

Johnson, A.R., Kohli, P.B., Katewa, A., Gogol, E., Belmont, L.D., Chay, R., Penuel, E., Burton, L., Eigenbrot, C., Yu,
C., et al. (2016) Battling Btk Mutants with Non Covalent Inhibitors That Overcome Cys481 and Thyr474 Mutation.
ACS Chemical Biology, 11, 2897-2907. https://doi.org/10.1021/acschembio.6b00480

Liu, L.Y., Shi, B.Y., Wan, X.Q. and Xiang, H. (2018) Strategies to Overcome Resistance Mutations of Bruton’s Tyro-
sine Kinase Inhibitor Ibrutinib. Future Medicinal Chemistry, 10, 343-356. https://doi.org/10.4155/fmc-2017-0145

Maddocks, K.J., Ruppert, A.S., Lozanski, G., Heerema, N.A., Zhao, W., Abruzzo, L., Lozanski, A., Davis, M., Gordon,
A., Smith, L.L., et al. (2015) Etiology of Ibrutinib Therapy Discontinuation and Outcomes in Patients with Chronic
Lymphocytic Leukemia. JAMA Oncology, 1, 80-87. https://doi.org/10.1001/jamaoncol.2014.218

Woyach, J.A., Furman, R.R., Liu, T.M., Ozer, H.G., Zapatka, M., Ruppert, A.S., Xue, L., Li, D.H.H., Steggerda, S.M.,
Versele, M., et al. (2014) Resistance Mechanisms for the Bruton’s Tyrosine Kinase Inhibitor Ibrutinib. New England
Journal of Medicine, 370, 2286-2294. https://doi.org/10.1056/NEJM0a1400029

Furman, R.R., Cheng, S, Lu, P., Setty, M., Perez, A.R., Guo, A., Racchumi, J., Xu, G., Wu, H., Ma, J., et al. (2014)
Ibrutinib Resistance in Chronic Lymphocytic Leukemia. New England Journal of Medicine, 370, 2352-2354.
https://doi.org/10.1056/NEJMc1402716

Feng, Y.F., Duan, W.M., Cu, X.C. and Xin, M.H. (2019) Bruton’s Tyrosine Kinase (BTK) Inhibitors in Treating Can-
cer: A Patent Review. Expert Opinion on Therapeutic Patents, 29, 217-241.
https://doi.org/10.1080/13543776.2019.1594777

Norman, P. (2016) Investigational Bruton’s Tyrosine Kinase Inhibitors for the Treatment of Rheumatoid Arthritis. Ex-
pert Opinion on Investigational Drugs, 25, 891-899. https://doi.org/10.1080/13543784.2016.1182499

Tinworth, C.P., Lithgow, H., Dittus, L., Bassi, Z.1., Hughes, S.E., Muelbaier, M., Dai, H., Smith, I.E.D., Kerr, W.J.,
Burley, G.A., et al. (2019) PROTAC-Mediated Degradation of Bruton’s Tyrosine Kinase Is Inhibited by Covalent
Binding. ACS Chemical Biology, 14, 342-347. https://doi.org/10.1021/acschembio.8001094

Wen, T.Y., Wang, J.S., Shi, Y.K., Qian, H.L. and Liu, P. (2021) Inhibitors Targeting Bruton’s Tyrosine Kinase in
Cancers: Drug Development Advances. Leukemia, 35, 312-332. https://doi.org/10.1038/s41375-020-01072-6

Mahajan, S, Ghosh, S., Sudbeck, E.A., Zheng, Y., Downs, S., Hupke, M., et al. (199) Rational Design and Synthesis of
a Novel Anti-Leukemic Agent Targeting Bruton’s Tyrosine Kinase (BTK), LFM-A13 [a-Cyano-f-Hydroxy-5-Methyl-
N-(2,5-Dibromophenyl)Propenamide]. Journal of Biological Chemistry, 274, 9587-9599.
https://doi.org/10.1074/jbc.274.14.9587

Honigberg, L.A., Smith, A.M., Sirisawad, M., Verner, E., Loury, D., Chang, B., et al. (2010) The Bruton Tyrosine Ki-
nase Inhibitor PCI-32765 Blocks B-Cell Activation and Is Efficacious in Models of Autoimmune Disease and B-Cell
Malignancy. Proceedings of the National Academy of Sciences of the United States of America, 107, 13075-13080.
https://doi.org/10.1073/pnas.1004594107

Sibaud, V., Beylot-Barry, M., Protin, C., Vigarios, E., Recher, C. and Ysebaert, L. (2020) Dermatological Toxicities of
Bruton’s Tyrosine Kinase Inhibitors. American Journal of Clinical Dermatology, 21, 799-812.
https://doi.org/10.1007/s40257-020-00535-x

Tillman, B.F., Pauff, J.M., Satyanarayana, G., Talbott, M. and Warner, J.L. (2018) Systematic Review of Infectious
Events with the Bruton Tyrosine Kinase Inhibitor Ibrutinib in the Treatment of Hematologic Malignancies. European
Journal of Haematology, 100, 325-334. https://doi.org/10.1111/ejh.13020

Wilson, W.H., Young, R.M., Schmitz, R., Yang, Y., Pittaluga, S., Wright, G., Lih, C.J., Williams, M.P., Shaffer, A.L.,
Gerecitano, J., et al. (2015) Targeting B Cell Receptor Signaling with Ibrutinib in Diffuse Large B Cell Lymphoma.
Nature Medicine, 21, 922-926. https://doi.org/10.1038/nm.3884

Xu, L., Tsakmaklis, N., Yang, G., Chen, J.G., Liu, X., Demos, M., Kofides, A., Patterson, C.J., Meid, K., Gustine, J., et
al. (2017) Acquired Mutations Associated with Ibrutinib Resistance in Waldenstrém Macroglobulinemia. Blood, 129,
2519-2525. https://doi.org/10.1182/blood-2017-01-761726

Da Cunha-Bang, C. and Niemann, C.U. (2018) Targeting Bruton’s Tyrosine Kinase across B-Cell Malignancies. Drugs,

DOI: 10.12677/acm.2023.131150 1089 Il R 125 23k i


https://doi.org/10.12677/acm.2023.131150
https://doi.org/10.3390/ijms22147641
https://doi.org/10.1158/1535-7163.MCT-15-0813
https://doi.org/10.1016/j.phrs.2019.104609
https://doi.org/10.1177/2472555218787445
https://doi.org/10.1021/acschembio.6b00480
https://doi.org/10.4155/fmc-2017-0145
https://doi.org/10.1001/jamaoncol.2014.218
https://doi.org/10.1056/NEJMoa1400029
https://doi.org/10.1056/NEJMc1402716
https://doi.org/10.1080/13543776.2019.1594777
https://doi.org/10.1080/13543784.2016.1182499
https://doi.org/10.1021/acschembio.8b01094
https://doi.org/10.1038/s41375-020-01072-6
https://doi.org/10.1074/jbc.274.14.9587
https://doi.org/10.1073/pnas.1004594107
https://doi.org/10.1007/s40257-020-00535-x
https://doi.org/10.1111/ejh.13020
https://doi.org/10.1038/nm.3884
https://doi.org/10.1182/blood-2017-01-761726

EES RPN

[43]

[44]
[45]

[46]

[47]

[48]

[49]
[50]
[51]
[52]

(53]

[54]

[55]

[56]
[57]
[58]
[59]

[60]

[61]

[62]

[63]

78, 1653-1663. https://doi.org/10.1007/s40265-018-1003-6

Harrington, B.K., Gardner, H.L., Izumi, R., Hamdy, A., Rothbaum, W., Coombes, K.R., et al. (2016) Preclinical Eval-
uation of the Novel BTK Inhibitor Acalabrutinib in Canine Models of B-Cell Non-Hodgkin Lymphoma. PLOS ONE,
11, e159607. https://doi.org/10.1371/journal.pone.0159607

Syed, Y.Y. (2020) Zanubrutinib: first Approval. Drugs, 80, 91-97. https://doi.org/10.1007/s40265-019-01252-4

Guo, Y.h,, Liu, Y., Hu, N., Yu, D.S., Zhou, C.Y., Shi, G.Y., et al. (2019) Discovery of Zanubrutinib (BGB-3111), a
Novel, Potent, and Selective Covalent Inhibitor of Bruton’s Tyrosine Kinase. Journal of Medicinal Chemistry, 62,
7923-7940. https://doi.org/10.1021/acs.jmedchem.9b00687

Kaptein, A., de Bruin, G., Emmelot-van Hoek, M., van de Kar, B., de Jong, A., Gulrajani, M., et al. (2018) Potency
and Selectivity of BTK Inhibitors in Clinical Development for B-Cell Malignancies. Blood, 132, 1871.
https://doi.org/10.1182/blood-2018-99-109973

Alsadhan, A., Cheung, J., Gulrajani, M., Gaglione, E.M., Nierman, P., Hamdy, A., et al. (2020) Pharmacodynamic
Analysis of BTK Inhibition in Patients with Chronic Lymphocytic Leukemia Treated with Acalabrutinib. Clinical Cancer
Research, 26, 2800-2809. https://doi.org/10.1158/1078-0432.CCR-19-3505

Tam, C.S., Trotman, J., Opat, S., Burger, J.A., Cull, G., Gottlieb, D., et al. (2019) Phase 1 Study of the Selective BTK
Inhibitor Zanubrutinib in B-Cell Malignancies and Safety and Efficacy Evaluation in CLL. Blood, 134, 851-8509.
https://doi.org/10.1182/blo0d.2019001160

Wu, J.J., Zhang, M.Z. and Liu, D.L. (2016) Acalabrutinib (ACP-196): A Selective Second-Generation BTK Inhibitor.
Journal of Hematology & Oncology, 9, Article No. 21. https://doi.org/10.1186/s13045-016-0250-9

Schaff, L.R. and Grommes, C. (2021) Update on Novel Therapeutics for Primary CNS Lymphoma. Cancers, 13, Ar-
ticle No. 5372. https://doi.org/10.3390/cancers13215372

Jeelall, Y.S. and Horikawa, K. (2011) Oncogenic MYD88 Mutation Drives Toll Pathway to Lymphoma. Immunology
& Cell Biology, 89, 659-660. https://doi.org/10.1038/icbh.2011.31

Ngo, V.N., Young, R.M., Schmitz, R., et al. (2011) Oncogenically Active MYD88 Mutations in Human Lymphoma.
Nature, 470, 115-119. https://doi.org/10.1038/nature09671

Hilal, T., Maguire, A., Kosiorek, H.E., Rimsza, L.M. and Rosenthal, A.C. (2019) Clinical Features and Cell of Origin
Subtyping Using Gene Expression Profiling in HIV-Negative Patients with Primary Central Nervous System Lym-
phoma. Leukemia & Lymphoma, 60, 3581-3583. https://doi.org/10.1080/10428194.2019.1633637

Braggio, E., Van Wier, S., Ojha, J., et al. (2015) Genome-Wide Analysis Uncovers Novel Recurrent Alterations in
Primary Central Nervous System Lymphomas. Clinical Cancer Research, 21, 3986-3994.
https://doi.org/10.1158/1078-0432.CCR-14-2116

Nakamura, T., Tateishi, K., Niwa, T., et al. (2016) Recurrent Mutations of CD79B and MYD88 Are the Hallmark of
Primary Central Nervous System Lymphomas. Neuropathology and Applied Neurobiology, 42, 279-290.
https://doi.org/10.1111/nan.12259

Lionakis, M.S., Dunleavy, K., Roschewski, M., et al. (2017) Inhibition of B Cell Receptor Signaling by Ibrutinib in
Primary CNS Lymphoma. Cancer Cell, 31, 833-843. https://doi.org/10.1016/j.ccell.2017.04.012

Grommes, C., Tang, S.S., Wolfe, J., et al. (2019) Phase 1b Trial of an Ibrutinib Based Combination Therapy in Recur-
rent/Refractory CNS Lymphoma. Blood, 133, 436-445. https://doi.org/10.1182/blood-2018-09-875732

Young, R.M., Shaffer 3rd, A.L., Phelan, J.D. and Staudt, L.M. (2015) B-Cell Receptor Signaling in Diffuse Large
B-Cell Lymphoma. Seminars in Hematology, 52, 77-85. https://doi.org/10.1053/j.seminhematol.2015.01.008

Schmitz, R., Wright, G.W., Huang, D.W., et al. (2018) Genetics and Pathogenesis of Diffuse Large B-Cell Lymphoma.
New England Journal of Medicine, 378, 1396-1407. https://doi.org/10.1056/NEJMo0a1801445

Montesinos-Rongen, M., Schmitz, R., Brunn, A, et al. (2010) Mutations of CARD11 but Not TNFAIP3 May Activate
the NF-kappaB Pathway in Primary CNS Lymphoma. Acta Neuropathologica, 120, 529-535.
https://doi.org/10.1007/s00401-010-0709-7

Soussain, C., Choquet, S., Blonski, M., Leclercq, D., Houillier, C., Rezai, K., Bijou, F., Houot, R., Boyle, E., Gressin,
R., et al. (2019) Ibrutinib Monotherapy for Relapse or Refractory Primary CNS Lymphoma and Primary Vitreoretinal
Lymphoma: Final Analysis of the Phase Il ‘Proof-of-Concept’ iLOC Study by the Lymphoma Study Association
(LYSA) and the French Oculo-Cerebral Lymphoma (LOC) Network. European Journal of Cancer, 117, 121-130.
https://doi.org/10.1016/j.ejca.2019.05.024

Rubenstein, J.L., Geng, H., Fraser, E.J., Formaker, P., Chen, L., Sharma, J., Killea, P., Choi, K., Ventura, J., Kurhane-
wicz, J., et al. (2018) Phase 1 Investigation of Lenalidomide/Rituximab plus Outcomes of Lenalidomide Maintenance
in Relapsed CNS Lymphoma. Blood Advances, 2, 1595-1607. https://doi.org/10.1182/bloodadvances.2017014845

Tun, H.W., Johnston, P.B., DeAngelis, L.M., Atherton, P.J., Pederson, L.D., Koenig, P.A., Reeder, C.B., Omuro,

DOI: 10.12677/acm.2023.131150 1090 Il R 125 23k i


https://doi.org/10.12677/acm.2023.131150
https://doi.org/10.1007/s40265-018-1003-6
https://doi.org/10.1371/journal.pone.0159607
https://doi.org/10.1007/s40265-019-01252-4
https://doi.org/10.1021/acs.jmedchem.9b00687
https://doi.org/10.1182/blood-2018-99-109973
https://doi.org/10.1158/1078-0432.CCR-19-3505
https://doi.org/10.1182/blood.2019001160
https://doi.org/10.1186/s13045-016-0250-9
https://doi.org/10.3390/cancers13215372
https://doi.org/10.1038/icb.2011.31
https://doi.org/10.1038/nature09671
https://doi.org/10.1080/10428194.2019.1633637
https://doi.org/10.1158/1078-0432.CCR-14-2116
https://doi.org/10.1111/nan.12259
https://doi.org/10.1016/j.ccell.2017.04.012
https://doi.org/10.1182/blood-2018-09-875732
https://doi.org/10.1053/j.seminhematol.2015.01.008
https://doi.org/10.1056/NEJMoa1801445
https://doi.org/10.1007/s00401-010-0709-7
https://doi.org/10.1016/j.ejca.2019.05.024
https://doi.org/10.1182/bloodadvances.2017014845

G RPN

A.M.P., Schiff, D., O’NEeill, B., et al. (2018) Phase 1 Study of Pomalidomide and Dexamethasone for Relapsed/Refractory
Primary CNS or Vitreoretinal Lymphoma. Blood, 132, 2240-2248. https://doi.org/10.1182/blood-2018-02-835496

[64] Ghesquieres, H., Chevrier, M., Laadhari, M., Chinot, O., Choquet, S., Molugon-Chabrot, C., Beauchesne, P., Gressin,
R., Morschhauser, F., Schmitt, A., et al. (2019) Lenalidomide in Combination with Intravenous Rituximab (REVRI) in
Relapsed/Refractory Primary CNS Lymphoma or Primary Intraocular Lymphoma: A Multicenter Prospective ‘Proof of
Concept’ Phase Il Study of the French Oculo-Cerebral Lymphoma (LOC) Network and the Lymphoma Study Associa-
tion (LYSA). Annals of Oncology, 30, 621-628. https://doi.org/10.1093/annonc/mdz032

[65] Wu, C., de Miranda, N., Chen, L., Wasik, A.M., Mansouri, L., Jurczak, W., Galazka, K., Dlugosz-Danecka, M., Ma-
chaczka, M., Zhang, H., et al. (2016) Genetic Heterogeneity in Primary and Relapsed Mantle Cell Lymphomas: Impact
of Recurrent CARD11 Mutations. Oncotarget, 7, 38180-38190. https://doi.org/10.18632/oncotarget.9500

[66] Narita, Y., Nagane, M., Mishima, K., Terui, Y., Arakawa, Y., Yonezawa, H., Asai, K., Fukuhara, N., Sugiyama, K.,
Shinojima, N., et al. (2020) Phase I/1l Study of Tirabrutinib, a Second-Generation Bruton’s Tyrosine Kinase Inhibitor,
in Relapsed/Refractory Primary Central Nervous System Lymphoma. Neuro-Oncology, 23, 122-133.
https://doi.org/10.1093/neuonc/noaal4s

DOI: 10.12677/acm.2023.131150 1091 Il R 125 23k i


https://doi.org/10.12677/acm.2023.131150
https://doi.org/10.1182/blood-2018-02-835496
https://doi.org/10.1093/annonc/mdz032
https://doi.org/10.18632/oncotarget.9500
https://doi.org/10.1093/neuonc/noaa145

	布鲁顿酪氨酸激酶(BTK)抑制剂对原发性中枢神经系统淋巴瘤的疗效综述
	摘  要
	关键词
	Review of the Efficacy of Bruton Tyrosine Kinase (BTK) Inhibitors on Primary Central Nervous System Lymphoma
	Abstract
	Keywords
	1. 引言
	2. 布鲁顿酪氨酸激酶(BTK)
	3. BTK抑制剂
	3.1. BTK抑制剂的作用机制
	3.2. 批准的BTK抑制剂 

	4. BTK抑制剂在PCNSL中的应用
	参考文献

