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Bruton$s tyrosine kinase inhibitor for primary central nervous system lymphoma: a clinical analysis of 16 cases
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Abstract Objective: To analyze the clinical characteristics of patients with primary central nervous system lymphoma
(PCNSL) treated with Brutons tyrosine kinase ( BTK) inhibitors and to explore the factors affecting the efficacy and the fol-
low-up treatment experience of patients with poor efficacy. Methods: The clinical data of newly diagnosed PCNSL patients
treated with BTK inhibitors (including orelabrutinib, zanubrutinib) combined with conventional chemotherapy were retro-
spectively analyzed. Results: Among the 16 patients with PCNSL, 13 were males and 3 were females, with a median age of
62.5 years. The lesions were mainly multiple, accounting for 56% . The main pathological type was non-germinal center B
cell (62% ), and double expression type (38% ). The biochemical data of cerebrospinal fluid were found in 9 patients, and
the protein level of cerebrospinal fluid was elevated in 78% . A total of 7 patients had gene sequencing results, including
MYD88 mutation (57% ) and CD79B mutation (43% ). Among the 16 patients, 9 (56% ) received orelabrutinib combined
with conventional chemotherapy, and 7 (44% ) received zanubrutinib combined with conventional chemotherapy. The overall
response rate (ORR) of the 16 patients was 69% . Among the 5 patients with poor efficacy, 4 had multiple lesions, 4 had
double expression type, and 3 had MYD88 mutation. Two patients underwent hematopoietic stem cell transplantation followed
by chimeric antigen receptor T cell therapy (auto-HSCT + CAR-T) and achieved complete remission. Conclusion: The ORR
of PCNSL patients treated with BTK inhibitor combined with conventional chemotherapy is 69% . Multiple lesions, double
expression and MYD88 mutation may be the factors of poor efficacy. The auto-HSCT + CAR-T may be a feasible follow-up
treatment for patients with poor response to PCNSL treated by BTK inhibitors combined with conventional chemotherapy.

Key words Primary central nervous system lymphoma; Bruton$ tyrosine kinase inhibitors; Clinical features

BAEYE A % &, E-mail ; Thuang@ tjh. tjmu. edu. cn, #1364 F X T A 2 R fak KiE 1095 5



118

JEK A A 22 R G0 R EL IR ( primary central nerv-
ous system lymphoma, PCNSL ) 2 5 FF {2 28 14 it itk 2
ZESMERE DT 4K L ,90% LU L ) PCNSL g Bl 24 71
SHYRIE R B MK LR ( diffuse large B cell lympho-
ma, DLBCL) , AR 512 3 3o e 170 e B 5%
R BT AA A [ T A A A2 . PCNSL G738 %
JE LAt FH 2R 08 Ry Bl B0 5 1 22 5 e L
Wt e RIS B JHe |\ FE R IR A 25 W55 SR T, Ak LA
R A S R 1l T 240 M A% A A LI A 7
UTAEA , Z2 35U S UE B A7 65 1 % 22 B2 8 ( Braton
tyrosine kinase , BTK ) fiJi {fil 57| 7] 2 3 PCNSL H 4 11
JERCRUE " AR — B4 ST R BUR
AR o ARWTSE A BTK 4 il 5)36 97 PCNSL &
I RARFAE I 52 M 7 R PR R 7 AR
HWIRELRIT A5, B 0 im K27 SR AL Y S g%

AREFHE

L. —JREBERE: AR 2020 41 12 H %2023 48 H
HE TR R 2 [ 5 15 2 5 B s [ 5 15 B IV PN R
IGRIFIZ N BTK 1 i 500 5 1% Se Ay 7 35 1697
(4 16 f5i] PCNSL F83 i I R 55 8L, 99 A e : D
A BT T AN KLV BRAR BT A E BTG R AR RS
Y, 29 T 12 VR T T 48 56 3 4 B i ok CT/
MRI &, PET-CT 45 #r , HF Bk 28 et ik EL R 2R Ao b il
R RFG 2008 45 WHO 5C T PONSL (12 b
W OTEFE T M T T BTK 0041 57) (F 436 22
e FEATE)E ) s WIEE SIRYT 4 S B0
Hi% CT/MRI B, PET-CT #4797 80

2. RO SHEDT AR IRYT 4 IS EAG
BE T SIRYTITRL, MR [ Br J5 & i A f 22 R ek
[ 9% & 1E 41 ( International Primary CNS Lymphoma
Collaborative Group,IPCG ) 474" AT ¥EMY , 45 58
4 2% f# ( complete remission, CR ; 1458 MRI 75 9% &L 5¢
T IRBUR K H A <5 mm) 4> 28 ( partial re-
mission, PR; 14 5% MRI 75 9 kb 836 7 B 4 /) =
50% ) Ry fasE (stable disease, SD; ¥ 5% MRI /R 75
SEEGRIT R 4G/ < 50% BUIE NN < 25% ) e i it
(progressive disease, PD ;3 5R MRI 75955 k1 3816 97 7Y
B =25% s BT AL ) 5 SR N3 (overall re-
sponse rate, ORR) = (PR + CR) 5] £t/ 2 11 $¢ x
100% . BEFEIRITEAL T IR 1, BV
1B H IS 2023 4F 12 7, BrAn il & b 112 A
Bt D 5 R T BE DT T X AT o

WARLSSEESEAGE 2024 4F £330 % B2 M)

x1 16 Gl EZWARE S BT

A fﬁ) PRSI 5
1 B 65 RCHOP + O/R + MTX + O PD
2 3 55 R+MTX +0O SD
3 S 72 R+MTX +0 PD
4 3 68 RCHOP + O/R + MTX + O CR
5 B 71 R+0+L CR
6 3 48 R+MTX +0 PR
7 B 52 R+MTX+T+0 CR
8 B 72 MTX + O PD
9 B 50 R+MTX/R +T + Ara-C + O PR
10 B 73 R+MTX +7Z PR
11 4 52 R +MTX + TMZ + 7 PR
12 B 60 R+MTX +7 CR
13 )4 71 R+7 PR
14 & 44 R+MTX +7 PR
15 B 64 R +MTX + TMZ +Z PR
16 3 61 RCHOP + MTX +Z SD

72 :RCHOP: A 4 %37 + SRE ML IE + KA B + A F R E
+ W R AN Ara-C; T 48 A6 3 ; MTX ;. P & 38 4 TMZ . %
Foedpe R4 F 2450, L kAR T £ k0. 84
BRGLERBR

7 X

L.l PRAFAE : 16 5] PCNSL & b, B % 13 4]
(81% ), Lt 3 ) (19% ), P AL 4E 1% 62. 5 %,
<60 %7 5 (44% ) o B KN kb (0 UCIR 97 A H o
CT/MRI 75 kb8 1) 5858 7 41 (44% ) , g B 53 24
A& Tl B 40 ( germinal center B cell, GCB) 6 44
(38% ) , WA B (g dlik MYC ik =40% H
BCL2 ik =50% )6 14 (38% ) ,9 1| F. 3 A 9112 ki
FWAEACEIE A W B TR T 19 (78% ) 57 13l
SR BEIIN 45 2R, MYD88 2874835 4 1] (57% ) ,
CD79B %78 %# 3 ] (43% ) 516 {9 3 ¥4 52 BTK
HRER S ST i 6T R B e ih
579 0 (56% ), 2 FE A & e WK &G 97 7 B
(44% ) W3k 2,

2. SRR BTK I FIBR S A& e fuyr iR
J7 PCNSL 51 ORR “h 69% , lL5% 2,

3. ITRAME R E WG SR YT 16 ] B,
5 P FE S BTK I RIS AL Sy s =6
JY SR TRCAEE, PD 3 9,SD 2 {5, 5 il b 2 L%
kb4 151], 5 B2 Y A non-GCB 5 4 4], S5 41 AL X
ik 445 5 345 8855 WIS HEAT T B 2 R AR AR



WRSfEEIEAGE 2024 4F 530 % A2 )

*2 16 IRENERBFMESERBTTER

& g d ORR

& FRAFAE 11 (%) Wi (%)
NER )

B 13 81 9 69

=S 3 19 2 67
Fi

<60 % 7 44 6 86

=60 ¥ 9 56 5 56
Xl

$BR 7 44 7 100

34 9 56 4 44
Ji R B G

5 7 78 5 71

EF 2 22 1 50

GCB 6 38 5 83

non-GCB 10 62 6 60
Mk ik

2 6 38 2 33

% 10 62 9 90
MYDS8 % %

2 4 57 1 25

% 3 43 3 100
CD79B £ %

k3 3 43 1 33

% 4 57 3 75
BTK 4 4] 51

BAHR 9 56 5 56

R 7 44 6 86

AR PR AR e, R v i AR 1 T e R
2 {51, £ MYD88 575 3 {4 , £ CD79B 5745 2 4] ; /%
1 7R AT JE kA RCHOP/R-MTX £ 2 4~ A WIAYT
J& I RCTAL g PD LEARY T IR BRI SR 46 1T AR T 40
JEFTE A T 400, BEJS #EAT T auto-HSCT + CAR-T
BT, B ARG CRBUEREVIIE 5 A B
2IEE RPN T BATE RS R + MTX /Y5
2,6 AR T RBOTAG Sy SD, B E R4 AT A R G
T2 AS A K dix G BR324 T 4A il ( chimeric an-
tigen receptor T cell, CAR-T) ¥&J7 , LA &0 07 B 1
IR e e i R IR BE e dE iR T, 2 8 AN H R
PD,BES RV B 3.8 AR K IR YT PD
ARG FAYT + A7, 23 BIFERRIZ 6 4> A I A
AT I 7 R A2 S5 5 A H i R i
UL LT ; A 16 TEPEAT & R Bk RCHOP
+ MTX 597 )5 SD, bl i o< @ Bk it — 21097, Bl
5% T auto-HSCT + CAR-T YT, IR Z 3R 15454 CR,

119

IEBEVIIE 25 A . WAk T %K 3,
W’

PCNSL J& 8 K KM 8 L 51 i JB AR 17 T 4 &
2 BRI A5 SR 2E A 4 bk TR, s BRAIL I o A BH
By, AT AE 5 BCR {553 [ | Toll A 57 {45 53 [
PR % 78 5 5 NF-«B 3l B% 1Y 3005 A7 51, MYDSS
CD79B Mg " . PCNSL (43497 18 % /37
SRYLE 2 A BT BB R LT A
ST BB E T, TP AR I 4 2 240 AR R
H BRI RIA 7 4 B 20 36 I A [+) 5 LA 7
B ICHHR AR E T 58, 1T LU ARYT B RG22
i IRED RN = K 1R e 1 TR 22

BTK J&i%4% BCR 155 #1 NF-«B 3 % (1) 1 2/
+, BTK il 500 /E A — Pl 2k 45 1 1% A vl 3 (1) 7N o3
T-25%) , I BCR 155 LLIAEA 7 MR g H gt
SCHR R IE 7E 5k METE T PCNSL g2 3% v, 1 i BTK
TR A2 s BE A 25 R RORCR T TR
FEIG R & B BTK #0590 56 & 12 Sk y7 J5 A —
TR R MEIR B A2 K, AR5 16 5] PCNSL 5 1
Wiz Ia ¥4 17 BTK #4601 56 & & G AL 7 iR T
T, H 5 Bl sioniE, X5 BlREZHFELZ R
gkl AR MYD88 ZEAR 45 I PRAFIE , 5 SR YT T
BONMETT 5 X LIl PRFFIE A ¢, 2RIk s
TR kL, WTRE R T 2 & kB G IR AR 2
FEAE 22 20 Rkt b R 18 o3 A /Nt 8 R R S
AR W) AR A2, IR AR 28 M 5 A7 g A 5 1T
R RR 22 LIR T bR AR MR VI B, R4 71k T7
H IR 1y 5/ FE R G TRIE K B 40tk 2
JE 1 ,MYC (BCL2 X ik B & 7 #: % RCHOP —4k
TRIT IR YT R 2, fF PCNSL At 2 30 ) o8 vy iy i e
SRR AT HA AT R T AURERY
5 HIHRA 4 G 4l Ak R AR IR B, $R 7R MR Gk A
PCNSL 7£ BTK BB A& G AL I7 15 S0 97 Ja 97 U 4
2%, MYDSS8 878 1B kA 75 1265P i &, 75 R Gk
R ELIRE P MYDSSBL265P %675 1 s % Hlfm e '
E ST 1265P J&—FPiid o 58 4% , i o I
i Toll BESZ M5 S-S E NF-B 1 % 1415 1L , T 5
BT MR &R AR BTK 400 3] 3 B b
BCR {555 1 NF-«B 3@ 1935 6>, % MYD8S
JITAERR) Toll BEAFZ 52 M H/IN , 1X AT B8 J& A AfF 5% Hh WL
F2E) MYD8S 58728 [ F 7E 5232 BTK 5K 567
JE TR B IE I S

7% 30 H L B 5 01375 S A T T SO A Y R



120 WRFRMEEREAER 2024 4F 45305 B2
£3 SHBRERRABRFERENERBERESBTHER
ey SR AR i & MYD8S  CDT9B .. s "
Fa bl o EY E] A E 2 JGRBT TR % B
1 el & non-GCB % 2 % auto-HSCT + CAR-T BT ERS CR, &5 A A
2 b EF non-GCB P 3 & A +TMZ +L i 8 AN R G, kiF
3 2 iR non-GCB 2 2 2 R+MIX+0 b 6 A~ A e BALTT J& B3R B e st
82 - CCB x - - MTX+0 WS A A G B R I
16 ¥ - non-GCB 2 - auto-HSCT + CAR-T 5487 )6#4 CR, & 2544

7% :auto-HSCT + CAR-T: A 4k do F dm JAS ML 3 A4 R ZAR T 4 g 97 s MTX . W R4 TMZ B E v i s R A 35 240

Lk AR M0 BRA KR A

o A 3 R 8 AR LR, KB R % & 1T
auto-HSCT F1 CAR-T J&J7 , /5K R 3G 97 F11kyT,
BRATERIZ 6 A~ H NFET; B 2 7615 FR9T
JE IR, AT + FOIaG 7 ILIE SR M AE i 12 8
ANHGHVE A &, v UL BTK i 55 &5 5038
I7 I I 7 RCANEE ) R T e P A P b o, R A P
X7 3CAMERT PCNSL, CAR-T 3697 Al AE R —Fjogi i)
s, HATE A ZIMSEIESE T CAR-TIRIr i &
HEvAHE PCNSL /AL B 720 o AR st x4 &
METR AR & &k BV 2 T auto-HSCT J3° 5t
CD19/CD22 CAR-T ¥7 ik, fe Il RIS B7s T 4
I7 R, M R R IKF) 90. 5% 2 . ARBFIE AT AL
ANEERY 5 5] PCNSL (B, J g 1 SR 16 7615
SIRITIT RS, BRI HEAT T A AR il A R
LA T 4R, #17 T auto-HSCT + CAR-T
Sk EREDII, IR FFSE CR, /R T auto-HSCT
+ CAR-T JFPIEAHER TALIT (U7 R IR YT 1% 45t
BIT R ILER M. X F B A 2 &k, WK,
MYD88 AR S5 s PRAFE 1 £ &, #E I IR T A vh i %
FEEI S R | B R AR, AR 5% BTK 4l 71 ¢
BT RIS RS AR R A T 1 T
YNARAYSRAES T 400 A5, 40 h AT BB 21k 495
o Jre 55 R AN £ o

ARIFFEAFAELL T — 2R VR — Tl
T 1 [ BRI 9%, N P 3BE G b A7 FE VPRI ART 5 O3 A AR
WFFE (s B D, Bt s 1R A, L RE A T Rlid v
G3HT AR BEHFA TG RFFE 597 AL AHSCPE 347, Rt
T EERTREPERTZY 58 2 4993 ) A0 B K ) Bl 7 ] o
G IE 2 7 A5CRN T35 4 PR %

2 &

1 Correia CE, Schaff LR, Grommes C. Central nervous system lympho-
ma: approach to diagnosis and treatment[ J ]. Cancer J,2020,26(3) .
241-252.

2 Deckert M, Engert A,Briick W, et al. Modern concepts in the biology,

diagnosis, differential diagnosis and treatment of primary central nerv-
ous system lymphomal J]. Leukemia,2011,25(12) ;1797-1807.
Bromberg JEC, Issa S, Bakunina K, et al. Rituximab in patients with
primary CNS lymphoma ( HOVON 105/ALLG NHL 24) . a random-
ised , open-label , phase 3 intergroup study[ J]. Lancet Oncol ,2019,20
(2):216-228.

Abrey LE, Yahalom J, DeAngelis LM. Treatment for primary CNS lym-
phoma: the next step[ J].J Clin Oncol,2000,18(17) :3144-3150.
Soussain C,Choquet S, Fourme E, et al. Intensive chemotherapy with
thiotepa , busulfan and cyclophosphamide and hematopoietic stem cell
rescue in relapsed or refractory primary central nervous system lym-
phoma and intraocular lymphoma: a retrospective study of 79 cases
[J]. Haematologica,2012,97(11) :1751-1756.

Grommes C,Nayak L,Tun HW et al. Introduction of novel agents in
the treatment of primary CNS lymphoma[ J]. Neuro Oncol,2019,21
(3):306-313.

Soussain C,Malaise D, Choquet S, et al. Long-lasting CRs after ibruti-
nib monotherapy for relapse or refractory primary CNS lymphoma
(PCNSL) and primary vitreoretinal lymphoma ( PVRL) : Long-term
results of the iLOC study by the Lymphoma Study Association ( LY-
SA) and the French Oculo-Cerebral Lymphoma ( LOC) Network
(clinical trial number; NCT02542514) [ J]. Eur J Cancer, 2023,
189:112909.

Soussain C,Choquet S, Blonski M, et al. Ibrutinib monotherapy for re-
lapse or refractory primary CNS lymphoma and primary vitreoretinal
lymphoma: Final analysis of the phase II proof-of-concept”iLOC study
by the Lymphoma study association ( LYSA) and the French oculo-
cerebral lymphoma ( LOC) network [ J]. Eur J Cancer,2019,117;
121-130.

Abrey LE, Batchelor TT, Ferreri AJ, et al. Report of an international
workshop to standardize baseline evaluation and response criteria for
primary CNS lymphomal J]. J Clin Oncol,2005,23(22) :5034-5043.
Ferreri AJM, Calimeri T, Cwynarski K, et al. Primary central nervous
system lymphomal[ J]. Nat Rev Dis Primers,2023,9(1) :29.

Grommes C, Pastore A, Palaskas N, et al. Ibrutinib unmasks critical
role of bruton tyrosine kinase in primary CNS lymphoma[ J]. Cancer
Discov,2017,7(9) :1018-1029.

Dunleavy K,Erdmann T,Lenz G. Targeting the B-cell receptor path-
way in diffuse large B-cell lymphomal[ J]. Cancer Treat Rev,2018,
65:4146.

Nepal G,Khurana M, Bucheli DH, et al. Ibrutinib in refractory or re-



WAL S SEEEAE

14

15

16

17

18

2024 4F 5308 452 W

lapsing primary central nervous system lymphoma: a systematic re-
view[ J]. Neurol Int,2022,14(1) :99-108.

Riedell PA,Smith SM. Double hit and double expressors in lympho-
ma: definition and treatment [ J ]. Cancer, 2018, 124 (24 ) . 4622-
4632.

Oki Y, Noorani M, Lin P, et al. Double hit lymphoma: the MD ander-
son cancer center clinical experience[ J]. Br J Haematol,2014,166
(6):891-901.

Wb, e, REZ, . PEATREZUMR B mieH e
TRARAEFHSRAEAREZEXL[]]. WA EEEE R &,2022,
28(3) :186-190.

Reimann M, Schrezenmeier J, Richter-Pechanska P, et al. Adaptive T-
cell immunity controls senescence-prone MyD88- or CARD11-mutant
B-cell lymphomas[ J]. Blood,2021,137(20) :2785-2799.

Ngo VN, Young RM, Schmitz R, et al. Oncogenically active MYD88
mutations in human lymphoma[ J]. Nature,2011,470 (7332) :115-

20

21

22

121

119.
Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel
CAR T-cell therapy in refractory large B-Cell lymphoma[ J]. N Engl J
Med,2017,377(26) :2531-2544.
Abramson JS,Palomba ML, Gordon LI, et al. Lisocabtagene maraleu-
cel for patients with relapsed or refractory large B-cell lymphomas
(TRANSCEND NHL 001 ) ; a multicentre seamless design study[ J].
Lancet,2020,396 (10254 ) :839-852.
Frigault MJ, Dietrich J, Gallagher K, et al. Safety and efficacy of tisa-
genlecleucel in primary CNS lymphoma: a phase 1/2 clinical trial
[J]. Blood,2022,139(15) :2306-2315.
Cao Y, Xiao Y, Wang N, et al. CD19/CD22 chimeric antigen receptor
T cell cocktail therapy following autologous transplantation in patients
with relapsed/refractory aggressive B cell lymphomas|[ J ]. Transplant
Cell Ther,2021,27(11) :910. el -ell.

(2024-01-19 kA% 2024-03-01 #51= )

(k#4108 T)

49

50

51

52

53

54

55

Marangon M, Vianelli N, Palandri F, et al. Rituximab in immune
thrombocytopenia ; gender , age ,and response as predictors of long-term
response [ J]. Eur J Haematol ,2017,98(4) :371-377.

Serris A, Amoura Z, Canoui-poitrine F, et al. Efficacy and safety of
rituximab for systemic lupus erythematosus-associated immune cyto-
penias: A multicenter retrospective cohort study of 71 adults [J]. Am
J Hematol ,2018,93(3) :424-429.

Cervinek L,Cernd O, Caniga M, et al. Efficacy of rituximab in prima-
ry immune thrombocytopenia:an analysis of adult pretreated patients
from everyday hematological practice [ J]. Int J Hematol,2012,96
(5):594-599.

Provan D, Arnold DM, Bussel JB, et al. Updated international consen-
sus report on the investigation and management of primary immune
thrombocytopenia [ J]. Blood Adv,2019,3(22) :3780-3817.
Marinho A, Delgado alves J, Fortuna J, et al. Biological therapy in
systemic lupus erythematosus, antiphospholipid syndrome, and
Sjigrens syndrome ; evidence-and practice-based guidance [ J]. Front
Immunol 2023 ,14 :1117699.

Bussel JB, Arnold DM, Boxer MA , et al. Long-term fostamatinib treat-
ment of adults with immune thrombocytopenia during the phase 3
clinical trial program [J]. Am J Hematol ,2019,94(5) :546-553.
Bussel J, Arnold DM, Grossbard E, et al. Fostamatinib for the treat-
ment of adult persistent and chronic immune thrombocytopenia: Re-

sults of two phase 3, randomized , placebo-controlled trials [ J]. Am J

56

57

58

59

60

61

62

Hematol ,2018,93(7) :921-930.
Robak T, Kazmierczak M, JarquE I, et al. Phase 2 multiple-dose study
of an FcRn inhibitor rozanolixizumab in patients with primary immune
thrombocytopenia [ J]. Blood Adv,2020,4(17) :4136-4146.
Newland AC,Sanchez-gonzalez B,Rejto L, et al. Phase 2 study of efgart-
igimod,a novel FcRn antagonist,in adult patients with primary immune
thrombocytopenia [J]. Am J Hematol ,2020,95(2) :178-187.
Lasica M, Tam CS. Bruton Tyrosine kinase inhibitors in chronic lym-
phocytic leukemia:beyond ibrutinib [ J]. Hematol Oncol Clin North
Am,2021,35(4) :761-773.
Kuter DJ, Efraim M, Mayer J, et al. Rilzabrutinib an oral BTK inhibi-
tor in immune thrombocytopenia [ J]. N Engl J Med, 2022, 386
(15) :1421-1431.
Broome CM,Roth A, Kuter DJ, et al. Safety and efficacy of classical
complement pathway inhibition with sutimlimab in chronic immune
thrombocytopenia [ J]. Blood Adv,2023,7(6) :987-996.
Amal C,Piette JC,Leone J,et al. Treatment of severe immune throm-
bocytopenia associated with systemic lupus erythematosus: 59 cases
[J].J Rheumatol ,2002,29(1) :75-83.
Khellaf M, Chabrol A, Mahevas M, et al. Hydroxychloroquine is a
good second-line treatment for adults with immune thrombocytopenia
and positive antinuclear antibodies [ J]. Am J Hematol, 2014, 89
(2):194-198.

(2024-02-13 ¥ A5)



