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[Abstract] Objective: To investigate the clinical characteristics of patients with chronic lymphocytic leukemia (CLL) carrying
exportin 1 (XPO1) mutations, providing clues for clinical diagnosis and treatment. Methods: The clinical data of CLL patients with
XPO1 mutations detected in the Department of Hematology of the First Affiliated Hospital of Nanjing Medical University from
November 2006 and March 2022 were retrospectively analyzed. The clinical data, treatment responses, and survival outcomes of the
treatment native (TN) and relapsed/refractory (R/R) patients with XPO1 mutation were compared. Results: Among 543 CLL patients,
15 patients (2.8% ) tested positive with XPO1 mutations. The mutation rates in the TN group (368 cases) and R/R group (175 cases)
were 2.4% (9 cases)and 3.4% (6 cases) , respectively, with a hotspot mutation (E571K) identified. Most of the patients were in Rai Ill/
IV stage and Binet B/C group, and had no mutations in the immunoglobulin heavy-chain variable region (IGHV). XPO1 gene mutation
co-occurred with NOTCH1, SF3B1, KMT2D, TP53, and other gene mutations, with TP53 and XPO1 mutations more common in the R/
R group (TN: 11.1% ; R/R: 50% ). The median time to first treatment (TTFT) for patients with XPO1 mutations was 1.8 months, the
median progression-free survival (PFS) was 19.8 months, and the median overall survival (OS) was 40.0 months. In the XPO1 non-
mutated patients, TTFT was 8.1 months, PF'S was 32.5 months, and OS was 49.8 months. Conclusion: XPO1 mutations in CLL are low-

frequency mutations often occurring simultaneously with other gene mutations. R/R patients are more likely to carry XPO1 mutations
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than TN patients, with a higher tumor burden. XPO1 mutated patients tend to have shorter TTFT and PFS, compared with those without

XPO1 mutations.
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Table 1 Clinical biological characteristics of CLL patients with XPO1 mutations

Varibles

CLL patients with XPO1 mutations

TN(n=9) R/R(n=6)

Male[n(%) ] 5(55.6) 5(83.3)
Agelyears,M(Pss,Pss) ] 52(43,58) 56(51,58)
B symptom[n(%) ] 1(11.1) 2(33.3)
Binet stages[n(%)]

A 2(22.2) 0(0)

B 2(22.2) 1(16.7)

C 5(55.6) 5(83.3)
Rai stages[n(%) |

0 1(11.1) 0(0)

| 1(11.1) 1(16.7)

I 2(22.2) 000)

I 4(44.4) 1(16.7)

v 1(11.1) 4(66.7)
CLL-IPI[n(%) ]

low risk 0(0) 0(0)

moderate risk 4(44.4) 1(16.7)

high risk 4(44.4) 2(33.3)

very high risk 1(11.1) 3(50.0)
ECOG PS[M(Pss,P+s) ] 0(0,1) 1(0,1)
WBC[X10°/L, M(Pss, Pss) ] 24.5(8.9,52.7) 28.4(20.2,56.2)
ALC[X10°/L,M(Pys,Pss) ] 17.4(5.6,44.0) 24.1(13.2,52.0)
HGB[ /L, M(Pss,Pss) | 86(76,116) 110(91,118)
PLT[X10°/L,M(Pss,Pss) ] 191(118,200) 92(60,139)
B2-MG[mg/L,M(Pxs,P:s) ] 3.0(2.9,4.2) 4.8(3.5,7.6)
B2-MG>3.5 mg/L[n(%) ] 4(44.4) 4(66.7)
LDH[U/L,M(Pys,P) ] 294(198,329) 256(165,388)
LDH>UNL[n(%) ] 5(55.6) 3(50.0)
Complex chromosomal karyotype[n(%) ] 3(33.3) 1(16.7)
FISH[n/N(%) ]

ATM- 2/8(25.0) 3/5(60.0)

13¢- 3/8(37.5) 3/5(60.0)

+12 1/8(12.5) 1/5(20.0)
TP53 abnormalities 1(11.1) 3(50.0)
non-mutated IGHV 7(77.8) 4(66.7)

CLL: chronic lymphocytic leukemia; TN : treatment native ; RR : relapsed/refractory ; CLL-IPI: CLL-international prognostic index; ECOG PS: East-

ern Oncology Cooperative Group Performance Status; WBC: white blood cell; ALC: absolute lymphocyte count; HGB: hemoglobin; PLT: platelets; f2-

MG : B2-microglobulin; LDH : lactate dehydrogenase ; UNL: upper normallimit; FISH : Fluorescence in situ hybridization; IGHV : immunoglobulin heavy-

chain variable region. The TN group and the R/R group each have one case without FISH testing conducted, resulting in a total decrease of one.
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A, B: Distribution of E571 XPO1 mutation in CLL patients. C: Distribution of VAF of XPO1 in the treatment native (TN) and relapsed/refractory
(R/R) patients. D=H : Comparison of VAF of XPO1 with concomitant mutated genes TP53(D),KMT2D(E),SF3B1(F) ,NOTCH1(G) and ATM(H). I:

The changes in VAF of XPO1 mutation and concomitant gene mutations at first diagnosis and refractory during the longitudinal follow-up of one re-

lapsed and refractory patient. VAF :variation allele frequency.

El1 XPO1EREREMSMEERETH VAF
Figure 1 XPO1 mutation locus and VAF of gene mutations
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Table 2 Genetic and molecular characteristics of 15 CLL patients with XPO1 mutations
IGHV
Patients "¢ HGSV name VAR Disease e matation O™
mutations (%)  status karyotype
status
Pl XPO1  XPOI1:NM_003400:exon15:¢c.G1711A:p.E5S71K 14.8 TN negative - normal
KMT2D KMT2D: NM_003482: exonl3: ¢.4071_4073del: 51.2
p-1357_1358del
CARDI11 CARDI11: NM_032415: exon5: ¢.G511A: p.VI7IM 48.2
rs41319046
CREBBP CREBBP: NM_004380: exonl9: ¢.3685_3698del: p. 33.3
S1229fs
p2 XPO1  XPO1:NM_003400:exon15:¢.G1711A:p.ES71K 30.7 TN 11q—313q- + normal
MAP2K1 MAP2K1:NM_002755:exon10:c.A1062C:p.Q354H.  50.1
P3 XPO1  XPO1:NM_003400:exon15:¢.G1711C:p.E571Q 21.5 TN 13q- - abnormal
SF3B1  SF3B1:NM_012433:exonl4:¢.G1866T:p.E622D 38.0
TP53  TP53:NM_000546:exon5:c.A431C:p.Q144P 30.5
EP300 EP300:NM_001429:ex0n29:¢.A4717G:p.M1573V 48.0
ARIDIA ARIDIA:NM_006015:exon13:¢.C3477G:p.D1159E  11.0
P4 XPO1  XPOI1:NM_003400:exon25:¢.A3140G:p.E1047G 50.3 TN negative + normal
ARIDIA ARIDIA:NM_006015:exon13:¢.C3477G:p.D1159E  11.0
P5 XPO1  XPO1:NM_003400:exon15:¢.G1712G:p.E571K 7.0 TN 13q- - abnormal
NOTCH1 NOTCH1:NM_017617:exon34:¢.7501T 16.0
P6 XPO1  XPOI1:NM_003400:exon15:¢c.G1711A:p.E5S71K 7.2 TN ND - normal
NOTCH1 NOTCHI: NM_017617: exon34: ¢.7541_7542del: p. 154
P2514fs rs763016003
FATI  FATI:NM_005245:exon24:¢.C12350T: p.S4117L 51.5
NFKBIE NFKBIE:NM_004556:exonl:c.A635G:p.Y212C 48.0
P7 XPO1 ~ XPO1:NM_003400:exon15:¢.A1712G:p.E5S71G 375 TN 6q—;+12 - complex
SF3B1  SF3B1: NM_012433: exonl6: c¢.G2225A: p.G742D 44.1
1755415626
NOTCHI NOTCHI1: NM_017617: exon34: ¢.7541_7542del: p. 2.6
P2514fs rs763016003/NOTCH1: NM_017617: ex- /2.1
on34:¢.C7457A : p.S2486*
P8 XPO1  XPOI1:NM_003400:exon16:c.A1871G:p.D624G 16.4 TN negative - complex
ATM  ATM:NM_000051:exon51:c.A7566C: p.Q2522H 12.5
/ATM :NM_000051 : exon57 : ¢.T8364A : p.H2788Q /14.0
EP300 EP300:NM_001429:exonl4:c.A2515G:p.T839A 9.3
KMT2C KMT2C:NM_170606:exon7:c.A1007G:p.E336G 6.9
PTPRD PTPRD:NM_002839:ex0n27:¢.G2426T:p.G809V 46.9
P9 XPO1l  p.N30S 46.1 TN 11q- - complex
DNMT3A p.R742fs 59
FBXO11 p.Q54-q56dup 25.6
KMT2D p.N1934S 46.4
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IGHV
Patients Gene HGSV name VAR Discase FISH mutation Chromosomal
mutations (%) status karyotype
status
P10 XPO1  XPO1:NM_003400:exonl5:c.G1711A:p.E571K 359 R/R  11q—;13q- + abnormal
MAP2K1 MAP2K1:NM_002755:exon10:c.A1062C:p.Q354H  48.6
ATM  ATM:NM_000051:exon45:c.A6468C:p.E2156D 354
KMT2D KMT2D:NM_003482:exon34:¢.A9581C:p.H3194P  23.0
DDX3X DDX3X:NM_001356:exonl4:c.1615delG:p.G539fs  23.0
P11 XPO1  XPO1:NM_003400:exonl5:¢c.A1712G:p.ES71G 354 R/R ND - normal
FATI  FAT1:NM_005245:exon19:¢.C11325A:p.H37750Q 34.7
PLCG2 PLCG2: NM_002661: exon3: ¢.A202T: p.M6SL 46.8
rs184409507
P12 XPO1  XPO1:NM_003400:exon15:¢c.A1712T: p.E571V 42.4 R/R 13q—;17p— + normal
SF3B1  SF3B1:NM_012433:exonl5:¢.A2098G : p.K700E 452
BTK  BTK:NM_000061:exonl5:c.G1442C:p.C481S 72.1
TP53  TP53:NM_000546:exon5:¢.G527C:p.C176S 21.9
MGA  MGA:NM_001080541:exon19:c.A6652G:p.T2218A  14.9
P13 XPO1  XPO1:NM_003400:exon22:c.A2744G:p.Y915C 54.1 R/R 11q- - complex
ATM  ATM: NM_000051: exon63: ¢.9030_9033del: p. 60.9
1L.3010fs /18.7
/ATM: NM_000051: exonl2: ¢.1858_1859del: p.
C620fs
KMT2D KMT2D:NM_003482:exon10:c.G1624A :p.A542T 47.8
ARIDIA ARIDIA:NM_006015:exon20:¢.C6283T:p.P2095S 414
FBXW7 FBXW7:NM_001013415:exon7:¢.A782G:p.H261R  24.8
P14 XPO1  XPO1:NM_003400:exon15:¢.1712A>G : p.ES71G 1.8 R/R 11q-; - abnormal
13q—3;17p-
BIRC3  BIRC3:NM_001165:exon9:c.1667delC: p.T556fs 10.7
DDX3X DDX3X:NM_001356:exonl:c.24_25dupTG:p.A9fs 63.4
/DDX3X:NM_001356:exon6:c.454delT: p.S152fs /15.4
KMT2D KMT2D:NM_003482:exonl0:c.1541C>T:p.P514L 9.9
TP53  TP53: NM_000546: exon6: ¢.626_627delGA: p. 10.2
R209fs rs1057517840 /4.0
/TP53:NM_000546:exon5:¢.499C>T: p.Q167* /1.2
/TP53: NM_000546: exon5: ¢.469G>T: p.VISTF
rs121912654
SF3B1  SF3B1: NM_012433: exonl5: ¢.2098A>G: p.K700E 40.4
rs559063155
P15 XPO1  XPO1:NM_003400:exon15:¢c.G1711A:p.ES71K 45.6 R/R 6q— - normal
ATM  ATM:NM_000051:exonl1:c.A1722C:p.E574D 52.4
CXCR4 CXCR4:NM_003467:exon2:c.C88A:p.R30S 46.0
TP53  TP53: NM_000546: exon7: ¢.G747T: p.R249S 42.4

rs28934571

ND:not detected ; TN : treatment native ; RR : relapsed/refractory ; HGVS : human genome organization ; VAF : variant allele frequency.
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According to the disease status, the patients were divided into two groups: TN group(n=9)and R/R group (n=6). Each column corresponds to one

patient, and each row corresponds to a related genetic abnormality. ND indicates no detection ; CK indicates complex karyotype ; M indicates mutated sta-

tus; UM indicates unmutated status.
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Figure 2 Distribution of gene mutations, molecular and genetic characteristics in the cohort of 15 CLL patients with XPO1

mutations
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A : Each row corresponds to one CLL patient. According to the efficacy evaluation , patients were divided into complete response (CR) , partial

response (PR) , stable disease (SD)and progressive disease (PD). B-D:

curves(D) of CLL patients with or without XPO1 mutations.
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Figure 3 Distribution of treatment status, efficacy evaluation, survival outcome and prognosis of 15 CLL patients with

XPO1 mutations
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