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[Abstract] Objective To investigate the impact of nucleophosmin 1-mutated (NPMIm) subtypes,
variant allele frequency (VAF) and co-mutations on the survival outcomes of patients with acute myeloid

leukemia (AML). Methods Clinical data, mutation status, and outcomes of 86 NPMIm-AML patients
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admitted in Department of Hematology, First Hospital of Lanzhou University between June 2017 and
September 2024 were collected and retrospectively analyzed. Spearman correlation analysis, Kaplan-Meier
curve analysis, Log-rank test, and Cox regression analysis was applied for correlation analysis, survival
analysis, and factors affecting survival. Results The overall survival (0OS) was significantly shorter in the
Rares subtype of NPMIm than the ABD subtype (median OS: 164 d vs 416 d, P=0. 043). The VAF of NPMIm
was positively correlated with the initial peripheral blood white blood cell count and lactate dehydrogenase
(LDH) level (P<0. 05). OS was reduced when VAF was =0. 37 (median OS: 164 d vs 730 d, P=0. 003). The
presence of myelodysplasia-related gene (MR) mutations was associated with a poorer prognosis when
compared to the MR wild-type (median OS: 45 d vs 395 d, P<0. 001). The triple mutation of FMS-like tyrosine
kinase 3-internal tandem duplication (FLT3-ITD) and DNMT3A also indicated a worse prognosis than the non-
triple mutation (median OS: 173 d vs 483 d, P=0. 007). The presence of PTPNI1I mutations was associated
with improved OS (median OS: 395 d vs 240 d, P=0.027), while the patients with coexistence of N/KRAS
mutations trended toward better prognosis than the wild-type patients (median 0S: 662 d vs 189 d) though no
statistical significance (P=0.070). Multivariate analysis revealed that LDH (HR=1.002, 95%CI: 1. 000~
1. 003, P=0. 005), NPMIm VAF (HR=2.415, 95%CI: 1. 208~4. 829, P=0. 013), Rares subtype (HR=3. 037,
95%CI: 1.134~8. 136, P=0.027), and MR mutations (HR=5.283, 95%CI: 1.991~14. 017, P<0.001) were
independent risk factors associated with OS in the patients. Conclusion Molecular heterogeneity of
NPMIm should be taken into account in prognostic stratification of NPMIm-AML. Factors including the
Rares subtype, VAF=0.37, coexistence of FLT3-ITD and DNMT3A mutations, and MR mutations are
associated with poor prognosis of NPMIm-AML. The presence of PTPNII mutations improves the prognosis,
while the presence of N/KRAS mutations shows a trend toward better prognosis. LDH, NPMIm VAF, Rares
subtype, and MR mutations are independent risk factors affecting OS of patients with NPM/m-AML.
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R 1 86BINPMIm-AML BEIGREBMES 5 FREME [#(%), M(P,,P,,) ,%+s]
Table 1 Clinical characteristics and molecular heterogeneity of 86 patients with NPMIm-AML [n(%) , M(P,,, P,;) ,+s ]

NPMIm subtypes NPMIm VAF
Characteristic P Xz VAF<0. 37 VAF>0. 37 P Xz
ABD(n=69) Rares(n=13)
(n=34) (n=33)
Sex 0.762  0.091 0.380  0.742
Male 35(50.72) 6(46.15) 18(52.94) 14(42.42)
Female 34(49.28) 7(53.85) 16(47.06) 19(57.58)
Agelyears 56. 03+13. 88 56. 54+16. 31 0.906  0.118  57.29+14.59 57.39+12. 21 0.976  0.030
FAB classification 0.528 3.181 0. 036 10. 254
M1 5(7.25) 1(7.69) 2(5.88) 2(6.06)
M2 22(31.88) 2(15.38) 9(26. 48) 11(33.34)
M4 9(13.04) 3(23.08) 1(2.94) 9(27.27)
M5 29(42.03) 5(38.46) 18(52.94) 9(27.27)
Undetermined 4(5.80) 2(15.38) 4(11.76) 2(6.06)
2022 ELN 0.604  1.009 0.092  4.761
Favorable 35(50.72) 8(61.54) 20(58. 82) 13(39.39)
Intermediate 31(44.93) 4(30.77) 14(41.18) 17(51.52)
Poor 3(4.35) 1(7.69) 0(0.00) 3(9.09)
Karyotype 0.905  0.014 0.659  0.195
Normal 63(91.30) 12(92.31) 31(91.18) 29(87. 88)
Abnormal 6(8.70) 1(7.69) 3(8.82) 4(12.12)
WBC comnt/(x10°7L) (g 550 ) (220400 0035 214 (@0 0 (e Te0s 0048 1982
Hemoglobin/(g/L) 80. 49+21. 24 76. 61229. 60 0.574 -0.565  83.24%22.51 72.3020. 69 0.043  -2.068
Platelet count/(X10L) (56 3566 00y (17.00.90.000 @218 122 (37 0"\ 75 (19.00.95.00)  0-2490 1154
LDH/(U/L) (310.00.720.00) (286,00 694 00) 083  ~0-203 (3056 75) (384700767, 00 ©0-011 2558
Bone manow blasts (46 0030 00)  (40.30,86.50) %95 0006 (4 0500 (ac.00.30.50) 0444 0763
FLT3-ITD 34(49.28) 5(38.46) 0.474  0.513 14(41.18) 20(60. 61) 0.112  2.529
DNMT3A 29(42.03) 1(7.69) 0.018  5.559 11(32.35) 18(54.55) 0.067  3.360
IDH2 17(24. 64) 2(15.38) 0. 468 0.526 4(11.76) 8(24.24) 0. 183 1.773
WT1 10(14. 49) 3(23.08) 0.437  0.604 4(11.76) 4(12.12) 0.964  0.002
NRAS 13(18. 84) 2(15.38) 0.767  0.087 8(23.53) 6(18.18) 0.590  0.290
IDHI 11(15.94) 1(7.69) 0.440  0.596 6(17.65) 6(18.18) 0.954  0.003
FLT3-TKD 9(13.04) 2(15.38) 0.820  0.052 7(20.59) 4(12.12) 0.350  0.875
PTPNI1 7(10. 14) 1(7.69) 0.785  0.075 5(14.71) 3(9.09) 0.479  0.502
TET2 6(8.70) 0(0.00) 0. 269 1.220 1(2.94) 3(9.09) 0.288 1.128
CEBPA 4(5.80) 1(7.69) 0.793  0.069 1(2.94) 0(0. 00) 0.321  0.985
=0. 374108 W E4E (P47 0S:164 d vs 730 d,P=0. 003, 2.4 NPMIm3R EAAEB A TRG 693 R
K 2B)., VAF=0.377E=60 % B E OS2 4:%  2.4.1 NPMIm-AMLItZRAKGE %) 86 i % it

(37 0S:164 d vs 730 d, P=0. 012, [E 2C) . A 4H
T, & 9F FLT3-ITD %75 i 5 i VAF =0. 37, 0S W]
B4a% (7 0S:123 dws 623 d,P=0. 011, 2D),

AT SERREIN , B NPM1 A1, FEA7 31 T 58 PR 2 728 A )
F], w322 AR FL R 40 45 FLT3-ITD (48%) . DNMT3A
(37%) \IDH2(23%) .WTI(19%) .NRAS(17%) .IDHI
(14%) . FLT3-TKD (13%) . PTPNI11 (9%) , 1X 1¥ 1£
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A: Impact of NPMIm subtypes on OS in all AML patients; B: Impact of NPM1m subtypes on OS in AML patients aged 60 years and older
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Figure 1 Impact of NPMIm subtypes on OS in AML patients
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Figure 2 NPMIm VAF characteristics and their impact on OS in the AML patients
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NRAS (r=0. 380, P<0. 001) ,KRAS(r=0. 310, P<0. 01)
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2.4.2 NPMI1'5 FLT3-ITD L5875 FLT3-ITD 575
S NPMIm-AML 5 W SR S48 6 41 ] SLGEA5 fR
I PRAFOE S UG AT 538, M2 R A R Ay
HIRIZ A E L 40 M5 (P=0. 014) , FLT3-ITD 5378
) H B OS #¢ FLT3-1TD ' A (1 58 35 45 4 (P oz OS::

209 d vs 498 d,P=0. 101, K 4A) (HE R TG4 E L,
NPM1 43 FLT3-ITD }2 DNMT3A }y AML % W, = 5875 |
AL B I 17 BIFEAE =545 (19%,17/86) , H1{37 OS
173 K, AE =248 B F P 0S 483 K, =248l H Tl
JatzE H2E R HA G- E L (P=0. 007, 4B) .

2.4.3 NPMI5H b KR 58728 45 2022 ELN
4 I MR 2278 1 NPMIm-AML 3% 5 SR 15 B &
41, {H NPM Im-AML B 0 A7 2 15 52 MR 52 A5 A7
FEAUL, B4 A7 12 61 47 4E MR 572 1) NPM Im-AML
BH EIA T MR 278 1) B 35 58 MR B = U OS
Z 45 (tP 7 0S:45 d vs 395 d, P<0. 001, [§14C) . Itk
A, N/KRAS %8 7% %5 N/KRAS B A= 0 1] 4iE & NPM Im-
AML ) OS(H 37 0S:662 K vs 189 K, P=0. 070,51 4D),
PTPNI11Z78 FE K NPM Im-AML 1 0S, 2% 5% BA 41t
278 X (7 0S:395 d vs 240 d, P=0. 027, Kl 4E) .
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Figure 4 NPMIm co-mutations impact on OS in the AML patients
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%2 NPMIm-AML £ OS £ E X Cox EJFS 47
Table 2 Univariate Cox regression analysis of OS in NPMIm-AML patients

Influencing factors B SE Wald HR 95%CI P
Sex 0.197 0. 266 0.552 1.218 0. 724~2. 050 0.457
Agelyears 0.016 0.010 2.550 1.016 0. 996~1. 036 0.110
Karyotype 0.198 0.433 0. 208 1.218 0.521~2. 849 0. 648
WBC count 0. 008 0. 002 14. 355 1.008 1.004~1. 012 <0. 001
Hemoglobin ~0.001 0. 006 0.043 0.999 0.987~1.011 0.835
Platelet count ~0.004 0. 002 2.778 0. 996 0.991~1. 001 0. 096
LDH 0. 001 <0. 001 10. 265 1.001 1.000~1. 001 0. 001
Bone marrow blasts 0.003 0. 006 0. 290 1.003 0.992~1.015 0. 590
/(V PaIm VAF 37) 0. 949 0.326 8.453 2.582 1. 362~4. 894 0. 004
Rares subtype 0. 683 0. 344 3.947 1. 980 1. 009~3. 883 0. 047
FLT3-ITD 0. 434 0.267 2,643 1. 544 0.915~2. 606 0. 104
DNMT3A 0. 490 0.273 3.218 1.632 0.956~2. 787 0.073
D2 -0.127 0.320 0.157 0. 881 0.471~1. 650 0.692
Wr1 0.291 0.338 0.739 1.337 0. 689~2. 596 0. 390
IDHI -0.593 0. 469 1. 602 0.552 0.220~1. 385 0. 206
FLT3-TKD -0.247 0. 404 0.373 0. 781 0.354~1.725 0.542
PTPNI1 -1.917 1.009 3. 605 0.147 0.020~1. 064 0.058
TET? 0.075 0.597 0.016 1.077 0. 334~3. 474 0. 901
CEBPA 0.571 0.472 1. 469 1.771 0. 703~4. 462 0.226
N/KRAS -0. 680 0. 384 3. 147 0. 506 0.239~1. 074 0.076
MR 1.095 0. 340 10. 360 2.990 1. 535~5. 825 0. 001

%3 NPMIm-AML £ OS % E %X Cox ElJFS 47
Table 3  Multivariate Cox regression analysis of OS in

NPMIm-AML patients

Influencing factors B SE Wald HR 95%CI P
LDH 0.002 0.001 7.971 1.002 1.000~1.003 0. 005
NPMIm VAF
(<0. 37 vs 0. 37) 0.882 0.353 6.224 2.415 1.208~4.829 0.013
Rares subtype [.111 0.503 4.883 3.037 1.134~8.136 0.027
MR 1.665 0.498 11.180 5.283 1.991~14.017 <0.001
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