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Acute myeloid leukemia (AML) with t(8;21) is categorized as favorable-risk AML, but KIT mutations show a significantly poor prognostic impact in such patients. Persistent vulnerability to relapse is a major challenge in the treatment of this subtype of patients. Venetoclax is a BCL-2 selective inhibitor. The venetoclax+HMA strategy is also a notable salvage regimen that achieves good clinical outcomes in the treatment of relapsed or refractory (R/R) AML. However, in our clinical practice, we found that disease progressed rapidly even after venetoclax+azacitidine (AZA) therapy in two relapsed t(8;21) AML patients with KIT mutations. We report for the first time the therapeutic potential of venetoclax+midostaurin as a new combination therapy for relapsed t(8;21) AMLs with KIT mutations showing resistance to venetoclax+AZA therapy. Our ex vivo study also showed that midostaurin alone could inhibit proliferation and induce apoptosis of Kasumi-1 cells (e.g. Midostaurin induced G2 phase cell arrest, down-regulated p-KIT and BCL-2, while Bax protein levels were up-regulated) and observed a synergistic anti effect when the two drugs were combined. Our study shows that the venetoclax+midostaurin regimen may be a promising treatment option for R/R t(8;21) AML with KIT mutations.
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Introduction

Acute myeloid leukemia (AML) with t(8;21)(q22;q22.1)/AML1-ETO belongs to the core-binding factor (CBF) category of leukemia, which constitutes a distinct entity in the World Health Organization 2016 classification and comprises AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22)/CBFB-MYH11 (1). Because of the high CR rate of nearly 90% and high long-term survival rate, with a 5-year OS of almost 50% (2), AML with t(8;21) along with inv(16) is categorized as favorable-risk AML within the 2017 European LeukemiaNet (ELN) genetic risk stratification (3). However, the 5-year cumulative incidence of relapse (CIR) was more than 50% in this group of patients after high-dose cytarabine consolidation following CR (2). Furthermore, among the additional genetic events in the t(8;21) patients, KIT mutations appear to be the most common, with an occurrence rate of up to 31.8%, and mutations in exon 17 were the most frequent (4). KIT mutations, especially those in exon 17, show a significant poor prognostic impact in such patients (4). Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a theoretically curative approach for patients with KIT mutations. Unfortunately, even after HSCT, the 2-year CIR could approach 32%, and the 2-year leukemia-free survival (LFS) was only 55%; therefore, the long-term outcome still needs to be further improved (5). Persistent vulnerability to relapse is a major challenge in the management of this subtype of patients.

Venetoclax (VEN) is an oral BCL-2 selective inhibitor that has activity in a variety of hematologic malignancies (6). Clinical trials have demonstrated the benefit of venetoclax-based therapies. In November 2018, venetoclax was approved by the US Food and Drug Administration (FDA) in combination with hypomethylating agents (HMAs) or low-dose cytarabine for newly diagnosed AML or AML that is ineligible for intensive chemotherapy in adults aged 75 years and older (7). Venetoclax+HMAs is also impressive as a salvage regimen for relapsed or refractory (R/R) AML, achieving good clinical outcomes (8, 9). However, in our clinical practice, we found that the disease still progressed rapidly even after venetoclax+azacitidine (AZA) therapy in two relapsed t(8;21) AML patients with KIT exon 17 mutations.

Midostaurin (PKC412) is an inhibitor of multiple receptor tyrosine kinases (TKs). In vitro, midostaurin or its major active metabolites inhibit the activity of KIT (wild type and the D816V mutant), FLT3 (wild type, and ITD and TKD mutants), PDGFRα/β, VEGFR2 and members of the serine/threonine kinase protein kinase C family (10). Midostaurin was approved by the US FDA and the European Medicines Agency for both newly diagnosed FLT3-mutated AML and advanced systemic mastocytosis (SM) driven by KIT mutation (11). We explored the therapeutic strategy of venetoclax combined with midostaurin in two relapsed t(8;21) AML patients with KIT mutations who failed venetoclax plus azacitidine.



Case Presentation

Case 1 is a 33-year-old female diagnosed with AML. Her karyotype was 45, X, -X, t(8;21)(q22;q22) (8)/46, XX, idem (2), AML1-ETO was 39700 copies/10000 abl copies (AML1-ETO transcripts were normalized to 104 abl copies), and KIT exon 17 and CSF3R mutations were detected. She was initially treated with a standard “3+7” regimen with idarubicin and cytarabine (IA) as induction with complete remission (CR) followed by four cycles of high-dose cytarabine (HiDAC) consolidation. However, 2 months after the last consolidation, the disease relapsed, and she failed to achieve CR again after salvage chemotherapy with CLAG (cladribine 5 mg/m2 d1-5, cytarabine 2 mg/m2 d1-5, G-CSF 5 μg/kg d0-5). BM analysis revealed 71.5% blasts and high AML1-ETO (40412 copies). This patient then received venetoclax+AZA for one cycle. After the treatment, the BM revealed 75% blasts, and the patient presented with symptoms of fatigue, lassitude and bone pain, which suggested disease progression. Then, one cycle of venetoclax+midostaurin chemotherapy (venetoclax 100 mg qd d1-21, midostaurin 50 mg bid d1-21) was administered, and the BM showed 4.5% blasts upon finishing the therapy. Then, the patient underwent allo-HSCT (Figure 1A).




Figure 1 | The treatment process of case 1 (A) and case 2 (B) and the hematological toxicity of VEN+MIDO therapy (C). CR, complete remission; PR, partial remission; NR, non-remission; Neg, negative; Pos, positive; IA, cytarabine 100 mg/m2 continuous infusion d1-7, idarubicin 12 mg/m2 d1-3; HiDAC, cytarabine 2 g/m2 over 3 h every 12 h on d1-3; CLAG, cladribine 5 mg/m2 d1-5, cytarabine 2 mg/m2 d1-5, granulocyte-colony stimulating factor 5 μg/kg d0-5; VEN+AZA, venetoclax once daily (100 mg d1, 200 mg d2, 400 mg d3-28) and azacitidine 75 mg/m2 d1-7; VEN+MIDO, venetoclax once daily (100 mg d1-21) concurrent with voriconazole, midostaurin twice daily (50 mg d1-21); allo-HSCT, allogeneic haematopoietic stem cell transplantation; MLFS, morphologic leukemia-free state; NE, neutrophils count (×109/L); HB, hemoglobin (g/L); PLT, platelet count (×109/L). aMRD, minimal residual disease detected by multiparameter flow cytometry. bAML1-ETO, the presence of the AML1-ETO fusion gene calculated with standard materials, normalized with respect to the number of ABL1 transcripts and expressed as copy numbers per 1×104 copies of abl.



Case 2 was a 35-year-old man. BM morphology and immunophenotyping identified AML. The karyotype was 46,XY,t(8;21)(q22;q22) (7), and AML1-ETO and KIT exon 17 mutations were detected. He was treated with a standard “7+3” IA regimen as induction with no remission (NR). A second IA regimen was given, and partial remission (PR) was achieved. Then, he received allo-HSCT therapy. Unfortunately, 9 months post-HSCT, he experienced molecular relapse with AML1-ETO up to 18993 copies; KIT mutation status was positive, and STR was 93.8%. Next, a venetoclax+AZA regimen was given, but the disease progressed rapidly, with 80.5% blasts in BM, and AML1-ETO reached 35514 copies after therapy. As in case 1, one cycle of venetoclax+midostaurin regimen was given, and the patient achieved a morphologic leukemia-free state (MLFS) after 3 weeks of treatment with<5% blasts in the BM. AML1-ETO was 15337 copies (Figure 1B). Unfortunately, this patient abandoned further treatment finally including second bone marrow transplant for financial problems. The last follow-up was 3 months later after venetoclax+midostaurin treatment, the patient is still alive.

The two patients tolerated venetoclax+midostaurin treatment well under supportive care. Grade IV hematological adverse events (AEs) occurred in both patients. Both cases received red blood cell (RBC) (10 U vs. 6 U) and platelet (5 U vs. 6.5 U) transfusions to treat low hemoglobin and platelet levels. G-CSF could be administered when the neutrophil count was below 1.0×109/L. No pneumonitis, hepatotoxicity or tumor lysis syndrome occurred. Investigator-assessed AEs were graded according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events (NCI CTCAE version 5.0) (Figure 1C).



Discussion

Based on the excellent clinical trial results (9), venetoclax combined with HMAs is recommended as the first-line treatment of AML patients deemed ineligible for intensive therapy. In real-world clinical practice, this regimen is also associated with encouraging efficacy in R/R AML patients, with a CR+CRi rate of 61% (9). However, resistance to venetoclax-based combinations may rapidly ensue. Some studies have suggested that there are two categories of reasons underlying drug resistance: 1) Acquisition of high-risk gene mutations, such as FLT3 and RAS, that are involved in proliferation signals (12). 2) Involvement of two major anti-apoptotic BCL-2 family proteins, BCL-XL and MCL-1, which are determinants of resistance to venetoclax (13). However, neither of the patients we treated had the FLT3 and RAS mutations mentioned above. Considering that our patients harbored KIT mutations, which could also result in leukemia cell proliferation (14), we speculate that the activation of KIT mutation signals may be the cause of drug resistance. Most notably, in previous studies, midostaurin downregulated MCL-1 expression, which is a key determinant of both acquired and intrinsic resistance to venetoclax, and prevented venetoclax-induced upregulation of p-ERK, which is a key factor in proliferation signalling, conferring potential resistance to venetoclax. This implies the existence of a synergistic effect between venetoclax and midostaurin that could overcome the proposed two categories of resistance mechanisms. In fact, midostaurin and venetoclax synergistically induce apoptosis in AML cell lines and primary patient samples without KIT mutations (15). Our ex vivo study showed that venetoclax and midostaurin alone could inhibit proliferation and induce apoptosis of Kasuim-1 cells (harboring AML1-ETO fusion and KIT mutation) and observed a synergistic anti effect when the two drugs were combined (Figures 2A–D). We also found that midostaurin caused an arrest in G2 phase, the results of western blot showed that midostaurin significantly down-regulated BCL-2 and phospho-KIT(719), while Bax protein levels were up-regulated (Figures 2E, F).




Figure 2 | Venetoclax (VEN) synergizes with midostaurin (PKC412) to inhibit proliferation and induce apoptosis in Kasumi-1 cells. (A) The curve represents the dose-dependent effects of VEN and PKC412 on cell proliferation at 72 h. (B, C) Fa-CI plot and combination index (CI) values were calculated with CompuSyn software. CI < 1 indicates synergy, CI = 1 is additive, and CI > 1 indicates antagonism. The results showed that VEN combined with PKC412 had the most notable synergistic effect. (D) PKC412 induced apoptosis in Kasumi-1 cells and cooperatively induced apoptosis with VEN. Apoptosis was determined by Annexin-V/DAPI staining after Kasumi-1 cells were treated with PKC412 alone and in combination with VEN at the indicated concentrations for 72 h. (E) Kasumi-1 cells was treated with PKC412 and/or VEN at indicated concentration (500nM) for 72 h, and cell cycle analysis was performed by flow cytometry. (F) Kasumi-1 cells were exposed to PKC412 and/or VEN at 1μM for 72 h (BCL-2 and Bax) and 500nM for 8 h (KIT and p-KIT), then subjected to Western blotting. GAPDH was measured as a loading control.





Conclusion

In conclusion, we provide the first report of the therapeutic potential of venetoclax+midostaurin as a new combination therapy for relapsed t(8;21) AML with KIT mutation showing resistance to venetoclax+AZA therapy. Taken together, our study shows that the venetoclax+midostaurin regimen may be a promising treatment option for R/R t(8;21) AML with KIT mutations.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Soochow University. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

ZL, JW, and S-SG collected, analyzed data and wrote the manuscript. Q-CQ contributed to methodology and investigation. J-HD, S-SS, X-DS, and C-LW performed research and interpreted data. B-RW performed the experiments. D-PW, H-YQ, and S-LX conceived and designed the study. All authors read and approved the final manuscript.



Funding

This work was supported by the grants from the National Natural Science Foundation of China (Grant No. 81970138), Translational Research Grant of NCRCH (Grant No. 2020ZKMB05), Jiangsu Province”333”project, Jiangsu Province Medical Youth Talent Program (Grant No. QNRC2016719), and Gusu Key Medical Talent Program (Grant No. GSWS2019007), Social Development-Clinical Frontier Project of Jiangsu Province (Grant No. BE2018652).



Acknowledgments

The authors would like to thank the investigators and patients who participated in the study.



References

1. Arber, DA, Orazi, A, Hasserjian, R, Thiele, J, Borowitz, MJ, Le Beau, MM, et al. The 2016 Revision to the World Health Organization Classification of Myeloid Neoplasms and Acute Leukemia. Blood (2016) 127:2391–405. doi: 10.1182/blood-2016-03-643544

2. Marcucci, G, Mrozek, K, Ruppert, AS, Maharry, K, Kolitz, JE, Moore, JO, et al. Prognostic Factors and Outcome of Core Binding Factor Acute Myeloid Leukemia Patients With T(8;21) Differ From Those of Patients With Inv(16): A Cancer and Leukemia Group B Study. J Clin Oncol (2005) 23:5705–17. doi: 10.1200/JCO.2005.15.610

3. Dohner, H, Estey, E, Grimwade, D, Amadori, S, Appelbaum, FR, Buchner, T, et al. Diagnosis and Management of AML in Adults: 2017 ELN Recommendations From an International Expert Panel. Blood (2017) 129:424–47. doi: 10.1182/blood-2016-08-733196

4. Ishikawa, Y, Kawashima, N, Atsuta, Y, Sugiura, I, Sawa, M, Dobashi, N, et al. Prospective Evaluation of Prognostic Impact of KIT Mutations on Acute Myeloid Leukemia With RUNX1-RUNX1T1 and CBFB-Myh11. Blood Adv (2020) 4:66–75. doi: 10.1182/bloodadvances.2019000709

5. Wang, Y, Wu, DP, Liu, QF, Qin, YZ, Wang, JB, Xu, LP, et al. In Adults With T(8;21)AML, Posttransplant RUNX1/RUNX1T1-Based MRD Monitoring, Rather Than C-KIT Mutations, Allows Further Risk Stratification. Blood (2014) 124:1880–6. doi: 10.1182/blood-2014-03-563403

6. Valentin, R, and Grabow, S. The Rise of Apoptosis: Targeting Apoptosis in Hematologic Malignancies. Blood (2018) 132:1248–64. doi: 10.1182/blood-2018-02-791350

7. Guerra, VA, DiNardo, C, and Konopleva, M. Venetoclax-Based Therapies for Acute Myeloid Leukemia. Best Pract Res Clin Haematol (2019) 32:145–53. doi: 10.1016/j.beha.2019.05.008

8. Bewersdorf, JP, Giri, S, Wang, R, Williams, RT, Tallman, MS, Zeidan, AM, et al. Venetoclax as Monotherapy and in Combination With Hypomethylating Agents or Low Dose Cytarabine in Relapsed and Treatment Refractory Acute Myeloid Leukemia: A Systematic Review and Meta-Analysis. Haematologica (2020) 105:2659–63. doi: 10.3324/haematol.2019.242826

9. Aldoss, I, Yang, D, Aribi, A, Ali, H, Sandhu, K, Al Malki, MM, et al. Efficacy of the Combination of Venetoclax and Hypomethylating Agents in Relapsed/Refractory Acute Myeloid Leukemia. Haematologica (2018) 103:e404–7. doi: 10.3324/haematol.2018.188094

10. Kim, ES. Midostaurin: First Global Approval. Drugs (2017) 77:1251–9. doi: 10.1007/s40265-017-0779-0

11. Stone, RM, Manley, PW, Larson, RA, and Capdeville, R. Midostaurin: Its Odyssey From Discovery to Approval for Treating Acute Myeloid Leukemia and Advanced Systemic Mastocytosis. Blood Adv (2018) 2:444–53. doi: 10.1182/bloodadvances.2017011080

12. DiNardo, CD, Tiong, IS, Quaglieri, A, MacRaild, S, Loghavi, S, Brown, FC, et al. Molecular Patterns of Response and Treatment Failure After Frontline Venetoclax Combinations in Older Patients With AML. Blood (2020) 135:791–803. doi: 10.1182/blood.2019003988

13. Lin, KH, Winter, PS, Xie, A, Roth, C, Martz, CA, Stein, EM, et al. Targeting MCL-1/BCL-XL Forestalls the Acquisition of Resistance to ABT-199 in Acute Myeloid Leukemia. Sci Rep (2016) 6:27696. doi: 10.1038/srep27696

14. Abbaspour Babaei, M, Kamalidehghan, B, Saleem, M, Huri, HZ, and Ahmadipour, F. Receptor Tyrosine Kinase (C-Kit) Inhibitors: A Potential Therapeutic Target in Cancer Cells. Drug Des Devel Ther (2016) 10:2443–59. doi: 10.2147/DDDT.S89114

15. Ma, J, and Zhao, S. Inhibition of Bcl-2 Synergistically Enhances the Antileukemic Activity of Midostaurin and Gilteritinib in Preclinical Models of FLT3-Mutated Acute Myeloid Leukemia. Clin Cancer Res (2019) 25:6815–26. doi: 10.1158/1078-0432.CCR-19-0832




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Wang, Ge, Qiu, Du, Shan, Shen, Wan, Wang, Wu, Qiu and Xue. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Combination of Venetoclax and Midostaurin Efficiently Suppressed Relapsed t(8;21)Acute Myeloid Leukemia With Mutant KIT After Failure of Venetoclax Plus Azacitidine Treatment

      

        		

          Introduction

        



        		

          Case Presentation

        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc.2022.841276_cover.jpg
’ frontiers
in Oncology

Combination of VVenetoclax and
Midostaurin Efficiently Suppressed
Relapsed t(8;21)Acute Myeloid
Leukemia With Mutant KIT After
Failure of Venetoclax Plus
Azacitidine Treatment





OEBPS/Images/fonc-12-841276-g001.jpg
BM: 2% blast BM: 85% biast BM: 71.5% biast; A T et BM: 4.5% blast et
MRD»: 4x103 MRD: 69.1% MRD: 42.8%; St MRD: 15.6% i
AMLI-ETO: 41056 AMLI-ETO: 110
AMLI-ETO™ 36 AMLI-ETO: 18660 AMLI- - AML1-ETO: 3087 s
KIT Neg KIT Pos KIT Pos Sl KIT Pos e
Diagnosis CR CR Relapse Progression MLFS

[
2 months

1A HiDACx4 cycles

Diagnosis NR

R

VEN+AZA VEN+MIDO allo-HSCT

BM: 2% blast BM: <5% blast BM: 80.5% blast BM: <5% blast

MRD: 3.4x10-4 MRD: 7.7% MRD: 68.2% MRD: 3.5x10-3

AML1-ETO: 20 AML1-ETO: 18993 AML1-ETO: 35514 AML1-ETO: 15337

KIT Neg KIT Neg KIT Pos KIT Pos.

STR:99.1% STR: 93.8% STR: 26.9% STR:22.7%
Molecular relapse Progression MLFS

9 months
allo-HSCT VEN+AZA VEN+MIDO
6.15
Ny
413
~
171
018 —0.16 — 0,00 — 0.01 — 0.04 —0.12— 0.18— %73 — 007 0.51—047 —0.42 — 033 — 041 —0.19 — 026 — 0.18 — 007 — —NE

case 1 -\-_._._./-/-—-_-——.\H‘.\./-—.--_._.‘-—- ~ —HB

VEN+MIDO

79 13
)

02 — |

case 2

95—0A

04

04 08—y

W\IA\_A—E\_/! \m\!—ﬂ"\!--/a o

16

04 - —NE

[
i e g - -
= —5— 5 L

E—l—ﬂ—-m—n/- \ﬂ—!—./n\ H\E/‘.\I\Nﬂ _—





OEBPS/Images/fonc-12-841276-g002.jpg
Kasumi-1

150 -o- PKC412
-o- VEN
-o- PKC412+VEN
100
50
0

0 50 100 150 200 250 300 350 400 450 500
Conc. (nM)
VEN 0 25 50 100 200 400
PKC412 0 25 50 100 200 400

Cell Viability (%)

Cc
2 Fa-Cl polt
©  VEN+PKC412
Cl
[ @
[}
loXs;
0 C
0 05 1
Fa
E DMSO VEN
w0 %G2:10.9 | « %G2:12.6
PKC412 PKC412+VEN
27 %G2:39.7 - %G2:47.9
o
2,
=
<]
o

Total Dose Fa CI Value
50.0 0.33 0.89994
100.0 0.6 0.48658
200.0 0.89 0.20592
400.0 095 0.21006
800.0 096 0.35175

PKC412 (200nM)

az af Soaz
L 830%[ 465 J32em Ly 356%

10747 10°
0 qas @ 0 qos a3
87.2% 217% 549% 517%
T T T T T T

' 'VEN'(200nM)  PKC412+VEN (400nM)

a1 oz at [
10°{445% 391% [ 10°4260% 87.0%

DAPI

2
0 Jos
506%

o 10

21kDa

26kDa | @ls = s | BCL2

36kDa | " v GAPDH

120kDa | - - KT

36kDa | 4 @D &IND @ | GAPDH






