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Objective: The purpose of our study was to investigate the clinical characteristics, molecular biological characteristics and prognosis
of acute myeloid leukemia (AML) patients with protein tyrosine phosphatase non-receptor type 11 (PTPN11) gene mutation.
Methods: The clinical data of 30 newly diagnosed adult AML patients with PTPN11 gene mutation were analyzed retrospectively.
Kaplan-Meier and Cox proportional risk regression model were examined for prognostic analysis and prognostic factor screening.
Results: High-frequency mutation sites of PTPN11 gene are located in exon 3 of chromosome 12, which are D61 and A72 (16.7%),
followed by E76 (13.3%). The median variant allele frequency (VAF) of PTPN11 mutant gene is 18.4%. The patients were divided
into two groups according to PTPN11 VAF 35.3% (upper quartile). We observed that the peripheral blood leukocyte count in patients
with VAF >35.3% was significantly higher than patients with VAF < 35.3% (p = 0.019) and also closely related to M5 (p = 0.016) and
internal tandem duplication (ITD) of FMS-like tyrosine kinase 3 (FLT3) (FLT3-ITD) mutation (p = 0.048). Taking PTPN11 VAF 20%
and 35.3% as the cutoff value, the patients were divided into two groups, and the overall survival and event-free survival (EFS) of the
two groups were not significant. Multivariate analysis of Cox risk ratio model showed that white blood cell count and Eastern
Cooperative Oncology Group (ECOG) physical status score were independent risk factors affecting the EFS.

Conclusion: Our study observed that PTPN11 VAF may not be a prognostic factor in patients with PTPN11™" AML. Newly
diagnosed high white blood cell count and poor performance status were independent risk factors for EFS in PTPN11™" AML.
Keywords: acute myeloid leukemia, PTPN11, mutation, clinical characteristics, prognosis

Introduction

Acute myelogenous leukemia (AML) is a malignant clonal disease originating from hematopoietic stem cells, which can
occur in various age groups and is highly heterogeneous. In recent years, with the development of immunology,
cytogenetics and molecular biology, the biological characteristics of AML tumor cells have been more deeply understood
and laid a foundation for the precise classification, diagnosis, prognosis and selection of the best treatment for AML.
Further research on abnormal molecular biology can provide the basis for stratified diagnosis, precise treatment and
evaluation of prognosis of leukemia patients.'

SHP2 encoded by protein tyrosine phosphatase non-receptor type 11 (PTPN11) is the first carcinogenic non-receptor
tyrosine phosphatase found in the cytoplasm, which plays an important role in the occurrence of a variety of solid tumors
and hematological tumors. As the first proto oncogene identified to encode tyrosine phosphatase,” PTPN11 has encoded
the SHP2 protein (SRC homology-2 domain containing protein tyrosine phosphatase) which can be recruited by various
receptor tyrosine kinases to induce cell signal transduction and participate in a variety of intracellular oncogenic signal
cascades, such as Ras/Raf/MAPK, JAK/stat, PI3K/Akt, PD-1/PD-L1 and other pathways,*’ playing an important role in
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cell cycle maintenance, proliferation, differentiation and migration.® The reversible process of phosphorylation of protein
tyrosine kinases (PTKs) and dephosphorylation of non-receptor protein tyrosine phosphatases (PTPs) achieves a dynamic
balance and maintains the normal physiological function of cells.” Abnormal regulation of these enzymes often leads to
the pathogenesis of various diseases, including diabetes, autoimmune diseases and cancer.'®

Germline mutations in PTPN11 can cause Noonan syndrome (NS), a congenital disorder involving multisystem
developmental disorders.'’ Somatic mutations are associated with the occurrence of a variety of cancers, including lung
cancer, colon cancer, breast cancer and glioblastoma in solid tumors.'? Many experimental studies have shown that SHP2
playing a crucial role in hematopoietic development is a positive regulator of hematopoiesis, and the loss or reduced
catalytic activity of SHP2 is related to the decrease in the number and function of hematopoietic stem cells.'*'* As SHP2
is a key regulator of RAS/MAPK in the proliferation and survival signaling pathway, its abnormality leads to the increase
of RAS-MAPK activity through the increase of phosphatase activity, thereby promoting the occurrence of leukemia.'*'®

PTPNI11 gene has been rarely studied in acute myeloid leukemia, and the prognosis of this gene for AML has not
been clear. The somatic mutation of PTPN11 occurs in about 5% of acute myeloid leukemia. Previous studies on the
PTPNI11 gene in acute myeloid leukemia were few. In recent years, clinical studies have begun to suggest that the
PTPNI11 gene is closely related to the prognosis of AML patients. Studies suggest that PTPN11 is associated with poor
prognosis in AML.'”'® In addition, PTPN11 gene mutation frequency (variant allele frequency, VAF) may have a certain
impact on prognosis.'” However, several studies have shown that PTPN11 mutation has no significant effect on the
prognosis of the total AML population.’™*' Whether this gene is an adverse factor in AML patients needs to be
confirmed by more large-sample clinical cohort studies.

In order to further explore and analyze the clinical characteristics, molecular biological characteristics and prognosis
of PTPN11 gene mutation-positive AML patients. Our current study summarized the clinical dataset of 30 patients with
PTPN11 mutation-positive acute myeloid leukemia from the First Affiliated Hospital of Guangxi Medical University for

comprehensive analysis and exploration.
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Materials and Methods
Demographic Data

Through retrospective analysis, the clinical data of 30 patients with acute myeloid leukemia with PTPN11 gene mutation
who were treated in the Department of Hematology, the First Affiliated Hospital of Guangxi Medical University from
January 2018 to September 2021 were collected. Twenty-seven were primary AML and 3 were MDS-transformed
secondary leukemia. There were 12 males (40%) and 18 females (60%), with a median age of 44.5 (14—72) years. The
present study was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University
(Approval Number: 2023-E232-01). The signed informed consent was obtained from all participants.

Fusion Gene and Genetic Mutations

Fusion Genes

Four milliliters bone marrow fluid samples of newly diagnosed patients were collected and anticoagulated in EDTA
tubes, and the detection method was qualitatively determined by multiple nested RT-PCR, which was used to screen the
expression of 38 fusion genes that may occur in AML. The specific detection items are shown in Table S1.

Genetic Mutations

Genetic mutations were detection with high throughput sequencing technology, through the extraction of bone marrow in
gDNA, extended with multiple PCR technology, one-time grab all of the genes to be detected, and will build a good library
with sequencing machine for testing, testing samples related gene detection area inside and outside show and splice site near
the transcription and hot spot mutations, CBL, PHF6, CEBPA, PIGA, CSF3R, PTPN11, DNMT3A, RUNXI, ETV6,
SETBP1, SF3B1, EZH2, SRSF2, FLT3, STAG2, IDH1 and TET2 were detected, IDH2, TP53, JAK2, U2AFI, KIT, WTI,
KRAS, ZRSR2, ASXL1, MPL, BCOR, NF1, CALR, NRAS, BCORL1 and NPM1.

Treatment of Patient

In this study, there were 26 patients aged <60 years old who had at least one course of induction, 23 patients received 1A
for the first induction chemotherapy regimen, 2 patients were induced with DA regimen, and 1 patient was induced with
azacitidine + CAG regimen. This patient was MDS Transformed leukemia, and allogeneic hematopoietic stem cell
transplantation was performed at the time of diagnosis of MDS. There are 4 patients over 60 years old, one of them died
without treatment after diagnosis, 1 was treated with azacitidine + venetoclax targeted therapy, and 1 was treated with
decitabine + CA regimen, 1 list was treated with azacitidine demethylation. For those who did not relieve after 1 course
of treatment, re-induction was given with the medium-dose cytarabine + homoharringtonine regimen, MA, azacitidine
combined with veneclax, azacitidine alone, and citabine + CAG. Recurrent cases were induced with decitabine +
clarithromycin + cytarabine or medium-dose cytarabine + daunorubicin.

Consolidation chemotherapy is generally based on medium- and high-dose cytarabine (Ara-C)-based regimen or
standard-dose chemotherapy for consolidation. The total post-remission chemotherapy cycle is >6 courses or standard-
dose chemotherapy for 3—4 courses of consolidation followed by hematopoiesis stem cell transplantation. Hematopoietic
stem cell transplantation was performed for those with transplant indications and successful matching.

Follow-Up

The follow-up time starts from the time of diagnosis, the dead cases are followed up to the day of death, and the follow-up time
ends on February 28, 2022. The follow-up method is to contact by phone and check the inpatient medical records and
outpatient medical records. For patients who died during the follow-up period, follow the medical records or check with the
patient’s family by phone. The median follow-up time was 26 months, and 2 patients were lost to follow-up.

Statistical Analysis

SPSS 22.0 statistical analysis software was used, and the data were expressed as median or percentage. Appropriate statistical
analysis methods were selected for different types of patient data. The comparison of measurement data was performed by
t test or nonparametric test, and the comparison of count data was by x2 test and Kaplan—-Meier method was used for OS and
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EFS survival analysis, and the Cox risk model was used for univariate and multivariate analysis of related variables. After
univariate analysis, factors with P < 0.1 were included in the Cox regression risk model for multivariate analysis, and P <0.1
was set for multivariate analysis. P < 0.05 was considered a statistically significant difference.

Results

Clinical Characteristics

Of the 30 newly diagnosed patients with PTPN11 mutated positive acute myeloid leukemia (PTPN11™" AML) who met
the conditions and were included in this study, 27 were primary AML and 3 were secondary leukemia transformed from
MDS. There were 12 males (40%) and 18 females (60%), with a median age of 44.5 years.

In 30 patients, 19 (64.3%) showed anemia such as dizziness and fatigue, 9 (30%) showed infection such as fever and
abdominal pain, and 2 (6.7%) showed bleeding such as ecchymosis and ecchymosis. Combined with the results of
physical examination and abdominal color ultrasound, 2 patients (6.7%) had hepatomegaly, 5 patients (16.7%) had
splenomegaly, and 6 patients (20%) had superficial lymph node (supraclavicular, axillary, inguinal, etc.) enlargement. No
patient had skin infiltration, green tumor, or central nervous system invasion. According to the ECOG (Eastern
Cooperative Oncology Group) score of physical condition, 8 (26.7%) patients scored 0 at the initial diagnosis, 13
(43.3%) scored 1, 7 (23.3%) scored 2, and 2 (6.7%) scored 3.

Median white blood cell count of peripheral blood at initial diagnosis 11.9 x 10/L, median hemoglobin 72.8 g/L,
median platelet 49.7x 10°/L. The median percentage of bone marrow blast cell was 61.8% (Table 1).

Clinical characteristics of 30 AML patients with PTPN11 mutation are shown in Table 1. The bone marrow
morphology of 30 patients with PTPN11™" AML was more common in M5 type (43.3%), M4 type (33.3%), and M2
type (23.3%). In flow cytometry, CD13 was expressed in 30 cases (100%), CD33 in 30 cases (100%), HLA-DR in 25
cases (83.3%), CD34 in 21 cases (70.0%), MPO in 9 cases (30.0%), CD117 in 24 cases (80.0%), CD15 in 8 cases
(26.7%), CD14 in 5 cases (16.7%), CD11b in 5 cases (16.7%), CD64 in 5 cases (16.7%), CD19 in 2 cases (6.7%), CD2 in
1 case (3.3%), CD7 in 6 cases (20.0%), and CD56 in 5 cases (16.7%). In 30 patients with PTPN11™"* AML, 29 patients

Table | Clinical Characteristics of Thirty AML Patients with PTPN I | Mutation

Variables Number of Cases/Value (n=30)
Gender: Male/Female 12/18
Age (years) 44.5
Median white blood cells (x 10%/L) 1.9
Mean hemoglobin (g/L) 72.8
Median platelet (x10%/L) 49.7
Median bone marrow blast cell (%) 61.8
Extramedullary infiltration (%) 11(36.7%)
ECOG score (%)
0-I 21(70%)
24 9(30%)
Disease states (%)
De novo AML 27(90%)
t-AML 3(10%)
ENL2017 (%)
Low risk 12(40.0%)
Intermediate risk 6(20.0%)
High risk 12(40.0%)
FAB classification systems (%)
M2 7 (23.3%)
M4 10 (33.3%)
M5 13 (43.3%)
(Continued)
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Table | (Continued).

Variables Number of Cases/Value (n=30)
Complex karyotype (%) 3 (n=28%, 10.7%)

=7 (%) 4 (n=28%, 14.3%)

NPMI mutation (%) 11 (36.7%)

FLT3-ITD mutation (%) 4 (13.3%)

CR (%) 18 (n=24", 75.0%)

CR after | course of induction (%) 12 (n=24", 50.0%)

Early death (%) 2 (6.7%)

Notes: #Information of bone marrow tissue chromosome karyotype analysis result was unavailable in
2 patients; * Information of the curative effect of bone marrow morphology after chemotherapy was
unavailable in 6 patients.

Abbreviations: AML, acute myelogenous leukemia; PTPNI I, protein tyrosine phosphatase non-
receptor type |1; ECOG, Eastern Cooperative Oncology Group; FLT3, FMS-like tyrosine kinase 3;
ITD, internal tandem duplication; CR, complete remission.

had bone marrow chromosome karyotype analysis at the time of initial diagnosis, 1 patient had no chromosome culture,
19 of the remaining 28 patients (67.9%) had normal karyotype chromosomes, 4 patients (14.3%) had —7 chromosomes
and 3 patients (10.0%) had complex karyotypes (Table 2). PTPN11 usually shows normal karyotype, but when the
karyotype is abnormal, the incidence of poor prognosis karyotype such as —7 chromosomes is higher.

Molecular Biological Characteristics

Distribution of PTPN11 gene mutation sequence: Among all patients in this study, 29 patients detected 1 PTPNI11
mutation and 1 patient detected 2 PTPN11 mutations. Eighteen (60.0%) PTPNI11 gene mutations were located in exon 3,
7 (23.3%) in exon 13, 3 (10.0%) in exon 8, and 2 (6.7%) in exon 12. There are 20 types of amino acid (AA) mutations,
the most common of which are D61G, A72V and N308D. The other mutations are T468M, E76A, A72T, T731, D61Y,
E76K, E76Q, G60A, G60V, G503A, G503E, G503R, M504V, N58Y, Q510H, S502L and S502P. The most common
amino acid mutation sites are D61 and A72 (16.7%), followed by E76 (13.3%). All mutations occur in N-SH2 and PTP
domains. See Figure 1A for specific mutation types and domains.

Mutation ratio of PTPN11 gene: the VAF value of PTPN11 mutation gene has a large difference, the lowest value is
1.1%, the highest value is 48.3%, the median is 18.4%, and the upper and lower quartiles are 7.2% and 35.3%,
respectively. The mutation frequency of PTPN11 gene in each patient is shown in Figure 1B. With the median value
of PTPN11 VAF (18.4%) as the cut-off value, the patients were divided into two groups to analyze the characteristics of
age, sex, bone marrow immature cells, peripheral white blood cells, hemoglobin, platelets, and whether NPM1 mutation

Table 2 Karyotype Analysis Results of AML Patients with Abnormal Karyotype

Chromosome Karyotype CR After One Course of CR After Two Course of
Treatment Treatment

45, xx, —7 [15] No No

46, XX, ins(4; 1)(q35; p36q22)[1]46, XX[19] NA Yes

46, XX, 16gh+[10] No NA

45, XY, —7[18]/46, XY[2] NA NA

45, XX, =7, t (9, |1) (p22; q23) [20] No Yes

47, XY, der(2), +16[4]/idem, —7[6]/47, XY, +8[4]/46, XY[6] No NA

46, XX, t(3; 6) (q21; q21), add (7) (p11.2), inv (9) (pl2ql3) ¢, add (17) No No
(p112) [cp20]

46, X, -X, +mar[5]/46, XX[7] Yes Yes

45, XY, -8, add (10) (q24), —13, add (19)(q13), add (20) (p!3), +mar [20] Yes Yes

Abbreviation: NA, not available.
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Figure | Genetic mutant profiles of thirty PTPNI| mutated AML patients. (A) Mutation site of PTPNI | gene in thirty PTPNI | mutated AML patients; (B) Variant allele
frequency of PTPNI | gene and its corresponding exon in thirty PTPNI | mutated AML patients; (C) Co-mutation gene heat map and percentage histogram of thirty PTPNI |
mutated AML patients.

Abbreviations: AML, acute myelogenous leukemia; PTPNI I, protein tyrosine phosphatase non-receptor type I 1.

was combined. The results showed that the patients with lower PTPN11 VAF value (<18.4%) had no significant
difference in the above clinical characteristics compared with patients with higher VAF value (>18.4%). With the
upper quartile (35.3%) of PTPN11 VAF value as the boundary, the patients were again divided into two groups: low
and high VAF. It can be seen that the white blood cell count in the group with high PTPN11 VAF (>35.3%) was
significantly higher than that in the group with low PTPN11 VAF (<35.3%) (p = 0.019, Table 3), which was more likely
to be manifested as M5 type (p = 0.016, Table 3) and more likely to be combined with FLT3-ITD mutation (p = 0.048,
Table 3). However, there was no significant difference between the two groups in sex, age, proportion of bone marrow
blasts, whether NPM1 mutation was combined and complete remission rate (p < 0.05).

Co-mutation gene: 29 patients (96.7%) were detected with other gene mutations, and 1 patient (3.3%) only had
PTPNI11 gene mutation, but no associated mutation gene was detected (Table 4). Among patients with co-mutation genes,

Table 3 The Influence of PTPNI | VAF on the Clinical Characteristics of AML with PTPN I | Mutation

Variables VAF=35.3% (n=8) VAF<35.3% (n=22) P
Gender 0.678
Male (%) 4 (50%) 8 (36.4%)
Female (%) 4 (50%) 14 (63.6%)
Age (years) 43.1xl6.1 43.3x16.6 0.983
Median white blood cell (x107/L) 58.1 (39.4-112.7) 9.7 (3.7-425) 0.019
Bone marrow blast cell (%) (x+s) 67.1£25.7 56.0+22.4 0.257
FAB classification systems 0.016
M2 1 (12.5%) 6 (27.3%)
M4 0 (0%) 10 (45.5%)
M5 7 (87.5%) 6 (27.3%)
NPMI mutation 3 (37.5%) 8 (36.4%) 1.000
FLT3-ITD mutation 3 (37.5%) | (4.5%) 0.048
CR (%) 4 (n=6, 66.7%) 14 (n=18, 77.8%) 0.618

Abbreviations: VAF, variant allele frequency; AML, acute myelogenous leukemia; PTPNI |, protein tyrosine phosphatase non-
receptor type | |; FAB, France-~America—British classification system; NPMI, nucleophosmin |; FLT3, FMS-like tyrosine kinase 3;

ITD, internal tandem duplication; CR, complete

remission.
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Table 4 The Number of Co-Occurrence of Mutations

Co-Occurrence of Mutation Genes | N (%)

I (3.3%)
3 (10.0%)
12 (40)
7 (23.3%)
3 (10.0%)
I (3.3%)
I (3.3%)
I (3.3%)
I (3.3%)

VO N oL AW N — O

3 (10.0%) patients detected 1 co-mutation gene, 12 (40%) patients detected 2 co-mutation genes, 7 (23.3%) patients
detected 3 co-mutation genes, 3 (10.0%) patients detected 4 co-mutation genes, and the number of co-mutation genes 5,
6, 7 and 9 was 1 (3.3%) (Table 4). NPM1, NRAS, DNMT3A, TET2, ASXL1, IDH2, FLT3-ITD, KRAS, FLT3-TKD,
RUNX1, PHF6, CEBPA, BCORLI1, SETBPI1, IDH1, WT1, BCOR, NF1, ZRSR2, TP53, SF3B1, ETV6, KIT were
detected among 33 myeloid high-frequency mutation genes. Multiple mutant genes can be detected in the same patient at
the same time, and the mutation sites of the same mutant gene in different patients are different. Among the 30 patients,
NPMI1 was the most positive (11 cases (36.7%)), followed by NRAS positive (9 cases (30.0%)), DNMT3A positive (7
cases (26.7%)), ASXL1, KRAS and TET2 positive (6 cases (20%)), IDH2 positive (5 cases (16.7%)), FLT3-ITD and
FLT3-TKD positive (4 cases (13.3%)), RUNX1, PHF6, BCORL1, CEBPA and BCOR positive (3 cases (10.0%)),
SETBP1, WT1, IDH1 and TP53 positive (2 cases). SF3B1, ETV6, NF1, ZRSR2 and KIT were positive in 1 case,
respectively (Figure 1C).

Fusion gene: 30 patients completed the detection of fusion gene, 23 patients (76.7%) were negative for fusion gene, 1
patient had 2 positive fusion genes, and the remaining 6 patients had only 1 positive fusion gene. Among the 38 fusion
genes detected, EVII rearrangement was most positive in 3 cases (10.0%), MLL-AF6, MLL-AF9, DEK-CAN, AMLI1-
ETO, CBF B/One case was positive for MYHI11.

A total of 28 of the 30 PTPN11 positive patients improved MICM typing. According to the 2017 ELN genetic risk
stratification, there were 12 in low-risk group, 6 in medium-risk group, and 10 in high-risk group. In the other two
patients, one patient’s chromosome was not cultured, but the RUNXI gene mutation was positive. One patient’s
karyotype was not checked, and the ASXL1 gene mutation was positive. The two patients were classified as high-risk
group. Therefore, 40.0% (12 cases) of patients in this study are in low-risk group, 20% (6 cases) are in medium-risk
group, and 40% (12 cases) are in high-risk group.

Therapeutic Effect

Among 30 PTPN11 positive patients, 22 were treated regularly, 7 were returned to hospital for chemotherapy irregularly,
and one died if he did not receive chemotherapy after diagnosis. Among 22 patients with regular treatment, 9 patients
received hematopoietic stem cell transplantation, including 3 patients receiving autologous peripheral blood hemato-
poietic stem cell transplantation and 6 patients receiving allogeneic hematopoietic stem cell transplantation. Among
them, 2 patients died of severe pneumonia after recurrence after transplantation. Of the remaining 13 patients, 6 died due
to severe infection and uncontrolled leukemia during the treatment process. In the current consolidation and maintenance
treatment process of 5 patients, 2 patients completed chemotherapy, and the out-patient took Vinaikara for regular return
visits. Among the 7 patients with irregular chemotherapy, 2 patients gave up treatment after one course of induction
chemotherapy, and all of them lost the follow-up; Two patients were induced to give up treatment after two courses of
treatment and died; One patient did not return to hospital on time for consolidation treatment and died of intracranial
hemorrhage after leukemia relapse; One patient did not return to the hospital for consolidation treatment on time, and
now is preparing for allogeneic hematopoietic stem cell transplantation after leukemia relapse; One patient did not return
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to the hospital for chemotherapy as instructed after 4 times of chemotherapy. At present, he is taking vinaikara for
follow-up observation in the outpatient department.

After one course of induction chemotherapy and re-examination of bone marrow morphology, the patients achieved
a morphological remission rate of 50% (12/24). A total of 19 patients completed one course of induction chemotherapy
and flow type minimal residual disease (MRD) detection. Nine patients (47.4%) were MRD positive, and 10 patients
(53.6%) were MRD negative. The complete remission rate of bone marrow morphology after 2 courses of chemotherapy
was 75.0% (18/24).

By comparing the effects of patient’s sex, age, peripheral blood leukocyte count at the initial diagnosis, proportion of
bone marrow protoplasts, chromosome karyotype, NPM1 gene mutation, and ELN2017 risk stratification on CR rate
after one course of induced chemotherapy, it was found that patients with bone marrow protoplasts >60% and white
blood cells >17x109/L significantly reduced CR rate after one course of chemotherapy (p = 0.041, p = 0.003, Table 5).
There was no significant difference between abnormal karyotype chromosome and —7 chromosomes in CR rate after one
course of induction chemotherapy (p = 0.371, p = 0.217). The CR rate of patients with positive NPM1 mutation was
lower than that of patients with negative NPM1 mutation after one course of chemotherapy, but there was no statistical.

Clinical Outcomes of Patients

As of February 28, 2022, 30 patients with positive PTPN11 mutation had survived in 16 cases, died in 12 cases, and lost
follow-up in 2 cases. The median follow-up time was 26 months. As of the follow-up time, the median survival time of
patients was not observed. During the follow-up time, the 1-year OS rate was 71.6%, the 2-year OS rate was 52.3%, and
the median EFS was 12 months. The survival curve and event-free survival curve are shown in Figure 2A and B.

Compared NPM1 positive patients with negative patients in 30 patients, there was no statistical difference between total

Table 5 Correlation Analysis of Clinical Parameters Affecting CR in Patients with
PTPNI | Mutation AML After One Course of Treatment

Variables CR (n=12) NR/PR (n=12) P

Gender
Male (n=8) 5 3 0.667
Female (n=16) 7 9

Age (years)
<42 (n=12) 7 5 0414
242 (n=12) 5 7

Peripheral blood leukocytes
<17x10°/L (n=12) 10 2 0.003
217x10°/L (n=12) 2 10

Bone marrow blasts
<60% (n=12) 8 3 0.041
260% (n=12) 9

Chromosome karyotype
Normal karyotype (n=16) 9 7 0.371
Abnormal karyotype (n=7) 5
=7 (n=3) 3 0.217
Non =7 (n=21) 12 9

Combined mutant gene 0.089
Mutant NPMI (n=10) 7 2
Wild type NPMI (n=14) 5 10

ELN risk stratification 0.100
Low-risk group 8 3
Medium high risk group 4 9

Abbreviations: AML, acute myelogenous leukemia; PTPNI I, protein tyrosine phosphatase non-receptor
type | 1; NPMI, nucleophosmin I; ELN, European LeukmiaNet; CR, complete remission.
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Figure 2 Survival analysis of thirty PTPNI | mutated AML patients. (A) Kaplan—-Meier curve of OS in thirty PTPN I | mutated AML patients; (B) Kaplan—Meier curve of EFS
in thirty PTPNI | mutated AML patients; (C) Kaplan—Meier curve of NPMI mutations in OS of thirty PTPN || mutated AML; (D) Kaplan—Meier curve of NPM| mutations in
EFS of thirty PTPNI | mutated AML; (E) Kaplan—Meier curve of PTPNI | mutated AML patients OS between low VAF value (<20%) and high VAF value (220%); (F) Kaplan—
Meier curve of PTPNI | mutated AML patients EFS between low VAF value (<20%) and high VAF value (220%); (G) Kaplan—Meier curve of PTPNI | mutated AML patients
OS between low VAF value (<35.3%) and high VAF value (235.3%); (H) Kaplan—Meier curve of PTPNI | mutated AML patients EFS between low VAF value (<35.3%) and high

VAF value (235.3%).

Abbreviations: AML, acute myelogenous leukemia; PTPN | |, protein tyrosine phosphatase non-receptor type | |I; NPMI, nucleophosmin |; OS, overall survival; EFS, event-

free survival; VAF, variant allele frequency.
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Table 6 Univariate Cox Proportional Hazard Regression
Analysis of Clinical Parameters Affecting EFS in Patients with
PTPNI | Mutated AML

Variables HR (95% CI) P
Gender 1.245 (0.490-3.161) 0.645
Age 1.022 (0.989-1.055) 0.199
White blood cell count 1.006 (1.000-1.012) 0.053
Hemoglobin 0.997 (0.974-1.021) 0.805
Platelet count 1.003 (0.998-1.009) 0.247
Bone marrow blast 1.009 (0.990-1.029) 0.351
ECOG score 1.901 (1.008-3.583) 0.047
PTPNI I VAF 1.026 (0.994-1.059) 0.114
NPMI mutant 1.801 (0.633-5.126) 0.270
Abbreviations: AML, acute myelogenous leukemia; PTPN1 1, protein tyrosine
phosphatase non-receptor type |1; EFS, event-free survival; VAF, variant allele
frequency; ECOG, Eastern Cooperative Oncology Group; NPMI, nucleophos-
min |.

Table 7 Multivariate Cox Proportional Hazard Regression
Analysis of Clinical Parameters Affecting EFS in Patients with
PTPNI 1 Mutated AML

Variables HR (95% CI) P
White blood cell count 1.007 (1.000-1.014) 0.040
ECOG score 2.032 (1.039-3.975) 0.038

Abbreviations: AML, acute myelogenous leukemia; PTPNII, protein tyrosine
phosphatase non-receptor type |l; EFS, event-free survival;, ECOG, Eastern
Cooperative Oncology Group.

OS (p = 0.686) and EFS (p = 0.171) (Figure 2C and D). The PTPNI11 positive patients were divided into high and low
groups according to the cut-off value of VAF 20%. The results showed that the OS (p = 0.579) and EFS (p = 0.325) of the
two groups were not statistically significant (Figure 2E and F). The patients were divided into two groups according to
the cutoff value of 35.3% VAF. The results showed that the OS (p = 0.796) and EFS (p = 0.236) of the two groups were
not statistically significant (Figure 2G and H).

Factors Influencing the Prognosis of PTPNI 1™ AML

COX risk proportion model was used to conduct EFS single-factor analysis on patients’ age, gender, ECOG score,
percentage of myeloblasts, peripheral blood picture at initial diagnosis, PTPN11 VAF value, and NPM1 mutation. The
results showed that the influence of ECOG score on EFS was statistically significant (p = 0.047) (Table 6). Factors with
P < 0.1 were included in the multifactor analysis, and multivariate analysis showed that peripheral blood leukocyte count
and ECOG score were independent risk factors affecting PTPN11mutAML EFS (Table 7).

Discussion

Acute myeloid leukemia (AML) is a heterogeneous disease characterized by blocked differentiation and clonal prolif-
eration of hematopoietic stem and progenitor cells, which hinders normal hematopoietic function.*® In recent years,
advances in molecular and cellular biology have improved our understanding of the pathophysiology of AML. With the
application of next-generation sequencing technology, 40 ~ 50 genes with recurrent somatic mutations have been
identified in different AML subtypes.*> ® Cytogenetic results and molecular abnormalities are considered as important
prognostic factors, which have high predictive power for complete response rate, disease-free survival, recurrence risk
and overall survival.'
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In this study, we collected the data of 30 AML patients with PTPN11 mutations, 27 of whom were primary AML and
3 were MDS transformed secondary leukemia. According to foreign reports, the incidence of primary AML, sAML and
tAML in PTPN11™" (mutant PTPN11) AML patients is almost similar to that in PTPN11"" (wild-type PTPN11) AML
patients.'”"'® The number of cases in this study is small, and the conclusion of this study cannot be confirmed. The female
incidence rate of this study is slightly higher than that of male, which is consistent with foreign reports.'”'? The median
age of the patients was 44.5 (14-67) years, which was slightly smaller than the previous foreign studies (52.5-70
years).'” 2! Considering that the sample size included in this study is relatively small, it needs to be further confirmed by
expanding the sample size later.

In this study, the patients showed leukocytosis, anemia and thrombocytopenia at the initial diagnosis, which was
consistent with the characteristics of general AML. It was reported in the literature that PTPN11™"AML had a higher
leukocyte count than PTPN11Y'AML (P < 0.05), but there was no significant difference in hemoglobin, platelet count and
the proportion of bone marrow blasts.'”'® In this study, the remission rate of patients with peripheral blood leukocyte
count >17x109/L and bone marrow blasts >60% after 1 course of induction treatment was lower. In the EFS multifactor
analysis, leukocyte as an independent factor affecting the prognosis of the disease, suggesting that patients with high
tumor load at the initial diagnosis had poor response to treatment, low complete remission rate, and had a negative impact
on the prognosis of the disease.

Since MICM classification was proposed, it has been widely used in the diagnosis and treatment of leukemia. Bone
marrow morphology of 30 patients with PTPN11™" AML: M5: 43.3%, M4: 33.3%, M2: 23.3% (n = 6). No other types were
found, which is consistent with previous reports,'®2° M4 or M5 is the most common FAB classification of PTPN11™"* AML.
In this study, 30 patients were tested for immunophenotype. More than 70% of the patients’ bone marrow leukemia cells
expressed CD33, CD13, CD34, HLA-DR, CD117 and other cell surface antigens. A few patients expressed lymphoid
markers, of which the positive expression rates of CD19 and CD56 were 6.7% and 16.7%, respectively. PTPN11 mutation
is closely related to CD14 expression,”” CD14 is a marker of monocyte line expression, which is consistent with that of
patients in FAB M4 and M5. However, in this study, the expression of CD14 is 16.7%, slightly different from the above report,
and larger samples are needed to confirm the immunophenotypic characteristics of PTPN11™" AML. Among the 28 patients
with cultured chromosomes, 19 (63.3%) were normal karyotype chromosomes, and 4 (13.3%) of the patients with abnormal
karyotype were primary leukemia patients, 2 were refractory leukemia patients, one died within 30 days after diagnosis, and
one was recurrent after allogeneic hematopoietic stem cell transplantation. —7/del(7q) is a common high-risk cytogenetic
abnormality, which often occurs in MDS or high-risk AML.?’ It has been reported that the incidence of chromosome —7 in
PTPN11™" AML is 23%, and —5/-7 in relapsed/refractory PTPN11™"* AML is significantly higher than that in PTPN11"
AML."® 1t is not difficult to see that PTPN 11 mutation may be associated with relapse or refractory treatment, suggesting the
possibility of poor prognosis. In addition, 3 cases (10.7%) of complex karyotypes in this study showed no significant increase,
similar to those reported abroad (7.1%)."”

According to research reports, most of PTPN11™" AML carry PTPN11 single mutation, and a few carry PTPN11
double mutation.'” In this study, PTPN11 gene mutation was multiple single mutations, and only one case was double
mutation (3.33%), which was consistent with previous reports. The current literature shows that PTPN11 mutations in
AML are most often located in exon 3 (N-SHP domain), and the rest are mostly located in exon 13 (PTP domain). The
most common amino acid mutation sites are D61, A72, G60, E76, etc.!”!® In this study, the mutations of PTPN11 gene in
exon 3 accounted for 18 (60.0%), exon 13 accounted for 7 (23.3%), exon 8 (10.0%) and exon 12 (6.7%), all located in
N-SHP domain or PTP domain. The most common amino acid mutation sites were D61, A72 (16.7%), followed by E76
(13.3%), which was basically consistent with the previous study. Previous studies have shown that mutations in these
amino acid sites destroy the self inhibition between the PTP catalytic domain and N-SH2 domain, enhance SHP2 activity,
and thus become functional acquired mutations.”® Researchers have observed that germline PTPN11 mutations in NS
patients do not overlap substantially with somatic PTPN11 mutations in leukemia patients.> Mutants in leukemia (such as
D61Y and E76K) have stronger phosphatase catalytic activity than NS-related mutants (such as N308D).?° Therefore, it
is suggested that higher levels of phosphatase activity will lead to a more severe phenotype, and if mutations with high
phosphatase activity occur in the germline, it may lead to embryonic death in utero, and predicted in aborted fetuses with

NS, a higher prevalence of leukemia-associated mutations.*’
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The median VAF of PTPN11 was between 13.4% and 24%.'7"'® The median VAF of PTPN11 gene in this study was
18.4%, the lowest value was 1.1%, and the highest value was 48.3%. In addition, the frequency of PTPNI11 gene
mutation may have a certain impact on the prognosis of AML. Swoboda concluded that VAF >20% was associated with
poorer prognosis in PTPN11™" AML (OS 8.9 vs 20.5 months, p = 0.04)."” Stasik'” first used an algorithm to compare
the VAF of PTPN11 mutation and the main co-mutated gene to dichotomize PTPN11 mutation into dominant and
subclonal mutations (the difference between the two is >10% for dominant mutation, <10% for subclonal mutation),
found in the majority of patients at the subclonal level (64%), and observed that compared with AML with dominant
PTPN11 mutation, subclonal PTPN11 mutation had worse OS (10.38 vs 29.88 months, P = 0.0018), RFS (8.62 vs 39.48
months, P =0.0061) and lower CR rate (61.8% vs 76.3%, P = 0.046), and higher ED30 (14.7% vs 5.3%, P = 0.003). The
results suggest that subclonal mutation is a late event that occurs together with a variety of other adverse features and
may lead to poor outcomes, but this classification is more dependent on the effect of co-mutated genes on AML, and the
accuracy of its results needs to be further explored. In this study, patients were divided into two groups based on the
median value of PTPN11 VAF. Compared with patients with PTPN11 VAF <18.4% and VAF >18.4%, there was no
significant statistical difference in age, sex, bone marrow immature cells, peripheral blood leukocyte count, hemoglobin,
platelet count, complete remission rate and other clinical characteristics and treatment effects. According to previous
research conclusions, patients with high VAF value have worse prognosis.'® In this study, the cut-off value was increased,
and the patients were again divided into low and high VAF groups with the upper quartile of PTPN11 VAF value (VAF
35.3%) as the boundary. It was found that the white blood cell count in the group with VAF > 35.3% was significantly
higher than that in the group with VAF <35.3% (58.1 x 109/L vs 9.7 x 109/L, p = 0.019), which is more likely to be M5
(p = 0.016) and more likely to be combined with FLT3 ITD mutation (p = 0.048). There is no significant difference in
sex, age, platelet, and myeloblast. Therefore, patients with PTPN11 VAF > 35.3% should be alert to whether they have
hyperleukaemia, which has a heavy tumor load, leading to systemic bone pain, invasion and destruction of blood vessels,
leukocyte stasis syndrome, tumor lysis syndrome and other complications. Patients with PTPN11 VAF > 35.3% are more
likely to be associated with FLT3-ITD mutation, and FLT3-ITD VAF > 50% is an influential factor for poor prognosis of
AML in the 2017 ELN risk stratification.” Therefore, it may affect the survival prognosis of PTPN11™" AML with
FLT3-ITD mutation. However, in this study, the VAF values of 4 patients with FLT3-ITD mutation are less than 50%,
which does not affect the risk stratification of AML. In addition, AML with PTPN11 mutations observed in previous
studies are less likely to have FLT3-ITD mutations.'”*° The activation of signal pathways between FLT3-ITD and RAS
pathway family NRAS, KRAS and PTPN11 overlaps, and there is mutation rejection. Both of them have functional
redundancy or independence in driving leukemia formation. The relationship between this gene mutation and PTPN11™"
AML and its prognostic impact have needed to be further studied.

In terms of merging fusion genes, 30 patients in this study completed the detection of fusion genes, of which 23 patients
(76.7%) were negative for fusion genes and 3 patients (10%) were positive for EVI1 fusion genes. The viral integration site-1
(EVI1) gene is a transcription factor with DNA binding activity zinc finger structure. It can induce the pathogenesis of acute
leukemia in multiple links such as cell cycle, apoptosis and stem cell regulation by recognizing and binding the common
sequence of DNA.*!? Previous clinical studies showed that the CR rate of patients with EVII positive expression in AML
was low, and the long-term disease-free survival rate and relapse-free survival rate were significantly lower than those of
patients with EVI1 negative expression.*® At present, there is no report on the influence of EVII positive in PTPN11™" AML.
If EVI1 is found in PTPN11™" AML, it can predict its poor prognosis and guide intensive treatment.

Studies have shown that in patients with PTPN11™"" AML, there is a significant increase in the combination of NPM1
mutations.!” ! Mutations in PTPN11 and NPM1 frequently co-occur, possibly suggesting that these mutations cooperate
to promote leukemia. In a study of 78 PTPNI11™" AML patients, Swoboda DM’s team found that patients with
PTPN11™Y/NPMI™" (PTPN11 mutant/NPM1 wild type) had a shorter OS than PTPN11™YNPM1™" (PTPN11 mutant/
NPMI mutant) patients (10.3 vs 24.4 months, p =0.007)."® Hou’s team reported that among 266 NPM1-positive AML
patients, patients with PTPN11 mutations had worse OS than non-mutated patients (p=0.001).2° Among NPM1™ patients
analyzed by Fobarer, compared with PTPN11™" patients, the CR rate of PTPN11™" patients was lower (36% vs 61%,
p=0.001), and the 3-year EFS was shorter (9% vs 19%, p=0.003).?" It can be concluded from the above studies that in
AML with PTPNI11 mutation, NPM1 positive patients have a better prognosis; For the patients with negative NPM1
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mutation, PTPN11 mutation is a poor risk factor, and its mechanism has not been well explained at present. It may
suggest that PTPN11 gene mutation is a bad prognostic factor for AML. Another argument is that other associated gene

lmut

mutations may affect the overall prognosis of PTPN1 AML patients with negative NPM1 mutations.”® However, this
conjecture has not been confirmed, and more comprehensive studies are needed to explain the molecular mechanism
between PTPN11 and NPM1 genes. The number of NPM1 mutations in the co mutation genes of 30 patients in this paper
is the largest, reaching 11 (36.7%). Whether there are NPM1 mutations or not is divided into two groups to analyze the
impact on CR, OS and EFS after a course of induced chemotherapy. The results show that patients with negative NPM 1
mutations have a low CR rate after the first induction (p=0.095), OS (p=0.686) and EFS (p=0.171) are shorter than
patients with NPM1 mutations, but there is no significant difference. Considering the small number of cases in this study,
It is necessary to further expand the sample analysis. For decades, the standard intensive treatment of AML has been the
combination of 7 days of cytarabine+3 days of anthracycline drugs (nordaunorubicin and daunorubicin). The complete
remission and cure rates vary with age. The complete remission rate of AML in adults < 60 years old is 60-85%, the cure
rate is 35-40%, and the complete remission rate of AML in adults over 60 years old is 40—60%, and the cure rate is 5—
15%.%* For PTPN11™" AML patients of all ages, complete remission rates ranged from 33.3% to 67%.'"'® In this study,
patients aged <60 years were treated with an IA-based induction regimen, and a medium- and high-dose Ara-C-based
regimen was generally used for consolidation chemotherapy. Demethylation combined with veneclax should be used in
patients over 60 years of age. After one course of induction chemotherapy, the morphological remission rate was 50%
(12/24), and the complete remission rate after two courses of induction was 78.6% (18/24). A total of 19 patients
completed 1 course of induction chemotherapy and minimal residual disease (MRD) testing, of which 9 patients (47.4%)
were MRD negative, Similar to Alfayez’s study (MRD-negative rate of 59%)."® According to literature reports, the
median OS of PTPN11™" AML was 9—13.44 months,'”?° and the median EFS was 7.53 months.'” The median follow-
up time in this study was 26 months, and 53% of patients were still alive at the end of the follow-up time, so the median
OS could not be analyzed. During the follow-up period, the 1-year OS rate was 71.6%, the 2-year OS rate was 52.3%,
and the median EFS was 12 months. The median EFS in this study was longer than previous studies. However, the result
bias caused by the small number of cases and the large differences in treatment plans is not excluded. Foreign literature
reported that the OS of PTPN11™"* AML patients who received AHSCT was 24.4 months, while the OS of PTPN11™"
AML patients who did not receive AHSCT was 5.6 months."? In our study, 9 patients underwent hematopoietic stem cell
transplantation, and only 2 died so far, suggesting that hematopoietic stem cell transplantation is still the only reliable
way to cure AML.

PTPN11 mutation was reported to be an independent prognostic factor for worse OS (HR 1.75).!7 Alfayez found that
patients with PTPN11-positive AML had significantly shorter median OS than those with negative AML (8.4 vs 13.6
months, p = 0.008) and also in high-intensity chemotherapy (OS 7.6 vs 35.4 months, p < 0.0001)."® These studies suggest
that PTPN11 may serve as an independent predictor of poor prognosis in AML. However, studies have shown that
PTPN11 mutations have no significant effect on the prognosis of the total AML population. Swoboda reported that there
was no significant difference in the overall response rate (ORR) and CR rate of 58 PTPNI11-positive patients after
treatment among newly diagnosed AML patients compared with 380 PTPN11-negative patients.'® Hou reported that
there was no significant difference in the complete response rate (75% vs 62%), median OS (13 vs 25.5 months), and
relapse-free survival (RFS) in 14 PTPNI11 mutation-positive and 258 PTPNI11-negative AML patients (19 vs 25
months).>® The explanation for the difference of the above research results may include the difference of population
treatment schemes and the contingency of gene mutation characteristics. To confirm the prognosis of PTPN11 in AML,
more multicenter and diversified clinical studies are needed to confirm it. Due to the small number of this case in our
center and the short time of research, we cannot compare the prognosis between the positive and negative control groups
of PTPN11 gene mutation, and we need to continue to collect relevant data for analysis and verification. In this study,
univariate and multivariate analysis by Cox proportional hazards model showed that peripheral blood leukocyte
differential count and ECOG score were independent risk factors for PTPN11 ™ AML EFS. Patients with high leukocyte
have a heavy tumor burden, which can seriously affect the prognosis of patients, and a good physical status can ensure
the smooth completion of the chemotherapy regimen and help improve the prognosis of patients.
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However, our study found some positive results, but there are still some limitations to be stated. Due to the small
sample size and short follow-up time in this study, some results may be biased. Due to the failure to include more
detailed clinical parameters, no significant difference of PTPN11 mutation in the prognosis of AML was observed in this
study cohort, which still needs to be further verified in a large cohort.

Conclusion

PTPN11™" AML is a heterogeneous disease, and most FAB genotypes of PTPN11™" AML were M5 or M4. Most of
them are normal karyotype chromosomes, and —7 chromosome was the most common chromosome abnormality, which
was easily associated with NPM1 mutation. Patients with high PTPN11 VAF tend to have high white blood cell counts at
the initial diagnosis and are often associated with FLT3-ITD mutations. Patients with high tumor burden at initial
diagnosis have low CR rate and poor treatment response after one course of chemotherapy. Newly diagnosed high white
blood cell count and poor performance status were independent risk factors for EFS in PTPN11™* AML.
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