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1  |  INTRODUCTION

Acute myeloid leukemia (AML) is a hematologic malig-
nancy caused by clonal proliferation and differentiation 
arrest of myeloid precursors.1 Somatic mutations, such as 
NPM1, FLT3-ITD, and TP53, enable hematopoietic stem 
and progenitor cells to acquire the ability of self-renewal, 

which is crucial for the pathogenesis and prognosis of 
AML.2

Mutation in tyrosine-protein phosphatase nonreceptor 
type 11 (PTPN11mut) can be found in 1.5%–12% of adult 
AML patients.3 The PTPN11 gene, located on chromosome 
12q24, encodes a protein composed of a N-terminal Src ho-
mology 2 (N-SH2), a protein tyrosine phosphatase (PTP) 
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Abstract
Background: The clinical significance of protein tyrosine phosphatase non-
receptor type 11 mutation (PTPN11mut) in acute myeloid leukemia (AML) is 
underestimated.
Methods: We collected the data of AML patients with mutated PTPN11 and 
wild-type PTPN11 (PTPN11wt) treated at our hospital and analyzed their clinical 
characteristics and prognosis.
Results: Fifty-nine PTPN11mut and 124 PTPN11wt AML patients were included. 
PTPN11mut was more common in myelomonocytic and monocytic leukemia, 
and was more likely to co-mutate with KRAS, KMT2C, NRAS, U2AF1, NOTCH1, 
IKZF1, and USH2A mutations than PTPN11wt. The overall survival for AML pa-
tients with PTPN11mut was significantly shorter than that for those with PTPN11wt 
(p = 0.03). The negative impact of PTPN11mut on overall survival was pronounced 
in the “favorable” and “intermediate” groups of ELN2017 risk stratification, as 
well as in the wild-type NPM1 group (p = 0.01, p = 0.01, and p = 0.04).
Conclusion: PTPN11mut is associated with distinct clinical and molecular char-
acteristics, and adverse prognosis in AML patients.
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catalytic domain and a C-terminal SH2.4 N-SH2 can prevent 
the PTP domain from being overactivated.5 In leukemogen-
esis, PTPN11mut blocks self-inhibition of SH2 catalytic ac-
tivity, which induces increased sensitivity of hematopoietic 
stem and progenitor cells to granulocyte-macrophage colo-
ny-stimulating factor and RAS signaling pathway hyperacti-
vation, leading to leukemic transformation.6–9

Currently, the prognosis of PTPN11mut in AML is con-
troversial. Some studies showed that PTPN11mut was asso-
ciated with an adverse prognosis,10–13 while another report 
uncovered that AML patients with PTPN11mut presented 
an improved prognosis.14 In addition, other studies did 
not observe a significant prognostic effect of PTPN11mut in 
AML.15,16 Hence, the prognostic value of PTPN11mut in AML 
needs further exploration. Herein, we report a single-center 
data from China to compare the clinical and molecular fea-
tures, and outcomes between adult AML patients with mu-
tated PTPN11 and wild-type PTPN11 (PTPN11wt).

2  |  METHODS

We retrospectively collected the data of adult AML pa-
tients with PTPN11mut (≥18 years of age) from West China 
Hospital between May 2015 and October 2022. Of 1531 
adult AML patients, PTPN11 mutations were detected in 
59 patients (3.9%). Among these 59 PTPN11mut patients, 
41 patients received chemotherapy. Then, patients with 
PTPN11wt were randomly included in a 3:1 ratio to pa-
tients with PTPN11mut who received chemotherapy based 
on diagnosis year, age, sex, and ELN2017 risk stratifica-
tion. Detailed information about treatment, outcome 
indicators, detection methods for cytogenetics and molec-
ular biology, and statistical analysis are presented in the 
Appendix S1 (Figure S4).

3  |  RESULTS

3.1 | Baseline characteristics

The baseline characteristics of the PTPN11mut and 
PTPN11wt groups were similar and are shown in Table 1. 
Patients with PTPN11mut were significantly more com-
mon in acute myelomonocytic and monocytic leukemia 
(AMML/AMOL) than those with PTPN11wt (53.7% vs. 
35.5%, p = 0.04).

3.2 | Mutation landscape

Seventy-four PTPN11 mutations were identified in 59 
patients. Forty-nine (83.1%) patients harbored a single 

mutation, and 10 (16.9%) carried more than one differ-
ent PTPN11 variant (double mutated, n = 7; triple mu-
tated, n = 1, quadruple mutated, n = 2). The multiple 
mutations among 6 patients were on the same alleles. 
PTPN11 mutations were exclusively missense single nu-
cleotide variants. Most mutations (50/74; 67.6%) were 
localized in the N-SH2 domain, whereas a minority of 
mutations (21/74; 28.4%) were localized in the PTP do-
main. These mutations were localized in exons 3, 8, 12, 
and 13. A72T, the most common amino acid substitu-
tion, was found in eight patients (11.1%) (Figure  S1). 
The median VAF of PTPN11mut patients was 8.6%, rang-
ing from 1.0% to 57.9%.

In addition, patients with PTPN11mut were more likely 
to co-mutate with KRAS (22.0% vs. 4.8%, p < 0.01), KMT2C 
(10.2% vs. 0.8%, p < 0.01), NRAS (20.3% vs. 8.9%, p = 0.03), 
U2AF1 (11.9% vs. 4.0%, p = 0.045), NOTCH1 (5.1% vs. 0%, 
p = 0.03), IKZF1 (5.1% vs. 0%, p = 0.03), and USH2A (5.1% 
vs. 0%, p = 0.03) mutations than those with PTPN11wt 
(Figure S2 and Table S1).

3.3 | Response and survival

Although no significant differences were found in com-
plete remission (61.0% vs. 67.7%, p = 0.43) or event-free 
survival (EFS) (8.4 vs. 10.2 months, p = 0.26, Figure  1A) 
between the PTPN11mut and PTPN11wt groups, pa-
tients with PTPN11mut showed shorter overall survival 
(OS) than patients with PTPN11wt (16.2 vs. 34.8 months, 
p = 0.03, Figure  1B). In addition, the adverse prognosis 
was pronounced in the “favorable” and “intermediate” 
groups of ELN2017 (20.5 months vs. undefined, p = 0.01; 
14.1 vs. 34.8 months, p = 0.01; Figure  1C). However, in 
the “adverse” group, the median OS between patients 
with PTPN11mut and PTPN11wt was similar (16.2 vs. 
13.5 months, p = 0.87, Figure 1C).

The impact of the coexistence of NPM1 mutation 
(NPM1mut) and PTPN11mut on the prognosis of AML pa-
tients was also investigated. In the NPM1mut group, there 
was no difference in OS between patients with PTPN11mut 
and PTPN11wt (20.5 months vs. undefined, p = 0.25, 
Figure  1D). However, in the NPM1 wild type (NPM1wt) 
group, patients harboring PTPN11mut had a shorter 
OS than patients with PTPN11wt (16.2 vs. 34.8 months, 
p = 0.04, Figure 1E).

Moreover, we further studied the prognosis of AMML/
AMOL and non-AMML/AMOL patients with PTPN11mut 
and PTPN11wt. There were no significant differences be-
tween patients with PTPN11mut and PTPN11wt in either 
the AMML/AMOL or non-AMML/AMOL groups (16.2 
vs. 17.4 months, p = 0.36; 20.5 vs. 47.1 months, p = 0.07) 
(Figure S3).
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Characteristic PTPN11mut (n = 41) PTPN11wt (n = 124) p value

Age (years) 54.0 (19.0–75.0) 50.0 (16.0–76.0) 0.52

Sex

Female 25.0 (61.0) 83.0 (66.9) 0.49

Male 16.0 (39.0) 41.0 (33.1)

Disease status

De novo AML 35.0 (85.4) 116.0 (93.5) 0.19

sAML/t-AML 6.0 (14.6) 8.0 (6.5)

Laboratory

WBC (×109/L) 15.4 (0.6–182.4) 17.7 (0.3–286.8) 0.91

ANC (×109/L) 1.0 (0–42.3) 0.9 (0–24.6) 0.58

Platelet (×109/L) 63.0 (8.0–634.0) 48.5 (2.0–429.0) 0.16

Hemoglobin (g/dL) 7.4 (3.9–12.3) 7.8 (3.1–13.0) 0.65

LDH (IU/L) 342.5 (136.0–3466.0) 395.0 (118.0–4410.0) 0.83

PB blasts (%) 25.0 (0–99.0) 29.0 (0–99.0) 0.84

BM blasts (%) 51.5 (7.0–96.0) 57.0 (7.0–94.0) 0.47

AMML/AMOL 22.0 (53.7) 44.0 (35.5) 0.04

Extramedullary involvement 4.0 (9.8) 7.0 (5.6) 0.58

Cytogenetics

Normal 19.0 (46.3) 62.0 (50.0) 0.69

Complex 7.0 (17.1) 11.0 (8.9) 0.24

t(8;21)(q22;q22) 0 (0) 11.0 (8.9) 0.11

inv(16)(p13q22)/t(16;16)
(p13;q22)

3.0 (7.3) 8.0 (6.5) 1.00

inv(3)(q21q26)/t(3;3)
(q21;q26)

2.0 (4.9) 0 (0) 0.06

−7 1.0 (2.4) 0 (0) 0.25

+8 0 (0) 5.0 (4.0) 0.44

Others 4.0 (9.8) 19.0 (15.3) 0.37

Insufficient 5.0 (12.2) 8.0 (6.5) 0.40

ELN-2017 Risk

Favorable 18.0 (43.9) 47.0 (37.9) 0.71

Intermediate 8.0 (19.5) 31.0 (25.0)

Adverse 15.0 (36.6) 46.0 (37.1)

Treatment

High intensity 29 (70.7) 102 (82.3) 0.11

Low intensity 12 (29.3) 22 (17.7)

BM transplant

allo-HSCT 6.0 (14.6) 22.0 (17.7) 0.65

auto-HSCT 0 (0) 1.0 (0.8) 1.00

CR 25 (61.0) 84 (67.7) 0.43

Note: Values are n (%) or median (range).
Abbreviations: allo-HSCT, allogeneic hematopoietic stem cell transplantation; AML, acute myeloid 
leukemia; AMML/AMOL, acute myelomonocytic and monocytic leukemia; ANC, absolute neutrophil 
count; auto-HSCT, autologous hematopoietic stem cell transplantation; BM, bone marrow; CR, complete 
remission; ELN, European LeukemiaNet; LDH, lactate dehydrogenase; PB, peripheral blood; PTPN11mut, 
PTPN11 mutation; PTPN11wt, PTPN11 wild type; sAML, secondary AML; t-AML, therapy-related AML; 
WBC, white blood cell.

T A B L E  1  The clinical and molecular 
characteristics of AML patients with 
PTPN11mut and PTPN11wt.
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4  |  DISCUSSION

Herein, we report the clinical characteristics, gene 
mutations, and prognosis of adult AML patients with 
PTPN11mut and PTPN11wt in a large cohort. We identi-
fied that PTPN11mut was independently associated with 
distinct clinical and molecular features and adverse out-
comes in AML patients.

Alfayez et al. reported that PTPN11mut was more com-
monly associated with the AMML/AMOL subtype.11 
However, the impacts of PTPN11mut on prognosis in 
AMML/AMOL and non-AMML/AMOL patients have 
not been reported. In our study, patients with PTPN11mut 
seemed to have a poorer prognosis than patients with 
PTPN11wt in the non-AMML/AMOL group (p = 0.07). 
However, in the AMML/AMOL group, both the PTPN11mut 
and PTPN11wt groups showed similar OS.

Gene mutations are critical for the prognosis of AML 
patients. Previous studies have shown differences in gene 
mutation profiles among patients with PTPN11mut. In 
our study, there were seven patients (12%) with FLT3-
ITD mutations. Similarly, some studies revealed that the 
incidence rates of FLT3-ITD in PTPN11mut AML patients 
were 16%–27%.11,16,17 However, Hou et al. identified that 
PTPN11mut and FLT3-ITD mutations were mutually ex-
clusive. This difference might be related to the smaller 
sample size of Hou et al.15 Moreover, the incidence rates 
of NPM1 and DNMT3A in AML patients with PTPN11mut 
are controversial. Some researchers reported high inci-
dence rates of NPM1 and DNMT3A with 60.5%–63% and 
37%–56.1% in AML patients with PTPN11mut, respec-
tively.14,16,17 However, others uncovered that the inci-
dence rates of NPM1 and DNMT3A in AML patients with 
PTPN11mut were 22%–29% and 24%–27%, respectively.11,12 
Our study supported the results of the latter. Although 
the most common mutations coexisting with PTPN11mut 
in our study were DNMT3A and NPM1, the incidence 
rates of these two mutations were only 25% and 25%, re-
spectively. In addition, our study found that patients with 
PTPN11mut were more likely to harbor KRAS, KMT2C, 
NRAS, U2AF1, NOTCH1, IKZF1, and USH2A mutations 
than those with PTPN11wt. Given that PTPN11 can mod-
ulate the RAS/MAPK signaling axis,18 further in vitro and 
clinical studies are needed to verify whether PTPN11mut 
combined with these mutations has a synergistic effect on 
the occurrence and development of AML.

A few published studies have focused on the rela-
tionships between PTPN11mut and the clinical outcomes 
of AML patients. The impacts of PTPN11mut on OS in 
AML patients are controversial. Some studies showed 
that PTPN11mut were associated with shorter OS.10,11,17,19 
However, others reported that the median OS was simi-
lar in both the PTPN11mut and PTPN11wt groups.15,20 

Metzeler et al.14 found that patients with PTPN11mut had 
relatively favorable survival outcomes. Our study also 
showed shorter OS in patients with PTPN11mut than in 
those with PTPN11wt. In addition, Alfayez et al. reported 
that PTPN11mut negatively impacted OS across all ELN 
risk categories.11 However, Stasik et al. reported that the 
negative impact of PTPN11mut was mainly limited to 
the ELN favorable risk group.17 Our study showed that 
PTPN11mut was poor prognostic factor for the “favorable” 
and “intermediate” groups of ELN2017, which can facil-
itate further stratification of the two groups. Moreover, 
our subgroup analysis supported the idea that PTPN11mut 
suggested significantly short OS in AML patients with 
NPM1wt, instead of in patients with NPM1mut.12,15,16,21 
Furthermore, our study showed that no significant dif-
ference between PTPN11mut and PTPN11wt patients was 
observed for EFS, which was similar to the report of Stasik 
et al.17 Prospective trials with larger sample sizes and lon-
ger follow-up periods are warranted to explore the impacts 
of PTPN11mut on OS and EFS in AML patients.

Our study had some limitations. First, this was a ret-
rospective study, and AML patients with PTPN11mut and 
PTPN11wt at a 1:3 ratio were included, which may cause 
selection bias. To reduce the risk of bias, patients were ran-
domly included based on the year of diagnosis, age, sex, 
and ELN2017 risk stratification in this study. Moreover, our 
study did not explore the detailed mechanism of PTPN11mut 
in poor prognosis of AML. Previous studies indicated that 
the poor prognosis of PTPN11mut may be related to its in-
creased resistance to venetoclax and azacitidine.22,23 More 
prospective clinical and basic studies are required to eluci-
date the impact of PTPN11mut in AML patients and possible 
molecular mechanisms in AML progression.

5  |  CONCLUSIONS

This study demonstrates that AML patients with 
PTPN11mut are associated with distinct clinical character-
istics and poor prognosis.
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