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1  |  INTRODUCTION

Systemic mastocytosis (SM) can be associated with an-
other hematologic neoplasia including acute myeloid 
leukemia (AML). Adopting triplet combination for 
both diseases with decitabine– venetoclax– midostaurin 
could be a valid option. However, even if leukemia re-
sponds, mastocytosis can persist with a lower mutational 

burden, eventually prompting AML relapse with a very 
dismal prognosis.

Systemic mastocytosis (SM) is a rare disease that de-
rives from an abnormal proliferation of clonal mast cells 
(MCs) in extracutaneous organs such as bone marrow 
(BM), lymph nodes, spleen, liver, bones, and gastrointesti-
nal tract. The affected patients are at high risk of suffering 
from life- threatening anaphylaxis and may develop even a 
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Abstract
Aggressive SM + AML has limited therapeutic options. Even a strong combina-
tion of decitabine– venetoclax– midostaurin has a transient effect on AML and a 
mitigated effect on SM. Larger series are required to identify the best therapeutic 
strategy.
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MC activation syndrome (MCAS). According to the WHO 
classification, the diagnosis of SM can be established 
when either one major and one minor or at least three 
minor criteria are fulfilled.1

SM is an umbrella term which encompasses a wide 
spectrum of clinical entities, from indolent (ISM) and 
smoldering (SSM) to advanced SM (AdvSM).2 SSM is 
characterized by the presence of two or more B- findings 
which are indicative of high MCs burden but with-
out organ damage (>30% MCs in the BM and/or serum 
tryptase >200 μg/dL and/or cKITD816V mutation with a 
variant allele frequency [VAF] ≥10%; hypercellular and 
dysplastic BM without criteria for myelodysplastic syn-
drome [MDS]; hepatomegaly or splenomegaly in the 
absence of functional impairment). AdvSM includes: ag-
gressive SM (ASM) which has a median overall survival 
(OS) of 41 months, SM with associated non- mast cell he-
matologic neoplasm (SM- AHN) which has a median OS 
of 24 months,3 and mast cell leukemia (MCL) which has 
a median OS of 2 months. ASM is characterized by the 
presence of one or more C- findings which are indicative 
of organ damage (cytopenia, hepatomegaly and spleno-
megaly with functional impairment, intestinal malabsorp-
tion with hypoalbuminemia and weight loss, osteolytic 
lesions with pathological fractures).1 AHNs derive from 
the myeloid lineage in 80%– 90% of cases and chronic my-
elomonocytic leukemia (CMML) is the most frequently 
associated one.4

The most common mutations detected in SM are so-
matic activating mutations in cKIT, most notably cK-
ITD816V.5 These mutations can also be detected in the 
concomitant myeloid (but not in lymphoid) AHNs. 
Moreover, most patients with AdvSM show additional 
somatic mutations both on SM and AHN cells (most 
frequently SRSF2, ASXL1, RUNX1 [S/A/R], TET2, and 
JAK2).6 This mutational multilineage involvement 
strengthens the hypothesis of a clonal relationship be-
tween these two diseases.7

Midostaurin is a multikinase inhibitor that targets both 
wild- type and D816V- mutated c- KIT and has been largely 
approved for the treatment of both FLT3- mutated acute 
myeloid leukemia (AML) and AdvSM.8

2  |  CASE PRESENTATION

A 69- year- old Caucasian man presented at our center 
in March 2017 due to neutrophilic leukocytosis (white 
blood cell [WBC] count 16.380 cells/μL) and normal Hb 
and platelet values, along with maculo- papular cutane-
ous lesions dating from 2010. A skin biopsy performed 
shortly after confirmed the diagnosis of cutaneous masto-
cytosis (CM). In past medical history, the patient referred 

hypertension, glucose intolerance. No allergies or synco-
pal or other mediator- related symptoms were reported.

BM histological analysis revealed the presence of ag-
gregates with >15 atypical mast cell CD117+, CD34−, 
CD25+, tryptase+, consensual to reticulin fibrosis and 
focally collagen (Grade 2– 3). cKITD816V mutation was 
demonstrated in peripheral blood (PB) (VAF: 12%).9 BM 
karyotype was normal. Baseline serum tryptase level was 
184 μg/dL (n.r. 0.1– 11.4 μg/dL); normal alkaline phospha-
tase (ALP); increased β2 microglobulin serum levels.

The further presence of more than 90% neutrophils 
(N) in PB together with predominant maturing granu-
lopoiesis in the BM histological sample was suggestive 
of a concomitant chronic neutrophilic leukemia (CNL). 
Twenty- seven different myeloid genes were analyzed in 
PB, using next- generation sequencing (NGS), including 
BCR- ABL1, FIPIL1- PDGFRα, JAK2V617F, MPL, CARL, 
with no evidence of mutations including that of the 
CSF3R gene, characteristic of CNL. Lastly, the absence 
of ≥10% peripheral monocytes excluded the hypothesis 
of a CMML.4

Osteopenia was documented by DEXA (T score −1.8 
at lumbar spine) and diffuse osteosclerosis with micro os-
teolysis at skull was documented by low- dose CT scans. 
Abdominal ultrasound showed only mild hepatomegaly.

Thus, the final diagnosis was ISM associated 
with MPN/MDS overlap syndrome (ISM- AHN)3 
(Figure 1A– F). The patient was started on H1/H2 antag-
onist treatment and vitamin D supplementation together 
with hydroxyurea (HU, 500 mg bis in die) and maintained 
good general conditions for 4 years with moderate leuko-
cytosis and decrease in serum tryptase level (from initial 
184 to 73 μg/dL).

Follow- up histological BM analysis performed in 2020 
showed an increase in MC infiltration (30%– 35%) with 
neoplastic immunophenotype and <5% of CD34+ blasts. 
Routine low- dose CT scans revealed osteosclerosis, and 
the abdomen ultrasound revealed liver steatosis and mild 
splenomegaly, in absence of cytopenia. These results doc-
umented the progression from ISM to SSM.3

In March 2021 the patient presented at our center 
with weakness, loss of sense of well- being and weight 
loss (3 kg in the last 2 months). The complete blood count 
(CBC) showed 218,000 WBC/μL (N 43.5%, lymphocytes 
11.9%, monocytes 24.6% and blasts 20% on PB differen-
tial count) without severe anemia or thrombocytopenia. 
The evolution of MPN/MDS syndrome to AML was con-
firmed at PB flow cytometry: presence of 23% blasts with 
a CD33+, HLA- DR+, CD34+, and CD117+ immunophe-
notype (Figure 1G,H). BM biopsy was not performed due 
to patient refusal. Physical exam revealed the increase 
in both splenomegaly and hepatomegaly (palpable from 
costal margin at 6 and 3 cm, respectively). Laboratory 
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investigations showed serum tryptase >200 μg/dL; NGS 
study on PB showed an increase in cKITD816V VAF (38%) 
along with an additional high risk RUNX- 1 I342 K muta-
tion (VAF: 5%).10 The presence of Grade 2 hypoalbumin-
emia (2.22 g/dL— n.r. 3.50– 5.20) were considered related 
to SM and described as C- findings, hence confirming the 
evolution from SSM to ASM with a final diagnosis of ASM 
associated with secondary AML.3

We decided to treat the patient with the decitabine– 
venetoclax combination (DEC- VEN) as a first- line ther-
apy for AML11 and midostaurin as a first- line therapy 
for ASM. We did not choose chemotherapy because of 
age and patient refusal to be hospitalized. In the ab-
sence of a sibling donor, we activated unrelated donor 
research. Due to significant leukocytosis and the high 
risk of tumor lysis syndrome, venetoclax was initially 
omitted, and decitabine was administered (20 mg/m2 
i.v. for 5 days/cycle) associated with HU (1000 mg/day). 

After two cycles of decitabine and HU, the WBC was 
9220 cells/μL: thereafter, the patient was treated with 
a third cycle of therapy with venetoclax (400 mg daily) 
for 28 days/cycle and decitabine (20 mg/m2) for 5 days/
cycle.

Midostaurin was initially imbricated with decitabine 
and HU and administered at a daily dose of 200 mg but 
was progressively reduced due to hematologic toxicity and 
suspended before venetoclax imbrication because of pro-
gressive symptomatic thrombocytopenia.

After the third cycle of therapy including venetoclax, 
a BM biopsy was performed that revealed a total blast 
clearance (morphologic leukemia- free state MLFS), al-
though pathological CD25+ MC infiltration was stable 
(30%) (Figure  1I). Despite this, the cKITD816V muta-
tion burden appeared reduced (10%), albuminemia re-
turned within normal ranges, tryptase levels dropped to 
84.3 μg/dL, and at physical examination spleen and liver 

F I G U R E  1  Immunohistochemical features of SM- AHN (A– F). Photomicrograph of the bone marrow histology and 
immunohistochemistry supporting the diagnosis of SM- AHN. SM and MDS/MPN: hypercellularity, granulocytic lineage expansion and 
paratrabecular infiltration of mast cells (MCs) (arrow) with the characteristic delicate fibrosis (arrowed), hematoxylin and eosin (H&E) stain 
(A); paratrabecular infiltration of MCs. The mast cell granules are well highlighted by the metachromatic staining with toluidine blue (B); 
cellularity predominantly determined by granulopoiesis expressing CD15 (C); positive immunostaining (brown) of spindle- shaped MCs with 
CD 117 (D), CD25 (E), and tryptase (F). Morphology (G– I). AML: blasts and neutrophils (leukemic hiatus) (G, H). This PB smear was made 
after the first cycle of venetoclax and shows blast clearance with the persistence of pathologic spindle- shaped MCs (in the picture) (I).

(A) (B) (C)

(D) (E) (F)

(G) (H) (I)
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appeared completely reseized. Thus, SM was deemed in 
clinical improvement by combined consensus IWG- MRT- 
ECNM response criteria.12

He subsequently received a fourth cycle of therapy with 
DEC- VEN combination but venetoclax was temporarily 
suspended throughout the cycle in order to allow neutro-
phil recovery. Unfortunately, blood examinations repeated 
1 month later documented AML relapse with peripheral 
leukocytosis (WBC 67,880/μL) and 30% blasts on PB dif-
ferential count; serum tryptase level was 91.3 μg/dL; spleen 
and liver appeared enlarged at manual palpation (4 and 
2 cm from costal margin, respectively); albumin level was 
at the lower limit. Once the patient was again debulked 
with HU, another cycle of DEC- VEN was administered, as-
sociated with midostaurin at half dosage (100 mg/die).

Despite an initial benefit, the patient developed refrac-
toriness to this regimen. Abdominal examination revealed 
a massive splenomegaly of 8 cm below the left costal mar-
gin, and a PB smear showed 60% blasts. As a consequence, 
the patient was hospitalized in order to undergo salvage 
chemotherapy as a possible bridge to allogeneic stem cell 
transplantation (allo- HSCT). The patient was treated with 
HAM regimen13 in association with cladribine.14 Our 
intention was to treat both pathologies considering that 
cladribine is effective both on R/R- AML15 and AdvSM.16 
The scheme we administered consisted of: Ara- C 2000 mg 
i.v. bis in die (from Day +1 to Day +4), mitoxantrone 10 mg/
die i.v. (from Day +3 to Day +5), and cladribine 7 mg/die 
subcutaneously (from Day +1 to Day +5). Dose was calcu-
lated on ideal weight and reduced due to age and perfor-
mance status. For the prophylaxis of HD- Ara- C- induced 
photophobia and conjunctivitis, he received glucocorti-
coid eye drops every 6 h starting before the first dose and 
continuing for 24 h after the last dose of HD- Ara- C.

Despite achieving a decreased serum tryptase level 
(from 69.9 at the admission to 54.8 μg/dL) and organo-
megaly reduction, the patient experienced prolonged 
Grade 4 pancytopenia (Hb <7 g/dL, PLT <2000/ μL, WBC 
<100/ μL), which required constant red blood cell and 
platelet transfusions. Furthermore, he developed a septic 
state that led to exitus on Day +18 from the HAM treat-
ment start (Figure 2).

3  |  DISCUSSION

The association between AML, especially cKIT D816mut/
CBFneg AML, and SM determines a particularly dismal 
prognosis. A retrospective analysis published in 2019 
reported 40 KIT D816mut/CBFneg SM- AML patients (29 
with secondary AML evolved from SM ± associated my-
eloid neoplasm). The median OS of the 40 SM- AML pa-
tients was 5.4 months and thus even worse as compared 

to patients with MCL, which is defined by the presence of 
≥20% MCs in a BM smear. SM- AML patients treated with 
intensive chemotherapy (including HAM regimen) ± allo- 
HSCT achieved a higher OS (16.7 months) than those 
who received non- intensive treatment as hypomethylat-
ing agents (HMAs) ± cladribine (2.7 months). HMAs do 
not induce any complete remission (CR) in SM- AML and 
none of the patients was treated with midostaurin.17

The association of HMAs with venetoclax could 
achieve a CR/sustained response (SR) in both diseases, 
even with different response time, as reported in some 
case reports.18,19 In none of them midostaurin was imbri-
cated to the scheme. Venetoclax is a Bcl- 2 inhibitor with 
confirmed efficacy in combination with HMAs in patients 
with previously untreated AML who were ineligible for 
intensive induction therapy. The HMAs- VEN regimen had 
significant improvement in terms of OS, CR, and duration 
of response.20

High expression of Bcl- 2 is also typical in AdvSM, in-
cluding SM- AML. Considering that neoplastic MCs and 
AML derive from the same malignant clone and that 
leukemia stem cells are Bcl- 2+, venetoclax can prevent 
MC differentiation by targeting Bcl- 2 in the neoplastic 
progenitors.18

The expression of Bcl- 2 determines partial resistance 
to midostaurin monotherapy in AdvSM. According to the 
study D2201, midostaurin is the only approved agent in 
first- line therapy for AdvSM with KITD816V mutation, 
achieving mainly partial (PR) or major responses (MR) 
that are not sustained.21 A recent preliminary study 
demonstrated that midostaurin restores apoptotic depen-
dency to Bcl- 2 in MCL- like cells and justified a possible 
employment of midostaurin associated with venetoclax 
front- line therapy in mast cell tumors.22

Our patient obtained MLFS and SM clinical improve-
ment after two cycles of decitabine associated with mi-
dostaurin and one cycle of DEC- VEN. Unfortunately, 
midostaurin administration necessitated interruption 
before the introduction of venetoclax due to hematologic 
toxicity. Nevertheless, we decided to reintroduce mido-
staurin at half dosage during the fifth cycle of DEC- VEN, 
after AML relapse, motivated by the persistence of patho-
logical MCs in the BM.

Similar cases of SM- AML have been reported in the 
literature describing the permanence of a residual mast 
cell infiltrate in the BM despite AML remission with an 
induction regimen or following stem cell allograft.23 Most 
importantly, MCs release numerous factors (histamine, 
heparin, tryptase, cytokines) in the microenvironment, 
thus enhancing tumor- associated angiogenesis.24 As a 
consequence, the residual MC infiltrates potentially create 
a favorable substrate for further progression or the recur-
rence of the associated hematologic neoplasms.25

 20500904, 2023, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccr3.7134 by U

niversità D
i C

atania C
entro B

iblioteche E
, W

iley O
nline L

ibrary on [07/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 5 of 7FAZIO et al.

Within a short time the patient became refractory to 
the triplet (DEC- VEN- MIDO) and was immediately hos-
pitalized in order to undergo salvage therapy with HAM 
regimen (for R/R- AML) associated with cladribine (both 
for AdvSM and R/R- AML) as a bridge to transplant.13

Relapsed/refractory (R/R) AML remains an impervi-
ous hematologic challenge with generally poor outcomes 
and despite the existence of a wide armamentarium of 
second- line regimens, none of them is significantly benefi-
cial compared to the others.26 A German clinical phase I/II 

F I G U R E  2  Graphs representing 
the trend of white blood cell count (A), 
platelet count (B), and tryptase level 
(C) from SM- AHN diagnosis in 2017 
until exitus in 2021. The graphs reflect 
the patient's measured platelet count 
(PLT), white blood cell count (WBC), and 
tryptase level after treatment with HU and 
H1/H2 antagonists, MDS/MPN evolution 
to AML and SM- AML I and II line 
therapies. AML, acute myeloid leukemia; 
C, cycle; DEC, decitabine; D, day; GCSF, 
granulocyte colony- stimulating factor; 
HU, hydroxyurea; MID, midostaurine; 
MLFS, morphologic leukemia- free state; 
SM- AHN, systemic mastocytosis with 
associated hematologic neoplasm; VEN, 
venetoclax.
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study investigated the tolerability and efficacy of high- dose 
cytosine arabinoside and mitoxantrone (HAM) in heavily 
pretreated patients with advanced refractory disease. A 
total of 40 patients was recruited in the study (median age 
45 years); 21 patients (53%) achieved CR (19 of them after 
one HAM course and two of them after two HAM courses); 
one additional patient obtained a PR (normalization of PB 
counts but with residual 15% blasts in the BM). Most com-
mon non- hematologic toxicity was represented by nausea, 
vomiting, mucositis, and diarrhea. These results demon-
strated that the HAM regimen could achieve a high ORR 
in a very unfavorable category of patients and suggested it 
should be employed in earlier stages of the disease.13

Cladribine is a polyvalent antimetabolite which has 
been used for both R/R- AML and SM. It is an adenosine- 
deaminase resistant analog of adenosine which is 
activated inside the cells and induces apoptosis in hema-
topoietic cells, leukemic cells, and lymphatic malignan-
cies. Several reports describe how cladribine induces 
CRs (100% regression) in cutaneous forms and major 
(complete resolution of at least one C- findings and no 
progression of other C- findings) or PRs in indolent and 
AdvSM.16

On the other hand, a meta- analysis of 10 prospec-
tive studies evaluated the role of cladribine in R/R- AML 
showing a significant prognostic improvement, espe-
cially when combined with cytarabine in cladribine/
cytarabine/G- CSF/mitoxantrone regimen (CLAG- M).15 
The reason for this synergistic effect is due to the fact 
that cladribine increases cytarabine uptake in leukemia 
cells and the accumulation of its active cytotoxic metab-
olite (Ara- CTP).27 The most common toxicities caused by 
cladribine are myelosuppression (severe neutropenia and 
thrombocytopenia), immunosuppression (low TCD4+ 
and TCD8+ levels) and subsequent opportunistic infec-
tions (Grades 3 and 4), the latter being the main cause of 
early death as in this case.15

4  |  CONCLUSION

The employment of an HMA- venetoclax regimen in com-
bination with midostaurin (or other KIT inhibitors)5,28 
could be an option for patients with AML associated with 
SM, but data about this combination, dosage of midostau-
rin and their toxicity are lacking. However, in our case, 
MLFS was achieved, but pathologic mastocyte infiltration 
appeared stable and only clinical improvement of SM was 
obtained.

The efficacy and safety of the HAM regimen com-
bined with cladribine in R/R- AML have been docu-
mented, but there are no cases in the literature about 
the employment of this therapeutic scheme in SM 

associated with R/R- AML. Unfortunately, our attempt 
was not valuable. More specifically, even though treat-
ment allowed to decrease serum tryptase level, the pa-
tient developed Grade 4 neutropenia and died because 
of septic shock during aplasia.

For these reasons, further studies are necessary to un-
derstand the validity of the abovementioned therapeutic 
combinations in this particular set of patients.
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