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Abstract

Systemic mastocytosis with associated hematologic clonal non-mast cell disease (SM-AHNMD) is a rare and heterogeneous
subtype of SM and few studies on this specific entity have been reported. Sixty two patients with Systemic mastocytosis
with associated hematologic clonal non-mast cell disease (SM-AHNMD) were presented. Myeloid AHNMD was the most
frequent (82%) cases. This subset of patients were older, had more cutaneous lesions, splenomegaly, liver enlargement,
ascites; lower bone mineral density and hemoglobin levels and higher tryptase level than lymphoid AHNMD. Defects in KIT,
TET2, ASXL1 and CBL were positive in 87%, 27%, 14%, and 11% of cases respectively. The overall survival of patients with SM-
AHNMD was 85.2 months. Within the myeloid group, SM-MPN fared better than SM-MDS or SM-AML (p =0.044,). In
univariate analysis, the presence of C-findings, the AHNMD subtypes (SM-MDS/CMML/AML versus SM-MPN/hypereosino-
philia) (p=0.044), Neutropenia (p=0.015), high monocyte level (p=0.015) and the presence of ASXLT mutation had
detrimental effects on OS (p =0.007). In multivariate analysis and penalized Cox model, only the presence of ASXLT mutation
remained an independent prognostic factor that negatively affected OS (p=0.035). SM-AHNMD is heterogeneous with
variable prognosis according to the type of the AHNMD. ASXL1 is mutated in a subset of myeloid AHNMD and adversely
impact on OS.

Citation: Damaj G, Joris M, Chandesris O, Hanssens K, Soucie E, et al. (2014) ASXL1 but Not TET2 Mutations Adversely Impact Overall Survival of Patients Suffering
Systemic Mastocytosis with Associated Clonal Hematologic Non-Mast-Cell Diseases. PLoS ONE 9(1): e85362. doi:10.1371/journal.pone.0085362

Editor: lvan Cruz Moura, Institut national de la santé et de la recherche médicale (INSERM), France
Received October 16, 2013; Accepted November 25, 2013; Published January 21, 2014

Copyright: © 2014 Damaj et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The authors have no funding or support to report.
Competing Interests: The authors have declared that no competing interests exist.
* E-mail: damaj.gandhi@chu-amiens.fr

@ These authors contributed equally to this work.

Introduction AHNMD) which constitutes a sub-category of aggressive SM [1—
3
Mastocytosis is a heterogeneous group of disorders character- ]

) I ! Although most of these patients display A77 mutations, little is
ized by abnormal growth and accumulation of mast cells (MCis) in

known about the clinical and prognostic relevance of other gene

one or more organ systems. Indolent forms of mastocytosis are the defects in SM-AHNMD. Only studies with a small number of SM
most frequent followed by systemic mastocytosis (SM) with

) ) > ) cases, including few cases of SM-AHNMD, have been reported in
associated clonal hematologic non-MC lineage disease (SM- X

23 and 8 patients respectively [4,5]. The overall prognosis for this
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disease is poor as compared to indolent SM patients. Furthermore,
the subtype of the AHNMD has a prognostic value [6]. For
example, patients with associated AML or MDS have a worse
prognosis compared to patients with SM-MPN [6]. Nevertheless,
some SM-AHNMD patients have a chronic course that seems to
embrace the course of the associated hematologic disease.

The prognostic value of gene mutations has not been evaluated
in large studies. In one study, reporting on 42 patients with SM,
TET? mutations were not found to alter the prognosis of the
disease [4], whereas two other studies showed that the presence of
TET? mutations conferred a poor prognosis to patients with
aggressive SM [5,7].

In the present study, we report on 62 patients with SM-
AHNMD with the following aims: 1/ To describe the clinical and
laboratory characteristics of myeloid and lymphoid AHNMD
patients; 2/ To evaluate the occurrence of genetic mutations such
as KIT D816V and JAK2? V617F as well as TET-2, ASXLI, and
CBL; 3/ To evaluate a possible impact of these genetic mutations
on the clinical and laboratory characteristics of SM-AHNMD
patients as well as on their prognosis.

Patients and Methods

This retrospective study was approved by the Institutional
Review Board of Necker Enfants-Malades Hospital, and was
carried out according to the Helsinki Declaration. Written
Informed consent was obtained from adult patients or parents or
next of kin for teenage patients at the first or second hematology
clinic appointment. Patients aged 16 years or more, diagnosed
with  SM-AHNMD according to the WHO criteria [1] for
mastocytosis and other hematologic neoplasms were eligible.
Mutations analyses were centrally performed for all patients (KH,
ES, PD). Mutations analyses were done on bone marrow samples
and/or skin biopsy as previously described using a highly sensitive
technique for K17 D816V [8], JAR-2 [9] and TET-2 [10]. ASLX1
mutations status was detected in blood and/or marrow as already
described [11].

Opverall survival (OS) was defined as the time between diagnosis
of AHNMD and the date of death or last follow-up. Survival
distributions were estimated using the Kaplan-Meier method.
Univariate and multivariate Cox proportional hazards model were
used to assess prognostic factors of OS and to compute hazard
ratios (HRs) and their 95% confidence interval (95% CI).
Variables tested in the univariate model were those listed in
table 1. Variables eligible for the multivariate Cox model were
those having a p-value<<0.15 in univariate Cox model because
most of the variables significant at 10% other than ASXL1 were
highly correlated with each other; thus limiting multicollinearity in
the multivariate model. Proportional hazard assumption was
tested using Schoenfeld residuals test. P values were two sided and
values <0.05 were considered significant. Due to the low
proportion of event in our study, a complementary analysis using
a penalized ridge Cox model [12] was applied with a shrinkage
parameter equal to 3. The SAS software version 9.2% (SAS
Institute, Cary, NC) was used for all analysis.

Results and Discussion

Sixty-two SM-AHNMD patients were analyzed. Myeloid
AHNMD were the most frequent type of AHNMD encountered
(82% of the patients) (table S1). MDS was the leading myeloid
disease (29%) of patients, followed by CMML (16%) and MPN
(16%) including essential thrombocytopenia (n=4), primary
myelofibrosis (n = 2) and polycythemia (n =1). MDS/MPNs were
present in 8% along with PDGFRa negative hypereosinophilia
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(8%). AML was associated with true SM in only 5% of cases.
Lymphoid AHNMD were rare and constituted only 17% of cases.
They were represented mainly by non-Hodgkin’s lymphoma (6
patients; 8%) and monoclonal gammapathy of undetermined
significance (MGUS) (4 patients; 5%).

Patients’ characteristics are detailed in Table 1. Briefly, patients
with myeloid AHNMD were older (p =0.032), had less cutaneous
lesions (p=0.038), splenomegaly (p=0.003), ascites (p=0.046)
and less bone mineral density (p =0.045). They had significantly
lower hemoglobin level (p=0.029), higher monocyte counts
(p=0.028), and tryptase (p=0.046) and LDH (p =0.020) levels
than lymphoid AHNMD. AHNMD was diagnosed concomitantly
with SM in 39(67%) patients. For the other patients, the median
time from the diagnosis of SM to the diagnosis of the AHNMD
was 110 (3-370) months. Of note, in one patient, the diagnosis of
polycythemia vera was diagnosed 18 months before the diagnosis
of SM was made.

KIT mutations were the most frequent alteration, found in 87%
of the patients. 7ET2 mutation was positive in 12 (27%) cases,
only in the myeloid AHNMD group (SM-MDS=5, SM-
CMM =6; SM-AML=1). TET2 positive patients tended to be
older (p =0.08), with more hepatomegaly (p = 0.03), splenomegaly
(p=0.003), ascites p =10.04), low bone mineral density (p =0.02).
The same patients had lower hemoglobin level (p =0.01), and had
lower platelet counts (p=0.009) than those negative for TET2
mutation (table 1). The presence of TET2 mutation correlated
with the presence of K17 D816V mutations (p = 0.03) but not with
that of ASXL! mutations (p =0.45).

Six (14%) patients (SM-MDS=3, SM-CMML=1, SM-
AML =1, SM-PMF = 1) were found positive for ASXL! mutations.
Patients with lymphoid AHNMD all tested negative for ASLX].
Again, ASXLI positive patients were not different from ASXLI
negative patients regarding the main clinical and biological
characteristics. CBL mutations were found positive in 3 (11%)
patients (ET=1, CMML=1, MDS/MPN=1) and FAR?
Val617Phe mutation in 3 (6%) patients (MDS=1; ET=1;
PMF =1).

For the whole group of patients, the median OS time was 85.2
months (58.8-111.7) (Figure SI1A). The OS was not statistically
different between the lymphoid AHNMD and the myeloid
AHNMD groups (median OS: 85.2 »s 60months respectively;
p=0.928). However, within the myeloid group, SM-MPN fared
better than SM-MDS or SM-AML (median OS: not reached vs
79.6 months respectively; p=0.044,) (data not shown). While
median survival time for SM-MPN/SM-hypereosinophilia was not
reached, it was of 91.8 (13.2-170.4) months for SM-MDS, of 79.6
(0.1-159.5) months for SM-CMML, of 39.9 (8.5-71.4) months for
SM-AML and of 60 (58.8-111.7) months for SM-lymphoprolif-
erative diseases (Figure S1B).

In univariate analysis, the presence of C-findings as defined by
the WHO criteria (cytopenia, organomegaly with organ dysfunc-
tion, malabsorption, weight loss, hypoalbuminemia) [HR =3.12;

(1.11-8.77); p=0.030], the AHNMD subtypes (SM-MDS/
CMML/AML »s SM-MPN/hypereosinophilia) (median OS:
79.66 months s not reached; p=0.044), Neutropenia

[HR=1.10; (1.02-1.20); p=0.015], high monocytes level
[HR =1.31; (1.02-1.20); p=0.015] and the presence of ASXLI
mutations [HR=4.91; (1.53-15.71); p=0.007] had detrimental
effects on overall survival.

In multivariate analysis, as well as, after using penalized Cox
regression model [12], only the presence of ASXL/ mutation
remained an independent prognostic factor that negatively

affected OS [HR=5.75; 95%CI (1.09-30.25); p=0.035]
(Figure 1).
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Table 1. Demographic, clinical and biological characteristics of patients with myeloid and lymphoid SM-AHNMD patients at
inclusion.
Myeloid AHNMD Lymphoid AHNMD
Total n=62 (%) n=51 (%) n=11 (%) P
Age (years); median (range) 64 (16-84) 67 (16-84) 53 (23-74) 0.032
Sex; n (%) 1.0
Female 23 (37) 19 (37) 4 (36)
Male 39 (63) 32 (63) 7 (64)
CM subtypes; n (%) 0.038
upP 23 (38) 16 (33) 7 (64)
TEMP 9 (15) 8 (16) 109
DCM 7(12) 6(12) 109
No lesions 21 (35) 19 (39) 2 (18)
'Cfindings; n (%) 0.045
Yes 35 (56) 32 (63) 3(27)
No 27 (44) 19 (27) 8 (73)
C-findings excluding cytopenia; n (%) 1.0
Yes 16 (26) 13 (25) 3(27)
No 46 (74) 38 (75) 8 (73)
2Mast cell activating symptoms 0.394
Yes 51 (82) 43 (84) 8 (73)
No 11 (18) 8(12) 3(27)
Pruritus 0.167
Yes 23 (38) 17 (33) 6 (60)
No 38 (62) 34 (67) 4 (40)
Pollakiuria; n (%) 0.142
Yes 8 (13) 509 3(27)
No 54 (87) 46 (91) 8 (73)
Neuropsychological symptoms; n (%) 0.685
Yes 13 (21) 10 (18) 3(27)
No 48 (79) 41 (72) 8 (73)
Digestive symptoms; n (%) 1.0
Yes 30 (61) 26 (60) 4 (67)
No 19 (39) 17 (40) 2 (33)
Hepatomegaly; n (%) 0.149
Yes 27 (49) 25 (52) 2 (22)
No 30 (51) 23 (48) 7 (78)
Splenomegaly; n (%) 0.003
Yes 38 (68) 36 (76) 2 (22)
No 18 (32) 11 (24) 7 (78)
Ascites; n (%) 0.046
Yes 17 (30) 17 (35) 0
No 40 (70) 31 (65) 9 (82)
Lymph nodes enlargement; n (%) 1.0
Yes 21 (37) 18 (37) 3(33)
No 36 (63) 30 (63) 6 (67)
BMD; n (%) 0.045
Normal 29 (52) 27 (56) 2 (25)
Osteoporosis 14 (25) 9 (19) 5 (63)
Osteopenia 13 (23) 12 (25) 1(12)
Hemoglobin, (mean; range, g/dl) 11.6 (7.7-16.9) 11.4 (7.7-16.9) 129 (11.1-13.5) 0.029
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Myeloid AHNMD Lymphoid AHNMD

Total n=62 (%) n=51 (%) n=11 (%) P

Neutrophils (mean; range,10°%/1) 4.2 (0.1-24.3) 4.2 (0.1-24.3) 4.0 (1.5-8.08) 0.547
Eosinophils (mean; range,109/l) 0.59 (0-6.4) 0.6 (0.0-6.4) 0.2 (0.0-2.4) 0.160
Basophils (mean; range,10°/1) 0.0 (0-0.5) 0.0 (0-0.5) 0.0 (0-0.05) 0.399
Monocytes (mean; range,10%/1) 0.7 (0.08-6.96) 1.2 (0.2-6.96) 0.5 (0.08-0.8) 0.028
Lymphocyte (mean; range,10%/) 1.6 (0.1-5.20) 1.6 (0.1-5.20) 2.2 (1.1-2.9) 0.149
Platelets (mean; range,10%/) 181 (10-1036) 133 (10-1036) 250 (170-466) 0.126
Tryptase (ng/ml) 137 (10-697) 169 (10-697) 50 (19.4-204) 0.046
LDH (mean; range,Ul/l) 292 (126-737) 302 (141-737) 213 (126-329) 0.020
KIT genotype; n (%) 0.674

D816 positive 53 (85) 44 (86) 8 (75)

Non D816V 1(2) 1(2) 0

WT 8 (13) 6 (12) 2 (25)
TET2 mutations; n (%) 0.163

Yes 12 (27) 12 (32) 0

No 32 (73) 25 (68) 7
ASXL1 mutations; n (%) 0.567

Yes 6 (14) 6 (17) 0

No 37 (86) 30 (83) 7
JAK2 mutations; n (%) 0.567

Yes 3(13) 3 (7.5) 0

No 44 (87) 37 (92.5) 7
CBL mutations; n (%) 0.778

Yes 3(11.5) 3(125)

No 23 (88.5) 21 (87.5) 0

'Cfindings according to WHO classification.

bone mineral density.
doi:10.1371/journal.pone.0085362.t001

This study is, to the best of our knowledge, the second largest
study which reports [6,13-15] on SM-AHNMD. KI7, TET2,
ASXLI, JAR?2, and CBL were found mutated in 87%, 27%, 14%,
14%, and 11% of the patients respectively.

In this series dedicated to SM-AHNMD subtypes myeloid
AHNMD was the most frequent associated disease (82%) where
MDS, CMML and MPN represented 29%, 16% and 16% of
AHNMD respectively. The median age at the onset of the disease
was higher in the myeloid AHNMD than in the lymphoid one,
and higher than the median age of mastocytosis patients without
AHNMD as already reported [16].

Patients with SM-myeloid AHNMD had more splenomegaly,
ascites, low bone density, lower hemoglobin and higher tryptase
levels than SM-lymphoid AHNMD patients. However, there was
no difference in OS between the 2 groups and this might be
explained by the heterogeneity of the subcategories of AHNMD
and their prognosis within the myeloid and lymphoid groups.

KIT D816V, JAR? and (-CBL mutations were found in
85%,13% and 11.5% of the patients as already reported [5,6].

We found TET2 mutations in 27% of SM-AHNMD patients.
This frequency is higher than the incidence encountered in
patients with MPN [17] and lower than previously reported in
SM-AHNMD in two series of 23 and 8 patients respectively
[5,18].
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2including fatigue, headache, flushes, fever, hypotension, choc, syncope, WHO; world health organization, CM; cutaneous mastocytosis, AHNMD; associated clonal
hematologic non-mast cell lineage disease, UP; urticaria pigmentosa, TEMP; telengietasia eruptive macularis persistans, DCM; diffuse cutaneous mastocytosis, BMD;

TET?2 mutated patients tended to be older with more C-findings
than patients with wild type TET2. However, these findings did
not translate into poor prognosis in contrast to the negative
prognostic value in cytogenetically normal AML [19], MPNs or
mastocytosis patients [20].

Recently, ASXLI mutations have been analyzed in only 8 SM
patients and found mutated in 2(25%) patients [5]. In our cohort,
we found an intermediate frequency of ASXLI mutations (14%).
They are of prognostic value and shown to adversely affect the OS
of patients with SM-AHNMD independently from other clinically
utilized prognosticators. ASXL! mutations retained also its
independent negative impact in the group of patients with SM-
MDS/AML (Figure S1C).

As such, mutations in ASXL/ appear to be novel biomarkers of
adverse overall survival in patients with SM-myeloid AHNMD as
it has been reported with other myeloid malignancies such as

MDS, CMML and subgroups of AML [21-23].

In conclusion

ASXLI mutations in SM-AHNMD adversely impact on OS.
More studies comparing individual subcategories of SM-AHNMD
to their hematological non MCs counterpart without SM are
needed.
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Figure 1. Overall Survival according to AXSL7 mutations.
doi:10.1371/journal.pone.0085362.g001

Supporting Information

Table S1 Patient’s characteristics.

(PDF)

Figure S1 Overall survival (OS) of the whole group
(S1A); OS according to the subtype of the AHNMD (S1B);
OS of SM-MDS according to ASXL1 mutations (S1C).
(PDF)

References

1. Horny AC, Metcalfe DD, et al. (2008) Mastocytosis. In: Swerdlow S, Campo E,
Lee Harris N. WHO Classification of Tumours of Haematopoietic and
Lymphoid Tissues. In: Press I, ed. WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues. Lyon:53-63.

2. Valent P, Horny HP, Escribano L, Longley BJ, Li CY, et al. (2001) Diagnostic
criteria and classification of mastocytosis: a consensus proposal. Leuk Res
25:603-25.

3. Horny HP, Valent P. (2001) Diagnosis of mastocytosis: general histopathological
aspects, morphological criteria, and immunohistochemical findings. Leuk Res

25:543-51.

PLOS ONE | www.plosone.org

Acknowledgments

We would like to thank Isabelle Hirsch and Cedric Baude for technical
help and data management

Author Contributions

Conceived and designed the experiments: GD OH. Analyzed the data: GD
MD. Wrote the paper: GD. Approved the manuscript: GD MJ OC KH ES
DC BK ID EG CL SC MD RG SGL VA LL CL DL MA OL PD OH.
Enrollment of patients: GD MJ OC KH ES DC BK ID EG CL SC MD
RG SGL VA LL CL. DL MA OL PD OH.

4. Tefferi A, Levine RL, Lim KH, Abdel-Wahab O, Lasho TL, et al. (2009)
Frequent TET?2 mutations in systemic mastocytosis: clinical, KITD816V and
FIP1L1-PDGFRA correlates. Leukemia 23:900—4.

5. Traina F, Visconte V, Jankowska AM, Makishima H, O’Keefe CL, et al. (2012)
Single nucleotide polymorphism array lesions, TET2, DNMT3A, ASXLI1 and
CBL mutations are present in systemic mastocytosis. PLoS One 7:¢43090.

6. Pardanani A, Lim KH, Lasho TL, Finke C, McClure RF, et al. (2009)
Prognostically relevant breakdown of 123 patients with systemic mastocytosis
associated with other myeloid malignancies. Blood 114:3769-72.

7. Soucie E HK, Mercher T, Georgin-Lavialle S, Damaj G, Chandesris MO,
et al.(2012) In Aggressive Forms of Mastocytosis, TET2 Loss Cooperates with c-
KITD816V to Transform Mast Cells. Blood 120: 4846-9.

January 2014 | Volume 9 | Issue 1 | e85362



. Lanternier F, Cohen-Akenine A, Palmerini F, Feger F, Yang Y, et al. (2008)

Phenotypic and genotypic characteristics of mastocytosis according to the age of

onset. PLoS One Apr 9:¢1906.

. Delhommeau F, Dupont S, Tonetti C, Masse A, Godin I, et al.(2007) Evidence

that the JAK2 G1849T (V617F) mutation occurs in a lymphomyeloid progenitor
in polycythemia vera and idiopathic myelofibrosis. Blood 109:71-7.

. Delhommeau F, Dupont S, Della Valle V, James C, Trannoy S, et al. (2009)

Mutation in TET?2 in myeloid cancers. N Engl J Med 360:2289-301.

. Gelsi-Boyer V, Trouplin V, Adelaide J, Bonansea J, Cervera N, et al. (2009)

Mutations of polycomb-associated gene ASXLI in myelodysplastic syndromes
and chronic myelomonocytic leukaemia. Br J Haematol 145:788-800.

. Ambler G, Seaman S, Omar RZ. (2011) An evaluation of penalised survival

methods for developing prognostic models with rare events. Stat Med 31:1150—
61.

. Travis WD, Li CY, Bergstralh EJ, Yam LT, Swee RG. (1988) Systemic mast cell

disease. Analysis of 58 cases and literature review. Medicine (Baltimore) 67:345—
68.

. Horny HP, Sotlar K, Sperr WR, Valent P. (2004) Systemic mastocytosis with

associated clonal haematological non-mast cell lineage diseases: a histopatho-
logical challenge. J Clin Pathol 57:604-8.

Sotlar K, Colak S, Bache A, Berezowska S, Krokowski M, et al. (2010) Variable
presence of KITD816V in clonal haematological non-mast cell lineage diseases
associated with systemic mastocytosis (SM-AHNMD). J Pathol 220:586-95.

PLOS ONE | www.plosone.org

20.

21.

Prognostic Value of ASXLT Mutations in SM-AHNMD

. Hermine O, Lortholary O, Leventhal PS, Catteau A, Soppelsa F, et al. (2008)

Case-control cohort study of patients’ perceptions of disability in mastocytosis.
PLoS One 3:¢2266.

Shih AH, Abdel-Wahab O, Patel JP, Levine RL. (2012) The role of mutations in
epigenetic regulators in myeloid malignancies. Nat Rev Cancer 12:599-612.

. Tefferi A, Lim KH, Abdel-Wahab O, Lasho TL, Patel J, et al. (2009) Detection

of mutant TET2 in myeloid malignancies other than myeloproliferative
neoplasms: CMML, MDS, MDS/MPN and AML. Leukemia 23:1343-5.

. Metzeler KH, Maharry K, Radmacher MD, Mrozek K, Margeson D, et al.

(2011) TET2 mutations improve the new European LeukemiaNet risk
classification of acute myeloid leukemia: a Cancer and Leukemia Group B
study. J Clin Oncol 2011; 29:1373-81.

Tefferi A, Pardanani A, Lim KH, Abdel-Wahab O, Lasho TL, et al. (2009)
TET2 mutations and their clinical correlates in polycythemia vera, essential
thrombocythemia and myelofibrosis. Leukemia 23:905-11.

Thol F, Friesen I, Damm F, Yun H, Weissinger EM, et al. (2011) Prognostic
significance of ASXLI mutations in patients with myelodysplastic syndromes.
J Clin Oncol 29:2499-506.

. Patel JP, Gonen M, Figueroa ME, Fernandez H, Sun Z, et al. (2012) Prognostic

relevance of integrated genetic profiling in acute myeloid leukemia. N Engl ] Med
366:1079-89.

Gelsi-Boyer V, Brecqueville M, Devillier R, Murati A, Mozziconacci MJ, et al.
(2012) Mutations in ASXLI1 are associated with poor prognosis across the
spectrum of malignant myeloid diseases. ] Hematol Oncol 5:12.

January 2014 | Volume 9 | Issue 1 | e85362



