KIT D816V mutation burden does not correlate to clinical
manifestations of indolent systemic mastocytosis
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Background: Clinical manifestations of indolent systemic
mastocytosis (ISM) comprise mediator-related symptoms,
anaphylaxis, and osteoporosis. A new sensitive method for KIT
D816V mutation detection allows quantification of the level of
mutation-positive cells.

Objective: To investigate whether the fraction of KIT D816V
positive cells in peripheral blood (PB) or bone marrow (BM)
aspirate in adult patients with ISM correlates with clinical
manifestations of the disease.

Methods: We included 48 adult patients with ISM (28 females/
20 males) from our center in whom the KIT D816V mutation
level in both BM aspirate and PB was analyzed. For each
patient, the severity of mediator-related symptoms (skin,
gastrointestinal, musculoskeletal, and neuropsychiatric) and
episodes of anaphylaxis were evaluated by interview and
medical record files. Bone mineral density was determined by
using dual-energy x-ray absorptiometry.

Results: Median fraction (range) of KIT D816V positive cells
was 0.6 (0.01%-90%) in BM and 0.3 (0.003%-49%) in PB.
Mutation level did not differ between patients with none/mild
symptoms and patients with moderate/severe symptoms,
patients with and without anaphylaxis, or patients with
osteoporosis/osteopenia and normal bone mineral density. No
significant differences in clinical profile were detected in
patients with different levels of mutation except for an
indication of longer disease duration and age in patients with
highest mutation levels.

Conclusion: To our knowledge, this is the first report on the
clinical impact of the fraction of KIT D816V mutation positive
cells in ISM, which in the present study does not seem to
correlate with clinical manifestations of the disease. (J Allergy
Clin Immunol 2013 ;uuN:=uN-EEN,)
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Systemic mastocytosis (SM) is a heterogeneous group of
diseases with clonal expansion of mast cells (MCs) in various
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Abbreviations used
BM: Bone marrow
BMD: Bone mineral density
DXA: Dual-energy x-ray absorptiometry
GI: Gastrointestinal
ISM: Indolent systemic mastocytosis
MCs: Mast cells
PB: Peripheral blood
SM: Systemic mastocytosis

organs.1 Almost all adult patients with SM carry the somatic KIT
A2447T mutation leading to D816V amino acid substitution,
resulting in autoactivation of the KIT receptor tyrosine kinase
and ligand-independent MC proliferation and differentiation.”™
The World Health Organization classifies SM into distinct cate-
gories, of which indolent SM (ISM) is by far the most frequent.>®
Even though ISM is characterized by a persistent, nonaggressive
course and a normal life expectancy,”® symptoms related to MC
mediator release (skin symptoms, gastrointestinal [GI] symp-
toms, musculoskeletal pain and neuropsychiatric symptoms,
and even life-threatening anaphylaxis”') can be debilitating.
Furthermore, an increased frequency of osteoporosis even at
young age is seen in ISM.""'2 The precise pathogenesis and ex-
planation for the varying severity of symptoms in ISM is not clear.
We recently introduced the fraction of mutation-positive cells
in both peripheral blood (PB) and bone marrow (BM) aspirate as
new variables generally applicable in patients with SM by using a
sensitive and quantitative KIT D816V mutation analysis.]3 In ad-
dition to detecting the mutation in BM, the method consistently
allows detection of the mutation in PB in ISM.'* In the present
study, we tested whether the fraction of KIT D816V mutation-
positive cells in PB and BM was different in groups of adult
patients with ISM with different severity of MC mediator release
symptoms, occurrence of anaphylaxis, and osteoporosis.

METHODS

Patients

From our cohort of adult patients diagnosed with ISM at the Mastocytosis
Centre, Odense University Hospital, Denmark, we included 48 patients in this
study in whom the KI7 D816V mutation level in both BM aspirate and PB was
determined by using real-time quantitative PCR. The following patients were
excluded: KIT D816V mutation-negative patients (n = 1), patients in whom
the mutation level was not available or performed only in BM, PB, or skin
(n = 14), and patients who had received cytoreductive treatment at other hos-
pitals prior to determination of the mutation level at our center (n = 3).

The ISM diagnosis was based on adequate BM biopsy specimens in all
patients in accordance with the 2008 World Health Organization diagnostic
criteria® and by exclusion of aggressive subtypes of SM. Onset of disease was
defined as the time of onset of skin elements or as the first severe MC mediator
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release episode, whatever came first. Time of diagnosis was defined as time of
positive BM biopsy.

Antimediator therapy in all patients was recorded by medical record files.
Local ethics guidelines were followed for this study.

Mutation analysis

Sensitive and quantitative KIT D816V analysis using mutation-specific
real-time PCR was performed by using DNA extracted from unfractionated
PB and BM aspirate as previously described."

Results are calculated as the fraction of KIT D816V mutation-positive het-
erozygous cells (hereafter “fraction of KIT D816V positive cells” or “muta-
tion level”) as previously described in detail,'* which is in line with the
general assumption that most cells carry the mutation heterozygously.'>

As part of the data-analysis, we stratified patients by mutation level in PB
into 4 subgroups to look for differences in the clinical parameters investigated.
To allow evaluation of patients with the highest levels of mutation and
separately and create groups of approximately similar sizes, we chose the
following cutoffs for the subgroups: (1) 0.003% to 0.1%, (2) 0.1% to 1%, (3)
1% to 10%, and (4) 10% to 100% mutation-positive cells.

Mediator-related symptoms

All 48 included patients had been clinically examined by one of the authors
(S.B.-0.) and on the basis of this and existing medical record files, the
mediator-related symptoms were graded O = none (no symptoms), 1 = mild
(mild or infrequent symptoms not requiring therapy or controlled by on-
demand therapy), 2 = moderate (moderate symptoms that require and can be
controlled by daily therapy), and 3 = severe (severe symptoms that in spite of
daily therapy are not well controlled) in accordance with previous reports.®'®
Symptoms were evaluated for 4 parameters: skin (pruritus, whealing, or flush-
ing), GI (diarrhea, abdominal pain/cramping, or gastroesophageal reflux),
musculoskeletal (bone pain or myoarthralgia), and neuropsychiatric (depres-
sion, loss of concentration, moods, or fatigue). Skin symptom score was thus
not area of skin involvement (skin lesions) but severity of mediator-related
skin symptoms.

For comparative analysis with respect to mutation levels, patients were
divided into 2 groups: one showing no to mild symptoms, and the other with
moderate to severe symptoms.

Anaphylaxis

Anaphylaxis was defined according to international guidelines.'” Mild
episodes that by some definitions of anaphylaxis'® are graded as level
1 were excluded. Time point of retrospective evaluation in each patient was
defined as the time of mutation analysis. Anaphylactic episodes that were
not confirmed by hospitalization or medical record files were recorded on
the basis of patient history by careful evaluation and exclusion of non—masto-
cytosis-related events.

Bone mineral density

Areal bone mineral density (BMD) of the lumbar spine (L1-L4) and
nondominant total hip region was measured by using dual-energy x-ray
absorptiometry (Hologic Discovery, Waltham, Mass). T'and Z scores were cal-
culated by using a Hologic-provided reference range at the spine and the
National Health and Nutrition Examination Survey III reference range at
the hip.19 In our unit, the coefficient of variation for measurements of total
hip and spine is 1.5% at each site. T score is the number of SDs below the
young adult mean in the same sex, and Z score is the age-matched equivalent.
In none of the patients was the T score or the Z score of the hip lower than that
of the spine; thus, values only for the spine were chosen for analysis in this
study. Osteoporosis was defined according to World Health Organization
guidelines as a T-score equivalent to or less than —2.5 and osteopenia as a
T score between —1.0 and —2.5. If more than 1 scan had been performed, re-
sults from the dual-energy x-ray absorptiometry scan closest to SM diagnosis
were used. In 5 patients who were on antiosteoporotic treatment prior to the
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determination of mutation level, the result of first dual-energy x-ray absorpti-
ometry scan was used for analysis based on the assumption that the antiosteo-
porotic treatment should not affect the mutation level.

Statistical analysis

Data are presented as median (range) for continuous variables and as
frequencies (%) for categorical variables. Box plots are depicted as classic 5
number summaries: minimum, lower quartile, median, upper quartile, and
maximum. Between-group differences were assessed with the Mann-Whitney
U or Kruskal Wallis test for continuous variables and the x> or Fisher exact test
for categorical variables. Associations between continuous variables were an-
alyzed by correlation analysis (Spearman correlation coefficients p). Reported
P values are considered statistically significant if below .05. Statistics were
performed by using SPSS 20.0 (IBM Corporation, Armonk, NY).

RESULTS
Patient demographics and clinical characteristics

Findings are summarized in Table I. The slight female prepon-
derance, median age at onset, and disease duration was similar to
reports on SM by others”'*'* as was the median level of baseline
serum tryptase (Thermo Fisher, Uppsala, Sweden), which was
30.1 (5.4-294) ng/mL.

All patients except 1 had classic urticaria pigmentosa lesions in
the skin, ranging from fewer than 10 elements up to widespread
skin involvement. Skin lesions were the presenting symptom in
more than 90% of the patients. None of the patients had
teleangiectasia macularis eruptiva perstans, but several patients
had dilated, sometimes confluent, small blood vessels in con-
junction with the urticaria pigmentosa lesions especially with
long disease duration and probably secondary to histamine load in
the skin. Interestingly, when dividing patients by skin area
involvement into (1) none to mild (n = 19) and (2) moderate to
severe (n = 29) on the basis of clinical examination and photo-
graphs, we found no significant differences when comparing the
median mutation level in these 2 groups (PB: P = .19; BM:
P = 34).

On evaluating the use of antimediator therapy, we found that 19
(39.6%) patients had received therapy before referral—mainly
nonsedating H1 antihistamines in low dose—and often on-
demand therapy. After referral/diagnosis, 37 (77.1%) patients
received antimediator therapy (H1 antihistamines, H2 antihista-
mines, montelukast, cromolyn sodium—often combined). These
frequencies of therapy before and after referral are similar to
reports by others.'?

KIT D816V

The median fraction of KIT D816V mutation-positive cells was
0.6 (0.01%-90%) in BM and 0.3 (0.003%-49%) in PB. As ex-
pected, and in line with previous findings,'* a highly significant
correlation between mutation burden in BM and PB was detected
(r=10.9, P <.001), illustrated in Fig 1. We found no difference in
the mutation level in men and women (PB: P =.85, BM: P =.96).

Findings of stratification of patients by mutation level into 4
subgroups are summarized in Table I. No significant differences
in clinical profile in these subgroups were observed concerning
mediator-related symptoms, anaphylaxis, and osteoporosis/osteo-
penia (P >.05). Median BMD Z score was higher in the subgroup
with the highest mutation level; however, ranges were clearly
overlapping and the difference not significant (P > .05). The
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TABLE I. Demographic and clinical data in total study population and in 4 subgroups divided by KIT D816V mutation level

Mutation level

Variable Total (N = 48) 0.003%-0.1% (n = 16) 0.1%-1% (n = 14) 1%-10% (n = 11) 10%-100% (n = 7)
Males 20 (41.7) 7 (43.8) 5 (35.7) 6 (54.5) 2 (28.6)
Age at onset* (y) 36 (2-64) 24 (11-44) 36 (20-62) 38 (2-64) 46 (20-58)
Age at diagnosisT (y) 45 (19-77) 43 (19-49) 46 (27-65) 62 (31-77) 59 (40-77)
Disease duration at diagnosis (y) 11 (1-41) 8 (1-29) 5 (1-25) 18 (1-41) 19 (5-25)
Moderate-severe skin symptomsy 16 (33.3) 7 (43.8) 2 (14.3) 3(27.3) 4 (57.1)
Moderate-severe GI symptoms§ 15 (31.3) 7 (43.8) 2 (14.3) 3 (27.3) 3 (42.9)
Moderate-severe musculoskeletal 9 (18.8) 5 (31.3) 2 (14.3) 1.1 1(14.3)
symptoms||
Moderate-severe neuropsychiatric 8 (16.7) 3 (18.8) 2 (14.3) 109.1) 2 (28.6)
symptoms¥
Anaphylaxis 17 (35.4) 8 (50.0) 4 (28.6) 3(27.3) 2 (28.6)
Osteoporosis or osteopenia 32 (66.7) 9 (56.3) 10 (71.4) 8 (72.7) 4 (57.1)

BMD Z score (SD) —1(=3.7 to +2.0)

—1.3 (=37 to +2.2)

—09(=30to +1.2) —1.1(=29to +1.1) +0.1 (—3.7to +2.2)

Note. Results are expressed as number of patients (percentage of total patients studied) for categorical variables and median (range) for continuous variables.

*Date of appearance of skin lesions or first severe MC mediator release episode.
fDate of positive BM biopsy.

{Pruritus, whealing, flushing.

§Diarrhea, abdominal pain/cramping, reflux.

|[Bone pain, myoarthralgia.

9 Depression, loss of concentration, moods, fatigue.

100
* o
‘e
*
& 107 *
e ¢ *
% * 00
8 * 00 o
[
2 1 .
H
: K A
2 *
3 * *
a
g 01 23 *
X
N R
* 0 *
* *
0.01 4 *
¢ *
> *
0.001 : : : .
0.01 0.1 1 10 100

%KIT D816V positive cells (BM)

FIG 1. Mutation burden in BM and PB in the 48 patients studied demon-
strating a highly significant mutual correlation (r = 0.9, P < .001). Median
fraction of KIT D816V positive cells was 0.6 (0.01%-90%) in BM and 0.3
(0.003%-49%) in PB.

median age at onset, age at diagnosis, and disease duration were
higher in the subgroups with the highest mutation level—however
not significantly (P >.05)—and on analyzing the whole group, no
clear significant correlation between the fraction of mutation-
positive cells in PB or BM and disease duration at the time of di-
agnosis was detected (Fig 2) (PB: r = 0.2, P =.12; BM: r = 0.04,
P =.16).

Of note, among the 7 patients with a high mutation level above
10% we have observed no signs of progression to aggressive
disease in a follow-up period of 18 months (7-38).

The patient with the highest mutation level had 90% mutation-
positive cells in BM. This patient was a 59-year-old woman with
ISM with moderate-severe skin symptoms, but otherwise very
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FIG 2. Mutation burden in PB in relation to duration of disease at diagnosis.
No significant correlation is seen (r = 0.05, P = .13). A similar result was
found for BM (r = 0.04, P = .16).

few and mild symptoms, normal Z score, and no evidence of
hematologic abnormalities.

Mediator-related symptoms

No significant difference in the fraction of KIT D816V
mutation-positive cells was detected between the groups with dif-
ferent severity of the 4 included types of MC mediator-related
symptoms (skin, GI, musculoskeletal, and neuropsychiatric).

Skin symptoms consisting mainly of pruritus or whealing were
prevalent in 41 (85.4%) patients, of whom 16 (33.3%) had
moderate or severe symptoms. GI symptoms were present in 33
(68.8%) patients—manifesting as abdominal pain with (29.2%)
or without (18.8%) diarrhea and/or peptic symptoms (45.6%). GI
symptoms were moderate or severe in 15 (31.3%) patients.
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FIG 3. Mutation burden in BM and PB in relation to symptoms, anaphylaxis, and osteoporosis. White bars
represent PB and gray bars BM. A-D, Patients divided by severity of symptoms into 2 groups: none to mild or
moderate to severe concerning (Fig 3, A) skin, (Fig 3, B) GI, (Fig 3, C) musculoskeletal, and (Fig 3, D) neuro-
psychiatric symptoms. E, Patients divided by occurrence of anaphylactic episodes or not. F, Patients divided
by occurrence of osteoporosis/osteopenia or normal BMD. No significant differences in any of the param-

eters (Fig 3, A-F) can be observed (P > .05).

Musculoskeletal pain, primarily originating from the lower back,
hips and femora, neck, and shoulders, was seen in 17 (35.4%)
patients, of whom 9 (18.8%) had moderate or severe symptoms.
Neuropsychiatric symptoms were seen in 15 (31.3%) patients. In
8 (16.7%) cases, these symptoms were moderate or severe and
included loss of concentration/memory problems, fatigue, and
depressive symptoms. Findings are summarized in Fig 3.

Anaphylaxis

A total of 35.4% of the patients had suffered from 1 or more
episodes of anaphylaxis. Elicitors were similar to reports from
others (hymenoptera venom, drugs, contrast media, food/alco-
hol). No significant difference was detected in the fraction of KIT
D816V mutation-positive cells in patients with and without
anaphylaxis. Findings are shown in Fig 3, E.

Three patients had experienced 2 or more episodes of anaphy-
laxis. Separate comparison did not indicate decreased or
increased mutation level in these patients compared with the
remaining cases.

Osteoporosis

Osteoporosis was found in 14 (29.2%) patients, and osteopenia
was found in 18 (37.5%) patients. Three (6.3%) patients had
experienced an osteoporotic fracture (2 spine, 1 hip—all fe-
males). No significant difference in the mutation level was
detected between the group of patients with osteopenia and

osteoporosis and the group of patients with normal BMD
(P =.43), as shown in Fig 3, F. Neither was there a significant dif-
ference when analyzing the 3 groups separately (P =.47). Among
the patients with osteoporosis/osteopenia (n = 32), 6 women were
postmenopausal opposed to none in the group with normal BMD.
No other significant confounders for low BMD (ie, familial dispo-
sition, vitamin D insufficiency, smoking habits, steroid usage)
were identified (P > .05). A total of 8 of 14 (57.1%) patients
with osteoporosis and 5 of 18 (27.8%) patients with osteopenia
had used antimediator treatment prior to the determination of
BMD compared with 6 of 16 (37.5%) patients with normal
BMD, without significant differences (P >.05).

Median Z score in the entire patient group was —1 SD (—3.7
to —2)—thus, below-average BMD for age-matched healthy indi-
viduals. As illustrated in Fig 4, we found no correlation between
the fraction of KIT D816V mutation-positive cells and Z score
(PB: r = 0.10, P = .49; BM: r = 0.02, P = .79).

DISCUSSION

In the present study, we demonstrate that the fraction of KIT
D816V mutation-positive cells in PB or BM does not differ signif-
icantly between adults with ISM with different severity of clinical
symptoms. We consider this result to be in line with previous data
from our laboratory demonstrating that the MCs account for the
mutation-positive cell fraction to a varying degree and that the
majority of the KIT D816V mutated cells in PB and BM do not
represent mature MCs."* A high and variable proportion of the
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FIG 4. Mutation burden in PB in relation to age-matched BMD (Zscore). No
significant correlation is seen (r = 0.10, P = .49). Similar result was found
for BM (r = 0.02, P = .79).

mutation-positive cell fraction is therefore unlikely to contribute
to the mediator-related symptoms in ISM and thus probably do
not possess the capabilities of the mature MC regarding mediator
production and degranulation. Whether this reflects the KIT
D816V mutation being carried by cells of non-MC lineage or
by nonmature MC progenitors is presently not clear, and studies
combining highly sensitive KIT mutation analysis methods with
cell sorting in PB and BM are needed to clarify this.

There is evidence that the KI7 D816V mutation leads to a hy-
perreactive MC phenotype with a reduced threshold for MC acti-
vation.'?*?! The findings in the present study do not contradict
this, because the mutation level found is most likely a result of
non-MCs and immature MCs carrying the mutation and thus
reflecting the clonal expansion of the disease.

The study population in our study overwhelmingly consists of
patients with presence of skin lesions. The findings may therefore
not apply to patients without skin lesions or to patients with
monoclonal mast cell activation syndrome.

We did not find clear evidence for a higher mutation level in
patients with longer duration of disease, as should have been
expected by the clonal nature of the disease. Time of onset was,
however, an estimate in patients in whom firm evidence (skin
biopsy/admittance to hospital) was not available, and onset of
skin lesions can be inconspicuous. Furthermore, the sample size is
relatively small. These uncertainties should caution against
drawing firm conclusions; however, a substantial part of the
patients studied and even many of those with prolonged duration
of disease had a very low mutation level, thus strengthening the
general observation of ISM being a stable and slowly progressing
disease.

It has been suggested that multilineage involvement of the KIT
D816V may be a marker for progression of ISM to more severe
forms.® In 1998 Worobec and colleagues22 published a study on
65 patients with mastocytosis in whom they detected the KIT
D816V mutation in PB in 16 (25%) patients, of whom 7 had
ISM and 9 had SM with an associated clonal hematologic non-
MC disease. The patients in whom the mutation was positive in
PB were characterized by older age, longer disease duration,
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more severe clinical symptoms including skeletal involvement,
hematologic abnormalities, and more severe course of disease.
Because the method used for mutation detection in this previous
study was less sensitive than the method used in the present study,
these patients are likely to have had the highest levels of mutation-
positive cells in the study population. Apart from indications of a
higher age and disease duration among the subgroup of patients
with higher mutation level also found in our study, the previous
results represent an apparent contradiction to the present results.
However, the conclusion in our study is supported by a detailed
analysis of the 7 patients with a mutation level above 10% indicat-
ing non-MC and potential multilineage involvement where no
significant differences in clinical profile from remaining patients
could be observed. Also, in the short period of follow-up, none of
these patients had signs of disease progression. Further studies
including a larger number of patients with a longer observation
period are needed to elucidate whether patients with high muta-
tion levels in fact represent a distinct subpopulation of patients
with ISM, and whether the level of mutation may serve as a pre-
dictor of the course of disease.

Our study demonstrates that the high level of variation in the
fraction of KIT D816V mutation-positive cells in PB and BM in pa-
tients with ISM does not explain the clinical heterogeneity of the
disease. Patients with low mutation levels are just as prone to ana-
phylaxis, mediator-related symptoms, and osteoporosis as patients
with higher levels. This finding may, to some extent, support the
clinical practice that cytoreductive treatment is not warranted in
most cases of ISM and should mainly be preserved for aggressive
forms of the disease, bearing in mind the benign course of ISM
with a normal life expectancy and with a low risk of progression
to more aggressive forms of SM, thus favoring a treatment strategy
focused on relief of symptoms and improving quality of life.

Generally recommended antimediator treatments in ISM
include H1 antihistamines and H2 antihistamines, proton pump
inhibitors, cromolyn sodium, leukotriene antagonists, short-term
glucocorticoids, aspirin/nonsteroidal anti-inflammatory drugs
(if tolerated), and avoidance of trigger factors for MC degranula-
tion.® In addition, it is recommended that all patients with SM carry
an emergency kit containing epinephrine for self-medication in
case of anaphylaxis,” which the findings in the present study sup-
port, because one third of included patients had suffered from 1 or
more anaphylactic episodes. Treatments used at our center are in
line with these general recommendations and most frequently in-
clude nonsedating H1 antihistamines (often up-dosed), H2 antihis-
tamines, montelukast, and cromolyn sodium, often combined as
add-on therapies—using an individual, tailored approach in each
patient depending on the type and severity of symptoms.

The frequency of osteoporosis (29.2%) and osteopenia (37.5%)
and osteoporotic fractures (6.3%) in the study population is
similar to descriptions from other groups' L2 byt somewhat
higher than that in other published series.® The pathologic mech-
anism responsible for the development of osteoporosis in SM is
not fully understood and is probably multifactorial. In the actual
study, we found no evidence that the KIT D816V mutation level
correlated with BMD. It is possible that MC activation and release
of mediators rather than MC burden is of pathogenic impor-
tance.”® Whether reported differences in the frequency of osteo-
porosis in different series of patients with SM reflect
differences in the use of antimediator therapy is not clear. In
our study, we did not find differences in the use of antimediator
therapy between patients with low BMD and patients with normal
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BMD. Further studies are needed to clarify the role of optimal
antimediator therapy in prophylaxis and treatment for osteoporo-
sis related to mastocytosis.

In conclusion, here we present the first experimental data from
a series of adults with ISM demonstrating that the fraction of KIT
D816V mutation-positive cells in PB and BM does not correlate
with clinical manifestations of the disease. Further studies on a
larger number of patients and including the rare aggressive forms
of the disease are needed to elucidate the prognostic value and
role of mutation level in the management of SM.

We thank the following colleagues from Odense University Hospital,
Denmark: Staff at Allergy Centre, Ole Clemmensen, MD, Department of
Pathology, and Pernille Hermann, MD, PhD, Department of Endocrinology,
for help in diagnostic workup; Charlotte Mgrtz, MD, PhD, and Esben Eller,
PhD, Department of Dermatology and Allergy Centre for help in statistical
analysis.

Clinical implications: Level of KIT D816V mutation-positive
cells is a new variable in SM. In this first study, we found no cor-

relation between mutation level and symptoms, anaphylaxis, or
osteoporosis in ISM.
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