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Summary

The diagnosis of ‘rare diseases’, such as mastocytosis, remains a challenge.

Despite this, the precise benefits of referral of mastocytosis patients to

highly specialized reference centres are poorly defined and whether patients

should be managed at non-specialized versus reference centres remains a

matter of debate. To evaluate the quality and efficiency of diagnostic proce-

dures performed at the reference centres for mastocytosis in Spain (REMA)

versus other non-reference centres, we retrospectively analysed a series of

122 patients, for the overall degree of agreement obtained for the World

Health Organization (WHO) diagnostic and classification criteria betwen

the referring and REMA centres. Our results showed that not all WHO

diagnostic criteria were frequently investigated at the referring centres.

Among the five WHO diagnostic criteria, the highest degree of agreement

was obtained for serum tryptase levels [median 90% (95% confidence inter-

val 84–96%)]; in turn, the overall agreement was significantly lower for the

major histopathological criterion [80% (72–89%)], and the other three

minor criteria: cytomorphology [68% (56–80%)] immunophenotyping of

BM mast cells [75% (62–87%)] and detection of the KIT mutation [34%

(8–60%)]. Referral of patients with diagnostic suspicion of mastocytosis to

a multidisciplinary reference centre improves diagnostic efficiency and

quality.

Keywords: systemic mastocytosis, reference centre, rare disease, flow

cytometry, KIT mutation.

Mastocytosis is a rare clonal disorder characterized by the

expansion and accumulation of pathological mast cells (MC)

in distinct organs and tissues, such as the skin, gastrointesti-

nal tract and/or the bone marrow (BM) (Valent et al, 2007;

Horny et al, 2008). A prevalence of mastocytosis of 1 per

10 000 inhabitants has been reported, but under-diagnosis is

assumed (Brockow, 2014). Although symptoms observed at

presentation are mainly caused by MC infiltration and accu-

mulation in the involved tissues and/or by the release of

MC-mediators triggered by different stimuli (Akin & Met-

calfe, 2004; Alvarez-Twose et al, 2010), they are very hetero-

geneous due to the variety of tissues involved, the specific

patterns of involvement observed, and the broad spectrum of

triggers for MC activation.

In most adult cases and in a significant fraction of child-

hood mastocytosis, the disease involves multiple tissues with

systemic dissemination. According to the World Health

Organization (WHO) (Horny et al, 2008), diagnosis of sys-

temic mastocytosis (SM) requires coexistence of one major

criterion (presence of multifocal dense aggregates of ≥15 MC

in BM and/or other extracutaneous tissues) plus one minor

criterion or, in the absence of the major criterion, simultane-

ous detection of at least three out of four minor criteria- (i)

presence of morphologically atypical MC in smears or biopsy

sections of BM or other extracutaneous organs, (ii) aberrant

expression of CD25 and/or CD2 by BM MC, (iii) presence of

the KIT D816V mutation in BM, blood or other extracuta-

neous organs, and (iv) serum tryptase levels >20 lg/l in the
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absence of other disorders associated with increased serum

tryptase (Sperr et al, 2001a; Klion et al, 2003; Valent et al,

2008). Other clinical and biological findings and imaging

data are also informative for subclassification of the disease

(Valent et al, 2007; Horny et al, 2008). Overall, seven cate-

gories of mastocytosis are defined by the WHO classification,

namely: (i) cutaneous mastocytosis (CM), (ii) extracutaneous

mastocytoma, (iii) indolent SM (ISM), (iv) aggressive SM

(ASM), (v) SM associated with another clonal haematological

non-MC lineage disease (SM-AHNMD), (vi) MC leukaemia

(MCL), and (vii) MC sarcoma(Valent et al, 2007; Horny

et al, 2008). In addition, the WHO also defines another

(provisional) diagnostic subtype of ISM -i.e. smouldering

SM (SSM)- and two new subvariants of SM and ISM have

been more recently recognized, i.e. well-differentiated SM

(WDSM)(Akin et al, 2004; Garcia-Montero et al, 2006;

Alvarez-Twose et al, 2015) and ISM in the absence of skin

lesions (ISMs�), respectively (Alvarez-Twose et al, 2010).

Diagnosis of ‘rare diseases’ in routine clinical practice still

remains a challenge. This is particularly true for rare diseases

such as mastocytosis, which require a multidisciplinary diag-

nostic approach together with highly-specialized laboratory

diagnostic tests (Valent et al, 2007, 2011). Following the

European Union recommendation for rare diseases, the

European Competence Network on Mastocytosis (ECNM),

an european network of Reference Centres and Centres of

Excellence, has been created, to increase patient access to

comprehensive high quality and cost-effective diagnostics and

treatment of mastocytosis (Ayme & Rodwell, 2014). Among

the ECNM Reference Centres, the Spanish Network on Mas-

tocytosis (REMA) has become one of the most active and

successful. At present, the REMA integrates two major units:

a clinical reference centre (Instituto de Estudios de Mastoci-

tosis de Castilla-La Mancha in Toledo; CLMast) which

belongs to the public healthcare system of Spain, and a refer-

ence diagnostics laboratory at the Cancer Research Centre of

the University of Salamanca (CIC; Salamanca, Spain).

Patients from all over Spain are referred to the REMA, which

acts as the reference centre for the National Health Care sys-

tem in Spain with a total of 1722 patients (1346 adults and

376 children) being currently followed. Although most

patients are referred to the REMA with the suspicion of suf-

fering mastocytosis based on clinical symptoms and/or the

presence of increased serum tryptase levels, there are still

many patients that are referred only after a BM study and

diagnosis had been established (or attempted) at the referring

centres, sometimes even only when disease progresses to

more advanced forms.

Here we report on a retrospective analysis of 122 patients

who have been referred to the REMA with diagnostic suspi-

cion of mastocytosis after a BM study had been performed at

the referring (external) centre. Our major aim was to com-

pare the results of the diagnostic work-up of BM specimens

at the referring (non-specialized) centres with the final diag-

nosis made by the REMA.

Patients and methods

Patients

A total of 122 patients (61 women; 61 men) were retrospec-

tively studied. As BM studies are not routinely performed in

children, only adult patients (median age, 49 years; range

19–80 years), were selected for this analysis. The median time

between the BM study at the referring centre and the REMA

centre was 11 months (range: 12 d–13 years).

Inclusion criteria were: (i) adult patients referred to the

REMA between May 2007 and March 2014 with suspicion or

diagnosis of mastocytosis, (ii) BM study performed both at

the centre of origin and at the time of referral to the REMA,

and (iii) data available for all studies performed prior to

REMA referral. For this purpose, the results of BM examina-

tion were retrospectively collected from the referring centres,

directly from the clinical records provided by the patients or

their medical doctors at the centre of origin. All patients gave

their written informed consent to participate in the study

according to the Declaration of Helsinki and the study was

approved by the Institutional Ethics Committee of the Com-

plejo Hospitalario de Toledo (Toledo, Spain).

Diagnostic work-up for mastocytosis at the REMA

At referral to the REMA, all 122 patients had a complete

physical examination, blood cell count and differential,

routine serum biochemistry tests and abdominal ultrasonog-

raphy and/or computerized tomography (CT) scan. Osteo-

porosis was defined following well-established criteria

(Miller, 2006) and presence of bone sclerosis -as assessed by

skeletal X-ray survey and/or CT scan- was also recorded.

Skin biopsy was performed in all cases with cutaneous

lesions. Serum baseline tryptase (sBT; Phadia, Uppsala, Swe-

den) was measured in all patients at the time of BM biopsy.

In order to confirm mastocytosis, every patient underwent

a new BM aspiration and biopsy at the REMA, following

routine procedures that included systematic assessment of all

WHO diagnostic criteria. Therefore, BM evaluation was

performed following previously established criteria for mor-

phology (Sperr et al, 2001b), histopathology, immunohisto-

chemistry (Horny & Valent, 2001; Li, 2001), flow cytometry

immunophenotyping (Teodosio et al, 2010), detection of

KIT mutations (Sotlar et al, 2003; Garcia-Montero et al,

2006) and BM MC clonality, as previously reported in detail.

Briefly, for morphological evaluation BM smears were stained

with Wright-Giemsa and toluidine blue, and analysed by two

independent haematopathologists using light microscopy. In

each case, 25–100 MC were analysed and classified as

described elsewhere (Sperr et al, 2001b). In addition, the

presence of MC aggregates in BM particles was assessed in

toluidine blue-stained samples; presence of focal or diffuse

eosinophilia, as well as dysplastic features were also examined

and recorded. In turn, BM biopsy sections were stained for
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haematoxylin-eosin, giemsa, tryptase and KIT (c-kit), and

analysed by three independent haematopathologists for over-

all cellularity, MC number and morphology, presence of

compact MC aggregates, grade and type of MC infiltration,

presence of fibrosis, bone sclerosis, and lymphoid aggregates.

Immunophenotypical analysis of BM MC was routinely per-

formed in parallel in the two REMA centres following REMA

guidelines (Escribano et al, 2004) and a standard 6–8 colour

flow cytometry antibody panel.(Morgado et al, 2014; San-

chez-Mu~noz et al, 2014; Teodosio et al, 2015).

The KIT D816V mutation, as well as other KIT mutations

localized at exon 17 (codons 814–819), were investigated

on highly purified (≥97% purity) BM MC and other

haematopoietic cell populations, as previously described (Sot-

lar et al, 2003; Garcia-Montero et al, 2006). In addition,

identification of KIT mutations at exons 2, 9, 10, 11, 13, 14

and 15 was performed on genomic DNA by direct sequenc-

ing of amplified PCR products, using the dye-deoxy termina-

tor method, and an ABI Prism 3100 Genetic Analyser

(Applied Biosystems, Foster City, CA, USA).

Statistical methods

The SPSS 15.0 software (Chicago, IL, USA) was used for all sta-

tistical analyses. Median values, mean and standard deviation

(SD), as well as range, were calculated for all continuous

variables; for categorical variables, frequencies were used. Com-

parisons between groups were performed with either the non-

parametric Kruskal–Wallis and Mann–Whitney U tests (for

continuous variables) or the Pearson chi-square and Fisher

exact tests (for categorical variables). The grade of correlation

between two continuous variables was assessed by the coefficient

of determination (R2). Receiver operating curve (ROC) analysis

was used to assess the sensitivity and specificity of each variable

or combination of variables, for the diagnosis and classification

of individual cases. The overall degree of agreement (OA) was

calculated as the proportion of concordant cases from all cases

analysed, and the statistical significance of such agreement was

assessed by the McNemar chi-square test for paired categorical

variables and the kappa coefficient (k) (proportion of agreement

higher than that corresponding to a random agreement); based

on the k-value, the degree of agreement of the results was classi-

fied as follows: (i) very low agreement: k < 0�20, (ii) low agree-

ment: k ≥ 0�21 and ≤0�40, (iii) moderate agreement: k ≥ 0�41
and ≤0�60, (iv) good: k ≥ 0�61 and ≤0�80, and (v) excellent

agreement: k ≥ 0�80 and ≤1�0 (Fleiss, 1981); P values <0�05 were
considered to be associated with statistical significance.

Results

Number of diagnostic tests fulfilled and evaluable test
results

Based on the diagnostic work-up performed at the referring

centres, only 16/122 (13%) patients, had data available for all

five WHO diagnostic criteria for SM (Table I and Fig 1); in

44 cases (36%) 4/5 criteria were studied, while ≤3 criteria

were assessed in the remaining 62/122 (51%) patients. sBT

was evaluated in 108 (89%) cases, the major histopathologi-

cal criterion was assessed in 106 (87%) patients and MC

cytomorphology in 86 (71%) cases, whereas the immunophe-

notype of BM MC and the presence of KIT mutation were

investigated in whole BM sample in only 64 (53%) and 38

(31%) patients, respectively (Table I and Fig 1). In contrast,

all WHO criteria were successfully assessed at the REMA in

virtually every case (119/122 patients, 98%; P < 0�001)
(Table I) and 4/5 criteria were studied in the remaining three

cases in whom KIT mutational analysis could not be per-

formed because not enough BM MC were available. Thus,

except for the KIT mutation, all the other four diagnostic

criteria (sBT, presence of BM compact MC aggregates in the

BM and an altered BM MC immunophenotype and mor-

phology) were systematically investigated (P < 0�001). In

those 119/122 cases (98%), in whom the KIT mutation was

investigated, both purified BM MC and other purified BM

cell populations were independently assessed.

Discrepancies obtained for the diagnostic tests at the
referring centres versus the REMA

Skin mastocytosis. Presence versus absence of cutaneous

lesions typical of mastocytosis in the skin (MIS) was found

to be concordant among the referring and REMA centres in

97% of cases, with only four discrepant cases (P = 0�63). Of

the latter four cases, one patient was found to have skin

lesions at the REMA, but not diagnosed with MIS by the

referring centre, probably because the lesions were very faint

and a skin biopsy was not initially performed in this patient.

In the other three patients, MIS was diagnosed at the refer-

ring centre, but no typical MIS lesions were observed in their

skin, when the patients were referred to the REMA. As MIS

could have disappeared from initial diagnosis before the

patients were referred and studied at the REMA, skin biopsy

specimens available at the referring centre were re-assessed;

no histopathological evidence of MIS was found in any of

these three cases.

Serum tryptase levels. The median sBT level at the referring

centres was 38�4 ng/ml (range: 2�6–398 ng/ml); overall, such

levels were very similar (P = 0�62) to those obtained at refer-

ral to the REMA (median of 39�3 ng/ml; range: 2�3–598 ng/

ml) (Figure S1), with a percentage agreement between the

two groups of centres of 90% for the diagnostic sBT cut-off

level of 20 ng/ml (P = 1�0; k = 0�74), despite the time

elapsed between the studies (Figure S1). In 6/11 discrepant

cases, sBT level <20 ng/ml was detected at first evaluation at

the referring centre, while sBT >20 ng/ml was found at refer-

ral to the REMA with a median time lapse between studies

of 23 months (range: 4–48 months). For the other five dis-

cordant cases, increased sBT (>20 ng/ml) levels were initially
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found at the referring centre, but they were not confirmed

during the REMA diagnostic work-up. The latter discrepan-

cies (particularly marked in 2/5 cases) could be due to the

fact that either sBT levels had not been initially analysed dur-

ing a basal situation of the disease, but during an exacerba-

tion of the MC-mediator release symptoms or because

patients had been treated with agents that block the release

of MC mediators.

BM histopathology. Full concordance between the results of

the evaluation of the WHO major criterion at the referring

and the REMA centres was observed in 80% of cases

(P = 0�01; k = 0�51) (Table II). In 16/20 discrepant patients,

no BM MC aggregates were found at the referring centre,

while their presence was confirmed at the REMA; the oppo-

site was found in the remaining 4 patients. Re-evaluation of

BM specimens at the referring centre was performed in 3/16

discrepant cases from the former group of cases and revealed

presence of BM MC aggregates as per the WHO criterion in

all three patients.

BM MC cytomorphology. Although cytomorphology is rou-

tinely available at most diagnostic haematology laboratories

and it is not a complex technique, cytomorphological assess-

ment of BM MC was only performed in 70% of cases at the

referring centres (P < 0�001). Among those cases assessed for

MC cytomorphology at both sites, the degree of agreement

obtained between the referring and the REMA centres as

regards the presence of an altered BM MC morphology

according to the WHO criterion, was relatively low (68%;

P < 0�001; k = 0�23) (Table II). In two discrepant cases, BM

MC morphology was evaluated as compatible with mastocy-

tosis at the referring centres, while no abnormal MC were

detected in the BM specimen at the REMA; also, one of these

two cases was diagnosed as having SM based only on the

morphological criterion and a sBT level <20 ng/ml; this diag-

nosis was ruled out at the REMA based on the absence of

any WHO criteria compatible with mastocytosis. In turn, in

another 24 cases where an abnormal MC morphology was

found at the REMA, this criterion was not compatible with

mastocytosis at the referring centre.

BM MC immunophenotype. An overall concordance of 75%

was found between the two (referring and REMA) groups of

centres (P = 0�0074; P = 0�31) (Table II). However, in

almost half of the cases (58/122; 48%) this criterion was not

assessed at the referring centres (P < 0�001). Regarding dis-

crepant cases, two patients had an immunophenotype com-

patible with mastocytosis at the referring centre, which was

not confirmed at the REMA. Despite in one of these patients,

the immunophenotype of BM MC was the only WHO com-

patible criteria, the final diagnosis was SM; when this patient

was referred to the REMA, all WHO criteria were investi-

gated but none showed a compatible result, thereby, the

diagnosis of SM was ruled out. The second patient was a caseT
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of MCL, a condition where the BM MC immunophenotype

can be normal (CD2� and CD25�/dimly+). In turn, there

were 13 cases with an immunophenotype compatible with

mastocytosis at the REMA, that were not described as such

at the referring centres; all these cases also had the KIT

mutation, their final diagnosis being ISM in 12 patients (one

of them without skin lesions) and ASM in the remaining

case, with a median percentage of BM MC infiltration by

flow cytometry of 0�14%; the specific diagnoses of these 13

cases at the referring centres were: CM (n = 4), ISM (n = 8)

and ASM (n = 1).

BM MC KIT mutational status. At the referring centres, KIT

mutation was only assessed in BM samples from 38 cases

(31%; P < 0�001); in all these cases whole BM specimens,

but not purified BM MC populations were evaluated, which

frequently leads to a lower sensitivity of detection.(Garcia-

Montero et al, 2006) In fact, the KIT mutation was found in

only 11/38 cases analysed at the referring centres, while 36/38

of these cases showed KIT mutation when analysed at the

REMA centres (29% vs. 95%; P < 0�001) (Table III).

Differences in patient treatment

In order to determine the impact of the above-described dis-

crepancies obtained during the diagnostic work-up for mas-

tocytosis on the clinical management of the patients, we

further investigated differences in the therapies administered

for the same patient cohort. For this purpose, patients were

subdivided into five different treatment groups: (i) those

who received no therapy, (ii) those treated with oral sodium

cromolyn alone, (iii) patients who received histamine recep-

tor blockers, (iv) cases treated with intensive anti-mediator

therapy (sodium cromolyn plus histamine receptor blockers,

corticosteroids or leukotriene (LT) antagonists), and (v)

those who underwent therapy with cytoreductive and/or

Fig 1. Patient distribution according to the combination of the diagnostic criteria evaluated at the referring centres. BM, bone marrow; MC, mast

cell.

Table II. Percentage agreement for the different WHO BM diagnostic criteria for systemic mastocytosis obtained at the referring versus the

REMA centres.

Criterion

Overall agreement

% (95% CI)

P-value

(McNemar chi-square test) Kappa coefficient Overall agreement score

Immunohistochemical 80% (72–89%) 0�01 0�51 moderate

Morphological 68% (56–80%) <0�0001 0�23 low

Immunophenotypical 75% (62–87%) 0�007 0�31 low

KIT D816V+ mutation 34% (8–60%) <0�0001 0�04 very low

Serum tryptase

>20 ng/ml

90% (84–96%) 1�00 0�74 good

The overall degree of agreement (OA) was calculated as the proportion of true positive plus true negative cases from all cases analyzed; the statis-

tical significance of such agreement was assessed by the kappa coefficient (k) (proportion of agreement higher than that corresponding to a

random agreement) and the results were classified as follows: (i) very low agreement: k < 0�20, (ii) low agreement: k ≥ 0�21 and ≤0�40, (iii)
moderate agreement, k ≥ 0�41 and ≤0�60, (iv) good: k ≥ 0�61 and ≤0�80, and (v) excellent agreement: k ≥ 0�80 and ≤1�0 (Fleiss, 1981).

BM, bone marrow; CI, confidence interval; REMA, Spanish Network on Mastocytosis; WHO, World Health Organization.
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immunomodulatory drugs. At the referring centres, 46 cases

(38%) did not receive any treatment versus only 6 patients

(5%) at the REMA (P < 0�001). Consequently, the number

of patients receiving oral sodium cromolyn alone or in com-

bination with antihistamines was 97 (80%) at the REMA ver-

sus only 23 (19%) at the referring centres (P < 0�001). In

contrast, patients treated with only histamine receptor block-

ers comprised the most numerous group at the referring cen-

tres, (45 cases; 37%) versus only 6 (5%) cases at the REMA

(P < 0�001). No significant differences (P = 0�25) were found

as regards the other two treatment groups (Table SI).

Discussion

The diagnosis of mastocytosis requires a multidisciplinary

work-up with the involvement of different groups of medical

experts. This is due to the fact that, despite that the majority

of patients present with dermatological symptoms, in a sub-

stantial fraction of the cases the disease emerges as a MC

activation syndrome or a malignant haematological disorder,

frequently in the absence of skin lesions (Bonadonna et al,

2009; Alvarez-Twose et al, 2010, 2012; Valent et al, 2011;

Matito et al, 2014). Moreover, the last decade has seen a

great improvement in the diagnosis of SM due to the devel-

opment and use of an increasingly broad panel of more sen-

sitive and specific techniques to assess BM involvement [e.g.

by flow cytometry immunophenotyping and polymerase

chain reaction (PCR)-based molecular assays] (Valent et al,

2007; Horny et al, 2008; Teodosio et al, 2010; Sanchez-

Munoz et al, 2011a), in addition to the more conventional

assays. Due to the lack of solid evidence about the quality

and efficiency of the diagnostic work-up, treatment and out-

come achieved in both settings, the need for reference centres

that are highly experienced in mastocytosis still remains a

matter of debate in developed countries.

Here we evaluated the quality and efficiency of the diag-

nostic procedures performed at the reference centres for mas-

tocytosis in Spain (REMA) versus referring centres, which do

not have a dedicated clinical mastocytosis unit. To the best

of our knowledge, this is the first study in which the agree-

ment obtained for the WHO diagnostic and classification cri-

teria, as well as the treatment administered, have been

compared between the two groups of centres for a large

cohort of mastocytosis patients.

Overall, our results showed a significantly better perfor-

mance at the reference versus the referring centres. Thus, at

the centres not specialized in mastocytosis, not all WHO

diagnostic criteria were usually investigated, which may

potentially reflect the lack of awareness about the disease. In

addition, the lack of diagnostic criteria at the referring cen-

tres was also frequently associated with inappropriate diag-

nostic assay performance. For example, BM biopsy was

frequently performed without a BM aspiration being

performed in parallel, making the assessment of the minor

diagnostic BM criteria more difficult; in addition,

immunophenotypic characterization of BM MC was fre-

quently restricted to markers that are useful to identify BM

MC (e.g. CD117), but it did not include evaluation of truly

diagnostic markers, such as CD25 and/or CD2; finally, the

KIT mutation was only investigated at the referring centres

in around one-third of cases. Consequently, only one-third

of the cases matched the correct WHO diagnostic subtype of

mastocytosis at the referring centres.

Despite the limited diagnostic efficiency observed at the

referring centres, the results obtained also reveal a lack of

awareness about the disease and its behaviour. In this regard,

accumulated evidence showed that patients with MIS and an

adult onset have a very high probability (>95%) for systemic

disease (Berezowska et al, 2014); thus, MIS is of high predic-

tive value for SM with BM involvement in adults. However,

due to the lower MC tumour load in the BM of these

patients, usage of high-sensitive flow cytometry immunophe-

notyping and molecular assays is critical for the efficient

diagnosis of SM (Sanchez-Mu~noz et al, 2011b; Alvarez-Twose

et al, 2012). In fact, in cases presenting with low BM MC

numbers (e.g. <0�01%), KIT mutational analysis should be

performed on highly-purified MC(Garcia-Montero et al,

2006; Kristensen et al, 2014) and/or by sensitive allele speci-

fic-oligonucleotide PCR (ASOqPCR) techniques, in order to

overcome the limited sensitivity associated with the conven-

tional molecular assays performed at the referring centres for

other purposes.

In the last decade it has been confirmed that the presence

of multilineage involvement of haematopoiesis by the KIT

Table III. Degree of agreement regarding the KIT mutational status of SM patients obtained at the referring versus the REMA centres.

KIT mutational status

Referring centre*

REMA centres†

Negative

MC-restricted

mutation

Multilineal myeloid

mutation

Multilineal myeloid

and lymphoid mutation

Negative 2 (100%) 20 (91%) 2 (25%) 3 (100%)

Positive 0 (0%) 2 (9%) 6 (75%) 3 (100%)

BM, bone marrow; MC, mast cell; REMA, Spanish Network on Mastocytosis; SM, systemic mastocytosis.

*Assessed in whole BM samples.

†Analysed in fluorescence-activated cell sorted-purified BM MC and other BM cell populations.
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mutation is the most relevant independent prognostic factor

for progression of ISM into a more advanced disease subtype

(e.g. ASM, acute myeloid leukaemia and/or myelodysplastic

syndrome).(Escribano et al, 2009; Teodosio et al, 2013)

Despite this, multilineage involvement of haematopoiesis by

the KIT mutation was never investigated in our cohort at the

referring centres; on the contrary, it was systematically evalu-

ated in unfractionated whole BM samples and not in purified

BM cell populations. Consequently, this lead to inappropriate

and, at least, incomplete prognostic assessment of individual

ISM patients at diagnosis (Garcia-Montero et al, 2006;

Escribano et al, 2009). This may be due to lack of the appro-

priate (specialized) diagnostic approaches required for assess-

ment of multilineage BM involvement by the KIT mutation

at non-specialized centres in Spain. In contrast, the relatively

high frequency of misdiagnosed cases and undertreated

patients with, e.g. limited usage of oral sodium cromolyn,

can only be due to a potential lack of local experience in the

management of mastocytosis.

Therefore, we encourage the medical community not to

perform invasive techniques if the centre is not specialized in

the diagnosis of this disease, particularly if the centre does not

have access to all up-to-date diagnostic tests. Otherwise, this

will only increase the diagnostic costs and delay diagnosis with

potential consequences regarding patient quality of life.

In summary, here we show for the first time that referral

of patients with a diagnostic suspicion of mastocytosis to a

multidisciplinary reference centre improves diagnostic effi-

ciency and quality. At the same time it may avoid repeated

studies, with ultimately decreased costs. Overall, these results

point out the need for highly-specialized reference centres for

the diagnosis and management of mastocytosis patients, in

line with the recommendations of the European Council for

rare diseases (Ayme & Rodwell, 2014).
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