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Abstract 

Background: Sensitive KIT D816V mutation analysis of blood has been proposed to guide 

bone marrow (BM) investigation in suspected systemic mastocytosis (SM). The aim of this 

prospective study was for the first time to compare the D816V-status of the “screening blood 

sample” used to guide BM biopsy in suspected SM to the outcome of the subsequent BM 

investigation. 
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Methods: 58 adult patients with suspected SM were included. The outcome of sensitive KIT 

D816V-analysis of blood was compared to the result of the BM investigation.   

 

Results: Screening blood samples from 44 of 58 patients tested D816V-positive. In 43 of 

these, SM was subsequently diagnosed in the BM investigation. One patient with a D816V-

positive screening sample was diagnosed with monoclonal MC activation syndrome. 

Screening blood samples from 14 patients tested D816V-negative. SM was subsequently 

diagnosed in five of these, whereas nine patients did not fulfil any diagnostic SM criteria 

(excluding tryptase-criterion). Of the 48 SM patients, 90% tested D816V-positive. Thirteen 

SM patients presented with hymenoptera venom-induced anaphylaxis, no skin lesions and 

baseline serum-tryptase ≤20 ng/mL. Of these, 92% tested D816V-positive in the screening 

blood sample. 

 

Conclusion: This prospective study demonstrates that a D816V-positive result in a screening 

blood sample identifies SM among patients with hymenoptera venom-induced anaphylaxis in 

whom the diagnosis would most probably have been missed, with potential severe 

implications. The observed false negative screening results also underline that BM 

investigation is mandatory in all adult patients with clear signs of, or highly suspected SM, 

regardless of the KIT mutation status. 

 

Introduction 

Mastocytosis is a heterogeneous group of diseases characterized by growth and accumulation 

of neoplastic mast cells (MCs) (1-3). Systemic mastocytosis (SM) often represents a 

diagnostic challenge, both in the clinic where symptoms may be variable and non-specific 

and in the laboratory where pathoanatomical changes may be subtle (4). A significant fraction 
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of SM patients lack the characteristic dense MC infiltrates in the bone marrow (BM) (5). In 

these patients, the BM infiltration is very discrete and the SM diagnosis therefore solely 

based on WHO minor diagnostic criteria (referred to as “occult mastocytosis”) (6). In the 

clinic, it may be difficult to identify the patients at the highest risk of having SM, particularly 

in the absence of characteristic mastocytosis skin lesions (7). An invasive BM investigation 

may therefore only be performed in patients with specific symptoms and a strong clinical 

suspicion of SM. Altogether, this may lead to a significant fraction of patients with SM not 

being correctly diagnosed and treated which may have severe implications. SM patients have 

an increased risk of severe and unpredictable anaphylaxis (7-9), and SM patients undergoing 

venom immunotherapy should be treated life-long, since fatal reactions after discontinuation 

have been reported (10). SM is furthermore associated with increased risk of comorbidities, 

such as osteoporosis, and establishing a correct diagnosis of SM is therefore important for 

early detection and prophylaxis (9, 11). 

The currently most widely used laboratory test in suspected SM is baseline serum total 

tryptase (hereafter referred to as “tryptase”). The tryptase level is often elevated in patients 

with SM (12). However, it is recognized that tryptase levels may also be elevated in 

differential diagnostic conditions (12). Further, a significant number of SM patients have 

tryptase levels ≤20 ng/mL (5, 13, 14), or even within the normal range (<11.4 ng/mL) (15), 

thus limiting both the sensitivity and the specificity of tryptase measurements as a diagnostic 

test in suspected SM. 

The vast majority of adults with mastocytosis carry the activating somatic KIT D816V 

mutation (16-18). Recent technical advances now allow detection of the mutation in blood in 

most patients, including indolent SM (ISM) (14, 19). Sensitive KIT D816V mutation analysis 

of blood has therefore been proposed as a tool to guide BM investigation in suspected SM 

(20), and has been included in recent consensus diagnostic algorithms (21). We recently 
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validated this approach in patients with anaphylaxis and identified patients with SM on the 

basis of a D816V-positive blood sample (22). We therefore now systematically perform KIT 

D816V mutation analysis of blood as a diagnostic test in patients with suspected SM at the 

Mastocytosis Centre Odense University Hospital (MastOUH). The test is performed in all 

patients with mastocytosis skin lesions, hymenoptera venom anaphylaxis (irrespective of 

tryptase level), unexplained anaphylaxis and/or diffuse, fluctuating symptoms compatible 

with MC activation. Patients testing D816V-positive are routinely offered a full BM 

investigation. A full BM investigation may also be performed to confirm, or rule out, a 

suspicion of SM in patients testing D816V-negative in blood, in the presence of other 

markers of SM, such as mastocytosis skin lesions, and/or other typical clinical symptoms 

indicative of SM. 

Here, we present the first prospective study in which the result of sensitive KIT D816V 

mutation analysis of the “screening blood sample” used to guide BM biopsy in suspected SM 

is compared to the final outcome of the subsequent BM investigation. The study demonstrates 

that sensitive mutation analysis of blood allows identification of a significant number of SM 

patients with no skin lesions and normal tryptase levels, in particular among patients with 

hymenoptera venom-induced anaphylaxis. 

 

Methods 

Patients and study design 

A total of 58 patients with suspected SM were included in the study. Included patients 

fulfilled the following criteria; i) a BM investigation was performed at MastOUH between 

April 9th 2014 and December 15th 2016 because of clinical suspicion of SM, ii) no previous 

BM biopsy was performed, and iii) a screening blood sample was analyzed for the KIT 

D816V mutation as part of the routine diagnostic work-up of suspected SM prior to BM 
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examination. All patients fulfilling criteria i) and ii) also fulfilled criteria iii) and the included 

patients thus represent an entire hospital based case-series of suspected SM. The main 

presenting symptoms of the 58 patients were the following; mastocytosis skin lesions (in 

some patients also anaphylaxis and/or elevated tryptase level) (N=26), hymenoptera venom 

anaphylaxis (in some patients also elevated tryptase level) (N=18), anaphylaxis with 

unknown elicitor or elicitor other than hymenoptera venom (in some patients also elevated 

tryptase level) (N=9), elevated tryptase level (>20 ng/mL) (N=3), chronic urticaria (N=1), 

gastrointestinal symptoms and flushing (N=1). See Supplementary Table S1 for main 

characteristics of each patient. 

None of the patients have been included in any previous MastOUH-study. All patients were 

>18 years of age. The study was performed in accordance with the National Committee on 

Health Research Ethics and the Helsinki Declaration. 

 

KIT D816V mutation analysis 

KIT D816V mutation analysis of gDNA from blood or BM total leukocytes was performed 

using a quantitative mutation-specific qPCR assay with a high analytical sensitivity (hence 

the term “sensitive KIT D816V mutation analysis”) previously described in detail (23). The 

qPCR data analysis was performed using recently published refined criteria for positivity 

(14). These previous studies from our center describe the validation of the qPCR method, 

including analysis of multiple KIT D816V mutation-negative control samples. We therefore 

consider the method to be validated from a technical perspective, and apart from the negative 

and positive control samples included in every qPCR run for quality control in the diagnostic 

routine setting, no additional control samples were included in the present study. 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Baseline serum total tryptase 

Baseline tryptase was measured in all 58 patients. Tryptase was measured prior to the KIT 

D816V mutation analysis of the screening blood sample in 11 patients (range 15-721 days, 

median 78 days), at the same day as the KIT D816V analysis in 46 patients and later than the 

KIT D816V analysis in one patient (593 days). Tryptase measurements were performed using 

the ImmunoCAP Tryptase assay (Thermo Fisher Scientific, Uppsala, Sweden). 

 

BM investigation 

The BM investigation included morphologic evaluation of blood smear and morphologic 

evaluation of BM aspiration smear, touch imprint, aspiration clot and trephine biopsy in all 

patients. The BM investigation also included CD2, CD25, CD34, CD117 and MC tryptase 

immunohistochemical analysis of the BM aspiration clot and/or biopsy. In all patients, flow 

cytometric analysis of BM aspirate was also performed using antibodies for the following 

antigens; CD2, CD25, CD33, CD34, CD45, CD117, as previously described (23). 

 

Statistical analysis 

Linear regression analysis, correlation analysis, paired t‐test and Mann–Whitney U-test were 

performed using IBM SPSS Statistics 21 software (IBM Corporation, Armonk, NY, USA). A 

P-value <0.05 was considered statistically significant. 

 

Results 

Screening blood samples 

Screening blood samples were obtained and analyzed for the KIT D816V mutation at a 

median of 87 days (range 9 – 676 days) before the BM investigation was performed. In 23 of 

the 58 patients, a second blood sample was also obtained before the time of the BM biopsy. 
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These second blood samples always produced the same D816V-positive or D816V-negative 

result as the first samples, except for one patient where the first blood sample tested D816V-

positive and the second sample tested D816V-negative (the patient ended up with SM 

diagnosis). 

A total of 44 of the 58 blood screening samples tested positive for the KIT D816V mutation. 

In 43 of 44 patients (98%) who tested positive in the screening sample, a diagnosis of SM 

was subsequently established in the BM investigation. In the single patient with a D816V-

positive screening sample that did not fulfil SM criteria, two follow-up blood samples and the 

BM aspirate also tested D816V-positive, thus demonstrating that the D816V-positive status 

of the patient was highly reliable. In the flow cytometric analysis of BM aspirate, a small 

population of CD25-positive MCs was detected at a frequency below the standard detection 

limit of 0.002%. The patient presented with hymenoptera venom anaphylaxis, a tryptase level 

of 6.2 ng/mL and no skin lesions. According to the MC activation syndrome consensus 

proposal by Valent et al. (2012), this patient should formally be classified as “monoclonal 

MC activation syndrome” (24). This condition has been proposed to represent “sub-

diagnostic SM” or “low-burden SM” (13). 

A total of 14 of the 58 screening blood samples tested D816V-negative. Of these 14 patients, 

five were diagnosed with SM in the BM investigation. These five patients all tested D816V-

positive in BM aspirate (two only in mRNA-based analysis as previously described, (25)). 

One of the five patients presented with skin lesions and the remaining four presented with 

anaphylaxis (hymenoptera venom-induced in three of four). None of the remaining nine 

patients who tested D816V-negative in the screening blood sample fulfilled any of the WHO 

diagnostic criteria of SM (apart from tryptase >20 ng/mL in two patients). None of these nine 

patients had mastocytosis skin lesions and a diagnosis of mastocytosis was thereby excluded 

in all these patients. Also, no hematologic diagnosis, or any other diagnosis, was established 
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in the BM investigation in any of these nine patients. See Supplementary Table S1 for 

analysis results of each patient. 

 

SM patients 

Of the 58 included patients, a total of 48 patients thereby fulfilled criteria of SM. Forty three 

of 48 SM patients (90%) tested D816V-positive in the screening blood sample (Table 1). SM 

patients were classified as ISM with skin lesions (N=26; this group includes all patients that 

presented with skin lesions) and BM mastocytosis (BMM) (N=22). Nineteen of 48 SM 

patients (40%) fulfilled the WHO major criterion of MC aggregates. All SM patients fulfilled 

the WHO minor criteria of MC CD2 and/or CD25 expression and atypical MC morphology. 

Of the 26 ISM patients with skin lesions (skin lesions were biopsy verified in 24 patients), 12 

fulfilled the major criterion (46%) and 25 tested D816V-positive in the screening blood 

sample (96%). Of the 22 BMM patients, 7 fulfilled the major criterion (32%), and 18 tested 

D816V-positive in the screening blood sample (82%). Four out of five “false negative” 

screening results thereby occurred in SM patients without skin lesions (Table 1). The false 

negative rate of 18% in BMM patients also demonstrates the extent to which the diagnostic 

value is limited in these patients and underlines that a BM investigation is mandatory in all 

adult patients with clear signs of, or highly suspected SM, regardless of the KIT D816V 

mutation status. 

 

KIT D816V allele burden 

The mutation level in the 44 screening blood samples that tested KIT D816V-positive ranged 

from 0.001 to 2.2% D816V-positive alleles (median = 0.03%). In 40 of these patients, the 

D816V allele burden was also quantified in blood at the time of the BM investigation. The 

median fold change, calculated as the D816V allele burden in the blood sample from the time 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

of the BM investigation relative to the D816V allele burden in the screening blood sample, 

was 1.0 (range 0.13 – 7), which demonstrates no tendency to a change in allele burden over 

time (Figure 1). Linear regression analysis with fold change as a function of days between 

the two blood samples was non-significant (P=0.23), and no significant difference was 

detected between allele burden in the two paired blood samples when analyzed using paired 

t‐test (P=0.38). Altogether, this demonstrates highly stable mutation levels in blood over 

time. 

The D816V allele burden was compared in SM patients with positive screening blood 

samples, with and without the major criterion fulfilled (Figure 2A). There was a tendency 

towards a higher allele burden in patients fulfilling the major criterion, although non-

significant (median allele burden 0.02% without major vs. 0.07% with major; Mann–Whitney 

U-test: P=0.08).  

The D816V allele burden was also compared in SM patients with positive blood screening 

samples, with and without skin lesions (Figure 2B). The allele burden was significantly 

higher in patients with skin lesions (median allele burden 0.009% without skin lesions vs. 

0.09% with skin lesions; Mann–Whitney U-test: P<0.001).  

There was a highly significant correlation between the D816V allele burden in BM aspirate 

and blood samples from the time of the BM investigation in patients who tested positive in 

both samples (P<0.001). No significant difference was detected between the D816V allele 

burden in BM aspirate and blood samples from the time of the BM investigation in patients 

who tested positive in both samples (BM median allele burden 0.04% vs. blood median allele 

burden 0.02%; paired t-test: P=0.17). 
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Baseline serum total tryptase 

Tryptase was measured in all patients included in the study. Fifteen of the 48 SM patients 

(31%) fulfilled the WHO minor criterion of total serum tryptase levels >20 ng/mL (Figure 

3). In ISM patients with skin lesions, 10 of 26 patients (38%) had tryptase levels <11.4 

ng/mL and 17 of 26 patients (65%) had tryptase levels ≤20 ng/mL. In BMM patients, 12 of 

22 patients (55%) had tryptase levels <11.4 ng/mL and 16 of 22 patients (73%) had tryptase 

levels ≤20 ng/mL. All 12 BMM patients with tryptase levels <11.4 ng/mL and 15 of 16 

patients with tryptase levels ≤20 ng/mL tested D816V-positive in the screening blood sample, 

thus demonstrating the potential of the mutation analysis for identifying SM in patients with 

low tryptase levels and no skin lesions. 

There was a significant correlation between tryptase levels and the D816V allele burden in 

screening blood samples in patients who tested positive (P=0.005). No significant difference 

in tryptase levels in patients with BMM vs. ISM with skin lesions was detected (median 9.2 

ng/mL in BMM vs. 14.3 ng/mL in ISM with skin lesions; Mann–Whitney U-test: P=0.12).  

Of the 22 BMM patients, the WHO major criterion was absent in 15 patients. Of these, 

tryptase levels were ≤20 ng/mL in 13 patients and <11.4 ng/mL in 11 patients. Most of the 

BMM patients thereby only had very discrete BM infiltration and were diagnosed with SM 

based on three WHO minor criteria only (KIT mutation, MC CD2 and/or CD25 expression 

and atypical MC morphology). 

Twelve BMM patients had tryptase levels <11.4 ng/mL and all presented with anaphylaxis 

(hymenoptera venom-induced in 11 patients), which thereby characterize this diagnostically 

challenging group of patients. All these 12 patients tested D816V-positive in the screening 

blood sample. See Supplementary Table S1 for analysis results of each patient. 
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Discussion 

Sensitive KIT D816V mutation analysis of blood has been proposed as a tool to guide BM 

investigation in suspected SM (20, 21). We here report the first prospective study in which 

the result of sensitive KIT D816V mutation analysis of the screening blood sample used to 

guide BM biopsy is compared to the final outcome of the subsequent BM investigation. With 

43 of 44 patients with a D816V-positive screening blood sample ending up with a final 

diagnosis of SM in the BM investigation, the study demonstrates a D816V-positive blood 

sample as a reliable predictor of SM. The single KIT D816V-positive patient in whom a 

diagnosis of SM was not established was diagnosed with monoclonal MC activation 

syndrome (24). No technical false positive results were thereby observed in any patient in the 

present study, thus demonstrating the genetics-based approach in suspected SM to be highly 

specific. 

Only approximately one third of SM patients fulfilled the WHO minor criterion of a tryptase 

level >20 ng/mL and almost half of the SM patients had tryptase levels within the normal 

range. With almost all SM patients with low tryptase levels testing D816V-positive in the 

screening blood sample, including those without skin lesions, this study demonstrates a high 

value of implementing sensitive KIT D816V mutation analysis in the diagnostic algorithm for 

suspected SM. 

We have previously demonstrated that the vast majority (94%) of already diagnosed SM 

patients test KIT D816V mutation positive in blood when using a sufficiently sensitive 

method (14). However, in line with similar studies from other groups also detecting the KIT 

D816V mutation in blood in high numbers of SM patients, (19, 26, 27), our previous study 

was primarily based on blood samples obtained at, or later than, the time of the BM 

investigation. These blood samples were not used in the diagnostic work-up to guide the BM 

biopsy, but were instead sampled after the decision to perform a BM biopsy was made (at the 
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day of the BM biopsy or after the SM diagnosis was established). These previous studies 

were therefore unable to provide data on the diagnostic outcome of including KIT D816V 

mutation analysis of blood samples in the diagnostic work-up in suspected SM. However, we 

do demonstrate that mutation levels in screening blood samples are highly similar to mutation 

levels in blood at the time of the BM investigation. Laboratory studies on these later blood 

samples typically biobanked in many mastocytosis centers are therefore likely to be highly 

representative of the screening samples in ISM patients, in spite of the different clinical 

context. 

In the present study, the KIT D816V allele burden was not significantly higher in SM patients 

who fulfilled the major criterion compared to patients who did not. This result is in line with 

a previous result by Hoermann et al. (2014) who observed no significant correlation between 

the KIT D816V allele burden and the percentage of MCs in the BM biopsy or BM smear (27). 

Together, these results indicate that the association between the allele burden and degree of 

MC infiltration in the BM is limited, likely because the allele burden also reflects the degree 

of non-MC lineage involvement in addition to the neoplastic MC burden (19). However, the 

lack of statistical significance in these studies may also be due to lack of statistical power as a 

result of insufficient numbers of patients. 

In the present study, 90% of SM patients tested D816V-positive in the screening blood 

sample. This number is slightly lower than the 94% of SM patients with D816V-positive 

blood samples detected in our previous study with already diagnosed patients (14). This 

difference is most likely explained by the higher number of ISM patients without skin lesions 

(BMM) in the present study. Only 82% of BMM patients tested D816V-positive in the 

screening blood sample and the D816V allele burden in blood was lower compared to ISM 

patients with skin lesions. This result is in line with a previous study detecting KIT mutation 

in blood with the lowest frequency in BMM patients compared to other SM subtypes (19). 
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These results underline the need for performing the mutation analysis with the highest 

possible analytical sensitivity (median D816V allele burden in screening blood samples was 

0.03%), in particular because the test is of greatest value in suspected BMM where mutation 

levels are lowest. 

We are not able to provide a true estimate of the statistical sensitivity (true positive rate) of 

the approach in the present study. This would require a full BM investigation of all patients 

with suspected SM where blood was screened for the KIT D816V mutation. In our 

experience, only a minor fraction of patients testing negative for the D816V mutation 

subsequently undergo a full BM investigation and the study would be difficult to justify 

ethically because of the relatively low number of a priori expected additional SM patients 

being diagnosed. However, five patients were diagnosed with D816V-positive SM although 

they tested D816V-negative in the screening blood sample in the present study, thus 

demonstrating that a D816V-negative result should not exclude a BM investigation if clearly 

indicated by other markers or the clinical picture, in particular in patients with venom 

anaphylaxis and elevated tryptase which characterize these patients in the present study. 

Recently, it has also been demonstrated that a high fraction of patients with hymenoptera 

venom-induced anaphylaxis with hypotension, absence of mastocytosis skin lesions and 

normal tryptase levels fulfil criteria of D816V-positive SM (15). In line with the present 

study, this previous study also identifies significant numbers of patients with BMM that due 

to the lack of skin lesions and normal tryptase levels often would not qualify for a BM 

investigation. Collectively, these results demonstrate that SM may be much more prevalent 

among patients with hymenoptera venom-induced anaphylaxis than previsouly expected. 

Additional studies on this patient group as well as a and more widespread use of sensitive 

KIT D816V mutation analysis in clinical practice will further substantiate this observation. 

Ideally, these additional studies should include a systematic application of all available 
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diagnostic tests for SM and a full BM investigation, including sensitive flow cytometric 

analysis of BM aspirate, in all patients. 

In conclusion, we demonstrate that a D816V-positive result in a screening blood sample 

allows identification of significant numbers of SM patients with no skin lesions and normal 

tryptase levels. In particular, the test identifies SM among patient with hymenoptera venom-

induced anaphylaxis in whom the diagnosis would otherwise most probably have been 

missed, with potential severe implications. This prospective study thereby provides strong 

experimental evidence to support the inclusion of KIT D816V mutation analysis in the 

diagnostic algorithms for suspected SM in adults, in particular in patients with hymenoptera 

venom-induced anaphylaxis. However, the observed false negative screening results also 

underline that BM investigation is mandatory in all adult patients with clear signs of, or 

highly suspected SM, regardless of the KIT mutation status. 
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Tables 

 

Table 1. SM patients grouped according to the presence of skin lesions, presence of WHO 

major criterion and KIT D816V mutation status of the screening blood sample. 

  

    
   Systemic mastocytosis (N = 48)   
        
        
 Bone marrow mastocytosis (N = 22) ISM with skin lesions (N = 26) 
    
    
 Major criterion  Major criterion  Major criterion  Major criterion 
 not fulfilled  fulfilled  not fulfilled  fulfilled 
 (N = 15) (N = 7) (N = 14)  (N = 12) 
    
    
D816V-negative 1 of 15 (7%)  3 of 7 (43%)  1 of 14 (7%)  0 of 12 (0%) 
screening blood sample        
    
D816V-positive 

14 of 15 (93%)  4 of 7 (57%)  13 of 14 (93%)  
12 of 12 
(100%) 

screening blood sample        
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Figures 

 

Figure 1. Change in KIT D816V allele burden over time, calculated as as the D816V allele 

burden in the blood sample from the time of the BM investigation relative to the D816V 

allele burden in the screening blood sample (N=40). A fold change = 1 thus corresponds to no 

change in the D816V allele burden over time and the values of 0.1 and 10 correspond to 10-

fold decreases and increases, respectively. The line represents the result of linear regression 

analysis. 
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Figure 2. The KIT D816V allele burden in [A] SM patients with and without the WHO major 

criterion fulfilled, and [B] BMM patients and ISM patients with skin lesions. Only SM 

patients with positive screening blood samples are included in this figure (total N=43). 
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Figure 3. Distribution of serum tryptase levels in BMM (N=22) and ISM patients with skin 

lesions (N=26). Dark grey bars represent patients with KIT D816V-positive screening blood 

samples (N=43) and light grey bars represent patients with KIT D816V-negative screening 

blood samples (N=5). 
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