
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ilal20

Download by: [University of Liverpool] Date: 13 January 2018, At: 07:24

Leukemia & Lymphoma

ISSN: 1042-8194 (Print) 1029-2403 (Online) Journal homepage: http://www.tandfonline.com/loi/ilal20

Expression of CD203c on basophils as a marker of
immunoglobulin E-mediated l-asparaginase allergy

Moeko Hino, Naoki Shimojo, Hidemasa Ochiai, Yuzaburo Inoue, Kumiko
Ando, Koji Chikaraishi, Setsuo Ota, Yuri Okimoto, Shosuke Sunami, Ryosuke
Nakamura, Reiko Teshima, Yasunori Sato & Yoichi Kohno

To cite this article: Moeko Hino, Naoki Shimojo, Hidemasa Ochiai, Yuzaburo Inoue, Kumiko
Ando, Koji Chikaraishi, Setsuo Ota, Yuri Okimoto, Shosuke Sunami, Ryosuke Nakamura, Reiko
Teshima, Yasunori Sato & Yoichi Kohno (2014) Expression of CD203c on basophils as a marker
of immunoglobulin E-mediated l-asparaginase allergy, Leukemia & Lymphoma, 55:1, 92-96, DOI:
10.3109/10428194.2013.794944

To link to this article:  https://doi.org/10.3109/10428194.2013.794944

View supplementary material Accepted author version posted online: 12
Apr 2013.
Published online: 15 May 2013.

Submit your article to this journal Article views: 151

View related articles View Crossmark data

Citing articles: 3 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=ilal20
http://www.tandfonline.com/loi/ilal20
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/10428194.2013.794944
https://doi.org/10.3109/10428194.2013.794944
http://www.tandfonline.com/doi/suppl/10.3109/10428194.2013.794944
http://www.tandfonline.com/doi/suppl/10.3109/10428194.2013.794944
http://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ilal20&show=instructions
http://www.tandfonline.com/doi/mlt/10.3109/10428194.2013.794944
http://www.tandfonline.com/doi/mlt/10.3109/10428194.2013.794944
http://crossmark.crossref.org/dialog/?doi=10.3109/10428194.2013.794944&domain=pdf&date_stamp=2013-04-12
http://crossmark.crossref.org/dialog/?doi=10.3109/10428194.2013.794944&domain=pdf&date_stamp=2013-04-12
http://www.tandfonline.com/doi/citedby/10.3109/10428194.2013.794944#tabModule
http://www.tandfonline.com/doi/citedby/10.3109/10428194.2013.794944#tabModule


92

Leukemia & Lymphoma, January 2014; 55(1): 92–96

© 2013 Informa UK, Ltd.

ISSN: 1042-8194 print / 1029-2403 online

DOI: 10.3109/10428194.2013.794944

  Correspondence: Naoki Shimojo, Department of Pediatrics, Graduate School of Medicine, Chiba University, 1-8-1 Inohana, Chuo-ku, Chiba, 260-8670, Japan. 

Tel:  �    81-43-226-2144. Fax:  �    81-43-226-2145. E-mail: shimojo@faculty.chiba-u.jp  

 Received   18   December   2012  ; revised   17   March   2013  ; accepted   7   April   2013   

                        ORIGINAL ARTICLE: CLINICAL    
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  Introduction 

  l -asparaginase (ASP) is a key drug for treating pediatric acute 

lymphoblastic leukemia (ALL) and lymphoblastic lymphoma 

(LBL) [1 – 5]. Because ASP is not expressed in normal human 

cells, approximately 10 – 45% of patients develop immediate 

hypersensitivity [6,7]. ASP allergy is sometimes severe [7], 

and after an allergic reaction occurs, it is recommended that 

the patient discontinues ASP therapy or converts from the 

fi rst-line formulation (i.e.  Escherichia coli -derived native ASP, 

polyethylene glycolated ASP) to the second-line formulation 

(i.e.  Erwinia -derived ASP). Because  Erwinia -derived ASP is 

only available in limited locations and the optimal dosing of 

 Erwinia -derived ASP is controversial,  E. coli -derived ASP has 

maintained its position as fi rst-line treatment over the past 

several decades [8]. Th us, it is important to know whether 

patients have  E. coli -derived ASP allergy. Although immedi-

ate allergy is generally mediated by specifi c immunoglobulin 

E (IgE), ASP-specifi c IgE is known to be diffi  cult to detect; 

thus, ASP-specifi c IgG has been used as a surrogate marker 

to identify ASP allergy in a clinical setting [9 – 11]. However, in 

previous reports, ASP-specifi c IgG has been detected not only 

in patients with ASP allergy but also in non-allergic patients 

treated with ASP. Th erefore, the utility of measuring ASP-

specifi c IgG levels for diagnosing ASP allergy is still 

contro versial [11]. In contrast, the skin prick test (SPT) is 

considered to be the standard for diagnosing immediate 

hypersensitivity. However, the SPT is an  in vivo  test and 

occasionally provokes severe allergic reactions [12]. 

 To avoid unnecessary discontinuation or conversion of 

ASP therapy, an accurate  ex vivo  marker of ASP allergy is 

needed. Recently, several diagnostic tests using IgE-mediated 

allergy eff ector cells have been developed [13]. Th e basophil 

activation test (BAT), in which the surface expression of the 

degranulation/activation marker (CD203c) on basophils is 

detected, is known as a reliable tool for diagnosing IgE-medi-

ated allergies; the BAT is an  ex vivo  test, has a high sensitivity 

and specifi city, can be used to test any allergen and is quanti-

tative [14]. However, using the BAT to diagnose ASP allergy in 

pediatric patients with malignancy has not been assessed. 

 In this study, we evaluated the diagnostic utility of the BAT 

and ASP-specifi c IgG. Moreover, using the skin prick test, we 

examined whether ASP allergy was mediated by specifi c IgE.   

  Abstract 

 Immediate allergy to  L -asparaginase (ASP) is a major obstacle in 

treating lymphoid malignancies. ASP-specifi c immunoglobulin 

G (ASP-IgG) has been used as a surrogate marker. Recently, 

the CD203c-basophil activation test (BAT) was found to be 

useful in diagnosing IgE-mediated allergies. We compared the 

diagnostic utility of the CD203c-BAT to that of ASP-IgG levels 

in determining ASP allergies in children. Eight ASP allergic 

reactions occurred over 75 ASP treatment courses. The sensitivity, 

specifi city and area under the receiver operating characteristic 

curve of CD203c-BAT were similar to the ASP-IgG levels (0.75 vs. 

0.85, 0.82 vs. 0.78 and 0.81 vs. 0.85, respectively). Positive skin 

prick test results in patients with ASP allergy suggested that 

ASP-IgE was one of the key players in ASP allergy. A combination 

of the BAT with the ASP-IgG level had the highest specifi city 

(0.95) and positive predictive value (0.62), which permitted us to 

identify ASP allergy more eff ectively.  

  Keywords:     L -asparaginase  ,   IgE-mediated allergy  ,   basophil 

activation test   
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 Patients and methods  

 Patients 
 A total of 32 children diagnosed with ALL or LBL were studied 

between June 2010 and October 2012 (Table I). Th e patients 

were treated according to modifi ed protocol L99-15 of the 

Tokyo Children ’ s Cancer Study Group (Supplementary Table I 

to be found online at http://informahealthcare.com/doi/

abs/10.3109/10428194.2013.794944). Th e patients with ALL 

were placed into high-risk (HR), intermediate-risk (IR) or 

low-risk (LR) groups based on their age, leukocyte count 

at diagnosis, immunophenotype, prednisolone response 

and cytogenetic profi le [15]. Th e patients with LBL were 

treated according to a modifi ed IR regimen, and patients 

with relapsed ALL were treated according to the ALL-

BFM95 regimen [16]. We collected heparinized whole blood 

samples and sera before the ASP-containing treatment or 

within 30 days after recovery from bone marrow suppres-

sion, and grouped test results according to the reaction 

to ASP treatment:  “ ASP allergy ”  samples or  “ non-allergy ”  

samples. Th is study was approved by the institutional review 

board, and written informed consent was obtained from the 

patients ’  guardians.   

 Diagnostic criteria for ASP allergy 
 Patients were diagnosed with ASP allergy and added to 

the  “ ASP allergy ”  group when an allergic reaction occurred 

within several hours after an ASP injection. Patients who 

tolerated the ASP injection were placed in the  “ non-allergy ”  

group. Th e severity of the allergy was classifi ed as mild (only 

urticaria or rash), moderate (bronchospasm, gastrointestinal 

symptoms or allergy-related edema/angioedema with or 

without urticaria) or severe (anaphylactic shock) (Table I).   

 Skin prick test 
  l -asparaginase (Leunase   ®   ) was kindly provided by Kyowa 

Kirin (Tokyo, Japan). Because our treatment protocol used 

ASP at a concentration of 30  μ M by intramuscular injection, 

SPTs were performed using ASP at the same concentration 

(30  μ M). A positive control (1% histamine) and a negative 

control (saline) were also included. Reactions were assessed 

at 15 min based on the size of the wheal. A wheal with a 

diameter more than 3 mm greater than the diameter of the 

negative control was considered to be positive. Because three 

of eight ASP-allergic patients and one of the non-allergic 

patients refused the SPT, SPTs were examined in fi ve ASP 

allergic reactions and 66 non-allergic reactions. To date, no 

systemic allergic reactions, such as anaphylaxis, have been 

reported following an ASP-SPT.   

 Basophil activation test 
 A commercial kit (Allergenicity Kit; Beckman Coulter, 

Miami, FL) was used to quantify CD203c expression in 

basophils according to the manufacturer ’ s instructions. 

Briefl y, heparinized whole blood samples were incubated 

with diff erent ASP concentrations (0.06 – 15  μ M) for 30 min. 

An anti-IgE antibody (positive control) and phosphate buff -

ered saline (PBS; negative control) were also incubated with 

heparinized whole blood samples. Staining reactions were 

performed at 37 ° C. Because chemoattractant-homologous 

receptor expressed on T helper type 2 (Th 2) cells (CRTH2, a 

prostaglandin D2 receptor) is expressed not only on Th 2 lym-

phocytes but also on basophils and eosinophils, the baso-

phils were quantifi ed as SSC low , CD3 �    and CRTH2   �    using a 

side-scatter plot, anti-CD3 – paired basic amino acid cleaving 

enzyme-7 (PC7) (UCHT1) and anti-CRTH2 – fl uorescein iso-

thiocyanate (FITC) (BM16), respectively. CD203c expression 

on basophils was examined using anti-CD203c – phycoeryth-

rin (PE) (97A6) (Supplementary Figure 1 to be found online 

at http://informahealthcare.com/doi/abs/10.3109/10428

194.2013.794944). Th e data were acquired using a FACSCanto 

II fl ow cytometer (BD Biosciences, San Jose, CA) equipped 

with lasers at 488 nm, 633 nm and 405 nm. Spectral overlap 

was compensated using FACSDiva software (BD Biosciences) 

and analyzed using FlowJo software (TreeStar Inc., Ashland, 

OR). CD203c up-regulation on basophils was determined 

using a threshold that was defi ned by the fl uorescence of 

unstimulated cells (negative control, Supplementary Figure 1 

to be found online at http://informahealthcare.com/doi/

abs/10.3109/10428194.2013.794944).   

 Measurement of ASP-specifi c IgG levels using ELISA 
 Sera obtained on the BAT analysis day were frozen at    �    30 ° C 

and then used to measure the ASP-specifi c IgG levels. We 

modifi ed the assay published by Woo  et   al . [10] to determine 

the level of ASP-specifi c IgG. Briefl y, microplates (Nunc 

442404, F96 MaxiSorp) were coated with 0.35  μ M ASP diluted 

in a carbonate/bicarbonate buff er at pH 9.5 and incubated 

for 2 h at room temperature. Th e plates were washed with 

PBS containing 0.1% Tween-20 and then blocked with PBS 

containing 0.5% bovine serum albumin (BSA), 5% fetal 

bovine serum (FBS) and 0.1% Tween-20. Serially diluted 

serum samples were added and incubated for 2 h at room 

temperature. Biotin-conjugated monoclonal anti-human 

IgG (Becton, Dickinson and Company; BD555785) diluted 

1:1000 in PBS containing 0.5% BSA was then added to 

the samples and incubated for 1 h at room temperature. 

  Table I. Patient characteristics * .  

Total ASP allergy  p -Value

No. of patients 32 8
Median age 10 7.5 0.27
   (Range) (0.4 – 18.5) (3.6 – 17.2)
Gender 0.20
   Female 12 1
   Male 20 7
Treatment protocol
   ALL-LR 7 1 0.64
      IR 14 3 1.00
      HR 6 3 0.14
   LBL 2 0 1.00
   Other 3 1 1.00
Total ASP courses 75 8
ASP allergy
   Severe  � 3
   Moderate  � 1
   Mild  � 4

    ASP,  l -asparaginase; ALL, acute lymphoblastic leukemia; LR, low risk; IR, 
intermediate risk; HR, high risk; LBL, lymphoblastic lymphoma.  
   * A total of 32 children diagnosed with ALL or LBL were studied and treated using 
75 ASP-containing treatment courses from June 2010 to October 2012.  “ Other 
protocol ”  indicates that the ALL-BFM95 [16] or Japan Pediatric Leukemia/
lymphoma Study Group ALL-T11 protocol (in progress) was used. Th ere were 
eight ASP allergy reactions in eight children.   
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94 M. Hino et al. 

Th ereafter, the staining was developed with horseradish per-

oxidase (R & D; DY998), and the wells were reacted with a sub-

strate solution (R & D; DY999) for 30 min at room temperature in 

the dark. After adding 2 N sulfuric acid, the optical density was 

measured at 450 nm absorbance. Th e highest titer of a serum 

sample from an anaphylactic patient was set at 1000 arbitrary 

units (AU/mL) and used as a positive standard control. Four 

samples were excluded because of insuffi  cient material.   

 Statistical analysis 
 Because some of the quantitative variables were not normally 

distributed, diff erences in continuous variables were deter-

mined using the non-parametric Mann – Whitney  U -test, and 

data were always presented as the median (lower and upper 

quartile). Categorized variables were analyzed using Fisher ’ s 

exact test. Th e discriminative usefulness of the BAT and ASP-

specifi c IgG level was evaluated by calculating the area under 

the curve (AUC) of receiver operating characteristic (ROC) 

curves; sensitivity versus 1    �    specifi city was plotted for each 

possible cut-off  level. Spearman ’ s rank correlation coeffi  cient 

was used to determine whether the BAT and ASP-specifi c IgG 

level were correlated in a monotonic fashion. Th e statistical 

analyses were performed using GraphPad Prism 6 (Graph-

Pad Software, San Diego, CA).    

 Results 

 Eight ASP allergic reactions occurred in eight of 32 children 

during the course of 75 ASP-containing treatments. Th e ages, 

gender balance and treatment protocols used in the ASP 

allergy group were not diff erent from those of the non-allergy 

group. Th ree of the eight allergic reactions were anaphylactic 

shock (Table I). 

 Th e median ASP-specifi c IgG titer in the non-allergy 

group was 194.3 AU/mL (range, 0 – 4000 AU/mL), while in the 

ASP allergy group, the median titer was 2158 AU/mL (range, 

8.59 – 4000 AU/mL). As previously reported [11,17], the ASP-

specifi c IgG levels were greater in the ASP allergy group than 

in the non-allergy group [ p     �    0.01, Figure 1(A)]. In the BAT 

analysis, the CD203c high  basophil rate increased in a dose-

dependent manner with the ASP concentration in several 

BAT-positive patients (Supplementary Figure 2(A) to be foun-

donline at http://informahealthcare.com/doi/abs/10.3109/

10428194.2013.794944). Th e results at a concentration of 15  μ M 

ASP were used in the subsequent BAT analyses. Th e median 

CD203c high  basophil rate on the BAT in the ASP allergy group 

was 34.2% (range, 3.8 – 81%), and in the non-allergy group 

the rate was 9.7% (range, 0.7 – 50.5%). Th e CD203c high  baso-

phil rate in the ASP allergy group was signifi cantly greater 

compared to the non-allergy group [ p     �    0.01, Figure 1(B)]. 

Th e results of ROC curve analysis revealed that the AUC for 

the BAT was 0.81 and the AUC for ASP-specifi c IgG was 0.85 

[Figure 1(C)]. Th e cut-off  values for the BAT and ASP-specifi c 

IgG level were determined using ROC curve analysis. We set 

the cut-off  value for a positive BAT at 14.4% and the cut-off  

value for a positive ASP-specifi c IgG level at 90.7 AU/mL. 

 Table II shows the sensitivity, specifi city, positive pre-

dictive value (PPV) and negative predictive value (NPV) of 

each test. All of the tests were signifi cantly correlated with 

ASP allergy ( p     �    0.01). Th e NPV of each test was signifi cantly 

elevated. 

 Figure 2 shows the correlation between the CD203c high  

basophil rate in the BAT (%) and the ASP-specifi c IgG titer 

(AU/mL). Spearman ’ s rank correlation coeffi  cient was 0.31 

(p    �    0.01, 95% confi dence interval [CI] 0.08 – 0.51). Our sub-

jects were divided into four groups according to the results 

of the BAT and ASP-specifi c IgG assays: (A) BAT ( � ) ASP-

specifi c IgG ( � ); (B) BAT ( � ) ASP-specifi c IgG ( � ); (C) BAT ( � ) 

ASP-specifi c IgG ( � ); and (D) BAT ( � ) ASP-specifi c IgG ( � ). 

  Figure 1.     Th e ASP-specifi c IgG level (A) and the CD203c high  basophil 
rate in the BAT (B) were signifi cantly greater in the ASP allergy group 
( p     �    0.01, Mann – Whitney  U -test). A ROC curve analysis revealed that 
the area under the curve (AUC) for the BAT was 0.81 and that the AUC 
for ASP-specifi c IgG level was 0.85 (C). We set the positive cut-off  value 
at the score with the shortest distance from the curve to the point (0.0, 
1.0). Th e positive cut-off  for the BAT was 14.4%, and the positive cut-off  
for the ASP-specifi c IgG level was 90.7 AU/mL.  

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 0
7:

24
 1

3 
Ja

nu
ar

y 
20

18
 



  Basophil CD203c for asparaginase allergy  95

 Discussion 

 Our results support the hypothesis that the BAT is a useful 

marker for identifying ASP allergy because its sensitivity and 

specifi city were high, and the AUC of the BAT was as high as 

the AUC of the ASP-specifi c IgG level. Th e dose-dependent 

eff ects observed between the ASP concentration and the 

CD203c high  basophil rate in the BAT indicated that basophils 

were stimulated by ASP. Th e BAT has been used to assess the 

functional characteristics of specifi c IgE in patients. In fact, 

the low correlation between the BAT and the ASP-specifi c IgG 

level indicated by Spearman ’ s rank correlation coeffi  cient 

( R     �    0.31,  p     �    0.01) indicated that the CD203c high  basophil 

rate increased independently of the ASP-specifi c IgG level. 

Th e SPT, the standard test to detect IgE, was positive in three 

of the fi ve patients with ASP allergy with positive BAT, sug-

gesting that the mast cells of allergic patients were activated 

by ASP-specifi c IgE. Note that identifying ASP-specifi c IgE is 

diffi  cult [18]. Recently, Nakamura  et   al . reported that an IgE 

crosslinking-induced luciferase expression assay was more 

sensitive than enzyme-linked immunosorbent assay (ELISA) 

in identifying specifi c IgEs [19]. Th is assay allowed us to 

detect ASP-specifi c IgE in a patient with ASP allergy (data not 

shown). Th ese data indicated that basophils and mast cells 

were activated by ASP in ASP-allergic patients, and that ASP-

specifi c IgE was one of the key players in mediating immedi-

ate ASP allergy. Identifying the CD203c high  basophil rate is a 

promising approach for monitoring ASP allergy. 

 Th e BAT is superior to the SPT, particularly in the context 

of pediatric malignancy, because the SPT is non-quantita-

tive, diffi  cult to compare across diff erent places or times, and 

Five of the eight patients with ASP allergic reactions belonged 

to group B (Figure 2, open circles). Th e specifi city and posi-

tive predictive value for group B (BAT � , ASP-specifi c IgG � ) 

were greater compared to group A or C (Table II). 

 We followed the CD203c high  basophil rate from the BAT in 

the ASP-allergic patients. Because only  E. coli -derived ASP 

was available in Japan, other preparations, such as  Erwinia -

derived ASP or polyethylene glycolated ASP, were not used 

after the ASP allergic reactions. Interestingly, the CD203c high  

basophil rate in the BAT decreased just a few months after 

the observed ASP allergic reactions in four patients (Table III, 

patients 1, 2, 3 and 7). As expected from the high negative 

predictive value of the BAT, we were able to safely re-admin-

ister ASP to four patients (Table III, patients 1 – 4) without 

causing allergy symptoms. We did not re-administer ASP to 

the other patients with ASP allergies for the following rea-

sons: patient 5 refused ASP re-administration; patient 6 fi n-

ished the scheduled treatment; patients 7 and 8 underwent 

stem cell transplants after the ASP allergy reaction. Patients 

who underwent re-administration were pre-medicated with 

steroids and antihistamines before the challenge, to avoid 

severe allergic symptoms. After the fi rst re-administration of 

ASP, no patient reacted to any of the subsequent doses.   

  Table III. CD203c high  basophil rate in the BAT at time of ASP allergic 
reaction and after reaction * .  

Patient 
no.

Allergy onset After allergy

Interval 
(months)Reaction

CD203c-
BAT (%) Reaction

CD203c-
BAT (%)

1 Severe 81 No 8.0 1
2 Moderate 50 No 10.8 3
3 Mild 23.5 No 1.9 1.5
4 Mild 3.85 No 7.6 1
5 Severe 15.7 ND  †  13.9 5
6 Mild 14.5 ND  ‡  ND  � 
7 Mild 23.5 ND  §  1.97 2
8 Mild 51.9 ND  §  ND  � 

    BAT, basophil activation test; ASP,  l -asparaginase; ND, not determined.  
   * CD203c high  basophil rate in BAT results for four ASP-allergic patients (nos. 
1, 2, 3 and 7) decreased a few months after ASP allergic reaction. We safely 
re-administered ASP to four patients (nos. 1 – 4) without allergic symptoms.   
   †  Patient 5 refused ASP re-administration.   
   ‡  Patient 6 fi nished the scheduled treatment.   
  § Patients 7 and 8 underwent stem cell transplants.   

  Table II. Results for the BAT, ASP-specifi c IgG assay, SPT and combined test results.  

CD203c-BAT ASP-specifi c IgG SPT BAT  �  ASP-IgG

 �  �  �  �  �  �  �  �  �  or  � 

 “ ASP allergy ”  sample ( n ) 7 1 6 1 3 2 5 2
 “ Non-allergy ”  sample ( n ) 12 55 14 50 1 65 3 61
Fisher ’ s exact test  p -value  �    0.01  �    0.01  �    0.01  �    0.01
Sensitivity (95% CI) 0.75 (0.34 – 0.96) 0.85 (0.42 – 0.99) 0.60 (0.15 – 0.95) 0.71 (0.29 – 0.96)
Specifi city (95% CI) 0.82 (0.70 – 0.90) 0.78 (0.66 – 0.87) 0.98 (0.92 – 0.99) 0.95 (0.86 – 0.99)
PPV (95% CI) 0.33 (0.13 – 0.59) 0.30 (0.11 – 0.54) 0.75 (0.19 – 0.99) 0.62 (0.24 – 0.91)
NPV (95% CI) 0.96 (0.87 – 0.99) 0.98 (0.89 – 0.99) 0.97 (0.90 – 0.99) 0.96 (0.89 – 0.99)

    BAT, basophil activation test; ASP,  l -asparaginase; IgG, immunoglobulin G; SPT, skin prick test; CI, confi dence interval; PPV, 
positive predictive value; NPV, negative predictive value.   

  Figure 2.     Correlation between the CD203c high  basophil rate in the BAT 
(%) and the ASP-specifi c IgG level (AU/mL) is shown. Spearman ’ s rank 
correlation coeffi  cient was 0.31 ( p     �    0.01, 95% CI 0.08 – 0.51). Th e dots 
were divided into four groups: (A) BAT ( � ) ASP-specifi c IgG ( � ), (B) 
BAT ( � ) ASP-specifi c IgG ( � ), (C) BAT ( � ) ASP-specifi c IgG ( � ), and 
(D) BAT ( � ) ASP-specifi c IgG ( � ). Five of the eight patients with ASP 
allergic reactions belonged to group B (open circles). Dashed line 
represents the positive cut-off  value (BAT, 14.4%; IgG, 90.7 AU/mL) for 
each test.  
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can be aff ected by any skin condition that the patient might 

have or medications the patient might be taking. Although 

our study included no case of anaphylaxis and no patients 

reported systemic reactions following the ASP-SPTs, a lower 

burden would be expected because some drug-SPTs induce 

anaphylaxis. Th e BAT is performed  ex vivo  and is therefore 

safe, the results are easy to compare across assays, and it is 

more quantitative than the SPT. 

 We had to consider the possibility that basophil activa-

tion was mediated not only by specifi c IgE but also directly 

by drugs or other pathways. For this reason, we examined 

the SPTs to confi rm the involvement of ASP-specifi c IgE in 

ASP allergy. Because ASP allergic reactions without basophil 

activation were investigated, there were a few non-IgE medi-

ated ASP allergies. ASP allergy was identifi ed most eff ectively 

by combining the results of the IgE-mediated BAT and the 

ASP-specifi c IgG measurement assays. To date, the low PPV 

of the ASP-specifi c IgG level could lead to the unnecessary 

discontinuation or conversion of ASP therapy. Combining 

the result of the BAT with the result of the ASP-specifi c IgG 

assay would allow clinicians to prepare for the possibility of 

anaphylaxis. In addition, it is likely that monitoring the ASP-

specifi c IgG level would be useful in assessing ASP neutral-

ization, which is one cause of ASP treatment failure [11]. 

 Th e BAT is a better marker than ASP-specifi c IgG level 

for the follow-up of patients with ASP allergy with positive 

results, because the half-life of IgE is shorter than that of IgG 

[20,21]. In fact, because of the rapid, easy operation and high 

negative predictive value of the BAT, we were able to admin-

ister ASP to four patients with ASP allergy without inducing 

reactions after their BAT results decreased. 

 Th e limitations of this study included the small sample 

size and the lack of ASP activity examinations. Accordingly, a 

long-term prospective trial should be performed to confi rm 

our fi ndings. 

 In summary, the BAT is a useful tool for identifying ASP 

allergy. Combining the BAT with an ASP-specifi c IgG assay 

was the most accurate method of identifying ASP allergy. 

Th e precise prediction of ASP allergy would help us to avoid 

severe adverse events and cure more children with lymphoid 

malignancies.     
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  Supplementary Figure 1.      E xample analysis of the BAT.  
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  Supplementary Figure 2 .  Th e CD203c high  basophil rate in the BAT increased in a dose-dependent manner with the ASP concentration in several BAT-
positive samples (A). Th e CD203c high  basophil rates in the BAT results for the 56 BAT-negative samples are shown (B). Th e dashed line represents 
the positive cut-off  value (14.4%).  
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  Supplementary Table I .    
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