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Abstract
Background: Atopy is defined as excess allergen-specific  
IgE (A-IgE). IgE is produced by plasma cells that differentiate 
from allergen-specific B cells. B cells are known to be killed 
by chemotherapy; however, it is not known whether A-IgE-
secreting plasma cells are killed or inhibited by chemother-
apy. If yes, serum A-IgE levels would be expected to decrease 
after chemotherapy. Objectives: We aimed to determine 
whether A-IgE levels in atopic individuals (serum A-IgE ≥0.35 
kUA/L) decrease into the nonatopic range (< 0.35 kUA/L) after 
chemotherapy. Methods: In 105 patients undergoing che-
motherapy for acute leukemia, we measured serum A-IgE 
before and after chemotherapy. In a subset of these patients, 
we also measured B cell counts before and after chemother-
apy. Results: Of the 105 patients, 36 were atopic. In these 
patients, median A-IgE level before chemotherapy was 1.6 
kUA/L whereas the median level after chemotherapy was 0.6 
kUA/L (p < 0.001). In 12/36 (33%) patients, A-IgE levels de-
creased into the nonatopic range. In nonatopic patients (n = 

69), the median A-IgE level also dropped: from 0.04 kUA/L 
before to 0.03 kUA/L after chemotherapy (p = 0.001). Among 
the total patients (n = 105), the median pre:post-chemother-
apy A-IgE ratio was 1.8 (2.6 in atopic and 1.5 in nonatopic 
patients). In contrast, the median ratio of pre:post-chemo-
therapy B cell counts was 87.6. Conclusions: A-IgE levels de-
crease after chemotherapy but markedly less than B cell 
counts. Thus, at least some A-IgE plasma cells appear to sur-
vive chemotherapy. © 2018 S. Karger AG, Basel

Introduction

Excess of allergen-specific IgE (A-IgE), here defined as 
serum level ≥0.35 kUA/L (kilounits of antibody per liter), 
is referred to as atopy. Atopy may manifest as allergic dis-
ease (e.g., asthma, rhinitis, or eczema). A-IgE is produced 
by plasma cells that differentiate from allergen-specific B 
cells. It is not known whether the A-IgE-producing plas-
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ma cells are short-lived and thus in atopic individuals fre-
quently replenished from A-IgE B cells (repeatedly ex-
posed to and thus stimulated by allergens) versus wheth-
er the A-IgE plasma cells are long-lived, keeping serum 
A-IgE levels in the atopic range (≥0.35 kUA/L) even with-
out frequent replenishment from A-IgE B cells. Chemo-
therapy is expected to kill B cell precursors and B cells [1, 
2]. However, serum IgG levels are not substantially de-
creased after chemotherapy [3, 4] because IgG plasma 
cells are long-lived and relatively chemoresistant [5–8]. It 
is unknown whether this applies also to IgE plasma cells 
in humans. 

Here, we set out to determine whether A-IgE levels de-
cline into the nonatopic range (< 0.35 kUA/L) in atopic 
patients (A-IgE ≥0.35 kUA/L) undergoing chemotherapy 
for acute leukemia. Our hypothesis was that A-IgE levels 
do not decline, based on a murine model in which A-IgE 
did not decline after cyclophosphamide treatment [9] as 

well as studies in patients with a history of filarial infec-
tion in whom filarial-specific IgE was shown to persist for 
≥5 years after successful treatment without reexposure to 
filaria [10].

A secondary goal of this study was to determine wheth-
er A-IgE levels rise after chemotherapy to the atopic range 
in patients with A-IgE levels in the nonatopic range (non-
atopic patients). Our hypothesis was that the levels do not 
rise, as these patients are presumably nonatopic irrespec-
tive of chemotherapy. On the other hand, chemotherapy 
may be associated with immune dysregulation [11–13]. 
Consistent with that, elevated total IgE levels were found 
in some patients after chemotherapy with autologous or 
syngeneic stem cell transplantation [14].

Altogether it is not known whether A-IgE levels rise or 
decline after chemotherapy. Here, we aimed to evaluate 
this issue in patients receiving chemotherapy for acute 
leukemia. 

Materials and Methods

Patients
Patients about to undergo chemotherapy for acute leukemia 

were asked whether their serum A-IgE could be measured before 
induction chemotherapy and after approximately of 2–3 cycles of 
chemotherapy. A total of 105 patients were accrued. Their demo-
graphic and clinical characteristics are displayed in Table 1. As 
obtaining consent from some patients before starting the induc-
tion chemotherapy was logistically challenging, we allowed the 
“pre-chemotherapy” specimen to be obtained up to 7 days after 
starting induction chemotherapy. 

IgE Level Determination
A-IgE serum levels were determined using the ImmunoCAP 

Phadiatop test (Thermo Fisher Scientific Inc., Uppsala, Sweden). 
This test measures A-IgE against multiple common aeroallergens, 
i.e., specifically allergens extracted from Dermatophagoides fari-
nae, Dermatophagoides pteronyssinus, cat, dog, and horse dander, 
timothy grass, mugwort, pellitory-of-the-wall (upright pellitory), 
birch and olive tree pollen, and Cladosporium herbarum mold. The 
solid phase of ImmunoCAP is covalently coupled to standardized 
allergen source material, recombinant allergen components, or 
relevant markers to the respective allergen of interest. This solid 
phase also consists of an optimal amount of cellulose to ensure 
binding of all relevant IgE antibodies in the patient’s sample. IgE 
in serum samples binds to the allergens on the solid phase. After 
washing out nonspecific IgE, mouse anti-human IgE (secondary 
antibody) bound to an enzyme is added to form a complex, and 
then an enzyme substrate is added, resulting in a fluorescent signal. 
A-IgE concentration is determined using a standard curve, created 
by dilution of a known concentration of purified A-IgE over a 
range of concentrations. 

Total IgE serum levels were determined by the Roche Cobas 
Elecsys IgE II assay. This method is based on the sandwich prin-
ciple where IgE in the sample, a biotinylated murine monoclonal 

Table 1. Patient characteristics

Atopic/nonatopic patients 36/69
Median age (range), years 48 (19-65)
Sex, males/females 60/45
Diagnosis

Acute myeloid leukemia 79
Acute lymphoid leukemia 18
Acute biphenotypic leukemia 4
Chronic myeloid leukemia

Blast phase 1
Advanced 1

Myelodysplastic syndrome (advanced) 1
Burkitt’s lymphoma 1

Chemotherapy1

1 cycle 7
2 cycles 30
3 cycles 40
4 cycles 23
5 cycles 2
6 cycles 2
7 cycles 1
Corticosteroid included2, yes/no 22/83

1 Number of chemotherapy cycles between pre- and post-blood 
sampling. For myeloid malignancies, therapy typically consisted of 
a cycle of induction chemotherapy with idarubicin (12 mg/m2 dai-
ly on days 1–3) plus cytarabine (200 mg/m2 daily on days 1–7), 
followed by up to 4 cycles of consolidation chemotherapy with 
high-dose cytarabine (3 g/m2 every 12 h on days 1, 3 and 5 of each 
cycle). For lymphoid and biphenotypic malignancies, a variety of 
regimens were used, frequently including an anthracycline, vin-
cristine, asparaginase, methotrexate, and a corticosteroid. 

2 Discounting corticosteroids given purely as anti-emetics.
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IgE-specific antibody, and a murine monoclonal IgE-specific an-
tibody labeled with a ruthenium complex form a sandwich com-
plex. After addition of streptavidin-coated microparticles, the 
complex becomes bound to the solid phase via interaction of biotin 
and streptavidin. The reaction mixture is aspirated into the mea-
suring cell where the microparticles are magnetically captured 
onto the electrode surface. Unbound substances are then removed 
with ProCell/ProCell M. Application of a voltage to the electrode 
then induces chemiluminescent emission which is measured by a 
photomultiplier.

B Cell Enumeration
This was done only in a subset of patients for whom cryopre-

served blood mononuclear cell (MNC) levels were available from 
both the pre- and the post-chemotherapy time points. B-cell acute 
lymphoid leukemia (ALL) patients were excluded as in pre-che-
motherapy specimens B cells could not be reliably distinguished 
from B lymphoblasts. The number of patients analyzed was 12. 
Heparinized blood was drawn at the same time points as the anti-

coagulated blood for serum (to measure A-IgE). For the pre-che-
motherapy time point, this was a median of 0 days before starting 
chemotherapy (range, 16 days before to 7 days after starting che-
motherapy). For the post-chemotherapy time point, this was a me-
dian of 48 days after starting the last chemotherapy cycle (range, 
30–72 days). MNCs were separated using Lympholyte (Cedarlane, 
Burlington, ON, Canada). MNCs were stained with CD19 and 
CD20 monoclonal antibodies, both conjugated with phycoery-
thrin (clone J3-119 for CD19-PE and clone 2H7 for CD20-PE from 
Beckman Coulter, Miami, FL, USA, and Thermo Fisher Scientific, 
Canada, respectively). Percent B cells (CD19+ and/or CD20+ cells) 
among MNCs were determined using flow cytometry. Absolute B 
cell count was calculated as the absolute count of MNCs (lympho-
cytes + monocytes + blasts) determined by a clinical hematology 
laboratory × percent B cells/100.

Statistics
Significant differences in A-IgE levels, total IgE levels, or B cell 

counts between before versus after chemotherapy were tested us-
ing the Wilcoxon paired test. Significant differences in pre:post-
chemotherapy A-IgE ratios between patient subgroups (e.g., pa-
tients with versus without corticosteroid as part of chemotherapy) 
were tested using the Mann-Whitney rank sum test.

Results

Effect of Chemotherapy on A-IgE in Atopic Patients
Of the 105 patients, 36 were atopic. In virtually all 

atopic patients, A-IgE levels declined after chemothera-
py. The median pre-chemotherapy A-IgE level was 1.595 
kUA/L and the median post-chemotherapy level was 
0.600 kUA/L (p < 0.001) (Fig. 1). The median pre:post-
chemotherapy A-IgE ratio was 2.6 (range, 0.5–45.7). In 24 
(67%) of the 36 patients, A-IgE levels remained in the 
atopic range, whereas in the remaining 12 (33%) patients, 
A-IgE levels declined into the nonatopic range (Fig. 1). 

To determine whether the pre:post-chemotherapy A-
IgE ratio is related to patient/treatment characteristics, 
we compared the ratios between males and females, older 
patients (> 48 years, which was the median) versus young-
er patients, patients in whom the “pre-chemotherapy” 
specimen was drawn before the start of induction chemo-
therapy versus up to 7 days after the start, patients with 
lymphoid malignancies (ALL or Burkitt’s lymphoma) 
versus myeloid malignancies (acute myeloid leukemia, 
chronic myeloid leukemia, chronic myelomonocytic leu-
kemia, or myelodysplastic syndrome), patients who re-
ceived ≥3 versus < 3 chemotherapies between the pre- and 
post-chemotherapy blood sampling (3 was the median), 
and in patients in whom ≥1 chemotherapy cycle did ver-
sus did not contain a corticosteroid (as an anticancer 
agent, not just as an antiemetic) between the pre- and 
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Fig. 1. Allergen-specific IgE (A-IgE) levels before and after chemo-
therapy in atopic patients (n = 36). The horizontal line indicates 
the cutoff (0.35 kUA/L) between the atopic and nonatopic A-IgE 
range. As the lower limit of detection is approximately 0.1 kUA/L, 
all values < 0.1 kUA/L are arbitrarily assigned a value of 0.05 kUA/L. 
Patients who received ≥1 cycle of chemotherapy containing a cor-
ticosteroid are indicated in blue.
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post-chemotherapy blood sampling. There was no signif-
icant difference in the pre:post-chemotherapy ratios be-
tween any of these subgroups, with the exception of the 
subgroups of patients in whom chemotherapy did versus 
did not contain a corticosteroid (Table 2). For patients 
who received ≥1 cycle of chemotherapy containing a cor-
ticosteroid, the median pre:post-chemotherapy A-IgE  
ratio was 2.8; for patients in whom chemotherapy did  
not contain a corticosteroid, the median ratio was 1.75  
(p = 0.04).

Given the influence of corticosteroids, we also ana-
lyzed A-IgE levels pre- and post-chemotherapy separate-
ly in atopic patients whose chemotherapy did or did not 
contain a corticosteroid. In the patients whose chemo-
therapy did not contain a corticosteroid (n = 31), A-IgE 
levels dropped from a median of 1.49 to 0.68 (p < 0.001). 

A-IgE became < 0.35 kUA/L in 9 (29%) of the 31 patients. 
In the patients whose chemotherapy contained a cortico-
steroid (n = 5), A-IgE levels dropped from a median of 
3.22 to 0.34 (p = 0.123). A-IgE became < 0.35 kUA/L in 3 
(60%) of the 5 patients.

Effect of Chemotherapy on A-IgE in Nonatopic 
Patients
Analogous to the atopic patients, A-IgE levels dropped 

in most of the nonatopic patients – the median pre-che-
motherapy level was 0.04 kUA/L and the median post-
chemotherapy level was 0.03 kUA/L (p = 0.001). The me-
dian pre:post-chemotherapy A-IgE ratio was 1.50 (range, 
0.02–11.5); it was 1.20 among patients whose chemother-
apy did not contain a corticosteroid and 1.83 among pa-
tients whose chemotherapy contained a corticosteroid. 
Thus, A-IgE levels generally remained in the nonatopic 
range (Fig. 2). The exceptions were 2 patients whose se-
rum A-IgE concentrations increased to the atopic range; 
however, this was only to the low end of the atopic range 
(0.42 kUA/L in 1 patient and 1.37 kUA/L in the other pa-
tient). 

Table 2. Comparison of pre/post-chemotherapy ratios of median 
allergen-specific IgE (A-IgE) levels between patient subgroups

Subgroups A-IgE
pre/post

p 
value

Age
>48 years (n = 48) 1.46 0.056
≤48 years (n = 57) 2.00

Sex
Male (n = 60) 2.00 0.321
Female (n = 45) 1.67

Diagnosis
Lymphoid leukemia (n = 19) 2.60 0.078
Myeloid leukemia (n = 83) 1.75

Chemotherapy1 
≥3 cycles (n = 69) 2.00 0.307
<3 cycles (n = 36) 1.42

Chemotherapy included a corticosteroid2

Yes (n = 22) 2.80 0.040
No (n = 83) 1.75

Pre-chemotherapy blood sampling
Before chemotherapy (n = 88) 2.50 0.454
≤7 days after chemotherapy (n = 17) 1.74

1 Number of chemotherapy cycles between the pre- and post-
blood sampling. 

2 Discounting corticosteroids given purely as anti-emetics.
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Fig. 2. Allergen-specific IgE (A-IgE) levels before and after chemo-
therapy in nonatopic patients (n = 69). The horizontal line indi-
cates the cutoff (0.35 kUA/L) between the atopic and nonatopic 
range. As the lower limit of detection is approximately 0.1 kUA/L, 
all values < 0.1 kUA/L are arbitrarily assigned a value of 0.05 kUA/L. 
Asterisk denotes that the triangle showing the value of 0.05 repre-
sents 52 patients. Double asterisks denote that the triangle showing 
the value of 0.05 represents 60 patients.

D
ow

nl
oa

de
d 

by
: A

. M
ar

i -
 3

12
98

U
ni

ve
rs

ita
 d

eg
li 

S
tu

di
, B

ib
l. 

A
re

a 
B

io
m

ed
. T

or
 V

er
ga

ta
 

16
0.

80
.2

.3
8 

- 
10

/7
/2

01
8 

7:
45

:0
5 

A
M



Chemotherapy and Allergen-Specific IgE 149Int Arch Allergy Immunol 2018;177:145–152
DOI: 10.1159/000489706

Effect of Chemotherapy on B Cell Counts
The median absolute B cell counts were 135.6 cells/μL 

(range 35.1–644.2) before and 1.2 cells/μL (range 0.04–
66.1) (p < 0.001) after chemotherapy (Fig. 3). The median 
ratio of pre:post-chemotherapy B cell counts was 87.6 
(range, 4.1–14,641.0). Thus, the decline in B cell counts 
(median 87.6-fold) was substantially greater than the de-
cline in A-IgE levels (median 2.6-fold among atopic pa-
tients, 1.5-fold among nonatopic patients, and 1.8-fold 
among total patients). 

Effect of Chemotherapy on Total IgE
In atopic patients, total IgE levels declined after che-

motherapy. Median total IgE levels were 144.7 kIU/L be-
fore chemotherapy and 29.7 kIU/L (p < 0.0001) after che-
motherapy (Fig. 4). The median pre:post-chemotherapy 
A-IgE ratio was 3.2 (range 0.3–342.0). 

In nonatopic patients, total IgE levels also declined  
after chemotherapy. Median total IgE levels were 20.7 
kIU/L before chemotherapy and 6.9 kIU/L (p < 0.0001) 
after chemotherapy (Fig.  5). The median pre:post-che-
motherapy A-IgE ratio was 2.6 (range 0.002–286.8).

Discussion/Conclusion

Here, we showed that, contrary to our hypothesis that 
A-IgE levels would not decline after chemotherapy be-
cause A-IgE plasma cells are chemoresistant and long-
lived, the levels did decline. However, this decline was 
relatively small; A-IgE levels declined only approximately 
2-fold, whereas B cell counts declined approximately 88-
fold. The 88-fold decline is probably an underestimate as 
we measured B cell counts a median of 48 days after the 
last chemotherapy, whereas in studies that measured B 
cell counts earlier after chemotherapy, B cells were barely 
detectable [15, 16]. This suggests that at least some A-IgE 
plasma cells survived after chemotherapy and continued 
to produce A-IgE even in the near absence of B cells.

One possible explanation for the small decline in A-
IgE is the use of corticosteroids at high doses as part of 
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Fig. 3. Absolute blood B cell counts before and after chemotherapy 
(n = 12 patients).

Fig. 4. Total IgE levels before and after chemotherapy in atopic 
patients (n = 36). Patients who received ≥1 cycle of chemotherapy 
containing a corticosteroid are indicated in blue. The lower limit 
of detection is approximately 0.2 kIU/L. Our clinical laboratory 
reference range is < 0.2 to 160 kIU/L.
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chemotherapy (usually for ALL) or at low doses to pre-
vent chemotherapy-induced nausea/vomiting, as corti-
costeroids can kill or inhibit plasma cells [17–20]. Con-
sistent with that, we found a greater decline in A-IgE  
levels in patients whose chemotherapy did versus did not 
contain antineoplastic doses of corticosteroids. An alter-
native explanation for the small decline in A-IgE levels is 
that a small fraction of plasma cells is killed by chemo-
therapy or that chemotherapy partially inhibits the pro-
duction of A-IgE. Yet another possible explanation is that 
A-IgE could be produced by both short- and long-lived 
plasma cells (both chemoresistant); the short-lived plas-
ma cells would die by attrition during chemotherapy (not 
being replenished from B cells) and only the long-lived 
plasma cells persist. In rats, there is evidence for the exis-
tence of both short-(∼3 days) and long-lived plasma cells 
[21]. Based on our data, we cannot conclusively deter-
mine which of the above explanations applies. However, 
given that A-IgE in atopic patients was still relatively high 

48 days after the last chemotherapy cycle when B cell 
counts were very low, and given that the blood half-life of 
IgE is only 2–4 days [22], we can conclude that at least 
some A-IgE plasma cells are chemoresistant and survive 
for at least several weeks. A caveat of this conclusion is 
that chemotherapy may have reduced the number of mast 
cells [23, 24], which may have altered the IgE half-life.

Given that there is a mild decline in A-IgE with che-
motherapy, there could be a decline in the severity of 
symptoms of allergic diseases like asthma, rhinitis, or ec-
zema. We did not evaluate this. Jones et al. [25] and Wei-
gel et al. [26] showed reduced asthma symptoms in chil-
dren following chemotherapy. In those studies, A-IgE 
was not measured. Perhaps, the decreased asthma symp-
toms observed in their studies could be due at least in part 
to decreased A-IgE. 

A potential limitation of our study is that we allowed 
patient blood to be drawn up to 7 days past the start of che-
motherapy for the time point before chemotherapy. As the 
immunosuppressive effects of chemotherapy or cortico-
steroids could potentially cause A-IgE levels to transiently 
decline, we attempted to accrue patients prior to the start 
of treatment – but due to the short time interval between 
the diagnosis of acute leukemia and the start of chemo-
therapy, this was not always possible. However, there was 
not a significant difference in the pre:post-chemotherapy 
A-IgE ratios between the patients whose “pre-chemother-
apy” blood was drawn before versus up to 7 days after the 
start of chemotherapy (Table 2). Thus, it is unlikely that the 
fact that the “pre-chemotherapy” specimen was in some 
patients obtained up to 7 days after starting chemotherapy 
influenced the conclusions of our study.

After autologous or allogeneic hematopoietic cell 
transplantation, which includes high-dose chemotherapy 
(“conditioning”), a rise in total IgE has been described 
[27, 28]. Contrary to that, we found that both A-IgE and 
total IgE declined after chemotherapy (without trans-
plantation). This suggests that chemotherapy alone (with-
out transplantation) does not result in increased IgE.

In summary, barring the above limitation, A-IgE level 
drops only slightly with chemotherapy, whereas B cell levels 
drop substantially. This suggests that, similar to IgG plasma 
cells, at least some A-IgE-plasma cells are chemoresistant.
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