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Abstract  
AllergoOncology is a current focus of scientific interest. A possible link between allergies and 
hematologic malignancies (HMs) existed, but the results are controversial. While some studies 
concluded that allergy is a risk factor for HMs, others consider allergy a protective factor. We aimed 
to investigate the frequency of allergic disorders among individuals with hematological malignancies 
versus hematological malignancies free individuals and to detect the possible implication of serum 
level of Immunoglobulin (Ig) E, interleukin (IL)-10 and tumor necrosis factor (TNF) α. 75 patients with 
HMs and 75 healthy controls were enrolled. Diagnosis of allergy was made by history, clinical 
examination, and skin prick testing (SPT), while measurements of serum total IgE, IL 10 and TNFα 
were done by ELISA. Allergy was diagnosed in 6.7% of the patients and 42.7% of the healthy controls 
(P<0.001). There was a statistically significant decrease in serum total IgE and TNF-α and in patients 
than controls (P=0.002, <0.001), respectively. In contrast, IL-10 showed no significant differences 
between the two groups. In conclusion, allergic disorders are less frequent in patients with HMs than 
healthy controls. Lack of allergic conditions, low serum total IgE and TNFα may be independent risk 
factors for hematological malignancies.  
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Introduction 

Hematological malignancies (HMs) represent 
6.5 % of all malignancies worldwide, in which 
NHL represented 2.7 %, leukemia accounted for 
2.5 %, and multiple myeloma (MM) represented 
0.8 %, while HL represented 0.5 %. HMS are a 
heterogeneous group of diseases resulting from 
malignant transformation of cells from the bone 
marrow or lymphatic system.1 The relation 
between Cancer and Allergy is controversial. 

Previous research proposed some mechanisms 
which might either decrease or increase the risk 
of malignancy. Immunologic surveillance and 
antineoplastic defense may eliminate malignant 
cells of a developing tumor at an early stage. 
Existing research indicates that dysregulation of 
the immune system, found in allergy, can affect 
tumor survival, suggesting that cancer in such 
patients may differ from those who do not 
suffer. On the contrary, chronic immune 
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stimulation could boost malignancy. However 
still, these theories are inconsistent.1 

Inflammation and resulted cytokines play a 
pathological role in the induction and progress 
of hematological malignancies.2 Several key 
mediators in allergy may affect the 
development of hematological cancers as 
immunoglobulin (Ig) E, which have an essential 
role in allergy and also share in immune 
surveillance and host defense. IgE receptors 
FcεR1 are present on mast cells, eosinophilis, 
DCs, macrophages and basophils. IgE-FcεR1 
interaction result in cell activation and 
degranulation, therefore a potent inflammatory 
reaction is produced.  

Tumour necrosis factor-alpha (TNFα), a 
pleiotropic cytokine, is also thought to play a 
significant role in the pathogenesis of 
inflammatory diseases, as an allergy. TNFα 
production occurs at the early stage of allergen 
sensitization and then promotes the 
inflammatory cascade in the effector phase of 
allergic reactions.4 Meanwhile, the role of TNFα 
in cancer is controversial; under certain 
circumstances, it induces cell apoptosis, and it 
may cause cell proliferation.1 The effect of TNFα 
largely relies on the receptor it binds. If soluble 
TNFα binds the tumor necrosis factor receptor 1 
(TNFR1), the interaction will induce apoptosis, 
while if the molecule interacts with tumor 
necrosis factor receptor 2 (TNFR2), this will 
stimulate cell survival.2 

Interleukin 10 (IL-10) is a known crucial 
pleiotropic cytokine that can promote and curb 
Th2-dependent allergic responses. 
Simultaneously, IL–10 is an essential 
immunosuppressive cytokine that is frequently 
elevated in the tumor microenvironment.5 

In this study, we tried to uncover a possible 
relation between allergy and HMs by evaluating 
the frequency of allergic disorders among 
individuals with hematological malignancies and 
compare it with the frequency in healthy 
individuals. Additionally, we investigated a 
probable immunopathogenic link by comparing 
serum level of some critical mediators that play 
a crucial role in allergy and HMs, mainly IgE, IL-
10 and TNF α between the studied groups.

Patients and Methods 

Study participants 

This cross-sectional study included 75 patients 
with different hematological malignancies and 
75 healthy controls, during the period from 
November 2018 to July 2019. Diagnosis of 
patients was carried out according to the 
National Comprehensive Cancer Network 
(NCCN) guidelines for NCCN Guidelines for 
Detection, Prevention, & Risk Reduction.6 The 
study included patients with Acute lymphocytic 
leukemia, Acute myeloid leukemia, Chronic 
Lymphocytic Leukemia, Chronic myeloid 
leukemia, Hodgkin Lymphoma, leukemia type 
M3, Multiple myeloma, Non-Hodgkin lymphoma 
and plasma cell dyscrasia. 

Patients treated from cancer or receiving 
immunotherapy or anti-IgE (Omalizumab), 
patients with any autoimmune diseases, solid 
tumors, end-organ failure, or any other causes 
of elevated serum IgE and participants refusing 
to sign a consent were excluded from the study. 
The study was reviewed and approved by the 
Faculty of Medicine's Institutional review board, 
Zagazig University, Egypt. All individuals 
included in the study signed informed consent. 

Study design 

All participants were subjected to a 
questionnaire on allergic symptomatology, 
triggering factors, associated atopic diseases, 
cancer risk factors, family history and 
medications with complete clinical examination. 
Diagnosis of allergic diseases was performed 
according to the international guidelines. 
Allergic rhinitis was diagnosed according to 
allergic rhinitis, and its impact on asthma (ARIA) 
guidelines,7 Global initiative for asthma (GINA) 
guidelines were followed for the diagnosis of 
Bronchial asthma.8 Diagnosis of Skin allergy was 
made according to the European Academy of 
Allergy and Clinical Immunology (EACCI) 
guidelines.9 Allergy investigations were carried 
out for all participants with a history suggestive 
of allergy, including skin prick test and specific 
serum IgE if needed. Serum total IgE, IL10 and 
TNF-α were measured for all participants. In 
addition to pulmonary function test in bronchial 
asthma cases and the required laboratory or 

https://www.nccn.org/professionals/physician_gls/default.aspx#detection
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radiological investigations for the underlying 
HMs.9 

Skin prick test (SPT) 

It was performed according to the European 
Academy of Allergy and Clinical Immunology 
(EAACI). SPT to allergens was used to determine 
atopic status. Positive (0.1% histamine in 
phosphate-buffered saline) and negative 
(physiologic saline) controls were used. A wheel 
size over 3 mm greater than the negative 
control after 15 minutes was considered a 
positive result.10  

Diagnosis of asthma. 

Asthma was diagnosed according to the Global 
Initiative for Asthma (GINA) guidelines; 
symptoms suggest asthma diagnosis include 
wheeze, shortness of breath, cough, and chest 
tightness. These symptoms often worse at 
night, vary in intensity over time, and triggered 
by viral infections, exercise and allergen 
exposure. Diagnosis is confirmed by spirometry 
when forced expiratory volume1 (FEV1) 
improved by ≥12% after inhalation of 
salbutamol. 8,11  

Total serum IgE  

Total serum IgE was measured using a 
commercially available double-antibody 
sandwich enzyme-linked immunosorbent assay 
(ELISA). Kit specified to assay human serum (Bio 
check total IgE, South San Francisco). In 
principle, IgE in the serum binds to monoclonal 
antibody-Enzyme in a well, which is pre-coated 
with goat IgE monoclonal antibody. 
Standardized reference solutions (0, 10, 50, 400 
and 800 IU/ml) were used. Patient's sera and 
standard solutions were added to wells and 
allowed to react for 30 min at room 
temperature. Wells were washed, and to each 
well, antibodies labelled with an enzyme 
(Streptavidin-HRP) were added and reacted for 
30 min at room temperature. After washing, the 
chromogen solution of tetramethylbenzidine 
(TMB) was added and allowed to react for 20 

min at 37⸰c. 3- Finally, the stop solution was 
added, and the optical density was measured at 
450 nm wavelength (Biotek ELISA plate reader) 
within 10 min. To calculate sample 
concentrations, a standard curve was drawn by 

plotting the standard solutions' concentration 
vs OD. The minimum detectable level was 5 
IU/ml.12 

Serum IL-10  

IL-10 measuring was done using an ELISA kit 
specified to human serum assay (Shanghai 
Sunred Biological Technology, China). Test 
principle: IL-10 in the serum binds to 
monoclonal antibody Enzyme well, which is pre-
coated with IL-10 monoclonal antibody. A 
standard solution of 3200 pg/ml, was serially 
diluted to concentrations of 1600 pg/ml, 800 
pg/ml, 400 pg/ml, 200 pg/ml and 100 pg/ml. 
Patient's sera and standard solutions were 
added to wells. To each well, antibodies labelled 
with enzymes (Streptavidin-HRP) were added 

and then left to react for 60 min at 37⸰c. 3- After 
washing five times with the washing solution, 
the chromogen solutions A and B were added 

and reacted for 10 min at 37⸰c. Finally, the stop 
solution was added, and the optical density was 
measured at 450 nm wavelength within 10 min. 
Sample concentration was determined using a 
standard curve. The sensitivity of the kit was 
9.012pg/ml, assay range 10-3000pg/ml.13 

Serum TNF-α  

TNF-α was measured by an ELISA kit specified to 
assay human serum (Wuhan Fine Biotech Co., 
Ltd, China). In principle, TNF-α in the serum 
binds to monoclonal antibody- Enzyme in a well 
which is pre-coated with TNF-α monoclonal 
antibody. A standard solution of 1000 pg/ml, 
was serially diluted to produce concentrations 
of 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml 
and 31.25 pg/ml. Patient's sera and standards 
were added to wells. To each well, anti-TNF-α 
antibodies labelled with enzymes (Streptavidin-
HRP) were added and left to react for 60 min at 

37⸰c. After washing five times, the chromogen 
was added and allowed to react for 10 min at 

37⸰c. A stop solution was added, and the optical 
density was measured at 450 nm wavelength 
within 10m. Sample concentration was 
determined using the constructed standard 
curve. The assay range was: 15.625-1000pg/ml; 
and sensitivity: 9.375pg/ml.14 



105  The Egyptian Journal of Immunology 

Statistical methodology 

The collected data were computerized and 
statistically analyzed using the SPSS program 
(Statistical Package for Social Science) version 
25.0. Qualitative data were shown as 
frequencies and percentages. A Chi-square test 
was used to calculate the difference between 
qualitative variables. Quantitative data were 
shown as mean ± SD (Standard deviation), 
median and range. Mann Whitney test & 
Kruskal Wallis test was used to calculate the 
difference between quantitative variables. The 
odds ratio quantifies the strength between two 
events. Logistic regression analysis was used to 
predict the risk of developing HMs based on 
different variables (age, sex, presence of allergy, 
Family history of allergy, low total serum IgE, 
low serum IL-10, and low serum TNFα). The 
analysis is used to ensure that each factor can 
independently affect the development of HMs 
irrespective of other factors. Wald statistic 
regression is part of the logistic regression; it is 

analogous to the t-test in linear regression and 
used to assess coefficients' significance. To 
correct the logistic regression to be valid for the 
general population, the β parameter was 
calculated.15 P-value of <0.05 was considered 
significant, with a 95% confidence interval (CI) 
and a P-value of <0.01 indicates highly 
significant results.  

Results 

Demographic and clinical characteristics of the 
studied groups 

There was no statistically significant difference 
regarding gender or age between the two 
studied groups. The most common malignancies 
detected in patients with HMs were AML (23), 
followed by ALL (17) (table 1). Regarding the 
frequency of allergic disorders, only five 
patients (6.7%) were diagnosed to have allergy 
in the patients with HMs compared to 32 
patients 32 (42.7%) in the healthy controls with 
high statistical significance (P= <0.001).  

Table 1. Demographic and clinical characteristics of the studied groups. 

 Variable 
HMs patients 

n=75 

Controls 

n=75 
*P-value 

Age (years) 
Mean ± SD 

Range 

47.61±14.8 

17 - 73 

46.51±13.8 

17 - 68 
NS 

Gender 
Male 

Female 

35 (46.7%) 

40 (53.3%) 

32 (42.7%) 

43 (57.3%) 
NS 

Allergy no 
(percentage) 

Allergic rhinitis 

Bronchial asthma 

Skin allergy 

Total 

2 (2.7%) 

3 (4.0%) 

0 

5 (6.7%) 

20 (18.7%) 

12 (10.7%) 

10 (4%) 

32 (42.7%) 

<0.001** 

0.002** 

NS 

<0.001** 

Type of cancer 

ALL 

AML 

CLL 

CML 

HL 

M3 

MM 

NHL 

PCD 

17 (22.6) 

23 (30.6) 

11 (14.6) 

4 (5.4) 

12 (16) 

2 (2.7) 

2 (2.7) 

2 (2.7) 

2 (2.7) 

ND ND 

MW: Mann Whitney, χ2: Chi-square *: P> 0.5 is not significant (NS), ND: Not done. ALL: Acute lymphocytic leukemia, AML: 
Acute myeloid leukemia, CLL; Chronic Lymphocytic Leukemia, CML: Chronic myeloid leukemia, HL: Hodgkin Lymphoma, M3: 
Leukemia M3 type, MM : Multiple myeloma, NHL: Non Hodgkin Lymphoma, PCD: Plasma cell dyscrasia 
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Results of skin prick test: 

For HMs patients, five patients were allergic to 
mite (6.6%), three to cockroach (4%), three for 
ragweeds (4%), two for feathers (2.6%), two 
(2.6%) for timothy grass and one patient (1.3%) 
was allergic to cat dander and epithelium. 

For healthy controls, Mites were the most 
commonly (14(18.6%) individuals), then timothy 
grass (10 (13.3%) individuals), Sunflower8 

(10.8%), followed by feather and Chenopodium 
(6 individuals each (8%)), Penicillium 5 (2.6%), 
Cockroach 4 (5.3%), Rye (5.3%), and two 
patients (2.6%) for Cladosporium, cat, and dog 
epithelium and dander. Due to the limited 
number of allergic patients in the patients with 
HMs, statistical analysis of the skin prick test 
results was not done (figure 1). 
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Figure 1. Results of skin prick test. 

 

Serum level of IgE, IL-10 & TNF-α in allergic and 
non-allergic participants among both cases and 
healthy controls 

When comparing the levels of IgE and TNF-α in 
allergic and non-allergic individuals among 
patients with HMs groups, there were 
statistically significant increase in IgE and TNF-α 
in the allergic individuals (P=0.04) and (0.03) 
respectively. Regarding the levels of IgE, and 
TNF-α between allergic and non-allergic 
individuals included in the control group, there 
were statistically significant increase in IgE and 
TNF-α in allergic patients (P=0.04) and (<0.001) 
respectively. However, IL-10 showed no 
statistically significant differences between 

allergic and nonallergic patients in both groups 
(P=0.33, P=0.88). 

Serum IgE, IL-10 & TNF-α between patients and 
healthy controls 

When comparing serum levels of IgE, IL-10 & 
TNF-α between HMs patients and healthy 
controls, the level of serum IgE was statistically 
higher in patients than in healthy controls 
(P=0.002). TNF-α the serum level in healthy 
control was significantly higher than in patients 
with HMs (P<0.001). However, IL-10 showed no 
statistically significant differences between the 
two studied groups (P=0.13) (table 2).  
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Table 2. Comparison of serum total immunoglobulin (Ig) E, interleukin -10 & tumor necrosis factor α 
between patients and controls. 

 Median (Range) Mean± SD *P-value (MW) 

IgE (Iu/ml) 
HMS patients 75 16 (1- 46) 19.32±13.0 

0.002 
Controls 75 25 (4.4- 290) 57.93±73.9 

IL-10 (pg/ml) 
HMs patients 75 1109 (446- 3179) 1109± 441. 

NS 
Controls 75 1288 (77.5- 3477) 1252± 734 

TNF-α (ng/ml) 
HMS patients 75 175.6 (22.6- 729.3) 191± 171 

<0.001 
Controls 75 324 (111.3- 2051) 558± 602 

IgE: Immunoglobulin E, IL-10: interleukin 10; TNF-α: Tumor necrosis factor α; SD: standard deviation, MW: Mann Whitney, 
*: P> 0.5 is not significant (NS), 
 

Relationship between type of cancer and serum 
total IgE, IL-10 & TNF among cases group: 

AML and ALL showed a significant increase in 
the level of IgE (P=0.03) and TNF-α (0.04) 
compared with other types of hematological 

malignancies. Nevertheless, there was no 
significant difference between different types of 
malignancies regarding serum IL-10 level (table 
3). 

Table 3. Relation between type of cancer and serum total immunoglobulin E, interleukin -10 & tumor 
necrosis factor α among patients with different hematological disorders. 

 
Hematological 

malignancy 
N Mean ± SD Median Range 

*P value 
(KW) 

IgE (Iu/ml) 

ALL 17 21.28 ± 9.67 23* 6.40- 37.00 

0.03 

AML 23 21.52 ± 16.98 22* 1.50- 46.00 

CLL 11 13.49 ± 10.78 11.7 1.00- 28.00 

CML 4 9.30 ± 4.27 16.3 5.60-13.00 

Lymphoma 12 13.85 ± 7.29 14.75 1.50- 23.40 

Others 8 30.02 ± 9.62 27* 21.10- 45.00 

IL-10 (pg/ml) 

ALL 17 1289.6 ± 775.04 1134 548.0- 3179.0 

NS 

AML 23 1006.6 ± 270.57 1067 446.2- 1345.0 

CLL 11 1123.3 ± 147.48 1156 905.0- 1321.0 

CML 4 1209.0 ± 115.47 1209 1109.0- 1309.0 

Lymphoma 12 911.54 ± 223.99 984 492.0- 1189.0 

Others 8 1253.9 ± 365.13 1350 696.0- 1624.0 

TNFα (ng/ml) 

ALL 17 211.81 ± 135.69 175.6* 111.3- 729.3 

0.04 

AML 23 199.17 ± 21.60 167.8* 22.6- 729.3 

CLL 11 112.45 ± 65.60 125 22.6- 213.0 

CML 4 141.65 ± 76.60 143 54.6- 213.0 

Lymphoma 12 140.60 ± 66.64 135.6 22.6- 213.0 

Others 8 312.27 ± 262.12 193* 54.6- 729.3 
ALL: Acute lymphocytic leukemia; AML: Acute myeloid leukemia; CLL: Chronic Lymphocytic Leukemia; CML: Chronic myeloid 
leukemia; KW: Kruskal Wallis. N: number. *: P> 0.5 is not significant (NS). 
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Logistic regression analysis for the relationship 
between the developments of hematological 
malignancies adjusted for the other possible 
confounding factors 

Logistic regression was used to assess the effect 
of all studied factors on the development of 
Hematological malignancies. According to this 
type of analysis, each variable is analyzed 
independently to other factors using the Wald 
coefficient; then, the values were corrected to 

be applicable for the entire population (as the 
current study is a case-control study) using the 
β parameter. Logistic regression analysis 
showed that factors that can significantly 
protect against the development of HMs are the 
presence of an allergy, the presence of a family 
history of allergy, High serum IgE level, and high 
TNFα level. On the other hand, age, gender and 
serum IL-10 did not significantly affect the 
development of HMs. 

Table 4. Logistic regression analysis for the relation between the developments of hematological 
malignancies adjusted for the other possible confounding factors. 

Independent factors β SE Wald OR (95%CI ) *P-value 

Age 0.53 0.27 3 1.69 (0.81-2.99) NS 

Gender  0.70 0.36 2.7 1.03 (0.68-3.12) NS 

Allergy -1.33 0.38 12.18 0.86 (0.54-0.92) <0.001 

Family history -1.87 0.51 13.39 0.69 (0.53-0.85) 0.03 

High serum IgE  1.16 0.52 4.82 3.19 (1.13-8.98) 0.02 

Serum IL-10  0.75 0.41 3.1 2.01 (0.85-4.65) NS 

High TNFα  2.10 0.61 20.81 7.35 (3.28-16.5) <0.001 

IgE: Immunoglobulin E, IL-10: interleukin 10; TNF-α: Tumor necrosis factor α; ⃰⃰⃰ ⃰: Highly significant. SE: Standard error, β: β 
parameter, Wald: Wald statistic coefficient, OR: odds ratio, CI: confidence interval. *: P> 0.5 is not significant (NS). 

 

Discussion 

Conflicting hypotheses have been proposed to 
determine the relationship between atopy and 
cancer, the immune surveillance hypothesis and 
the antigenic stimulation hypothesis. The 
former advocates that allergic conditions may 
be protective against the development of HMs, 
which was also supported by our study, 
whereas the latter proposes an increased risk. 
The immune surveillance hypothesis suggests 
that the immune system recognizes malignant 
cells' antigens as foreign and reacts against 
them, preventing cancers' development. Hence, 
immunocompromised persons have a higher 
incidence of some malignancies. On the other 
hand, chronic stimulation of the immune system 
by allergens may increase the risk of 
carcinogenesis due to an increase in the 
probability of genetic errors, as pro-oncogenic 
mutations.16 

Firstly, we aimed to evaluate the frequency of 
the previous allergy among individuals with 
hematological malignancies. Our study included 
75 patients with different hematological 
malignancies compared to 75 healthy controls. 
We observed a marked increase in allergy 
frequency in the healthy controls compared to 
patients with HMs with a highly statistically 
significant difference. This agrees with a 
metanalysis which included 148 papers 
published from 1955 through 2006 and revealed 
that allergy protects against cancer with 
multiple myeloma (MM), non-Hodgkin's 
lymphoma (NHL), and myelocytic leukemia 
being sporadic in allergic patients.17 

However, Shadman et al., when examined 
the association between allergies and HMs in 
66,212 participants, found an association 
between airborne allergy and increased risk of 
HMs. This association was strongest between 
grass and tree pollen and mature B-cell 
lymphomas.18 Besides, other studies also found 
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an association between the presence of an 
allergic condition and an increase in the risk of 
NHL,19 Hodgkin Lymphoma (HL)20,21 and 
lymphoplasmacytic lymphoma.22 In another 
Swedish study, leukemia was found to be higher 
in patients with a history of hives (RR = 2.1 [1.0–
4.5]).23  

The immune-surveillance hypothesis explains 
how allergy can be a protective factor against 
HMs, which suggest that allergic diseases 
enhance the immune system's ability to detect 
and eliminate neoplastic cells, thus preventing 
cancers. There is bone marrow involvement 
termed as the 'reflex" nature of the allergic 
disease, which can be observed in atopy. This 
leads to epigenetic reprogramming, which 
increases antigen-presenting cell activity.24 

Another possible explanation is the adrenal 
hypothesis, which indicates that infections 
induce changes in the hypothalamus-pituitary-
adrenal axis with an elevation in plasmatic 
cortisol, eliminating leukemic and preleukemic 
cells. The same occurs in allergic conditions 
because of corticosteroids, which can protect 
against the development of malignancies.25 A 
less likely cause is histamine's anti-tumor 
activity, as it protects natural killer cells and T 
cells against oxygen radical-induced damage 
and death by suppressing oxygen radical 
formation and adjusts lymphocyte activation by 
cytokines.26 

Various clinical trials in HMs have 
demonstrated that combined immunotherapy 
and histamine dihydrochloride had improved 
treatment outcome,27 supporting histamine and 
other mediators of mast cells released in allergy 
tumour immune-regulating properties.28 
Antihistamines found to pose immune-
suppressive or regulatory properties, including 
inhibition of antigen-specific and mitogen-
induced lymphocyte proliferation29 and the 
induction of potent reduction of the activities of 
the active transcription factors followed by 
apoptosis and cell death.30 

In this study, the small number of patients 
suffering from allergy in patients with HMs 
limits the ability to analyze the relationship 
between specific allergen and specific HMs. 
Shadman and colleagues detected that an 
allergy history to the airborne allergens, 
specifically plants, grass, and trees, was 

associated with an increased risk of HMs. 
However, this association was not similar across 
all the subtypes of HMs; it was primarily found 
for mature B-cell neoplasms.18 Extensive 
research is required before the conclusion. Also, 
many variables must be considered, as the 
genetic makeup of the studied population, the 
endemicity of particular infection and other 
environmental factors, the duration of allergy 
and the degree of severity. 

Our results detected significant elevation of 
serum total IgE levels in the allergic population 
compared with non-allergic patients. 
Additionally, IgE serum levels were significantly 
higher in the healthy controls than the patients 
with HMs, which assumes IgE's protective role. 
When comparing IgE's difference between 
different groups of HMs, AML, and CML showed 
significantly lower IgE levels.  

In line with our study, another study that 
included 1021 cases of HMs found that serum 
total IgE levels were inversely associated with 
MM, B-cell NHL and chronic lymphocytic 
leukemia risk. They also demonstrated 
significantly lower pre-diagnostic total IgE levels 
(low: <20; intermediate: 20–100; high >100 
kU/l) among CLL and MM cases compared with 
matched controls.3 Besides, other studies in the 
USA, Spain and Scandinavia have shown 
reduced serum total IgE levels among CLL and 
MM patients compared with healthy 
participants.31 However, in our study were 
lower in AML and CML. Another study in Spain 
reported a significant inverse association 
between serum total IgE and lymphoma risk 
overall, especially CLL risks, followed by MM.32 
Nieters and coworkers observed another 
inverse relationship of serum total IgE levels 
with risk of CLL and MM.3 

In this context, it is believed that elevated 
serum IgE associated with allergic diseases 
confer a protective role against malignancy; IgE 
causes rapid expulsion of pathogens, natural 
toxins, and carcinogenic antigens before they 
can trigger malignant development. IgE can bind 
receptor FcεRI present on mast cells, 
eosinophils, DCs, macrophages, and basophils, 
which also infiltrate the tumor 
microenvironment resulting in cell activation, 
degranulation; and an inflammatory reaction 
produced, eliminating the tumor.17 However, 
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this study's limitation is that serum total IgE 
levels were only measured at a single time 
point. It is known that CLL is often affected by 
progressive immunodeficiency during disease 
and often present hypo-gammaglobulinemia of 
unknown origin.33 Therefore, it is difficult to 
assess whether low IgE levels preceded the HMs 
or that low IgE levels occurred because of the 
immune deficiency associated with HMs. 
Additionally, the inverse association observed 
between HMs and allergy may reflect a 
suppressed immunologic response to allergens.  

According to our results, the serum level of 
IL-10 showed no statistically significant 
difference in healthy controls than patients with 
HMs. Consequently, no difference was found 
concerning different types of HMs. IL–10 is an 
immunoregulatory cytokine mainly produced by 
T helper and T regulatory cells,34 which is 
considered an effective anti-inflammatory 
cytokine, suppressing macrophage/T cell 
cytokine expression and inhibiting their antigen-
presenting function.35 However, IL–10 is 
thought to play a pleiotropic role in immune 
stimulation and suppression in the tumor 
microenvironment.36  

As an inflammatory modulatory cytokine, IL–
10 exert both anti-tumor and pro-tumor 
function.37 A high level of IL–10 was reported to 
correlate with poor survival of some cancer 
patients,34 while some other studies provided 
opposite results.39 Both human recombined IL–
10 and IL–10 antagonist have been launched for 
cancer therapy.40 Deep insights into the 
controversial roles of IL–10 in cancer are 
needed to elucidate the potential use of IL–10 
as a useful biomarker in the prognosis of cancer 
and as targeted therapy. 

In this study, serum TNF-α shows a 
statistically higher level in allergic patients 
versus non-allergic patients in both groups. And 
it was significantly higher in the healthy controls 
versus the patients with HMs. According to 
these results, we suggest that patients with 
allergy have higher TNF-α than non-allergic 
patients and that TNFα may have a protective 
role against HMs. 

TNF-α plays a significant role in allergy 
pathogenesis and contributes to early and late 
allergy stages.41 Upon allergen exposure, TNF-α 
is produced by sensitized epithelial barriers and 

immune cells, promoting Th2 responses,42 
resulting in high IL-4, IL-5, and IL-13, which 
further activate eosinophils basophils and mast 
cells. Additionally, TNF-α either induced or 
secreted by Th2 cells stimulate the production 
of antigen-specific IgE from B cells.43 

Besides, TNF-α is a significant effector with 
conflicting roles in hematologic malignancies, 
while it induces apoptosis in cancer cells 
sometimes, in certain circumstances, it 
stimulates cell proliferation.2 The serum level of 
TNF-α shows discrepancies in the different 
studies. A study has found that the mean level 
of TNF-α was significantly higher in AML than in 
healthy volunteers.44,45 And it was an adverse 
prognostic factor for survival and event-free 
survival.46 On the contrary, in another study, 
AML patients' analysis at diagnosis or during 
relapsed disease showed that TNF-α was 
significantly elevated in chronic leukemia and 
acute lymphoblastic leukemia but not in AML.47 
The observed differences may be due to the 
presence of high inter-individual variations. 
TNF-α may act indirectly by rendering leukemic 
cell cytotoxic to residual normal hematopoietic 
cells, and thus it may contribute to 
hematopoiesis insufficiency.48  

Logistic regression analysis in the current 
study detected that lack of previous allergic 
reactions, family history of allergy, low serum 
total IgE and serum TNFα could be independent 
risk factors for developing hematological 
malignancies. However, age, gender, and serum 
IL 10 are not independent risk factors for 
developing hematological malignancies. To the 
best of our knowledge, no other studies have 
studied regression analysis for serum total IgE, 
IL10 and TNFα concerning HMs. Only Shadman 
and colleagues detected an increased risk of 
HMs in women but not in men with a history of 
allergies to airborne allergens, predominantly 
plants, grass, or trees.18 

In both allergy and cancer, antibodies may 
be beneficial or detrimental, depending on their 
epitope specificity.49 In allergy, specific 
immunotherapy with allergens aims to induce 
antibodies that block but do not enhance the 
allergic reaction. Similarly, in targeting antigens 
overexpressed by malignant cells, growth-
inhibitory antibodies are preferred, whereas 
growth-stimulating specificities should be 
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prevented. Therefore, it is essential to direct 
immune responses to allergen/antigen.46 

Antibodies designed with Fc regions of the 
IgE class confer natural, long-lived immune 
surveillance through the tenacious engagement 
of high-affinity cognate Fc receptors on distinct, 
tumour-resident immune effector cells and 
through the ability to activate these cells under 
tumor-induced Th2-biased conditions. Several 
IgE-based active and passive 
immunotherapeutic approaches have been tried 
in different in vitro and in vivo models, 
suggesting IgE immunotherapies' potential in 
oncology.50,51 IgE antibodies directed against a 
tumor-associated antigen could trigger an 
immediate local effector cell response against 
the tumor cells.52 Engineered anti-tumor IgE 
antibodies have a high cytotoxic capacity. 
However, natural IgE has also been described in 
squamous cell carcinoma and pancreatic cancer, 
where its cytotoxic potential was also 
demonstrated.53 

In conclusion, there is an association 
between lack of previous allergy and 
hematological malignancies. Low levels of total 
serum IgE and TNFα may be independent risk 
factors. However, epidemiological studies on 
many patients with associated allergic 
conditions are required before any solid 
conclusion is drawn.  
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