
SYMPOSIUM-IN-WRITING PAPER

IgE and chemotherapy

Martin H. Bluth

Received: 24 September 2011 / Accepted: 17 November 2011 / Published online: 3 December 2011

� Springer-Verlag 2011

Abstract The nexus of chemotherapeutic intervention and

the immunomodulation of IgE-related phenomena are not

well understood. The relationship bears importance in better

understanding the causal and/or resultant effects of one on

the other and their collective role in the management and

sequelae of the cancer patient. This review discusses the

relationship of chemotherapy on immunoglobulins with a

focus on IgE and other related biological processes including

hypersensitivity reactions and proposes models toward

effective management of the cancer patient in this regard.
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Introduction

It was almost 40 years ago when Mclaughlan and Stanworth

refuted claims that cancer patients had increased levels of

circulating IgE [1]. The focus was not on the relationship

with allergy but the rather possibility that tumor-related IgE

may interfere with certain assays. Although since then the

disease spaces of atopy and malignancy have infrequently

crossed paths, recent data suggest that there is in fact a

rapport. For example, Merrill et al. [2] have described that

there is a favorable relationship between allergies and

cancer and others have suggested that allergic status cor-

related with beneficial cancer prognosis and survival—such

that patients with allergic diseases had a decreased risk for

pancreatic and other cancers [2–5]. There are limitations in

these reports which stem from the fact that many of these

studies are derived from patient questionnaires which can

be subject to patient interpretation of allergic/atopic dis-

ease, disease organ site (respiratory, skin etc.), allergen type

and exposure, tissue influence, symptom severity and event

recall [6]. Objective IgE classification (hi vs low IgE serum

levels), timing of patient sample procurement, and types of

treatment can also present a concern in data accumulation,

comparison, and analysis [7]. For example, studies by Toren

et al. [8] have shown that patients suffering from mild

asthma were less prone to report their disease, demon-

strating one form of collection bias. Furthermore, recent

meta analysis found varied relationships between IgE and

cancer when different tumor origin (mesenchymal, nervous

system, lymphatic or hematopoietic tissue, and epithelium)

cell types were analyzed [6]. In those studies, cancers with

origin in epithelium demonstrated a positive association,

whereas overall meta-analysis and cohort studies showed a

weak negative association between IgE and cancer [6].

Although the mechanisms involved in these responses have

been postulated to depend on Th1/Th2 cytokine responses,

Fce binding [9] or possibly affected by therapeutic regi-

mens, the pathobiology remains ill defined.

Despite these limitations, it remains plausible that the

relationship between atopy and cancer may also be induced

or affected by the therapeutic regimens employed as

treatments for patients, atopic or otherwise, with malig-

nancies. This review serves to highlight what is known

with respect to the relationship of IgE and related biology

as they relate to chemotherapeutic agents and the cancer

patient. Hypersensitivity reactions, treatment options, and

clinical application models are presented where applicable

for effective patient management.

This paper is part of the Symposium in Writing: AllergoOncology:

The Role of Th2 responses in cancer.
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IgE responses in chemotherapy

Although total serum IgE or antigen-specific IgE levels in

malignancy have been reported either as a diagnostic,

prognostic, or functional response [9–14], serum IgE levels

or antigen-specific IgE in response to chemotherapy in

cancer patients are not well described. A prevailing thought

could be that cancer patients are immunosuppressed and as

such may maintain a blunted allergic or immune response

[15], and therefore, immunotherapeutic intervention should

have no consequence on IgE levels. To this end, studies by

Weimels et al. [7] reported that, among glioma patients,

IgE levels were associated with gender, age, smoking sta-

tus, and ethnicity. However, IgE levels were not associated

with therapy including radiation, chemotherapy, or tumor

resection in those studied. Furthermore, recent studies by

Fu et al. [13] have shown that total serum IgE and its low-

affinity receptor FceRII (CD23) are significantly elevated

in patients with pancreatic cancer compared with healthy

controls. Serum was obtained from these patients before

any treatment thereby obviating and chemotherapeutic

effects.

Alkylating agents

The relationship between chemotherapy and IgE may be

regimen dependent. A subsequent study by Weimels et al.

[16] reported that their observed decrease in IgE among

glioma patients was only apparent among cases receiving

temozolomide. Among patients receiving temozolomide,

IgE levels, in patients whose blood samples were obtained

within 30 days of diagnosis, were slightly higher than that

of controls, whereas IgE levels in patients whose blood

sample was obtained [60 days after diagnosis were

significantly lower than controls [16]. Temozolomide

(Temodar� and Temodal�) is an oral alkylating agent for

use in a variety of brain and skin tumors. It is possible that

temozolamide reverses the normal suppression of allergic

responses and potentiates selective IgE production either in

general or to specific antigens as has been reported with

other alkylating agents such as cyclophosphamide [17–19].

It is thought that these alkylating agents eliminate sup-

pressor T cells in addition to potentiating the IgE antibody

response [18]. It is also likely that alkylating agents such as

cyclophosphamide affects IgE responses depending on the

state (atopic/allergic, inflammatory) of the individual.

Animal studies have demonstrated recovery of IgE anti-

antigen (OVA) responses in certain infected murine models

of disease [20]; however, there were no differences in IgE

responses pre- vs post-vaccination in healthy animals

(beagles) treated with cyclophosphamide [21]; these

responses also differed among animal models and immu-

nization protocols [22]. IgE responses to alkylating agents

are likely dependent on the type of disease insult, in

addition to drug dosing and timing of responses [23].

Hormone-based chemotherapy

Hormonal analogs have also been reported to affect IgE

production. Pan et al. [24] have shown that patients with

hepatocellular carcinoma who were treated with tamoxifen

and octreotide had elevated IgG and IgE levels after

treatment, whereas treatment with 5-fluorouracil and

mitomycin-C did not affect immunoglobulin levels. Of

interest is that tamoxifen- and octreotide-treated patients

increased their IgE almost six fold post-treatment (205 vs.

1,121, P \ 0.01); twice that of IgG (9 vs. 29, \0.01).

Although the mechanism for the increased IgE is unclear, it

could be that octreotide stimulate immune cells within the

reticuloendothelial system [25] which may facilitate IgE

production. Interestingly, tamoxifen treatment alone has

been shown to improve allergen-induced dermatitis and

inhibit allergic responses in an animal model of allergic

disease by reducing allergen-specific serum IgE levels [26].

In those studies, interleukin-4 was decreased in the

tamoxifen treatment group, providing a mechanism for IgE

reduction since IgE is potentiated by IL-4 along with other

cytokines [27]. The relationship of tamoxifen treatment

alone on IgE in malignancy remains unknown. However,

some studies report selective increases in IgE levels com-

pared with other immunoglobulins and their isotypes,

suggesting unique mechanisms for IgE regulation which

are distinct from those of IgM, IgG and IgA [13, 28]. The

dissociation between IgE and other immunoglobulin iso-

types has been shown in malignancies such as multiple

myeloma [11, 29], pancreatic cancer [13], and other dis-

eases [19].

Hypersensitivity

Chemotherapeutic intervention may also provoke delete-

rious IgE responses. Although IgE-related hypersensitivity

reactions have been reported for various agents in non-

malignant disease [30–33], data on such reactions in can-

cer therapy vary. A recent report by Mariotte et al. [34]

demonstrated that certain patients with head and neck

cancer receiving cetuximab, a chimeric mouse-human

IgG1 monoclonal antibody against the epidermal growth

factor receptor, are at increased risk for type I hypersen-

sitivity responses and anaphylaxis. In those studies, similar

levels of anti-cetuximab IgE were detected in pre-treat-

ment patient sera and sera from healthy blood donors

(26.1% vs 28.2%). Of the 92 patients treated, type 1

hypersensitivity reactions (HSR) were observed in 14 of

them (15.2%). Of those patients experiencing HSR,

approximately half presented with severe reactions and
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also contained IgE anti cetuximab antibodies (ELISA). The

authors further proposed the application of an anti-cetux-

imab IgE ELISA test as a means to help the physician

anticipate an anaphylaxis episode following cetuximab

infusion and opt for suitable treatment alternatives in

patients who test positive. In addition, monoclonal anti-

bodies such as rituximab and cetuximab have a unique

side-effect profile that includes the potential for non-

allergic infusion reactions caused by cytokine release

[35]. IgE-mediated anaphylactic reactions subsequent to

administration of other chemotherapeutic agents have also

been reported including the 5-HT3 antagonists, palonosetron,

for the treatment of ovarian cancer [36], thiol-containing

agents in neuroectodermal cancer [37] and methotrexate [38]

among others [39].

In general, platinum agents (cisplatin, carboplatin, and

oxaliplatin) and in certain cases asparaginase have been

reported to be associated with IgE-mediated hypersensi-

tivity reactions, whereas taxanes (paclitaxel, docetaxel)-

related reactions are generally non-IgE mediated [40].

Certain agents such as procarbazine can be IgE mediated

but are also associated with a type III reaction manifested

by pulmonary toxicity and cutaneous reactions. Aspargin-

ase may be related to complement activation in addition to

IgE, and others such as epipodophyllotoxins may involve

both immunologic and nonimmunologic factors. Identifi-

cation of IgE-related responses may be resolved through

skin testing, where available, prior to treatment selection.

Furthermore, the ability to identify the offending agent can

be challenging in the patient receiving multiple regimens to

treat their malignancy. Management of these responses

includes premedication with corticosteroids and antihista-

mines or may be mitigated or avoided with a slow infusion

[40].

Cancer patients who develop reactions to chemothera-

peutic agents may need to discontinue the offending agent.

However, desensitization protocols have been established

to allow cancer patients to continue therapy in certain

cases. Patients with non-small-cell lung cancer who

developed hypersensitivity to the taxane, docetaxel, were

subjected to a desensitization protocol, thus providing a

reliable alternative to permanent discontinuation [41]. Non-

IgE-related anaphylactoid reactions to small molecular

therapeutics and immune-based therapies with symptoms

including pruritus, flushing, urticaria, angioedema, respi-

ratory and gastrointestinal distress, changes in blood pres-

sure including hypotension, and shock have also been

successfully treated with desensitization regimens [42].

Other options include liposomal encapsulation, pegylation,

and nanoparticle-based delivery systems of offending

chemotherapeutic agents including doxorubicin, carbo-

platin and paclitaxel [43] which have shown decreased

adverse sensitivity reactions.

Synbiotics

Probiotics, live cultures such as those found in yogurt and

the lactic acid–producing bacteria (lactobacillus, bifido-

bacterium) in addition to certain yeast species and prebi-

otics which refer to certain fibers, resistant starches and

non-digestible oligosaccarides such as inulin, have been

promoted as effective anti-cancer agents either alone or in

conjunction with conventional chemotherapy to treat

malignancy [44]. The understanding that synbiotics pro-

vide a tempering of the gut flora and immunomodolatory

function of the body to provide physiologic balance has

been well described as a means for both preventing and

treating cancer and other diseases [45, 46].

Probiotics have also been shown to be beneficial in

suppressing or decreasing hapten-specific IgE responses by

modulating expression of Th1/Th2 cytokine responses such

as IL4 [47, 48]. Although studies on the role of symbiotic

effects of chemotherapy-related hypersensitivity reactions

are lacking, they are likely to provide benefit. For example,

gut-based immune responses result from intestinal immune

cells (GALT, PP, M cells) facilitating interface and trans-

port of antigens, macromolecules, microorganisms, and

inert particles from the lumen into lymphoid tissue through

adsorptive endocytosis and/or active transepithelial vesic-

ular transport in enterocytes [49]; many ingestible che-

motherapeutic agents traverse these pathways to reach

systemic effect. Further, many cancer drugs exert their

effect by decreasing malignant cell growth or provide

cellular arrest in G0 phase. A well-known consequence of

this mechanism results in non-malignant cells (i.e., gut,

hair) succumbing to this fate, facilitating disarray in the gut

flora. Since enterobacteriaceae within the alimentary canal

have been reported to maintain the body in a commensurate

immunosuppressive state with respect to the generation of

allergic responses [50] and malignancy [51], it remains

plausible that repletion of the gut with probiotics would

obviate chemotherapy-related IgE and/or non-IgE-medi-

ated hypersensitivity reactions. Additional studies are

warranted to determine the efficacy, scope, utility and

application of synbiotics with respect to chemotherapy and

IgE.

Direction for patient management

The relationship of IgE and cancer treatment is in its

infancy. It therefore remains laudable to further investigate

these responses in clinical trials as a means of better

understanding chemotherapeutic mechanisms and if

drug-related IgE responses potentiate or hinder tumor

eradication and/or forecast patients who are at risk for

hypersensitivity reactions. Pharmaceutical companies

should include basic IgE-related interrogation algorithms

Cancer Immunol Immunother (2012) 61:1585–1590 1587

123



into their clinical trial plans and designs—at a minimum

serum IgE, soluble CD23(FceRII) and agent specific IgE

where available. Addition of other biomarkers (IgG1,

IgG4, cell surface leukocyte expression of FceRI, FceRII,

CD16, CD8/CD60, IL4, etc.) which are involved in IgE

responses is also valuable. Generation of specific IgE anti-

drug antibodies, when possible, to serve as a biomarker to

detect hypersensitivity responses, would be advantageous.

These approaches are prudent since in some studies, an

estimated 40% of the general population has some form of

allergic/atopic condition [52] and cancer patients contain a

subset of this population in addition to having other

responses which are not linked to atopy.

In certain instances, it may be challenging to dissect out

specific IgE-related physiology in malignancy. For exam-

ple, although IgE levels have classically been found to be

increased in Hodgkin’s lymphoma [53], recent reports by

Biggar et al. [54] have shown that although general serum

immunoglobulin levels were lower than controls, both

homocytotropic antibodies IgE and IgG4 were dispropor-

tionately decreased in non-Hodgkin’s lymphoma, with the

most extreme decrease in IgE in chronic lymphocytic

leukemia/small lymphocytic lymphoma variety [54]. In

contrast, recent reports by Kural et al. [55] have found

increased IgE levels in cutaneous T-cell lymphoma irre-

spective of patients’ atopic status. The ability to tease out a

functional relationship between IgE, atopy and lymphoma

may prove difficult due to the fact the low-affinity receptor

for IgE (CD23) serves as an independent marker for lym-

phoma classification [56, 57] and as such its role in cau-

sation or response both pre and post chemotherapy may be

difficult to interpret.

Furthermore, in the current era of personalized medi-

cine, the establishment of data sets that highlight patients

who potentiate IgE responses, their atopic and malignant

status and their ability to augment or facilitate agent-spe-

cific survival in addition to the ability to identify those who

mount a deleterious IgE anti-drug response, would prove

valuable in the design, maturation, and utility of which

agents to administer to which patients.

Improved understanding of IgE/chemotherapy relation-

ships would also provide more effective treatment and cost

savings to the healthcare industry by means of avoiding

trial and error of treatment and doctor office visits/hospital

stays associated with IgE-related reactions to specific

therapies. To this end, Foley et al. [58] reported on the

adverse events of cancer patients receiving cetuximab

treatment for colorectal cancer. In those studies, of 1,122

patients followed, 8.4% of those who experienced infusion

reactions (hypersensitivity and allergic reactions, such as

anaphylactic shock, angioneurotic edema, bronchospasm,

cardiac arrest, dyspnea, and hypotension with treat-

ments including epinephrine, inhaled bronchodilators,

antihistamines, corticosteroids, fluid administrations, gluc-

agons, oxygen, and vasopressors) required medical

intervention. Sixty-eight percent of the patients had treat-

ment disruptions and 34% discontinued cetuximab treat-

ment. The adjusted costs were $13,863 for cetuximab

administrations with an infusion reaction requiring ER visit

or hospitalization and $6,280 for those with an infusion

reaction requiring outpatient treatment, compared with

$4,555 for those without an infusion reaction for an

approximate increased cost of $9,308 and $1,725, respec-

tively. Although the relationship of patient history of atopy

on experiencing an infusion reaction did not correlate, resi-

dence in a pollen state and initial therapeutic administration

were associated with a statistically higher likelihood of a

response requiring medical intervention.

More recently, Overbeek et al. [59] reported the cost of

adverse events in the treatment of colorectal cancer with

monoclonal antibodies. In those studies, 271 hospital events

occurred in 210 patients among approximately 3,000

metastatic colorectal cancer patients which were followed

over 34 months. The longest hospital length-of-stay per

admission was for stroke, arterial thromboembolism,

wound-healing complications, acute myocardial infarction,

congestive heart failure, and neutropenia. The highest mean

costs per admission were for stroke ($19,170), arterial

thromboembolism ($18,886), and wound-healing compli-

cations ($15,336). These studies did not identify a causal

relationship between any specific event or treatment.

However, although these studies only targeted monoclonal

antibody therapy, one can surmise that the availability of

biomarkers which can effectively identify the appropriate-

ness or more importantly avoidance of chemotherapeutic

treatment candidates of various classes would likely, in

conjunction with or as an alternative to test dosing [60],

decrease the morbidity and costs associated with such

adverse events.

Conclusion

The relationship between IgE and chemotherapeutic regi-

mens warrants consideration. Although there is a paucity of

data on this subject, there is precedent for such interface from

other related disciplines. A better understanding of the

interaction of IgE in cancer patients subjected to a variety of

chemotherapeutic agents (small molecule, immunotherapy)

will provide more effective treatment with respect to choice

of drug, combination therapy, and elucidation of potential

hypersensitivity reactions as a means to provide personalized

medicine, cost containment, and patient safety.
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Pérez P, Losada-Cabrera P, Garcı́a-Bello MA, Carrillo-Dı́az T,

Antó-Boqué J (2011) High prevalence of asthma and atopy in the

Canary Islands, Spain. Int J Tuberc Lung Dis 15:536–541

53. Davies MG (1978) Serum IgE, lymphomas, and atopy. Br Med J

1:580–581

54. Biggar RJ, Christiansen M, Rostgaard K, Smedby KE, Adami

HO, Glimelius B, Hjalgrim H, Melbye M (2009) Immunoglobulin

subclass levels in patients with non-Hodgkin lymphoma. Int J

Cancer 124:2616–2620

55. Kural YB, Su O, Onsun N, Uras AR (2010) Atopy, IgE and

eosinophilic cationic protein concentration, specific IgE positiv-

ity, eosinophil count in cutaneous T Cell lymphoma. Int J Der-

matol 49:390–395

56. DiGiuseppe JA, Borowitz MJ (1998) Clinical utility of flow

cytometry in the chronic lymphoid leukemias. Semin Oncol

25:6–10

57. Pangalis GA, Angelopoulou MK, Vassilakopoulos TP, Siakan-

taris MP, Kittas C (1999) B-chronic lymphocytic leukemia, small

lymphocytic lymphoma, and lymphoplasmacytic lymphoma,

including Waldenström’s macroglobulinemia: a clinical, mor-

phologic, and biologic spectrum of similar disorders. Semin

Hematol 36:104–114

58. Foley KA, Wang PF, Barber BL, Long SR, Bagalman JE,

Wagner V, Song X, Zhao Z (2010) Clinical and economic impact

of infusion reactions in patients with colorectal cancer treated

with cetuximab. Ann Oncol 21:1455–1461

59. Overbeek JA, Zhao Z, van Herk-Sukel MP, Barber BL, Gao S,

Herings RM (2011) Costs of hospital events in patients with

metastatic colorectal cancer. J Med Econ 14:656–661

60. George TJ Jr, Laplant KD, Walden EO, Davis AB, Riggs CE,

Close JL, George SN, Lynch JW (2010) Managing cetuximab

hypersensitivity-infusion reactions: incidence, risk factors, pre-

vention, and retreatment. J Support Oncol 8:72–77

1590 Cancer Immunol Immunother (2012) 61:1585–1590

123

http://dx.doi.org/10.1111/j.1365-2710.2011.01275.x

	IgE and chemotherapy
	Abstract
	Introduction
	IgE responses in chemotherapy
	Alkylating agents
	Hormone-based chemotherapy
	Hypersensitivity
	Synbiotics
	Direction for patient management

	Conclusion
	Conflict of interest
	References


