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Abstract
Cancer remains one of the most significant public health challenges globally, contributing to a substantial
burden of disease across all populations. Conventional therapies of chemotherapy, radiation, and surgery
are commonly used to treat all forms of cancer; however, they all have significant side effects to their use.
Immunotherapy has emerged as an effective treatment type for a variety of cancers. As the benefits of
immunotherapy in cancer treatment are identified, the interaction between immunotherapy and over-the-
counter medication has been explored. Due to the cost and length of time to conduct clinical trials,
alternative therapeutics are being examined. Recently, the potential interaction between antihistamines and
immunotherapies has gained attention. Six articles were included that analyzed this association. In total
4,171 patients were analyzed with a mean age of 62.66. Cancer types vary between lung (including small-cell
and non-small-cell lung cancer), melanoma, hepatobiliary, head and neck, breast, gastrointestinal, renal
cell, gynecological, and colon cancers. Among all studies, checkpoint inhibitors were used as a form of
immunotherapy. Two studies specifically identified which checkpoint therapies were utilized, including
nivolumab, pembrolizumab, ipilimumab, and atezolizumab. All articles found a significant improvement in
overall survival rates and longer progression-free rates when antihistamines were added to immunotherapy
regimens compared to patients who did not utilize antihistamines. Additionally, some studies also analyzed
mortality rates, and each found a significant reduction in mortality rates when antihistamines were paired
with immunotherapy. The combination of antihistamines as cancer chemotherapeutics with
immunotherapy represents a promising approach to the treatment of cancer. As immunotherapies continue
to reshape cancer treatment and as we begin to investigate alternative uses for everyday medications,
antihistamines may propose beneficial effects on improving the efficacy of immunotherapy.
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Introduction And Background
Cancer continues to be a major global public health challenge, contributing significantly to disease burden
across all populations. In 2022, it is estimated that there were nearly 20 million new cases of cancer
diagnosed with 9.7 million cancer-related deaths. Nearly 10 million cancer-related deaths have been
reported worldwide yearly, with lung cancer being the most common in both incidence and mortality.
Following lung cancer, breast cancer, colorectal cancer, and prostate cancer have the greatest incidence,
whereas colorectal, liver, and breast cancers, in addition to lung cancer, are the main contributors to cancer-
related deaths worldwide [1,2]. Specifically, in the United States, the most prevalent cancers include breast,
prostate, lung, colorectal, and melanoma for both sexes of all ages [2]. Cancer remains one of the leading
causes of morbidity and mortality globally, necessitating ongoing efforts in prevention, screening, and
treatment advancements.

Traditional cancer treatments, including surgery, radiation therapy, and chemotherapy, have long been the
cornerstone of cancer management and are widely used in clinical practice [3-5]. Surgery is primarily
effective for localized solid tumors; however, it is not suitable for blood cancers like leukemia or cancers that
have metastasized, and patients typically require additional treatments following the procedure [6]. In
addition to being limited to localized tumors, surgery has a negative impact on healthy tissue and the risk of
postoperative complications such as pain, bleeding or clotting disorders, problems with anesthesia, and risk
of infection [7]. Radiation therapy can damage nearby healthy cells, leading to various side effects, including
oral mucositis, dyspnea, fatigue, hypothyroidism, dysphagia, xerostomia, changes in taste, gastrointestinal
(GI) toxicity, sexual dysfunction, fertility concerns, and in very rare cases lung fibrosis [8,9]. Chemotherapy
is the conventional method for the treatment of cancers; while effective in targeting cancer cells, it also
targets healthy rapidly dividing cells, leading to various dose-dependent side effects such as fatigue, nausea,
vomiting, and hair loss, and can compromise the immune system, increasing the risk of infections [3,10].
Additionally, drug resistance is a significant challenge in chemotherapy, characterized by the ability of
cancer cells that were initially responsive to anticancer drugs to develop resistance, primarily due to
decreased drug uptake and increased efflux mechanisms [4].
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The aforementioned side effects of conventional treatments can negatively impact patients' quality of life.
Given the significant drawbacks associated with traditional cancer therapies, immunotherapy has recently
come to the forefront as a novel therapy method.

Cancer immunotherapy is grounded in the concept that tumors possess immunosuppressive properties,
allowing them to evade detection and destruction by the host immune system. Immunotherapy is a systemic
therapy generally better tolerated than chemotherapy, as it specifically targets tumor cells, including non-
proliferating tumor cells, without harming normal proliferating cells and has fewer side effects [5,11].
Immunotherapy boosts the immune system’s natural ability to detect and destroy cancer cells, leveraging
natural mechanisms of self-tolerance and memory to achieve long-term effects [5,11]. It has been approved
and shown promising results in treating a variety of cancers, including melanoma, lung cancer, renal cell
carcinoma, urothelial carcinoma, head and neck squamous cell carcinoma, hepatocellular carcinoma,
specific types of leukemia, and lymphoma [5,12,13]. There are various immunotherapy options available,
with immune checkpoint inhibitors (ICIs) being one of the most widely used in cancer treatment.
Ipilimumab, a cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) monoclonal antibody, was the first ICI
to receive FDA approval in 2011 for treating advanced melanoma [14]. CTLA-4 is a protein receptor found on
the surface of T-cells. CTLA-4 inhibitors work by blocking the CTLA-4 receptor on T-cells, which normally
acts to suppress immune responses by competing with CD28, another receptor on T-cells, for binding to
CD80 and CD86 on antigen-presenting cells (APCs). CTLA-4 binds these ligands with high affinity, sending
an inhibitory signal that reduces T-cell activation. By inhibiting CTLA-4, these drugs prevent it from binding
CD80 and CD86, allowing CD28 to bind instead. This increased CD28 engagement enhances T-cell activation
and proliferation, strengthening the immune response against cancer cells and enabling T-cells to more
effectively target cancer cells [13,15]. In addition to CTLA-4, ICIs also target proteins like PD-1 on T-cells
and its ligand PD-L1, on APCs, which is often overexpressed on cancer cells [13]. Under normal conditions,
PD-1 engagement with PD-L1 dampens T-cell activity to maintain immune tolerance and prevent tissue
damage. However, many cancer cells exploit this pathway by expressing high levels of PD-L1, helping them
evade immune detection. Blocking PD-1 or PD-L1 disrupts this suppressive interaction, allowing T-cells to
remain active and mount a stronger immune response against tumors. Monoclonal antibodies targeting PD-
1 or PD-L1 enhance T-cell activation and proliferation, boosting the immune system’s ability to recognize
and attack cancer cells [12,13].

As the benefits of immunotherapy in cancer treatment have been identified, the interaction between
immunotherapy and over-the-counter medications has begun to be explored; due to the cost and lengthy
time to conduct clinical trials, current medications are being examined for alternative therapeutic
properties. Recently, the potential interaction between antihistamines and immunotherapies has gained
increased attention. Antihistamines traditionally are used in the treatment of allergies and are commonly
purchased over the counter. There are two forms of antihistamines, first-generation and second-generation,
and both target the H1 receptor; however, due to first-generation antihistamines crossing the blood-brain
barrier resulting in drowsiness and somnolence, second-generation antihistamines have grown in
popularity [16]. There is potential that first- and second-generation antihistamines may interact in unique
ways with immunotherapy due to certain types of cancer cells expressing histamine receptors on their
surfaces, and therefore, they can have differing impacts on cancer treatment. Antihistamines can also be
classified as cationic amphiphilic antihistamines and non-cationic amphiphilic antihistamines. Cationic
amphiphilic antihistamines have a hydrophobic ring structure and a hydrophilic side chain with a cationic
amine group, which allows the basic amine group to be protonated when entering the acidic lysosomes
leading to a rapid accumulation of the drug, which inhibits lysosomal enzymes resulting in cytotoxicity to
cancer cells [17]. Analyzing the relationship that cationic versus non-cationic amphiphilic antihistamines
have with immunotherapy is crucial to understanding the potential effectiveness of antihistamines as an
adjunctive therapy option (a treatment given in addition to the primary treatment).

This study aims to analyze the impact that antihistamines have on the efficiency of immunotherapy when
concurrently used within oncological patients. We hypothesize that the combination of antihistamines with
immunotherapy, specifically ICIs in cancer treatment, may boost the antitumor immune response by
counteracting the histamine-induced suppression of the immune cells, thereby improving patient outcomes.

Review
Methods
Search Strategy

A systematic literature review was performed using CINAHL, Ovid (MEDLINE), EBSCO, and Web of Science
using the search terms “Immunotherapy OR Checkpoint inhibitors” AND “Cancer” AND “Antihistamines.”
Due to the novelty of the field, a secondary Google search was conducted for additional articles using the
same search terms; however, no new primary research articles were populated, only ones already identified
through traditional databases. This search was done to ensure no novel articles were missed due to the
recency of this topic. To ensure the recency of the articles, only articles published between 2010 and 2024
were assessed. The articles were analyzed in a step-wise process by first evaluating the title and abstract for
relevance and then assessing the full-text manuscript. The Nova Southeastern University library database
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was utilized to access databases and full-text articles.

Selection Criteria

For this review, we included randomized controlled trials, cross-sectional studies, observational studies, and
cohort prospective/retrospective studies. The population included patients undergoing immunotherapy for
cancer treatment, and the intervention was for immunotherapy to be administered in conjunction with a
first- or second-generation antihistamine to better understand the impact that antihistamines have on the
efficacy of immunotherapy. The outcomes being observed were its impact on the overall survival of patients,
progression-free status, and mortality. Studies excluded from this review were literature, systematic or
scoping reviews, and animal studies. Articles were excluded if the patient was not receiving immunotherapy
for the treatment of their cancer and if patients had a history of allergies but the articles did not provide
information on whether antihistamines were used in conjunction with immunotherapy. Two reviewers
completed a blinded review process of the articles to decide on their inclusion or exclusion based on the
determined criteria, and a third reviewer was used to break any ties. The preferred reporting items for
systematic reviews and meta-analyses (PRISMA) guidelines were followed and used to develop a flow
diagram of the selection criteria for reproducibility (Figure 1) [18].

FIGURE 1: PRISMA diagram indicating the search methodology
PRISMA: preferred reporting items for systematic reviews and meta-analyses

The Joanna Briggs critical appraisal tool for retrospective cohort studies was used to assess the risk of bias
within the studies analyzed (Table 1).

 
Published via Dr. Kiran C. Patel College of
Osteopathic Medicine (KPCOM)

2025 Nagy et al. Cureus 17(2): e79421. DOI 10.7759/cureus.79421 3 of 9

javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1328904/lightbox_bdd279f0f08c11ef9c2581905b000952-prisma.png
javascript:void(0)


Reference

Were the two

groups

similar and

recruited

from the

same

population?

Were the

exposures

measured

similarly to assign

people to both

exposed and

unexposed

groups?

Was the

exposure

measured

in a valid

and

reliable

way?

Were

confounding

factors

identified?

Were

strategies to

deal with

confounding

factors

stated?

Were the

groups/participants

free of the outcome

at the start of the

study (or at the

moment of

exposure)?

Were the

outcomes

measured

in a valid

and

reliable

way?

Was the follow-

up time

reported and

sufficient to be

long enough for

outcomes to

occur?

Was follow-up

complete, and, if

not, were the

reasons for the

lost to follow-up

described and

explored?

Were

strategies

to address

incomplete

follow-up

utilized?

Was

appropriate

statistical

analysis

used?

Overall

appraisal

Chiang et

al. [19]
Yes Yes Yes No No Yes Yes Yes Yes NA Yes Include

Chiang et

al. [20]
Yes Yes Yes Yes Yes Yes Yes Yes Yes NA Yes Include

Eylemer

Mocan et

al. [21]

Yes Yes Yes Yes Yes Yes Yes Yes Yes NA Yes Include

Li et

al. [22]
Yes Yes Yes Yes Yes Yes Yes Yes Yes NA Yes Include

Zhang et

al. [23]
Yes Yes Yes Yes Yes Yes Yes Yes Yes NA Yes Include

Mallardo

et al. [24]
Yes Yes Yes Yes Yes Yes Yes Yes Yes NA Yes Include

TABLE 1: Joanna Briggs critical appraisal tool for retrospective cohort studies

Results
In total, 553 articles were populated between the four databases (OVID, EBSCO, Web of Science, and
CINAHL). After the first level of screening, 525 articles were removed based on title, abstract, full-text
availability, any form of reviews, publication year, and English language availability, with 28 articles eligible
for the second round of screening, in which full texts were completely screened. Articles were removed if
they examined patients using forms of treatment other than immunotherapy, if antihistamines were not
used concurrently with immunotherapy for cancer therapy, and if patients with allergies were examined but
the specification was not provided on the type of antihistamine used and if they were used concurrently with
immunotherapy. Six articles were included in the final review.

Table 2 depicts the studies analyzed, including the number of patients, average age, type of cancer
diagnosis, type of immunotherapy received, type of antihistamine received, classification of the first or
second generation of antihistamine, and the outcomes, including overall survival, progression-free state,
mortality, and any additional information presented.

Title

Number of

patients

receiving

antihistamines

Age of

patients

(years)

Cancer type
Immunotherapy

received

Antihistamine

received

Classification

of first- versus

second-

generation

antihistamine

Overall survival (OS)

Progression-

free state

(PFS)

Mortality Additional findings

Chiang et

al.,

2022 [19]

68 62

Lung (n = 38),

hepatobiliary (n =

16),

gastrointestinal (n

= 2), head and

neck (n = 5),

breast (n = 2),

renal (n = 3),

gynecological (n

= 1), other

subtype (n = 1)

Not specified,

only states

immune

checkpoint

inhibitors

Desloratadine,

cyproheptadine,

ebastine

Cyproheptadine

(first-

generation),

desloratadine

(second-

generation),

ebastine

(second-

generation)

Greater overall survival in

patients receiving

antihistamines (p < 0.018)

of 24.8 months versus

10.4 months

Greater

progression-

free survival

rate in patients

receiving

antihistamines

of 16.8 months

versus 4.9

months (p <

0.004); lower

risk for disease

progression (p

All-cause

mortality

reduced by

50% (p <

0.020)

Higher doses of antihistamines had

greater clinical outcomes than lower

doses (85% versus 68%) (p < 0.086)
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< 0.002)

Chiang et

al.,

2023 [20]

294
Not

reported

Lung cancer (n =

294)

Not specified,

only states

immune

checkpoint

inhibitors

Not specified;

only classified as

first- and second-

generation

antihistamines

Not specified

Longer overall survival in

patients receiving

antihistamines of 24.4

months versus 6.4 months

(p < 0.002); cationic

amphiphilic antihistamine

had a longer overall

survival of 28 months

versus 17.8 months (p <

0.015) in non-cationic

amphiphilic antihistamine

users

Longer

progression-

free survival in

patients

receiving

antihistamines

of 8.2

months versus

4.1 months (p <

0.049)

All-cause

mortality

and

disease

progression

reduced by

35%-50%

Not mentioned

Eylemer

Mocan et

al.,

2023 [21]

55 62

Melanoma (n =

20), renal cell

carcinoma (n =

9), non-small-cell

lung carcinoma (n

= 13), small-cell

lung cancer (n =

10), other (n = 3)

Nivolumab (n =

28),

pembrolizumab

(n = 7),

ipilimumab (n =

9), atezolizumab

(n = 11)

Pheniramine (n =

47), cetirizine (n

= 4),

desloratadine (n

= 3),

fexofenadine (n =

1)

Pheniramine

(first-

generation),

cetirizine

(second-

generation),

desloratadine

(second-

generation),

fexofenadine

(second-

generation)

Longer overall survival in

patients receiving

antihistamines of 16.2

months versus 7.7 months

(p < 0.002)

Longer

progression-

free survival in

patients

receiving

antihistamines

of 8.2 months

versus 5.1

months (p <

0.016)

Not

reported

Rates of adverse events were

unchanged at 10.9% versus 7.7% (p <

0.552)

Li et al.,

2022 [22]
3,544

Not

reported

Melanoma (n =

878), lung (n =

1,937), breast (n

= 342), colon (n =

387)

Anti-PD-1/PD-L1

Not specified;

only classified as

first- and second-

generation

antihistamines

Not reported

Significant greater overall

survival in patients

receiving antihistamines (p

< 0.0016)

Significant

greater

progression-

free survival in

patients

receiving

antihistamines

(p < 0.0023)

Reduced

death rates

Adverse events were similar at 10.9% in

antihistamine users versus 7.7% in non-

users (p < 0.552)

Zhang et

al.,

2024 [23]

139
Not

reported

Lung cancer (n =

139)

Immune

checkpoint

inhibitors

Diphenhydramine

(n = 40),

diphenhydramine

with cimetidine (n

= 69), cimetidine

(n = 27)

Diphenylamine

(first-

generation),

cimetidine

(second-

generation)

Significant greater overall

survival in patients

receiving antihistamines of

32.8 months to 18.1

months (p < 0.038)

Significant

greater

progression-

free survival in

patients

receiving

antihistamines

of 12.7 months

to 4.3 months

(p < 0.001)

Not

reported

Diphenhydramine on its own had longer

overall survival and progression-free

survival compared to diphenhydramine

and cimetidine together (PFS p < 0.001,

OS p = 0.030); only cimetidine had lower

progression-free survival (5.8 months

versus 4.1 months, p < 0.001) and

overall survival (25.5 months versus 16.9

months, p = 0.047) than the control

group; H1 antihistamines had a good

prognostic factor; H2 antihistamines had

a poor prognostic factor

Mallardo

et al.,

2022 [24]

71 63
Melanoma (n =

71)

Pembrolizumab

(n = 25),

nivolumab (n =

46)

Cetirizine

Cetirizine

(second-

generation)

Significant greater overall

survival in patients

receiving antihistamines of

36 months compared to

23 months (p < 0.0032)

Significant

greater

progression-

free survival in

patients

receiving

antihistamines

of 28 months to

15 months (p <

0.0023)

Not

reported

Elevation of Fc receptor I

(FCGR1A/CD64), C–C motif chemokine

8 (CCL8), interferon-induced antiviral

RNA-binding protein (IFIT1), IFN-induced

antiviral protein (IFIT3), and interferon-

inducible antiviral protein (RSAD2)

TABLE 2: Analysis of the number of patients, mean age of patients, cancer type, immunotherapy
type, antihistamine type and the classification as first- or second-generation, and findings of the
articles including the impact on overall survival, progression-free state, and mortality
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In total, 4,171 patients were analyzed. The mean age of patients was reported in half of the studies, with a
mean age of 62.66. Cancer types vary between lung (including small-cell and non-small-cell lung cancer) (n
= 2,431), melanoma (n = 969), hepatobiliary (n = 16), head and neck (n = 5), breast (n = 344), GI (n = 2), renal
cell (n = 12), gynecological (n = 1), and colon (n = 387) cancers, and two studies group the remaining types of
cancers as “other” (n = 4) but did not specify those specific types (Figure 2).

FIGURE 2: Type of cancer diagnoses among the patients analyzed

Among all studies, checkpoint inhibitors were used as the form of immunotherapy. Two studies specifically
identified which checkpoint therapies were utilized including nivolumab, pembrolizumab, ipilimumab, and
atezolizumab. The most common is nivolumab, followed by pembrolizumab. Four of the six studies
identified which antihistamines were used by patients, with two studies lacking specification. The first-
generation antihistamines included were cyproheptadine, pheniramine, and diphenylamine, and the
second-generation antihistamines included were desloratadine, ebastine, cetirizine, desloratadine,
fexofenadine, and cimetidine. When analyzing the findings of the articles, all articles found a significant
improvement in overall survival rates and longer progression-free rates when antihistamines were added to
immunotherapy regimens compared to patients who did not utilize antihistamines. Additionally, some
studies also analyzed mortality rates, and each found a significant reduction in mortality rates when
antihistamines were paired with immunotherapy [19,20,22]. Interestingly, Chiang et al. found that
specifically cationic amphiphilic antihistamines improved outcomes to a greater extent than non-cationic
amphiphilic antihistamines [20]. Furthermore, Zhang et al. compared first- and second-generation
antihistamines and found that first-generation improved survival rates (p < 0.038) and progression-free
status (p < 0.001) to a greater extent than second-generation antihistamines [23].

Discussion
Immunotherapy drugs have been approved for a variety of therapies for immunological diseases to
malignancies. Immunotherapy has revolutionized the field of oncology. Immunotherapies work to
upregulate or downregulate to modulate the patient’s immune system to target their specific condition’s
needs [25]. The use of immunotherapies as cancer treatments has been an evolving field with the utilization
of the patient’s own immune system against cancer cells. Currently, there are 11 ICIs, six CAR-T therapies,
and six T-cell-enhancing antibodies approved for the treatment of various cancers [26]. ICIs are currently the
most widely used with approximately 40% of patients with cancer meeting eligibility to initiate this therapy
for their oncological treatment; they also cover the widest array of cancers, the most common being non-
small-cell lung carcinoma, small-cell lung carcinoma, and hepatocellular carcinoma [27].

Antihistamines are commonly used for allergic reactions to target the H1 histamine receptors to reduce
allergy symptoms [28]. There are antihistamines that bind to H2 histamine receptors; however, those target
the GI system. There are two forms of antihistamines: first- and second-generation. First-generation is less
utilized because it crosses the blood-brain barrier, leading to sedation and anticholinergic effects, while
second-generation is preferred because it remains within the peripheral nervous system and has less
sedating effects [28]. Outside of the conventional treatment of allergies, antihistamines are also used for
sinusitis, motion sickness, bronchitis, nausea, vomiting, peptic ulcer disease, gastritis, gastroesophageal
reflux disease, and Zollinger-Ellison syndrome [28]. Due to the diversity of antihistamine use and the costly,
timely, and resource-intensive process to develop new oncological therapy, antihistamines have begun to be
examined for their use in augmenting immunotherapy.

With cancer being the leading cause of mortality, the development of adjunctive therapy options to improve
the efficacy of current treatments is critical. The reason behind the selection of antihistamines for further
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evaluation to augment immunotherapy is the presence of histamine receptors on cancer cells. There are four
histamine receptors: H1, H2, H3, and H4. These histamine receptors have been found to modulate cell
proliferation, invasion, inhibition of apoptosis, migration, and vascularization [29-31]. High histamine
content has been found in different human tumors including melanoma, colon, and breast cancer. Also, it
was found that cancers that had H1, H2, H3, and H4 receptors induced a favorable cancer
microenvironment [32]. Furthermore, specifically, the upregulation of H1 and H2 receptors in cancer cells
has been associated with worse prognoses for patients [29,31,33,34]. As a result, the investigation into the
use of antihistamines that target these receptors is critical to inhibit cancer progression and improve the
overall survival of patients.

Antihistamines come in two forms, first-generation and second-generation, that differ in their ability to
cross the blood-brain barrier. A variety of each kind was analyzed within the studies. First-generation
antihistamines used included cyproheptadine, pheniramine, and diphenylamine. Second-generation
antihistamines used included desloratadine, ebastine, cetirizine, desloratadine, fexofenadine, and
cimetidine. The majority of studies did not analyze the effectiveness of first- and second-generation
antihistamines, even when patients were divided on the medication they consumed. Only one study [23]
analyzed this difference and found that those who used diphenhydramine, a first-generation antihistamine,
had longer overall survival (p < 0.038) and progression-free survival compared to cimetidine, a second-
generation antihistamine. However, in the literature, studies have found that there is greater (p < 0.001)
evidence of second-generation antihistamines improving outcomes and survival but little evidence of first-
generation antihistamines [35]. As a result of the conflicting findings, further research is required to better
understand if there is a benefit to the use of first- or second-generation immunotherapy in improving the
efficacy of immunotherapy or if both are equally effective.

Furthermore, antihistamines are divided into cationic and non-cationic amphiphilic antihistamines.
Cationic antihistamines have been found to have greater anticancer effects when compared to non-cationic
amphiphilic antihistamines. Cationic amphiphilic antihistamines are defined by their hydrophobic ring
structure and hydrophilic side chain with a cationic amine group. When placed in an acidic environment,
such as a lysosome, the basic amine group gets pronated and leads to a significant accumulation. When
cationic antihistamines enter the lysosome, they inhibit lysosomal lipases by neutralizing the negative
charge; specifically, they inhibit sphingomyelinase leading to sphingomyelin accumulation, which is toxic to
cancer cells [36-39]. Cationic antihistamines, including desloratadine, cyproheptadine, ebastine, loratadine,
and astemizole, have been found to be associated with greater overall survival and longer progression-free
survival when compared to non-cationic amphiphilic antihistamines [20,40]. Additionally, cationic
antihistamines have been shown to have greater anticancer properties through modulating genes. They have
recently been found to accumulate inside lysosomes due to their unique structure to rapidly increase the
lysosomal pH, which elevates the efflux of hydrogen, leading to cancer cell apoptosis. It also enhances the
inhibition of the STAT3 gene, causing tumor growth restriction [41]. It would be beneficial to further analyze
the use of cationic antihistamines with immunotherapy in cancer therapy to better understand its impact on
patient outcomes.

With the common use of antihistamines in the treatment of allergies, these patients may already be at an
advantage in preventing cancer. It has been found that tissues in the body that are linked to different forms
of allergies, including the skin and GI tract, were found to have lower rates of cancer within these tissues.
Also, most studies showed an inverse relationship between allergies and cancer development [42]. However,
the data out there is conflicting as one study found that those with pre-existing allergies had a lower risk of
developing glioma, colorectal cancer, cancer of the larynx, non-Hodgkin lymphoma (a cancer of the
esophagus), oral cancer, pancreatic cancer, stomach cancer, and uterine body cancer, but an increased risk
for bladder cancer, lymphoma, myeloma, and prostate cancer [43]. It specifically was found that those with
allergies had lower risks of cancers within tissues and organs that interact with the external environment
versus higher risks in the tissues and organs that do not interact [42]. The debate continues to understand
the association between allergies and the development of cancers later on; potentially, it could be
hypothesized the amount of antihistamines patients consume for their allergies may be a protective factor
against the development of cancer, but further research is required.

This review is subject to several limitations that should be considered when interpreting the findings. First,
the number of studies included in the analysis was relatively small due to the novelty of the field, which may
limit the generalizability and robustness of the conclusions drawn. Additionally, many of the studies did not
provide detailed information regarding the duration or dosage of the antihistamines used, making it difficult
to assess and compare the full impact of treatment regimens on outcomes. Another significant limitation is
the lack of clarity regarding the specific types of immunotherapy employed in the included studies. Further
research is required to understand the effectiveness of antihistamines with different forms of
immunotherapy. Moreover, there remain open questions regarding the comparative effectiveness of first-
versus second-generation antihistamines, as well as the distinction between cationic and non-cationic
amphiphilic antihistamines. Only one study compared cationic to non-cationic amphiphilic
antihistamines, and only one compared first- to second-generation antihistamines [20,23]. In conclusion,
while this review provides valuable insights, further investigation with larger, more detailed studies is
essential to address these limitations and provide more definitive conclusions.
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Conclusions
The combination of antihistamines with immunotherapy represents a promising approach to the treatment
of cancer. As immunotherapies continue to reshape cancer treatment and as we begin to investigate
alternative uses for everyday medications, antihistamines may propose beneficial effects on improving the
efficacy of immunotherapy. Novel findings all indicate the positive effects immunotherapy in combination
with antihistamines have on overall survival and progression-free survival states. While more research is
needed to confirm these benefits and understand the underlying mechanisms, this combination approach
holds considerable promise for improving patient outcomes and advancing the way we treat cancer.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Stephanie Nagy, Marc M. Kesselman, Atif Hussein, Oksana Denis

Acquisition, analysis, or interpretation of data:  Stephanie Nagy, Oksana Denis

Drafting of the manuscript:  Stephanie Nagy, Oksana Denis

Critical review of the manuscript for important intellectual content:  Stephanie Nagy, Marc M.
Kesselman, Atif Hussein, Oksana Denis

Supervision:  Marc M. Kesselman

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, Jemal A: Global cancer statistics 2022:

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2024, 74:229-63. 10.3322/caac.21834

2. Siegel RL, Giaquinto AN, Jemal A: Cancer statistics, 2024. CA Cancer J Clin. 2024, 74:12-49.
10.3322/caac.21820

3. Abbas Z, Rehman S: An overview of cancer treatment modalities . Neoplasm. Shahzad HN (ed): IntechOpen,
2018. 10.5772/intechopen.76558

4. Debela DT, Muzazu SG, Heraro KD, et al.: New approaches and procedures for cancer treatment: current
perspectives. SAGE Open Med. 2021, 9:20503121211034366. 10.1177/20503121211034366

5. Kamrani A, Hosseinzadeh R, Shomali N, et al.: New immunotherapeutic approaches for cancer treatment .
Pathol Res Pract. 2023, 248:154632. 10.1016/j.prp.2023.154632

6. Surgery to treat cancer. (2024). Accessed: 11/01/2024: https://www.cancer.gov/about-
cancer/treatment/types/surgery.

7. Chen Z, Zhang P, Xu Y, et al.: Surgical stress and cancer progression: the twisted tango . Mol Cancer. 2019,
18:132. 10.1186/s12943-019-1058-3

8. Dilalla V, Chaput G, Williams T, Sultanem K: Radiotherapy side effects: integrating a survivorship clinical
lens to better serve patients. Curr Oncol. 2020, 27:107-12. 10.3747/co.27.6233

9. Radiation therapy to treat cancer. (2019). Accessed: November 01, 2024: https://www.cancer.gov/about-
cancer/treatment/types/radiation-therapy#:~:text=Radiation%20therapy%20(also%20called%20....

10. Ganesh K, Massagué J: Targeting metastatic cancer . Nat Med. 2021, 27:34-44. 10.1038/s41591-020-01195-4
11. Schirrmacher V: From chemotherapy to biological therapy: a review of novel concepts to reduce the side

effects of systemic cancer treatment (review). Int J Oncol. 2019, 54:407-19. 10.3892/ijo.2018.4661
12. Wei SC, Duffy CR, Allison JP: Fundamental mechanisms of immune checkpoint blockade therapy . Cancer

Discov. 2018, 8:1069-86. 10.1158/2159-8290.CD-18-0367
13. Liu B, Zhou H, Tan L, Siu KT, Guan XY: Exploring treatment options in cancer: tumor treatment strategies .

Signal Transduct Target Ther. 2024, 9:175. 10.1038/s41392-024-01856-7
14. Vaddepally RK, Kharel P, Pandey R, Garje R, Chandra AB: Review of indications of FDA-approved immune

checkpoint inhibitors per NCCN guidelines with the level of evidence. Cancers (Basel). 2020, 12:738.
10.3390/cancers12030738

15. Rui R, Zhou L, He S: Cancer immunotherapies: advances and bottlenecks . Front Immunol. 2023, 14:1212476.
10.3389/fimmu.2023.1212476

16. Ellegaard AM, Dehlendorff C, Vind AC, et al.: Repurposing cationic amphiphilic antihistamines for cancer
treatment. EBioMedicine. 2016, 9:130-9. 10.1016/j.ebiom.2016.06.013

 
Published via Dr. Kiran C. Patel College of
Osteopathic Medicine (KPCOM)

2025 Nagy et al. Cureus 17(2): e79421. DOI 10.7759/cureus.79421 8 of 9

https://dx.doi.org/10.3322/caac.21834
https://dx.doi.org/10.3322/caac.21834
https://dx.doi.org/10.3322/caac.21820
https://dx.doi.org/10.3322/caac.21820
https://dx.doi.org/10.5772/intechopen.76558
https://dx.doi.org/10.5772/intechopen.76558
https://dx.doi.org/10.1177/20503121211034366
https://dx.doi.org/10.1177/20503121211034366
https://dx.doi.org/10.1016/j.prp.2023.154632
https://dx.doi.org/10.1016/j.prp.2023.154632
https://www.cancer.gov/about-cancer/treatment/types/surgery
https://www.cancer.gov/about-cancer/treatment/types/surgery
https://dx.doi.org/10.1186/s12943-019-1058-3
https://dx.doi.org/10.1186/s12943-019-1058-3
https://dx.doi.org/10.3747/co.27.6233
https://dx.doi.org/10.3747/co.27.6233
https://www.cancer.gov/about-cancer/treatment/types/radiation-therapy#:~:text=Radiation therapy (also called radiotherapy,your teeth or broken bones.
https://www.cancer.gov/about-cancer/treatment/types/radiation-therapy#:~:text=Radiation therapy (also called radiotherapy,your teeth or broken bones.
https://dx.doi.org/10.1038/s41591-020-01195-4
https://dx.doi.org/10.1038/s41591-020-01195-4
https://dx.doi.org/10.3892/ijo.2018.4661
https://dx.doi.org/10.3892/ijo.2018.4661
https://dx.doi.org/10.1158/2159-8290.CD-18-0367
https://dx.doi.org/10.1158/2159-8290.CD-18-0367
https://dx.doi.org/10.1038/s41392-024-01856-7
https://dx.doi.org/10.1038/s41392-024-01856-7
https://dx.doi.org/10.3390/cancers12030738
https://dx.doi.org/10.3390/cancers12030738
https://dx.doi.org/10.3389/fimmu.2023.1212476
https://dx.doi.org/10.3389/fimmu.2023.1212476
https://dx.doi.org/10.1016/j.ebiom.2016.06.013
https://dx.doi.org/10.1016/j.ebiom.2016.06.013


17. Church MK, Church DS: Pharmacology of antihistamines. Indian J Dermatol. 2013, 58:219-24.
10.4103/0019-5154.110832

18. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Syst Rev. 2021, 10:89. 10.1186/s13643-021-01626-4

19. Chiang CH, Chiang CH, Peng CY, et al.: Efficacy of cationic amphiphilic antihistamines on outcomes of
patients treated with immune checkpoint inhibitors. Eur J Cancer. 2022, 174:1-9. 10.1016/j.ejca.2022.07.006

20. Chiang CH, Chiang CH, See XY, et al.: The impact of cationic amphiphilic antihistamines on patients with
lung cancer receiving immunotherapy. J Clin Oncol. 2023, 41:e21078. 10.1200/JCO.2023.41.16_suppl.e21078

21. Eylemer Mocan E, Yekedüz E, Karataş G, et al.: Impact of antihistamine use on the survival outcomes of
immune checkpoint inhibitors in advanced cancer patients. Anticancer Drugs. 2024, 35:190-4.
10.1097/CAD.0000000000001498

22. Li H, Xiao Y, Li Q, et al.: The allergy mediator histamine confers resistance to immunotherapy in cancer
patients via activation of the macrophage histamine receptor H1. Cancer Cell. 2022, 40:36-52.e9.
10.1016/j.ccell.2021.11.002

23. Zhang W, Li B, Liu L, Ren X: Impact of concomitant H1 antihistamine administered during initiation of
immune checkpoint inhibitor therapy on survival outcome and safety in patients with advanced primary
lung cancer. J Clin Oncol. 2024, 42:e20532. 10.1200/JCO.2024.42.16_suppl.e20532

24. Mallardo D, Simeone E, Vanella V, et al.: Concomitant medication of cetirizine in advanced melanoma
could enhance anti-PD-1 efficacy by promoting M1 macrophages polarization. J Transl Med. 2022, 20:436.
10.1186/s12967-022-03643-w

25. Justiz Vaillant AA, Nessel TA, Patel P, Zito PM: Immunotherapy. StatPearls [Internet]. StatsPearls
Publishing, Treasure Island (FL); 2024.

26. Spotlight on immunotherapy: pushing the frontier of cancer medicine . (2024). Accessed: 11/05/2024:
https://cancerprogressreport.aacr.org/progress/cpr23-contents/cpr23-spotlight-on-immunotherapy-
pushing-the-frontier-o....

27. Haslam A, Gill J, Prasad V: Estimation of the percentage of US patients with cancer who are eligible for
immune checkpoint inhibitor drugs. JAMA Netw Open. 2020, 3:e200423.
10.1001/jamanetworkopen.2020.0423

28. Farzam K, Sabir S, O’Rourke MC: Antihistamines. StatPearls [Internet]. StatPearls Publishing, Treasure
Island (FL); 2023.

29. Yu F, Liu X, Ou H, et al.: The histamine receptor H1 acts as an alternative receptor for SARS-CoV-2 . mBio.
2024, 15:e0108824. 10.1128/mbio.01088-24

30. Chen Y, Zhen W, Guo T, et al.: Histamine receptor 3 negatively regulates oligodendrocyte differentiation
and remyelination. PLoS One. 2017, 12:e0189380. 10.1371/journal.pone.0189380

31. Zhao J, Hou Y, Yin C, et al.: Upregulation of histamine receptor H1 promotes tumor progression and
contributes to poor prognosis in hepatocellular carcinoma. Oncogene. 2020, 39:1724-38. 10.1038/s41388-
019-1093-y

32. Nguyen PL, Cho J: Pathophysiological roles of histamine receptors in cancer progression: implications and
perspectives as potential molecular targets. Biomolecules. 2021, 11:1232. 10.3390/biom11081232

33. Monczor F, Fernandez N: Current knowledge and perspectives on histamine H1 and H2 receptor
pharmacology: functional selectivity, receptor crosstalk, and repositioning of classic histaminergic ligands.
Mol Pharmacol. 2016, 90:640-8. 10.1124/mol.116.105981

34. Massari NA, Nicoud MB, Medina VA: Histamine receptors and cancer pharmacology: an update . Br J
Pharmacol. 2020, 177:516-38. 10.1111/bph.14535

35. Fritz I, Wagner P, Broberg P, Einefors R, Olsson H: Desloratadine and loratadine stand out among common
H(1)-antihistamines for association with improved breast cancer survival. Acta Oncol. 2020, 59:1103-9.
10.1080/0284186X.2020.1769185

36. Trapp S, Rosania GR, Horobin RW, Kornhuber J: Quantitative modeling of selective lysosomal targeting for
drug design. Eur Biophys J. 2008, 37:1317-28. 10.1007/s00249-008-0338-4

37. Petersen NH, Olsen OD, Groth-Pedersen L, et al.: Transformation-associated changes in sphingolipid
metabolism sensitize cells to lysosomal cell death induced by inhibitors of acid sphingomyelinase. Cancer
Cell. 2013, 24:379-93. 10.1016/j.ccr.2013.08.003

38. Terés S, Lladó V, Higuera M, et al.: 2-Hydroxyoleate, a nontoxic membrane binding anticancer drug, induces
glioma cell differentiation and autophagy. Proc Natl Acad Sci USA. 2012, 109:8489-94.
10.1073/pnas.1118349109

39. Kölzer M, Werth N, Sandhoff K: Interactions of acid sphingomyelinase and lipid bilayers in the presence of
the tricyclic antidepressant desipramine. FEBS Lett. 2004, 559:96-8. 10.1016/S0014-5793(04)00033-X

40. Verdoodt F, Dehlendorff C, Jäättelä M, et al.: Antihistamines and ovarian cancer survival: nationwide cohort
study and in vitro cell viability assay. J Natl Cancer Inst. 2020, 112:964-7. 10.1093/jnci/djz217

41. Liu B, Chen R, Zhang Y, et al.: Cationic amphiphilic antihistamines inhibit STAT3 via Ca(2+)-dependent
lysosomal H(+) efflux. Cell Rep. 2023, 42:112137. 10.1016/j.celrep.2023.112137

42. Sharma A, Blank A, Komforti MK: Rare initial manifestation of lupus as lobular panniculitis of the breast-a
case report and review of the literature. Am J Dermatopathol. 2021, 43:381-5.
10.1097/DAD.0000000000001846

43. Merrill RM, Isakson RT, Beck RE: The association between allergies and cancer: what is currently known? .
Ann Allergy Asthma Immunol. 2007, 99:102-17. 10.1016/S1081-1206(10)60632-1

 
Published via Dr. Kiran C. Patel College of
Osteopathic Medicine (KPCOM)

2025 Nagy et al. Cureus 17(2): e79421. DOI 10.7759/cureus.79421 9 of 9

https://dx.doi.org/10.4103/0019-5154.110832
https://dx.doi.org/10.4103/0019-5154.110832
https://dx.doi.org/10.1186/s13643-021-01626-4
https://dx.doi.org/10.1186/s13643-021-01626-4
https://dx.doi.org/10.1016/j.ejca.2022.07.006
https://dx.doi.org/10.1016/j.ejca.2022.07.006
https://dx.doi.org/10.1200/JCO.2023.41.16_suppl.e21078
https://dx.doi.org/10.1200/JCO.2023.41.16_suppl.e21078
https://dx.doi.org/10.1097/CAD.0000000000001498
https://dx.doi.org/10.1097/CAD.0000000000001498
https://dx.doi.org/10.1016/j.ccell.2021.11.002
https://dx.doi.org/10.1016/j.ccell.2021.11.002
https://dx.doi.org/10.1200/JCO.2024.42.16_suppl.e20532
https://dx.doi.org/10.1200/JCO.2024.42.16_suppl.e20532
https://dx.doi.org/10.1186/s12967-022-03643-w
https://dx.doi.org/10.1186/s12967-022-03643-w
https://www.ncbi.nlm.nih.gov/books/NBK519046/
https://cancerprogressreport.aacr.org/progress/cpr23-contents/cpr23-spotlight-on-immunotherapy-pushing-the-frontier-of-cancer-medicine/
https://cancerprogressreport.aacr.org/progress/cpr23-contents/cpr23-spotlight-on-immunotherapy-pushing-the-frontier-of-cancer-medicine/
https://dx.doi.org/10.1001/jamanetworkopen.2020.0423
https://dx.doi.org/10.1001/jamanetworkopen.2020.0423
https://www.ncbi.nlm.nih.gov/books/NBK538188/
https://dx.doi.org/10.1128/mbio.01088-24
https://dx.doi.org/10.1128/mbio.01088-24
https://dx.doi.org/10.1371/journal.pone.0189380
https://dx.doi.org/10.1371/journal.pone.0189380
https://dx.doi.org/10.1038/s41388-019-1093-y
https://dx.doi.org/10.1038/s41388-019-1093-y
https://dx.doi.org/10.3390/biom11081232
https://dx.doi.org/10.3390/biom11081232
https://dx.doi.org/10.1124/mol.116.105981
https://dx.doi.org/10.1124/mol.116.105981
https://dx.doi.org/10.1111/bph.14535
https://dx.doi.org/10.1111/bph.14535
https://dx.doi.org/10.1080/0284186X.2020.1769185
https://dx.doi.org/10.1080/0284186X.2020.1769185
https://dx.doi.org/10.1007/s00249-008-0338-4
https://dx.doi.org/10.1007/s00249-008-0338-4
https://dx.doi.org/10.1016/j.ccr.2013.08.003
https://dx.doi.org/10.1016/j.ccr.2013.08.003
https://dx.doi.org/10.1073/pnas.1118349109
https://dx.doi.org/10.1073/pnas.1118349109
https://dx.doi.org/10.1016/S0014-5793(04)00033-X
https://dx.doi.org/10.1016/S0014-5793(04)00033-X
https://dx.doi.org/10.1093/jnci/djz217
https://dx.doi.org/10.1093/jnci/djz217
https://dx.doi.org/10.1016/j.celrep.2023.112137
https://dx.doi.org/10.1016/j.celrep.2023.112137
https://dx.doi.org/10.1097/DAD.0000000000001846
https://dx.doi.org/10.1097/DAD.0000000000001846
https://dx.doi.org/10.1016/S1081-1206(10)60632-1
https://dx.doi.org/10.1016/S1081-1206(10)60632-1

	The Impact of Antihistamines on Immunotherapy: A Systematic Review
	Abstract
	Introduction And Background
	Review
	Methods
	FIGURE 1: PRISMA diagram indicating the search methodology
	TABLE 1: Joanna Briggs critical appraisal tool for retrospective cohort studies

	Results
	TABLE 2: Analysis of the number of patients, mean age of patients, cancer type, immunotherapy type, antihistamine type and the classification as first- or second-generation, and findings of the articles including the impact on overall survival, progression-free state, and mortality
	FIGURE 2: Type of cancer diagnoses among the patients analyzed

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


