&g | frontiers
* | in Immunology

OPEN ACCESS

EDITED BY
Mario César Salinas-Carmona,
Universidad Autonoma de Nuevo Leon,
Mexico

REVIEWED BY
Victor Oyervides Juarez,

Autonomous University of Nuevo Leon,
Mexico

*CORRESPONDENCE

Karolina Kazmierczak-Siedlecka
leokadia@gumed.edu.pl

Leszek Kalinowski
leszek.kalinowski@gumed.edu.pl

RECEIVED 02 November 2025
REVISED 16 December 2025
ACCEPTED 23 January 2026
PUBLISHED 27 February 2026

CITATION
Kucharski R, Kosinski A, Kalinowski L and
Kazmierczak-Siedlecka K (2026)
Ipilimumab, -omics, and head and neck
cancers—update in 2025.

Front. Immunol. 17:1737862.

doi: 10.3389/fimmu.2026.1737862

COPYRIGHT
© 2026 Kucharski, Kosinski, Kalinowski
and Kazmierczak-Siedlecka. This is an
open-access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Immunology

TYPE Mini Review
PUBLISHED 27 February 2026
DOI 10.3389/fimmu.2026.1737862

Ipilimumab, -omics,
and head and neck
cancers—update in 2025

Robert Kucharski'?, Adam Kosihski**, Leszek Kalinowski***
and Karolina Kazmierczak-Siedlecka'**

Department of Medical Laboratory Diagnostics — Fahrenheit Biobank BBMRI.pl, Medical University of
Gdansk, Gda sk, Poland, 2Neodentica Dentistry Center, Gdansk, Poland, *Division of Clinical Anatomy,
Medical University of Gdansk, Gda sk, Poland, *Academy of Applied Medical and Social Sciences,
Elblag, Poland, *BioTechMed Center, Department of Mechanics of Materials and Structures, Gdansk
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Immunotherapy employing immune checkpoint inhibitors (ICIs) represents a
pivotal approach for the management of recurrent and metastatic head and
neck cancers (HNCs). Ipilimumab is a fully human monoclonal IgGlk antibody
against cytotoxic T-lymphocyte antigen-4 (CTLA-4), which can be introduced as
a monotherapy or dual immunological regimen with nivolumab (anti-
programmed death protein 1, PD-1). The background of the use of these
monoclonal antibodies as combination immunotherapy is strongly associated
with their different mechanisms of action. CTLA-4 and PD-1 are able to regulate
the function of T cells through different mechanisms. Despite the better ef cacy
of immunotherapy with ipilimumab + nivolumab in HNCs observed in some
cases, the overall effect regarding the comparison of ipilimumab versus
ipilimumab + nivolumab is still unclear. The microbiome is one of the
biomarkers that affect the response to immunotherapy with ICls, including
ipilimumab. Nevertheless, there is a clear lack of data in this context with regard
to HNCs. The bene cial signature of the microbiome contributes to the
prevention of the immune-related adverse events caused by ipilimumab.
Notably, the incidence of gastrointestinal side effects induced by ICls is
signi cantly increased in the dual regimen with ipilimumab + nivolumab, which
affects its recommendation for patients with HNCs

KEYWORDS
head and neck cancers, immune checkpoint inhibitors, ipilimumab, microbial
metabolites, microbiome, nivolumab

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2026.1737862/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1737862/full
https://www.frontiersin.org/articles/10.3389/fimmu.2026.1737862/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2026.1737862&domain=pdf&date_stamp=2026-02-27
mailto:leokadia@gumed.edu.pl
mailto:leszek.kalinowski@gumed.edu.pl
https://doi.org/10.3389/fimmu.2026.1737862
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2026.1737862
https://www.frontiersin.org/journals/immunology

Kucharski et al. 10.3389/fimmu.2026.1737862

treatment
immunotherapy based on

| immune checkpoint inhibitors head and neck cancers

- efficacy
« immune-related adverse events
+ ipilimumab-induced gastrointestinal side effects

anti-CTLA-4
Anti-PD-1 )\\ v

ipilimumab

W nivolumab

| |

ipilimumab + nivolumab

the impact of gut microbiome
(beneficial/ negative depending
on composition and activity -
microbial metabolites)

‘/.J
°
.’)
°
°

w5 I
: §-A

+ increased incidence of immune-related adverse events
+ enhancement of clinical outcome - still unclear in case of recurrent metastatic head and neck cancers

GRAPHICAL ABSTRACT

Highlights

« Ipilimumab, which targets CTLA-4, is utilized for
recurrent/metastatic head and neck cancers (HNCs) as a
monotherapy or combined with nivolumab. CTLA-4
inhibitors demonstrate comparatively lower activity in
HNCs, potentially due to tumor hypoxia impairing T-
cell in Itration.

+ Combination therapy (anti-CTLA-4 + anti-PD-1) offers a
broader immunological approach; however, superior
clinical outcomes over monotherapy remain uncertain,
and the heightened immune-related adverse events
(irAEs) necessitate careful patient selection.

+  The microbiome may modulate both the ef cacy and the
toxicity of ipilimumab, particularly in preventing
gastrointestinal irAEs; however, HNC-speci ¢ data
are limited.

1 Introduction

The category of biologic drugs comprises monoclonal
antibodies, recombinant proteins, enzymes, and cytokines.
Multiple formats of both antibodies and antibody derivatives are
available, for instance, full-length antibodies or antibody fragments
only, such as Fab, Fc, and scFv (single-chain variable fragments),
and other formats [e.g., antibody—drug conjugates (ADCs),
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chimeric antigen receptor (CAR) T cells, and bispeci ¢ T-cell
engagers) (1, 2). There are some crucial differences between
biologic drugs and small-molecule medications in terms of,
among others, molecular weight (biologics: even more than 1,000
kDa; small-molecule drugs: <1 kDa). Overall, biologic drugs are not
appropriate for oral administration. This is due to their physical
instability, digestion, and deactivation prior to their absorption into
the blood stream. Therefore, two other methods are recommended:
1) intravenous infusion (100% bioavailability; for acute conditions,
a high Cnax is recommended for therapeutic effect) and 2)
subcutaneous injection (<100% bioavailability; generally
recommended for chronic conditions) (1). The inability to deliver
monoclonal antibodies to an appropriate amount of both cancer
cells and tumor-in  Itrating cells means that intratumoral injections
with monoclonal antibodies still being tested (3). Intratumoral
delivery, although not Food and Drug Administration (FDA)-
approved, is under investigation for use with low-dose drugs and
to enhance local immunostimulation while reducing systemic
toxicity (3-5).

Monoclonal antibodies possess complex pharmacokinetic and
pharmacodynamic pro les relative to conventional chemotherapeutics
(6). Their integration into clinical oncology has reshaped therapeutic
strategies, including for head and neck cancers (HNCs), a
heterogeneous group of neoplasms arising from the oral cavity,
pharynx, larynx, sinonasal cavities, lips, and salivary glands (7, 8).
Squamous cell carcinoma accounts for ~90% of cases (Figure 1). HNCs
represent the sixth most commonly diagnosed cancers worldwide, often
presenting at advanced stages with in ltration of local spaces (e.g.
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FIGURE 1

Case of squamous cell carcinoma of the tongue with in Itration into the oor of the mouth. Head and neck cancers (HNCs) are often diagnosed at
an advanced stage with metastatic sites. The assessment is based on the TNM tool (T, tumor; N, nodes; and M, metastasis). Photographs were taken
from a dental practice, Neodentica Dentistry Center, Gdansk, Poland, and provided by the attending oral surgeon. This gure was created using

Biorender.com.

pterygomandibular, submandibular, and sublingual) and high mortality
rates, underscoring the urgent need for novel treatments, including
immunotherapy with ipilimumab (9). This mini-review focuses on: i)
monotherapy with ipilimumab versus combination immune checkpoint
inhibitor (ICI) regimens and ii) the in uence of -omics, particularly the
microbiome, on therapeutic outcomes.

2 Ipilimumab: basic characteristics
and mechanism

Ipilimumab, developed at the University of California, Berkeley,
is a fully human lgG1k monoclonal antibody targeting CTLA-4
(cytotoxic T-lymphocyte antigen-4) and CD152 (cluster of
differentiation 152) (10, 11). CTLA-4 downregulates the T-cell
responses and induces tolerance, primarily via interactions with
CD80/CD86 on antigen-presenting cells (10). The background of
immunotherapy includes an appropriate pair of ICIs (on T cells)
and receptors (on tumor cells), for instance, CTLA-4 combined
with CD86, CD80, B7-1, or B7-2 and programmed death protein 1
(PD-1) inhibitor combined with programmed death-ligand 1 (PD-
L1), PD-L2, B7-H1, or B7-H212. Some of the immunosuppressive
activities of CTLA-4 depending on cell type are as follows: i)
regulatory T cells (Tregs)—decreasing the presentation of antigen
and the activation of T cells as a result of interaction with CD80 and
CD86 on antigen-presenting cells; ii) Tregs—co-expression of
CD39 and CD73 resulting in the reduction of T cells activating
adenosine 5 -triphosphate; and iii) mature myeloid dendritic cells—
activity observed in the tumor microenvironment as the release of
vesicle-packaged CTLA-4 (12). The complementary engagement of
ICIs with tumor and immune cell receptors—e.g., CTLA-4 with
CD80/CD86 and PD-1 with PD-L1/PD-L2—forms the mechanistic
basis for immunotherapeutic strategies.

Frontiers in Immunology

3 Combination ICIs (ipilimumab +
nivolumab) versus monotherapy with
ipilimumab

ICIs are used as components of therapeutic strategies for the
treatment of recurrent metastatic head and neck squamous cell
carcinoma (HNSCC) (13, 14). As mentioned above, there is still an
open question regarding which one is more effective: combination
immunotherapy with ICIs or monotherapy. The justi cation for the
use of the combination of anti-CTLA-4 and anti-PD-1 is based on
their different mechanisms of action. T-cell function is regulated by
CTLA-4 and PD-1 through different methods, as follows: 1) anti-
PD-1 mainly causes both the expansion and the recruitment of
existing antitumor T cells, whereas anti-CTLA-4 acts through the
generation of new T-cell clones; and 2) anti-PD-1 does not induce
the subset of Th1-like CD4", whereas anti-CTLA-4 is able to do this
(15). Vos et al. (14) investigated the ef cacy of neoadjuvant
monotherapy with nivolumab [ rst-in-class fully human
immunoglobulin G4 (1gG4) and anti-PD-1]/ipilimumab +
nivolumab prior to surgery in patients with HNSCC (n = 32;
histologically con rmed T2-T4, NO-N3b, MO primary/recurrent,
resectable HNSCC) in a non-randomized phase Ib/lla trial. A major
pathological response (MPR) was noted in 35% of patients treated
with combination IClIs (the rate in monotherapy with nivolumab
was 17%). In addition, the 24-month median postsurgical follow-up
revealed that none of the MPR patients developed recurrent
HNSCC. Therefore, the combination therapy of ipilimumab +
nivolumab appears a promising option for these patients (14).
Evaluation of the data presented during the American Society of
Clinical Oncology (ASCO) and the European Society of Medical
Oncology (ESMO) meetings in 2021 revealed that overall survival
was not improved after treatment with the combination of
nivolumab + ipilimumab (as palliative rst-line therapy) (16).
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