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Contemporary management of
treatment-related dermatologic
toxicities in gynecologic cancers:
a systematic review based on
evidence from 2021 to 2025

Shanshan Wang, Rui Hou, Ruizhi Wang, Chu Liu* and Shida Xu*

Shenzhen Luohu People’s Hospital, Shenzhen, China

Introduction: Gynecologic cancers are commonly managed with chemotherapy,
radiotherapy, and targeted therapies, which are effective but frequently associ-
ated with significant skin side effects. These dermatologic toxicities substantially
reduce patients’ quality of life and treatment adherence, highlighting the need for
a comprehensive synthesis of the latest evidence to address this clinical challenge.
Methods: This systematic review summarizes the most up-to-date evidence (as
of 2025) regarding treatment-induced skin damage in patients with gynecologic
cancers. It focuses on synthesizing data related to the clinical manifestations, sub-
clinical changes, risk factors, and management strategies of these skin toxicities.
Results: Key findings include three critical areas of focus: subclinical skin damage
(early, mostly asymptomatic changes induced by medications such as paclitaxel),
radiotherapy-related skin issues, and severe skin effects associated with novel
targeted therapies. Additionally, innovative technologies (e.g., 3D printed radio-
therapy devices) were identified as potential tools for preventing and mitigating
dermatologic toxicities.

Discussion: The review emphasizes the importance of individualized intervention
plans and multidisciplinary care models to effectively manage treatment-related
skin toxicities. By synthesizing the latest evidence on manifestations, mecha-
nisms, risk factors, and innovative mitigation strategies, this review aims to pro-
vide clinicians with optimal information to improve outcomes for gynecologic
cancer patients experiencing skin toxicities, thereby enhancing treatment adher-
ence and overall patient well-being.

KEYWORDS
3D printed radiotherapy devices, chemotherapy, gynecologic cancer, paclitaxel,
radiotherapy, skin management, skin toxicity, subclinical skin damage

1 Introduction

Gynecological cancers comprise cervical, ovarian, and vaginal cancers; these are consider-
able health issues for the female population across all parts of the world. These cancers signifi-
cantly increase morbidity and mortality rates, and their management remains a major clinical
challenge. Epidemiological studies from different areas, such as Japan and the US, show the
presence and different clinical presentations of these cancer types. For example, extensive tumor
registries run by the Japan Society of Obstetrics and Gynecology reported thousands of yearly
cases, with most of the cases being cervical, endometrial, and ovarian cancers (1-6). Survival
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outcomes vary widely depending on cancer type and stage, with 5-year
survival rates dropping considerably as the disease advances.
Furthermore, there are racial and ethnic disparities that affect the
results connected with gynecological cancers. It is clearest when we
look at potential years of life lost (PYLL) and premature mortality rates
in the US, which show that non-Hispanic Black women have far higher
mortality rates and die much earlier than other populations (7, 8).
These differences show that it is important to have special health pro-
grams for everyone and for people to be able to see doctors easily.

Given these epidemiological complexities, the management of
gynecological malignancies involves an often integrated regimen of
surgery, chemotherapy, radiotherapy, targeted therapy, and immuno-
therapy. In recent years, more treatment methods have become avail-
able. Molecular target therapy and ICI (immune checkpoint inhibitor)
have emerged. This change in clinical management has improved the
survival of patients and controlled the disease. However, these develop-
ments come with a set of treatment-related side effects, and skin side
effects stand out as the most unacknowledged. Skin toxicities, such as
rashes, pruritus, dry skin, and paronychia, and severe immune-related
dermatological conditions, such as SJS and BP, can make a personss life
much worse, make it hard for them to keep taking their medicine, and
even make it harder for them to fight off the cancer. Skin toxicities of
gynecologic cancer patients are very important in the clinic, but it has
been neglected for a long time, as it was considered that skin toxicities
could be dealt with easily and the main target of treatment was to con-
trol the tumor.

Skin toxicities have gotten a whole lot more complicated with all
these new treatments now in the mix. Targeted agents, such as EGFRIs
and TKIs, typically cause cutaneous adverse effects by way of the skin
expressing the molecules they target. For example, EGFRIs have a high
frequency of papulopustular eruptions, dry skin, and itching.
Furthermore, these symptoms correlate with the poor quality of life
experienced by these patients; therefore, a dosage adjustment may be
warranted (9-11). Moreover, although immune checkpoint blockade
is efficacious, it can produce irAEs, including a range of skin symp-
toms, from minor rashes to severe and even life-threatening ones
(12-14). Causes of these skin toxicities are many and varied and
include direct drug toxicity, disruption of the immune system, genetic
factors, and environmental factors. In more recent studies, factors
such as zinc deficiency exacerbating EGFR-TKI-induced skin reac-
tions and genetic polymorphisms increasing the risk of radiotherapy-
induced skin toxicity were found, making personalization of care
necessary (9, 15).

The fallouts of skin toxicities are not just physical annoyance, but
it affects mental health, social life, and sticking to the treatment plan.
Based on the surveys and clinical studies, patients who suffered from
severe cutaneous reactions reported negative body image and decline
of quality of life. This leads to interruption or discontinuation of the
treatment, jeopardizing cancer control (16, 17). Healthcare profession-
als recognize the clinical importance of such toxicities and are cautious
and prompt. However, management guidelines are not clear, and
patients not adhering to the preventive measures of skin toxicity need
more defined care pathways and better patient education (18).

As gynecological cancers get more complicated to treat, we need
fresh, evidence-based methods for handling skin problems that occur
while treating the cancer. From 2021 to 2025, there is a rush of
research on this topic; it is very important to explore the clinical char-
acteristics, molecular mechanisms, and treatment strategies for treat-
ment-induced skin toxicity. Furthermore, there are progressive
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radiation methods, such as Hypofractionated Proton therapy, which
have the opportunity to decrease skin damage while keeping the
quality of the treatment (19). Moreover, Al for forecasting negative
reactions and enhancing the preparation of treatments is becoming
popular (20). New treatment methods involving nanotech and new
medicine vehicles show promise in reducing whole-body harm and
alleviating skin discomfort (21). The aim of implementing these
advances into the clinic is to improve patient outcomes, and this
comes to light by way of finding that middle ground when treating
the cancer as well as protecting the skin and the person’s general qual-
ity of life.

In summary, gynecologic cancer is complex because of its fre-
quency, the individuality of each patient’s journey, and the burden of
treatment side effects. Skin ailments are a common adverse affect related
to cancer treatment; more focus is needed on this issue to avoid disrup-
tion of therapy and maintain the quality of life of those receiving treat-
ment. Research from 2021 to 2025 has also shown an uptick and
provides evidence for a variety of different aspects of these toxicities that
guide modern management. This review carefully gathers the most
recent knowledge about treatment-induced skin side effects that wom-
en’s cancer patients can have to help doctors improve the care they give
and the medicines they choose.

2 Clinical manifestations and
assessment of skin toxicities related to
gynecologic cancer treatment

2.1 Chemotherapy-induced skin reactions

Chemotherapy, such as paclitaxel, which is used a lot to treat
gynecologic cancers, can cause skin toxicities. Paclitaxel belongs to the
taxane class, and its subclinical injuries to skin hydration, elasticity,
and barrier function have been reported, which can cause clinical
manifestations, such as dryness, redness, and peeling (Type I
Hypersensitivity). These seemingly minor changes to the skin show
that skin balance is changing. Non-invasive exams can give indicators
such as raised TEWL (transepidermal water loss), diminished sebum
production, and intensified localized inflammation. They can be
thought of as quite early signals of a potential issue with the skin’s
protective layer (skin barrier) that you may not be able to see or detect
yet (overt clinical signs or symptoms). Prompt identification of these
markers is important for early intervention to prevent the worsening
of skin toxicity. Chemotherapy causes skin damage at the molecular
level, reducing important structural and functional proteins, such as
AQP3, which keeps skin hydrated, and collagen, which keeps skin
whole and stretchy. These molecular indicators show that the chemo-
therapy is affecting how the outside layers of skin operate and how
well they can transport water, meaning it is more difficult for the skin
to perform its protective duties. Although there are only a few direct
clinical studies of skin biophysical and molecular changes in women
with gynecologic cancer who are treated with paclitaxel, more general
oncology studies show the same or similar findings to support these
interpretations. To understand the subclinical changes, designing pre-
ventive and curative methods for chemotherapy-related skin problems
would be of use, so that the quality of life of patients is improved and
treatment adherence is increased. This is part of a larger trend in
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oncology to include skin care in overall cancer care because the skin
is considered to be an important organ that can be affected by systemic
therapy (22).

Chemotherapy-induced dermatologic toxicities frequently include
skin rashes, dryness, pruritus, and hand-foot syndrome. Clinical studies
examining various chemotherapeutic agents, including 5-fluorouracil
and cytarabine, have documented these adverse effects. Typically, these
reactions present as maculopapular eruptions or erythema. Their sever-
ity is assessed using standardized tools, such as the Common
Terminology Criteria for Adverse Events (CTCAE). Management
approaches primarily involve the application of topical emollients and
adjustments to dosage—including reductions or temporary discontinu-
ation—to mitigate symptoms. However, existing research lacks a com-
prehensive exploration of the immune microenvironment, specifically
the activation, infiltration, and cytokine release of immune cells, which
contribute to these dermatologic reactions. This gap exists because the
focus has predominantly been on clinical manifestations, their preva-
lence, and symptomatic management rather than on the underlying
immunological mechanisms. Consequently, future studies are urgently
needed to investigate the involvement of immune cells, particularly T
lymphocytes and macrophages, in the pathophysiology of chemother-
apy-induced dermatologic adverse events (23).

2.2 Radiotherapy-related skin toxicity

Radiotherapy with high-dose-rate (HDR) brachytherapy is used
for gynecological cancers. However, it can cause a variety of skin
problems that can affect quality of life and treatment adherence.
Inflammation from radiation can cause red, peeling, and puffy skin
and usually arises during or close to the radiation period.
Alternately, darkish spots might appear, either temporarily or per-
manently. Chronic Fibrosis is a further significant long-term effect
of radiation. Radiation induces the activation of fibroblasts and
matrix remodeling. It eventually results in the skin becoming
thicker, less elastic, and losing its function. Such adverse effects are
more intense for HDR brachytherapy due to high-dose irradiation
close to the skin, resulting in severe local tissue damage. These tox-
icities are closely linked to certain aspects such as total radiation
dosage, frequency of dosing, and the specific part of the body being
targeted; regions of thin skin or areas prone to mechanical pressure
are particularly liable (24, 25).

More recently, new ways of delivering radiotherapy, such as
3D-printing technology to create individualized applicators, have been
used to conform the dose to the tumor and reduce exposure to the
surrounding healthy tissue. These personalized 3D-printed applicators
offer a superior fit to the anatomy and permit precise aiming, and so
theoretically, reduce the frequency and severity of skin toxicity by
sparing the surrounding healthy skin. However, even with these tech-
nologies, there is some clinical evidence that some patients continue
to experience severe (grade 3 or greater) skin reactions. Moreover,
because this method cannot reduce the amount of radiation needed,
we need to consider whether the 3D technology actually improves
patient experience, and whether they are actually more efficient at
targeting the cancer while alleviating potential side effects. Cancer
cases are all individual, making it hard to accurately calculate the side
effects any one person will experience (24, 26).

Additionally, patient-specific factors significantly influence the
onset and progression of radiation-induced skin toxicity. Different skin
types, genetics influencing DNA repair operations, and conditions
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such as diabetes or blood vessel issues can change how skin responds
to radiation exposure. Moreover, concurrent chemoradiotherapy regi-
mens, which are frequently employed in the treatment of gynecological
malignancies, are thought to raise skin toxicity due to their synergistic
effect on cell harm and lower healing capacity. Tissue volume irradia-
tion and how doses are distributed—pelvic and vulvar areas have lots
of skin folds and moisture, which makes dermatitis worse—raises tox-
icity risks. Verification techniques, such as Cone Beam Computed
Tomography (CBCT), are needed to make sure that the dose is deliv-
ered correctly and to decrease the chance of accidentally overdosing
the skin. However, even with the most precise of imaging techniques,
skin reactions have occurred due to a dose difference (25, 26).

The implications of radiation-caused skin issues affect more than
patient wellbeing. They could result in radiotherapy being inter-
rupted or stopped altogether, thereby putting the cancer cure at risk.
Data from large databases show that treatment breaks because of
toxicity are a key reason why radiotherapy is not completed properly,
so we need to be on top of how we look after the skin and work with
different specialists simultaneously. More complicated chronic
wounds or necrosis in or around the vulva or vagina will involve a
team of specialists, including radiation oncologists, gynecologic
oncologists, and reconstructive surgeons, who will have to cooperate
to ensure wound-healing and symptom relief. Different methods,
such as improved wound treatment, hyperbaric oxygen treatment,
and accurate debridement, have been applied to deal with these hard-
to-solve problems with different effects (27, 28).

In conclusion, while advancements in technology, such as HDR
brachytherapy and 3D-printed tailored applicators, have been achieved,
skin toxicity from radiotherapy in gynecologic cancer patients remains
a clinical concern. Skin reactions frequency and intensity have com-
plex ties to various elements like the amount of radiation, the total
volume of treatment, and personal patient traits such as genetic vulner-
ability and combined therapy. Continuous improvement of radiother-
apy techniques is essential to reduce toxicities, and multidisciplinary
approaches are key to improving patient wellbeing.

2.3 Targeted therapy and
immunotherapy-related cutaneous
reactions

Targeted therapies and immunotherapies have changed how we
treat cancer, especially when it comes to women’s cancers. However, the
application of such therapies is usually accompanied by dermatological
adverse effects, which can deteriorate the quality of life of the patients
and their compliance with the therapy. Among all these targeted agents,
PARP inhibitors such as niraparib are generally thought to have an
acceptable safety profile with respect to skin toxicity. Yet, there are iso-
lated occurrences of cutaneous adverse effects, so we need careful ways
to manage them that use things to shield the skin from light.
Photoprotection must be carried out, since some types of skin toxicity
may be aggravated with UV light exposure, and photosensitivity reac-
tions or rash aggravation can be induced. Although data related to the
complete skin toxicity caused by PARP inhibitors are still rare, the case
report indicates that it is necessary to recognize this kind of rare but
severe adverse event. Therefore, some preventive measures, such as
patient education and regular dermatological observation, are impor-
tant to avoid this kind of skin toxicity (29).

Conversely, ErbB family inhibitors—particularly afatinib—fre-
quently trigger dermatological adverse effects. Afatinib is a
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non-selective, irreversible tyrosine kinase inhibitor of epidermal
growth factor receptors (EGFR), HER2, and HER4. Afatinib typically
causes cutaneous toxicities such as papulopustular eruption, mucosi-
tis, and rash, all of which are dose-limiting. These cutaneous reactions
vary in intensity and treatment interruptions are often required
because of them, which can negatively affect oncological results.
Clinical studies have shown that most patients taking afatinib suffer
from skin toxicity, the most prominent ones being acneiform rash and
mucosal inflammation. Seriousness of the response is connected to
poor quality of life, and could result in worry and withdrawal from
society. Management regimens work; they propose early intervention
that uses topical corticosteroids, antibiotics, and supportive skincare
to stop the symptoms from getting worse. Phase II clinical trials inves-
tigating afatinib in patients with HER2-activating mutations reported
skin adverse events such as acneiform rash in approximately 30% of
the patients and discontinuation of treatment due to adverse events in
11% (29, 30). Furthermore, it is necessary to perform patient educa-
tion and interdisciplinary treatment, such as dermatology, to effec-
tively manage the condition and be compliant with the treatment.
While PARP inhibitors, such as niraparib, have a relatively less intense
profile of skin toxicity that can be handled by photoprotection, ErbB
family inhibitors often trigger more serious dermatological side effects
that require proactive handling to keep the therapy going and main-
tain a good quality of life for the patients.

The administration of immune checkpoint inhibitors (e.g., PD-1/
PD-L1 blockers) frequently induces cutaneous adverse effects, posing
significant challenges in clinical management. In gynecological oncol-
ogy patients receiving these therapies, cutaneous immune-related
adverse events (irAEs) manifest in 30-40% of cases, with the predomi-
nant presentations being maculopapular eruptions (60.9%), followed
by vitiligo (17.4%) and lichen planus-like reactions (10.9%) (31).
Moreover, the most life-threatening dermatologic complications,
including drug reaction with eosinophilia and systemic symptoms
(DRESS) syndrome and Stevens-Johnson syndrome/toxic epidermal
necrolysis (SJS/TEN) spectrum disorders, are characterized by mortal-
ity mechanisms involving excessive T-cell activation, cytokine release
syndrome, and genetic predisposition associated with particular HLA
haplotypes (32). Population-based registry analyses demonstrate that
immunotherapy-associated severe cutaneous adverse reactions carry
significantly elevated fatality rates compared to conventional chemo-
therapeutic agents, with TEN-associated mortality rates reaching as
high as 55.3% (33). Timely recognition and therapeutic intervention
are paramount for optimizing clinical outcomes. Current guidelines
advocate a multidisciplinary approach incorporating corticosteroid
therapy, intravenous immunoglobulin administration, and other sup-
portive measures while balancing oncological efficacy with toxicity
management (34) (see Table 1).

3 Molecular mechanisms and
pathophysiological basis of skin
toxicity

3.1 Molecular effects of chemotherapeutic
agents on skin cells

Chemotherapeutic agents targeting rapidly proliferating cancer
cells also disrupt healthy skin cells, resulting in treatment-induced
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dermatologic toxicity. One such agent is paclitaxel, a common chemo-
therapeutic that can affect how genes are expressed in skin cells and
affect the production of collagen and elastin. These proteins are very
important to keep your skin healthy and protect it. Collagen and elas-
tin synthesis decreases and the extracellular matrix (ECM) becomes
less strong and resilient, which can impact the skin’s barrier function
by making it less strong and resilient. In the clinical field, such molec-
ular disruption would be seen as fragile skin, dryness, and a risk of
injuries and infections occurring during chemotherapy. Mechanically,
paclitaxel causes the dermal cells to be toxic by interrupting their
metabolism, cell multiplication, and angiogenesis, affecting DNA rep-
lication, transcription, and translation. These kinds of disruptions also
affect different cell signaling pathways that are important for making
sure that our skin is stable and healthy and able to repair itself (35).

Additionally, deficiencies in DNA repair mechanisms have a signifi-
cant effect on skin sensitivity to the negative consequences of chemo-
therapeutic agents. Inherited abnormalities in nucleotide excision repair
pathways, for instance, xeroderma pigmentosum (XP), can lead to an
enhanced vulnerability toward chemotherapy-caused skin damage. XP
has mutations in genes that repair UV-induced DNA damage, causing a
build-up of unrepaired DNA damage. When these patients are exposed
to chemotherapeutic agents that induce DNA damage (such as alkylating
agents and antimetabolites), their skin cells cannot properly fix the
damage, which makes the cell toxicity and skin toxicity worse (36). This
decreased ability to fix damage makes the adverse effects of chemother-
apy on skin cells even worse, potentially leading to more serious prob-
lems such as erythema, desquamation, and ulceration. The complex
nature of chemotherapy, causing DNA injury and an inherited lack of
repair, means that molecular pathways are essential in predicting the
level of damage.

Chemotherapeutic agents can activate pro-inflammatory path-
ways at the molecular signaling level, such as NF-kB and STAT3,
which are involved in the inflammatory response seen in the skin. For
example, natural substances such as proanthocyanidins have been
shown to modulate JAK2/STATS3 signaling and to alleviate chemo-
therapy-induced thrombocytopenia. This suggests that chemotherapy
can impact cytokine signaling cascades, which can then impact skin
inflammation and repair (37). In addition, the oxidative stress caused
by the high levels of ROS that result from chemotherapy harms the
components of skin cells, making them less functional and viable (38).
This oxidative damage may cause keratinocyte and fibroblast apopto-
sis, destroying the structure and immunity of the skin.

Chemotherapeutics such as paclitaxel influence gene expression
for collagen and elasticin production in our skin, and they affect DNA
repair, which is particularly harmful for at-risk individuals. Individuals
with Xeroderma Pigmentosum have cells that get even more damaged
because they are genetically pre-disposed to be so. Moreover, they
activate the pathways that are related to inflammation and oxidative
stress. Together, all of these molecular changes can affect how well a
barrier works and lead to skin problems due to chemo. It is crucial to
have a complete understanding of these underlying mechanisms to
develop specific strategies to prevent or reduce dermatologic adverse
reactions during cancer therapy.

3.2 Mechanisms of radiation-induced
inflammation and fibrosis

While radiation therapy (RT) is a cornerstone of cancer treat-
ment, it frequently induces collateral damage in adjacent healthy
tissues. This can result in swelling and subsequent fibrosis,
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TABLE 1 Comparative mechanisms of dermatotoxicity in gynecologic cancer treatments.

Treatment
modality

Representative
agents /techniques

Clinical phenotype

Molecular &
biophysical
alterations

10.3389/fmed.2026.1751349

Immune
microenvironment
dynamics (key highlights)

« Innate activation: TLR4 signaling in
keratinocytes releasing IL-1/TNF-a.
« Downregulation of AQP3
« Cellular shift: recruitment of
(hydration loss).
Dryness, desquamation neutrophils/macrophages; Depletion/
Chemotherapy Taxanes (e.g., Paclitaxel) « Collagen degradation.
(peeling), erythema, pruritus. apoptosis of Langerhans cells.
o Increased TEWL (barrier
o T-cell Imbalance: reduced Tregs
dysfunction).
leading to pro-inflammatory
dominance.
« Acute phase: massive release of
« DNA double-strand
DAMPs; Infiltration of neutrophils &
Acute: erythema, edema, breaks.
M1 macrophages.
moist desquamation. « ROS generation &
Radiotherapy HDR Brachytherapy, EBRT « Chronic phase: sustained TGF-p
Chronic: fibrosis, oxidative stress.
signaling driving fibroblast-to-
hyperpigmentation, necrosis. « Vascular damage &
myofibroblast transition (Fibrosis);
ischemia.
M2 macrophage polarization.
« Immune-epithelial crosstalk:
« Inhibition of EGFR
disrupted antimicrobial peptide
signaling is essential for
Papulopustular (acneiform) production.
Targeted therapy EGFR inhibitors (Afatinib) keratinocyte survival/
rash, mucositis, paronychia. « Infiltration: predominance of Th17
differentiation.
cells and neutrophils driven by IL-17/
« Impaired barrier repair.
IL-23 axis.
« Interferon Signaling: Modulation of
IFN-related pathways in
« Altered DNA repair
keratinocytes.
PARP inhibitors PARP inhibitors (Niraparib) Photosensitivity, rare rash. signaling.
« Trigger: UV exposure acts as a
« UV-light interaction.
stressor activating localized immune
responses.
«Maculopapular eruptions, « Excessive T-cell activation leading to
vitiligo, lichen planus-like « Genetic predisposition cytokine release syndrome
Immunotherapy PD-1/PD-L1 blockers reactions associated with particular « Abnormal activation of local
«DRESS, SJS/TEN spectrum HLA haplotypes immune responses driving cutaneous
disorders inflammation and tissue damage

AQP3, Aquaporin-3; TEWL, Transepidermal Water Loss; TLR4, Toll-like Receptor 4; ROS, Reactive Oxygen Species; DAMPs, Damage-Associated Molecular Patterns; TGF-p, Transforming
Growth Factor-beta; Tregs, Regulatory T cells; DRESS, Drug Reaction with Eosinophilia and Systemic Symptoms; SJS/TEN, Stevens-Johnson syndrome/toxic epidermal necrolysis.

particularly affecting the skin and subcutaneous layers. Much of the
damage originates from the radiation, which can cause DNA injury
and apoptosis and trigger acute inflammation. An inflammatory
response could include immune cells infiltrating and secreting pro-
inflammatory cytokines such as tumor necrosis factor-alpha (TNF-
a), interleukins (IL-14 and IL-6), and transforming growth factor
beta (TGF-p). They play critical parts in the orchestration of tissue
remodeling and fibrogenesis (39, 40).

Radiation-induced inflammation activates fibroblasts and myofi-
broblasts, leading to excessive collagen deposition and ECM remodel-
ing, which result in skin fibrosis and functional limitations (41, 42).
The core fibrotic process is the transmission of TGF-f/Smad, with
more radiation resulting in more TGF-B1. Growth factor binds to its
respective receptor, which then activates Smad2/3 protein that moves
to the nucleus to begin transcription of fibrotic genes, such as collagen
and a-smooth muscle actin (a-SMA) (43, 44). It does not just promote
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the proliferation of fibroblasts and their differentiation into myofibro-
blasts; it also triggers EMT, and this EMT promotes fibrogenesis (45).

In addition, the oxidative stress caused by radiation promotes
inflammation and fibrosis through the generation of ROS, leading to
cell damage and pro-fibrotic signaling (46, 47). Other molecular play-
ers, such as NF-kB and NADPH oxidases, contribute to the ongoing
inflammatory milieu (39, 44). More recently, specific pro-resolving
mediators and their receptors have been found to play a role in coun-
teracting inflammation and preventing scarring. These results point
to some possible treatment directions (40).

These biological pathways interact to drive the progression of
cutaneous fibrosis. Histologically, there is more deposition of collagen
types I and III, and activated fibroblasts and vascular structures are
damaged. It is clinically demonstrated as a hardening, reduced elastic-
ity, and decreased function of the skin (41, 42). This understanding
has led to a search for different interventions, including metformin,
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adipose-derived stem cells, and newer agents targeting the TGF-f/
Smad and NF-kB pathways to reduce radiation-induced skin toxicity
(41, 44). To sum it all up, the skin toxicity that happens after radiation
is due to many interacting factors, which can cause reddening and
skin sensitivity as well as hardening. TGF-f/Smad signaling pathway
is essential for the activation of fibroblasts, collagen deposition, and
skin fibrosis and dysfunction.

3.3 Targeted drug-related
immune-mediated cutaneous reactions

Targeted therapies, such as EGFR inhibitors and ICIs, cause
immune-triggered skin issues that are hard to deal with in a hospital.
EGEFR inhibitors mostly cause skin inflammation via immune cell-
driven inflammation and keratinocyte dysfunction. The EGFR signal-
ing pathway plays a crucial role in keratinocyte proliferation,
differentiation, and survival; blocking it will disrupt the homeostasis
of epidermis and affect the barrier function and inflammatory skin
symptoms. Immune effector cells, such as T lymphocytes and den-
dritic cells, get turned on because of the changed signaling from kera-
tinocytes. This activates and triggers the release of a cascade of
inflammatory cytokines and chemokines. Clinically, papulopustular
eruptions, xerosis, and itch, for instance, rare occurrences of pannicu-
litis and granulomatous skin responses, have been noted in melanoma
patients receiving BRAF and MEK inhibitor therapy. These immune-
mediated adverse effects highlight the complicated interplay among
targeted therapies and host immune reactions (48, 49). The relation-
ship of these immune-mediated reactions with oncologic outcomes is
convoluted; there is an interesting paradoxical correlation between
immune-mediated reactions and better oncologic outcomes; thus,
immune activation is contributing to both adverse effects and benefits.

Immune checkpoint inhibitors, such as antibodies targeting PD-1,
PD-L1, and CTLA-4, enhance T cell -mediated antitumor responses.
They also impair immune tolerance, which causes a wide range of
cutaneous irAEs. The cutaneous toxicities related to ICIs have a range
of presentations and can result in inflammatory dermatitis, lichenoid
reactions, vitiligo-like depigmentation, bullous pemphigoid, and
severe hypersensitivity reactions (50, 51). These reactions occur due
to the immune system mistakenly attacking certain parts of the skin,
such as melanocytes, which cause the skin to lose its color in some-
thing that looks like vitiligo, or proteins in the bottom layer of the skin
that cause blisters called bullous pemphigoid. T-cell activation is
broadly increased by ICIs in dermatitis-related transcriptomic studies,
with several T-cell subsets being affected, as well as both Th1 and Th2
pathways being activated, indicating complex immune dysregulation
(52). Moreover, there is the rare but serious risk of immune check-
point blockade to cause hypohidrosis and autoimmune disease. This
shows how important it is to closely monitor and tailor treatment
plans (48).

The pathophysiological mechanisms of these immune-mediated
skin toxicities involve a failure of peripheral tolerance and the activa-
tion of effector T cells, often accompanied by cytokine dysregulation
and inflammatory cell infiltration. For instance, Th2 cytokines, such
as IL-4 and IL-13, have been linked to bullous pemphigoid related to
ICIs. New approaches that target these pathways are looking promis-
ing for managing irAEs without harming antitumor immunity (51).
In addition to this, paradoxical cutaneous reactions associated with
biologics against TNF-o or IL-17 pathway indicate the potential of
immunomodulation leading to unanticipated inflammatory skin

Frontiers in Medicine

10.3389/fmed.2026.1751349

diseases, such as psoriasiform eruptions and alopecia. This also high-
lights the delicate balance of immune homeostasis in the skin (53, 54).

In conclusion, targeted therapies cause immune-mediated cutane-
ous reactions through different yet similar pathways that involve kera-
tinocyte dysfunction, immune cell activation, and cytokine
dysregulation. It is necessary to understand the processes to improve
the management strategies that reduce the toxicity of the skin. With
the anticancer effect kept, some non-invasive diagnosing methods,
such as line-field confocal optical coherence tomography (LC-OCT),
can help us to detect harmful skin reactions earlier. This could reduce
the need for biopsies, which can be dangerous in weak cancer patients
(55). Future studies have to figure out the molecular mechanisms
causing these negative results and try to find ways to prevent or deal
with these immune-caused skin problems without blocking life-saving
cancer treatments.

4 Risk factors and predictive models of
skin toxicity

4.1 Patient-related factors

Patient-related variables substantially influence both the chance
and strength of treatment-caused skin troubles during the handling of
gynecological cancers, especially concerning radiation therapy and
targeted therapies. Age turns out to be an important factor, where
older people tend to show more sensitivity to skin toxicity. This is
related to a diminished ability of the skin to regenerate and changes in
the immune system. Moreover, this susceptibility is also made worse
due to comorbidities, which are more common in older people and
can make it harder for the body to repair damage. For example, an
evaluation of more than 749,000 patients by the National Cancer
Database has shown that advanced age is related to an independent
early termination of radiation treatment. This may be due to the fact
that older patients are at a higher risk of developing toxic side effects
such as skin reactions (26). This research’s findings also revealed that
having a wide range of coexisting disorders and mixing up chemora-
diation treatments greatly raises the likelihood of stopping therapy
because of adverse effects, highlighting how general health is intri-
cately linked to the degree of skin damage.

Besides patient-related variables, genetic elements that are related
to DNA repair deficiencies, such as the mutation of the XP-C gene,
greatly affect a person’s susceptibility to radiation-induced skin
damage. Mutations in XP-C disrupt nucleotide excision repair. It dis-
rupts the process, leading to a buildup of DNA damage when exposed
to UV or ionizing radiation, which increases the danger and serious-
ness of cutaneous radiation toxicity. There are not many reports from
doctors about XP-C gene changes in women with cancer of the womb
or other female organs. However, doctors should monitor these
patients closely.

Furthermore, pre-existing dermatologic conditions significantly
influence the risk of skin toxicity. People with pre-existing skin prob-
lems, such as eczema or psoriasis, could find that their skin problems
become worse or that the medicine for cancer causes their skin to
react in unpredictable ways, making treatment difficult. Furthermore
systemic factors, such as anemia and ECOG performance status, are
linked to the results of skin toxicity. Suboptimal performance status
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means there is less energy stored in the body, and it is related to the
worsening of skin reactions and less tolerance for cancer treatments.
For example, in the clinical trial of afatinib, an ErbB family tyrosine
kinase inhibitor, patients with a performance status of <1 were
selected so as to reduce the impact of the confounding variable of
toxicity. However, toxicity-related side effects, such as acneiform rash
and mucositis, were quite typical, and 11% of patients had to stop the
treatment because of toxicity (29). This finding highlights the pressing
need to evaluate baseline functional status as a predictor of skin
toxicity.

Socioeconomic factors, though not patient-specific, can also affect
how likely an individual is to develop certain illnesses and interact
with patient-related variables, indirectly affecting the risk of skin tox-
icity via their influence on treatment adherence and access to support.
Lower income individuals and those with non-private insurance had
a higher rate of radiation therapy discontinuation due to toxicity. This
suggests that systemic factors can increase the clinical consequences
of skin toxicities (26).

In conclusion, patient-related factors such as advanced age,
impaired DNA repair (e.g., XP-C mutations), presence of pre-existing
dermatologic conditions, anemia, and poor PS significantly impact
risk and severity of skin toxicities during the treatment of gynecologic
cancer. These variables need custom risk appraisals and supportive
care plans to improve the tolerability of treatment and overall patient
outcomes.

4.2 Treatment-related factors

Doses of chemotherapy and radiotherapy, as well as their com-
bination, are critical elements that affect the incidence and severity
of chemotherapy-related skin toxicities in women with gynecologi-
cal cancers. Agents such as paclitaxel, which is commonly used in
gynecologic oncology, are known to produce subclinical changes in
skin physiology without any obvious clinical signs. Paclitaxel
reduces skin hydration, increases transepidermal water loss, reduces
sebum secretion, decreases skin elasticity and skin thickness, and
causes erythema, skin roughness, and desquamation. These changes
show that there are molecular changes in skin markers, such as
aquaporin 3, collagen type 1, elastin, and fibronectin. All of these
biomarkers are required to protect the skin from damage and to
keep a barrier in place. This means that the clinical settings might
not totally realize the chemo-related skin toxicity because it is
beneath the radar, which makes careful watch over dose administra-
tion and skin parameters important throughout the treatment pro-
cedure (56).

Furthermore, radiotherapy dosage and fractionation schemes can
significantly influence the profile of skin toxicity. For example, in
definitive radiotherapy-chemotherapy protocols for vaginal carci-
noma, median external beam radiotherapy doses of approximately
45 Gy and brachytherapy doses approaching 28 Gy are used, which
have been applied with tolerable acute and chronic skin toxicities.
However, there are some extremely rare cases of acute grade 3 skin
toxicity, indicating that a high cumulative dose of radiation or more
intense treatments might increase the risk of severe skin side effects
(57). In addition, retrospective analyses of chemoradiotherapy for
cervical cancer have found that even as contemporary radiotherapy
improves survival rates, acute and late grade 3-4 toxicities, such as
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skin reactions, still affect many patients. These observations under-
score the need to optimize the dose of chemotherapy and radiother-
apy to obtain the appropriate balance between efficacy and
toxicity (58).

Additionally, the combination of chemo and radiation (chemora-
diotherapy) is independently associated with a higher risk of discon-
tinuation of radiotherapy, which may be partially attributed to toxicity,
including skin-related toxicities. Analysis of data from national data-
bases shows that patients undergoing chemoradiation are more likely
to stop their chemoradiation early, indicating the clinical relevance of
treatment-related toxicities to the adherence to the therapy and overall
patient outcomes (26). In short, the findings show that the strength of
the chemotherapy dosage, the level of radiotherapy dosage, and their
combination are major factors in the incidence and severity of skin
toxicity in treating gynecological cancers, demanding individualized
changes in dosage and care methods for supporting therapy to reduce
negative skin reactions.

After the treatment-related toxicity, the use of 3D-printed applica-
tors for HDR brachytherapy in the context of gynecological malignan-
cies is an important technological advance for the optimization of
dose conformity and protection of normal tissues. Clinical outcomes
of recent studies using 3D-printed applicators show encouraging local
control rates with tolerable toxicity in both primary and recurrent
gynecological cancer cases. Take the group of patients who were given
the treatment using the in-house developed 3D-printed applicator as
an example, the complete response rate could reach up to 92.9% at the
end of 3 months after the treatment, and for the primary cases, the
local relapse-free survival rate for 2 years reached 100%. Even though
the oncological results were positive, skin and mucosal toxicity
remained an issue, with nearly 28.6% of people having acute Grade 3
skin toxicity, and a lesser portion getting ongoing Grade 3 vaginal
toxicity (59).

A superior dose distribution from the 3D-printed applicators
might be able to better adjust to the different body parts for each
individual, and thereby reduce the dosage of radiation on organs
at risk. The problem of skin dose is further compounded by
immobilization devices used for IMRT, such as the combination
of the prone immobilization device and the belly board, where the
skin dose was recorded as having been significantly increased due
to the use of immobilization devices; an increase of up to 23.79%
in skin doses was recorded in the case of using the non-immobi-
lization device calculation. These kinds of discrepancies in dosage
show the need for an immobilization device as a part of the treat-
ment planning contours, to have an exact estimation and reduc-
tion of the skin dose.

While 3D-printing technology significantly improves dose accu-
racy and personalization in gynecological brachytherapy, its impact
on skin dose must be thoroughly understood. It is quite important
to integrate strategies for spotting and handling skin problems that
might come up while treating cancer into the plan for both dealing
with the cancer and giving the treatment. It comprises exact dose
computations, taking into account the effect of applicators and
immobilization apparatus on dose distribution, as well as perform-
ing proactive skin care actions. An all-encompassing plan aims for
the best form of treatment and cutting down on skin damage, which
would be beneficial for the patient both during and after their
treatment.
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4.3 Socioeconomic and healthcare service
factors

The socioeconomic status of an individual and the kind of health-
care services used are important aspects that impact the management
of treatment-related toxicities and continuation of cancer treatment,
especially in the field of gynecologic oncology. Comprehensive analy-
sis of data from the National Cancer Database, which contained
749,135 patients who underwent RT or combined treatments, showed
a significant impact of insurance, income, and facility characteristics
on adherence to treatment and managing toxicities (26). Specifically,
patients with non-private insurance, e.g., Medicaid or uninsured, and
lower-income groups have a higher probability of stopping RT prema-
turely. This trend is often due to toxicity reasons or patients deciding
to stop taking the drug. The results show that financial and insurance-
related issues can make it hard to get constant and full care for treat-
ment, which means people might not finish their treatment.

Being treated at a community-based healthcare facility instead of
an academic or integrated cancer center was independently linked to
more disruption of treatment. It might point to the fact that some
people get access to different resources, such as certain kinds of
workers who can see and help fix early signs of something going
wrong, or people who know how to teach and help patients in differ-
ent ways. Adequately resolving skin issues from oncologic treatment
is influenced by the healthcare resources available and the level of
education the patient has. Those who are more socially and economi-
cally privileged and who have easy access to quality healthcare insti-
tutions will most likely receive timely interventions for their skin
toxicity, leading to higher chances of adhering to treatment and
enjoying an overall enhanced quality of life due to lessened severity
in their skin toxicity. Alternately, lower-income patients might not be
aware of whether a side effect is abnormal or how to address it, so
they have a much higher chance of having negative side effects and
giving up on the treatment. Therefore, assuming economic and social
aspects and improving healthcare services—especially for those who
cannot reach them-is necessary to make the treatment of skin toxici-
ties better in this group of cancer patients. Improving insurance pro-
vision, educating patients on potential side effects, and ensuring fair
access to treatment would all improve cancer care (26).

5 Comprehensive management and
innovative strategies for skin toxicity in
gynecological tumors

5.1 Basic prevention and skin barrier care

Preventive skin care is fundamental to the treatment of gyneco-
logical malignancies, as it preserves the skin barrier and blocks the
inflammatory cascade triggered by chemotherapy and radiotherapy.
For patients receiving pelvic radiotherapy or systemic chemotherapy,
early damage to the skin barrier often occurs before visible dermatitis,
showing up as drier skin and increased transepidermal water loss
(TEWL). Clinical studies strongly support the introduction of emol-
lient interventions early in treatment: for example, emollients contain-
ing ingredients such as olive oil, urea, or hyaluronic acid can
significantly delay the onset of radiation dermatitis and reduce its
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severity by replenishing stratum corneum intercellular lipids and
enhancing stratum corneum hydration (60). More advanced physical
protective measures, such as the preventive use of polyurethane films
(e.g., Hydrofilm), have been shown to be very effective in clinical
trials. These semi-permeable dressings not only provide a moist heal-
ing environment for damaged skin but also serve as a physical barrier
to reduce mechanical irritation from clothing friction, thereby signifi-
cantly alleviating radiation-induced erythema, pigmentation, itching,
and pain. Due to their minimal side effects and good patient compli-
ance, this preventive barrier strategy is becoming one of the standard
procedures in the care of radiation dermatitis (61).

In addition to repairing physical barriers, proactive defense
against environmental factors—especially sun protection and preven-
tive medications—is equally crucial. Many chemotherapy drugs used
to treat gynecological tumors (such as paclitaxel and doxorubicin) and
molecular-targeted therapies (such as EGFR inhibitors) exhibit sig-
nificant photosensitivity, increasing the skin’s sensitivity to UV radia-
tion and leading to severe erythema or pigmentation. Although some
chemical sunscreens may raise concerns about environmental or
endocrine disruption, for cancer patients, the use of approved broad-
spectrum sunscreen to prevent additional UV damage is a clinically
necessary measure with far more benefits than drawbacks (62).
Furthermore, with the widespread use of targeted therapies, skin-
related preventive strategies have extended to the pharmacological
level. For instance, during the use of EGFR inhibitors, simple skincare
often proves insufficient to curb the outbreak of rashes, whereas com-
bining oral preventive antibiotics (such as doxycycline or minocy-
cline) with standardized skincare regimens has been shown in
multiple clinical trials to effectively suppress bacterial colonization of
hair follicles and neutrophil chemotaxis—the process by which neu-
trophils are attracted to sites of inflammation—thereby reducing the
incidence of moderate to severe rashes by over 50%. Coupled with
real-time monitoring of skin biophysical parameters (such as TEWL
values) using appropriate devices, clinicians can identify signs of bar-
rier dysfunction earlier, allowing for intensified interventions before
visible rashes occur (63).

5.2 Advances in drug treatment and novel
delivery systems

When basic preventive measures fail to halt the progression of
skin toxicity, pharmacological interventions become necessary to
manage symptoms and avoid treatment interruptions. Current stan-
dard clinical treatments primarily rely on topical corticosteroids and
non-steroidal anti-inflammatory drugs (NSAIDs), which quickly alle-
viate acute inflammation and swelling by inhibiting phospholipase A2
and cyclooxygenase pathways. However, long-term use of potent cor-
ticosteroids may lead to side effects such as skin atrophy and telangi-
ectasia, prompting clinicians to turn to safer alternatives, such as
calcineurin inhibitors (tacrolimus and pimecrolimus). These medica-
tions specifically block T-cell activation, providing anti-inflammatory
effects without affecting collagen synthesis. This makes them particu-
larly suitable for long-term maintenance therapy in delicate skin areas
such as the vulva.

Beyond traditional medications, natural compounds with multi-
ple pharmacological activities, including Diallyl disulfide biological
preparations, are emerging. For example, Diallyl disulfide extracted
from garlic not only exhibits powerful antioxidant and anti-inflamma-
tory properties, protecting keratinocytes from chemotherapy-induced
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oxidative stress, but has also been found to have potential synergistic
anti-tumor effects (64). This dual benefit mechanism of both prevent-
ing skin toxicity and exerting anti-cancer effects provides an attractive
direction for developing new skin protective agents.

Even more exciting advancements are seen in drug delivery
technology, particularly in smart delivery systems based on bioma-
terials and nanotechnology, which fundamentally address the prob-
lems of poor absorption with topical treatments and high toxicity in
systemic administration. Hyaluronic acid (HA), due to its natural
biocompatibility and targeting of CD44 receptors, is widely used to
construct hydrogels and microneedle systems, serving not only as a
carrier for sustained drug release but also as a promoter of wound
healing and tissue regeneration (65). At the nanoscale, smart nano-
carriers synthesized using polymer-induced self-assembly (PISA)
technology can respond to unique acidic pH or temperature changes
in the tumor microenvironment or inflammatory sites; they undergo
structural disintegration to precisely release drugs (66, 67). This
stimulus-responsive mechanism ensures that drugs accumulate at
high concentrations only at the lesion site, greatly reducing collateral
damage to normal tissues. Additionally, films made from chitosan
and other natural substances can form breathable drug reservoirs on
the skin surface—reservoirs that continuously release anti-inflam-
matory factors while physically blocking external stimuli (68-70).
Meanwhile, microbubble carriers in combination with ultrasound
technology represent the cutting edge of non-invasive treatments.
These carriers utilize the enhanced permeability and retention
(EPR) effect of tumor tissue to achieve targeted accumulation.
Subsequently, external ultrasound activates microbubble cavitation,
releasing drugs locally. This process is expected to significantly
increase drug concentration at the tumor site while minimizing sys-
temic toxicity (71).

5.3 Precision physical protection in
radiotherapy: 3D printing technology

The introduction of 3D printing technology in the field of
radiotherapy represents a big step from the use of generic to cus-
tom-made skin protection, effectively solving the dosimetric chal-
lenges posed by traditional bolus materials due to poor fit. In
traditional radiotherapy practice, standard bolus materials often
fail to perfectly conform to complex body areas such as the breast,
vulva, or groin, resulting in air gaps that can cause radiation scat-
tering; this leads to insufficient surface doses—increasing the risk
of tumor recurrence—or local hotspots—resulting in severe der-
matitis. 3D printing technology can utilize patients’ CT data to
construct personalized bolus materials that match the body con-
tour to within submillimeter precision. Studies show that
3D-printed bolus can stabilize the air gap between the bolus and
the skin to within 1 mm, virtually eliminating the risk of dose non-
uniformity (72, 73). Clinical dosimetry comparative studies indi-
cate that using 3D-printed bolus materials in breast cancer and
gynecological tumor radiotherapy not only improves the dose cov-
erage of the planning target volume (PTV) but also optimizes
radiation pathways, reducing the average dose received by critical
organs at risk (OARs) such as the heart and lungs by approximately
0.8 Gy (74). This precise dose modulation directly translates into a
decrease in the incidence of acute skin toxicity in clinical settings,
allowing patients to complete the full course of treatment more
smoothly.
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Beyond bolus materials, 3D-printing technology offers prom-
ising advancements in manufacturing brachytherapy applicators,
particularly for gynecological cancer patients with unique ana-
tomical variations. By printing applicators that perfectly fit the
patient’s vaginal morphology, doctors can ensure that the radia-
tion source is always accurately positioned, achieving high-dose
irradiation of the tumor target area while allowing the dose to
drop rapidly outside the target area—maximizing protection for
the rectum, bladder, and surrounding healthy vaginal mucosa
(75). Currently, materials research is focused on further optimiz-
ing the performance of printed materials. For example, research-
ers are developing thermoplastic elastomers (TPEs) that combine
flexibility and biocompatibility to reduce mechanical damage to
mucosa caused by rigid materials (76). More cutting-edge attempts
include integrating ultrasound transmission gel channels within
3D-printed structures; this integration eliminates tiny air gaps and
enhances the precision of ultrasound-guided delivery (77).
Although more data are needed to support material durability and
long-term safety, these innovations undoubtedly provide powerful
physical solutions for reducing acute and chronic skin toxicity
related to radiotherapy (78, 79).

5.4 Genomics-guided individualized
management and multidisciplinary
collaboration

With the advancement of precision medicine, the management
of skin toxicity in gynecological tumors is undergoing a paradigm
shift from empirical to personalized medicine based on genetics.
Utilizing next-generation sequencing (NGS) and multi-omics
analysis technologies, clinicians can now analyze patients’ genetic
profiles to identify specific molecular subtypes, such as the POLE
ultramutated and MSI-H molecular subtypes of endometrial
cancer (80, 81). This analysis informs the development of cancer
treatment plans and reveals the characteristics of the patient’s skin
immune microenvironment. Consequently, it enables the predic-
tion of the risk of severe skin toxicity from immune checkpoint
inhibitors or targeted drugs (82). For example, certain gene poly-
morphisms may exacerbate DNA repair deficiencies, leading to a
higher likelihood of severe radiation dermatitis during chemora-
diotherapy (83). Combined with Al-driven big data analysis
models, medical teams are expected to construct a patient-specific
“toxicity risk map” before treatment begins. This approach facili-
tates identifying high-risk patients and formulating personalized
skin protection strategies that include prophylactic dose adjust-
ments, enhanced monitoring, or prophylactic medications,
thereby truly achieving “tailored treatment” (84).

This complex management approach requires close interdisciplin-
ary collaboration to be effectively implemented. Dermatologists,
medical oncologists, radiation oncologists, clinical pharmacists, and
specialized nurses should overcome disciplinary barriers and establish
regular molecular tumor boards (MTB) and interdisciplinary outpa-
tient clinics (85, 86). This mechanism is particularly crucial for man-
aging life-threatening severe skin adverse reactions, such as
Stevens-Johnson syndrome (S]S) or toxic epidermal necrolysis (TEN),
which are classified as Type IVc cytotoxic T-cell-mediated hypersen-
sitivity. Managing these conditions ensures that patients receive com-
prehensive treatment—from drug adjustments and wound
management to systemic support—at the earliest possible time
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TABLE 2 Risk factors and management strategies for treatment-related skin toxicities.

Treatment category Key risk factors (patient &

treatment related)

Clinical impact of toxicity

10.3389/fmed.2026.1751349

Prevention & management
strategies

« Pre-existing dry skin or eczema.

« Subtle subclinical changes may

precede overt dermatitis.

« Early detection: Monitoring biophysical
markers (e.g., TEWL).

« Barrier repair: Intensive moisturizing to

« Comorbidities: diabetes, vascular
disease, smoking.
« Concurrent chemo: “radio-

sensitizing” effect.

Chemotherapy (Taxanes) « Genetic susceptibility to barrier
« Can affect patient comfort and support AQP3/collagen function.
weakness.
compliance. « Anti-inflammatory: Topical agents to
dampen innate immune activation.
« Dosimetry: high total dose, bolus
« Technological: use of 3D-printed
effect.
personalized applicators to spare healthy
« Anatomy: skin folds (vulvar/ « Treatment interruptions due to
tissue.
inguinal), obesity, thin skin areas. Grade 3 + toxicity.
Radiotherapy « Verification: CBCT image guidance.

« Chronic wounds/necrosis requiring
« Wound care: gentle cleansing,
surgical intervention.
specialized dressings, multidisciplinary

care (surgeons/derms).

« Dose intensity: higher doses of
EGFRI correlate with rash severity.

« UV exposure: Specifically for PARP
Targeted & Immunotherapy
inhibitors.

« Skin type: variations in

photosensitivity.

« Proactive: pre-emptive antibiotics
« Physical disfigurement leading to (tetracyclines) & topical steroids for
psychosocial distress. EGFRi.
« Potential dose reduction or « Photoprotection: strict sun avoidance
discontinuation of life-prolonging and sunscreen use for PARP inhibitors.

therapy. « Education: patient counseling on early

symptom reporting.

(87-89). At the same time, patient education has been recognized as
an essential component of treatment interventions. Studies have
shown that proactive consultations by pharmacists and nurses, multi-
media video education, and culturally tailored educational materials
can significantly enhance patients’ early recognition of symptoms such
as skin dryness and erythema (90, 91). This increased patient empow-
erment enables patients to become active participants in managing
adverse reactions, enabling timely reporting of any changes in their
condition. This helps avoid unplanned interruptions in anti-tumor
treatment due to severe skin toxicity, ultimately improving quality of
life and thereby contributing to improved survival outcomes (92-95)
(see Table 2).

6 Conclusion

In summary, managing the skin toxicities associated with gyneco-
logical cancer therapies is a complex clinical challenge, as they mani-
fest in various forms and arise from diverse molecular mechanisms.
From 2021 to 2025, the research situation has changed from existing
research to predicted results. This means that it subclinical skin injury
is increasing. These skin injuries are often overlooked and need more
medical attention. Early discovery and prompt intervention are good
ways to reduce skin problems. This can improve the quality of life for
those people being treated for cancer and those who have received
treatment for cancer.

Accounting for the heterogeneity of current evidence, a personal-
ized risk stratification framework integrated with a multidisciplinary
care model constitutes the fundamental paradigm for skin toxicity
mitigation in cancer care. Dermatologists, medical oncologists,
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radiation oncologists, and interdisciplinary healthcare teams must
engage in collaborative practice, as the broad spectrum of patient-
specific sensitivities necessitates tailored diagnostic workflows and
individualized management algorithms. Accordingly, therapeutic
approaches that encapsulate core medical principles while advancing
precision oncology align with the evolving paradigm of modern
cancer therapeutics.

In addition, when considering newly available therapies, such as
3D-printed radiotherapy applicators and genomes technologies, it is
clear we are starting a new epoch where we can prevent and treat these
diseases much easier. These tools give us some hopeful chances to
avoid skin damage from more precise aiming and dosing, that is,
custom body-based fixes. However, we need to have real evidence
from clinical trials that these technologies are effective, safe, and
cost-efficient.

Looking ahead, further elucidation of the mechanistic pathophys-
iology governing skin toxicity in gynecologic oncology is warranted.
Dissecting the molecular, cellular, and signaling pathways underlying
these adverse events will facilitate the development of targeted symp-
tomatic relief strategies. Leveraging this enhanced mechanistic under-
standing, novel interventional modalities—beyond traditional
pharmacological agents—should be explored, including bioengi-
neered skin substitutes and analogous tissue-engineered approaches.
These strategies have the potential to improve patients” holistic well-
being and optimize long-term oncological outcomes in gynecologic
cancers involving distinct anatomical loci.

Synthesizing our current insights with expert consultations, success
in managing skin toxicities within gynecologic oncology will require
early detection, personalized treatment plans, multidisciplinary col-
laboration, and the strategic use of technology. This frame may change
how we support patients, improving cancer care and patient wellbeing.

10 frontiersin.org


https://doi.org/10.3389/fmed.2026.1751349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Wang et al.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

SW: Writing — original draft. RH: Writing — review & editing. RW:
Writing - review & editing. CL: Writing - review & editing. SX:
Writing - review & editing.

Funding

The author(s) declared that financial support was not received for
this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Yoshino K, Kurita T, Takahashi F, Nagase S. Annual report of the committee on gyne-
cologic oncology, the Japan society of obstetrics and gynecology: annual patient report
for 2020 and annual treatment report for 2015. ] Obstet Gynaecol Res. (2023) 49:2584-92.
doi: 10.1111/jog.15767

2. Nagase S, Ohta T, Takahashi F, Yamagami W, Yaegashi N. Annual report of the com-
mittee on gynecologic oncology, the Japan society of obstetrics and gynecology: annual
patient report for 2018 and annual treatment report for 2013. J Obstet Gynaecol Res.
(2022) 48:541-52. doi: 10.1111/jog.15134

3. Nagase S, Ohta T, Takahashi F, Yaegashi N. Annual report of the committee on gyne-
cologic oncology, the Japan society of obstetrics and gynecology: annual patient report
for 2017 and annual treatment report for 2012. ] Obstet Gynaecol Res. (2021) 47:1631-42.
doi: 10.1111/jog. 14724

4. Kajiyama H, Tamauchi S, Takahashi F, Kawana K. Annual report of the committee on
gynecologic oncology, the Japan society of obstetrics and gynecology: annual patient
report for 2021 and annual treatment report for 2016. J Obstet Gynaecol Res. (2025)
51:¢16168. doi: 10.1111/jog.16168

5. Yoshino K, Kurita T, Takahashi F, Nagase S. Annual report of the committee on gyne-
cologic oncology, the Japan society of obstetrics and gynecology: annual patient report
for 2019 and annual treatment report for 2014. J Obstet Gynaecol Res. (2022) 48:1570-9.
doi: 10.1111/jog.15284

6. Kajiyama H, Tamauchi S, Takahashi F, Satoh T. Annual report of the committee on
gynecologic oncology, the Japan society of obstetrics and gynecology: annual patient
report for 2022 and annual treatment report for 2017. J Obstet Gynaecol Res. (2025)
51:e70124. doi: 10.1111/jog.70124

7. Kaur A, Wang S, Kumar A. Impact of racial disparities on potential years of life lost due
to gynecologic cancer in the United States: trends from 1975 to 2017 based on SEER
database. Gynecol Oncol. 170:266-72. doi: 10.1016/j.ygyno.2023.01.032

8. Lee MW, Vallejo A, Furey KB, Woll SM, Klar M, Roman LD, et al. Racial and ethnic
differences in early death among gynecologic malignancy. Am ] Obstet Gynecol. (2024)
231:231.e1-231.e11. doi: 10.1016/j.ajog.2024.03.003

9. Lu CW, Pang JS, Ko YS, Chang CJ, Wang CW, Chen WTT, et al. Zinc deficiency associ-
ated with cutaneous toxicities induced by epidermal growth factor receptor tyrosine
kinase inhibitor therapy in patients with lung adenocarcinoma. J Eur Acad Dermatol
Venereol. (2023) 37:328-39. doi: 10.1111/jdv.18703

10. Popa CM, Ianosi SL, Siftoiu A. Cutaneous toxicity in oncologic patients receiving
epidermal growth factor receptor inhibitors. Curr Health Sci J. (2021) 47:516-22. doi:
10.12865/CHSJ.47.04.06

Frontiers in Medicine

11

10.3389/fmed.2026.1751349

Generative Al statement

The author(s) declared that Generative Al was used in the cre-
ation of this manuscript. During the preparation of this manuscript,
the authors used Newldea (https://www.newidea.pro/) for language
polishing and grammar optimization. All content generated by the
Al tool was carefully reviewed and edited by the authors, who take
full responsibility for the accuracy and integrity of the final
manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by the
publisher.

11. Tseng LC, Chen KH, Wang CL, Weng LC. Effects of tyrosine kinase inhibitor therapy
on skin toxicity and skin-related quality of life in patients with lung cancer: an observa-
tional study. Medicine (Baltimore). (2020) 99:¢20510. doi: 10.1097/MD.0000000000020510

12. Esen BH, Ozbek L, Oguz S, Selgukbiricik F. Characterizing immune checkpoint
inhibitor-related cutaneous adverse reactions: a comprehensive analysis of FDA adverse
event reporting system (FAERS) database. Heliyon. (2024) 10:¢33765. doi: 10.1016/j.heli-
yon.2024.e33765

13. Wang T, Shao Q, Xiao C, Liu L. Case report: bullous pemphigoid associated with
sintilimab therapy for pMMR/MSS colorectal cancer. Front Oncol. (2023) 13:1124730.
doi: 10.3389/fonc.2023.1124730

14. LiX, Lei Y, Liu ], Lin H, Chen K, Yin F, et al. Case report: a successful treatment with
immune checkpoint inhibitors was associated with severe dermatologic toxicities in a
patient with double primary malignancies. Discov Oncol. (2023) 14:146. doi: 10.1007/
512672-023-00749-5

15. Citana A, Patragcanu AA, Martin DL, Militaru MS, Tordinescu II, Tipcu A, et al. The
impact of genetic variations on radiotherapy toxicity in breast cancer patients: a meta-
analysis of acute and late skin adverse effects. Cancers (Basel). (2025) 17. doi: 10.3390/
cancers17111880

16. Anderson BE, Luczak TS, Ries LM, Hoefs GE, Silva-Benedict AC. Successful alectinib
desensitization in a patient with anaplastic lymphoma kinase-positive adenocarcinoma
of the lung and alectinib-induced drug rash. ] Oncol Pharm Pract. (2020) 26:2028-30. doi:
10.1177/1078155220918644

17. De Luca R, Lo Coco G, Addeo R, Fattoruso SIS, Auriemma A, Paci R, et al. Quality
of life in patients with severe skin reactions in course of first-generation epidermal growth
factor receptor inhibitors monoclonal antibodies (our experience with cetuximab). World
J Oncol. (2021) 12:104-10. doi: 10.14740/wjon1381

18. Kafatos G, Dube S, Burdon P, Demonty G, Flinois A, Leclerc M, et al. Management
of EGFR inhibitor-induced skin toxicity and factors impacting patients’ adherence to skin
toxicity treatment: health care provider and patient surveys in European oncology centers.
Clin Colorectal Cancer. (2020) 19:100-108.e9. doi: 10.1016/j.clcc.2020.01.001

19. Fatima H, Abbas P, Alshehri SM. Balancing Innovation and Patient Care in Breast
Cancer: Integrating Hypofractionated Proton Therapy With Breast Reconstruction
Outcomes. Cureus. (2024) 16:€58056. doi: 10.7759/cureus.58056

20. Guo L, Zhang S, Chen H, Li Y, Liu Y, Liu W, et al. Application of artificial intelligence
in assisting treatment of gynecologic tumors: a systematic review. Vis Comput Ind Biomed
Art. (2025) 8:23. doi: 10.1186/s42492-025-00201-1

21. Dh U, Hs K. Exploring efficient therapy for cutaneous neoplasm using gel formula-
tions. Drug Dev Ind Pharm. (2025) 51:1650-61. doi: 10.1080/03639045.2025.2560025

frontiersin.org


https://doi.org/10.3389/fmed.2026.1751349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.newidea.pro/
https://doi.org/10.1111/jog.15767
https://doi.org/10.1111/jog.15134
https://doi.org/10.1111/jog.14724
https://doi.org/10.1111/jog.16168
https://doi.org/10.1111/jog.15284
https://doi.org/10.1111/jog.70124
https://doi.org/10.1016/j.ygyno.2023.01.032
https://doi.org/10.1016/j.ajog.2024.03.003
https://doi.org/10.1111/jdv.18703
https://doi.org/10.12865/CHSJ.47.04.06
https://doi.org/10.1097/MD.0000000000020510
https://doi.org/10.1016/j.heliyon.2024.e33765
https://doi.org/10.1016/j.heliyon.2024.e33765
https://doi.org/10.3389/fonc.2023.1124730
https://doi.org/10.1007/s12672-023-00749-5
https://doi.org/10.1007/s12672-023-00749-5
https://doi.org/10.3390/cancers17111880
https://doi.org/10.3390/cancers17111880
https://doi.org/10.1177/1078155220918644
https://doi.org/10.14740/wjon1381
https://doi.org/10.1016/j.clcc.2020.01.001
https://doi.org/10.7759/cureus.58056
https://doi.org/10.1186/s42492-025-00201-1
https://doi.org/10.1080/03639045.2025.2560025

Wang et al.

22. Patel JM, Enich M, Stephenson R, Groinsberg R, Girda E. Vaginal mucositis related
to immunotherapy in endometrial cancer. Gynecol Oncol Rep. (2021) 36:100742. doi:
10.1016/j.gore.2021.100742

23. Lacouture M, Sibaud V. Toxic side effects of targeted therapies and immunotherapies
affecting the skin, oral mucosa, hair, and nails. Am J Clin Dermatol. (2018) 19:31-9. doi:
10.1007/s40257-018-0384-3

24. Wilson JV, John NO, Sathyamurthy A, Ramireddy JK, Thomas A, Sebastian A, et al.
Role of radiation therapy in the management of locally advanced vulvar cancer-15 years
of experience at a tertiary care center in southern India. Indian ] Surg Oncol. (2025)
16:109-16. doi: 10.1007/s13193-024-02041-6

25. Shewalkar B, Khan A, Yerlekar D, Patel J, Khadilkar H, Sakthivel R, et al. Dose-
escalated intensity-modulated radiotherapy for the management of locally advanced
cervical cancer. Cureus. (2022) 14:¢25965. doi: 10.7759/cureus.25965

26. Pandey VK, Munshi A, Mohanti BK, Bansal K, Rastogi K, Ganesh T, et al. An audit
of grade IIT or more skin reactions in consecutively assessed patients at a modern radia-
tion oncology center. ] Cancer Res Ther. (2022) 18:84-8. doi: 10.4103/jcrt.JCRT_611_20

27. Yin ], Qureshi MM, Huang D, Truong MT, Mak KS, Yan S, et al. Factors associated
with early discontinuation of radiation therapy: an analysis of the national cancer data-
base. Adv Radiat Oncol. (2025) 10:101784. doi: 10.1016/j.adro.2025.101784

28. Ganesan O, Mueller SM, Miao D, Dyer MA, Cain N, Feltmate CM, et al. Insights from
plastic and reconstructive surgery wound specialists in managing complex vaginal and
vulvar toxicities following radiation therapy. Gynecol Oncol Rep. (2025) 61:101966. doi:
10.1016/j.gore.2025.101966

29. Silva D, Gomes A, Ms Lobo J, Almeida V, Almeida IF. Management of skin adverse reac-
tions in oncology. ] Oncol Pharm Pract. (2020) 26:1703-14. doi: 10.1177/1078155220936341

30. Bedard PL, Li S, Wisinski KB, Yang ES, Limaye SA, Mitchell EP, et al. Phase II study
of afatinib in patients with tumors with human epidermal growth factor receptor 2-acti-
vating mutations: results from the National Cancer Institute-molecular analysis for
therapy choice ECOG-ACRIN trial (EAY131) subprotocol EAY131-B. JCO Precis Oncol.
(2022) 6:€2200165. doi: 10.1200/P0O.22.00165

31. He W, LiQ, Lu Y, Ju D, Gu Y, Zhao K, et al. Cancer treatment evolution from tradi-
tional methods to stem cells and gene therapy. Curr Gene Ther. (2022) 22:368-85. doi:
10.2174/1566523221666211119110755

32. AiL, Gao]J, Zhao S, Li Q Cui Y-H, Liu Q, et al. Nivolumab-associated DRESS in a genetic
susceptible individual. J Immunother Cancer. (2021) 9. doi: 10.1136/jitc-2021-002879

33. Godfrey H, Jedlowski P, Thiede R. Severe cutaneous adverse reactions associated with
the immune checkpoint inhibitors: a case/non-case analysis using the Food and Drug
Administration adverse event reporting system. Australas ] Dermatol. (2024) 65:243-53.
doi: 10.1111/ajd.14262

34. Pach J, Leventhal JS. Cutaneous immune-related adverse events secondary to immune
checkpoint inhibitors and their management. Crit Rev Immunol. (2022) 42:1-20. doi:
10.1615/CritReviImmunol.2023046895

35. Stonimska P, Sachadyn P, Zielinski J, Skrzypski M, Pikula M. Chemotherapy-mediated
complications of wound healing: an understudied side effect. Adv Wound Care. (2024)
13:187-99. doi: 10.1089/wound.2023.0097

36. Duda-Madej A, Lipska P, Viscardi S, Bazan H, Sobieraj J. Targeting skin neoplasms:
areview of Berberine’s anticancer properties. Cells. (2025) 14. doi: 10.3390/cells14141041

37. Wang R, Hu X, Wang J, Zhou L, Hong Y, Zhang Y, et al. Proanthocyanidin A1 pro-
motes the production of platelets to ameliorate chemotherapy-induced thrombocytopenia
through activating JAK2/STAT3 pathway. Phytomedicine. (2022) 95:153880. doi:
10.1016/j.phymed.2021.153880

38. Maiarli M, Petrini A, Angelis F, Nazio F, Marinelli S. Unveiling the peripheral nerve
hallmarks of chemotherapy-induced neuropathy: insights from paclitaxel treatment in a
murine model. Neurobiol Pain. (2025) 18:100200. doi: 10.1016/j.ynpai.2025.100200

39. Yang R, Tan C, Najafi M. Cardiac inflammation and fibrosis following chemo/radia-
tion therapy: mechanisms and therapeutic agents. Inflammopharmacology. (2022)
30:73-89. doi: 10.1007/s10787-021-00894-9

40. Dos Santos HT, Nam K, Hunt JP, Buchmann LO, Monroe MM, Baker O]. SPM recep-
tor expression and localization in irradiated salivary glands. ] Histochem Cytochem. (2021)
69:523-34. doi: 10.1369/00221554211031678

41. Malekzadeh H, Surucu Y, Chinnapaka S, Yang KS, Arellano JA, Samadi Y, et al.
Metformin and adipose-derived stem cell combination therapy alleviates radiation-
induced skin fibrosis in mice. Stem Cell Res Ther. (2024) 15:13. doi: 10.1186/
s13287-023-03627-7

42. Zwaans BMM, Nicolai HE, Chancellor MB, Lamb LE. Prostate cancer survivors with
symptoms of radiation cystitis have elevated fibrotic and vascular proteins in urine. PLoS
One. (2020) 15:¢0241388. doi: 10.1371/journal.pone.0241388

43. Kim H, Park SH, Han SY, Lee YS, Cho J, Kim JM. LXA4-FPR2 signaling regulates
radiation-induced pulmonary fibrosis via crosstalk with TGF-p/Smad signaling. Cell
Death Dis. (2020) 11:653. doi: 10.1038/s41419-020-02846-7

44. Zhou X, Bao WA, Zhu X, Lin J, Fan J-E, Yang Y, et al. 3,3’-diindolylmethane attenuates
inflammation and fibrosis in radiation-induced lung injury by regulating NF-kB/TGEF-f/
Smad  signaling pathways. Exp Lung Res. (2022) 48:103-13. doi:
10.1080/01902148.2022.2052208

45. Srinivasan D, Subbarayan R, Krishnan M, Balakrishna R, Adtani P, Shrestha R, et al.
Radiation therapy-induced normal tissue damage: involvement of EMT pathways and

Frontiers in Medicine

12

10.3389/fmed.2026.1751349

role of FLASH-RT in reducing toxicities. Radiat Environ Biophys. (2025) 64:1-16. doi:
10.1007/s00411-024-01102-2

46. Huang B, Chen G, Yan T, Ou X, Yang L, He T, et al. Mechanistic perspectives on
radiation-induced skin injury and the protective effects of berberine. J Inflamm Res.
(2025) 18:10919-37. doi: 10.2147/JIR.S523616

47. Kim SY, Kim JM, Lee SR, Kim H]J, Lee JH, Choi HL, et al. Efferocytosis and enhanced
FPR2 expression following apoptotic cell instillation attenuate radiation-induced lung
inflammation and fibrosis. Biochem Biophys Res Commun. 601:38-44. doi: 10.1016/j.
bbrc.2022.02.075

48. Kersh AE, Schuchter LM, Elenitsas R, Chu EY. Hypohidrosis as an immune-related
adverse event of checkpoint inhibitor therapy. Immunotherapy. (2020) 12:951-6. doi:
10.2217/imt-2020-0002

49. Tronconi MC, Marinello A, Solferino A, Grimaudo S, Ciccarelli M, Manara S, et al.
A case of pulmonary sarcoidosis during first-line targeted therapy with dabrafenib plus
trametinib in BRAF V600E-mutated metastatic melanoma. Case Rep Oncol. (2022)
15:560-5. doi: 10.1159/000524185

50. Seervai RNH, Sinha A, Kulkarni RP. Mechanisms of dermatological toxicities to
immune checkpoint inhibitor cancer therapies. Clin Exp Dermatol. (2022) 47:1928-42.
doi: 10.1111/ced.15332

51. Griininger ], Lehr S, Meiss F, Rafei D, Schauer E. Case report: dupilumab therapy for
immune checkpoint inhibitor-induced bullous pemphigoid enables dual immunotherapy
initiation in progressive malignant melanoma. Front Oncol. (2025) 15:1613552. doi:
10.3389/fonc.2025.1613552

52. Powers CM, Kim M, Chang A, Hu BD, Block BR, Piontkowski AJ, et al. Tape strip
profiling of checkpoint inhibitor-associated dermatitis highlights pan-T-cell activation: a
pilot study. JID Innov. (2025) 5:100375. doi: 10.1016/j.xjidi.2025.100375

53. Sin-Soler M, Romani ], Gamissans M, Riera-Marti N, Lara A, Ribera M. [Translated
article] Immune-mediated skin reactions to tumor necrosis « inhibitors: a review of 30
cases. Actas Dermosifiliogr. (2024) 115:T21-7. doi: 10.1016/j.ad.2023.10.027

54. Jiraskova Zakostelska Z, Reiss Z, Tlaskalova-Hogenova H, Rob F. Paradoxical reac-
tions to anti-TNFa and Anti-IL-17 treatment in psoriasis patients: are skin and/or gut
microbiota involved? Dermatol Ther. (2023) 13:911-33. doi: 10.1007/s13555-023-00904-4

55. Sollena P, Salvi M, Marraffa M, Pellegrino L, Cappilli S, Palmisano G, et al. LC-OCT for
early diagnosis and characterization of dermatologic adverse events to oncologic drugs and
correlation to histopathology. Int ] Dermatol. (2025) 64:719-24. doi: 10.1111/ijd.17520

56. Montero P, Pérez-Leal M, Pérez-Fidalgo JA, Sanz C, Estornut C, Roger I, et al.
Paclitaxel induces epidermal molecular changes and produces subclinical alterations in
the skin of gynecological cancer patients. Cancers (Basel). (2022) 14. doi: 10.3390/
cancers14051146

57. Lancellotta V, Macchia G, Garganese G, Fionda B, Pezzulla D, de Angeli M, et al.
TRImodal DEfinitive invasive vagiNal carcinoma treatment (TRIDENT protocol): how
a standardized approach may change prognostic outcomes. Int ] Gynecol Cancer. (2024)
34:197-202. doi: 10.1136/ijgc-2023-004956

58. Pechacova Z, Lohynské R, Weitoschova Z, Zikan M, Dubova O, Tomancova V, et al.
Chemoradiotherapy in the treatment of cervical cancer—a single institution retrospective
review. Klin Onkol. (2022) 35:139-49. doi: 10.48095/ccko2022139

59. Sittiwong W, Dankulchai P, Puangragsa U, Prasartseree T, Tuntapakul P,
Sathitwatthanawirot C, et al. Clinical outcomes of using 3D-printed applicators for high-
dose-rate brachytherapy in gynecological malignancy. ] Contemp Brachytherapy. (2024)
16:428-36. doi: 10.5114/jcb.2024.146670

60. Chitapanarux I, Tovanabutra N, Chiewchanvit S, Sripan P, Chumachote A, Nobnop
W, et al. Emulsion of olive oil and calcium hydroxide for the prevention of radiation
dermatitis in hypofractionation post-mastectomy radiotherapy: a randomized controlled
trial. Breast Care (Basel). (2019) 14:394-400. doi: 10.1159/000496062

61. Schmeel LC, Koch D, Schmeel FC, Biicheler B, Leitzen C, Mahlmann B, et al.
Hydrofilm polyurethane films reduce radiation dermatitis severity in hypofractionated
whole-breast irradiation: an objective, intra-patient randomized dual-center assessment.
Polymers (Basel). (2019) 11. doi: 10.3390/polym11122112

62. Breakell T, Kowalski I, Foerster Y, Kramer R, Erdmann M, Berking C, et al. Ultraviolet
filters: dissecting current facts and myths. J Clin Med. (2024) 13. doi: 10.3390/jcm13102986

63. Ingargiola R, De Santis MC, Tacovelli NA, Facchinetti N, Cavallo A, Ivaldi E, et al. A
monocentric, open-label randomized standard-of-care controlled study of XONRID®, a
medical device for the prevention and treatment of radiation-induced dermatitis in breast
and head and neck cancer patients. Radiat Oncol. (2020) 15:193. doi: 10.1186/
513014-020-01633-0

64. Nakata K, Komori T, Saso K, Ota H, Kagawa Y, Morita S, et al. Pre-emptive oral
clarithromycin reduces the skin toxicity of panitumumab treatment for metastatic
colorectal cancer. Int ] Color Dis. (2021) 36:2621-7. doi: 10.1007/s00384-021-04002-9

65. Ye H, Zhang R, Zhang C, Xia Y, Jin L. Advances in hyaluronic acid: Bioactivity, com-
plexed biomaterials and biological application: a review. Asian ] Surg. (2024). doi:
10.1016/j.asjsur.2024.08.100

66. Liu L, Tang H, Wang Y. Polymeric biomaterials: Advanced drug delivery systems in
osteoarthritis treatment. Heliyon. (2023) 9:¢21544. doi: 10.1016/j.heliyon.2023.e21544

67. Choi H, Choi WS, Jeong JO. A review of advanced hydrogel applications for tissue
engineering and drug delivery systems as biomaterials. Gels. (2024) 10. doi: 10.3390/
gels10110693

frontiersin.org


https://doi.org/10.3389/fmed.2026.1751349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.gore.2021.100742
https://doi.org/10.1007/s40257-018-0384-3
https://doi.org/10.1007/s13193-024-02041-6
https://doi.org/10.7759/cureus.25965
https://doi.org/10.4103/jcrt.JCRT_611_20
https://doi.org/10.1016/j.adro.2025.101784
https://doi.org/10.1016/j.gore.2025.101966
https://doi.org/10.1177/1078155220936341
https://doi.org/10.1200/PO.22.00165
https://doi.org/10.2174/1566523221666211119110755
https://doi.org/10.1136/jitc-2021-002879
https://doi.org/10.1111/ajd.14262
https://doi.org/10.1615/CritRevImmunol.2023046895
https://doi.org/10.1089/wound.2023.0097
https://doi.org/10.3390/cells14141041
https://doi.org/10.1016/j.phymed.2021.153880
https://doi.org/10.1016/j.ynpai.2025.100200
https://doi.org/10.1007/s10787-021-00894-9
https://doi.org/10.1369/00221554211031678
https://doi.org/10.1186/s13287-023-03627-7
https://doi.org/10.1186/s13287-023-03627-7
https://doi.org/10.1371/journal.pone.0241388
https://doi.org/10.1038/s41419-020-02846-7
https://doi.org/10.1080/01902148.2022.2052208
https://doi.org/10.1007/s00411-024-01102-2
https://doi.org/10.2147/JIR.S523616
https://doi.org/10.1016/j.bbrc.2022.02.075
https://doi.org/10.1016/j.bbrc.2022.02.075
https://doi.org/10.2217/imt-2020-0002
https://doi.org/10.1159/000524185
https://doi.org/10.1111/ced.15332
https://doi.org/10.3389/fonc.2025.1613552
https://doi.org/10.1016/j.xjidi.2025.100375
https://doi.org/10.1016/j.ad.2023.10.027
https://doi.org/10.1007/s13555-023-00904-4
https://doi.org/10.1111/ijd.17520
https://doi.org/10.3390/cancers14051146
https://doi.org/10.3390/cancers14051146
https://doi.org/10.1136/ijgc-2023-004956
https://doi.org/10.48095/ccko2022139
https://doi.org/10.5114/jcb.2024.146670
https://doi.org/10.1159/000496062
https://doi.org/10.3390/polym11122112
https://doi.org/10.3390/jcm13102986
https://doi.org/10.1186/s13014-020-01633-0
https://doi.org/10.1186/s13014-020-01633-0
https://doi.org/10.1007/s00384-021-04002-9
https://doi.org/10.1016/j.asjsur.2024.08.100
https://doi.org/10.1016/j.heliyon.2023.e21544
https://doi.org/10.3390/gels10110693
https://doi.org/10.3390/gels10110693

Wang et al.

68. Sajeev D, Rajesh A, Nethish Kumaar R, Aswin D, Jayakumar R, Nair SC. Chemically
modified chitosan as a functional biomaterial for drug delivery system. Carbohydr Res.
548:109351. doi: 10.1016/j.carres.2024.109351

69. de Sousa Victor R, Marcelo da Cunha Santos A, Viana de Sousa B, de Aratjjo Neves
G, Navarro de Lima Santana L, Rodrigues Menezes R. A review on chitosan’s uses as
biomaterial: tissue engineering, drug delivery systems and cancer treatment. Materials.
(2020) 13. doi: 10.3390/mal13214995

70. Ma ZH, Ma ], Lyu JY, He J, Jia DW, Yang X, et al. Progress in application of Bletilla
striata polysaccharide in novel drug delivery systems and biomaterials. Zhongguo Zhong
Yao Za Zhi. (2021) 46:4666-73. doi: 10.19540/j.cnki.cjcmm.20210528.604

71. Lin C, Chen YZ, Wu B, Yang MT, Liu CQ, Zhao Y. Advances and prospects of ultrasound
targeted drug delivery systems using biomaterial-modified micro/nanobubbles for tumor
therapy. Curr Med Chem. (2022) 29:5062-75. doi: 10.2174/0929867329666220331110315

72. Wang X, Zhao J, Xiang Z, Zeng Y, Luo T, Yan X, et al. 3d-printed bolus ensures the
precise postmastectomy chest wall radiation therapy for breast cancer. Front Oncol. (2022)
12:964455. doi: 10.3389/fonc.2022.964455

73. Wang J, Xiang ZZ, Tan CF, Zeng YY, Yang T, Wei XY, et al. Individualized 3D-printed
bolus promotes precise postmastectomy radiotherapy in patients receiving breast recon-
struction. Front Oncol. (2023) 13:1239636. doi: 10.3389/fonc.2023.1239636

74. Zhang Y, Huang Y, Ding S, Liang J, Kuang J, Mao Q, et al. A clinical trial to compare
a 3D-printed bolus with a conventional bolus with the aim of reducing cardiopulmonary
exposure in postmastectomy patients with volumetric modulated arc therapy. Cancer
Med. (2022) 11:1037-47. doi: 10.1002/cam4.4496

75. Rembielak A, Mansy G, Barnes EA, Licher J, Tselis N. Advances in skin brachyther-
apy: cosmesis and function preservation. Clin Oncol. (2023) 35:507-15. doi: 10.1016/j.
clon.2023.02.010

76. Gong P, Dai G, Wu X, Wang X, Xie L, Xu S, et al. Application of thermoplastic elas-
tomer (TPE) bolus in postmastectomy radiotherapy. Breast. 66:317-23. doi: 10.1016/j.
breast.2022.11.008

77. Takanen S, Ianiro A, Pinnaro P, Infusino E, Marucci L, Soriani A, et al. A customized
3D-printed bolus for high-risk breast cancer with skin infiltration: a pilot study. Curr
Oncol. (2024) 31:5224-32. doi: 10.3390/curroncol31090386

78. Glory A, Chermat R, Lafontaine J, Tran-Thanh D, Wong P. Iodine-125 plesiotherapy
for murine tumor treatment. Radiat Oncol. (2025) 20:78. doi: 10.1186/
513014-025-02657-0

79. Avadanei-Luca S, Nacu I, Avadanei AN, Pertea M, Tamba B, Verestiuc L, et al. Tissue
regeneration of radiation-induced skin damages using protein/polysaccharide-based
bioengineered scaffolds and adipose-derived stem cells: a review. Int ] Mol Sci. (2025)
26:6469. doi: 10.3390/ijms26136469

80. Anca-Stanciu MB, Manu A, Olinca MV, Coroleucd C, Comandasu DE, Coroleuca
CA, et al. Comprehensive review of endometrial cancer: new molecular and FIGO clas-
sification and recent treatment changes. J Clin Med. (2025) 14. doi: 10.3390/jcm14041385

81. Molefi T, Mabonga L, Hull R, Sebitloane M, Dlamini Z. From genes to clinical prac-
tice: exploring the genomic underpinnings of endometrial cancer. Cancers (Basel). (2025)
17. doi: 10.3390/cancers17020320

82. Zhou M, PiJ, Zhao Y. Integrative multi-omics analysis reveals molecular subtypes of
ovarian cancer and constructs prognostic models. J Immunother. (2025) 48:197-208. doi:
10.1097/CJ1.0000000000000557

Frontiers in Medicine

13

10.3389/fmed.2026.1751349

83. Yurchenko AA, Fresneau B, Borghese B, Rajabi F, Tata Z, Genestie C, et al. Early-onset
gynecological tumors in DNA repair-deficient xeroderma pigmentosum group C patients:
a case series. Commun Med (Lond). (2023) 3:109. doi: 10.1038/s43856-023-00341-6

84. Aziz SG, Aghazadeh S, Malik A, Javed A, Shaheen S, Naseem L, et al. Application of
artificial intelligence in stem cells and gene therapy for gynecological cancers. Curr Stem
Cell Res Ther. (2025). doi: 10.2174/011574888X374002250707044343

85. Tsibulak I, Hashemi R, Welz ], Moubarak M, Zdanyte K, Traut A, et al. Molecular
tumor board for gynecologic malignancies: the real-world experience from the
Department for Gynecology and Gynecologic Oncology of Kliniken Essen-Mitte. Int J
Gynecol Cancer. (2025) 35:100054. doi: 10.1016/j.ijgc.2024.100054

86. Sultova E, Westphalen CB, Jung A, Kumbrink J, Kirchner T, Mayr D, et al. NGS-
guided precision oncology in metastatic breast and gynecological cancer: first experiences
at the CCC Munich LMU. Arch Gynecol Obstet. (2021) 303:1331-45. doi: 10.1007/
500404-020-05881-z

87. Miiller B, Curatolo R, Juratli HA, Husic A, Nehring J, Potlukova E, et al. Severe cuta-
neous toxicity in a 67-year-old patient with metastatic urothelial carcinoma undergoing
therapy with enfortumab vedotin and pembrolizumab. Eur J Case Rep Intern Med. (2024)
11:005003. doi: 10.12890/2024_005003

88. Alvarez-Cuesta E, Madrigal-Burgaleta R, Broyles AD, Cuesta-Herranz J, Guzman-
Melendez MA, Maciag MC, et al. Standards for practical intravenous rapid drug desen-
sitization & delabeling: a WAO committee statement. World Allergy Organ J. (2022)
15:100640. doi: 10.1016/j.waojou.2022.100640

89. Burn MS, Kwah JH, Son M. Diagnosis and clinical management of drug allergies in
obstetrics and gynecology: an expert review. Am J Obstet Gynecol. (2025) 232:243-61. doi:
10.1016/j.2j0g.2024.10.025

90. Sumi T, Kanamaru K, Tsuji S, Kagawa M, Ishigooka T, Matsuura K, et al. Prophylactic
interventions to prevent severe skin toxicities in patients with non-small cell lung cancer
treated with Nivolumab + Ipilimumab with or without chemotherapy. JCO Oncol Pract.
(2025) 30:0P2500100. doi: 10.1200/OP-25-00100

91. Hsu RT, Pan CY, Tsai WN, Liao XP, Su MH, Lin CW, et al. Key insights and imple-
mentation of a patient-centered education video for managing acute radiation dermatitis
in breast cancer: a single-center pilot study. Adv Radiat Oncol. (2025) 10:101730. doi:
10.1016/j.adro.2025.101730

92. Ahmad M, Saeed S, Olamiju B, Silber A, Leventhal J. Dermatologic toxicities of che-
motherapy: an educational intervention for skin of color women with breast cancer. Int ]
Womens Dermatol. (2023) 9:e073. doi: 10.1097/JW9.0000000000000073

93. Sangaré L, Divita A, Rehn M, McNamara M, Lowe KA. Navigating metastatic colorec-
tal treatment options in the USA: a survey of patient acceptance of skin toxicities associ-
ated with Vectibix. Support Care Cancer. (2021) 29:6731-40. doi: 10.1007/
500520-021-06134-8

94. Minami H, Matsukane R, Yasukochi S, Hirota T, Uchida M. Comprehensive analysis
of detection triggers for immune-related adverse events: implications for patient educa-
tion and management. JCO Oncol Pract. (2025) 10:0P2401032. doi: 10.1200/
OP-24-01032

95. Jiang Z, Chen X, Sun Z, Shen X, Huang Y, Liu J. Toxic epidermal necrolysis and
Stevens-Johnson syndrome following sintilimab administration in a non-small cell
lung cancer patient: a case report. J Inflamm Res. (2023) 16:5061-7. doi: 10.2147/
JIR.S427336

frontiersin.org


https://doi.org/10.3389/fmed.2026.1751349
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.carres.2024.109351
https://doi.org/10.3390/ma13214995
https://doi.org/10.19540/j.cnki.cjcmm.20210528.604
https://doi.org/10.2174/0929867329666220331110315
https://doi.org/10.3389/fonc.2022.964455
https://doi.org/10.3389/fonc.2023.1239636
https://doi.org/10.1002/cam4.4496
https://doi.org/10.1016/j.clon.2023.02.010
https://doi.org/10.1016/j.clon.2023.02.010
https://doi.org/10.1016/j.breast.2022.11.008
https://doi.org/10.1016/j.breast.2022.11.008
https://doi.org/10.3390/curroncol31090386
https://doi.org/10.1186/s13014-025-02657-0
https://doi.org/10.1186/s13014-025-02657-0
https://doi.org/10.3390/ijms26136469
https://doi.org/10.3390/jcm14041385
https://doi.org/10.3390/cancers17020320
https://doi.org/10.1097/CJI.0000000000000557
https://doi.org/10.1038/s43856-023-00341-6
https://doi.org/10.2174/011574888X374002250707044343
https://doi.org/10.1016/j.ijgc.2024.100054
https://doi.org/10.1007/s00404-020-05881-z
https://doi.org/10.1007/s00404-020-05881-z
https://doi.org/10.12890/2024_005003
https://doi.org/10.1016/j.waojou.2022.100640
https://doi.org/10.1016/j.ajog.2024.10.025
https://doi.org/10.1200/OP-25-00100
https://doi.org/10.1016/j.adro.2025.101730
https://doi.org/10.1097/JW9.0000000000000073
https://doi.org/10.1007/s00520-021-06134-8
https://doi.org/10.1007/s00520-021-06134-8
https://doi.org/10.1200/OP-24-01032
https://doi.org/10.1200/OP-24-01032
https://doi.org/10.2147/JIR.S427336
https://doi.org/10.2147/JIR.S427336

	Contemporary management of treatment-related dermatologic toxicities in gynecologic cancers: a systematic review based on evidence from 2021 to 2025
	1 Introduction
	2 Clinical manifestations and assessment of skin toxicities related to gynecologic cancer treatment
	2.1 Chemotherapy-induced skin reactions
	2.2 Radiotherapy-related skin toxicity
	2.3 Targeted therapy and immunotherapy-related cutaneous reactions

	3 Molecular mechanisms and pathophysiological basis of skin toxicity
	3.1 Molecular effects of chemotherapeutic agents on skin cells
	3.2 Mechanisms of radiation-induced inflammation and fibrosis
	3.3 Targeted drug-related immune-mediated cutaneous reactions

	4 Risk factors and predictive models of skin toxicity
	4.1 Patient-related factors
	4.2 Treatment-related factors
	4.3 Socioeconomic and healthcare service factors

	5 Comprehensive management and innovative strategies for skin toxicity in gynecological tumors
	5.1 Basic prevention and skin barrier care
	5.2 Advances in drug treatment and novel delivery systems
	5.3 Precision physical protection in radiotherapy: 3D printing technology
	5.4 Genomics-guided individualized management and multidisciplinary collaboration

	6 Conclusion

	References

