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Abstract

This comprehensive review examines the impact of cancer immunotherapies on wound healing, focusing on recent clinical
evidence. While most cancer patients on immunotherapy heal surgical and accidental wounds without significant impairment,
immune system alterations can sometimes delay healing or cause unique wound pathologies. Neoadjuvant immunotherapy before
complex surgeries has shown higher wound complication rates in some cohorts, suggesting careful patient selection is needed.
Immune checkpoint inhibitors don’t typically increase general surgical complication rates, offering reassurance for most proce-
dures. However, immunotherapy can directly cause wounds through immune-related adverse events like bullous pemphigoid or
pyoderma gangrenosum, requiring specialized management. For malignant wounds, immunotherapy offers potential benefits by
treating the underlying cancer. Management strategies include preoperative planning, careful surgical technique, close post-
operative monitoring, and multidisciplinary collaboration. Despite adding complexity to wound healing, immunotherapy’s cancer
control benefits typically outweigh risks. With appropriate strategies and vigilance for impaired healing or unusual wound
presentations, most patients can undergo surgery safely while continuing immunotherapy. Further research is needed to develop
evidence-based guidelines for perioperative immunotherapy management.
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Introduction

Advances in immunotherapy have revolutionized cancer treat-
ment over the past decade, improving survival in many malig-
nancies. Immune checkpoint inhibitors (ICIs) such as anti-
programmed cell death 1 (PD-1), anti-programmed death-ligand
1 (PD-L1), and anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4)
antibodies are now standard of care for numerous cancers!!.
Likewise, adoptive cellular therapies, including as chimeric anti-
gen receptor (CAR) T-cell therapy and tumor-infiltrating lym-
phocytes (TILs), together with cytokine therapies like
interleukin-2 (IL-2), have expanded therapeutic options in
oncology>*!. As a result, a growing number of cancer patients
on these immunotherapies present with wounds—whether sur-
gical incisions, chronic ulcers, or tumor-related wounds—during
their cancer journey. This convergence raises critical questions
about how immunotherapy impacts wound healing in clinical
practice.
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Wound healing is a complex process requiring a finely tuned
immune response. Cancer patients often have risk factors for
impaired healing, including older age, malnutrition, steroid use,
and prior treatments. Traditionally, oncologic therapies like
cytotoxic chemotherapy or anti-angiogenic drugs (e.g., bevaci-
zumab) are known to delay wound healing by suppressing cell
proliferation or blood vessel growth!', In contrast, immu-
notherapies stimulate immune activity rather than directly inhi-
biting regenerative pathways. The net effect of immunotherapy
on wound repair is not yet fully understood. Early clinical
observations have been mixed—some reports suggest immu-
notherapy can be given safely during the perioperative
period®!, whereas others have noted higher rates of wound
complications in certain settings!'!. Given the increasing overlap
of surgery, wound care, and immunotherapy in oncology,
a thorough review of current evidence is warranted.

This article reviews the impact of cancer immunotherapies on
wound healing, emphasizing clinical trial data and case reports
from the past 5 years. We examine wound outcomes in patients
receiving ICIs, chimeric antigen receptor T-cell (CAR T-cell)
therapy, cytokines, and other immunotherapies. Both acute sur-
gical wounds and chronic wounds (including non-healing ulcers
and malignant fungating wounds) are discussed. We also
explore underlying mechanisms for delayed healing in this popu-
lation and highlight management strategies. By synthesizing
recent clinical evidence, this review aims to guide oncology and
wound care specialists in optimizing outcomes for cancer
patients on immunotherapy. Following PRISMA 2020
recommendations!®!, we conducted a systematic literature search
in PubMed/MEDLINE, Embase, Scopus, and Web of Science
from database inception to 1 March 2025. The search string
combined controlled vocabulary (MeSH/Emtree) and free-text
terms for the three core concepts:!!! cancer OR malignancy OR
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neoplasm,®! immunotherapy OR “immune checkpoint inhibi-
tor” OR PD-1 OR PD-L1 OR CTLA-4 OR CAR-T OR cytokine
therapy, and"®! wound healing OR surgical wound OR chronic
ulcer OR skin ulcer OR complication. Boolean operators and
truncation were applied (e.g., (cancer OR neoplasm) AND
(immunotherapy OR ipilimumab OR pembrolizumab) AND
(“wound healing” OR ulcer)), and filters were not used to
avoid inadvertent study loss. Inclusion criteria: (i) peer-reviewed
original research (randomized trials, cohort or case—control stu-
dies, large case series 210 patients); (ii) adult or pediatric
humans with malignancy receiving systemic immunotherapy;
and (iii) quantitative or qualitative data on wound-related out-
comes (e.g., infection, dehiscence, chronic ulcer behavior).
Exclusion criteria: non-English articles, single-patient case
reports, in-vitro/animal studies, conference abstracts without
full data, and duplicate publications. Two reviewers indepen-
dently screened titles/abstracts, then full texts, resolving dis-
agreements by consensus. Risk of bias was assessed with RoB
2 for randomized controlled trials and ROBINS-I for non-ran-
domized studies; results informed narrative synthesis and sensi-
tivity analyses, thereby mitigating selection bias and enhancing
the robustness of conclusions. The use of artificial intelligence
(AI) assistance in the manuscript drafting is in accordance with
the TITAN 2025 guidelines to ensure full transparency of Al
involvement!”!. AI language-assistance (OpenAl GPT-40) was
employed for spelling, grammar, and reference cross-checking.
The complete prompt transcripts for ChatGPT were as follows:
Determine whether there is an abbreviation without a full name
before it, or whether the full name is used again in the text
despite that an abbreviation has previously been provided.
Then, act as a reviewer to identify any errors in the referenced
reference and its associated description in the text. Check the
consistency of in-text citations and metadata (e.g., author, title,
journal), as well as whether study descriptions accurately match
the cited publications. Report all minor formatting, grammati-
cal, and citation issues.

This review adds to the recent existing literature by providing
a comprehensive overview of wound healing in cancer patients
receiving immunotherapy, addressing a previously underex-
plored intersection of oncology and surgical care. It highlights
new insights into how immunotherapy influences wound healing
dynamics, with evidence suggesting that ICIs can alter normal
tissue repair and potentially increase wound complication rates.
These findings carry important implications for surgical plan-
ning, including careful timing of immunotherapy relative to
surgery and heightened vigilance for healing complications.
The review also delineates the role of immune-related adverse
events (irAEs) such as inflammatory toxicities and steroid
requirements in impairing wound repair and recovery.

Overview of wound healing in cancer patients

Wound healing proceeds in overlapping phases—hemostasis,
inflammation, proliferation, and remodeling—orchestrated
by immune cells, cytokines, and stromal cells. In cancer
patients, this process can be compromised by both patient-
and treatment-related factors. Advanced age and comorbid-
ities such as diabetes or vascular disease are common and
contribute to impaired healing and higher infection risk.
Malignancy itself can impair nutritional status and immune
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HIGHLIGHTS

e Immunotherapy generally does not impair surgical wound
healing, though neoadjuvant use may increase complica-
tion risks in complex surgeries.

o Immune-related skin toxicities from immunotherapy, like
bullous pemphigoid, can cause severe chronic wounds
needing immunosuppressive treatments.

e Successful immunotherapy shrinks malignant wounds but
may initially worsen wounds through rapid tumor necro-
sis, requiring specialized multidisciplinary wound care.

function, delaying tissue repair. Moreover, many cancer
patients have a history of chemotherapy or radiation,
which can cause tissue fibrosis and reduce healing
capacity®l. Prior radiation therapy, for example, is known
to predispose to chronic radiation ulcers that heal poorly due
to fibrosis and poor vascularity!®l,

In addition, the interplay between radiation therapy and
immunotherapy can influence postoperative wound
behavior!. Pre-clinical work shows that fractionated radiation
impairs fibroblast proliferation and microvascular integrity,
prolonging the inflammatory phase and delaying collagen
maturation!®!®!, Clinically, patients receiving neoadjuvant che-
moradiation followed by immunotherapy demonstrate higher
risks of wound dehiscence and surgical-site infection (SSI)—up
to a twofold increase in head-and-neck free-flap cohorts!.
Nevertheless, modern conformal or hypofractionated protocols
(€30 Gy) combined with PD-1 blockade have achieved accepta-
ble wound complication rates (<10%) in soft-tissue sarcoma and
rectal cancer series when surgery is delayed >4 weeks after the
last radiation fraction!''™"*l. Consequently, scheduling surgery
4-6 weeks after radiation, carefully managing irradiated tissue,
and implementing multidisciplinary monitoring should be prior-
itized to mitigate late necrosis or fistula development.

Notably, prolonged or high-dose corticosteroid therapy—
sometimes required in oncology for symptom management or
as part of cancer regimens—is a well-known risk factor for
delayed wound healing. Steroids impede inflammatory cell
recruitment and collagen deposition, which can result in frail
wounds and dehiscence. In the context of immunotherapy, this
is salient because irAEs often necessitate corticosteroid treat-
ment. Thus, cancer patients under immunotherapy may experi-
ence impaired wound healing not only from the drugs
themselves but also from the immunosuppressive medications
used to manage their side effects!' !5,

Cancer patients may be present with various wound types.
Surgical wounds are common in oncology, from tumor resec-
tions or biopsy procedures. Chronic wounds such as pressure
ulcers or non-healing surgical sites can develop in patients with
advanced disease or frailty. Additionally, some tumors cause
malignant fungating wounds—ulcerative, malodorous lesions
where the tumor infiltrates the skin. Managing these cancer-
related wounds is challenging; they often have continuous
tumor growth, infection, and poor healing capacity. With the
advent of immunotherapy, clinicians are encountering new sce-
narios, such as patients on ICIs undergoing major surgeries or
experiencing unusual wound complications related to immune
activation. Understanding baseline wound healing challenges in
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oncology provides a foundation to appreciate the added com-
plexity introduced by immunotherapies.

Cancer immunotherapy: mechanisms and
modalities

Cancer immunotherapies harness or modulate the immune sys-
tem to attack tumors. The most widely used class is ICIs, which
release brakes on T-cells. PD-1/PD-L1 inhibitors (e.g., pembro-
lizumab, nivolumab, atezolizumab) and CTLA-4 inhibitors
(e.g., ipilimumab) have demonstrated durable tumor responses
by enhancing cytotoxic T-cell activity in the tumor
microenvironment!!, These agents, however, also carry a risk
of irAEs due to loss of self-tolerance. The skin and gastrointest-
inal tract are among the most frequently involved organ systems
in ICI toxicity!'®) Common cutaneous irAEs include rash, prur-
itus, and vitiligo, but more severe inflammatory dermatoses can
occur!’ "1, Combination immunotherapy (e.g., anti-PD-
1 + anti-CTLA-4) tends to produce earlier and more severe
toxicities than single-agent therapy'>!, which is relevant when
considering wound healing and tissue inflammation.

Beyond ICIs, adoptive cellular therapies represent another
pillar of immunotherapy. Chimeric antigen receptor T-cell ther-
apy involves engineering a patient’s T lymphocytes to target
cancer antigens. Chimeric antigen receptor T-cells are approved
for refractory leukemias, lymphomas, and myeloma and yield
high remission rates. However, CAR T recipients undergo lym-
phodepleting chemotherapy and often develop cytopenia, B-cell
aplasia, and hypogammaglobulinemia that can persist for
months?!, They are consequently at risk for infections, which
could adversely affect wound healing or surgical outcomes!*>%3,
Other cellular therapies include TILs expanded ex vivo and
reinfused to attack solid tumors, an approach showing promise
in melanoma®*!. TIL therapy requires surgical harvesting of
tumor tissue, introducing a wound that must heal while the
patient later receives high-dose IL-2 and lymphodepleting
chemo as part of the protocol.

Cytokine therapies were among the earliest immunotherapies
in oncology. High-dose IL-2 can induce long-term remissions in
melanoma and renal cell carcinoma by broadly activating
immune effectors, but its usage has declined due to severe toxi-
city like capillary leak syndrome or organ dysfunction!.
Interferon-a, another cytokine, was used as adjuvant therapy
in melanoma; it boosts immune surveillance but causes chronic
flu-like symptoms and fatigue!®®!. While these cytokines activate
immunity, they can also cause systemic side effects (e.g., hypo-
tension with IL-2) that may indirectly impair tissue perfusion or
healing. Finally, oncolytic virus therapy (e.g., talimogene laher-
parepvec, a modified herpesvirus) is a localized immunotherapy
injected into tumors. It causes tumor cell lysis and provokes an
immune response?”?%!. Oncolytic virus treatment of cutaneous
tumors often leads to local inflammation and ulceration at injec-
tion sites as tumors necrose, essentially creating an acute wound
that must heal over time!?”?%!, Table 1 provides an overview of
how key immunotherapy modalities might influence wound
healing, through both direct immunologic mechanisms and
indirect effects such as necessary adjunct medications. Table 2
summarizes key clinical studies examining surgical outcomes in
cancer patients on immunotherapy. Understanding these poten-
tial mechanisms is crucial for interpreting clinical outcomes in
patients on immunotherapy who develop wounds.

Immunotherapy effects on wound healing: from
biology to clinical observations

Immune activation and wound healing dynamics

Effective wound healing requires a balanced immune response—
enough inflammation to prevent infection and clear debris, but
timely resolution to allow tissue regeneration. Immunotherapies,
by design, tilt this balance toward heightened immune activity.
Preclinical studies have begun to illuminate how this altered
immune milieu affects healing. Notably, the PD-1/PD-L1 check-
point, famous for its role in tumor immune evasion, also appears
to function in wound sites as a modulator of inflammation

Provides an overview of how key immunotherapy modalities might influence wound healing, through both direct immunologic
mechanisms and indirect effects such as necessary adjunct medications. Understanding these potential mechanisms is crucial for
interpreting clinical outcomes in patients on immunotherapy who develop wounds

Mechanism or Factor

Potential Impact on Wound Healing

Evidence/Notes

Heightened T-cell activity (via PD-1/CTLA-4  Prolonged inflammation in wound, tissue

blockade) damage to normal cells
Macrophage polarization shift (less M2 pro-  Impaired granulation and remodeling phases
healing)

Autoimmune skin reactions (e.g., bullous
pemphigoid, vasculitis)

Tumor necrosis and ulceration (rapid tumor
response)

Infection risk from immune dysregulation

Direct damage to skin integrity, chronic
ulcerations

Formation of wound or fistula from tumor
tissue breakdown

Corticosteroid use for irAEs Slowed collagen deposition, wound
dehiscence, infection risk
Anti-angiogenic effects (indirect or combined Reduced neovascularization in wound bed

therapy)

Secondary wound infections, impaired healing

PD-1/PD-L1 pathway normally helps resolve inflammation; blocking it may delay
healing®.

PD-L1 expression on fibroblasts promotes M2 macrophages; PD-1/PD-L1 inhibitors
may hinder this transition®®,

ICl-induced bullous pemphigoid causes subepidermal blisters and requires
immunosuppressive therapy2®!.

Rapid tumor regression on immunotherapy can leave open defects??, e.g., fistula
formation in gastrointestinal tumors.

CAR T-cell therapy leads to B-cell aplasia and hypogammaglobulinemia, increasing
infection susceptibility!" .

High-dose steroids given to manage colitis or dermatitis blunt wound healing
responses!™?.

Some patients receive immunotherapy with anti-VEGF agents; anti-VEGF is known to
impair wound healing!™.

CAR T-cell = Chimeric Antigen Receptor T-cell; CTLA-4 = Cytotoxic T-Lymphocyte Antigen 4; ICI = Immune Checkpoint Inhibitor; irAE = Immune-related Adverse Event; PD-1 = Programmed Cell Death-1;

PD-L1 = Programmed Death-Ligand 1; VEGF = Vascular Endothelial Growth Factor.
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Summarizes key clinical studies and reports from recent years examining surgical outcomes in cancer patients on immunotherapy. It
highlights the heterogeneity of findings and underscores that while most data are reassuring, vigilance is needed, especially for
patients receiving neoadjuvant immunotherapy in anatomically complex surgeries

Study (Year) Patient Population and Immunotherapy

Key Findings on Wound/Surgical Outcomes

Mays et af 202" 1

many on neoadjuvant or adjuvant anti-PD-1

Tang et af 2024 20 7674 high-risk surgery patients with various cancers in

intensive care units, 247 had ICl <6 months pre-operation

(mostly PD-1/PD-L1)

Philips et al 2924 311
patients with mixed cancer surgeries
Huang et af 2924 2
perioperative PD-1/PD-L1 + chemotherapy vs

chemotherapy

Shapiro et af 2923 %2

nephrectomy after ICl combo therapy

Yip et al 29?3 3 Multicenter study of nephrectomy after IC

O'Neill et a/ 12022 34
Mohs surgeries

Case reports (2018-2023)
after PD-1 therapy

132 head/neck cancer patients with free flap reconstruction; .

Retrospective comparison of neoadjuvant ICl vs no ICl in

6 RCTs (2941 patients) resectable NSCLC; neoadjuvant or

75 patients metastatic renal cancer underwent cytoreductive

48 patients on ICIs undergoing 60 dermatologic excisional

Various (colorectal, melanoma, etc.)—e.g., fistula formation

Neoadjuvant immunotherapy associated with higher major

wound complication rate (OR ~ 3.7); predominantly recipient

site dehiscence/necrosis.

e Adjuvant-only ICI did not show increased risk.

e No significant difference in composite serious complication rate
between ICl-exposed and matched controls (35% vs 32%).

e No increase in 30-day mortality or length of stay.

e Slightincrease in vasopressor requirement post-operation in ICl
group.

e Neoadjuvant checkpoint inhibitors did not increase overall
surgical complication rates after adjusting for confounders.

e Supports safety of surgery with prior ICI exposure.

e Perioperative immunotherapy improved pathologic response
and survival.

e Surgical resection rates were similar or better with ICI.

e Post-op complication rates such as pneumonia and bronchial
fistula rare were comparable between arms; one trial noted
a higher fistula rate (25%) with ICI, but others were 0-3%.

e 90-day major complication rate only 3%; no deaths.

e \Wound healing was not problematic despite concerns of
desmoplastic reaction.

e Concluded post-ICl surgery is feasible with low complications in
experienced centers.

e Similarly found nephrectomy post-ICl is feasible.

e Complication profile akin to that of primary surgery;
immunotherapy did not significantly worsen wound outcomes.

e Low complication rates: 4% minor infection, no significant
wound dehiscence.

e Healing proceeded normally in all cases.

e Concludes that minor surgeries are safe during ICI therapy.

e Highlight unigue complications: immunotherapy-induced tumor
necrosis causing wound/fistula requiring surgery.

e Emphasizes need for monitoring and possible surgical standby

when treating large tumors with ICls.

NSCLC = Non-Small Cell Lung Cancer; OR = Odds Ratio; RCTs = Randomized Controlled Trials.

resolution!®*!, PD-L1 expression in wounds: Recent research

demonstrated that fibroblast-like cells in granulation tissue upre-
gulate PD-L1, which helps create an “immunosuppressive”
microenvironment in wounds that promotes the switch from
pro-inflammatory (M1) to pro-healing (M2) macrophages’!.
Blocking PD-L1 or PD-1 could therefore disturb this switch.
Wang et al (2022) found that PD-L1 on wound fibroblasts is
a positive regulator of healing, and genetic or pharmacologic
interruption of PD-1/PD-L1 signaling led to delayed wound clo-
sure in their models'*”!. These findings suggest that ICIs might
inherently predispose wounds to remain longer in an inflamma-
tory state. However, although PD-L1 appears to foster normal
wound repair via inflammation resolution, as PD-L1 knockout
mice have delayed wound closure!*®!, it is not yet known how PD-
1/PD-L1 blockade affects healing in patients. Furthermore, no
reliable biomarkers exist to predict which patients on ICIs may
develop wound healing complications, and the differential impact
of immunotherapy on healing across different tissues remains
unclear, creating a research gap that requires further
investigation.

Exuberant T-cell activity can also cause off-target tissue
damage. ICIs unleash T-cells that may attack not only tumor
cells but also normal tissues expressing cross-reactive antigens.
In skin, this can manifest as interface dermatitis, lichenoid reac-
tions, or even vasculitic changes that compromise microvascular
supply to healing tissue. A dramatic example is bullous pemphi-
goid induced by ICIs. BP is an autoimmune blistering disorder
typically seen in elderly patients, wherein antibodies target base-
ment membrane proteins, causing subepidermal bullae and ero-
sion. ICI-induced BP has been increasingly reported, usually
after a few months of PD-1 or PD-L1 inhibitor therapy®”!.
While rare (~1% or less of patients), it poses a significant
wound care challenge: patients develop widespread, chronic
erosions that are essentially non-healing wounds requiring
immunosuppressive treatment®>'), One single-institution study
noted that ICI-induced BP led to substantial morbidity and
often necessitated therapy discontinuation and systemic treat-
ments (steroids, tetracyclines, or dupilumab) to control the skin
lesions®®!. This illustrates how augmenting the immune system
can paradoxically result in severe wound-like toxicities.
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Another immune-mediated wound pathology is pyoderma
gangrenosum (PG), a neutrophilic dermatosis characterized by
painful ulcerative lesions. Pyoderma gangrenosum can be trig-
gered by immune dysregulation and has been associated with
medications, including immunotherapies. There are case reports
of PG developing after initiation of checkpoint inhibitors, pos-
sibly related to an exaggerated neutrophil-driven inflammatory
response in the skin**!. For instance, a patient receiving anti-PD-
1 therapy for melanoma developed a rapidly enlarging ulcer
with undermined borders at a surgical site, consistent with
post-surgical PG, Checkpoint inhibitor therapy was identified
as a potential precipitant, given its broad activation of T-cells
and cytokines that may have unmasked an autoinflammatory
condition”!. Management requires immunosuppressive therapy
and wound care, underscoring that these irAEs can significantly
complicate the clinical course.

On the other hand, immunotherapy’s effect is not universally
detrimental to wounds—in some scenarios it may aid healing
indirectly by controlling infection or tumor burden. Heightened
immune surveillance could, in theory, reduce SSIs. Unlike cyto-
toxic chemotherapy, ICIs do not cause neutropenia or directly
inhibit cell proliferation in normal tissue!**!, so the fundamental
capacity for cell division and collagen synthesis remains intact.
Additionally, successful immunotherapy can shrink tumors that
are causing or infiltrating wounds, thereby removing an impedi-
ment to healing. An illustrative case involved an elderly patient
with a large, ulcerating inguinal metastasis (a fungating tumor
mass) that was causing severe pain and immobility**!, The
patient’s tumor had high PD-L1 expression, so pembrolizumab
immunotherapy was initiated for palliative intent. Within
3 weeks, the tumor rapidly regressed, leaving an open cavity
where the mass had been—essentially converting a cancerous
wound into a post-tumor wound bed" ). This response obviated
the need for palliative radiation, which would likely have further
impaired healing, and the wound could then be managed with
standard wound care. Such cases demonstrate that by eliminat-
ing tumor tissue, immunotherapy can sometimes facilitate the
eventual healing of malignant wounds. However, they also high-
light a need for careful wound management during tumor regres-
sion, as rapid necrosis can produce large defects or fistulas. In
one report of a patient with an microsatellite instability-high
colorectal tumor, anti-PD-1 therapy led to massive tumor necro-
sis that resulted in a gastrocutaneous fistula, necessitating surgi-
cal intervention®. Thus, while immunotherapy can promote
tumor clearance, the byproducts of that success may be
acute wound complications that require multidisciplinary
management.

Immune mediators in wound repair

Wound healing is orchestrated by a dynamic interplay of
immune cells and their mediators that drive inflammation, tissue
formation, and remodeling!*!. In the immediate post-injury
phase, innate immune cells (neutrophils, macrophages, and
mast cells) are recruited to clear debris and prevent infection,
releasing cytokines and growth factors that set the stage for
repair*>*!, Mast cells, traditionally known for allergic
responses, have emerged as pivotal regulators in this process.
Upon injury, skin mast cells degranulate and secrete mediators
such as histamine, tumor necrosis factor (TNF)-a, interleukins
(IL-6, IL-8), and vascular endothelial growth factor (VEGF),

which increase vascular permeability and vasodilation, facilitat-
ing the influx of inflammatory cells (e.g., monocytes and neu-
trophils) to the wound bed!**!. Mast cell-derived signals also
activate fibroblasts and keratinocytes. For example, fibroblast
proliferation and new extracellular matrix deposition are stimu-
lated by mast cell interleukin-4, basic fibroblast growth factor,
and VEGF*Y, while angiogenesis and re-epithelialization are
promoted by other mast cell products, including fibroblast
growth factor 2 (FGF-2), platelet-derived growth factor
(PDGF), transforming growth factor beta (TGF-B), and nerve
growth factor!**. Through these actions, immune mediators
ensure effective transition from the inflammatory phase to the
proliferative phase of healing. It is important to note that a well-
regulated immune response is essential for successful wound
repair. This response must be sufficient to combat pathogens
and promote repair, while also being controlled enough to pre-
vent collateral injury. While other mast cell products (FGF-2,
PDGF, TGF-B, nerve growth factor) promote angiogenesis and
re-epithelialization**!, Excess or prolonged inflammation is
a major culprit in delayed or pathological healing: persistent
high levels of inflammatory cytokines can disrupt normal pro-
gression of wound closure, and clinical studies show that limit-
ing such inflammation can reduce fibrosis and scarring!*?l.
Failure to terminate the inflammatory phase due to continued
infection or ischemia results in chronic, non-healing wounds
characterized by ongoing immune cell infiltration and tissue
breakdown®®*¢!, Mast cells are often implicated in these sec-
ondary complications; chronic wounds and fibrotic scars have
been associated with increased mast cell accumulation, suggest-
ing that unrestrained mast cell activation may perpetuate inflam-
matory signaling and aberrant remodeling!*”!. In diabetic foot
ulcers—a paradigm of impaired healing—mast cells appear to
stimulate “delayed” inflammation through crosstalk with other
cells and the extracellular matrix, which can alter macrophage
behavior and diminish healing efficacy!*®). Immune checkpoint
inhibitors, by unleashing T-cell activity, can create a pro-inflam-
matory milieu; indeed, preliminary clinical data in head and
neck cancer patients indicate that preoperative immunotherapy
exposure may correlate with higher rates of wound
complications!!. Moreover, targeted therapies used in oncology
(for example, anti-VEGF antibodies) are well known to impair
angiogenesis and wound healing, highlighting the need for vig-
ilance when managing wounds in immunotherapy-treated
patients!. Overall, the balance of immune mediators is central
to proper wound healing. Therapeutic strategies aimed at mod-
ulating this balance are being explored—from mast cell stabili-
zers (e.g., cromolyn) or chymase inhibitors to dampen excessive
fibrosis'*”], to novel cell and gene therapies designed to provide
controlled release of anti-inflammatory factors, and to prevent
secondary inflammatory complications™®!. Ensuring optimal
immune regulation may be especially critical in cancer patients
on immunotherapy to promote timely wound healing and mini-
mize delayed complications.

Clinical outcomes in surgical wound healing under
immunotherapy

A key question for oncology surgeons is whether ongoing or
recent immunotherapy elevates the risk of postoperative com-
plications, such as wound dehiscence, SSI, or delayed healing.
Overall, emerging evidence from retrospective cohorts and
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clinical trials suggests that performing surgery in patients receiv-
ing ICIs is feasible, with acceptable complication rates, but
certain subsets and contexts require caution.

A multicenter study of 132 head and neck cancer patients
undergoing major resection with free flap reconstruction found
that preoperative ICI therapy was associated with significantly
higher rates of major wound complications'!. Patients with
neoadjuvant ICI exposure were 3.7 times more likely to require
invasive intervention for recipient-site wound complications
compared to those without exposure. Donor-site complications
also trended higher (odds ratio ~ 7, not statistically
significant)!!. Postoperative ICI therapy did not increase risk,
suggesting timing of exposure is important. While all patients
eventually achieved flap healing, those with complications
needed additional interventions. The authors concluded that
preoperative immunotherapy may increase wound complica-
tions and recommended further controlled studies!").

A recent meta-analysis of six randomized trials (2941
patients) examining perioperative ICls in resectable non-small
cell lung cancer found that immunotherapy improved patholo-
gical response rates and survival outcomes without preventing
complete surgical resection!?!. While immunotherapy groups
experienced more grade 3-5 adverse events during treatment,
perioperative complications were comparable between arms!?!,
Postoperative pneumonia ranged from 0 to 5% across studies,
and bronchopleural fistula rates were typically 0-3 %, with only
one outlier trial reporting up to 25%!*°), The data indicates that
operating after neoadjuvant ICI therapy is feasible and safe in
lung cancer patients, with complication rates consistent with
historical norms°!. These findings suggest that immunotherapy
should not be considered an absolute contraindication to timely
surgery, though careful monitoring remains important.

Experience in other tumor types supports these findings. In
metastatic renal cell carcinoma, combination immunotherapy
(anti-PD-1 plus anti-CTLA-4 or anti-VEGF tyrosine kinase inhi-
bitor) is increasingly first line, sometimes followed by cytore-
ductive nephrectomy. Initial concerns of dense inflammation or
fibrosis complicating surgery have largely been disproven°l.
A multicenter study of 75 post-immunotherapy nephrectomies
reported low intraoperative (4%) and predominantly minor
postoperative complication rates (25%), with only 3% major
complications (Clavien > III), no increased wound healing issues,
and zero 90-day mortality’®!!. Other centers confirm no signifi-
cant rise in surgical difficulty or wound complications after
immunotherapy?®*°3!. Overall, surgeries expected to be compli-
cated by immunotherapy-related fibrosis have yielded favorable
outcomes.

Small-scale studies in other surgical domains further support
that ICIs do not dramatically worsen wound outcomes. In der-
matologic surgery, for instance, a retrospective study examined
48 patients on ICIs who underwent 60 dermatologic as exci-
sional Mohs surgeries for skin cancers’®*!. Postoperative compli-
cations were infrequent: only ~ 4% of cases had an infection
and ~ 2% had significant wound pain requiring an emergency
visitl**l. There were no cases of wound dehiscence or failure to
heal reported. Although these procedures are minor compared
to visceral surgery, the data suggest that even under active
systemic immunotherapy, small acute wounds can heal without
incident. Additionally, a report on primary head and neck can-
cer patients receiving adjuvant immunotherapy (pembrolizu-
mab) after lymph node dissection noted that wound

International Journal of Surgery

complications like seromas or delayed healing were comparable
to historical rates prior to the immunotherapy eral>*!,

An area of uncertainty is the optimal timing of surgery relative
to immunotherapy dosing. In clinical trials, protocols often
impose a window (e.g., surgery 3—6 weeks after last neoadjuvant
ICI dose) to allow acute drug-related inflammation to subside.
Outside trials, practices vary—some surgeons pause ICIs around
the time of major surgery, while others proceed if the patient is
due for therapy. Elias et al found that among various cancer
surgeries performed on ICI therapy, there was no clear increase
in complications and concluded that ICIs “likely do not need to
be stopped in the perioperative setting”l. Current practice is
evolving as safety data accumulate. In general, for elective sur-
geries, it is common to schedule the operation at a nadir of
immunotherapy activity (e.g., just before the next cycle is due)
and to resume therapy once the wound has shown adequate
initial healing (typically 2-4 weeks post-operation), assuming
no contraindicating complications. No formal guidelines exist
yet, so decisions are individualized. What is evident is that with
careful patient selection and perioperative management, even
major surgery can be performed on patients actively receiving
immunotherapy, with outcomes comparable to those not on
these agents!*°!,

Chronic and atypical wounds in immunotherapy patients

Beyond acute surgical wounds, clinicians must also manage
chronic wounds in cancer patients who are receiving immu-
notherapy. Chronic wounds—defined as those that do not heal
in an orderly time frame (e.g., beyond 3 months)—include pres-
sure ulcers, venous stasis ulcers, diabetic foot ulcers, and long-
standing surgical wounds. In patients with cancer, chronic
wounds may arise from prolonged immobility, poor nutrition,
or treatment complications. The literature specifically addres-
sing chronic wound healing under immunotherapy is sparse;
however, we can extrapolate potential considerations from
what is known about immunotherapy’s immunologic effects
and reported adverse events.

While immune activation might theoretically help chronic
wounds by controlling infection, evidence suggests the opposite
effect. Chronic wounds are already stuck in inflammation, and
checkpoint inhibitors could worsen this state!*’). Though no
clinical studies confirm detrimental effects in cancer patients
on immunotherapy, emerging research indicates that enhancing
(not blocking) PD-1/PD-L1 signaling might actually promote
wound healing by reducing inflammation?*°¢!. This suggests
that PD-1/PD-L1 inhibitors could potentially impair chronic
wound healing. For patients on these therapies with existing
chronic ulcers, focused wound care interventions like debride-
ment may be necessary, as immunotherapy is unlikely to help
and might slightly hinder healing.

Immunotherapy shows promise for malignant wounds (those
caused by tumor infiltration), common in advanced breast can-
cer, head/neck cancers, and melanoma. While traditional treat-
ment focuses on palliative measures rather than healing,
immunotherapy can treat the underlying cancer, potentially
improving these wounds as tumors shrink. Case reports docu-
ment ulcerating lesions from melanoma™?!, cutaneous squamous
cell carcinomal®”), and Merkel cell carcinoma!*® substantially
healing after anti-PD-1 therapy eliminated the tumor burden. In
one series, ulcerated Merkel cell tumors often completely re-
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epithelialized after pembrolizumab treatment®®!. For malignant
wounds, immunotherapy serves both for cancer control and
wound improvement. However, careful wound care remains
essential during tumor regression to manage exudate and pre-
vent sepsis. Large cavities resulting from resolved metastases
may require surgical closure or reconstruction once cancer is in
remission.

Immunotherapy can create chronic wound scenarios through
immune-related dermatologic adverse events. These include bul-
lous pemphigoid, severe psoriasis or lichenoid dermatitis flares
(sometimes progressing to erythroderma or fissured plaques
requiring wound care), and rare cutaneous vasculitis causing leg
ulcerations®**!. Management typically requires withheld or per-
manently discontinued immunotherapy!®” and administering
immunosuppressants like high-dose steroids or infliximab—para-
doxically reversing the immunotherapy’s effect to treat its
complications”°!, Multidisciplinary care between dermatolo-
gists, wound specialists, and oncologists is crucial to balance
cancer treatment with wound management. Some evidence sug-
gests that patients can safely resume immunotherapy after success-
ful treatment of skin adverse events (e.g., using dupilumab for ICI-
induced bullous pemphigoid)**!. Decisions must be individualized
based on cancer control needs and wound complication severity.

Lastly, it is worth noting the intersection of immunotherapy
and infection in wounds. While ICIs do not classically immuno-
suppress patients, some patients become functionally immuno-
compromised due to high-dose steroids or other
immunosuppressants used for irAEs. Additionally, therapies
like CAR T-cells create periods of neutropenia and B-cell
aplasial®'!, Therefore, a cancer patient on immunotherapy can
still be at risk for wound infection or poor healing if their
immune system is temporally weakened by these effects.
Clinicians should maintain vigilance for infection in wounds
and treat promptly with antibiotics and appropriate surgical
debridement when needed, as they would in any immunosup-
pressed patient.

Notably, chronic wound pathophysiology is characterized by
unresolved inflammation that can persist beyond the initial heal-
ing, meaning that even a “closed” ulcer may still harbor active
inflammatory and proteolytic processes'®?l. Such prolonged,
dysregulated inflammation disrupts normal remodeling and
may precipitate late wound breakdown or aberrant scar forma-
tion months later!®). In addition, chronic ulcers often occur in
a milieu of microvascular compromise; impaired angiogenesis
and perfusion (for example, due to diabetes or prior radiation)
leave the repaired tissue relatively ischemic!®*. This ischemia,
when combined with an overactive fibrotic response, can pro-
duce scar tissue that is less flexible and poorly vascularized,
making the area vulnerable to ulcer recurrence or dehiscence
under stress'®’!. Notably, in patients receiving immunotherapy,
a heightened immune milieu may exacerbate these issues—ICls
have been associated with increased wound healing
complications!**¢”! and even immune-related vasculitic ulcera-
tion presenting months after initial closure!®®!, In light of these
factors, long-term vigilance and adjunct measures to temper
chronic inflammation and optimize perfusion are essential to
prevent delayed wound complications in this high-risk
population.

Table 3: Comparison of wound types and the impact of
immunotherapy in cancer patients. Different wound scenarios
pose unique challenges in the context of immunotherapy.

Management strategies and clinical implications

Perioperative management recommendations include careful
timing of surgery relative to immunotherapy—while early pro-
tocols held ICIs for ~3-5 weeks preoperatively, recent evidence
indicates that continuing ICIs perioperatively does not impair
wound healing!®. If high-dose corticosteroids are required for
irAEs, a gradual taper is advised!"”"7!, and close postoperative
wound monitoring is recommended to detect any delayed heal-
ing or complications related to immunotherapy!!. Given the
above insights, managing wound healing in cancer patients on
immunotherapy calls for proactive, multidisciplinary strategies:

Preoperative planning: When a patient on immunotherapy is
scheduled for surgery, a collaborative approach between the
surgical and oncology teams is important. Factors to consider
include the timing of the last immunotherapy dose, the patient’s
immune-related side effect status, and overall immune system
condition. Many clinicians aim to schedule elective surgeries at
a point when the patient is not acutely experiencing an irAE or is
not immediately post-infusion of immunotherapy (to minimize
any peak inflammation). For instance, in a patient receiving
pembrolizumab every 3 weeks, a surgery might be done 2-
3 weeks after the last dose, giving some buffer time. There is
currently no evidence-based mandatory washout period for ICIs,
but these pragmatic approaches are used. Importantly, immu-
notherapy should not be indefinitely withheld without cause, as
losing cancer control could be detrimental. If wound healing
concerns are present (e.g., a marginally healing biopsy site
while on therapy), short delays or breaks can be considered
until the wound is stable. The decision must balance oncologic
urgency with surgical healing.

Risk factors like diabetes or malnutrition should be optimized
pre-surgery, as in any patient. If a patient is on corticosteroids
for an immune toxicity at the time surgery is needed, some
surgeons will delay elective procedures until steroid dose is
tapered to a safer level (e.g., < 10 mg prednisone daily) to reduce
infection and dehiscence risk. If surgery is emergent and high-
dose steroids are on board, strategies include stress-dose steroids
to avoid adrenal crisis but also maximizing local wound mea-
sures (extra sutures, drains, abstaining from tension where pos-
sible) and antibiotic prophylaxis, given the impaired healing
environment.

Intraoperative techniques: Surgeons operating on patients
who have received immunotherapy may take additional precau-
tions in wound closure. Meticulous technique to minimize ten-
sion and ensure good perfusion of the skin flaps is critical—
although that is standard for any surgery, it becomes even more
important if one worries about an exuberant inflammatory reac-
tion impairing healing. Some head and neck surgeons advocate
for the use of vascularized tissue flaps to reconstruct defects in
patients who had neoadjuvant ICls, reasoning that well-vascu-
larized tissue will heal better even in the face of inflammation!"!.
Indeed, in the Mays et al study, despite higher complication
rates, ultimately all free flaps were salvaged, suggesting that
robust blood supply can overcome some deleterious effects!!l.
The use of adjuncts like hyperbaric oxygen therapy in difficult
wounds could also be considered, though no specific data exists
for immunotherapy patients.

If the patient’s surgery is being done after a major tumor
response to immunotherapy, surgeons should be prepared for
anatomical changes. Dense immune cell infiltration might make
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Contrasts how different wound types might be affected by immunotherapy in cancer patients, highlighting the distinct considerations

for each

Wound Type Characteristics in Cancer Patients

Impact of Immunotherapy and Considerations

Clean or clean-contaminated incision from cancer
surgery (e.g., resection, flap reconstruction).
Healing typically by primary intention.

Acute surgical wound

Pressure ulcers, diabetic foot ulcers, or non-
healing surgical sites. Often in older, debilitated
patients; prolonged inflammatory phase.

Chronic non-healing
wound

Checkpoint inhibitors: Generally heal well, though neoadjuvant ICI may
increase dehiscence risk in high-tension or poorly vascularized wounds!".
Care: standard SSI prevention; consider timing immunotherapy doses
around surgery.

CAR T or chemo/immunotherapy combos: If neutropenia or
thrombocytopenia present, higher infection/bleeding risk —ensure counts
optimized pre-operation.

Immunotherapy likely offers no direct benefit to healing; excessive
inflammation may even perpetuate non-healing state®®. Monitor for flares of
inflammation.

Manage with aggressive wound care such as debridement.

e Optimize nutrition.

Malignant (fungating)
wound

Ulcerative tumor lesions with cancerous tissue, foul
odor, drainage (e.g., breast, head/neck tumors
breaking through skin). Healing only if tumor is
eradicated.

Immune-related wound
(irAE)

Wounds resulting from immunotherapy toxicity:
e.g., autoimmune bullae/erosions (bullous
pemphigoid), ulcerative neutrophilic dermatoses
(pyoderma gangrenosum), or severe
mucocutaneous reactions. These are often
chronic until underlying process controlled.

If patient develops an irAE requiring steroids, anticipate further delays in
healing and higher infection risk!®?

Potential positive impact: Successful immunotherapy can shrink the tumor
and allow wound to granulate and epithelialize®®®. Marked tumor regression
may convert lesion into a healing wound.

Challenges: During response, rapid tumor necrosis can enlarge the wound or
cause fistulast®®. Requires diligent wound care, infection control, and
sometimes surgical debridement. If partial response, remaining tumor can still
impede full healing.

Caused directly by immune hyperactivity. Immunotherapy continuation
usually paused due to severity.

Management: immunosuppressive therapies (high-dose corticosteroids,
IVIG, cyclosporine or biologics) to halt the destructive immune process?;
supportive wound care such as topical therapies and dressings.

Healing can be slow; risk of secondary infection is high.

Multidisciplinary input is needed. In some cases, immunotherapy can be
cautiously resumed with prophylactic measures if cancer control is critical
and the wound is improving?®

irAE = Immune-related Adverse Event; IVIG = Intravenous Immunoglobulin

tissues appear fibrotic or planes fused which are similar to post-
radiation surgery, though studies did not find this significantly
hindered resection®*%¢!, Nonetheless, gentle handling of tis-
sues and thorough clearance of any necrotic tumor debris will
help create a cleaner wound bed that can heal.

Postoperative care and monitoring: Monitor wounds closely
after surgery. Address dehiscence, infection, or necrosis imme-
diately through drainage, antibiotics, or plastic surgery consul-
tation. Immunotherapy patients may still show normal infection
signs, as ICIs don’t suppress acute phase reactants. Some centers
use prophylactic antibiotics more liberally for immunotherapy
patients with prosthetic implants or contaminated surgeries and
restart immunotherapy individually. If wounds heal well by
2-week follow-up, immunotherapy can usually resume to pre-
vent cancer recurrence. Evidence shows that immunotherapy
often continues safely perioperatively!®!. For significant compli-
cations, delay immunotherapy until wound stabilizes. If
extended delay needed, consider alternative cancer treatments
to maintain control.

Managing chronic or complex wounds: Standard wound care
remains essential for cancer patients on immunotherapy with
chronic wounds: debride devitalized tissue, maintain moisture
balance with advanced dressings, offload pressure, and treat
infections. No evidence supports modifying protocols specifi-
cally for immunotherapy patients. Monitor for unusual features

like violaceous undermined borders or excessive granulation,
which may indicate immunologic processes such as PGP’
Biopsy atypical wounds to distinguish between recurrent cancer,
immune phenomena, and benign ulcers. For malignant wounds,
oncology and palliative wound care teams should collaborate.
As tumors respond to immunotherapy, wound characteristics
can change rapidly, requiring adaptation from odor-control
measures to granulation support. Significant size reduction
may create surgical closure opportunities previously unavail-
able. Regular reassessment and patient education ensure prompt
reporting of changes.

Immunotherapy toxicity management: If an irAE is causing
wound formation (like bullous eruptions or severe rash), aggres-
sive management of the irAE is the priority. Current guidelines
for dermatologic irAEs recommend early dermatology consulta-
tion and initiating therapies such as systemic steroids for exten-
sive blistering or ulcerative reactions''”!. Interruption of the
immunotherapy drug is usually mandated in severe grades 3—4
skin toxicities until the skin heals to at least grade 1772, In
refractory cases of ICI-induced BP, the use of steroid-sparing
agents such as dupilumab, which targets the T-helper 2 cyto-
kines that drive BP, has demonstrated efficacy, enabling some
patients to resume their anticancer therapy safely!®®¢%731,
During these periods, wound care teams should manage the
resultant wounds similar to burns or chronic ulcers—using
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atraumatic dressings, infection prevention, and pain control.
The psychological impact on patients should not be overlooked:
developing a painful chronic wound from a cancer therapy can
be demoralizing. Providing reassurance that these side effects are
treatable and, when possible, that immunotherapy can be
restarted, if that is an option, helps maintain adherence to cancer
care in the long run.

Cell-based regenerative strategies: Minimally manipulated auto-
logous cell products—such as point-of-care bone-marrow mono-
nuclear concentrates, adipose-derived stem cells (ADSCs), and
keratinocyte-fibroblast suspensions—are under active investigation
to shorten healing time in oncology patients whose wounds are
slowed by surgery, radiation, or checkpoint blockade”*7%!, These
cell mixtures deliver a “physiologic cocktail” of VEGF, TGF-,
interleukin-10, and extracellular vesicles that boosts angiogenesis,
tempers excessive inflammation, and accelerates fibroblast and
keratinocyte proliferation, thereby hastening re-epithelialization
in chronic or irradiated wounds!”>”77?!, Early clinical experience
is encouraging: same-day ADSC injections closed refractory chest-
wall and sarcoma resection defects without local recurrence at
1-year follow-up, while autologous bone-marrow sprays reduced
time-to-closure in irradiated scalp ulcers and head and neck free
flap donor sites!””%!,

These benefits, however, are counter-balanced by oncologic
and regulatory concerns. Pro-regenerative cytokine milieus can
inadvertently nurture dormant tumor clones; murine models
show that mesenchymal stromal cells may home to residual
neoplastic foci and stimulate growth through paracrine
loops!®!!. Heterogeneity and variable viability of bedside con-
centrates also raise infection, graft failure, and product-to-pro-
duct inconsistency risks, while the potent immunosuppressive
profile of some mesenchymal stem cells subsets could attenuate
the desired pro-inflammatory anti-tumor environment created
by ICIs!*>#*3!, Regulatory agencies therefore classify even “mini-
mally manipulated” autologous tissue products as advanced-
therapy medicinal products or human tissue-based products,
mandating sterility testing, release criteria, and post-infusion
surveillance, albeit under expedited pathways compared with
culture-expanded or gene-edited cells!*>**!. Current expert con-
sensus recommends deferring cell-based reconstruction until
cancer remission has been firmly documented!®*, with multi-
disciplinary tumor-board approval for each case!®®%¢l,
However, high-quality randomized trials with long oncologic
follow-up remain essential to confirm safety while unlocking
the regenerative potential of minimally manipulated cells for
this uniquely vulnerable population.

Palliative surgery under immunotherapy: Advanced tumors
can form complex fungating wounds associated with pain, infec-
tion, malodor, heavy exudate, and bleeding, which severely
impair quality of life!®”). Palliative surgical interventions (such
as tumor debulking or excision with skin grafting) are often
undertaken to alleviate these distressing symptoms and improve
patient comfort. Even without curative intent, debulking can
reduce foul discharge and odor, decrease infection risk, relieve
pain, and thereby potentially improve nutritional status and
overall performance!®”!, In patients receiving immunotherapy,
careful timing of palliative surgery is crucial. Evidence suggests
that surgery can be safely performed during ongoing immu-
notherapy in select cases!®*), For example, a retrospective ser-
ies reported no major (grade 3-4) complications in 22
operations on patients treated with ICIs, indicating that

immunotherapy may not need to be stopped perioperatively'.

However, a head and neck cancer series found that patients
receiving immunotherapy preoperatively had higher rates of
wound dehiscence and donor-site complications!!!, whereas
starting immunotherapy only after adequate wound healing
did not impair recovery!'!. Thus, many clinicians advocate sche-
duling surgery between immunotherapy cycles (or temporarily
pausing treatment) and resuming immunotherapy only after the
surgical wound has adequately healed”™!l. Expected risks of
palliative surgery under immunotherapy include typical surgical
morbidities (bleeding, infection, delayed healing) along with
immune-related considerations. Checkpoint inhibitors them-
selves do not cause the myelosuppression seen with chemother-
apy, but if irAEs necessitate high-dose corticosteroids, wound
healing could be impaired”?. Meticulous postoperative wound
care is paramount. Management should include strict infection
control and absorptive dressings for exudate, plus measures for
odor control such as topical metronidazole or silver-based
dressings®!. Adequate analgesia and hemostatic techniques
help manage pain and bleeding. Ultimately, judicious palliative
surgery during immunotherapy can improve quality of life and
help patients maintain dignity in advanced disease!*!.

Future directions: As immunotherapy remains an evolving
tield, ongoing and future clinical trials should incorporate
detailed monitoring of wound healing and surgical outcomes to
generate high-level evidence. Notably, in this review, although
available evidence suggests acceptable wound outcomes with
immunotherapy, most cited series are retrospective, single-center
and include fewer than 100 patients, making publication bias and
type-1I error likely. Their favorable findings may therefore over-
represent best case practice. Prospective, multiinstitutional regis-
tries and inclusion of unpublished negative results, especially from
community hospitals, are needed to capture rare complications
and provide generalizable risk estimates. Prospective data would
help establish guidelines on perioperative immunotherapy man-
agement (e.g., an optimal interval between ICI and surgery, if
any). Research into biomarkers might identify which patients
are at higher risk for wound complications—for example,
patients with certain cytokine profiles or underlying autoimmune
markers could potentially be flagged. On the bioengineering
front, intriguing possibilities include locally counteracting the
immunotherapy’s effect in a wound (for instance, topical PD-L1
protein or gene therapy to a chronic wound in a patient on
systemic anti-PD-1—a theoretical idea drawn from the pro-heal-
ing role of PD-L1)"’!, While such tactics are far off, they under-
score the need to bridge oncology and wound healing research.

Conclusions

Most cancer patients on immunotherapy heal surgical and acci-
dental wounds without major issues. Large studies show no
significant differences in surgical complication rates with ICIs.
However, immune system alterations can sometimes delay heal-
ing or cause unique wound pathologies. Neoadjuvant immu-
notherapy before complex surgeries has shown higher wound
complication rates in some cohorts, suggesting careful patient
selection is needed. Immune-related adverse effects can directly
cause wounds (like autoimmune blistering diseases), requiring
immunosuppressive treatment and specialized care. Clinicians
should watch impaired healing or unusual wound presentations.
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Early intervention—optimizing wound care, specialist consulta-
tion, or adjusting immunotherapy—prevents minor issues from
becoming serious. A multidisciplinary approach involving
oncologists, wound care specialists, and dermatologists is
ideal. Patient education ensures prompt reporting of problems.

Ethical approval

Not applicable.

Consent

Not applicable.

Sources of funding

This research was funded by the Chang Gung Memorial
Hospital (grant numbers CDRPG8M0022).

Author contributions

P.-J.K.: writing—original draft, funding acquisition; P.-C.L.:
resources; C.-H.H.: conceptualization, supervision.

Conflicts of interest disclosure

The authors declare no conflicts of interest.

Guarantor

Ching-Hua Hsieh.

Research registration unique identifying number
(UIN)

Not applicable.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Data availability statement

Data sharing not applicable—no new data generated.

Acknowledgements

We thanks for the support from Core Laboratory for Animal
Phenomics & Diagnostic and Genomics and Proteomics Core
Laboratroy of Chang Gung Memorial Hospital.

References

[1] Mays AC, Yarlagadda B, Achim V, et al. Examining the relationship of
immunotherapy and wound complications following flap reconstruction
in patients with head and neck cancer. Head Neck 2021;43:1509-20.

[2] Huang H, Li L, Tong L, Luo H, Luo H, Zhang Q. Perioperative PD-1/
PD-L1 inhibitors for resectable non-small cell lung cancer: a

International Journal of Surgery

meta-analysis based on randomized controlled trials. PLoS One
2024;19:¢0310808.

[3] Parums D. A review of CAR T cells and adoptive T-cell therapies in
lymphoid and solid organ malignancies. Med Sci Monit 2025;31:
€948125.

[4] Titov A, Zmievskaya E, Ganeeva 1, et al. Adoptive immunotherapy
beyond CAR T-Cells. Cancers 2021;13:743.

[5] Elias AW, Kasi PM, Stauffer JA, et al. The feasibility and safety of
surgery in patients receiving immune checkpoint inhibitors:
a retrospective study. Front Oncol 2017;7:121.

[6] Sohrabi C, Franchi T, Mathew G, et al. PRISMA 2020 statement: what’s
new and the importance of reporting guidelines. Int ] Surg
2021;88:105918.

[7] Agha RA, Mathew G, Rashid R, et al. Transparency In The reporting of
Artificial INtelligence — the TITAN guideline. Premier J Sci 2025;10:
100082.

[8] Dormand EL, Banwell PE, Goodacre TE. Radiotherapy and wound
healing. Int Wound J 2005;2:112-27.

[9] Payne WG, Naidu DK, Wheeler CK, et al. Wound healing in patients
with cancer. Eplasty 2008;8:€9.

[10] Herskind C, Sticht C, Sami A, Giordano FA, Wenz F. Gene expression
profiles reveal extracellular matrix and inflammatory signaling in
radiation-induced premature differentiation of human fibroblast in
vitro. Front Cell Dev Biol 2021;9:539893.

[11] Inouye D, Zhou S, Clark B, Swanson M, Chambers T. two cases of
impaired wound healing among patients with major head and neck
Free-Flap reconstruction in the setting of COVID-19 infection. Cureus
2021;13:e20088.

[12] Yang Y, Pang K, Lin G, et al. Neoadjuvant chemoradiation with or
without PD-1 blockade in locally advanced rectal cancer:
a randomized phase 2 trial. Nat Med 2025;31:449-56.

[13] Savjani RR, Nelson SD, Dry SM, et al. A phase 2 study of 5-Day
preoperative radiotherapy for patients with high-risk primary soft tissue
sarcoma. Int ] Radiat Oncol Biol Phys 2021;111:541.

[14] Brown A, Masterson W, Lo J, Patel A. Systemic treatment of cutaneous
adverse events after immune checkpoint inhibitor therapy: a review.
Dermatitis 2021;34:201-08.

[15] Nadelmann E, Yeh J, Chen ST. Management of cutaneous
immune-related adverse events in patients with cancer treated with
immune checkpoint inhibitors: a systematic review. JAMA Oncol
2021;8:130-38.

[16] Haugh AM, Probasco JC, Johnson DB. Neurologic complications of
immune checkpoint inhibitors. Expert Opin Drug Saf 2020;19:479-88.

[17] Schneider BJ, Naidoo J, Santomasso BD, et al. Management of immune-
related adverse events in patients treated with immune checkpoint
inhibitor therapy: ASCO guideline update. J Clin Oncol 2021;39:
4073-126.

[18] Muntyanu A, Netchiporouk E, Gerstein W, Gniadecki R, Litvinov L
Cutaneous immune-related adverse events (irAEs) to immune check-
point inhibitors: a dermatology perspective on management. J Cutan
Med Surg 2020;25:59-76.

[19] Plachouri K, Vryzaki E, Georgiou S. Cutaneous adverse events of
immune checkpoint inhibitors: a summarized overview. Curr Drug Saf
2019;14:14-20.

[20] Martins F, Sofiya L, Sykiotis GP, et al. Adverse effects of immune-
checkpoint inhibitors: epidemiology, management and surveillance.
Nat Rev Clin Oncol 2019;16:563-80.

[21] Little JS, Kampouri E, Friedman DZ, et al. The burden of invasive fungal
disease Following chimeric antigen receptor T-Cell therapy and strate-
gies for prevention. Open Forum Infect Dis 2024;11:0fae133.

[22] Bupha-Intr O, Haeusler G, Chee L, Thursky K, Slavin M, Teh B. CAR-T
cell therapy and infection: a review. Expert Rev Anti Infect Ther
2020;19:749-58.

[23] Tix T, Subklewe M, Von Bergwelt-Baildon M, Rejeski K. Survivorship
in CAR T-cell Therapy recipients: infections, secondary malignancies,
and non-relapse mortality. Oncol Res Treat 2024;48:212-19.

[24] Mehta A, Motavaf M, Nebo I, Luyten S, Osei-Opare K, Gru A.
Advancements in melanoma treatment: a review of PD-1 Inhibitors,
T-VEC, mRNA vaccines, and tumor-infiltrating lymphocyte therapy
in an evolving landscape of immunotherapy. J Clin Med 2025;14:
1200.

[25] Majidpoor J, Mortezaee K. Interleukin-2 therapy of cancer-clinical
perspectives. Int Imnmunopharmacol 2021;98:107836.

7096



Kuo et al. International Journal of Surgery (2025)

[26] Ives NJ, Suciu S, Eggermont AMM, et al. Adjuvant interferon-a for the
treatment of high-risk melanoma: an individual patient data meta-ana-
lysis. Eur J Cancer 2017;82:171-83.

[27] Hamid O, Ismail R, Puzanov I. Intratumoral Immunotherapy—Update
2019. Oncologist 2019;25:e423-€38.

[28] Haitz K, Khosravi H, Lin J, Menge T, Nambudiri V. Review of
Talimogene Laherparepvec (T-VEC): a first in class oncolytic viral treat-
ment of advanced melanoma. J Am Acad Dermatol 2020;83:189-96.

[29] Wang XH, Guo W, Qiu W, et al. Fibroblast-like cells promote wound
healing via PD-L1-mediated Inflammation Resolution. Int J Biol Sci
2022;18:4388-99.

[30] Tang Y-H, Bergmann J, Vaidya D, Faraday N. Association of preopera-
tive immune checkpoint inhibitor therapy with cardiopulmonary
instability and organ injury after high-risk surgery. Crit Care Explor
2024;6:¢1068.

[31] Shalata W, Weissmann S, Itzhaki Gabay S, et al. A retrospective,
single-institution experience of bullous pemphigoid as an adverse effect
of immune checkpoint inhibitors. Cancers 2022;14:5451.

[32] Pop IC, Ilies RA, Baican C, Strilciuc S, Muntean V, Muntean M.
Pyoderma gangrenosum post-breast surgery: a case report and compre-
hensive review of management strategies. ] Clin Med 2024;13:3800.

[33] Jalil A, Zaffar J, Waqas A, Butt S. Isolated neutropenia due to immune
checkpoint inhibitors. Cureus 2023;15:e45674.

[34] Greene C, Nakakura EK, Ko AH. Gastrocutaneous fistula in a patient
with locally recurrent MSI-High colorectal cancer: local complications
arising from therapeutic response to immune checkpoint blockade.
Anticancer Res 2017;37:3679-84.

[35] Khanova M, Grigoryev E. Roles of PD-1 and PD-L1 receptors in the
development of systemic inflammatory response and immunoadjuvant
therapy. Patol Krovoobrashcheniya Kardiokhirurgiya 2019;23:76.

[36] Huelsboemer L, Knoedler L, Kochen A, et al. Cellular therapeutics and
immunotherapies in wound healing - on the pulse of time? Mil Med Res
2024;11:23.

[37] Asdourian MS, Shah N, Jacoby TV, Reynolds KL, Chen ST. Association
of bullous pemphigoid with immune checkpoint inhibitor therapy in
patients with Cancer: a systematic review. JAMA Dermatol
2022;158:933-41.

[38] Bogdanski E, Viveiros MD, Chung C, Dulmage B. Immune checkpoint
inhibitor induced bullous pemphigoid treated by dupilumab: a case
series. JAAD Case Rep 2025;57:90-94.

[39] Rogers CC, Nepper J, Holzem KE, Cortina CS. Postsurgical pyoderma
gangrenosum after mastectomy with a familial component. J Surg Case
Rep 2024;2024:rjaec667.

[40] Hsieh K, Restrepo J, Mundi P, Obedian E. A case report of palliative
pembrolizumab monotherapy for a poorly differentiated malignancy.
Fed Pract 2022;39:518-S9.

[41] Jakovija A, Chtanova T. Skin immunity in wound healing and cancer.
Front Immunol 2023;14:1060258.

[42] Larouche J, Sheoran S, Maruyama K, Martino MM. Immune regulation
of skin wound healing: mechanisms and novel therapeutic targets. Adv
Wound Care (New Rochelle) 2018;7:209-31.

[43] Chen L, DiPietro LA. Toll-Like receptor function in acute wounds. Adv
Wound Care (New Rochelle) 2017;6:344-55.

[44] Komi DEA, Khomtchouk K, Santa Maria PL. A review of the contribu-
tion of mast cells in wound healing: involved molecular and cellular
mechanisms. Clin Rev Allergy Immunol 2020;58:298-312.

[45] Peck MD. Structure fires, smoke production, and smoke alarms. ] Burn
Care Res 2011;32:511-18.

[46] Leoni G, Neumann PA, Sumagin R, Denning TL, Nusrat A. Wound
repair: role of immune-epithelial interactions. Mucosal Immunol
2015;8:959-68.

[47] Oskeritzian CA. Mast Cells and Wound Healing. Adv Wound Care
(New Rochelle) 2012;1:23-28.

[48] Evstratova E, Yatsenko E, Baranovskii D, and Klabukov 1. Effectiveness
of stem cell therapy for diabetic foot ulcers: cell therapy alone is not
enough for effective management of chronic wounds. Int ] Low Extrem
Wounds 2024;24:15347346241295306.

[49] Takada K, Takamori S, Brunetti L, Crucitti P, Cortellini A. Impact of
neoadjuvant immune checkpoint inhibitors on surgery and perioperative
complications in patients with non-small-cell lung cancer: a systematic
review. Clin Lung Cancer 2023;24:581-90.e5.

[50] Isali I, Braun A, Bukavina L, Psutka S. Role of cytoreductive surgery in
the era of immunotherapy. Curr Opin Urol 2022;32:618-26.

[51] Shapiro DD, Karam JA, Zemp L, et al. Cytoreductive nephrectomy
following immune checkpoint inhibitor therapy is safe and facilitates
treatment-free intervals. Eur Urol Open Sci 2023;50:43-46.

[52] Yip W, Ghoreifi A, Gerald T, et al. Perioperative complications and onco-
logic outcomes of Nephrectomy following immune checkpoint inhibitor
therapy: a multicenter collaborative study. Eur Urol Oncol 2023;6:604-10.

[53] Davis LE, Calaway A, Singer EA, Dason S. Cytoreductive Nephrectomy
following immunotherapy: evolution, pearls, and pitfalls of treatment.
J Cell Immunol 2024;6:163-70.

[54] Puza CJ, Pyle HJ, Srivastava D, Nijhawan RI. Immune checkpoint
inhibitors and dermatologic procedures: a retrospective review of post-
operative complications. Arch Dermatol Res 2023;315:2941-42.

[55] Philips R, Alnemri A, Amin D, et al. Effect of preoperative programmed
death-1 or programmed death ligand-1 immunecheck point inhibition
on complications after surgery for primary head and neck cancer.
Cancer 2024;130:863-75.

[56] Su D, Tsai H-I, Xu Z, et al. Exosomal PD-L1 functions as an immuno-
suppressant to promote wound healing. ] Extracell Vesicles
2019;9:1709262.

[57] Choi F, Kraus C, Elsensohn A, et al. PD-1 and PD-L1 inhibitors in the
treatment of non-melanoma skin cancer: a systematic review. ] Am Acad
Dermatol 2020;82:440-59.

[58] Baker H. PD-1 inhibition in advanced Merkel-cell carcinoma. Lancet
Oncol 2016;17:e225.

[59] Politi A, Angelos D, Mauri D, Zarkavelis G, Pentheroudakis G. A case
report of psoriasis flare following immunotherapy: report of an impor-
tant entity and literature review. SAGE Open Med Case Rep
2020;8:2050313X19897707.

[60] Pach J, Leventhal J. Cutaneous immune-related adverse events second-
ary to immune checkpoint inhibitors and their management. Crit Rev
Immunol 2022;42:1-20.

[61] Sibaud V. Dermatologic reactions to immune checkpoint inhibitors. Am
J Clin Dermatol 2018;19:345-61.

[62] Raziyeva K, Kim Y, Zharkinbekov Z, Kassymbek K, Jimi S, Saparov A.
Immunology of acute and chronic wound healing. Biomolecules
2021;11:700.

[63] Lacina L, Kolat M, Pfeiferova L, Gal P, Smetana K. Wound healing:
insights into autoimmunity, ageing, and cancer ecosystems through
inflammation and IL-6 modulation. Front Immunol 2024;15:1403570.

[64] Falanga V, Isseroff RR, Soulika AM, et al. Chronic wounds. Nat Rev Dis
Primers 2022;8:50.

[65] Berry CE, Abbas DB, Lintel HA, et al. Adipose-derived stromal
cell-based therapies for radiation-induced fibrosis. Adv Wound Care
(New Rochelle) 2024;13:235-52.

[66] Hwang V, Mendez E, Chow LQM, et al. Wound complications in head
and neck squamous cell carcinomas after Anti-PD-1 therapy.
Laryngoscope 2019;129:E428-e33.

[67] Sun ], Kirichenko DA, Chung JL, et al. Perioperative outcomes of
melanoma patients undergoing surgery after receiving immunotherapy
or targeted therapy. World J Surg 2020;44:1283-93.

[68] Seo D, Yamamoto SAY, Maeda T, et al. Leukocytoclastic vasculitis-
induced lower leg ulceration in the course of immune checkpoint inhi-
bitor therapy for advanced malignant melanoma: a case report. ] Wound
Manag Res 2024;20:168-72.

[69] Galuia M, Fedorova J, McHayleh W, Mamounas E, Ahmad S, Pavri S.
Perioperative drug management of systemic therapies in breast cancer:
a literature review and treatment recommendations. Curr Oncol
2025;32:154.

[70] Brahmer JR, Lacchetti C, Thompson JA. Management of immune-
related adverse events in patients treated with immune checkpoint inhi-
bitor therapy: american society of clinical oncology clinical practice
guideline summary. ] Oncol Pract 2018;14:247-49.

[71] Patel A, Pacha O. Skin reactions to immune checkpoint inhibitors. Adv
Exp Med Biol 2020;1244:235-46.

[72] Brahmer ], Lacchetti C, Schneider B, et al. Management of immune-
related adverse events in patients treated with immune checkpoint inhi-
bitor therapy: American Society of Clinical Oncology Clinical Practice
Guideline. J Clin Oncol 2018;36:1714-68.

[73] Guan S, Zhang L, Zhang ], Song W, Zhong D. A case report of
steroid-refractory bullous pemphigoid induced by immune checkpoint
inhibitor therapy. Front Immunol 2023;13:1068978.

[74] Wan Jamaludin WF, Mohamad Yusoff F, Ismail NA, et al. Autologous
mononuclear cells from different sources are seen to improve wound

7097



Kuo et al. International Journal of Surgery (2025)

healing in patients with haematological malignancies. Malays ] Pathol
2018;40:61-67.

[75] An Y, Huang F, Tan X, et al. Exosomes of adipose tissue-derived stem
cells promote wound healing by sponging miR-17-5p and inducing
autophagy protein Ulk1. Plast Reconstr Surg 2023;151:1016-28.

[76] Peake M, Dunnill C, Ibraheem K, Smith A, Clarke DJ, Georgopoulos NT.
A novel method for the establishment of autologous skin cell suspensions:
characterisation of cellular sub-populations, epidermal stem cell content
and wound response-enhancing biological properties. Front Bioeng
Biotechnol 2024;12:1386896.

[77] Dung TN, Han VD, Tien GN, Lam HQ. Autologous Adipose-Derived
Stem Cell (Adsc) transplantation in the management of chronic wounds.
Ann Burns Fire Disasters 2021;34:343-50.

[78] Kolobaev IV, Usachev VS, Klabukov ID, et al. First experience of perso-
nalized in situ tissue engineering for thoracic surgery of the sarcoma
patient: mSCs-Containing minimally manipulated cells and an indivi-
dualized micropore titanium sternum in a one-year follow-up case
report. Int ] Hematol Oncol Stem Cell Res 2025;19:86-92.

[79] Kim WS, Park BS, Sung JH, et al. Wound healing effect of adipose-
derived stem cells: a critical role of secretory factors on human dermal
fibroblasts. ] Dermatol Sci 2007;48:15-24.

[80] Kesten S, Fraser JK. Autologous adipose derived regenerative cells:
a platform for therapeutic applications. Surg Technol Int 2016;29:38-44.

[81] Li HJ, Reinhardt F, Herschman HR, Weinberg RA. Cancer-stimulated
mesenchymal stem cells create a carcinoma stem cell niche via prosta-
glandin E2 signaling. Cancer Discov 2012;2:840-55.

[82] Sharma M, Ross C, Srivastava S. Ally to adversary: mesenchymal stem cells
and their transformation in leukaemia. Cancer Cell Int 2019;19:139.

[83] Agarwal P, Li H, Choi K, et al. TNF-o-induced alterations in stromal
progenitors enhance leukemic stem cell growth via CXCR2 signaling.
Cell Rep 2021;36:109386.

International Journal of Surgery

[84] You HJ, Han SK. Cell therapy for wound healing. ] Korean Med Sci
2014;29:311-19.

[85] Donnenberg VS, Zimmerlin L, Rubin JP, Donnenberg AD. Regenerative
therapy after cancer: what are the risks? Tissue Eng Part B Rev
2010;16:567-75.

[86] Falanga V, Iwamoto S, Chartier M, et al. Autologous bone
marrow-derived cultured mesenchymal stem cells delivered in a fibrin
spray accelerate healing in murine and human cutaneous wounds. Tissue
Eng 2007;13:1299-312.

[87] Fujioka M, Yakabe A. Palliative surgery for advanced fungating skin
cancers. Wounds 2010;22:247-50.

[88] Dunne EG, Fick CN, Tan KS, et al. Lung resection after initial non-
operative treatment for non-small cell lung cancer. ] Thorac Cardiovasc
Surg 2024;168:364-73.e10.

[89] Pietrantonio F, Loupakis F, Randon G, et al. Efficacy and safety of
immune checkpoint inhibitors in patients with microsatellite
instability-high end-stage cancers and poor performance status related
to high disease burden. Oncologist 2020;25:803-09.

[90] Gordon CR, Rojavin Y, Patel M, et al. A review on bevacizumab and
surgical wound healing: an important warning to all surgeons. Ann Plast
Surg 2009;62:707-09.

[91] Bose D, Meric-Bernstam F, Hofstetter W, Reardon DA, Flaherty KT,
Ellis LM. Vascular endothelial growth factor targeted therapy in the
perioperative setting: implications for patient care. Lancet Oncol
2010;11:373-82.

[92] Gethin G, Vellinga A, McIntosh C, et al. Systematic review of topical
interventions for the management of odour in patients with chronic or
malignant fungating wounds. J Tissue Viability 2023;32:151-57.

[93] Kondra K, Pekcan A, Stanton E, et al. Fungating malignancies: manage-
ment of a distinct wound entity. Adv Skin Wound Care 2022;35:
646-52.

7098



