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Introduction

Cancer immunotherapy has revolutionized oncology by
harnessing the power of the immune system to combat tumors.
Therapies such as immune checkpoint inhibitors (ICIs),
chimeric antigen receptor (CAR) T-cell therapy, and cancer
vaccines have significantly improved survival in various
malignancies. However, the activation of the immune system,
while beneficial for tumor control, can lead to unintended
tissue damage and immune-related adverse events (irAEs),
highlighting the critical intersection of cancer immunotherapy
and immunopathology.

The most widely used immunotherapeutic agents—immune
checkpoint inhibitors—target regulatory molecules such as
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4),
programmed cell death protein 1 (PD-1), and its ligand PD-
L1. By blocking these inhibitory checkpoints, ICIs unleash
T cells to mount robust antitumor responses. However, this
immune activation can become dysregulated, leading to
T-cell-mediated inflammation against self-tissues, akin to
autoimmune disease. This phenomenon underlies many irAEs
observed in clinical practice.

Immune-related adverse events can affect virtually any
organ system. The skin, gastrointestinal tract, liver, lungs,
and endocrine glands are the most commonly involved.
Dermatologic reactions such as rash and pruritus often occur
early and are generally mild. In contrast, colitis, pneumonitis,
hepatitis,and hypophysitis canbe severe orevenlife-threatening
if not promptly diagnosed and treated. Histopathologically,
these irAEs often resemble classic autoimmune conditions—
for example, lymphocytic infiltration and crypt abscesses in
colitis, or granulomatous inflammation in lung tissue during
pneumonitis [1-5].

The immunopathological basis of irAEs involves excessive
T-cell activation, loss of peripheral tolerance, and expansion
of autoreactive T or B cell clones. For instance, PD-1
normally suppresses immune responses in peripheral tissues;
its blockade may allow T cells to attack nonmalignant cells
expressing shared antigens. Additionally, some tumors
express antigens similar to those found in normal tissues,
leading to cross-reactivity and tissue damage. The presence
of pre-existing autoantibodies or underlying subclinical
autoimmunity may further predispose patients to irAEs.

CAR T-cell therapy, which involves genetically engineered
T cells targeting tumor antigens, introduces a distinct set of
immunopathological challenges. One of the most feared
complications is cytokine release syndrome (CRS), marked
by high levels of pro-inflammatory cytokines such as IL-6,
IL-1, and IFN-y. CRS can manifest with fever, hypotension,
and multi-organ dysfunction, requiring immunosuppressive
management. Another significant toxicity is immune effector
cell-associated neurotoxicity syndrome (ICANS), which
involves neuroinflammation and can lead to encephalopathy,
seizures, or coma [6-10].

Managing irAEs requires a delicate balance between
suppressing pathological inflammation and maintaining
antitumor immunity. Corticosteroids are the first-line
treatment for most moderate to severe irAEs, and other
immunosuppressants like infliximab or mycophenolate may
be used for refractory cases. Importantly, early recognition
and intervention are critical to prevent long-term damage or
fatal outcomes.

Conclusion

In conclusion, while cancer immunotherapy represents a
paradigm shiftin oncologys, its interface withimmunopathology
necessitates careful monitoring and understanding of immune-
mediated tissue reactions. A multidisciplinary approach
involving oncologists, immunologists, and pathologists is
essential for optimizing patient outcomes and managing
the complex landscape of immunotherapy-induced adverse
events.
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