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Abstract

Immune checkpoint inhibitors (ICIs) have revolutionized cancer treatment by reactivating
T cell-mediated anti-tumor immunity. However, this enhanced immune activity can lead to
immune-related adverse events (irAEs). This narrative review focuses on endocrine irAEs,
including thyroid dysfunction, hypophysitis, adrenal insufficiency, and diabetes mellitus.
It also explores infectious complications and their underlying mechanisms. These mecha-
nisms include immune dysregulation resulting directly from ICI-induced T-cell activation
and indirectly from the immunosuppressive therapies used to treat irAEs. Furthermore,
potential role of endocrine irAEs in predisposing patients to infectious complications is
analyzed. The objective is to provide non-oncology specialists with the clinical insight
necessary to recognize and manage these complex side effects. This narrative review
synthesizes current literature on the diagnosis, management, and pathophysiology of
endocrine irAEs and infections associated with different classes of ICIs (anti-CTLA-4, anti-
PD-1, and anti-PD-L1). Endocrine irAEs are common, with incidence varying by ICI type;
combination therapies pose the highest risk. Thyroid dysfunction is the most frequent,
followed by hypophysitis, which often leads to permanent secondary adrenal insufficiency.
ICI-induced diabetes mellitus is a rare but serious complication, frequently presenting as
diabetic ketoacidosis. ICIs are believed to induce a distinct array of infections resulting
from immunological dysregulation, unrelated to immunosuppressive medication. The
phenomenon is increasingly called ICI therapy-induced dysregulated immunity. Moreover,
evidence suggests that endocrine irAEs can compromise immune function and lead to
a significantly higher risk of bacterial and fungal infections. Identifying infections that
imitate irAEs is particularly important because the therapy is significantly distinct. Greater
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interdisciplinary awareness is crucial for the early recognition and appropriate manage-
ment of both the endocrine and infectious complications, ultimately improving the safety
and outcomes for patients receiving immunotherapy.

Keywords: immune checkpoint inhibitors; immune-related adverse effects; infections;
endocrine dysfunction

1. Introduction

Recent advances in cancer research have introduced new concepts in oncology treat-
ment. One such concept is the use of immune checkpoint inhibitors (ICIs), whose primary
goal is to reactivate T cell-mediated immune responses against tumor cells. Currently,
three groups of ICIs are in clinical use: programmed cell death protein 1 (PD-1) inhibitors,
programmed death-ligand 1 (PD-L1) inhibitors, and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) inhibitors. PD-1 and CTLA-4 are co-inhibitory receptors on the sur-
face of T cells, primarily responsible for negatively regulating T cell-mediated immune
responses. Various cancer cell products exploit these receptors to suppress the immune
response and evade elimination by the host immune system. ICIs target these receptors,
thereby preventing cancer cells from using them to their advantage [1-3].

Although this form of therapy is often associated with a more favorable toxicity
profile compared to traditional cancer treatments, several adverse effects must not be
overlooked. In this narrative review, we will explore immune-related adverse events
(irAEs) associated with ICIs, with a particular focus on endocrine irAEs, as well as common
infectious complications related to ICI therapy.

Clinicians prescribing immune checkpoint inhibitors are often not the same as those
managing their adverse effects. For instance, a patient receiving ICIs who develops
endocrine-related symptoms may initially present to the emergency department. If fever is
among the presenting symptoms, the patient may instead be referred to an infectious dis-
eases clinic, particularly when an infectious complication related to ICI therapy is suspected
or cannot be excluded. In such cases, the immune-related etiology may not be immediately
recognized, underscoring the importance of interdisciplinary awareness. Therefore, this
narrative review aims to provide a comprehensive overview of current knowledge on
IClI-associated adverse events, with the goal of equipping non-oncology specialists with
the necessary clinical insight to recognize and appropriately evaluate these complications.

2. Overview of Immune Checkpoint Inhibitors and Immune-Related
Adverse Events

The discovery of immunotherapy has revolutionized the treatment of malignant
diseases, significantly improved the quality of life, and prolonged the survival of cancer
patients [4]. As already mentioned, there are three groups of ICIs.

CTLA4 is a receptor protein on T-lymphocytes which inhibits the interaction be-
tween CD80/CD86 molecules on antigen-presenting cells and CD28 molecules on T-
lymphocytes [4]. This activity suppresses the cytotoxic activity of T-lymphocytes and
stimulates regulatory T-lymphocytes (Treg) which is why the inhibition of this activity has
antitumor effect [4]. In clinical practice, the most commonly used is ipilimumab which
was initially approved for the treatment of melanoma [5]. Today it is also used in the
treatment of other tumors (most often with nivolumab). Tremelimumab is also increasingly
used, most often with durvalumab in the treatment of lung cancer and hepatocellular
carcinoma [6,7].
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PD-1 protein is found on activated T-lymphocytes and one of its ligands, PD-L1 is
found on tumor cells, immune cells, endothelial cells and numerous others [8]. PD-1 and
PD-L1 inhibitors that block this interaction enable T-lymphocytes to have a cytotoxic anti-
tumor effect [4]. The most important PD-L1 inhibitors are atezolizumab, durvalumab and
avelumab, while the PD-1 inhibitors are pembrolizumab, nivolumab and cemiplimab, all
of which are used in the treatment of numerous solid tumors. All checkpoint inhibitors
initially proved successful in the treatment of metastatic cancer, but according to recent
clinical trials, many of them also show extremely successful activity in both adjuvant
and neoadjuvant treatment [4]. Although checkpoint inhibitors show good efficacy, not
all patients respond, and resistance may develop through loss of tumor antigens, MHC
molecules, or impaired IFN-y signaling [9]. Novel agents are being developed to target
innate immunity [10]. While generally safe, checkpoint inhibitors can cause irAEs in-
volving multiple organs, usually reversible but sometimes permanent or life-threatening,
resembling autoimmune disorders due to immune dysregulation.

Some of them are the production of autoantibodies (the same or similar as in au-
toimmune diseases), increased levels of different T-lymphocyte clones in the blood and
tissues, and increased production of proinflammatory cytokines such as interleukins [11].
Interleukin-6 stood out particularly, showing significant elevation during adverse events,
while lower baseline levels prior to therapy were associated with a higher likelihood of
developing irAEs [11,12]. When it comes to T-lymphocytes, decreased levels of Treg and
increased levels of CD4+ and CD8+ T-lymphocytes, and especially CD4 effector memory
T cells contribute to the occurrence of adverse events [13]. It is also believed that the
specificities of each organism also play a role in the occurrence of these irAEs, such as an
imbalance in the intestinal microbiota [11].

According to some studies, irAEs of all grades occur in 90% of patients treated with
CTLAA4 inhibitors and in 70% of patients treated with PD-1/PD-L1 inhibitors and are more
common when these two groups are combined (especially high—grade irAEs) [14,15]. Data
from clinical trials vary somewhat, but according to meta-analyses, the most common
irAEs are skin disorders (most commonly rash and eczema), then gastrointestinal (nausea,
decreased appetite, diarrhea, colitis), followed by endocrinological [11]. Less common but
potentially severe adverse events such as myositis, rhabdomyolysis, nephritis, pneumonitis,
and myocarditis can also occur [16]. Ophthalmological adverse events and neurotoxicity
are also described [11].

Diagnosis of irAEs depends on the organ system involved and may require tissue
biopsies (in the case of skin adverse events and colitis), imaging methods, monitoring of
laboratory parameters, and monitoring of certain hormone levels. Treatment options for
irAEs are currently very limited and include only temporary or permanent discontinuation
of therapy for grade 34 adverse events, symptomatic treatment, immunosuppression
with corticosteroids or other immunosuppressants (such as the TNF-a blocker infliximab),
and possibly hormone replacement therapy [17]. The dosage of corticosteroids and other
immunosuppressants depends on the severity of the adverse event and the organ system
involved. The guidelines of the leading oncology societies in the world, such as the
National Comprehensive Cancer Network, American Society of Clinical Oncology, and
European Society for Medical Oncology are most often used in the treatment of adverse
events [14,18,19]. Development of irAEs has been associated with significantly longer
overall and progression-free survival across most solid tumors [20]. Several blood-based
markers, including the systemic immune-inflammation index, neutrophil-to-lymphocyte
and platelet-to-lymphocyte ratios, low LDH and IL-6, and elevated CRP, have been linked
to both irAEs and improved prognosis [21-23]. While their role in clinical practice remains
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under investigation, such biomarkers may help identify patients at risk for adverse events
and optimize immunotherapy outcomes.

Endocrine irAEs represent a unique clinical challenge, as they disrupt the critical
homeostatic interplay between the endocrine and immune systems. A central thesis of
this review is the exploration of these mechanistic links. We will posit and subsequently
elaborate on the mechanistic hypotheses explaining how specific endocrine dysfunctions
modulate host immune responses. Specifically, we will examine how cortisol deficiency—a
direct consequence of adrenal insufficiency—may impair adequate T-cell function and the
systemic stress response. Similarly, we will address how thyroid hormone dysregulation
(both hyper- and hypothyroidism) can alter neutrophil and macrophage function, thereby
impacting the efficacy of the inflammatory response. Concurrently, we will analyze how
the hyperglycemic state induced by ICI-related diabetes mellitus demonstrably alters both
innate and adaptive host defenses, thereby creating a distinct vulnerability to infection.

3. Endocrine Immune-Related Adverse Events
3.1. Thyroid Dysfunction

The immune-related adverse events affecting the thyroid are among the most common
endocrine manifestations associated with immune checkpoint inhibitors, most frequently
presenting as hypothyroidism, hyperthyroidism, or transient thyroiditis [24]. Unlike hy-
pophysitis, which predominantly affects males, thyroid dysfunction related to immune
checkpoint inhibitors appears to be more common in females [25]. The highest incidence
rates of thyroid dysfunction have been observed with combination immune checkpoint in-
hibitor therapy, with estimates ranging between 8.0% and 16.4%. In comparison, monother-
apy with anti-PD-1 agents results in lower frequencies (2.8-8.5%), followed by anti-PD-L1
(0.6-6.0%) and anti-CTLA-4 inhibitors (0.2-5.2%) [24,26,27].

Thyrotoxicosis related to thyroid irAEs typically emerges between 2 and 6 weeks
following ICI initiation and often precedes the onset of hypothyroidism, which generally
develops around week 12 [28]. The onset of hyperthyroidism typically occurs earlier with
combination immune checkpoint blockade, with a median time of approximately 21 days,
compared to around 47 days in patients receiving anti-PD-1 monotherapy [29]. Moreover,
although both nivolumab and pembrolizumab are classified as anti-PD-1 antibodies, they
appear to exhibit different thyroid toxicity profiles: nivolumab is more commonly asso-
ciated with hypothyroidism, whereas pembrolizumab tends to be linked with a higher
incidence of hyperthyroidism [30]. Patients with thyrotoxicosis may experience tachycar-
dia, unintentional weight loss, fatigue, and diarrhea, while hypothyroidism is typically
characterized by bradycardia, weight gain, fatigue, and constipation [31,32].

The predominant underlying mechanism appears to be destructive thyroiditis, driven
by immune-mediated acute inflammation and subsequent thyroid follicular cell damage.
ICI therapy facilitates the development of autoimmune toxicity mainly through T cell acti-
vation, and histopathological analyses have demonstrated an intra-thyroidal predominance
of CD8* cytotoxic T lymphocytes and double-negative CD4~CD8™ T cells (Figure 1) [32,33].

Baseline assessment of thyroid-stimulating hormone (TSH) and free T4 (fT4) is recom-
mended prior to initiating ICI therapy to exclude preexisting thyroid dysfunction. During
treatment, thyroid function (typically TSH and fT4) should be monitored every 4-6 weeks,
or more frequently if clinically indicated [25]. In cases of thyrotoxicosis, current guidelines
recommend testing for TSH receptor antibodies to evaluate for autoimmune hyperthy-
roidism. Conversely, in hypothyroidism, assessment of thyroid peroxidase antibodies is
advised, as their presence supports an autoimmune origin [28,32].



Int. J. Mol. Sci. 2025, 26, 11619 50f24

Immune activation / loss of self-tolerance Autoimmune-mediated tissue damage

Lymphocytic infiltration, autoantibody formation

T T cell activation, | Treg, T cytokines (IL-6, TNF a, IFN-
Y)

®
. ®
e g

8 Re ek P\ Y
0 e Endocrine }‘ % A }‘

disturbances

Adrenal cortex
destruction - adrenal
insufficiency
ST |
\ 7

Thyroid gland Pancreatic B cell Pituitary inflammation +
inflammation » ’ destruction - diabetes hupophysitits
thyroiditis mellitus (hypopituitarism)
(hupo/hyperthiroidism) [ Y

Figure 1. Overview of immune checkpoint inhibitors and endocrine immune-related adverse events.

In most cases, thyrotoxicosis warrants only clinical observation. For patients with
moderate to severe symptoms, 3-blockers may be used to alleviate adrenergic manifesta-
tions. In contrast, hypothyroidism that follows thyrotoxicosis should be managed with
levothyroxine replacement, as it often progresses to overt and persistent hypothyroidism.
Graves’ disease requires treatment with anti-thyroid drugs [25,28]. In most cases, thy-
roid dysfunction does not necessitate discontinuation of immune checkpoint inhibitor
therapy. With appropriate thyroid hormone replacement, patients can safely continue
immunotherapy [28].

3.2. Hypophysitis

After thyroid dysfunction, hypophysitis is the second most common immune-
mediated endocrinopathy. Due to its lack of specificity in clinical manifestations, mis-
diagnosis and delayed diagnosis can lead to poor prognosis for patients.

The risk of developing hypophysitis is strongly correlated with the specific class of
ICI used, with the highest incidence with combined anti-CTLA-4 and anti-PD-1/PD-L1
agents, with rates from 6.4% to 19% [34,35]. The incidence of immune-related hypophysitis
associated with CTLA-4 inhibitor and PD-1/PD-L1 inhibitor monotherapy is much lower
than that of combination therapy, accounting for 5% and 1%, respectively [30,36]. For
anti-CTLA-4 inhibitors, higher doses are associated with a higher incidence of hypophysi-
tis [37]. Demographically, there is a notable male predominance and patients who develop
hypophysitis tend to be older than those who do not [38].

ICI-induced hypophysitis is an autoimmune disorder driven by T-cells attacking pi-
tuitary cells. The mechanisms differ markedly between ICI classes. CTLA-4 is expressed
on normal pituitary cells, allowing anti-CTLA-4 antibodies to bind directly, triggering
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complement activation and antibody-dependent cytotoxicity [39]. This localized inflamma-
tion explains the high incidence, fast onset, and frequent pituitary enlargement seen with
these agents. In contrast, the mechanism for anti-PD-1/PD-L1 blockade is more indirect
and it is unknown if PD-1 or PD-L1 is expressed on pituitary cells [40,41]. Furthermore,
anti-PD-1 antibodies (typically IgG4) are poor activators of complement or cytotoxicity. The
pathophysiology is thought to be related to peripherally activated T cells that are found in
the pituitary gland (Figure 1). This less intense process is probably the reason for the lower
incidence, later onset and characteristic lack of pituitary enlargement with these drugs.

The timing of onset of hypophysitis is earliest with combination therapy with median
1-3 months, followed with anti-CTLA-4 monotherapy (median 9-11 weeks), and usually
later with anti-PD-1/PD-L1 monotherapy with median 4-7 months. The clinical presenta-
tion is often dominated by nonspecific symptoms like profound fatigue, weakness, and
nausea [37]. The CTLA-4 phenotype is often marked by severe headaches due to pituitary
mass effect. The pattern of hormone loss also differs. Secondary adrenal insufficiency is the
most common and clinically urgent deficit of all types. In the PD-1/PD-L1 phenotype, it is
often the only deficit, while central hypothyroidism and secondary hypogonadism are very
common in the CTLA-4 phenotype. Posterior pituitary involvement (diabetes insipidus)
is exceedingly rare [42]. Diagnosis is primarily biochemical, as radiological findings may
be absent. Regular screening with baseline pituitary tests and monitoring during the first
6 months of ICI therapy is recommended [43—45]. Biochemically, target organ hormone
deficiency with low or inappropriately normal pituitary hormone suggests hypophysitis.
Pituitary MRI with contrast can reveal enlargement and stalk thickening, especially with
anti-CTLA-4 agents, but may appear normal in PD-1/PD-L1-related cases; therefore, a
normal MRI does not exclude the diagnosis [42].

According to the current European Society for Medical Oncology (ESMO) guide-
lines, the management of hypophysitis primarily relies on hormone replacement therapy
(hydrocortisone or prednisolone). The use of high-dose corticosteroids (e.g., prednisone
1 mg/kg/day or equivalent) is reserved only for patients with severe manifestations, in-
cluding compressive symptoms such as headache, visual disturbance, or adrenal crisis [19].
For stable patients, chronic oral replacement (e.g., hydrocortisone 15-20 mg daily in divided
doses) is initiated. Patient education on “sick day rules” and use of an emergency hydrocor-
tisone injection kit is mandatory [46]. In patients with concurrent adrenal insufficiency and
hypothyroidism, glucocorticoid replacement must be started first to prevent precipitating
an adrenal crisis. Central hypothyroidism is treated with levothyroxine, with the dose
titrated to maintain free T4 in the upper half of the reference range [47]. However, the use of
high-dose, immunosuppressive glucocorticoids is controversial. A retrospective study from
2015 failed to demonstrate any beneficial effect of high-dose steroids on either hypophysitis
or malignancy outcomes in patients treated with ipilimumab [48]. The development of
hypophysitis is not an absolute contraindication to continuing ICI therapy. The standard
approach is to temporarily withhold ICI during the acute phase. Once the patient is stable
on hormone replacement, ICI therapy can generally be safely resumed.

The hormonal deficits from ICI-induced hypophysitis are often permanent. Recovery
of the corticotroph axis is very rare, and secondary adrenal insufficiency is considered a
lifelong condition for the majority of patients. The prognosis for the thyroid and gonadal
axes is slightly better, but recovery still occurs in less than half of affected patients.

3.3. Adrenal Dysfunction

Primary adrenal insufficiency (AI) associated with ICI therapy is a rare but clinically
important irAE. It occurs in approximately 1-2% of patients receiving anti-PD-1 monother-
apy, with incidence rising significantly—up to 4-9% in those treated with a combination
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of anti-PD-1 and anti-CTLA-4 agents [49,50]. The median time to onset is variable, typi-
cally around 10 weeks after treatment initiation, though reported ranges span from 2.5 to
4.3 months depending on the ICI regimen [51]. Data from the World Health Organization
VigiBase identified 451 cases of primary Al among 50,000 irAEs reported since 2008, of
which 46 were confirmed as definitive [52]. The pathophysiology of ICI-induced primary
adrenal insufficiency is not fully defined but likely involves loss of immune tolerance and
T-cell-mediated adrenal damage [53]. Possible mechanisms include molecular mimicry, pre-
existing autoreactive T cells, 21-hydroxylase autoantibodies, and HLA genotypes associated
with autoimmune endocrinopathies (Figure 1) [54,55].

Clinically, ICI-induced Al may present acutely with adrenal crisis or more insidi-
ously with non-specific symptoms. It should be suspected in patients with unexplained
hypotension, fever, abdominal pain, persistent nausea or vomiting, altered mental status,
hyponatraemia, hypoglycaemia, or hyperkalaemia even in the absence of known adrenal
or pituitary disease [49,56].

Diagnostic evaluation begins with morning serum cortisol and adrenocorticotropic
hormone (ACTH) measurement. Low cortisol with elevated ACTH confirms primary
Al, whereas low cortisol with low or inappropriately normal ACTH suggests secondary
Al When results are inconclusive, a 250 pg Synacthen (cosyntropin) stimulation test can
assess adrenal reserve [25]. Imaging supports etiological differentiation: pituitary MRI
may reveal hypophysitis in secondary Al, while adrenal CT or MRI may show glandular
atrophy or enlargement, aiding distinction between autoimmune destruction and metastatic
infiltration [25,57]. Routine screening for 21-hydroxylase antibodies is recommended, as
their presence supports autoimmune adrenal cortex destruction [25].

Management of adrenal crisis requires prompt intravenous administration of 100 mg
hydrocortisone, followed by appropriate fluid resuscitation and 200 mg of hydrocorti-
sone/24 h (via continuous iv therapy or 6 hourly injection). Long-term management
involves daily oral hydrocortisone (15-25 mg/day) in two or three divided doses. In cases
of primary Al fludrocortisone is added to replace mineralocorticoid activity. Adrenal insuf-
ficiency does not typically necessitate permanent discontinuation of ICIs. Once hormone
deficits are adequately replaced, immunotherapy may be safely continued, especially in
patients showing favorable oncologic response [58].

3.4. Immune Checkpoint Inhibitor-Induced Diabetes Mellitus

ICI-induced diabetes mellitus (ICI-DM) has been reported to occur in approximately
0.2-1.9% of patients treated with ICI and is being recognized and diagnosed with increasing
frequency [35,59-62]. Exacerbation of underlying type 2 diabetes may also occur, though
frequency of this is unknown. To diagnose ICI-DM, there should be clear evidence of
marked hyperglycemia resulting from the reduction in insulin production following ICI
therapy. Although the presence of type 1 diabetes mellitus (T1DM) autoantibodies supports
the diagnosis, they are not always present [63]. The incidence rates of ICI-DM vary
depending on the inhibitor used. Therapies targeting the PD-1/PD-L1 pathway, whether
administered as monotherapy or in combination, are implicated in the vast majority, about
97%, of reported cases. Conversely, the development of ICI-DM in patients receiving anti-
CTLA-4 monotherapy is very rare [61,64,65]. It should be emphasized that the development
of ICI-induced DM is mainly observed in melanoma. This observation is likely due to
the initial approval of PD-1 inhibitors for melanoma, which resulted in a larger patient
population being treated for this disease than for other malignancies [66].

The pathogenesis of ICI-DM is based on the disruption of the PD-1/PD-L1 immune
checkpoint, a crucial signaling pathway for the maintenance of peripheral self-tolerance [67].
Pancreatic 3-cells can upregulate the expression of PD-L1, especially under inflammatory
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conditions, to protect themselves from autoreactive T-cells. By blocking this protective
PD-1/PD-L1 interaction, ICIs release pre-existing or newly activated autoreactive T-cells,
leading to targeted destruction of 3-cells (Figure 1) [63,68]. ICI-DM is characterized by CD8+
T-cell-mediated insulitis, similar to classic TIDM [69]. Unlike T1DM, autoantibodies are
less frequent (30-50% vs. ~90%) [70-72], while genetic predisposition, especially HLA-DR4,
appears more prominent [70,73].

The time from ICI initiation to diagnosis of ICI-DM can vary widely. According to the
reports, the median time to onset ranges from 10 to 29 weeks [66,70,72,74]. However, ICI-
DM can be a delayed immune-related adverse event, with some cases emerging 6 months
or more after the conclusion of therapy [70,75]. The most common and dramatic clinical
presentation is diabetic ketoacidosis (DKA), which occurs in up to 76% of patients at the time
of diagnosis [66,76]. This high incidence is a consequence of the rapid, almost complete
destruction of p-cells combined with a possible delay in recognizing early symptoms.
It is important to educate patients about the potential symptoms of ICI-DM, including
polyuria, polydipsia, fatigue and polyphagia [47]. Due to the fulminant nature of the
disease, the glycated hemoglobin (HbAlc) value at presentation is often disproportionately
low for the degree of acute hyperglycemia. The characteristic laboratory finding is an
extremely low or undetectable C-peptide level, confirming absolute endogenous insulin
deficiency [71,77,78]. Testing for islet autoantibodies is recommended to support the
diagnosis and provide prognostic information but is not essential. Regular blood glucose
monitoring at baseline and at each ICI cycle is recommended to facilitate early detection of
ICI-DM. For the diagnostic evaluation of new onset hyperglycemia, it is recommended to
perform a basic metabolic panel, serum C-peptide and HbAlc [18,79]. These laboratory
tests are crucial for the differential diagnosis and help to differentiate from other possible
causes such as type 2 diabetes mellitus, stress-induced hyperglycemia or glucocorticoid-
induced hyperglycemia.

In cases of DKA, treatment should follow standard protocols, including fluid resus-
citation, insulin infusion and electrolyte correction [80]. Due to the irreversible loss of
[3-cell function, patients require lifelong insulin replacement therapy [65]. The standard of
care is basal-bolus therapy, while corticosteroids have no role in treating the underlying
autoimmune process of ICI-DM and will exacerbate hyperglycemia [25]. The guidelines
recommend maintaining ICI during a severe metabolic event such as DKA [18,79,81]. After
the patient’s condition has stabilized with insulin and good glycemic control has been
achieved, ICI can usually be resumed. Permanent discontinuation of ICI is not usually
necessary solely due to the development of diabetes.

Table 1 provides an overview of studies on endocrine irAEs from ICI therapy.

Table 1. Studies on endocrine disturbances from immune checkpoint inhibitor therapy.

Author, Year (Journal)

Study Design & Population Endocrine Focus Key Results/Findings

Barroso-Sousa et al., 2018
(JAMA Oncol.) [35]

Incidence highest with combination
Systematic review & L therapy; thyroid dysfunction most
meta-analysis; 38 clinical trials All endocrine irAEs common, followed by hypophysitis
and adrenal insufficiency.

De Filette et al., 2019
(Horm. Metab. Res.) [30]

Higher risk of thyroid dysfunction with
Systematic review & L PD-1/PD-L1 inhibitors; hypophysitis
meta-analysis Endocrine irAEs overall strongly associated with CTLA-4
inhibitors.

Min et al., 2015 (Clin.
Cancer Res.) [48]

High-dose corticosteroids did not
improve pituitary recovery; most
patients required lifelong hormone
replacement.

Retrospective cohort;

ipilimumab-treated patients Hypophysitis
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Table 1. Cont.

Author, Year (Journal)

Study Design & Population Endocrine Focus Key Results/Findings

Di Dalmazi et al., 2019
(Expert. Rev. Endocrinol.
Metab.) [42]

Median onset 2—4 months; CTLA-4
inhibitors major driver; secondary
adrenal insufficiency often permanent.

10-year assessment review Hypophysitis

Cui et al., 2022 (Ann.
Transl. Med.) [58]

Highlighted clinical features and
frequency of adrenal insufficiency with
ICIs; PD-1/PD-L1 > CTLA-4.

Large-sample case series Adrenal insufficiency

Grouthier et al., 2020
(Oncologist) [52]

pharmacovigilance study

WHO VigiBase Rare but potentially life-threatening;

emphasized need for early recognition.

Primary adrenal
insufficiency

Akturk et al., 2019 (Diabet.

Med.) [66]

Incidence 0.2-1.9%; often acute onset,
presenting with DKA; mostly with
PD-1/PD-L1 inhibitors.

Systematic review &

. ICI-induced T1IDM
meta-analysis; 71 cases

Wu et al., 2023 (Diabetes
Care) [72]

Distinct phenotype from classic TIDM;
abrupt presentation, low antibody
positivity, severe hyperglycemia.

Checkpoint

Syst ti iew; 192 . .
ystematic review cases inhibitor—associated DM

Baden et al., 2019
(Diabetol. Int.) [60]

Anti-PD-1 therapy
diabetes

Characterized rapid-onset ICI-DM;

Multicent hort; . . .
ulticenter cohort; Japan high rates of ketoacidosis.

Tsang et al., 2019 (J. Clin.
Endocrinol. Metab.) [61]

Distinct course vs. T1DM; often
antibody-negative, aggressive course.

ICI-associated

linical coh . .
Clinical cohort autoimmune diabetes

Yamauchi I., Yabe D., 2025

ICI-thyroid dysfunction frequent;

. Clinical review Thyroid dysfunction PD-1/PD-L1 linked to hypothyroidism,
(Bur. Thyroid. J.) [28] CTLA-4 to thyroiditis.
Thyroiditis followed by
Chalan etal,, 2018 (J. Narrative review Thyroid dysfunction hypothyroidism common; permanent

Endocrinol. Investig.) [29]

dysfunction in many cases.

ICI—immune checkpoint inhibitor; CTLA-4—cytotoxic T-lymphocyte-associated protein 4; PD-1/PD-L1—
programmed cell death protein 1/programmed death-ligand 1; irAEs—immune-related adverse events; TIDM—
type 1 diabetes mellitus; DKA—diabetic ketoacidosis.

4. Infectious Complications in ICI-Treated Patients

The IClIs significantly improve cancer treatment, achieving increased survival rates
and sustained responses in diverse malignant conditions. However, despite their ap-
parent clinical efficacy, recent evidence indicates that ICIs may increase susceptibility to
infectious complications through two biologically different but frequently overlapping
mechanisms [82]. One mechanism involves direct immune dysregulation, in which ex-
cessive T-cell activation paradoxically promotes pathogen persistence and tissue injury.
This process, known as ICI therapy-induced dysregulated immunity (ITI-DI), represents
a state of hyperinflammatory immune overactivation rather than classical immunodefi-
ciency. It has been described even in patients who have not received corticosteroids or
other immunosuppressive drugs [83]. Such dysregulation may lead to reactivation or
worsening of latent infections, most notably tuberculosis, cytomegalovirus (CMV), and
certain fungal diseases, where an exaggerated Th1l-mediated response ultimately benefits
the pathogen rather than the host [84]. It is strengthened by the finding that patients with
hereditary CTLA-4 dysfunction or mutations demonstrate increased vulnerability to recur-
rent infections, particularly respiratory infections like tuberculosis [85]. By contrast, the
second pathway reflects indirect, iatrogenic immunosuppression, typically resulting from
corticosteroids or TNF-co inhibitors used to manage immune-related adverse events (irAEs).
These agents decrease protective immune responses, consequently predisposing patients to
opportunistic infections such as Pneumocystis jirovecii pneumonia, invasive aspergillosis,
and cytomegalovirus reactivation [86]. Clearly distinguishing between these two processes
is crucial for clinical decision-making: ITI-DI reflects an overactive, dysregulated immune
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Treatment with
corticosteroids /
immunosupressants

(colitis, pneumonitis,

response requiring modulation and targeted antimicrobial therapy, whereas iatrogenic
infections demand mitigation of immunosuppressive burden and preventive prophylaxis.

Recent evidence supports both mechanisms, emphasizing that ICIs may increase
susceptibility to infectious complications through immune dysregulation caused directly
by ICI-induced T-cell activation and indirectly through immunosuppressive therapies used
to treat irAEs (Figure 2, Tables 2 and 3). Current clinical observations indicate a rising
incidence of bacterial, viral, fungal, and opportunistic infections, including the reactivation
of latent infections such as tuberculosis and hepatitis [82,87,88]. According to the European
Society of Clinical Microbiology and Infectious Diseases, ICIs themselves do not appear
to intrinsically increase infection risk. However, the immunosuppressive therapies used
to control immune-related adverse events (irAEs) can predispose patients to secondary
or opportunistic infections [89]. Identifying infections that imitate irAEs is particularly
important because the therapy is significantly distinct. Incorrectly diagnosing infections
can result in delayed diagnosis and treatment, exacerbating the infectious disease due to the

administering of corticosteroids and other immunosuppressants to manage the presumed
irAEs [85].

ICI therapy

Immune activation and dysregulation
(T T cell activity; | tolerance)

irAEs Direct immune

Combination thearpy
dysregulation

hepatitis etc. (iCl + chemotherapy)

T cell exhaustion; L Treg; T
effector T cells; T TNF q,

Bone marrow supression
(neutropenia /
lymphopenia)

Figure 2. Proposed mechanisms underlying the increased susceptibility to infectious complications
during immune checkpoint inhibitor therapy.
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Table 2. Mechanistic infection risks associated with immune checkpoint inhibitor (ICI) therapy:.

Predisposing Event

Potential Mechanism

Potential Pathogens/Infections

Direct immune

Loss of checkpoint
control, T-cell

Mycobacterium tuberculosis (new or
reactivation); Fungal infections (Candida
spp., Aspergillus spp.); Viral reactivations
(HIV IRIS, CMYV colitis/ gastritis, VZV CNS
disease, HSV family viruses); HBV

dysregulation by ICIs  hyperactivation -
ysreg ion by ICIs II}{,I%?lﬂ:e Vhelr?or,nena reactivation; SARS-CoV-2 (COVID-19,
p differential with ICI-pneumonitis);
Clostridioides difficile (CDAD, even without
antibiotics)
I?Cf;?iﬂon risk from Recurrent respiratory & urinary tract
erapy alone CTLA-4 infections: Escherichia coli, Klebsiella
. . . pneumoniae, Haemophilus influenzae,
Genetic haploinsufficiency, !
. . . Pseudomonas aeruginosa, Campylobacter spp.,
predisposition LRBA deficiency, Viral
impaired Treg function Staphylococcus aureus; Viral: CMYV,
p adenovirus, norovirus, VZV; Fungal:
Candida spp.
Leukopenia . . .
europe ./ General increased risk of bacterial
. lymphopenia observed . . . . .
ICI-related cytopenia . . (respiratory, urinary tract) infections, viral
with pembrolizumab, L . .
. reactivations, opportunistic fungi
nivolumab
ICI—immune checkpoint inhibitor; IRIS—immune reconstitution inflammatory syndrome; CTLA-4—cytotoxic
T-lymphocyte-associated protein 4; LRBA—Ilipopolysaccharide-responsive and beige-like anchor protein;
Treg—regulatory T-cell; PD-1/PD-L1—programmed cell death protein 1/programmed death-ligand 1, CMV—
cytomegalovirus; VZV—varicella-zoster virus; HSV—herpes simplex virus; HBV—hepatitis B virus; COVID-19—
coronavirus disease 2019; CDAD—Clostridioides difficile-associated disease.
Table 3. Secondary infection risks associated with the management of immune-related adverse events
(irAEs) and endocrine dysfunction.
Predisposing Event Potential Mechanism Potential Pathogens/Infections
Bacterial: Streptococcus pneumoniae,
Infections . . Haemophilus influenzae, Staphylococcus aureus
. S Corticosteroids, ) . .
associated with im- 1t . (pneumonia, bloodstream, intra-abdominal,
. TNEF-« inhibitors (e.g.,, Immunosuppression . )
munosuppressive infliximab) thera urinary tract, SSTI); Viral: Influenza, CMV
treatment of irAEs Py hepatitis/ colitis; Fungal: Pneumocystis
jirovecii pneumonia, invasive aspergillosis
- Increased risk of pneumonia, bloodstream
Hypothyroidism, . . S .
1 s infections, localized infections (e.g.,
Thyroid disorders hyperthyroidism, . L .
g periprosthetic joint infection); broad
thyroiditis )
bacterial spectrum
Endocrine . Low cortisol — Severe bacterial and viral infections (incl.
dysfunctionasa  Tlypophysitis with

risk factor for
infections

adrenal insufficiency

impaired immune
function

higher COVID-19 mortality); sepsis,
hospitalization, infection-related mortality

ICI-induced diabetes
mellitus

Hyperglycemia,
immune dysfunction,
abrupt glycemic
fluctuations

Bacterial: respiratory, urinary tract,
skin/soft tissue; Staphylococcus aureus;
Mycobacterial: Mycobacterium tuberculosis;
Fungal: Candida albicans; Risk amplified
with poor glycemic control

ICI—immune checkpoint inhibitor; irAEs—immune-related adverse events; TNF-x—tumor necrosis factor alpha;
CMV—cytomegalovirus; COVID-19—coronavirus disease 2019; SSTI—skin and soft tissue infection.
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4.1. Infection Risk from ICI Therapy Alone

The use of ICIs alone does not appear to be associated with a general increase in the
overall incidence of infections [89]. For instance, Del Castillo et al. reported that approxi-
mately 7% of melanoma patients treated with immune checkpoint inhibitors developed
infections [90]. However, their administration may directly predispose certain subgroups
of patients to specific infections, such as tuberculosis [91]. T-cell immunity plays a crucial
role in defending the body against infections, including tuberculosis, as well as various
fungal and viral diseases. ICIs, especially those targeting the PD-1/PD-L1 pathway, are
known to restore weakened T-cell responses, which may assist in controlling chronic in-
fections such as HIV or hepatitis. However, this boost in immune activity is not always
beneficial—it can sometimes trigger an exaggerated response to previously silent infections,
observed in HIV patients who develop immune reconstitution inflammatory syndrome
(IRIS) after initiating antiretroviral treatment [84,92]. Further insight into this susceptibility
comes from studies of genetic mutations affecting immune checkpoint pathways. Genetic
mutations in CTLA-4 and PD-1 receptors suggest that pharmacological inhibition of those
pathways may result in infectious complications. For instance, CTLA-4 haploinsufficiency
and LRBA deficiency (LATAIE), both characterized by impaired CTLA-4 signaling, are
associated with Treg dysfunction, systemic autoimmunity and recurrent infections, espe-
cially of the respiratory tract [93,94]. A cohort study of individuals with LATAIE showed
that 71% experienced recurrent respiratory and urinary tract infections. The spectrum of
bacterial pathogens included Escherichia coli, Klebsiella pneumoniae, Haemophilus influenzae,
Pseudomonas aeruginosa, Campylobacter, and Staphylococcus aureus. Reported viral pathogens
encompass cytomegalovirus (CMV), adenovirus, norovirus, and varicella zoster virus
(VZV), while fungal infections such as Candida were also noted [94].

Recent studies revealed that factors beyond corticosteroids and immunosuppression
may contribute to the risk of infections following ICI therapy. Various data indicate that
hyperinflammatory dysregulated immunity associated with ICIs may promote the devel-
opment of infections. To distinguish these from infections caused by immunosuppressive
therapy, it has been proposed to classify them as ITI-DI. ITI-DI may represent a distinct
pathogenic mechanism in which an exaggerated host immune response, resulting from
the suppression of immunological checkpoints, paradoxically benefits the pathogen. This
mechanism is particularly relevant in infections with critical T-cell-mediated immunity;,
such as tuberculosis, fungal diseases, and certain viral infections [83]. Two additional
mechanisms may be implicated in the development of infectious illnesses related to the
use of ICIs. The first concept posits that immunosuppression is associated with immuno-
logical checkpoint-related leukopenia/lymphopenia. It was based on observations in
the KEYNOTEOQ10 research, which reported the incidence of low-grade lymphopenia of
0.6-1.2% with pembrolizumab, and from the CheckMate017 study, which reported mild
to severe-grade leukopenia in 1.0% of patients treated with nivolumab [92]. The second
concept suggests a hypersensitive response comparable to IRIS. It was derived from two
case reports documenting the occurrence of pulmonary tuberculosis and pericardial tam-
ponade due to hypersensitivity reactions to tuberculosis reactivation in lung cancer patients
undergoing nivolumab therapy [92].

Stimulation to the function of T helper-1 (Th1) cells may account for the sporadic
recurrence of tuberculosis observed in certain patients treated with PD-1 antibodies [88,95].
Pre-clinical models confirmed this, showing that PD-1-deficient mice exhibit heightened
susceptibility to Mycobacterium tuberculosis infection [95]. The increased mortality in these
animals is due to the enhanced production of IFN-y by Th1 cells. The observation that
the depletion of CD4+ T-cells preserved the mice and the recognized function of Th1 cells
in controlling M. tuberculosis highlights the necessity of stabilizing T-cell reactivation for
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pathogen eradication while simultaneously preventing collateral tissue immunopathol-
ogy. The blockade of the PD-1/PD-L1 pathway may compromise the immune system’s
defense against infections, consequently elevating the risk of tuberculosis occurrence, even
in individuals not receiving immunosuppressive therapy. Notably, cases of both acute
tuberculosis and recurrence of latent tuberculosis have been recorded in patients on PD-1
therapy [96].

Several studies have described reactivation of latent infections, including tuberculosis,
CMYV, VZV, HBYV, and C. difficile, in patients receiving ICI therapy, some even in the absence
of additional immunosuppression [85,97,98]. Details are summarized with other relevant
studies in Table 4.

Specific symptoms of coronavirus disease 2019 (COVID-19) may resemble ICI-related
pneumonitis. Differentiating between the two disorders is essential but complex and may
necessitate invasive methods like bronchoscopy. Despite the widespread use of SARS-CoV-
2 virus testing prior to the onset of anticancer therapy in numerous oncological centers,
there exists a notable incidence (12%) of false-negative results from reverse-transcription
PCR assays. Consequently, patients with COVID-19 may be mistakenly perceived as having
ICI-related pneumonitis [99].

4.2. Infections Associated with Immunosuppressive Treatment of irAEs

The administration of ICIs is frequently accompanied by distinctive irAEs, which
arise due to heightened immune activation. irAEs are typically reversible when treated
according to standard guidelines utilizing immunosuppressive agents such as steroids or,
in cases of resistance, tumor necrosis factor alpha inhibitors (infliximab) [90]. Immunosup-
pression used to manage irAEs may increase susceptibility to infections. Opportunistic
infections such as Prneumocystis jiroveci pneumonia, cytomegalovirus-induced hepatitis,
and invasive aspergillosis have been reported in several case studies involving melanoma
patients treated with the CTLA-4 inhibitor ipilimumab [100]. Recent reports have expanded
our understanding of opportunistic infections in patients treated with ICIs. Alongside
the more commonly described fungal and viral pathogens, newly reported cases include
infections caused by Nocardia species, invasive Candida and Cryptococcus disease, Liste-
ria monocytogenes meningitis, as well as reactivation of Epstein—Barr virus and human
herpesvirus 6 (HHV-6). In some instances, these infections have manifested with unusually
severe or disseminated courses [101,102]. While most evidence highlights the increased
susceptibility to infection, recent data suggest that the immunomodulatory effects of ICIs
may also vary depending on the pathogen involved. A population-based study from South
Korea found that lung cancer patients treated with immune checkpoint inhibitors had a
lower incidence of herpes zoster compared with those who did not receive immunotherapy.
This observation suggests that immune modulation induced by ICIs may exert pathogen-
specific effects, potentially influencing the risk of viral reactivation [103]. Similarly, a large
nationwide cohort reported no significant increase in Pneumocystis jirovecii pneumonia
among ICI-treated patients, indicating that ICIs alone may not uniformly heighten the risk
of all opportunistic infections [104].

A comprehensive study at Memorial Sloan Kettering Cancer Centre examined 740
melanoma patients in the initial year of ICI therapy to evaluate infection risk. Severe infec-
tions were recorded in 7% of patients, with bacterial pathogens responsible for about 80%
of instances, predominantly presenting as pneumonia, intra-abdominal, or bloodstream
infections. Several viral and fungal infections were also reported. The majority of affected
individuals had been administered corticosteroids, indicating that immunosuppressive
therapy for irAEs may be a significant factor [90]. A study of patients with non-small cell
lung cancer treated with the PD-1 inhibitor nivolumab revealed an infection rate of 19%,
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with respiratory tract infections being the most common. These were typically caused
by community-acquired bacteria such as Streptococcus pneumoniae, Haemophilus influenzae,
Staphylococcus aureus, or viruses like Influenza [92]. Corticosteroids were used to manage
irAEs in about 50% of patients, though without statistical significance [92]. Other studies
similarly link corticosteroid use during ICI therapy to higher risk of severe infections,
most often bacterial—primarily urinary tract, followed by pneumonia and skin/soft-tissue
infections [105].

Moreover, the administration of alternative immunosuppressive drugs for managing
severe irAEs may elevate the risk of opportunistic infections and require additional clinical
attention [106]. Furthermore, CMV infections have been reported in individuals with
ICI-induced colitis who received corticosteroids and infliximab, categorized as refractory
cases [107]. A recent systematic review encompassing over 1000 cancer patients found
that patients administered immunosuppressants for gastrointestinal and hepatobiliary
irAEs encountered more adverse events, with an overall infection rate of 22.3% [106].
The potential of ICI therapy to predispose individuals to invasive fungal infections is a
matter of clinical interest. Infections of this nature are rare with the administration of
ICI, and the majority of cases documented in the existing literature have been assigned
to invasive aspergillosis and pneumocystis pneumonia [90,92]. Uchida et al. described
a lung adenocarcinoma patient whose CPPA worsened under nivolumab despite near-
complete tumor response, likely due to IRIS-like immune hyperactivation rather than
immunosuppression [108].

4.3. Endocrine Dysfunction as a Risk Factor for Infections

While endocrine complications are well-documented as irAEs, their potential role in
predisposing patients to infections remains underexplored. Current evidence does not sup-
port a direct causal relationship between endocrine irAEs and viral or bacterial infections,
including HIV, hepatitis B/C, or tuberculosis. However, overlapping clinical presentations
and secondary factors, such as corticosteroid therapy or metabolic disturbances, may in-
crease susceptibility to infection or complicate diagnosis. Therefore, clinicians should stay
mindful of these potential interactions, though direct evidence remains limited.

4.3.1. Thyroid Dysfunction and Infection Risk

The ICI-induced thyroid dysfunctions, including hypothyroidism, hyperthyroidism,
and thyroiditis, are among the most common endocrine irAEs. However, direct evidence
linking thyroid dysfunction resulting from ICI therapy to an increased infection risk is
limited [109]. Data from non-ICI settings suggest that hypothyroidism, particularly when
inadequately treated, may be associated with elevated susceptibility to infections. A nation-
wide Taiwanese cohort study demonstrated a 38% higher risk of pneumonia in patients with
newly diagnosed hypothyroidism compared to controls, while thyroid replacement therapy
significantly reduced this risk [110]. Likewise, the Norwegian HUNT2 study reported a
20-30% increased risk of bloodstream infections in patients with thyroid dysfunction [111].
Hypothyroidism has been associated not only with higher incidence of systemic infections,
but also with localized infections. In joint arthroplasty patients, hypothyroidism was
linked to higher periprosthetic infection rates (3.4% vs. 1.4%) [112], likely due to impaired
immunity. This suggests that unrecognized thyroid dysfunction during ICI therapy may
raise infection risk, emphasizing proactive endocrine monitoring.

4.3.2. Hypophysitis and Adrenal Insufficiency

Hypophysitis does not directly increase infection risk, but secondary adrenal insuffi-
ciency as a result of hypophysitis can lead to impaired immune function. Adrenal insuffi-
ciency, due to low cortisol production, puts patients at a bigger risk of severe infections



Int. J. Mol. Sci. 2025, 26, 11619

15 of 24

and poor outcomes. Evidence on infection risk specifically in immune checkpoint inhibitor
(ICI)-induced adrenal insufficiency is currently lacking. Available data largely derive from
non-ICI populations. Infections are the third leading cause of mortality in patients with
adrenal insufficiency, with mortality risk highest within the first year after diagnosis [113].
Furthermore, infections are the second most common cause of hospital admission in this
population [114]. A Swedish study further emphasized these risks, showing that patients
with adrenal insufficiency and COVID 19 infection have more than twice the risk of hos-
pitalization, ICU admission, and death [115]. However, it focused on infection-related
mortality in adrenal insufficiency broadly, not specifically on endocrine irAEs or cancer
patients treated with immune checkpoint inhibitors. Therefore, while it is biologically
plausible that cortisol deficiency during ICI therapy could increase susceptibility to severe
infections, this relationship remains theoretical and requires further study.

4.3.3. Diabetes Mellitus and Infection Susceptibility

Although data specific to infection risk in ICI-DM are limited, substantial evidence
from studies of TIDM in general populations demonstrates a strong association between
hyperglycemia and increased infection susceptibility. Patients with TIDM exhibit both
innate and adaptive immune dysfunction, impairing host defenses against various bac-
terial, fungal, and mycobacterial pathogens, particularly Candida albicans, Staphylococcus
aureus, and Mycobacterium tuberculosis [116]. Mendelian randomization suggests a genetic
predisposition to infections in T1IDM, though glycemic control remains the key modifi-
able factor [117]. Prospective studies confirm that diabetes, especially with poor control,
increases risk of respiratory, urinary, skin/soft tissue, and fungal infections, with severe
outcomes at HbAlc > 11% [118,119]. In ICI-DM, abrupt glycemic fluctuations and corticos-
teroid use may heighten infection risk, underscoring the need for strict glucose monitoring,
early insulin initiation, and close infection surveillance.

Table 4 provides an overview of studies reporting infections during ICI therapy.

Table 4. Studies on infections associated with immune checkpoint inhibitor therapy.

Author, Year (Journal)

Study Design & Population Infection Focus Key Results/Findings

Del Castillo et al., 2016 (Clin.

Infect. Dis.) [90]

Approximately 7% developed
infections; mostly bacterial
(85%), some opportunistic
cases.

Retrospective analysis:
melanoma patients treated
with ICIs

General infection risk

Zhang et al., 2019 (J.
Immunother. Cancer) [97]

5.3% experienced HBV
reactivation (median 18
weeks), 5 developed hepatitis;
prophylaxis reduced risk
significantly.

114 HBsAg+ cancer patients
treated with PD-1/PD-L1
inhibitors

HBV reactivation

Uchida et al., 2018 (Respirol.

Case Rep.) [108]

Nearly complete tumor
response but worsening
fungal infection; immune
hyperactivation suspected
(IRTS-like).

Single patient, nivolumab
therapy

Fungal infection (chronic
pulmonary aspergillosis)

Picchi et al., 2018 (Clin.
Microbiol. Infect.) [88]
Fujita et al., 2019 (Respir.
Med.) [92]

Langan et al., 2020 (Lancet
Oncol.) [96]

Several cases of active/latent
TB reactivation; attributed to
PD-1 pathway blockade and

Th1 hyperactivation.

Multiple reports, mostly
melanoma and NSCLC
patients

Tuberculosis reactivation
under PD-1 therapy
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Table 4. Cont.

Author, Year (Journal)

Study Design & Population

Infection Focus

Key Results/Findings

Franklin et al., 2017 (Eur. J.

Melanoma patients with

CMYV reactivation mimicking
refractory autoimmune colitis;

Cancer) [107] ICI-colitis treated with CMV colitis/hepatitis . .
. e confirmed by biopsy, mostly
steroids/infliximab . . .

responsive to ganciclovir.
False-negative RT-PCR

Picasso et al., 2023 (Radiol. Cancer patients on ICIs leferentlatmg. (estimated at 12%); some

Med.) [99] during pandemic ICI-pneumonitis from COVID-19 cases

’ COVID-19 misdiagnosed as ICI

pneumonitis.

Babacan and Tanvetyanon,
2019. (J. Immunother.) [98]

Mostly lung adenocarcinoma
patients with ICI-colitis

Clostridioides difficile infection

Diarrhea exacerbation in ICI
colitis warrants suspicion for
Clostridioides difficile infection

Gudiol et al., 2022 (Open
Forum Infect. Dis.) [85]

Mostly melanoma, lung

VZV skin and CNS infections,

Assessment strategies to
exclude occult infection in

adenocarcinoma and NSCLC vasculopathy + other irAEs shguld follio.w a
pathogens syndromic, suspicion-driven
approach

ICI—immune checkpoint inhibitor; NSCLC—non-small cell lung cancer; HBsAg—hepatitis B surface anti-
gen; PD-1—programmed cell death protein-1; PD-L1—programmed death-ligand 1; HBV—hepatitis B virus;
IRIS—immune reconstitution inflammatory syndrome; TB—tuberculosis; Th1—T helper cell type 1, CMV—
cytomegalovirus; RT-PCR—reverse transcription polymerase chain reaction; VZV—varicella zoster virus; CNS—
central nervous system.

5. Challenges, Controversies, and Future Direction

5.1. Potential Challenges in the Differential Diagnosis of irAEs and Infectious Complications
Associated with Checkpoint Inhibitors

Given that the number of oncology patients is increasing and that checkpoint inhibitors
are used in more and more indications and types of tumors, from neoadjuvant to metastatic
treatment, the question arises whether the guidelines for monitoring, diagnosing and
treating the adverse events of this therapy are sufficiently precise. Treatment is mainly
focused on corticosteroid and hormone replacement therapy, but given that these drugs
will be used by a large number of patients for a long time, it is necessary to find better and
more precise ways to predict and treat certain adverse events. Also, given the growing
number of oncology patients, oncology clinics are often overcrowded, and it is possible
that doctors do not have time to analyze the patient’s symptoms in detail. This can be
especially disastrous if infections associated with checkpoint inhibitors occur that remain
unrecognized. Therefore, for this aspect, there should be quality algorithms for treatment
and diagnosis in the event of the appearance of certain symptoms.

5.2. Future Approach to the Treatment of irAEs

In addition to the aforementioned biomarkers that could predict which patients will
develop irAEs, a number of new drugs could also contribute to the effectiveness of treat-
ment. Rituximab, a drug widely used in hematological malignancies, has been shown to be
useful in the treatment of neurotoxicity (e.g., myasthenia gravis) and nephrotoxicity caused
by ICIs [11]. The use of inhibitors of various cytokines in the treatment and prophylaxis
of irAEs is also being actively investigated. Of particular importance is interleukin-6,
which has a significant proinflammatory effect in these adverse events, and its inhibitor
tocilizumab. Tocilizumab is already used in the treatment of rheumatoid arthritis and giant
cell arteritis [11]. In a study of 2 melanoma treatment centers, 20 patients with irAEs were
treated with tocilizumab, in addition to 2 patients with existing autoimmune diseases who
received it prophylactically [12]. It has been shown to be successful in treating adverse
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events while reducing CRP and in preventing the exacerbation of autoimmune diseases.
Also, according to an analysis in which 91 patients received tocilizumab for the treatment
of adverse events, 85% of patients were successfully treated and did not experience disease
progression [120]. Other cytokine inhibitors are also being investigated, such as the IL-17
inhibitors bimekizumab and secukinumab and the IL-23 inhibitor guselkumab [11].

These drugs could significantly reduce the use of corticosteroids in the treatment of
irAEs, which would potentially lead to a reduction in opportunistic infections caused by
corticosteroids. It is also possible that they could reduce ICI therapy-induced dysregulated
immunity, which also favors infections. However, many more clinical trials for this indi-
cation are needed because of the possible collision with the antitumor activity of ICI and
consequently a reduction in their efficacy.

What is encouraging is the apparent increase in global scientific interest in this field,
as evidenced by the substantial rise in studies published in recent years on IrAEs, as well
as the efficacy and safety of ICIs [121]. This growing body of research indicates that both
investigators and clinicians have progressively come to appreciate the clinical significance
of IrAEs and the critical importance of ensuring the safest and most responsible use of ICIs
in practice.

6. Conclusions

ICIs have transformed cancer therapy by reactivating T cell-mediated anti-tumor im-
munity, but this potent immune stimulation can also cause a wide range of irAEs. Among
the most common are endocrine dysfunctions, including thyroiditis, hypophysitis, which
can lead to permanent secondary adrenal insufficiency, and a rare but severe form of au-
toimmune DM. At the same time, infectious complications observed in ICI-treated patients
appear to be influenced primarily by the immunosuppressive therapies used to manage
irAEs, as well as by the immune consequences of the endocrine dysfunctions themselves.
Evidence also suggests that these endocrine irAEs, particularly adrenal insufficiency and
diabetes, may further impair immune function and predispose patients to a significantly
higher risk of infection. Therefore, greater interdisciplinary awareness is crucial for the early
recognition and treatment of these complex endocrine and infectious complications, which
is critical for improving the safety and outcomes of patients receiving immunotherapy.
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Abbreviations

The following abbreviations are used in this manuscript:

ACTH Adrenocorticotropic hormone
Al Adprenal insufficiency
CDAD C. difficile associated disease

CMVCNS  CytomegalovirusCentral nervous system
COVID-19  Coronavirus disease 2019

CPPA Chronic progressive pulmonary aspergillosis
CRP C-reactive protein

CT Computed tomography

CTLA-4 Cytotoxic T-lymphocyte-associated protein 4
DKA Diabetic ketoacidosis

DM Diabetes mellitus

fT4 Free thyroxine

HbAlc Glycated hemoglobin

HBV Hepatitis B virus

HLA Human leukocyte antigen

ICI Immune checkpoint inhibitor

ICI-DM Immune checkpoint inhibitor-associated diabetes mellitus
IFN-y Interferon-gamma

IL Interleukin

irAEs Immune-related adverse events

IRIS Immune reconstitution inflammatory syndrome
ITI-DI ICI therapy-induced dysregulated immunity
MRI Magnetic resonance imaging

PCR Polymerase chain reaction

PD-1 Programmed cell death protein 1

PD-L1 Programmed death-ligand 1

T1DM Type 1 diabetes mellitus

Treg Regulatory T-lymphocytes

TSH Thyroid-stimulating hormone

vzZv Varicella-zoster virus
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