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Abstract

The immune system plays a vital role in defending the body against
infections and tumors, inspiring the development of innovative thera-
pies like immune checkpoint inhibitors (ICIs) that have transformed
the treatment of advanced cancers. Pembrolizumab, a monoclonal
antibody targeting the programmed cell death 1 (PD-1) receptor, is a
powerful ICI effective against various malignancies but frequently as-
sociated with immune-related adverse events (irAEs). In this report,
we present a case of organizing pneumonitis that developed 3 months
after initiation of pembrolizumab treatment for non-small cell lung can-
cer (NSCLC). A 64-year-old woman with NSCLC, undergoing main-
tenance therapy with pembrolizumab, presented with multiple lung
consolidations. Her medical history included thalassemia minor, a pre-
pyloric ulcer, hiatal hernia, and a history of smoking. Extensive micro-
biological testing, including bronchoalveolar lavage, was negative, and
her condition did not improve with broad-spectrum antibiotics. This
led to a suspected diagnosis of pembrolizumab-induced pneumonitis.
Treatment with high-dose corticosteroids resulted in full clinical and
radiological resolution. This case underscores the importance of moni-
toring for irAEs during ICI therapy, as differential diagnosis between
immunotherapy-induced organizing pneumonia and tumor progression
is challenging in patients with advanced lung cancer.
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Introduction

The immune system plays a central role in protecting the body
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against infections and tumors. The ability to distinguish be-
tween “self” and “non-self” is the foundation of both innate
and adaptive immunity, which work together to identify and
eliminate abnormal or infected cells [1]. Based on the evidence
that tumors can evade immune surveillance through various
mechanisms, the immune system has become a crucial target
in oncological research. This has led to the development of
novel therapeutic strategies, such as immune checkpoint inhib-
itors (ICIs), a groundbreaking innovation in cancer treatment
in patients with advanced tumors [2].

Tumor cells evade immune surveillance and advance
through different mechanisms, including the activation of im-
mune checkpoint pathways that suppress antitumor immune
responses [3]. ICIs revitalize host antitumor immune respons-
es by disrupting co-inhibitory signaling pathways and foster-
ing immune-mediated elimination of tumor cells [4].

Programmed cell death 1 (PD-1) is expressed on activated
T cells (both CD8" and CD4"), B cells, monocytes, dendritic
cells, natural killer and T regulatory (Treg) cells [5, 6]. In-
flammatory cytokines associated with tumor growth induce
the expression of programmed cell death ligand 1 (PD-L1) on
various cell types and PD-L2 mainly on antigen-presenting
cells [7]. The interaction between PD-1 and PD-L1 or PD-L2
negatively impacts the function of T and B cells, resulting in
reduced function, impaired cytokine production and antibody
formation [8, 9]. This inhibition contributes to the regulation
of autoimmunity, anti-tumor responses, and anti-infectious im-
munity [10].

ICIs have shown significant efficacy in tumors such as
melanoma and lung cancer. However, their mechanism of
action has an intrinsic risk of unrestrained T-cell activation,
which is the hallmark of the ICI immune-related adverse
events (irAEs) [11]. ICI-associated irAEs are various and
may range from mild dermatological and gastrointestinal in-
volvement to severe endocrine, pulmonary and cardiac com-
plications [12].

Although ICI-related pneumonitis has been previously de-
scribed in the literature, this report aims to provide insights
particularly relevant to the internal medicine setting, where the
case was observed and where community- or hospital-acquired
pneumonias are common and often considered in differential
diagnosis. We describe a case of grade 3 pneumonitis related to
pembrolizumab, a rare but potentially life-threatening adverse
event, characterized by heterogeneous clinical and radiologi-
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Figure 1. Timeline of the clinical case. CT: computed tomography; BAL: bronchoalveolar lavage; CMV: cytomegalovirus; EBV:
Ebstein-Barr virus; ED: emergency department; PCR: polymerase chain reaction.

cal features. Our experience highlights the diagnostic chal-
lenges encountered by clinicians outside oncology-specialized
units and emphasizes the importance of a structured diagnostic
approach and adherence to current guidelines for the appropri-
ate management of irAEs.

Case Report

A 64-year-old woman with stage IV non-small cell lung can-
cer (NSCLC) was admitted to our hospital with worsening
dyspnea, a persistent productive cough with whitish sputum,
and left scapular pain lasting for 2 days, unrelieved by par-
acetamol. She was a former hospital healthcare assistant. Her
body mass index (BMI) was 25.7, with a weight of 70 kg and
a height of 165 cm.

Her medical history was notable for thalassemia minor, a
pre-pyloric ulcer, hiatal hernia, and a past history of tobacco
smoking (20 cigarettes per day from age 20, totaling 43 pack-
years).

The patient had been diagnosed 1 year earlier with NSCLC,
exhibiting a K-Ras (KRAS) gene ¢.34G>T mutation in exon 2
and a PD-L1 expression level of 30%. Radiological staging
revealed metastases in the spine, iliac wing, ribs, femur, and
adrenal glands. Three months earlier, she had completed four
cycles of chemotherapy with carboplatin, pemetrexed, and
pembrolizumab, along with palliative radiotherapy targeting
spinal metastases. Following remission confirmed by posi-
tron emission tomography (PET), she received maintenance
therapy with pemetrexed and pembrolizumab for an additional

Fiberoptic bronchoscopy and BAL:

BAL culture negative

02 therapy with nasal cannulas

Levofloxacin 750 mg/day
for seven days

Methylprednisone (1 mg/kg/day)

four cycles, with the last cycle administered 1 month prior to
hospitalization (Fig. 1).

Physical examination

Upon referral, the patient presented with worsening dyspnea
on mild exertion, a blood pressure of 150/80 mm Hg, heart rate
of 100 beats per minute (bpm), and peripheral oxygen satura-
tion at 90%. The axillary temperature was 37.5 °C. Low-flow
oxygen therapy was initiated at 2 L/min. Cardiac examination
revealed regular, rhythmic heart tones within normal frequen-
cy and no heart murmurs. Pulmonary assessment showed di-
minished vesicular breath sounds at the lower right base and
bilateral basal crepitations.

Diagnostic assessment

The nasopharyngeal swab test for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) antigen was negative.
Blood levels of electrolytes and glucose, along with liver and
kidney function tests, were within normal limits. Laboratory
tests showed a white cell count of 6,800/uL (neutrophils 5,800/
pL, lymphocytes 710/uL), hemoglobin level of 7.4 g/dL, and
platelet count of 121,000/uL. C-reactive protein (CRP) was
0.97 mg/dL, with a prothrombin time (PT) of 1.37 and acti-
vated partial thromboplastin time (aPTT) of 1.23.

A contrast-enhanced chest computed tomography (CT)
scan ruled out pulmonary embolism, revealing multiple in-
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flammatory consolidations in the basal segments of the bilat-
eral lower lobes and the apical segment of the left upper lobe,
consistent with an inflammatory process [13]. Coarse fibrotic
changes were noted in both apices, with thickened intralobular
septa showing a fibrotic appearance. A small subpleural mi-
cronodule of nonspecific significance was also observed in the
anterior segment of the left upper lobe.

The patient was subsequently transferred to our Internal
Medicine Department. Despite a 7-day course of levofloxacin,
she continued to experience persistent high fever and unre-
solved respiratory insufficiency. Further nasopharyngeal swabs
were tested for metapneumovirus, respiratory syncytial virus A
and B, influenza virus A (H1, A H3), parainfluenza virus (1, 2,
3, 4), adenovirus, coronavirus (229E, NL63, OC43), rhinovi-
rus (A/B/C), enterovirus, and bocavirus, all yielding negative
results. Urinary antigen tests for Legionella spp. and Strepto-
coccus pneumoniae were also negative. To further investigate,
a bronchoalveolar lavage (BAL) was performed, with micro-
biological tests for cytomegalovirus, Aspergillus, Pneumocys-
tis jirovecii, fungi, and galactomannan all yielding negative
results. Despite appropriate antibiotic therapy, inflammatory
markers remained elevated (CRP 8 mg/dL).

Therefore, we revised the potential differential diagno-
sis of tumor progression. The most recent PET-CT, conducted
about 4 months before admission, showed a significant reduc-
tion in metabolic activity of the known left lung lesion and
skeletal lesions, along with near-complete resolution of spi-
nal and right adrenal lesions. This response to the initial four
cycles of immunochemotherapy, which led to maintenance
therapy, made the findings from the high-resolution chest CT
inconsistent with likely tumor progression.

After a multidisciplinary discussion with our oncology
team, who played a crucial role in the diagnostic and therapeu-
tic process, we suspected an ICI-associated pneumonitis.

Supporting this hypothesis, the initial CT scan in the emer-
gency department revealed fibrotic streaks in the middle lobe
and lingula, along with thickened intralobular septa with a fi-
brotic appearance at the apices, in addition to the previously
noted consolidations. A subsequent high-resolution computed
tomography (HRCT) demonstrated the expansion of the previ-
ous consolidations in the apical and posterior regions of the
upper lobes and the basal regions of the lower lobes, predomi-
nantly on the right. New ground-glass opacities and a crazy-
paving pattern in the upper and lower lobes were also evident

(Fig. 2).
Therapeutic interventions

After a final consultation with oncology and infectious disease
specialists, a diagnosis of pembrolizumab-induced pneumoni-
tis was made. We started an intravenous immunosuppressive
therapy with methylprednisolone at 1 mg/kg/day, which led to
a marked clinical improvement, including weaning off oxygen
therapy within 48 - 72 h and resolution of fever. After a rapid
recovery, the patient was discharged at home with instructions
to continue tapered oral corticosteroid therapy based on clini-
cal progress during subsequent outpatient follow-ups.

Figure 2. Chest computed tomography scan showing ground-glass
opacities, pleural effusion and a crazy-paving pattern in both the lower
lobes.

Follow-up and outcomes

Following hospital discharge, a staging PET-CT revealed per-
sistent disease in the lower lobe of the lung with reduced meta-
bolic activity. Based on oncological reassessment, systemic
therapy with pemetrexed and pembrolizumab was resumed.
Exertional and nocturnal respiratory insufficiency persisted.
Treatment was later continued with pemetrexed alone, but
complications including anemia, recurrent pneumonias, sepsis,
acute-on-chronic kidney injury, and deep vein thrombosis led
to repeated hospitalizations and clinical deterioration. Given
the patient’s declining performance status and limited treat-
ment benefit, oncologic therapy was discontinued, and pal-
liative care was initiated; unfortunately, the patient eventually
died a few months later.

Discussion

The introduction of ICIs has revolutionized the therapeutic
landscape of oncology, offering durable responses in a vari-
ety of advanced malignancies. Cancer growth and progression
are linked with immune suppression. The concept of immune
surveillance was first proposed by Paul Ehrlich in 1909 and
later developed by Frank Macfarlane Burnet in the 1950s [14].
They both hypothesized the immune system ability to recog-
nize and destroy emerging tumor cells before they can form
clinically evident tumors. However, some tumors can escape
immune surveillance through a process known as immunoed-
iting, which occurs in three stages: elimination, equilibrium,
and escape [15]. Tumors adopt various strategies to evade im-
mune elimination, such as the loss of immunogenic antigens or
major histocompatibility complex molecules, the activation of
Tregs, or expression of inhibitory ligands such as PD-L1, which
interacts with the PD-1 receptor on T cells, inducing a state of
functional impairment known as “T cell exhaustion” [16].

The blockade of PD-1 and cytotoxic T-lymphocyte an-
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tigen-4 (CTLA-4), two key immune checkpoints, has been
shown to restore T-cell functionality and enhance the immune
response against tumors [3]. These drugs act by releasing the
“brakes” of the immune system, allowing T cells to recognize
and destroy tumor cells more effectively [3].

However, their distinct mechanism of action, unlike cyto-
toxic chemotherapy, can lead to the uncontrolled reaction of T
cells against self-antigens, manifesting as a broad spectrum of
irAEs. These may affect any organ, most commonly the gastro-
intestinal tract, skin, liver, endocrine glands, and lungs. A high
index of suspicion is required to promptly identify treatment-
related toxicity. This warrants careful personalized manage-
ment of these patients, with specific guidelines to monitor and
treat these side effects [17]. The incidence, severity, and timing
of irAEs depend on the ICI type, dosage, type of cancer, and
patient-specific factors. Anti-PD-1/PD-L1 agents are generally
associated with fewer and later-onset irAEs than anti-CTLA-4
therapies, while combination regimens significantly increase
both risk and severity [17].

Pneumonitis is a rare but serious and potentially life-
threatening adverse event associated with ICIs. Pembrolizum-
ab-induced pneumonitis has a reported incidence of around
5% (range 1-7%) in monotherapy and slightly higher with
combination therapy [18]. Nishino et al reported an overall in-
cidence of 2.7% for pembrolizumab for all-grade pneumonitis
and 0.8% for grade 3 or higher pneumonitis in the monothera-
py group and less than 1% for CTLA-4 agents [19, 20].

The reported case aligns with previous reports of pem-
brolizumab-induced pneumonitis regarding the timing, clini-
cal presentation, and favorable steroid response of immune-
related pneumonitis induced by PD-1 inhibitors.

Patients with NSCLC, such as our patient, face higher
odds of all-grade pneumonitis with anti-PD1 than melano-
ma patients, and a higher pneumonitis-related mortality [20,
21]. Prior thoracic radiotherapy does not significantly affect
pneumonitis risk [22], whereas the impact of smoking status
remains unclear [23, 24]. Pneumonitis can occur at any time
during ICI therapy, with a highly variable onset ranging from a
few days to 26 weeks and a median of 1 - 2 months after treat-
ment initiation, but typically presents later than other irAEs
[21, 25]. In our case, onset occurred 3 months after treatment
with pembrolizumab, and symptoms included dyspnea, cough,
and fever [13, 18, 21].

The diagnostic workup in this case was comprehensive
and consistent with American Society of Clinical Oncology
(ASCO) guidelines, with infection and tumor progression sys-
tematically excluded via microbiological testing and PET-CT
[17]. A thorough diagnostic workup was conducted to rule out
other causes, such as infections and tumor progression, fol-
lowing current guidelines for G2 or higher-grade pneumonitis
[17]. Following the suggested workup, a CT scan with contrast
enhancement was performed to exclude pulmonary embolism
showing instead bilateral heterogeneous parenchymal consoli-
dations and fibrotic changes [17].

Radiologically, the most frequently reported findings of
ICI-related pneumonitis are that of cryptogenic organizing
pneumonia, with ground-glass or consolidative opacities in
peripheral or peribronchial distribution, followed by nonspe-
cific interstitial pneumonia, with ground-glass opacities and

reticular opacities primarily in the peripheral and lower lungs,
with or without pleural effusion [13, 21, 24]. In our patient, af-
ter contrast-enhanced CT, a confirmation HRCT showed bilat-
eral consolidations, ground glass opacities, and a crazy-paving
pattern, consistent with pembrolizumab-induced organizing
pneumonia. The radiological appearance of coronavirus dis-
ease 2019 (COVID-19) and ICI-induced pneumonitis may be
similar [26]. In our case, COVID-19 was excluded immedi-
ately by PCR testing.

According to the Common Terminology Criteria for Ad-
verse Events (CTCAE), our clinical case qualified as grade 3
pneumonitis (Table 1) [17]. Initial treatment with corticoster-
oids (2 - 4 mg/kg/day) is recommended for symptomatic ICI
pneumonitis, as shown in Table 1. If symptoms do not improve
or worsen after 48 h, additional immunosuppressive agents,
such as infliximab, cyclophosphamide, intravenous immu-
noglobulin, or mycophenolate mofetil, should be considered
[17]. In case of clinical improvement, steroids should be ta-
pered over a period of at least 6 weeks.

In our case, the rapid response to a high-dose corticoster-
oid therapy, with complete weaning from oxygen within 48
h, was consistent with reported positive outcomes within few
days in > 80% of cases and confirmed the reversibility of grade
3 irAE with timely intervention [17, 21, 23]. When the clinical
presentation is consistent with pneumonitis and the response
to treatment is rapid, transbronchial biopsy is generally not
deemed necessary, as reflected in ASCO guidelines [17]. In
line with this and given the prompt clinical improvement, lung
biopsy was not performed in our case.

Unlike steroid-refractory cases requiring second-line im-
munosuppression [16], no relapse or escalation of therapy was
needed. While re-challenge with ICIs is controversial and pa-
tient-dependent, permanent discontinuation remains standard
for grade 3 or higher events.

Overall, this case reinforces the clinical variability of ICI-
related pneumonitis and the importance of early recognition,
multidisciplinary evaluation, and guideline-driven manage-
ment to prevent morbidity.

Conclusions

ICIs are powerful tools to stimulate antitumor immunity but
require careful, personalized use.

The present case report highlights the importance of
closely monitoring irAEs from the start of ICI treatment and
emphasizes the clinical challenge to differentiate immunother-
apy-induced organizing pneumonitis from tumor progression,
particularly in patients with advanced lung cancer.

In the coming years, we advocate for the discovery of bio-
markers - such as tumor genetic mutations, microenvironment
factors, and patient genetics - to help predict or monitor 1CI-
related pneumonitis and other irAEs.
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Table 1. Recommended Management of Immune-Related Pneumonitis

Grading Management

G1: asymptomatic; confined to one lobe
of the lung or 25% of lung parenchyma;
clinical or diagnostic observations only

Hold ICI or proceed with close monitoring.
Monitor patients weekly with history and physical examination, pulse oximetry;
chest imaging (X-ray or CT) if uncertain diagnosis and/or to follow progress.

Repeat chest imaging in 3 - 4 weeks or sooner if patient becomes symptomatic.
In patients with baseline spirometry or DLCO, repeated

testing may be considered in 3 - 4 weeks.

May resume ICI with radiographic evidence of improvement or resolution if held.
If there is no improvement, treat it as G2.

G2: symptomatic; involves more than
one lobe of the lung or 25-50% of lung
parenchyma; medical intervention
indicated; limiting daily activities

Hold ICI until clinical improvement to G1.

Prednisone 1 - 2 mg/kg/day and taper over 4 - 6 weeks.

Consider bronchoscopy with BAL + transbronchial biopsy.

Consider empiric antibiotics if infection remains in the differential diagnosis after workup.

Monitor at least once per week with history and physical examination,
pulse oximetry, consider radiologic imaging; if there is no clinical
improvement after 48 - 72 h of prednisone, treat it as grade 3.
Pulmonary and infectious disease consults if necessary.

G3: severe symptoms; hospitalization
required; involves all lung lobes or 50%
of lung parenchyma; limiting self-care
daily activities; oxygen indicated

Permanently discontinue ICI.

Empiric antibiotics may be considered.

Methylprednisolone IV 1 - 2 mg/kg/day.

If there is no improvement after 48 h, may add immunosuppressive agent. Options

include infliximab or mycophenolate mofetil IV or IVIG or cyclophosphamide.
Taper corticosteroids over 4 - 6 weeks.
Pulmonary and infectious disease consults if necessary.

G4: life-threatening respiratory compromise;
urgent intervention indicated (intubation)

May consider bronchoscopy with BAL + transbronchial biopsy if patient can tolerate.

BAL: bronchoalveolar lavage; CT: computed tomography; DLCO: diffusing capacity of lung for carbon monoxide; ICI: immune checkpoint inhibitor;

IV: intravenous; IVIG: intravenous immunoglobulin.
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