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Abstract
Introduction: Immune-check-point inhibitors (ICIs) are established in the treatment of many
malignancies. Many immune-related adverse events (irAEs) are well described; however, there is
less information about opportunistic infections in cancer patients receiving ICIs. Case
Presentation: We describe the case of a 62-year-old woman with non-small cell lung
cancer, who relapsed after surgical resection and chemotherapy. She received 13 months of
pembrolizumab, achieving stable disease, before presenting with suspected pneumonitis
2 weeks prior to departure for an international vacation. She was treated with high-dose
corticosteroids and, shortly thereafter, developed severe nocardiosis, requiring venovenous
extracorporeal membrane oxygenation and lengthy hospitalization. Conclusion: To our
knowledge, this represents the second known case of pulmonary nocardiosis in a patient on
pembrolizumab. Moreover, this is a rarely reported instance of opportunistic bacterial infection
following steroid treatment for ICI pneumonitis. This case report emphasizes the risk of bacterial
infection associated with ICI pneumonitis, both due to the difficulty of excluding underlying
infection at presentation, and the immunosuppression caused by irAE treatment. As such, we
suggest that clinicians maintain a high suspicion for potential infection in ICI pneumonitis, and
strongly consider initiating infectious workup with regular follow-ups for monitoring.
Prophylactic antibiotics could be considered when such monitoring is not possible.
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Introduction

Immune-check-point inhibitors (ICIs) have become an integral tool in medical oncology
[1]. Although ICIs are remarkably effective against a multitude of cancers, immune system
over-activation also leads to a unique array of toxicities, collectively termed immune-related
adverse events (irAEs) [1]. Skin manifestations such as rash are most common, yet irAEs can
occur in numerous organ systems, such as pneumonitis, hepatitis, and colitis. Immuno-
suppression with corticosteroids is the primary treatment for significant irAEs [2], with
emerging reports of heightened infection risk during such immunosuppression, including
fatal opportunistic infections [3, 4]. In this report, we describe a case of pulmonary no-
cardiosis in a patient on pembrolizumab who was receiving oral corticosteroids for ICI
pneumonitis, a seldom-reported case of opportunistic bacterial infection during ICI pneu-
monitis treatment. The CARE Checklist has been completed by the authors for this case report,
attached as online supplementary material (for all online suppl. material, see https://doi.org/
10.1159/000541694).

Case Presentation

A 62-year-old female with a history of type 1 diabetes, cardiovascular disease, and
30 pack-years of cigarette smoking presented to her family doctor in August 2020 with
several months of fatigue. Subsequent CXR showed a new right lower lobe mass and after
comprehensive staging investigations, she underwent surgical resection for a pT2bN1
squamous cell carcinoma. Two cycles of adjuvant cisplatin and vinorelbine were started in
January 2021 and discontinued early due to emesis.

In December 2021, the patient relapsed with stage 4 disease after presenting with
worsening pleuritic chest pain. A CT chest revealed a pleural effusion with pleural thickening,
and a diagnostic tap confirmed malignancy. PD-L1 expression was >90%; thus, pembroli-
zumabwas started in February 2022. This therapy waswell tolerated, with occasional grade 1
diarrhea and pruritus.

After 13 months of therapy with stable trace effusion and pleural thickening (shown in
Fig. 1a), the patient planned a Caribbean cruise that had been deferred from the prior year.
Routine CT scans 3 weeks prior to departure reported new bilateral lower lobe peripheral
reticulation and ground-glass opacities, consistent with organizing pneumonia (shown in
Fig. 1b, c), but due to the history of pembrolizumab use, the radiology report noted a concern
for drug-induced pneumonitis. The patient presented to the clinic the following week (March
2023) with new mild shortness of breath on exertion; however, she was non-febrile with no
cough and an unremarkable white blood cell (WBC) count. A 5-week taper of 50 mg
prednisone (10 mg reduction per week) was initiated for pneumonitis with follow-up in 1
week. Immunotherapy was held. No infectious workup was performed due to low clinical
suspicion of infection. After 1 week her symptoms had resolved, and she was deemed
medically fit to travel.

Two weeks into the taper and while on the cruise, the patient developed significant
shortness of breath and subsequently presented to a hospital in Cozumel, Mexico. She was
profoundly hypoxemic (pO2 40 mm Hg) requiring intubation. She was started on broad-
spectrum antibiotics and antifungals. A CT scan demonstrated new bilateral diffuse cen-
trilobular ground-glass nodules, tree-in-bud opacities, a new necrotic left upper lobe con-
solidation mass and left lower lobe consolidation (shown in Fig. 1d). Due to the inability to
maintain target oxygen saturations while intubated, she was placed on venovenous extra-
corporeal membrane oxygenation. A medevac transfer to Canada happened after 5 days. She
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was de-cannulated 2 days later. Sputum cultures in Mexico reported unspeciated Nocardia,
confirmed as Nocardia cyriageorgica via repeat culture performed upon repatriation. Blood
cultures were negative. The patient remained afebrile throughout admission. On repatriation,
she was started on combination antibiotic therapy consisting of meropenem and
trimethoprim/sulfamethoxazole (TMP-SMX) until susceptibility results were available and
clear radiographic improvement was demonstrated (~1 month). Antibiotics were then tai-
lored to TMP-SMX for an additional 5 months. An expedited prednisone taper was also
completed during admission as underlying pneumonitis could not be ruled out. In total, the
patient was admitted to a hospital for 53 days, including 10 days in the intensive care unit, and
further required hemodialysis due to AKI (presumed from sepsis) for 51 days.

The cancer remained stable throughout the admission. Due to uncertainty about whether
underlying pneumonitis had contributed to the patient’s pulmonary insult, and the antici-
pated inability to distinguish pneumonitis from infection relapse, the pembrolizumab has

Fig. 1. a January 2023: coronal CT with good cancer control on pembrolizumab. March 2023: evidence
of pneumonitis on coronal scan (b), but nomass in the left upper lobe on axial imaging (c). d April 2023:
new left upper lobe mass reflecting Nocardia infection.
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been held indefinitely. At the latest radiological and clinical follow-up in summer 2024, the
patient is well with ongoing cancer control and no infection recurrence, now >12 months
since discharge.

Discussion

Nocardiosis refers to the infection caused by Nocardia spp., which are gram-positive
aerobic bacilli prevalent throughout the world in both terrestrial and aquatic environments.
Such infections are exceedingly rare and are widely considered opportunistic in nature [5].
Infections with Nocardia predominantly occur in immunocompromised hosts, although in-
fection can infrequently occur among immunocompetent patients, usually when underlying
comorbidities are present including diabetes and smoking [6]. However, these comorbidities
can hardly raise suspicion of nocardiosis (in the absence of immunocompromise) as the
prevalence of such comorbidities far exceeds that of nocardiosis (only 500–1,000 nocardiosis
cases are reported in the USA annually) [5]. While Nocardia can cause disease at any route of
entry, pulmonary infection represents 80% of cases (usually from inhaling contaminated
aerosols) [5, 7]. Invasive pulmonary infection is overwhelmingly associated with an im-
munocompromised state and carries an especially poor prognosis given that ~50% of cases
progress to disseminated infection [5, 8].

There is increasing consensus that ICI use is not a priori associated with heightened
infection risk [9]. Of interest are two cases of nocardiosis in patients on pembrolizumab
monotherapy, one cerebral and one pulmonary, and each without concurrent immunosup-
pression [10, 11]. Both presented 3–4 months after initiating pembrolizumab as such the
authors hypothesize that pembrolizumab induced immune dysregulation akin to immune
reconstitution inflammatory syndrome (IRIS) observed in HIV treatment. Although IRIS is
poorly understood, it generally presents within 6 months of HIV treatments [12]. IRIS is
therefore unlikely to explain this case, where nocardiosis occurred 13 months after pem-
brolizumab initiation. In the cerebral case, the authors also suggest latent infection could have
developed prior to initiating pembrolizumab. While cerebral nocardiosis is known to be latent
for up to 3 years, the latency of pulmonary nocardiosis is not characterized (many individuals
have asymptomatic colonization) [7] and, therefore, would be difficult to evaluate in this case.

In contrast to infection risk, irAEs represent a far more pressing concern of ICI treatment.
The frequency and symptoms of irAEs are highly variable across organ systems; however, they
are consistent in that the moderate-to-severe forms can be life-threatening [2]. Such is the
case with pneumonitis, for which the American Society of Clinical Oncology (ASCO) reports an
overall incidence of 2.7% on PD-1/PD-L1 inhibitors [2]. While this case highlights a pul-
monary complication in an NSCLC patient, where imaging can sometimes be difficult in
distinguishing the disease from complications, these pulmonary complications can occur with
ICI use across a broad range of malignancies.

Troublingly, it is difficult to rule out infection in suspected ICI pneumonitis. Clinical
presentation is similar (dyspnea, cough, and fever), and no radiographic features are pa-
thognomonic for pneumonitis [2, 3]. Further, even if no underlying infection exists at di-
agnosis, pneumonitis treatments will leave patients more vulnerable to infection. As per ASCO
guidelines, the treatment formostmoderate-to-severe irAEs (pneumonitis included) is a high-
dose steroid taper, with infliximab as an alternative or if refractory [2]. Such treatments are
clearly understood to increase the risk of severe and opportunistic infections; emerging
evidence shows this risk remains present in the treatment of irAEs [1, 3, 4, 9]. However, there
are no clear guidelines for infectious workup or antibiotic use in ICI pneumonitis. ASCO
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guidelines only note that such investigations or empiric antibiotics may be considered if grade
2 severity or higher.

This case highlights the diagnostic uncertainty and risk of infection associated with ICI
pneumonitis. Even after extensive review of this case, it remains unclear whether nocardiosis
infection was already developing at the patient’s initial March 2023 presentation, or only
developed following immunosuppression from high-dose steroids. Although it seems unlikely
that an otherwise immunocompetent patient (only on pembrolizumab monotherapy) would
contract nocardiosis, such a case has been documented in the literature [10], and infection
was not definitively ruled out in our patient. Given that suspicion for infection was low at her
March 2023 presentation (she was afebrile with no leukocytosis, and the CT report spe-
cifically noted a concern for pneumonitis), a trial of steroid therapy seemed a reasonable
option (rather than pursuing further infectious workup, especially invasive bronchoscopy).
Pneumonitis was an entirely reasonable diagnosis supported by radiographic data and an
excellent response to steroids, yet it remains possible that the nocardiosis was temporarily
masked by steroids until she decompensated on vacation. Without clinical monitoring or
infectious workup, one cannot be certain that underlying infection is absent when diagnosing
ICI pneumonitis. Given the known risk of opportunistic infection in patients on high-dose
steroids; however, this case may also represent opportunistic infection secondary to steroid-
induced immunocompromise. Naturally, in hindsight, should the patient have been cleared for
travel after just 7 days of corticosteroids? This was a long-planned (and delayed) trip with
children and grandchildren and highlights the challenge of balancing clinical goals with
personal goals.

There are few reports of opportunistic bacterial infection during irAE treatment. Most
reports of opportunistic infection are of Pneumocystis jirovecii, Aspergillosis, tuberculosis
reactivation, and various viral infections [1, 3, 4, 9]. For ICI pneumonitis treatment specifically,
there are virtually no reported cases of opportunistic bacterial infection beyond one instance
of each of Pseudomonas and Corynebacterium striatum [13, 14].

In summary, this case represents a rare instance of nocardiosis in a patient on pembro-
lizumab. Moreover, it represents one of the few reported cases of opportunistic bacterial in-
fection during steroid treatment for ICI pneumonitis. This case highlights the dually elevated
risk of infection in ICI pneumonitis, both due to the difficulty of identifying infection based on
clinical presentation and the subsequent immunocompromise associated with treatment. As
such, we suggest that in the absence of clear guidelines for infectious workup and antibiotic use
in ICI pneumonitis, physicians should remain vigilant for potential infection in suspected ICI
pneumonitis. This sentiment applies across the breadth of malignancies wherein ICIs are used.
Even if clinical suspicion for infection is low at first presentation, clinicians should strongly
consider initial infectious workup (such as viral swabs and sputum cultures), with regular
follow-up and patient education to monitor for signs of developing infection. Physicians could
further consider prophylactic antibiotics when monitoring is not possible due to time or
geographic constraints, as in this case. TMP-SMX would be reasonable prophylaxis against
bacterial infection when high-dose steroid regimens are used as ASCO guidelines already
recommend adding this for P. jirovecii prophylaxis in the context of chemotherapy [15].

Statement of Ethics

Ethical approval is not required for this study in accordance with local or national
guidelines. Verbal consent from the patient discussed in the case report has been received.
Written informed consent was obtained from the patient for publication of this case report
and any accompanying images.
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