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Abstract

Background Checkpoint inhibitor-related pneumonitis (CIP) is a rare but serious complication of immune
checkpoint inhibitors (ICls). While it typically occurs within the first few months of treatment, its onset after ICI
discontinuation is relatively uncommon. This report presents a case of CIP occurring 2.5 months after cessation of
pembrolizumab and reviews the existing literature on CIP after discontinuation of ICls.

Case presentation A 77-year-old female with stage IV right lung adenocarcinoma (T4N2M1a) developed
pneumonitis 2.5 months after discontinuation of pembrolizumab (following 26 months of initial treatment). Initially
suspected as community-acquired pneumonia, the patient received antiviral and antibiotic therapy with progressive
deterioration. Microbiological investigations yielded negative results, and consultation suggested lung cancer
recurrence. PET-CT revealed heightened metabolic activity in the lungs. Percutaneous lung biopsy demonstrated
organizing pneumonia, and NGS testing of biopsy tissue showed no pathogenic organisms. Combined with CT
findings and the patient’s history of pembrolizumab use, the diagnosis of checkpoint inhibitor-related pneumonitis
(CIP) was established. Short-term steroid therapy resulted in significant improvement.

Conclusions Integration of clinical presentation, imaging findings, and medication history is crucial for diagnosis.
This case underscores the need for vigilance for CIP even after discontinuing ICl therapy. Although this report provides
insights into CIP after discontinuation based on a single case and a literature review, further studies involving larger
cohorts are warranted to better understand the post-treatment risk of CIP.
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Background

Immune checkpoint inhibitors (ICIs) have significantly
prolonged the survival of patients and have become the
preferred therapeutic option for advanced lung can-
cer patients [1, 2]. The most widely used IClIs in clinical
practice are PD-1/PD-L1 inhibitors. However, with the
increasing use of ICIs, immune-related adverse events
(irAEs) have also increased. Among them, checkpoint
inhibitor-related pneumonitis (CIP) is one of the rare but
most severe complications [3]. It has been reported that
the incidence of CIP is 3-5%, with a related mortality
rate of 10-17% [4, 5]. However, due to the lack of typi-
cal clinical manifestations and imaging features, clinical
diagnosis is challenging [6]. Additionally, the onset of
CIP varies, with reports ranging from several hours to
24 months after the first use of ICIs, with a median onset
time of 2—3 months after initial ICI administration [7]
and is very rarely seen after treatment has ended. Herein,
we present a case of pembrolizumab-related pneumonitis
occurring more than 2 months after discontinuation of
PD-1 inhibitor pembrolizumab. We also review the rel-
evant literature on post-discontinuation CIP, providing
insights for the early identification, diagnosis, and man-
agement of CIP following ICI cessation.

Case presentation

A 77-year-old female patient presented to our hospi-
tal with fatigue. She had no history of smoking, chronic
cough, asthma, or tuberculosis. The patient had a
two-year history of diabetes mellitus, which was man-
aged with oral voglibose (0.2 mg, three times daily).
A chest CT scan revealed a pulmonary mass. Subse-
quent enhanced CT imaging revealed a right lung mass
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measuring approximately 71x51 mm, with multifocal
nodules in both lungs. Preliminary assessment suggested
metastatic lesions, inflammatory changes in the left lung,
localized emphysema in the right lung apex, interstitial
alterations in both lungs, and multiple enlarged lymph
nodes in the mediastinum (Fig. 1A). Tumor markers
NSE and CYFRA21 were elevated at 24.17 ng/ml and
122.76 ng/ml, respectively. CT-guided percutaneous
biopsy confirmed adenocarcinoma of the lung (Fig. 1B-
C). Immunohistochemistry revealed positivity for TTE-
1, NapsinA, and CK7, while P40, CK5/6, CD56, and SYN
were negative. The diagnosis was established as stage IV
right lung adenocarcinoma (T4N2M1la). One week later,
the patient commenced treatment with pemetrexed
(600 mg d1) and pembrolizumab (200 mg d1), q21. After
6 cycles, the tumor showed gradual regression, particu-
larly in metastatic lesions, with maintenance therapy of
Pembrolizumab. Following approximately four months
of maintenance therapy with pembrolizumab mono-
therapy, the right lung lesion showed an increase in size.
Pemetrexed chemotherapy was reintroduced, but after
three additional cycles, disease progression continued.
The patient’s family opted for the implantation of radio-
active iodine-125 seeds. A total of 67 seeds implanted
at an activity of 0.7 mCi, delivering a prescribed dose of
110 Gy. Pembrolizumab maintenance therapy was con-
tinued. The tumor again began to shrink, and a follow-up
CT of the chest one year later demonstrated stability with
a reduction in the right hilar lesion, while metastatic foci
remained indistinct (Fig. 1D). Pembrolizumab was dis-
continued after two years of initial treatment (Fig. 2).
Two and a half months after stopping treatment, the
patient presented with fever reaching a peak of 38.8°C,

-

Fig. 1 Radiological and pathological findings during diagnosis and treatment of pulmonary adenocarcinoma. (A) Chest CT on August 24, 2021: Occupy-
ing lesion at the right hilum of the lung, with multiple nodules of varying sizes in both lungs. (B) Percutaneous biopsy guided by CT. (C) Pathological of the
percutaneous biopsy (x100). (D) Final follow-up chest CT on August 12, 2023: The lesion at the right hilum of the lung has decreased in size and stabilized,
with visible aggregation of radioactive iodine-125 particles within the lesion, while metastatic foci remain indistinct
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Since follow-up, the patient has not presented

M

symptoms related to CIP

Fig. 2 Flowchart of Patient Diagnosis and Treatment

accompanied by fatigue, dry cough, and subsequently,
a small amount of white sputum, without hemopty-
sis. Laboratory investigations including routine blood
tests, calcitonin levels, and respiratory pathogen panel
were unremarkable, with negative results for COVID-19
nucleic acid and antibody tests, as well as influenza virus
antigen. Oral administration of Moxifloxacin and herbal
medicine was ineffective. Chest CT revealed bilateral
pulmonary infiltrates characterized by multiple periph-
eral patchy high-density shadows (Fig. 3A). The patient
was diagnosed with pneumonia and hospitalized. She
received a 14-day course of antibiotics, including ceftazi-
dime, moxifloxacin, ribavirin, and oseltamivir, alongside
7 days of intravenous methylprednisolone (40 mg once
daily). A follow-up chest CT showed partial improve-
ment in some lesions (Fig. 3B), and the patient, being
asymptomatic, was discharged 10 days later for observa-
tion without further medication.

One week after discharge, the patient was readmitted
due to worsening cough, accompanied by chest tightness
and dyspnea for 4 days. Chest CT revealed a significant
enlargement of the previously observed bilateral lung
infection (Fig. 3C). On admission, vital signs were nota-
ble for a temperature of 37.7°C, heart rate of 92 beats
per minute, respiratory rate of 17 breaths per minute,
and blood pressure of 110/60 mmHg. Physical examina-
tion revealed scattered coarse and moist rales in both
lungs, with pronounced involvement of the right lower
lung. Laboratory investigations showed elevated white
blood cell count (9.6x10°/L) with predominant neutro-
philia, elevated D-dimer levels (8.98 mg/L), and markedly
elevated C-reactive protein (159.7 mg/L). Arterial blood

Improved

Methylprednisolone (40 mg Re-admission, diagnosis: 1.

daily, reduced to 30 mg after 1 Pneumonia
week) and immunoglobulin 2. Right lung adenocarcinoma
(12.5 g daily for 3 d3) (TAN2Ml1a IV)

gas analysis revealed mild respiratory alkalosis. Notably,
tests for COVID-19 and influenza were negative, while
serological assays indicated positivity for Mycoplasma
pneumoniae IgM antibodies (1.07). Expert consultation
at a tertiary care center was sought on three occasions
due to concerns about possible disease progression in the
context of lung cancer. Further diagnostic evaluations,
including PET-CT, lung biopsy, and next-generation
sequencing (NGS) analysis, were performed to differen-
tiate between disease progression and infectious pneu-
monia. PET-CT showed increased metabolic activity
(SUV 2.6) in patchy lung lesions (Fig. 4A-B), suggestive
of inflammation. Given the rapid radiological changes,
disease progression was deemed unlikely. Sputum bacte-
rial culture was negative, fungal smear showed no fungi,
and NGS of biopsy specimens revealed no pathogenic
microorganisms, excluding infectious pneumonia. CT
showed multiple patchy high-density shadows in both
lungs (Fig. 4C), which was consistent with the imaging
manifestations of CIP outlined in previous studies [8].
Histopathological examination confirmed organizing
pneumonia with no evidence of tumor cells, leading to
the final diagnosis of pembrolizumab-related pneumoni-
tis (Fig. 4C-D). Antibiotic therapy was discontinued, and
the patient was treated with intravenous methylpredniso-
lone (40 mg daily). Due to hyperglycemia, the dose was
tapered to 30 mg daily after one week and continued for
three days. Concurrently, the patient received intrave-
nous immunoglobulin (12.5 g daily for three consecutive
days). Her symptoms gradually improved, and follow-up
chest CT revealed significant resolution of the pneumo-
nitis changes (Fig. 4E). As of the latest follow-up, the
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Fig. 3 Radiological changes during diagnosis and treatment of pneumonia. (A) On December 19, 2023, the patient presented with respiratory symp-
toms, and chest CT revealed multiple patchy high-density shadows distributed peripherally in both lungs. (B) Follow-up chest CT after antimicrobial
treatment on December 31, 2023: Multiple high-density shadows in both lungs with slight reduction in size. (C) Follow-up chest CT on January 18, 2024:
Significant increase in size of multiple high-density shadows in both lungs

patient has not exhibited any CIP-related symptoms.
Written informed consent was obtained from the patient
for publication of this case report and any accompanying
images.

Literature review

Using the search terms ((“anti-PD1"OR “pembrolizumab”
OR “nivolumab” OR “immune checkpoint inhibitor”
OR “durvalumab” OR “sintilimab” OR “camrelizumab”
OR “toripalimab” OR “tislelizumab”) AND (“cessa-
tion” OR " discontinuation”) AND (“pneumonitis” OR
“pneumonia”)) in PubMed (as of October 2024), a total
of 142 results were retrieved. After excluding dupli-
cates, reviews, meta-analyses, and reports in languages
other than Chinese or English, we focused solely on
case reports of CIP that occurred after ICI therapy ces-
sation rather than during treatment. Additionally, case
series lacking detailed patient data (e.g., age, sex, disease,

clinical symptoms, imaging findings, type of ICI, time
interval from drug withdrawal to CIP onset, CIP grade,
treatments, and outcomes, with more than three key
details missing) were excluded. This review identified
10 relevant cases [9-16], and together with the present
case, the characteristics of 11 patients are summarized in
Table 1.

Discussion

With the increasing widespread application of ICIs such
as PD-1 inhibitor pembrolizumab in clinical lung can-
cer treatment, irAEs have also increased. Among them,
CIP has a relatively low overall incidence rate. How-
ever, inadequate clinical awareness can lead to severe or
even fatal consequences [17]. This case report describes
a patient who developed CIP following treatment with
the PD-1 inhibitor pembrolizumab for lung adenocarci-
noma. CIP primarily manifests as nonspecific interstitial
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Fig. 4 Radiological and pathological features during diagnosis and treatment of pulmonary pneumonia. A. PET-CT: Increased metabolic activity in
bilateral pneumonia lesions. B. BT-CT: No increased metabolic activity observed in lesions of primary lung cancer implanted with radioactive iodine-125
particles and metastatic foci. C. Percutaneous biopsy guided by CT. D. Histopathological findings of the percutaneous biopsy: Organizing pneumonia
(x100). E. Follow-up chest CT on February 8, 2024: Significant improvement and absorption of pneumonia

pneumonitis and often occurs within 0.5 to 24.3 months
after the initial use of ICIs, with a median onset time of
2.6 months [18]. For this patient, CIP occurred more than
two months after discontinuation of pembrolizumab,
which was administered for over 26 months. Given this,
a review of the literature on on CIP after discontinua-
tion of ICIs was conducted to summarize the available
information.

Reports of CIP occurring after pembrolizumab dis-
continuation in lung cancer patients are rare. One nota-
ble case was reported by Kimura et al. [9], in which a
patient with stage IVB lung adenocarcinoma developed
pembrolizumab-induced pneumonitis four months
after stopping treatment. Importantly, the median inter-
val between treatment cessation and CIP onset was 4.5
months (range: 2 weeks to 24 months), and two patients
experienced intermittent CIP recurrence months or even
years after discontinuing ICIs [9, 13]. This highlights the
need for clinicians to remain vigilant for recurrent CIP.
Additionally, three patients with CIP also presented
with other irAEs, such as hepatitis and renal dysfunc-
tion [14], fulminant myocarditis, myasthenia gravis crisis,
hepatic dysfunction [16], and cholestatic hepatitis [15].

Among the 11 patients, three-including the present case-
developed grade 3—4 CIP, six developed grade 1-2 CIP,
and the severity was not specified in two cases. Steroid
therapy was administered to 10 patients, including one
who received high-dose methylprednisolone but died
from CIP. The remaining 10 patients showed significant
improvement.

The clinical symptoms and imaging findings of CIP
lack specificity, posing diagnostic and therapeutic chal-
lenges, with approximately one-third of patients being
asymptomatic at onset [19]. The symptoms in this case,
including dyspnea, fever, fatigue, and dry cough, are com-
mon clinical manifestations, nonspecific, and largely
consistent with previous research reports (Table 1).
Among the 11 cases, the most frequent symptoms were
dyspnea (5 cases, 45.4%), fever (4 cases, 36.4%), and dry
cough (3 cases, 27.3%), while one patient was asymptom-
atic. Radiological features were described in 10 cases,
with common findings including ground-glass opacities
(GGO:s) in 5 cases, interstitial changes in 2 cases, nod-
ules in 1 case, and consolidation in 1 case. In this case,
the patient’s CT scan revealed multiple patchy high-
density areas in both lungs, which aligns with the typical



Page 6 of 9

(2024) 24:597

Wang et al. BMC Pulmonary Medicine

safdedo sse|b-punoib :sQHD ‘s101igiyul Jutodydayd sunwwi

uownaud paje[ai-loigiyui Jujodydayd sunwiwi 4|

seale Aysuap ybnod
panoidul auojosiupaidiAyIaly € SYpuoW 7 gewnzijolquiad  -ybiy Aysied sjdiyny KIp pue ‘anbiie} I1ana4 dews4  //  ewouldiedoudpe bun 958D SIy |
yreaqg suojosiupaidiAyaiy ¥ syuow 4 Qewnz||oiquiad SODO ain|ie} A1ojeldsay STEIN 69  BWOUIDIEDOUSPR BuNT [€1] e 10 eIty
Sewouldied auld
panoidul) / SYPIM 7 gewnzijolquiad / eaudsAg SN /9  -OpusoINau ||93-abieT CIEEREEN
eluownaud JEVET!
panoidul| auojosiupaidjAyiay / syuow ¢ gPWNZI|0JqUIdd [PIASISIU|  SpeIB-MO| B YIM BULIYISY Sl 98 1395UeD) JLISPD [S1]|e 1o Buex
[112j0W S1ejouaydodAw
panoiduwl|  pue auojosiupaidiAyr | 4 sAep il geWN|OAIN SODD  I9A) B UNJ A[JUSIHWISIU| SN 0S eWIOUIDIED ||9D [PURY [#71] |2 33 IBYEN
ewouied
panoidul) JusWieal} ON | syuow g geWN|OAIN Holb) / SN 89 |92 snowtenbg [€1] e 10 BInWIDY
panoidul| auojosiupald 4 syuowl / geWN|OAIN Hob) eaudsAg dlBIN 79  euloupiedouspe bunT [€1] e 12 BANWIY
auojosiupaidjAyraw pue S9|Npou eaudsAp
panoidul]  SD130IGIIUR WINI3IASIPIAN € syuow g gePWN|OAIN pue suoIs3| 3N pue Uyieaiqjo 1oys  dewa{ 9 ewoueRl  [Z1][e 19 ejepuepy
auosiupald (L1 e
panoidw| pUE UIDEXOIXO 4 syuow 9 QPWN[OAIN  UOMBPIOSUOD AYdled  Ybnod Aip pue eaudsAQg dewd4 79 PwWoOUBRly 19 sojnodojuewelq
SODO pue 19A3) pue wba|yd moj
panoidul| auojosiupaidjAyiay 14 syuow 9 gew|nuis sabueyd [eansiau|l -3k ‘Ybnod JusnIWIIUl SN 69  PwouDIEdOUSpE bun| [01] 1232 NN
panoidul) suojosiupaidiAyIaN 4 SYuow 7 gewnz||0za}y lenisivuIAsNPIg  Ybnod Aip pue eaudsAQg dewdq 7 PWODIESOISO  [6] ‘[e 12 epleyndny
195U0 d|D
0} [emelpyum
awod apeib B6nip wouy
-inQ sjuawieal] dID  [eAssul swill s|D1Jo adAL sbuipulg buibew]  suoneisajiuepy [ediuld xas aby 9seas|p s,jJualled ioyiny

UOIBSSD JUSWIRIY S|D| BUIMO|[0) 4D padolanap oym syuapied | | Jo eiep [ediuld L ajqeL



Wang et al. BMC Pulmonary Medicine (2024) 24:597

radiological presentation of CIP [8]. The most common
imaging features of CIP include GGOs, reticular pat-
terns, consolidation, organizing pneumonia-like changes,
or nonspecific interstitial pneumonia-like changes [8].
The overall principle of CIP treatment is graded ther-
apy. Currently, there are no specific grading criteria for
irAEs in China. Referring to the irAEs management
guidelines released by the American Society of Clini-
cal Oncology in 2018 [20], this patient can be classified
as grade 3 CIP. According to the guidelines, treatment
with glucocorticoids should be initiated, with methyl-
prednisolone at 1-2 mgkg™'.d™! or equivalent, gradually
tapering the dose. However, in this case, the patient has
diabetes mellitus, and an increase in steroid dosage led to
uncontrolled blood glucose levels, necessitating a reduc-
tion in dosage. Steroid are known to promote hypergly-
cemia, making the exploration of effective CIP treatment
alongside diabetes management particularly interesting.
Hilder et al. [21] reported that, among 12,142 cancer
patients treated with ICIs, 11 had pre-existing diabetes,
and 3 of these patients received high-dose steroids for
irAE management. They concluded that steroid therapy
for irAEs could be safely managed without adverse gly-
cemic consequences through appropriate insulin adjust-
ments and standard care, including diabetes management
techniques and insulin therapy. Similarly, in COVID-19
patients with diabetes, studies have shown that effec-
tive glycemic control through insulin therapy improves
clinical outcomes in those receiving steroids [22]. Pofi et
al. recommend frequent adjustments to steroid dosages
after initiating therapy, ensuring alignment between ste-
roid dose modifications and glycemic control strategies
[23]. In our case, methylprednisolone was reduced from
40 mg to 30 mg due to hyperglycemia, underscoring the
importance of close monitoring and timely interventions
in such patients. Moreover, steroid dosages may vary
depending on the organ affected by irAEs. For example,
irAE-induced arthralgia is often managed with lower
doses, while colitis or pneumonitis typically requires
higher doses [24, 25]. It has been reported that glucocor-
ticoids can control CIP in over 70% of patients, although
some may experience pneumonitis recurrence during
glucocorticoid tapering, with an increased risk of pneu-
monitis recurrence upon reinitiating immunotherapy
[26]. Therefore, glucocorticoid treatment should not be
abruptly discontinued, and it is recommended to gradu-
ally taper the dose after symptoms and imaging improve-
ments. For those with poor response to glucocorticoids,
combination therapy with intravenous immunoglobulin,
mycophenolate mofetil, and cyclophosphamide may be
considered. Initially, during the diagnosis of pneumoni-
tis, methylprednisolone 40 mg was administered intrave-
nously once daily, but it was discontinued upon symptom
improvement at discharge. However, symptoms recurred
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and the patient was readmitted eight days later, diag-
nosed with CIP. Methylprednisolone 40 mg was adminis-
tered intravenously once daily, with a reduction to 30 mg
one week later, along with intravenous immunoglobu-
lin at 12.5 g once daily for three days. Two weeks later,
symptoms improved, and most lesions were absorbed on
chest CT. Prior literature has also reported the initiation
of steroid therapy after ineffective antibiotic treatment,
leading to rapid alleviation, thus underscoring the value
of steroids in CIP treatment [27, 28].

Additionally, CIP stands as an exclusionary diagnosis,
necessitating the exclusion of infectious pneumonia and
neoplastic disease progression beyond immunopharma-
cological history and radiographic manifestations [29].
In this case, 2.5 months after discontinuation of ICIs, the
patient developed pneumonitis. Initially presumed to be
community-acquired pneumonia, despite administra-
tion of antiviral and antibiotic therapies, the condition
progressed. Microbiological investigations yielded nega-
tive results. Consultation led to consideration of lung
cancer recurrence. PET-CT imaging revealed heightened
metabolic activity in the pneumonia region. Subsequent
percutaneous biopsy disclosed organizing pneumonia.
Pathological analysis via NGS of the biopsy specimen
detected no pathogenic organisms. Concurrently, in line
with characteristic features on chest CT, pneumonitis
occurred peripherally in both lungs, with prominence
on the right, consistent with CIP. Based on clinical pre-
sentation, CIP often manifests as a dry cough or scant
white sputum, accompanied by a low-grade fever (around
38°C). In contrast, lung cancer recurrence tends to pres-
ent with persistent, worsening dry cough, and infectious
pneumonia typically produces larger amounts of yellow
purulent sputum. Clinical presentations and imaging
results can help exclude recurrent cancer or infectious
pneumonia.

Conclusion

In conclusion, this report, based on a single case and lit-
erature review, highlights that dyspnea and GGOs are
the most common clinical and imaging features of CIP.
Glucocorticoids remain the cornerstone of treatment;
however, the nonspecific nature of CIP symptoms and
imaging findings poses significant challenges for early
identification and diagnosis. Notably, CIP can occur at
any time, even after discontinuation of ICIs, underscor-
ing the importance of long-term vigilance. Clinicians are
encouraged to deepen their understanding of the patho-
genesis, clinical presentation, radiographic characteris-
tics, and therapeutic strategies for CIP. Close monitoring
is particularly crucial for high-risk patients to reduce
medication-related risks and improve outcomes. Further
research involving larger cohorts is essential to enhance
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the understanding of CIP and optimize management
strategies.
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