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Late-onset immune checkpoint inhibitor-related pneumonitis
after cessation of sintilimab: A case report and literature review
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Abstract. Immune-related adverse events following treatment
with immune checkpoint inhibitors (ICIs) can occur at any
time during therapy, with onset occurring most frequently
during the first 3 months of treatment. However, they rarely
occur after treatment cessation. An awareness of delayed
immune-related events following the termination of immuno-
therapy is paramount for optimal tumour management. The
present study reports a case of a 69-year-old male patient with
right lung adenocarcinoma. He suffered from psoriasis for
~40 years and was suspected of developing immune check-
point inhibitor-related pneumonitis (CIP) 6 months after the
cessation of treatment with the anti-programmed cell death-1
receptor antibody sintilimab. The present case study is, to the
best of our knowledge, the first case of late-onset CIP after the
cessation of sintilimab. Subsequently, the report also reviews
previously reported cases of late-onset CIP after the cessation
of ICI treatment. The present report highlights the finding that
CIP can develop, although rarely reported, months or even
years after the termination of immunotherapy. Therefore, CIP
should always be considered as one of the possibilities and
addressed accordingly once the pulmonary infection is ruled
out. Careful monitoring, timely diagnosis and administration
of corticosteroids are essential in controlling this condi-
tion, particularly for patients with pre-existing autoimmune
diseases.

Introduction

Over the last decade, immune checkpoint inhibitors (ICIs)
have shown considerable potential due to reports of their
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impressive efficacy in the field of oncotherapy (1), which has
resulted in the development of radical novel strategies for
treating various malignancies (2). Instead of killing tumour
cells by direct exposure, ICIs function by regulating the
behaviour of immune cells, such as T-cells (3). Unlike conven-
tional chemotherapeutics, ICIs are generally well tolerated
by patients and give rise to a specific but distinct profile of
toxicity, namely immune-related adverse events (irAEs) (4).
However, despite the promising outcomes of immunotherapy
based on ICIs for the majority of solid tumours, irAEs occur
in ~70% of patients, which is not negligible and must be
addressed (5). Although a wide array of organs and body
tissues have been reported to be involved, the skin, gastro-
intestinal tract, endocrine glands, lung, liver and joints
are generally the most frequently affected (6). Whilst the
majority of irAEs develop during ongoing therapy (7), irAEs
occurring >90 days after the final administration of ICIs,
defined as delayed immune-related events (8), are becoming
increasingly common. These types of delayed immune-related
events include adrenocorticotropic hormone deficiency (9),
hypophysitis (10), type 1 diabetes (11,12), hepatitis (13) and
thrombocytopenia (14).

Immune checkpoint inhibitor-related pneumonitis (CIP)
has not been frequently observed in previous clinical trials
testing ICIs (15), despite it being one of the leading causes
of ICI-related mortality (16). CIP appears to occur later than
other types of irAEs, with a median time to onset of 2.8 months
since the initiation of treatment (range, between 9 days to
19.2 months) (17,18). Specific cases of late-onset CIP >90 days
following the cessation of ICI treatment are rare according
to the literature, with only seven reported to date (15,19-22).
Therefore, it remains to be an under-reported adverse event
associated with cancer immunotherapy.

The present report documents a case of a male patient with
late-onset CIP occurring 6 months after the discontinuation of
sintilimab therapy for lung adenocarcinoma. Other previous
reports of late-onset CIP were also reviewed to facilitate
late-onset CIP characterisation and raise awareness of this
condition.

Case report

A 69-year-old male, with a 40-year history of psoriasis for
which he was being treated with acitretin, presented with a
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cough and expectoration, accompanied by bloody sputum for
>1 month. He was diagnosed with adenocarcinoma of the lung
at a local hospital (Ningjin County Hospital, Xingtai, China;
Fig. 1). To get better medical care, he underwent a positron
emission tomography (PET)/CT scan at Hebei General
Hospital (Shijiazhuang, China; performed in November 2020).
They revealed high uptake by the upper lobe of the right lung,
consistent with lung cancer. In addition, high uptake by meta-
bolic lymph nodes in the right hilum and right mediastinum
was observed, indicating metastasis. The patient subsequently
underwent right upper lobectomy and mediastinal lymph
node dissection, aided by thoracoscopy, followed by the diag-
nosis of stage pI2bN2MO Illa infiltrating adenocarcinoma.
Postoperative recovery was favourable and no antitumor adju-
vant therapy was performed.

In March 2021, a PET/CT (Discovery Elite; GE Healthcare)
scan indicated metastasis in both lungs and bone.
Next-generation sequencing was therefore performed to detect
the statuses of oncogenes, namely EGFR, anaplastic lymphoma
kinase, BRAF V600E, c-ros proto-oncogene 1, neurotrophic
tyrosine receptor kinase, human epidermal growth factor
receptor 2 and tyrosine-protein kinase Met, which revealed no
driver mutations. Detection of the tumour mutational burden
and programmed death-ligand 1 (PD-L1) expression were not
conducted due to financial reasons. Antinuclear antibodies
were negative. Administration of sintilimab [200 mg; intra-
venous drip (IVD)] combined with lobaplatin (50 mg; IVD)
and pemetrexed (800 mg; IVD) was recommended as the
first-line chemotherapy every 3 weeks for six cycles. However,
the patient strongly refused pemetrexed infusion in the first
cycle due to severe nausea and vomiting within 5 days after
lobaplatin infusion. In the second cycle, sintilimab was subse-
quently discontinued due to the rapid exacerbation of psoriasis
after the first infusion. Psoriasis gradually improved with
methylprednisolone treatment (20 mg per day; IVD; 3 days)
and remained stable. Pemetrexed was then reintroduced into
the chemotherapy regimen from the second cycle as the
patient's physical condition improved. A treatment regimen
consisting of pemetrexed (800 mg; IVD, every 3 weeks) and
lobaplatin (50 mg; IVD, every 3 weeks) was subsequently
administered over five cycles from April 2021 to July 2021,
before the patient was admitted to Hebei General Hospital
(Shijiazhuang, China) for further tests in August (Fig. 1).
Unfortunately, results from the CT scan indicated disease
progression according to solid tumor response evaluation
criteria version 1.1 (RECIST1.1) (23). After first-line therapy,
the patient still had a good performance status and was eligible
for further platinum combination chemotherapy (24). To mini-
mise adverse effects, the dosage of lobaplatin was lowered.
Accordingly, the patient was treated using an individualised
scheme of chemotherapy (docetaxel, 100 mg, day 1, IVD;
lobaplatin, 40 mg, day 1,IVD) combined with targeted therapy
(recombinant human endostatin, 30 mg, day 1-7,IVD) (Fig. 1).
The final treatment was scheduled on 28 August 2021, which
was well tolerated.

In September 2021, the patient was readmitted to the
hospital after complaining of intermittent cough, yellow
phlegm and fever. A CT scan (Fig. 2A-a and A-b) showed inter-
stitial changes in both lungs. The tumor condition was assessed
as stable disease (RECIST1.1). Routine blood examinations

(Sysmex XN-3000 Automated Hematology Analyzer; Sysmex
Corporation) revealed white blood cell (WBC) counts to
be 10.62x10%/1 (normal value, 3.5-9.5x10%1) and neutrophil
numbers (NEUT#) of 8.72x10%/1 (normal value, 1.8-6.3x10%1).
Considering the presence of pulmonary infection, the patient
was administrated with ceftriaxone (2 g, once a day) for 4 days
before being subsequently switched to piperacillin-tazobactam
4.5 g, every 8 h) for 6 days when pseudomonas aeruginosa
was detected in the sputum samples. Meanwhile, the patient
was treated with inhaled budesonide suspension and acetyl-
cysteine solution aerosol to relieve the symptoms.

After 10 days, routine blood re-examination revealed the
following: i) WBC was 4.42x10°%/1 (normal value, 3.5-9.5x10%/1);
ii) NEUT# was 3.04x10°/1 (normal value, 1.8-6.3x10%1);
iii) C-reactive protein was 58.69 mg/l (normal value, 0-6 mg/1);
and iv) normal levels of procalcitonin. Cultures of the patient's
blood and sputum were both negative for bacteria. However,
the patient remained to be afflicted with an intermittent fever
(=38°C), cough with shortness of breath and occasionally
yellow phlegm. Considering the history of ICI treatment, the
development of CIP was not excluded. Therefore, methylpred-
nisolone sodium succinate (80 mg per day) was injected before
chest CT was performed on that day.

CT scans (Fig. 2B-a and B-b) revealed interstitial changes
in both lungs in addition to multiple ground-glass opacities,
mainly involving the periphery of both lungs. However, they
did not support bacterial infection, and tumour progression
could also be ruled out. Further analysis of the bronchoal-
veolar lavage fluid (BALF) revealed lymphocytosis in 30%
of lymphocytes, with no evidence of infection according to
the microbiological culture and PCR testing. Infectious pneu-
monia induced by tuberculosis bacteria, fungi and viruses
were therefore eliminated. In addition, 3 days of methylpred-
nisolone treatment resulted in a rapid improvement of clinical
symptoms without fever or shortness of breath whilst reducing
the frequency of coughing. The combination of clinical mani-
festations, CT imaging and microbiological assays strongly
indicated that the patient's medical condition was consistent
with sintilimab-induced CIP, defined as grade two according
to American Society of Clinical Oncology Clinical Practice
Guideline for management of irAEs in patients treated with
ICIs (25). Antibiotics were discontinued and the patient was
treated continuously with methylprednisolone (40 mg per day)
for a further 3 days, resulting in significant improvement on
CT scans. Before discharge, the patient was switched to oral
prednisolone (30 mg per day), which was gradually lowered
to 2.5 mg per day over 6 weeks without the recurrence of
CIP. After the remission of pneumonia, the patient had also
been treated with piperacillin sodium and tazobactam sodium
for addressing urinary tract infections at Ningjin County
Hospital (Xingtai, China) in November 2021, which did not
exacerbate the interstitial changes in the lungs. In December
2021, the patient was readmitted to Hebei General Hospital
(Shijiazhuang, China). CT scans (Fig. 2C-a and C-b) showed
progressive improvement of CIP after corticosteroid adminis-
tration without recurrence. In the follow-up treatment (between
December 2021 and May 2022), the patient continued to receive
docetaxel and lobaplatin combined with recombinant human
endostatin without the recurrence of pneumonia. The tumor
condition was assessed as progressive disease (RECIST1.1)
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Figure 1. Timeline of patient diagnosis and treatment of immune checkpoint inhibitor-related pneumonitis. SD, stable disease; PD, progressive disease;
ENDOSTAR, recombinant human endostatin; CIP, immune checkpoint inhibitor-related pneumonitis.

Figure 2. CT images of the patient. (A-a and A-b) CT images showing interstitial changes in both lungs at admission following 6 months of cessation of immu-
notherapy (September 2021). (B-a and B-b) CT revealed interstitial changes and multiple ground-glass opacities (indicated by arrows in the images) in both
lungs 10 days after anti-infection treatment (September 2021). (C-a and C-b) CT showing progressive improvement of immune checkpoint inhibitor-related
pneumonitis after corticosteroid administration without recurrence (December 2021). A-a and A-b, B-a and B-b, and C-a and C-b are two representative

examples shown for each case.

in March 2022. The Naranjo's Probability Scale for Adverse
Drug Reactions was used to evaluate the patient's condition
(Table I) (26). A score of seven was obtained, classifying
sintilimab as the probable cause of the patient's late-onset CIP.

Literature review

Published studies were identified by searching PubMed
(https://pubmed.ncbi.nlm.nih.gov), Embase (https://www.
embase.com) and Web of Science (https:/www.webofscience.
com) until September 2022 for the following combination
of terms: (‘immunotherapy’ OR ‘checkpoint inhibitors’ OR
‘checkpoint blockade’ OR ‘anti-CTLA 4’ OR ‘anti-PD-1" OR
‘anti-PD-L1” OR ‘ipilimumab’ OR ‘nivolumab’ OR ‘pembroli-
zumab’ OR ‘sintilimab’ OR ‘camrelizumab’ OR ‘toripalimab’
OR ‘atezolizumab’ OR ‘durvalumab’ OR ‘avelumab’ OR
‘cemiplimab’) AND ‘after’ AND (‘cessation’ OR ‘discon-
tinuation”) AND (‘immune-related adverse event’ OR ‘immune

checkpoint inhibitor-related pneumonitis’ OR ‘pneumonitis’).
In addition, the reference lists of the retrieved articles were also
searched. All studies identified by this procedure were reviewed
independently by two reviewers (YPW and YSY) and any
disagreements were resolved through discussion. Case reports
and case series published in journals or those presented at confer-
ences were included. Included studies reported patients who
developed CIP, which manifested =90 days after the discontinu-
ation of immunotherapy. Pharmacokinetic/pharmacodynamic
studies and randomized controlled trials were excluded due to
lacking detailed data of each patient. Furthermore, case series
that lacked detailed patient data (=3 terms of patient's disease,
age, sex, type and cycles of ICIs, off-treatment interval treatment,
intervention and outcome were missing) were also excluded. A
total of five studies (15,19-22) were identified in the review. A
total of 3 cases were described in one study (20), bringing the
total number of case reports of late-onset CIP to 7. Fig. 3 shows
a flow diagram of the screening and selection process.
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Table I. Naranjo score of the probability that the late-onset immune checkpoint inhibitor-related pneumonitis was the result of

the cessation of treatment with sintilimab.

Naranjo scoring system for adverse reaction

Question

Answer (points)

1. Are there previous conclusive reports on this reaction?

2. Did the adverse events appear after the suspected drug was given?

3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was given?
4. Did the adverse reaction appear when the drug was readministered?

5. Are there alternative causes that could have caused the reaction?

6. Did the reaction reappear when a placebo was given?

7. Was the drug detected in any body fluid in toxic concentrations?
8. Was the reaction more severe when the dose was increased or less severe when the dose was

decreased?

9. Did the patient have a similar reaction to the same or similar drugs in a previous exposure?
10. Was the adverse event confirmed by any objective evidence?

Yes (1)
Yes (2)
Yes (1)
Not performed (0)
No (2)
Not performed (0)
Not performed (0)
Not performed (0)

Not performed (0)
Yes (1)
Score=7 (Probable)

Records excluded after

initial screening
(n=635)

Full-text articles excluded, with reasons:

» 1. Not cases with late-onset CIP (36)

c Records identified by searching Additional records identified through
o PubMed database Embase and Web of Science
3 (n=537) (n=1,485)
=
=
'g A A 4
Records after duplicates removed
(n=677)

= >

(=

£ \

§ Records screened

A (n=42)

il 2. Not case reports (2)

> Full-text articles assessed for eligibility

= (n=4)

S

=

i Additional records identified

through references >
(n=1)

<

19

2 Five articles included,

Té comprising 7 case reports

Figure 3. Flow diagram of the screening and selection process for the literature review. CIP, immune checkpoint inhibitor-related pneumonitis.

The major clinical features of reported in the seven cases
of late-onset CIP that qualified from the present screening
process are summarized in Table II (15,19-22). The median
patient age (three females and five males) was 63 years
(range, 25-69 years). Immunotherapy included nivolumab
(n=4) (19-21), pembrolizumab (n=1) (20), atezolizumab
(n=1) (15), sintilimab (n=1) and not specified (n=1) (22). The
types of cancer treated were stage IV adenocarcinoma of the
lung (n=3) (20), stage III melanoma (n=2) (19,22), stage IV

squamous cell carcinoma of the lung (n=1) (20), metastatic
renal cell carcinoma (n=1) (21) and metastatic para-osteal
osteosarcoma (n=1) (15). In particular, the majority of the cases
of late-onset CIP occurred during the recurrent or metastatic
stages. Notably, the median off-treatment interval for late-onset
CIP was 6.5 months (range, 4-28 months) whereas the median
cumulative immunotherapy exposure was four doses (range,
1-35 doses). Prior on-treatment irAEs (5/8), including abnormal
liver function (n=1), pneumonitis (n=2), colitis (n=1) and
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exacerbation of psoriasis (n=1), was the most common cause of
immunotherapy discontinuation. Clinicians should be mindful
of recurrent CIP, since two patients experienced an intermit-
tent recurrence of CIP over a timescale of months or even
years following ICI cessation (15,20). In addition, one patient
with late-onset CIP concurrently suffered from delayed hepa-
titis and renal dysfunction (21). CIP (3-4 grade) was present in
only two cases (20,22) whereas grades 1 and 2 were observed
in the other six. Among the eight patients with late-onset CIP,
seven were managed with corticosteroids with the addition of
mycophenolate mofetil for one patient. A clear improvement
was observed in seven of the eight enrolled patients, but one
patient succumbed to CIP despite the administration of high
doses of methylprednisolone (20).

Discussion

CIP is one of the major causes of ICI-associated mortality (16).
Symptoms of CIP include dry cough, shortness of breath with
exertion, reduced oxygen saturation and bilateral ground-glass
opacities or patchy nodular infiltrations in the lung on CT
imaging (27,28). The incidence of pneumonia secondary
to ICIs is <5%, with fatal CIP being reported in 0.2-0.5%
patients (16,29). Although relatively infrequent in occur-
rence, CIP is complex and unpredictable in terms of both
clinical and radiological manifestations, which may overlap
with those of COVID-19 or other viral infections (30). This
therefore provide a challenge for oncologists during the early
diagnosis of lung diseases (30). Diagnosis of CIP is considered
to be a ‘process of elimination’ in the majority of cases (31).
Radiation-induced pneumonitis, all types of infectious
pulmonary inflammation and lung cancer progression, should
all be considered and excluded (2). If making a differential
diagnosis is difficult, CIP can be confirmed by bronchoscopy
or lung biopsy (32). Lymphocytosis in BALF samples without
evidence of infectious aetiologies can facilitate the confir-
mation of this diagnosis (32). However, late-onset CIP after
ICI cessation is easily misdiagnosed due to the brief patient
exposure to ICI and long ICI-free interval, interventions
overlapping with the toxicity patterns, reduced medical vigi-
lance after discontinuing treatment and the lengthy process of
diagnosis-by-elimination (8).

In the present case report, the patient was admitted due
to fever and coughing with sputum, which persisted after
anti-infection treatment. However, the patient showed neither
signs of tumour progression nor infections by tuberculosis
bacteria, fungi or viruses. The patient had no previous history
of autoimmune diseases other than psoriasis, whereas anti-
nuclear antibodies tested negative before sintilimab initiation.
Psoriasis remained stable when the patient developed pneu-
monia. To the best of our knowledge, there were no previous
reports in the literature associating psoriasis with intersti-
tial pneumonia. It would have been interesting to explore
drug-induced interstitial lung disease (DIILD). To date, >400
drugs have been reported to cause DIILD, with anti-cancer
drugs, rheumatology drugs, amiodarone and antibiotics
being the most common causes (33,34). On referring to the
patient's treatment and medication history, docetaxel, recom-
binant human endostatin, piperacillin sodium and tazobactam
sodium have been reported to cause pneumonia or interstitial

pneumonia in the medicine specifications or literature (35,36).
In fact, after remission for pneumonia, the patient had also
been treated with 3-lactam drugs for infections of the urinary
tract at a local hospital and continued to receive three courses
of docetaxel and recombinant human endostatin in follow-up
treatment, without the recurrence of pneumonia. Therefore,
pneumonia induced by chemotherapy, targeted therapy or anti-
biotics could be excluded. The patient received one dose of the
sintilimab immunotherapeutic 6 months previously (March
2021). Methylprednisolone treatment resulted in a significant
improvement of pneumonia in both clinical and radiological
manifestations. Therefore, all evidence pointed to late-onset
CIP caused by the administration of sintilimab.

Sintilimab, co-developed by Innovent Biologics and
Eli Lilly, is a fully humanized IgG4 anti-programmed cell
death protein 1 (PD-1) monoclonal antibody (37). Sintilimab
binds to PD-1 and restores endogenous antitumour T-cell
responses by blocking the interaction of PD-1with its ligands
PD-L1 and PD-L2 (37). The primary adverse events associ-
ated with sintilimab treatment reported in clinical trials are
similar to those following nivolumab and pembrolizumab
treatment, which include pyrexia, hypothyroidism, hepatitis
and CIP (38). The occurrence of irAEs in general may be
attributed to the increased activity of immune cells that target
antigens common to both tumours and normal tissues (39),
which might also serve a role in the development of CIP.
Enrichment of CD8* T or CD4* T-lymphocytes, along with
high expression levels of PD-1, have been detected in the
lung or bronchoalveolar lavage samples of patients with
CIP in several previous studies (40,41). When the immune
homeostasis of the lung is altered, typically characterised
by lymphocyte infiltration, an autoimmune reaction may
be triggered, with the first key reaction occurring when
the lymphocytes are being assembled (42). However, the
complexity of the subject is underlined by the fact that radio-
therapy, pulmonary infection, cryoablation of lung metastasis
or chemotherapy can all alter immune homeostasis and cause
hyperactivation of the immune system, leading to CIP (42).

Individuals with pre-existing autoimmune diseases may
harbour a genetic susceptibility, leading to a significantly
increased risk of irAEs (43,44). Psoriasis is a common
immune-mediated skin condition (45). In a retrospective
cohort study, Halle et al (46) noted that 57% patients with
pre-existing psoriasis experienced flare-ups after receiving
ICIs, including cutaneous flare, exacerbation of arthritis and
exacerbation of iritis, whereas 59% experienced other irAEs.
The patient in the present case report had a 40-year history of
psoriasis, which was aggravated by sintilimab immunotherapy.
It is considered that pre-existing autoimmune diseases,
previous exposure to cytotoxic drugs and pulmonary damage
from cancer and inflammation are major risk concerns for the
patient in contracting CIP.

Late-onset CIP remains an under-recognized and
complex diagnostic challenge. The lasting effects of immu-
notherapy, even after ICI withdrawal, have been verified
by several studies (47-50) and may be associated with the
underlying mechanism of immunological ‘memory’ (48).If a
long-term immunological ‘memory’ with a positive outcome
does exist, it may also have implications for late-occurring T
cell-mediated toxicities (22,27). Brahmer et al (51) previously
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reported a serum half-life of 12-20 days for nivolumab after
a single dose treatment, with a mean PD-1 receptor occu-
pancy on T-cell plateaus of 72% for <57 days. This suggests
that the long-lasting pharmacodynamic effects of ICIs
generally outlasts their pharmacokinetic half-life (27,51).
Furthermore, the receptor occupancy remained at 40% for
>8 months after three doses (51). This finding may explain
the median off-treatment interval to late-onset CIP of
6.5 months following the cessation of immunotherapy in
the present study. Compared with nivolumab, sintilimab
has a higher binding affinity with PD-1 molecules (52,53).
Wang et al (53) reported a PD-1 receptor occupancy by
sintilimab of >95% in patients 4 weeks after a single intra-
venous infusion. This high binding affinity and sustained
receptor occupancy may contribute to persistent T-cell acti-
vation following the cessation of therapy even when serum
levels of this drug become undetectable.

The present case report specifically highlights the
finding that CIP can manifest in a period following the
cessation of immunotherapy, even following patient expo-
sure to only one dose. The median off-treatment interval
to late-onset CIP was 6.5 months (range, 4-28 months),
which is consistent with the finding made by Couey et al (8).
Careful monitoring, timely diagnosis and administration of
corticosteroids are essential for controlling the condition.
Clinical practice guidelines for the management of toxici-
ties from immunotherapy allude to monitoring for delayed
immune-related events =12 months following the discontin-
uation of ICI-based treatment (54,55). However, to the best
of our knowledge, studies on delayed immune-related events
after discontinuation of immunotherapy are scarce due to
limited follow-up periods (8). It would have been interesting
to explore stringent evidence-based surveillance protocols.
Individualized surveillance strategies based on a patient's
risk profile for irAEs after treatment cessation are recom-
mended, particularly for those patients with pre-existing
autoimmune diseases.

It should be noted that a platinum-based dual-drug
regimen, is generally started at 4-6 weeks after surgery and no
later than 3 months. Unfortunately, the present patient was not
admitted on time due to disruption caused by the COVID-19
pandemic, personal and objective factors. It is considered
that the delay is one of the major reasons for the recurrence
and metastasis of the tumour only 4 months after surgery.
Further accumulation of case data is required to both enhance
confidence in diagnostic predictors and to improve the clinical
outcomes of late-onset CIP following ICI cessation.
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