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Introduction

In recent years, immune checkpoint inhibitors (ICIs), 
a type of tumor immunotherapy drug, have become a 
novel treatment method for advanced cancers and have 
significantly improved the long-term survival of cancer 

patients (1). ICIs commonly target programmed death-1 
(PD-1), programmed death ligand-1 (PD-L1), and cytotoxic 
T-lymphocyte antigen-4 (CTLA-4), thereby reactivating 
the function of effector T cells and specifically killing tumor 
cells (1). However, overactivated immune cells can also 
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Conclusions: IrAEs of bones are rare, and their manifestations vary. Sometimes, the imaging 
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treatment responses between different lesions, careful evaluation (including a pathological biopsy) is 
necessary.
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attack normal tissues and organs, leading to autoimmune 
damage known as immune-related adverse events (irAEs) (2).  
Common irAEs include endocrine disorders, skin rash, 
colitis, hepatitis, and pneumonitis (2,3). 

With the increase in the use of ICIs, some rare side 
effects are gradually being discovered in clinical practice. 
Previous research has reported that the side effects of ICIs 
on musculoskeletal tissue commonly include arthralgia, 
myalgia, myositis, arthritis, and rhabdomyolysis (4,5), while 
novel adverse events include fracture, jaw necrosis, osteitis, 
and myelitis (4,6,7). In this article, we report the first 
detailed case of a small-cell lung cancer (SCLC) patient who 
developed widespread bone lesions mimicking tumor bone 
metastasis after receiving the PD-L1 inhibitor durvalumab. 
We presented this article in accordance with the CARE 
reporting checklist (available at https://tlcr.amegroups.com/
article/view/10.21037/tlcr-24-461/rc).

Case presentation

In May 2023, a 54-year-old female patient was diagnosed 
with SCLC of the left upper lobe with left hilar, mediastinal, 
left supraclavicular lymph node metastasis and pericardial 
effusion (stage IVa) (Figure 1). She was a food quality 
inspector without any exposure to asbestos, radon and other 
carcinogens, such as arsenic, chromium and nickel. She 
had no history of smoking or passive smoking, no history 
of autoimmune diseases, and no family history of lung 
cancer or genetic diseases. The patient’s main symptoms 
were chest tightness and shortness of breath on exertion. 

She began treatment with etoposide (120 mg, days 1–4.  
Considering her PS score was 1–2, we gave etoposide 
slowly) and carboplatin (420 mg, day 1) combined with 
durvalumab (1,500 mg, day 1) every 3 weeks starting on 
May 12, 2023. After two cycles of treatment, the symptoms 
of chest tightness and shortness of breath were significantly 
relieved. A computed tomography (CT) scan on July 3, 
2023, revealed a marked reduction in the primary lesion in 
the left upper lobe and in the lymph nodes of the left hilar, 
mediastinum, and cervical region. However, the CT scan 
revealed multiple uneven increases in bone density in the 
chest and abdomen, which did not exist before (Figure 1).

To further identify the newly discovered abnormal 
bone lesions, the patient underwent a single-photon 
emission computed tomography (SPECT)/CT bone scan 
and enhanced magnetic resonance imaging (MRI) of the 
vertebrae. The SPECT/CT bone scan indicated many 
abnormal spotted, scattered and asymmetric distributed 
radioactive concentrations in multiple cervical, thoracic, 
lumbar, and sacral vertebrae, and the pelvis, ribs, and long 
bones of the limbs, suggesting extensive bone metastasis. 
Enhanced MRI of the vertebrae revealed abnormal signals 
in the vertebrae, with scattered patchy, nodular lesions 
featured hypointense on T1 and T2-weighted images, 
and uneven enhancement, indicating osteoblastic bone 
metastasis. The CT and MRI scans were evaluated by two 
radiologists and identified multiple bone alterations were 
predominantly osteoblastic lesions with minor osteolytic 
changes. However, the patient showed a good response in 
terms of the chest lesions, and had no symptoms of bone 
metastasis, such as pain or activity limitations. Therefore, 
we decided to further test the bone lesions to clarify 
whether the current treatment had a differential efficacy in 
the chest and bone.

The patient subsequently underwent bone marrow 
aspiration (iliac anterior superior spine). The ratio of 
hematopoietic tissue to adipose tissue was approximately 
3–4:1. The myeloid to erythroid ratio was about 4–6:1. 
There was a slight increase in the number of immature 
granulocytes. There were 4–6 megakaryocytes per 
high power field (HPF). No significant morphological 
abnormalities were observed in the three hematopoietic 
lineages. Additionally, a few lymphocytes and plasma cells 
were observed scattered in small focal clusters. There were 
no tumor cells observed. The increase in the number of 
granulocytes was related to the use of granulocyte colony-
stimulating factor after chemotherapy. Bone biopsy guided 
by a CT scan (iliac bone where there was an osteoblastic 
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Figure 1 The timeline of the diagnosis and treatment of the patient. (A) The therapeutic management timeline and corresponding imaging. After 2 cycles of 
durvalumab treatment, the CT scan revealed multiple uneven increases in bone density in vertebrae (red arrow). Suspending durvalumab for 4 months and 
taking prednisone for 1 month, CT showed that the bone lesions were improving (red arrow). (B) The CT-guided biopsy was conducted in iliac bone, where 
there was an osteoblastic lesion (red arrow). Bone trabeculae were regularly arranged and normal bone marrow components were visible around them. No 
abnormal hematopoietic or tumor cells were observed. CT, computed tomography.
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lesion) showed that bone trabeculae were regularly arranged 
and normal bone marrow components were visible around 
them. No abnormal hematopoietic or tumor cells were 
observed. Since the purpose of this bone biopsy was to 
determine the presence of tumor bone metastasis, the biopsy 
tissue was not decalcified, hence osteoclasts and osteoblasts 
were not clearly visible. Further tests, including serum 
protein electrophoresis, immunofixation electrophoresis, 
immunoglobulin light chain quantification, 24-hour urine 
light chain detection, the parathyroid hormone (PTH) test, 
the 25-hydroxyvitamin D test, the rheumatoid factor (RF) 
test, alkaline phosphatase (ALP, 160 IU/L, normal range 
30–120 IU/L), bone-specific ALP (12.48 μg/L, normal 
rang ≤14.30 μg/L), interferon-γ release assays, the Xpert 
tuberculosis test and the purified protein derivative (PPD) 
skin test, suggested that the patient did not have multiple 
myeloma, hyperparathyroidism, rheumatoid arthritis, 
Paget’s disease of bone (PDB) or tuberculosis.

Excluding bone metastasis and other diseases that might 
cause similar manifestations of bone abnormalities, we 
hypothesized that the bone lesions were potentially related to 
the ICIs. As similar irAEs have not been reported previously, 
the grade of this irAE has no standard. Based on experience, 
the patient’s symptoms and image manifestations, we 
classified it as grade 1, and determined that the patient did 
not have to stop ICI therapy and receive steroid treatment. 
After six cycles of chemotherapy combined with durvalumab, 
a comprehensive evaluation revealed that tumor lesions were 
partial released, pericardial effusion disappeared and bone 
lesions remained stable. From November 2023 to February 
2024, the patient underwent chest radical radiation and 
suffered from mild radiation pneumonitis. Durvalumab was 
suspended for 4 months and prednisone was administered 
for 1 month (prednisone 30 mg/day for 2 weeks, then  
15 mg/day for 1 week, 5 mg/day for 1 week). An evaluation 
in March 2024 showed a clinical complete response and 
mild post-radiation changes in the lung. CT showed that 
the bone lesions were improving, which indicated that the 
bone lesions were related to the ICIs (Figure 1). Durvalumab 
(1,500 mg, every 4 weeks) was subsequently maintained.

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the 
Declaration of Helsinki (as revised in 2013). Written 
informed consent was obtained from the patient for 
publication of this case report and accompanying images. 
A copy of the written consent is available for review by the 
editorial office of this journal. We made sure that this case 

report was sufficiently anonymized and patient identifiers 
were all removed.

Patient perspective

“I am grateful to the medical team at the Lung Cancer 
Center of West China Hospital for their help. Previously, I 
thought I had extensive bone metastases, which was a great 
shock to me and my family. Fortunately, my medical team did 
not give up. They keenly identified the issue and ultimately 
concluded that my past treatment regimen was effective. 
From initially having difficulty moving and breathing, I have 
now fully returned to a normal life. Going forward, I only 
need monthly immunotherapy and regular check-ups.”

Discussion

In recent years, with the widespread use of immunotherapy, 
the Food Drug Administration (FDA) Adverse Event 
Reporting System (FAERS) database has reported a few 
cases of ICIs affecting the skeletal system, which have 
mainly included fractures, jaw necrosis, and osteitis (8). 
However, as cancers themselves also metastasize to bones, 
bone irAEs should also be distinguished from bone 
metastasis and other drug adverse events (e.g., adverse 
events related to bisphosphonates and denosumab).

In this case, the patient had no initial bone metastasis. 
After two cycles of chemotherapy combined with 
durvalumab, the primary lung lesion and metastatic 
lymph nodes shrunk significantly, and the patient’s clinical 
symptoms were relieved. However, various imaging tests, 
including CT, MRI, and SPECT/CT bone scans, suggested 
widespread bone metastasis, presenting mainly osteoblastic 
changes. In lung cancer, 64%, 33%, and 3% bone metastasis 
was osteolytic, osteoblastic, and mixed, respectively (9). 
Literature reported osteoblastic bone metastases were 
more common in small cell lung cancer (10). This situation 
required consideration of the bone metastasis progression 
due to tumor heterogeneity and other bone-related 
diseases, such as multiple myeloma, hyperparathyroidism, 
rheumatoid arthritis, bone tuberculosis and PDB. 

Multiple myeloma mainly manifests as hypercalcemia, 
renal impairment, anemia and secondary amyloidosis, 
and can be diagnosed through bone marrow biopsy. 
Hyperparathyroidism presents with elevated PTH levels, 
hypercalcemia, hypophosphatemia, hypercalciuria, 
and hyperphosphaturia. The symptoms of rheumatoid 
arthritis are nonspecific in the early stage, manifesting 
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as swelling or pain in small joints, with imaging showing 
osteoporosis or bone erosion and laboratory tests showing 
RF positivity. Tuberculosis patients usually have fever, night 
sweats, fatigue, and weight loss, and can test positive for 
interferon-γ release assays, Xpert tuberculosis tests, and 
PPD skin tests. PDB could also manifest osteolytic and 
osteoblastic changes. But several features of PDB in CT 
scan, like bone enlargement and deformity, “cotton wool” 
appearance, were not found in this patient and ALP was 
only slightly elevated. In addition, PDB is a chronic disease 
and frequently occurs in Europeans. The incidence of PDB 
in Asian is much lower (11). Combined with epidemiology, 
imaging findings, and blood tests, PDB was not considered 
to be diagnosed in this patient.

Bone metastasis commonly occurs in the spine, pelvis, 
and long bones, presenting as pain, mobility issues and 
pathological fractures at metastatic sites. This patient 
experienced no symptoms of the skeletal system. Although 
18F-fluorodeoxyglucose positron emission tomography 
(18F-FDG PET)/CT can detect irAEs, its usage in 
distinguishing osteoblastic irAE and osteoblastic bone 
metastasis should be carefully evaluated, as tumors and 
inflammation can both increase glycolysis with increased 
FDG uptake (12). The 18F-FDG uptake is frequently mild 
to moderately increased in irAEs compared with metastasis, 
but the manifestation of osteoblastic irAE has not been 
reported (13). So, as bone marrow and bone biopsy 
revealed no cancer cells and further tests excluded other 
possible causes of bone abnormalities, we confirmed that 
the patient’s bone lesions were irAEs. As long-term follow-
up monitoring showed stable bone lesions without further 
deterioration, durvalumab was continued.

Currently, the incidence of bone irAEs is unclear, partly 
because of the lack of awareness and underreporting of 
these irAEs. A few studies have reported that ICIs can 
increase bone resorption, which can trigger bone adverse 
events, such as fracture, in cancer patients (6,14,15). 
However, given the high incidence of bone metastasis in 
cancers, determining whether these fractures are caused by 
metastasis or ICIs requires careful evaluation.

Bone is a dynamic tissue that is remodeled throughout 
life in response to the demands of metabolism (16). Bone 
remodeling is a process that includes bone resorption 
and formation and is conducted by osteoclasts and 
osteoblasts, respectively (16). However, controversy 
remains as to how ICIs affect the bone remodeling 

process. Pantano et al. reported that the levels of type I 
collagen C-terminal telopeptide (CTX-I) increased, and 
N-terminal propeptide (PINP) decreased in plasma after 
3 months of ICI treatment, indicating increased osteoclast 
activity (17). Basic research study showed that PD-L1 
knockout mice exhibited osteoporosis, reduced trabecular 
bone volume, deteriorated microstructure, and increased 
osteoclastogenesis (18). Osteoclastogenesis was thought to 
be motivated by activated T cells. In the setting of ICIs, 
activated T-cells secrete cytokines, including tumor necrosis 
factor alpha (TNF-α), interleukin 6 (IL-6), and RANK-L, 
favoring osteoclast formation and maturation (7). Another 
study showed a sharp and transient decrease in CTX levels 
and a delayed increase in PINP after 4 months of therapy. 
Further, their bioengineered three-dimensional bone model 
demonstrated impaired osteoclast maturation and increased 
osteoblasts differentiation upon exposure to ICIs (19).  
According to a laboratory study, the binding of PD-L1 to 
PD-1 in osteoclast precursors leads to JNK activation, and 
the release of the C-C motif chemokine ligand 2 (CCL2) 
that promotes osteoclast differentiation. Anti-PD-1 
immunotherapy can produce the long-term suppression of 
osteoclastogenesis (20).

Both osteoclasts and osteoclast precursors can be 
influenced by ICIs. We hypothesized that ICIs act on 
different types of cells, leading to different manifestations. 
When ICIs mainly affect osteoclast precursors, they reduce 
the differentiation of osteoclast precursors into osteoclasts, 
which manifests as osteoblastic changes (21). Conversely, 
when ICIs mainly affect cells related to osteoclasts, they 
promote osteoclasts formation, resulting in osteolytic 
changes (7,18). In this case, the patient exhibited prominent 
osteoblastic bone features alongside minor osteolytic 
bone alterations, which were difficult to distinguish from 
bone metastasis (22). We performed a pathological biopsy 
guided by a CT scan. However, bias still existed among 
the sampling sites. Therefore, we made the diagnosis 
considering both the pathology and the patient’s clinical 
features and prognosis.

The mechanisms and clinical manifestations of irAEs 
are complex and diverse. Sometimes, irAEs should be 
distinguished from pseudo-progression and hyper-
progression (23), especially when patients exhibit variable 
treatment efficacy. The early and accurate identification 
of irAEs and progression can prevent the premature 
discontinuation of immunotherapy, ensuring that patients 
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benefit from the treatment.

Conclusions

This is the first report to describe irAEs of bones mimicking 
bone metastasis in a SCLC patient treated with durvalumab. 
These imaging manifestations were difficult to distinguish 
from bone metastasis. If patients show variable treatment 
responses, careful evaluation (including pathological biopsy) 
is necessary.
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