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Abstract

Osteoblastic bone reaction, the occurrence of new osteoblastic le-
sions, is a paradoxical phenomenon during the treatment of cancers 
and can be defined as disease progression or bone metastases. Os-
teoblastic bone reactions usually occur in patients who receive treat-
ments such as chemotherapy or hormonal or targeted therapy; how-
ever, it is difficult to differentiate them from disease progression or 
an increase in osteoblastic activity in response to therapy. Although 
osteoblastic bone reaction in lung cancer has been described in a 
few reports, it has never been reported in patients with KRASG12V-
mutant lung adenocarcinoma treated with immunotherapy and an-
tiangiogenesis. Here, we describe a case of a 77-year-old male with 
KRASG12V-mutant lung adenocarcinoma whose osteoblastic bone 
response was found during treatment with sintilimab and bevaci-
zumab. We showed the course of the disease as well as systematic 

imaging manifestations of lung cancer with osteoblastic bone reac-
tion and discussed their mechanisms.
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Introduction

Bone metastases, especially spinal metastasis, are common in 
lung cancer, whose metastatic lesions are usually osteolytic 
with poor prognosis [1]. Therefore, the lesions are usually 
osteolytic and hardly ever osteoblastic in radiological imag-
ing or magnetic resonance imaging (MRI) scans [2]. Further-
more, osteoblastic metastases have mostly been reported in 
small-cell or adenocarcinoma of the lung [3, 4]. Unlike some 
tumors have spontaneous calcification, an osteoblastic reac-
tion/response is a phenomenon in which new osteoblastic le-
sions appear that are not visible at baseline and are detected 
radiographically after treatment, such as targeted therapy and 
chemotherapy [5, 6]. This osteoblastic bone reaction has been 
described in reports of lung cancer; however, most of them 
were found in previously undetectable and undocumented 
bone metastases [7]. Compared with previous findings of os-
teoblastic bone reaction, we also found an osteoblastic bone 
reaction in a patient with lung adenocarcinoma treated with 
sintilimab and bevacizumab, which indicates responses to the 
therapy rather than disease progression. Therefore, we showed 
a positive therapeutic outcome of KRASG12V-mutant lung ad-
enocarcinoma treated with sintilimab and bevacizumab, and 
we would like to share this with investigators in this field.

Case Report

Investigations

We report a 77-year-old smoking Asian male who presented 
with stage IVB (T2aN2M1c) adenocarcinoma of the right upper 
lobe with multiple bone, liver, and pulmonary metastases. In 
June 2022, he was admitted to our orthopedic department due 
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to progressive back pain. Computed tomography (CT) con-
firmed multiple osteolytic bone metastases in the lumbar ver-
tebrae and liver and pulmonary metastases (Fig. 1a-c). Then, 
the patient was further transferred to the oncology department 
for further management.

Diagnosis and treatment

Mutational analysis of the tumor revealed an activating KRASG12V 

mutation, and he subsequently completed eight cycles of sintili-
mab, and bevacizumab combined with paraplatin and pemetrexed 
for chemotherapy. In March 2023, he complained of pain in the 
bilateral hip, and a follow-up MRI scan showed new metastases in 
the pelvis and bilateral femur (Fig. 1d-f). He then received radio-
therapy at the tumor site, which achieved pain relief. He continued 
immunotherapy, antiangiogenesis therapy, and chemotherapy. A 
CT scan 12 weeks later showed marked diffuse osteoblastic activ-
ity in the metastases in the lumbar vertebra and osteosclerosis sur-
rounding the metastasis in the vertebrae with metastases (Fig. 1g). 

Figure 1. (a) Computed tomography (CT) scan showing a neoplasm in the right upper lobe (scale bar = 5 cm). (b) An enhanced 
CT scan confirmed the existence of a neoplasm (scale bar = 5 cm). (c) CT scans of the spine before treatment with sintilimab, 
bevacizumab, and chemotherapy showed multiple osteolytic lesions in the thoracic and lumbar vertebrae (scale bar = 5 cm). (d, 
e, f) An MRI study showed new pelvic and bilateral femoral metastases (scale bar = 5 cm). (g) CT scans of the spine showed 
marked osteoblastic activity and osteosclerosis in the vertebra with metastases after the treatment (scale bar = 5 cm). (h, i, j) The 
corresponding MRI scans of the spine after treatment. (h) T1W sagittal spin-echo sequence of the spine showed hypointense 
lesions in multiple thoracic and lumbar vertebrae. The T2W sagittal spin-echo sequence (i) and T2W sagittal spin-echo sequence 
with fat suppression (j) showed both hyperintense and hypointense lesions in multiple thoracic and lumbar vertebrae, which 
indicates osteoblastic bone lesions (scale bar = 5 cm).
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A corresponding MRI after the treatment confirmed the existence 
of abnormal osteoblastic bone lesions (Fig. 1h-j). Considering his 
improvement in bone pain, the increased osteosclerosis may be 
regarded as an osteoblastic response to immunotherapy [4, 5]. 
Therefore, the treatment was continued.

Follow-up and outcomes

Currently, he is 1 year following the initial treatment and re-
mains stable with the disease.

Discussion

Bone metastasis, especially spinal metastasis, frequently de-
velops from lung adenocarcinomas [1]. Kirsten rat sarcoma 
(KRAS) mutations occur in approximately 11% of the Asian 
population with lung cancer and account for 35% of lung ad-
enocarcinomas [8]. Patients with KRAS mutations frequently 
have poor prognosis and low survival rates, whereas effi-
cient therapies for KRAS-mutant non-small cell lung cancer 
(NSCLC) still fail to reach a consensus widely [9]. Among the 
various subtypes of mutations, KRASG12V mutations are pre-
dominant in smokers [8]. NSCLC with the KRASG12V muta-
tion has distinct metastatic mechanisms compared with other 
subtypes, which can drive metastasis in a Wnt-dependent man-
ner [8]. Moreover, a recent study revealed that the KRASG12V 
mutation in NSCLC can upregulate programmed death ligand 
1 (PD-L1) expression and promote immune escape by regulat-
ing the transforming growth factor-β/epithelial-mesenchymal 
transition (EMT) signaling pathway, which can serve as a po-
tential therapeutic target for KRAS mutations in NSCLC [10].

As an immune checkpoint inhibitor, sintilimab is a pro-
grammed cell death protein 1 (PD-1) inhibitor that is approved 
for patients with NSCLC, and studies have proven that squamous 
cell NSCLC exhibits a superior response to sintilimab compared 
with adenocarcinoma [11]. However, the mechanism by which 
sintilimab induces an osteoblastic response in our patients with 
spinal metastases from lung adenocarcinoma is unclear and 
needs further investigation. Bone metastasis, especially spinal 
metastasis, is frequently related to lung cancer, which is usually 
osteolytic due to enhanced osteoclast differentiation [1, 12, 13]. 
Activated osteoclasts have been shown to be associated with ac-
tivation of the PD-1 pathway, whose blockade can inhibit osteo-
clast formation and cancer-related pain in bones [14, 15]. Con-
sidering the activation of the Wnt signaling pathway in NSCLC 
with the KRASG12V mutation, we hypothesized that PD-1 inhibi-
tion can inhibit osteoclastogenesis and facilitate Wnt-dependent 
osteogenesis in cancer bone metastases during bone remodeling 
[8, 16, 17]. Therefore, osteoblastosis can be regarded as an indi-
rect sign of the response to efficient PD-1 inhibition within bone 
metastases of KRASG12V-mutant lung adenocarcinoma.

Increasing evidence has demonstrated that inflammation, 
especially chronic inflammation, highly correlates with can-
cer, which can promote oncogenesis by upregulating immune 
checkpoints to induce a state of immunosuppression in the tu-
mor microenvironment [18, 19]. Thus, immunotherapy, such as 

immune checkpoint inhibitors, has emerged as an effective tool 
for disease control in patients with advanced NSCLC; however, 
antiangiogenic therapy also plays a vital role in fighting cancers 
[20, 21]. In our case, we showed promising clinical outcomes 
by synergistically administering immunotherapy and antian-
giogenesis combined with chemotherapy. Although the safety 
of the regimen is acceptable in patients, further studies are still 
needed to discover more promising and effective chemotherapy-
free options for the treatment of patients with advanced NSCLC, 
especially KRASG12V-mutant lung adenocarcinoma, to improve 
therapeutic efficacy and tolerability. Therefore, it is important 
for clinicians to be aware of this phenomenon of osteoblastic 
reaction/response, which may predict a good response to treat-
ment, especially immunotherapy with PD-1 inhibitors, for pa-
tients with KRASG12V-mutant lung adenocarcinoma.

In conclusion, this case report documents a rare osteoblas-
tic bone reaction developing during treatment with sintilimab 
and bevacizumab in a patient with KRASG12V-mutant lung 
adenocarcinoma, which represents a good response to treat-
ment rather than disease progression. However, our case has 
several limitations. First, we only reported a phenomenon and 
preliminarily investigated its potential mechanisms; thus, a 
mechanistic study in depth is needed. Second, our study had a 
limited number of patients; thus, a large-scale study is needed. 
These limitations are the bases and directions for further stud-
ies. Therefore, to compensate for these shortcomings, further 
studies should be conducted to verify our findings.
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