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Background

Patients with unresectable metastasized osteosarcoma have a poor prognosis. Current treatment options do not offer a chance to cure the disease in this situation. Despite the fact that immunotherapy has expanded its indications continuously over previous years, its use is not yet established in osteosarcoma. There is a lack of randomized controlled studies that could show a significant benefit in this rare tumor entity. So far, efficacy of immunotherapy is only reported in individual cases as well as in mouse models. To predict a response to immunotherapy, testing for programmed death-ligand 1 (PD-L1) expression, microsatellite instability (MSI), and tumor mutational burden (TMB) can be useful, but status is not yet clear for most cancer entities.



Methods

Single case study and review of the literature.



Case Presentation

This report presents the case of a 37-year-old patient with metastatic advanced osteosarcoma, who had no more established options for tumor treatment left. PD-L1 expression in the most recent tumor sample was high (tumor proportion score (TPS) 90%, combined positive score (CPS) 92%) but no MSI could be detected. In an individual therapy attempt, an ongoing and profound remission of all tumor manifestations due to four cycles of immunotherapy with ipilimumab and nivolumab was reached. Despite discontinuation of immunotherapy for 3 months due to therapy-related pneumonitis, remission of all tumor manifestations was ongoing, and no detectable relapse in restaging before onset of Nivolumab-maintenance could be observed.



Conclusion

The present case constitutes the first report of an adult patient with metastasized advanced osteosarcoma who reached a deep remission of disease by immunotherapy with ipilimumab and nivolumab, which continued even though immunotherapy had to be interrupted. To verify whether the high expression of PD-L1, as seen in this patient, is a predictive marker for response to immunotherapy in osteosarcoma, requires further investigation.
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Introduction

Osteosarcomas are rare malignant tumors of mesenchymal origin in the bone, which occur mostly in children and adolescents younger than 20 years but are also found in adults with a second peak after the age of 65 years (1). Standard treatment includes surgery framed by neoadjuvant and adjuvant chemotherapy. Commonly used agents are methotrexate (MTX), doxorubicin, cisplatin (MAP). Alternative agents are etoposide and ifosfamide (2). If all tumor manifestations can be resected, cure of the patient can be achieved, and the 5-year OS is 54% (3).

In recurrent disease, prognosis depends on the resectability of all tumor manifestations. If complete resection is also feasible in second or third relapse, cure can still be achieved. Local relapse is more favorable than recurrence in lung or other sites. Also, good histological response to pre-operative chemotherapy correlates with a more favorable outcome in recurrence (3).

However, patients with unresectable metastases have a poor prognosis, and there is no established treatment to achieve cure at this stage (4).

In advanced metastatic osteosarcoma, therapy with checkpoint inhibitors has not been established so far. In 2017, Tawbi et al. published the results of a multicenter phase 2 trial in which patients with advanced bone and soft tissue sarcomas were treated with pembrolizumab (5). Of the 22 patients with osteosarcoma, only one reached an objective response. In another multicenter phase 2 study, 85 heavily pretreated adult patients with various kinds of sarcoma received either a monotherapy with nivolumab or a combination therapy with nivolumab and ipilimumab. In the nivolumab plus ipilimumab group, six patients (16%) had a confirmed response to the immunotherapy, whereas in the nivolumab group, only two (5%) had a confirmed response (6).

A case report of a patient with advanced osteosarcoma who reached disease-control after immunotherapy with a combination of ipilimumab and nivolumab can be found in the literature (7).

Side effects of immunotherapy are frequent autoimmune phenomena of various severity, such as pneumonitis, hepatitis, or myositis (8). In the treatment of melanoma, side effects more often occur in combination therapy with CTLA-4 and PD1/PD-L1 inhibition compared with single-agent use (9). If side effects occur, discontinuation of immunotherapy and treatment with corticosteroids is required in many cases (10).



Case Presentation

The present case reports a 37-year-old man suffering from metastatic osteosarcoma originating in the distal part of the left femur. In March 2018, the patient entered the hospital with pain in the left leg as the major symptom. An MRI scan showed a large tumor with extramedullary parts and an intraosseous diameter of 13 cm. The histological examination of the biopsy showed a mostly epithelioid, in part osteoblastic, high-grade osteosarcoma. In the CT scans of the thorax and abdomen, there was no metastasis detectable. Before surgery, the patient was treated with a neoadjuvant regimen analog to the EURAMOS-1 trial (11) with two cycles of doxorubicin and cisplatin and four cycles of high-dose MTX. In the intermediate staging performed by a further CT scan before surgical resection of the tumor, there was still no sign of distant metastasis. In the restaging-MRI of the left thigh the tumor showed a decrease in size. Limb saving surgical resection of the entire tumor (R0) was performed in August 2018. The tumor showed regression with 30% vital tumor cells (grade IV Salzer-Kutschnik).

Surgery was followed by an adjuvant chemotherapy analog to the EURAMOS-1-protocol containing two cycles of doxorubicin and cisplatin, two further cycles of Doxorubicin and eight cycles of high-dose MTX. The start of adjuvant chemotherapy was delayed for two weeks because of a wound infection.

The final staging after the last chemotherapy cycle showed two new pulmonary metastases in the CT scan of the lung. Hence, curatively intended surgical resection was performed in April 2019.

In September 2019, the patient had a seizure and in an MRI of the brain multiple cerebral metastases became visible. A neurosurgical resection of a symptomatic metastasis was performed, followed by a total brain irradiation with a boost on parafalcial and occipital metastases.

In a systemic restaging performed by a total body FDG-PET-CT scan and an MRI of the brain, the patient then showed a rapid systemic disease-progression with metastases affecting the lung, the mediastinum, the left adrenal gland, the brain, soft tissue, bones, and the skin. (Figures 1A, 2A, 3A)




Figure 1 | MRI showing cerebral metastasis before (A), after three month (B) and after one year (C) of double check point inhibition with ipilimumab and nivolumab.






Figure 2 | FDG-PET-CT showing systemic metastasis before (A), after three months (B), and after one year (C) of double check point inhibition with ipilimumab and nivolumab.






Figure 3 | Tumor lesions before (A) and after 3 months (B) of double checkpoint inhibition with ipilimumab and nivolumab.



In a molecular testing of the most recent tissue sample of the resected brain metastases, the tumor showed a high expression of PD-L1 (TPS 90% CPS 92%) but microsatellite stability (MSS). The patient was still in a good performance state (ECOG 1). A salvage chemotherapy containing the in osteosarcoma therapy established drugs ifosfamide and etoposide was not performed because of an acute kidney failure in the patient’s history and a high amount of cumulative neurotoxicity after the total brain irradiation. Benefit-risk ratio was not considered being favorable for this option. Referring to the case of a patient with advanced osteosarcoma reported by Nuytemans et al. (7), who reached a stabilization of disease-progression undergoing immunotherapy with nivolumab and ipilimumab, an individual therapy attempt with the same treatment combination was conducted, as there was no further established therapy and no ongoing study available.

Starting in December 2019, we exposed the patient to the immunotherapy combination of Nivolumab 3 mg/kg and Ipilimumab 1 mg/kg every 3 weeks for four times analog to the established treatment protocol for kidney cancer. In the following restaging performed by a PET-CT scan and an MRI of the brain 3 months after starting the therapy, the patient showed a clear response to the therapy with a profound remission of all tumor lesions (Figures 1B, 2B, 3B). In some of the lesions, a minimally elevated uptake of FDG remained residually, whereas the lesions were not metrically measurable any more in the corresponding CT scan. In brain MRIs, minimal residual structures were interpreted as gliosis after total brain irradiation and immunotherapy. A definite distinction between inflammation or scar and minimal tumor residuals was not possible in PET-CT scans and MRIs.

In February 2020, the patient suffered from herpes zoster as a complication, which was treated with brivudine for 7 days.

The patient developed a mild facial palsy of the right side in March 2020, which can be considered as a side effect of the immunotherapy. In an examination of the cerebrospinal fluid, a slightly increased cell count of 9/nl could be detected but no signs of VZV encephalitis or meningeosis carcinomatosa, respectively.

In March 2020, the patient developed an immunotherapy-related pneumonitis with clinically mild symptoms but clear correlations in CT scans of the lung (Figure 4A) and noticeably reduced diffusion capacity in a subsequent lung-function examination. Therefore, immunotherapy had to be discontinued, and nivolumab maintenance could not be started according to protocol.




Figure 4 | (A) immunotherapy related pneumonitis after four cycles of ipilimumab and nivolumab. (B) regression of pneumonitis after discontinuation of immunotherapy and immunosuppressive treatment with tapered prednisolone.



For treatment of pneumonitis, the patient received prednisolone with an initial dose of 50 mg per day (0.5 mg/kg). Because of decreasing signs of pneumonitis in control CT scans (Figure 4B) and an improving diffusion capacity in lung function, prednisolone could be quickly tapered to 7.5 mg, and re-exposure to nivolumab was feasible in June 2020. In the actual PET-CT scan and MRI of the brain, the patient still showed a profound remission of all tumor lesions, and there was no detectable sign of a relapse (Figures 1C, 2C). Currently, prednisolone is completely tapered, and the patient undergoes nivolumab maintenance (240mg) every 2 weeks. The performance state has further improved, and the patient is starting reintegration into work.

Figure 5 outlines the patient’s history.




Figure 5 | Timeline of the patients' history.





Discussion

In metastatic osteosarcoma, prognosis for patients is very poor if surgical resection of all metastases is not possible (4). Standard treatment with chemotherapy often provides only little benefit with a high frequency of side effects reducing the patient’s quality of life. Radiotherapy has its place only in individual cases for local tumor control. Other treatments like therapies with different agents targeting various cellular signaling pathways are still in evaluation (12).

Approaches using immunotherapy already started in the 1970s. Although the use of interferon showed no benefit in the EURAMOS-1-trial (11), Mifamurtide showed a benefit in nonmetastatic osteosarcoma in combination with adjuvant chemotherapy (12). It is thought to be tumoricidal via activation of macrophages and monocytes. So far, the use of checkpoint inhibition is not an established treatment option in osteosarcoma. A phase 2 trial by Tawbi et al. treating patients with osteosarcoma with pembrolizumab showed almost no benefit (5). In addition, a pediatric phase 1/2 study testing efficacy of nivolumab in children and young adults showed no benefit in young patients with solid tumors, including osteosarcoma as well (13). A phase 1 study by Merchant, Wright et al. of Ipilimumab in pediatric patients with solid tumors, also including osteosarcoma, did not even show a partial remissions in this cohort (14). In contrast to the aforementioned results, another phase 2 trial by D’Angelo et al. in patients with mixed types of sarcomas showed a response to a combined immunotherapy with nivolumab and ipilimumab in 16% of the patients (6). Single-agent immunotherapys seems to have a limited efficacy, whereas combined immunotherapy in some patients with sarcomas leads to objective responses.

Positive predictive markers for the efficacy of immunotherapy in solid tumors, for instance PD-L1 expression in tumor and tumor environment, MSI or TMB are established, but significance is not yet clear for most entities (15). Significance of PD-L1 expression is best proven in non-small-cell lung cancer (NSCLC) and melanoma, but in a lot of other entities predictive value remains doubtful (16). In the present case, expression of PD-L1 in tumor cells (TPS), also in combination with surrounding immune cells (CPS), was high with 90% and 92%, respectively, but MSI, another positive predictive marker for success in immunotherapy in solid tumors (17, 18) was not detectable, even though it is seen in about 50% of skeletal sarcomas (19).

As a salvage chemotherapy containing ifosfamide and etoposide was expected to have an unfavorable ratio of possible benefit and harming side effects in this patient with a history of acute kidney failure and a high cumulative neurotoxicity, this option was not considered. Analog to the similar reported case, treatment with ipilimumab and nivolumab was chosen as it is established for treatment of metastasized RCC (20,) (7). For this combination, there also exists preclinical evidence concerning the efficacy against metastatic osteosarcoma in mouse model (21) and objective responses were observed in sarcoma patients (6).

Autoimmune diseases are a common side effect of immunotherapies. In double check point inhibition blocking, CTLA-4 and PD-1 severe side effects occur more frequently compared with monotherapy with a PD-1-agent (9). In the reported case the patient suffered from two probable side effects, i.e., facial palsy and pneumonitis. Standard treatment of autoimmune side effects is corticosteroids and discontinuation of immunotherapy (10), which were both done in this case. Despite of discontinuation of immunotherapy and immunosuppression with corticosteroids an ongoing anti-tumor effect was observed. Nevertheless, nivolumab maintenance was initiated after controlling side effects as in patients with melanoma resuming single-agent PD1/PD-L1-inhibition is described as feasible after toxicity in CTLA-4 and PD-L1 combination (22).

The fact that the reason for the exceptional good response to the combined immunotherapy in this patient remains unclarified constitutes the main limitation of the significance of this case report for the treatment of other patients with metastatic osteosarcoma. Hence, it currently does not seem possible to predict whether patients in similar situations would benefit from combined immunotherapy.



Conclusion

The present case constitutes an encouraging example of a patient with advanced metastasized osteosarcoma who reached a persistent remission of all tumor lesions undergoing an immunotherapy with ipilimumab and nivolumab by analogy with the treatment protocol for advanced RCC. Immunotherapy is currently not established in osteosarcoma and efficacy of dual checkpoint inhibition in osteosarcoma has only been shown in mouse model so far (21) and has been observed in some patients with mixed types of sarcoma (6). This is the first reported case in which the patient reached a profound remission of all known tumor manifestations in metastasized osteosarcoma upon immune checkpoint inhibition. The ongoing anti-tumor-effect despite required therapy discontinuation and tapered immunosuppression with prednisolone for three months is unexpected but is indicative of a durable efficacy of immunotherapy in this patient. High PD-L1 expression of tumor cells in this case and these results of immunotherapy suggest a predictive value of PD-L1 expression but to prove this hypothesis, further research in this area is needed. The main limitation is that at the moment a predication of a response to combined immunotherapy in similar patients appears not to be possible.
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