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Pulmonary blastoma (PB) is a rare and invasive malignancy of the lungs with a poor prognosis. Although the mainstay treatment of PB is surgery, and radiotherapy and chemotherapy have been reported, no standard therapy exists for patients inoperable in advanced stages. Moreover, little is known about driver mutation status and immunotherapy efficacy. This paper presents a male patient diagnosed with classic biphasic PB using CT-guided lung biopsy pathology and immunohistochemistry. The patient’s symptoms included cough, chest pain, shortness of breath, hemoptysis, and hypodynamia. The primary focus of this paper is to discuss the impact of anti-PD-1 immunotherapy on PB. The patient experienced progression-free survival (PFS) of over 27 months following sintilimab second-line anti-PD-1 therapy. The patient has currently survived for nearly 40 months with a satisfactory quality of life.




Keywords: pulmonary blastoma, immunotherapy, sintilimab, checkpoint inhibition, PD-1/PD-L1 axis





Introduction

Pulmonary blastoma (PB) is a rare lung malignancy that accounts for approximately 0.5% of all lung tumors (1). Barnett and Barnard reported it in 1945; since then, only a few hundred cases have been reported worldwide. These tumors originate from pluripotent pulmonary blast cells, and histologically, their morphology is similar to that of lung-fetal tissue, with variable biological behavior. PBs are biphasic malignancies consisting of immature epithelial and/or mesenchymal tissues, both of which are derived from common precursor cells. The unusual histologic pleomorphism of PB makes its diagnosis challenging. However, cytopathology reveals both epithelial and mesenchymal malignant cell characteristics of the tumor, thus helping diagnose PB (2). PB has been reported to occur mostly in adults, largely in young women (3), and 67% to 82% of cases are related to smoking (4). PB in adults usually presents as a large, symptomatic mass that often causes symptoms such as cough, hemoptysis, and chest pain. Clinical treatment of PB depends on its histologic subtype, stage, and clinical presentation and includes surgery, chemotherapy, and radiation therapy. Currently, targeted therapy and immunotherapy are rarely used to treat PB. We report a case of long-term survival in a male patient with locally advanced classical biphasic PB who achieved long-term survival after immunotherapy with sintilimab.





Case presentation

The patient was a 50-year-old man. The patient’s father passed away due to tuberculosis and respiratory failure, while his mother remains in good health. The patient has two sisters and a half-brother, all of whom are healthy. At present, the patient does not have any children. He presented with chest tightness, chest and back pain, cough, blood in the sputum, and hypodynamia. The patient had a smoking history of 20 years before developing lung disease. Before the development of the disease, the patient had good health and no reported history of occupational exposure or genetic predisposition within the family. Contrast-enhanced computed tomography (CT) examination of the chest at presentation showed an upper left lung mass shadow (10.7 cm × 8.5 cm × 10.5 cm). The margin was poorly demarcated from the mediastinal pleura comprising multiple flaky low-density necrotic areas. The CT value ranged from 19 to 33 Hu. Whole-body positron emission tomography (PET)-CT scan revealed a mass hypermetabolic lesion in the upper left lung (SUV 8.5) and was considered upper left lung cancer. The lesion was infiltrated along the adjacent bronchial and pleural. And it was intricately related to the aortic arch with peripheral obstructive inflammation. Mild hypermetabolism (SUV 3.0) of left hilar and mediastinal lymph nodes (groups 5 and 6) reflected lymph node metastasis. No metastases were seen elsewhere throughout the body. Blood tumor markers (CEA, NSE, and CYFRA21–1) were normal. Examination of fine-needle aspiration biopsy of the lesion via CT revealed that tumor cells were spindle-shaped or oval, with diffuse infiltrative growth, necrosis of a small number of cartilage components, and loose interstitium. The tumor tissue consisted of both epithelial and mesenchymal tissues, with the epithelial component exhibiting features of low-grade adenocarcinoma. The mesenchymal component, on the other hand, exhibited characteristics of sarcoma with cartilage metaplasia, as illustrated in Figure 1. This was consistent with the diagnosis of PB. Immunohistochemistry revealed epithelial components: CK (+), TTF1 (+), CEA (–), CK7 focal (+), CK5/6 focal (+), S-100 focal (+), EMA focal (+); mesenchymal components: Vim (+), S-100 focal (+), Des small (+), CD99 individual (+), CD34 vascular (+), MC (-), Napsin A (-), and Ki-67 (30% +) (Figure 2). Due to the limited tissue sample available, certain immunotherapy predictors, including PD-L1, tumor mutation burden (TMB), and microsatellite stability (MSS), were not evaluated. The diagnosis was classic biphasic PB, and the clinical tumor stage was cT4N2M0 IIIB. The tumor could not be resected because the patient’s tumor was closely related to the aortic arch. Therefore, the multiple disciplinary teams (MDTs) believed that radical surgery could be performed. The first-line chemotherapy regimen included paclitaxel 175 mg/m2 (day 1) + cisplatin 25 mg/m2 (day 1–day 3), with a total of four cycles. Chest radiotherapy was given one month after chemotherapy at a dose of 75 Gy/35f, and efficacy was assessed as partial response (PR) after sequential chemoradiotherapy. Follow-up was repeated every three months following the first-line treatment, and PFS was 12.3 months. The patient reported worsening chest pain, with the chest CT showing that the lesion was progressing. The left upper lung lesion was markedly enlarged, and solid changes appeared. The patient experienced difficulty falling asleep due to chest pain, requiring Oxycodone Hydrochloride Controlled-release Tablets at a dosage of 360 mg q12 h to achieve a Numerical Rating Scale (NRS) score below 3. This pain level significantly impacted the patient’s ability to work and carry out daily activities. As a distinct subtype of NSCLC, classical biphasic PB (CBPB) poses challenges for second-line chemotherapy alone, and no known driver gene mutation is currently suitable for targeted therapy in this condition. Previous reports have demonstrated that PD-L1 expression was observed in roughly 12% of PPB patients (5). Furthermore, case studies have identified high PD-L1 expression in patients with CBPB (6). As such, the combination of chemotherapy and ICIs was considered a potential treatment approach. The treatment was changed to gemcitabine 1250 mg/m2 (d1, 8) and sintilimab 200 mg (d1). After one cycle of treatment, the patient developed third-degree neutropenia, a second-degree rash, and anorexia; we attributed these side effects to gemcitabine. Gemcitabine chemotherapy was discontinued at the patient’s insistence, and only sintilimab immunomonotherapy was administered. Over time, the patient’s chest pain gradually subsided, and they were able to resume daily activities. The dosage of Oxycodone Hydrochloride Controlled-release Tablets was consequently reduced to 80 mg q12 h. No significant adverse effects were observed during this treatment period. Based on imaging evaluations, the patient’s disease state remained stable, classified as stable disease (SD) (see Figure 3). The patient is currently receiving sintilimab for 27 months. His condition was stable, with a performance status (PS) score of 1. The patient has been alive for nearly 40 months and has a good quality of life.




Figure 1 | Pathological images of the pulmonary blastoma patient. (A-C) Representative images showing spindle-shaped or oval tumor cells with diffuse infiltrative growth, necrosis of limited cartilage components, and loose interstitium. (A) Microscopic magnification ×100. (B, C) Microscopic magnification ×400.






Figure 2 | Immunohistochemical images of the pulmonary blastoma patient. (A) CK positive(Microscopic magnification×100). (B) CK positive (Microscopic magnification×200). (C) EMA positive (Microscopic magnification×200). (D) TTF-1 positive (Microscopic magnification×200). (E) Desmin positive (Microscopic magnification×200). (F) Ki-67 positive (Microscopic magnification×200). (G) S-100 positive (Microscopic magnification×200). (H) Vimentin positive (Microscopic magnification×400).






Figure 3 | Radiologic images of the pulmonary blastoma patient. (A) Baseline image. (B) Image obtained following completion of first-line chemotherapy and radiotherapy. (C) Image obtained prior to anti-PD-1 immunotherapy. (D) Image obtained after anti-PD-1 immunotherapy.







Discussion

PB is a rare subtype of lung tumor in humans and has been divided into three types of well-differentiated fetal adenoblastoma (WDFA), namely uniphasic PB, pleural PB (PPB), and CBPB. Of these, CBPB has been reported to be the most common (4). Since 2004, the World Health Organization’s (WHO’s) classification of lung tumors has classified CBPB as pulmonary sarcoma-like carcinoma along with pleomorphic carcinoma, spindle cell carcinoma, giant cell carcinoma, and carcinosarcoma (7, 8). The most recent WHO classification, released in 2021, distinguishes PB as a distinct entity from PPB (9, 10). PB is a rare form of sarcomatoid non-small cell lung cancer characterized by a biphasic pattern.WDFA is considered a histological variant of lung adenocarcinoma. PPB is classified as a soft tissue tumor, also known as childhood PB. PPB has been reported to almost exclusively occur in children and adolescents under the age of 14 years. It is characterized by predominantly localized growth, with certain cases more aggressive and metastatic.

Unlike PPB and WDFA, CBPB is a biphasic tumor and consists of fetal adenocarcinoma (usually low-grade) and the original mesenchymal stroma, which is more common in middle-aged individuals. CBPB usually presents with non-specific clinical manifestations similar to those of lung cancer, such as a large lump in the chest causing pain, hemoptysis, cough, and dyspnea. The absence of distinct hematologic tumor markers has made it challenging to diagnose this type of tumor. Consequently, immunohistochemical analysis is required for diagnosis due to its biphasic structure. Microscopic images of biphasic differentiation of primitive epithelial components and primitive embryo components have been observed. The epithelial component is positive for cytokeratin, CEA, epithelial membrane antigen (EMA), thyroid transcription factor-1 (TTF-1), and surface protein α staining, whereas matrix components are positive for vimentin, desmin, muscle-specific actin, myoglobin, and S-100 staining (11). Immature focal striated muscle and/or cartilage differentiation is observed in approximately 25% of tumors (12), whereas mulberry-like structures have been noted in 43% of CBPs, often during neuroendocrine differentiation. In the present case, the patient’s pathological cell morphology was naïve, with mulberry-like structure and cartilage components and neuroendocrine differentiation, which was consistent with the manifestations of PB.

Because CBPB is rare, only a few studies have explored long-term outcomes in these populations. Because the majority of studies have been case reports and literature reviews, information on prognostic factors is little. It has been reported that CBPB is an aggressive tumor with a relatively poor prognosis, whereas WDFA and PPB have a relatively good prognosis. Because CBPB has a higher probability of metastasis, its 5-year survival rate has been reported to be approximately 15%, compared with 62% for PPB and 75% for WDFA (13, 14). Xiang et al. reported that nearly half of PB patients achieved long-term survival (15), with 5- and 10-year survival rates for all PB patients being 58.2% and 48.5%, respectively. Even 40% of patients with metastatic PB achieved long-term survival beyond 5 years. However, two-thirds of patients with CBPB die within 2 years of diagnosis, with survival rates of only 16% and 8% at 5 and 10 years after diagnosis (16).

Although treatment strategies for PB include radiation therapy and chemotherapy, standard therapy has not been established because of the rarity of the tumor (17). Moreover, oncogenic driver gene mutations have been poorly studied, further limiting the treatment approach. It is reported that DICER1 mutations could be important drivers (18). The β-catenin gene mutation is the most frequently observed molecular alteration in CBPB. In addition, mutations in p53, BRCA2, ERBB4, ALK, MET, BRAF, RAF1, PTEN, EGFR, and PIK3CA have also been documented in association with this disease (19). In a separate study, Taylor M. Jenkins et al. reported on the case of a CBPB patient with a ROS-1 rearrangement, which was the first such case to be documented. The patient’s tumor was subjected to fluorescence in situ hybridization (FISH), revealing a ROS-1 rearrangement in 7 out of 50 tumor cells (14%). The tumor tested negative for ALK and RET rearrangements. The patient was subsequently treated with crizotinib. However, due to metastasis of the disease at the time of treatment initiation, the patient’s condition continued to worsen, and they passed away 7 months after diagnosis (20). Surgical enlarged resection and lymphadenectomy are considered the treatment of choice. Nearly 80% of patients undergo surgery after diagnosis (21), whereas the preferred treatment for PB is enlarged resection plus lymphadenectomy. However, 43% of patients with tumors recur within 1 year of surgery and tend to metastasize to the brain, mediastinum, pleura, diaphragm, liver, heart, and soft tissues (22). Postoperative chemoradiotherapy could be considered in case of lymph node metastases or involvement of surrounding tissues. However, only a few cases are sensitive to radiation chemotherapy (23). For instance, Larsen et al. reported a chemotherapy response rate of 16% in 43 cases of classic biphasic PB. Postoperative adjuvant radiation therapy is considered if N2 lymph node metastasis is observed. Researchers in 1984 proposed certain chemotherapy drugs, including cyclophosphamide, vincristine, doxorubicin, and actinomycin. These agents have been reported to be effective in tumors that histologically resemble PB, such as nephroblastoma and rhabdomyosarcoma (24). Subsequently, a combination of ifosfamide and doxorubicin and radiation therapy resulted in a partial response in patients who relapsed after PB surgery (25). In a 16-year-old patient with stage IV with PB, chemotherapy with etoposide and cisplatin resulted in 1-year survival.

In another case report, a combination of carboplatin with paclitaxel and bevacizumab was shown to be effective (26). The effect of targeted drugs on PB is unclear. In this regard, sorafenib has been reported to be effective in treating a biphasic PB patient with renal metastases (27). MET mutations, especially jumping mutations in exon 14, are common in lung sarcomatoid carcinomas (about 22%). However, the incidence of MET mutations in PB is currently unclear and could be explored as a potential target in the future. Most of the above treatment options have been derived from case reports, and we lack a standard treatment established by randomized clinical trials. This could be related to the rarity of PB and the difficulty of conducting clinical trials.

Cancer treatment has been revolutionized by the advent of immunotherapy. However, the expression of programmed death ligand 1 (PD-L1) in PB patients and the efficacy of receiving PD-L1 inhibitors have rarely been reported. For example, in 2015, Joaquim Bosch-Barrera reported the first unresectable CBPB patient with high expression of PD-L1 (6). The patient achieved complete resection after neoadjuvant therapy with a combination of immunotherapy and chemotherapy. Alipour et al. detected the expression of PD-L1 in 25 PPB patients with a positive rate of approximately 12%. These patients could benefit from immune checkpoint inhibitor therapy (5). The cases we reported acquired stable disease (SD) after treatment with sintilimab as a second-line therapy and remained stable for up to 27 months without progression. Sintilimab is a recombinant fully human anti-PD-1 monoclonal antibody approved by the China Medical Products Administration on December 24, 2018. The efficacy of sintilimab in treating CBPB has not been previously reported. This case provides new evidence and novel options for immunotherapy for patients with PB. The disadvantage is that the patient’s biopsy tissue puncture conditions are limited, so PD-L1, tumor mutational burden (TMB), microsatellite stabilization (MSS), and other driver genes could not be detected.





Conclusion

In this case report, we present the treatment outcome of a CBPB patient who received second-line therapy using the PD-1 inhibitor, sintilimab, resulting in a significant long-term survival benefit. While immunotherapy represents a promising treatment approach for solid tumors, there is limited evidence regarding its effectiveness in treating CBPB Therefore, our findings provide valuable new insights into the potential use of immunotherapy in CBPB treatment. It is important to note that due to the limited availability of tissue samples, we were unable to report on the gene status or PD-L1 expression status of the patient in question.
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