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Bone marrow involvement (BMI) of solid tumors is a special type of distant metastasis. It has an occult onset, atypical clinical and laboratory features, and a high mortality. We present a nasopharyngeal carcinoma case with cervical and axillary lymph nodes, bilateral lung, multiple bone, and bone marrow metastases, who was treated chemotherapy plus targeted therapy under the guidance of a patient-derived tumor xenograft (PDTX) model, followed by maintenance chemotherapy plus immunotherapy. The patient’s symptoms were relieved after four cycles of chemotherapy plus targeted therapy. His bone marrow biopsy turned negative after 7 months of therapy. In addition, his total peripheral T cells as well as the proportion of CD8+ T cells increased during the course of therapy. The combination of chemotherapy, targeted therapy, and immunotherapy provides an effective antitumor regimen for advanced NPC patients with BMI.
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Introduction

Bone marrow involvement (BMI) in solid tumors is rare in clinical practice compared with that of hematological tumors. The incidence rate of BMI in solid tumors is reported to range from 11% to 20% (1–4), which is increased to 23%–35% in recurrent or metastatic tumors (4–8). The BMI in solid tumors usually indicates a poor prognosis. The median overall survival time for solid tumor patients with BMI was reported to be 49 days (9). However, some case reports have confirmed that systematic treatment can prolong the survival rate of patients with BMI (10–15). There is no standardized treatment for patients with BMI in solid tumors because of the lack of clinical trial data.

The incidence rate of BMI in nasopharyngeal carcinoma (NPC) is unclear. Berry reported a 63-year-old man with NPC and BMI who died within 2 weeks of the diagnosis without antitumor therapy (16). Miyaushiro reported a 51-year-old man with NPC and BMI who maintained a good performance status for 7 months during weekly paclitaxel chemotherapy but died from multiple organ failure 8 months after diagnosis (17). Here, we present a metastatic NPC patient with BMI who had long-term survival after chemotherapy plus anti-EGFR-targeted therapy according to a PDTX model, followed by maintenance therapy with chemotherapy plus immunotherapy according to the peripheral immune environment.



Case

A 44-year-old man was initially diagnosed in our center with stage IVa (T1N3M0, American Joint Committee on Cancer (AJCC) 8th edition) NPC and dermatomyositis in December 2019. Positron emission tomography–computed tomography (PET-CT) showed the primary tumor was confined to the nasopharynx, accompanied by lymph node metastasis in the left neck, left parapharyngeal space, and left clavicle. The diagnostic and treatment history of the patient is shown in Figure 1. Three cycles of induction chemotherapy with paclitaxel-albumin (240 mg/m2, every 3 weeks) plus nedaplatin (90 mg/m2, every 3 weeks) were conducted from January 4, 2020, to March 4, 2020. Partial remission was achieved after induction chemotherapy, assessed by the nasopharyngeal magnetic resonance imaging (MRI) and cervical CT scan, according to the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1. Intensity-modulated radiotherapy (70 Gy/32 fractions) with two cycles of nedaplatin (90 mg/m2, every 3 weeks) concurrent chemotherapy and fixed-dose weekly nituzumab (200 mg) concurrent anti-EGFR-targeted therapy was conducted from March 13, 2020, to April 28, 2020. The patient received one cycle of adjuvant chemotherapy of paclitaxel-albumin plus nedaplatin. Complete remission was achieved in the imaging evaluation 1 month after the completion of radiotherapy. From then on, he had regular visits until August 2020, when no recurrence and metastasis were detected.




Figure 1 | Summary of the patient’s treatment history. (A) Multiple bone metastases before second-line treatment. (B) Multiple bone metastases after two cycles of therapy. (C) Reduction of multiple bone metastases after six cycles of therapy. (D) Continued reduction of multiple bone metastases after 3 months of maintenance therapy. (E, I) Multiple lung metastases before second-line treatment. (F, J) Multiple lung metastases after two cycles of therapy. (G, K) PR of multiple lung metastases after six cycles of therapy. (H, L) Disappearance of lung metastases after 3 months of maintenance therapy. (M) Clustered tumor cells confirmed bone marrow involvement before second-line treatment. (N) Scattered tumor cells detected after four cycles of therapy. (O) Suspicious tumor cells detected after six cycles of therapy. (P) Bone marrow aspiration negative after 3 months of maintenance therapy. PR, partial response; PFS, progression-free survival.



The patient suffered from lumbar pain on October 9, 2020. MRI and PET-CT scans revealed right scapula, right 3rd rib, left 6th rib, thoracic 10 to lumbar 5 vertebral bodies and some accessories, sacrum, bilateral iliac bones, right ischium, left upper femur metastases, and lung metastases. Subsequently, he underwent posterior thoracolumbar tumor resection, reconstruction, and internal fixation under general anesthesia on October 27, 2020. The postoperative pathology was metastatic nonkeratinized undifferentiated carcinoma, which was confirmed as a bone metastasis of NPC. PDTX models were built using cancer cells obtained from surgery to evaluate the sensitivity of different regimens of systemic therapy.

He was readmitted on November 17, 2020. At that time, he had a Karnofsky performance status (KPS) score of 50, a continued fever of more than 39°C, and lumbar pain, which caused him to be bedridden for 3 weeks after the operation. MRI and PET-CT scans revealed that he had rapid progression with bone and lung metastasis. BMI was detected from bone marrow aspiration and biopsy (Figure 1M). Whole blood counts from the blood test indicated hemoglobin (HB) of 111 g/L (normal range: 131–172 g/L), platelet count (PLT) of 339 109/L (normal range: 100–300 109/L), glutamic-pyruvic transaminase (GPT) of 85 U/L (normal range: 9–50 U/L), glutamic oxaloacetic transaminase (GOT) of 99 U/L (normal range: 15–40 U/L), alkaline phosphatase (ALP) of 243 U/L (normal range: 30–120 U/L), lactate dehydrogenase (LDH) of 1,085 U/L (normal range: 120–250 U/L), and C-reactive protein (CRP) of 134.9 mg/L (normal range: <10 mg/L). He had no liver metastasis or chronic liver disease, and dermatomyositis was controlled in a stable state. Based on his general situation and the result of the PDTX model, he was administered gemcitabine (1 g/m2, days 1 and 8, every 3 weeks) plus cetuximab (250 mg/m2, weekly) from November 29, 2020. After two cycles of treatment, the patient’s temperature returned to normal (below 37.4°C), the pain eased, the KPS score increased to 80, and partial remission was found in all lymph nodes, lung, and bone lesions at the first assessment after two cycles of treatment. Cisplatin (50 mg/m2, weekly) was added to the regimen beginning with the 3rd cycle of therapy. Repeated MRI and CT scans showed continued partial remission after four and six cycles of treatment. ALP and LDH levels continuously declined. The dynamic changes of ALP and LDH over the treatment are exhibited in Figure 2. Grade III leukocytopenia and thrombocytopenia were observed after chemotherapy and recovered after treatment with granulocyte colony-stimulating factor (G-CSF) and thrombopoietin (TPO), without chemotherapy delay.




Figure 2 | Alkaline phosphatase and lactase dehydrogenase changes during treatment (U/L).



The patient was then administered capecitabine plus sintilimab as maintenance therapy on April 9, 2021. Metastatic tumor cells could still be detected from bone marrow biopsy after 4 and 6 cycles of treatment on February 19, 2021, and April 9, 2021 (Figures 1N, O). Eventually, his bone marrow biopsy turned negative after 3 months of capecitabine plus sintilimab maintenance chemotherapy and immunotherapy on July 28, 2021 (Figure 1P). As of press date, he has survived for 16 months since bone marrow involvement. He completed 15 cycles of capecitabine plus sintilimab with a KPS of 100 and remains in continuous remission every 3 months of assessment. However, he refused further bone marrow aspiration.

Reconstitution kinetics in immune cells in the peripheral blood during the period of maintenance treatment is shown in Figure 3. We found that the proportion of total peripheral T cells as well as the proportion of CD8+ T cells increased. Intracellular staining showed that after combined immunotherapy, peripheral CD8+ T cells were transformed into activated T cells, which express high levels of TNF-α, IFN-γ, and granzyme B. The production of TNF-α and IFN-γ in CD4+ T cells was also increased.




Figure 3 | Reconstitution kinetics in immune cells in the peripheral blood. (A) The percentages of CD3+, CD4+, and CD8+ cells in live cells during treatment. (B) The percentages of IFNr+, TNFa+, and Granz B+ cells in CD4+ cells during treatment. (C) The percentages of IFNr+, TNFa+, and Granz B+ cells in CD8+ cells during treatment.





Discussion

Here, we presented a successful case of a metastatic NPC patient with BMI who had long-term survival and was effective in antitumor treatment effects. A complete response on bone marrow biopsy was shown after chemotherapy, followed by checkpoint immunotherapy.

The BMI of solid tumors is not as common as hematological tumors. Although it is reported to be up to 35% in patients with recurrent or metastatic tumors (4–8), the incidence will be lower in the real world because patients without bone aspiration were not included in the statistics.

A BMI in solid tumors is a special type of distant metastasis. Routine examinations of patients do not reveal bone marrow. The invasive bone marrow aspiration and biopsy, which is the only method of diagnosis, is not a routine examination for solid tumors. Positive biopsy results were defined as the presence of nonhematopoietic cell infiltration under a microscope. The clinical features and laboratory tests are not typical, making diagnosis difficult. The main clinical features of BMI are anemia, leukopenia, thrombocytopenia, bone pain, tenderness of the sternum, and fever. Laboratory tests show elevated LDH, ALP, GOT, and GPT levels (18, 19). In this case, the patient’s clinical features included anemia, bone pain, and fever. His laboratory tests showed elevated levels LDH, ALP, GOT, and GPT. BMI was promptly diagnosed and followed with antitumor therapy. The successful case revealed the importance of bone marrow biopsy, which should be considered a routine procedure in metastatic patients with BMI-relevant clinical features and laboratory tests.

Patients with BMI often have fatal complications that result in an even poorer prognosis (3, 18). A study of 83 cases of bone marrow metastatic solid tumors reported a median overall survival time of 49 days. In the 83 cases, anemia (95%) was the most common finding, followed by thrombocytopenia (77%), leukocytosis (31%), leukopenia (18%), and neutropenia (12%). Active bleeding was present in 18 of 83 patients (21%), and prolonged prothrombin times were detected in 33 of 67 patients (49%) (9). There is a lack of internationally recognized guidelines for the treatment of solid tumor patients with BMI. In general, chemotherapy-based systemic therapy is the preferred treatment for stage IV malignant tumors. However, patients with BMI often have poor general status and peripheral blood abnormalities. Because of its cytotoxicity, there is no consensus on whether BMI patients can benefit from chemotherapy-based systematic treatment. However, there is evidence that chemotherapy can still improve the overall prognosis, although more supportive treatments are required during the course, such as component transfusion, nutritional support, etc. (7, 20–22). Patients who have low KPS scores, infection susceptibility for leukocytopenia, bleeding susceptibility for thrombocytopenia, and DIC susceptibility for coagulation disorders have been unable to tolerate chemotherapy. Although it has not been discussed in previous articles, BMI patients without hemocytopenia may have a better prognosis.

The choice of chemotherapy regimens for solid tumors with BMI is quite individualized because ineffective chemotherapy may further aggravate the reduction in blood cells, which may shorten the survival time of patients. PDTXs have been shown to perform robustly as a translation platform for in vivo drug testing of efficacy (23, 24). In this case, a PDTX model was built before systemic therapy. In vivo experiments compared eight combinations of chemotherapy regimens. They are carboplatin plus paclitaxel, cisplatin plus paclitaxel, cisplatin plus docetaxel, cisplatin plus gemcitabine, cisplatin plus 5-fluorouracil plus docetaxel, cisplatin plus 5-fluorouracil plus cetuximab, cisplatin plus gemcitabine plus cetuximab, and cisplatin plus paclitaxel plus cetuximab. The tumor component, tumor cell necrosis ratio, and tumor cell proliferation index were used to assess the efficacy of the regimens. The toxicity of the regimens was also assessed based on the weight of the mice. As a result, the patient received the gemcitabine plus cisplatin plus cetuximab regimen, which demonstrated high efficacy and low toxicity. Cisplatin was not used in the first two cycles of chemotherapy because of the patient’s poor general condition.

Capecitabine and programmed death receptor 1 showed satisfactory curative effects as maintenance therapy in metastatic NPC patients (25, 26). In this case, the patient was diagnosed with dermatomyositis when he was initially diagnosed with NPC. As a kind of autoimmune disease, dermatomyositis may relapse and worsen under the action of programmed death receptor 1. Fortunately, this did not happen. Capecitabine plus sintilimab has been administered for over 8 months and counting. We found that the proportion of total peripheral T cells as well as the proportion of CD8+ T cells increased during the course of therapy. It may be related to the high efficiency and low toxicity of patients, which warrants further study.

There are two combinations of the regimens: gemcitabine plus cisplatin plus cetuximab and capecitabine plus sintilimab, which were successively conducted in the series of treatments for the patient. During the course of gemcitabine plus cisplatin plus cetuximab, the patient’s symptoms were relieved rapidly in the previous cycles of treatments, though cisplatin was not included in the first two cycles because of his poor general condition. He achieved continued remission in every two cycles of assessment. In addition, only suspicious tumor cells were detected in the bone marrow biopsy after six cycles of treatments. It shows that the regimen of gemcitabine plus cisplatin plus cetuximab plays a more critical role in this case.

This single-patient protocol for metastatic NPC with BMI with a significant response to cisplatin plus gemcitabine plus cetuximab followed by capecitabine plus sintilimab provides a new treatment option for this disease. The PDTX model is a feasible method of treatment prediction and formulation of individualized treatment for solid tumor patients with BMI. The analysis of total and proportion of peripheral T cells may predict patient’s treatment efficiency and toxicity, which warrants further study.
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