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Abstract
BACKGROUND
Undifferentiated pleomorphic sarcoma (UPS) is a type of soft tissue sarcoma, the histologic origin and differentiation direction of which are still unclear. There are few treatment options for UPS other than surgery. Herein we describe a patient who had multiple recurrences of UPS postoperatively, but R0 resection was achieved by local hyperthermia combined with chemotherapy, thus providing a new treatment approach for similar situations. 

CASE SUMMARY
A 65-year-old man sought evaluation from a physician for a mass on his right back. After surgery, the pathologic diagnosis was fibrosarcoma. During the follow-up evaluations until 2021, the patient had four relapses of varying degrees. Postoperative pathology confirmed the recurrence of UPS on the right back. In March 2021, he underwent local hyperthermia combined with two cycles of chemotherapy for recurring lesions. After magnetic resonance imaging re-examination and preoperative examination, the patient chose surgery again. During the operation, the tumors were easy to excise, the amount of bleeding decreased significantly, and the pathologic evaluation confirmed that one of the specimens was an R0 excision.

CONCLUSION
Local hyperthermia combined with chemotherapy enables R0 resection to be achieved in patients with advanced UPS recurrence.
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Core Tip: Undifferentiated pleomorphic sarcoma (UPS) is a type of soft tissue sarcoma, but the histologic origin and direction of differentiation are still unclear. Patients with locally advanced, unresectable, or metastatic disease have a poor prognosis, and there are few treatment options available. Clinically, local hyperthermia combined with chemotherapy can be used to achieve surgical R0 resection in this type of patient.

INTRODUCTION
Undifferentiated polymorphic sarcoma, once known as malignant fibroblastoma, has been officially replaced by UPS malignant fibrous histiocytoma according to the latest classification of related sarcomas in 2013 and is defined as a soft tissue sarcoma type however, the histologic origin and direction of differentiation direction of which are still unclear[1,2]. At present, there are many clinical treatment methods for UPS (primarily surgical resection with adjuvant radiotherapy and chemotherapy), but the postoperative recurrence and metastasis rates are high and the prognosis is poor. In addition to early detection and complete tumor resection, effective measures to reduce recurrence rates, facilitate surgery, and achieve R0 resection are still lacking, representing a significant challenge.
Herein, we report a patient with advanced UPS who was admitted to the Hyperthermia Center of Zhongshan Hospital affiliated with Dalian University and treated with local hyperthermia combined with chemotherapy. The patient then proceeded with surgery, and R0 resection was achieved.

CASE PRESENTATION
Chief complaints
A 65-year-old elderly male patient was admitted to the hospital 6 years after the first surgery to remove a pleomorphic sarcoma from the right side of his back, and he experienced recurrence 4 mo after the last surgery.

History of present illness
The patient underwent primary mass resection from the right back in October 2015. The pathologic evaluation of the surgical specimen revealed fibrosarcoma; the specific stage and immunohistochemical results were not available. In November 2017, December 2018, September 2019, and August 2020, the patient underwent extended resection of soft tissue masses from the right back due to recurrence. The pathologic diagnoses indicated UPS recurrence. After surgery, 2 cycles of doxorubicin + cisplatin chemotherapy, 1 cycle of ifosfamide chemotherapy (specific dose unknown), 2 cycles of gemcitabine + docetaxel chemotherapy (specific dose unknown), anlotinib hydrochloride anti-vascular generative therapy, and bevacizumab + pembrolizumab immunotherapy were administered, but the efficacy was poor. The patient was referred to our hospital for further treatment.

History of past illness
The patient was diagnosed with type 2 diabetes several years after radical resection of renal cancer.

Personal and family history
No data were available. 

Physical examination
The right back had several well-healed, old surgical scars with no erythema, swelling, or ulcerations. At the level of the 12th rib along the right posterior subaxillary line, a palpable, tender, round-like mass approximately 3 cm in diameter was noted. An ellipsoidal, tender mass, approximately 4 cm in diameter, was palpable at the lateral margin of the lower right scapula and the medial side of the scapula. There was no apparent limitation in thoracic mobility, and breath sounds were minimal in both lungs.

Laboratory examinations
No abnormalities in tumor markers were found.

Imaging examinations
Magnetic resonance imaging (MRI) showed that the right subscapular muscle, infraspinatus muscle, teres major, and latissimus dorsi muscle had local structural disorder. The images revealed the following: Patchy and elliptical abnormal signals; equal or slightly low signals on T1-weighted images; high signals on T2-weighted images; slightly higher signals on DWI; and similar signals or a low signal on ADC. Part of the boundary was clear; and the largest lesion was approximately 5.9 cm in diameter.

FINAL DIAGNOSIS
Based on both the clinical features and postoperative pathology (Figure 1), the patient was diagnosed with UPS recurrence.

TREATMENT
Local hyperthermia (BSD-2000 deep hyperthermia; 420 Hz; 40 min/session; 3 times/wk) treatment was delivered to the area of recurrence on the back, combined with eribulin (2 mg on d1 and 8) chemotherapy for 2 cycles. After preoperative examination, enlarged resection of the mass on the right back was performed.

OUTCOME AND FOLLOW-UP
The findings from resection of the right dorsal recurrent lesion were as follows (Figure 2A): There was a mass approximately 3 cm × 3 cm × 2 cm in size at the level of the flat 12 ribs on the right back. The mass was opened, appearing red and white in color on the cut surface, with scar-like tissue and a tough texture. Intraoperative frozen pathology revealed the following: Heterotypic cells were noted in the lower cut edge of the right lower dorsal mass; no tumor involvement at the resection margins of the remaining (upper, inner, outer, and bottom) tumor on the right lower back; and no tumor residue at the incision; A mass approximately 5 cm × 4 cm × 3 cm in size was noted on the lateral edge of the right dorsal subscapularis. After the mass was opened, the cut surface appeared red and white in color with oval-shaped, fish-like tissue and a tough texture (Figure 2B). Intraoperative frozen pathology revealed the following: Heterotypic cells on the upper and bottom cut edges of the right dorsal mass but no tumor involvement at the lower, inner, and outer cut margins; A mass approximately 4 cm × 4 cm × 3 cm in size was noted in the right dorsal scapula within the internal border muscle. The mass was cut open, and the cut surface appeared red and white in color with ellipsoidal, fish-like tissue and a tough texture. Intraoperative frozen pathology revealed the following: No tumor tissue was seen in the upper, lower, outer, or bottom of the right dorsal mass.
The surgeons reported that the lesion had clear boundaries with normal tissue, which was easy to dissect, and the intraoperative bleeding volume was significantly reduced, at approximately 200 mL. The postoperative pathologic diagnosis revealed that the UPS had recurred. The patient’s condition was relatively stable. The last follow-up evaluation was 31 August, 2021.

DISCUSSION
UPS is derived from primitive undifferentiated mesenchymal cells and lacks specific immunohistochemical markers[3]. Immunohistochemically, Vim, CD68, AAT, and AACT are usually positive, while epithelial markers such as CK5/6 and SMA are generally negative[4]. It is a high-degree malignant tumor; detection and early treatment are key[5]. Complete surgical resection is the most important treatment for UPS, and it is also an effective treatment method to reduce recurrence and metastasis. The minimum resection margin should be at least 10 mm to minimize the risk of local recurrence and metastasis[6]. In patients who have resectable soft tissue sarcomas that are detected early, radical resection combined with chemotherapy or radiation improves the 5-year survival rate. For patients who have advanced soft tissue sarcoma but missed the opportunity for surgery or have repeated recurrences after surgery, comprehensive treatment can be considered, such as combined therapy with radiotherapy, chemotherapy, local hyperthermia, targeted therapy and immunotherapy. Nevertheless, the recurrence and metastasis rates of UPS remain high.
Local hyperthermia is a new, painless, noninvasive, green, and precise cancer treatment that can be administered after traditional treatment. The basic principle is to use all kinds of physical energy to produce a thermal effect in human tissues. The difference in temperature tolerance between normal cells and tumor cells can be used to kill tumor cells and avoid the destruction of normal tissue. As the fifth most common treatment after surgery, radiotherapy, chemotherapy, and biotherapy, local hyperthermia has been approved by the FDA and can be used either alone or in combination with radiotherapy and chemotherapy. During local hyperthermia treatment, blood vessels in the tumor dilate, blood circulation accelerates, and the cumulative concentration of internal chemotherapy drugs increases. Tumor hyperthermia also effectively inhibits DNA repair and the expression of multiple drug resistance, resulting in increased sensitivity of cancer cells to chemotherapeutic agents and reduced or reversed incidence of drug resistance in tumors; some chemotherapeutics can also achieve a synergistic antitumor effect[7]. Local hyperthermia focuses the antitumor effect of chemotherapy drugs in the heated tumor area. Issels et al[8] demonstrated for the first time in a phase 3 randomized trial that local hyperthermia combined with pre- and postoperative chemotherapy was clinically more effective than chemotherapy alone in a specific population of high-risk soft-tissue sarcoma patients. The use of local hyperthermia adjuvant therapy in tumor surgery can improve the local control rate and patient survival[9].
The patient presented herein had recurrent UPS postoperatively. The age, medical history, and site of onset were all consistent with the characteristics of UPS. This disease has a high degree of malignancy and can cause multiple recurrences after surgery. He had been treated with a variety of adjuvant chemotherapy regimens, all of which had poor efficacy, and serious adverse reactions were noted during treatment. Considering the actual situation of patients, local hyperthermia combined with Eribulin (a new chemotherapy drug) was given, which achieved good clinical effect. Eribulin is a synthetic analog of the soft seaweed B. Eribulin. It can inhibit microtubule polymerization through specific binding sites on β-tubulin, has antimitotic effects based on tubulin, prevents cells from transitioning to G2 and M stages, and disrupts the formation of mitotic spindles[10]. Kawai et al[11] reported a phase II study that compared pazopanib and trabectedin. Eribulin significantly improved the overall survival rate of patients with advanced sarcoma and has been gradually applied to the treatment of sarcoma. Although the lesion did not show significant shrinkage on MRI, the boundary of the lesion was clear, and there were multiple cystic necrotic areas inside the lesion, suggesting that the tumor activity in the lesion had been reduced (Figure 3). During the operation, it was found that the lesion could be easily removed, and the amount of bleeding was significantly reduced. Pathologic evaluation revealed that one of the sites was a successful R0 resection. This case shows that local hyperthermia combined with chemotherapy in UPS patients can cause tumor activity to decrease, can reduce the adhesions between the tumor and normal tissues, and can reduce intraoperative bleeding. It can provide a practical basis for increasing the R0 resection rate.
At the same time, this case also caused us to think more about the diagnosis, treatment and prognosis of UPS. At the 2021 Chinese Society of Clinical Oncology academic annual meeting, it was proposed that some types of soft tissue tumors show molecular changes, such as soft tissue tumors with PRDM10 rearrangement, which are mainly seen in low-grade UPS[12]. The study of Pazzaglia et al[13] proposed that the MET gene can predict the risk of metastasis in such patients at the genetic level. When their study divided the patients into prognostic subgroups, they found that the level of MET mRNA in metastatic patients was significantly higher than that in nonmetastatic patients. Regarding the treatment of UPS, in addition to the local hyperthermia combined with traditional chemotherapy strategy used for this patient, molecular targeted drugs and PD-1 and PD-L1 inhibitors have also gradually received attention. Molecular targeted drugs and PD-1 and PD-L1 inhibitors are also gradually becoming valued. For example, drugs such as apatinib, olazumab, lidafromus and anlotinib have shown significant efficacy in UPS treatment[14]. In 2021, a study on the efficacy of chidamine combined with the PD-1 inhibitor teriprizumab for the treatment of advanced soft tissue sarcoma (STS) conducted at Sun Yat-sen University found that after a follow-up of up to 40 wk, 3 of the 7 patients with advanced STS, 3 patients experienced partial remission, and 2 patients were in stable condition[15]. According to existing international studies, the synergistic effect of hyperthermia and immunotherapy on tumors such as pancreatic cancer and breast cancer has been confirmed[16-18]. However, there are no relevant reports for UPS treatment at present, so more basic and clinical research is needed to explore the synergistic effects of hyperthermia and immunotherapy in the future.

CONCLUSION
UPS has a high clinical misdiagnosis rate, and patients with locally advanced, unresectable, or metastatic disease have a poor prognosis and few treatment options[19]. Local hyperthermia combined with chemotherapy for multiple recurrences of undifferentiated sarcoma after surgery has been rarely reported in clinical practice. By reporting this case, we hope to provide new ideas for the treatment of postoperative recurrence of advanced UPS, which could help to optimize surgical opportunities and achieve R0 resection. Along with the application of molecular-pathological diagnosis, continuous prospective research on the use of hyperthermia combined with radiotherapy, chemotherapy, and immunotherapy will provide more options for the comprehensive management of UPS.
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Figure Legends
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Figure 1 Postoperative pathological section (400 ×).
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Figure 2 Three tumor specimens at the surgical removal site. A: Tumor specimen; B: Maximum specimen profile.
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Figure 3 Preoperative chest MRI enhanced scan. A: Cystic portion showed high signal in T2WI; B: Arterial phase, shows a multilocular solid and cystic lesion with slight enhancement on cyst wall; C: Venous phase; D: Delay period.
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