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Objectives: Skeletal muscle metastasis (SMM) from renal cell carcinoma (RCC) has been rarely reported. This case series was performed to increase the clinicians' understanding of its clinical features and treatments.

Methods: We evaluated the clinical presentations, diagnoses, and treatments of 2 patients with SMM from RCC in our hospital and 39 cases reported in the literature.

Results: Among the 41 patients, 4 (9.76%) were women and 37 (90.24%) were all men. The average age was 60.5 ± 12.6 years old (range from 7 to 81). The size of tumors varied from 1 to 28 cm, and the metastatic sites of 6 (14.63%) cases were in the heads, 20 (48.78%) in the limbs, 9 (21.95%) in the trunks, 3 (7.32%) in the buttock, and the other 3 (7.32%) were multiple sites. The mean of intervals between the RCC and the discovery of the first SMM was 73.61 months. More than half of the patients (25, 60.98%) were diagnosed by MRI and 25 (60.98%) patients performed a biopsy of the mass to establish the diagnosis. Finally, 30 (73.17%) cases performed mass excision. Then the adjuvant therapy was performed in 18 patients including immunotherapy, radiotherapy, chemotherapy, and targeted therapy. The median follow-up after SMM was 9 months (P25, P75: 5, 23), in which the longest survival time of patients with SMM of RCC was 8 years while the shortest was only 3 months.

Conclusion: The characteristic clinical feature of SMM from RCC is asymptomatic masses or swelling with a long history which can be preoperative suspiciously diagnosed by MRI. The rapid biopsy of suspected lesions, determination of other metastasis sites, resection of metastasis, and systematic treatment are the recommended treatments of it.
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INTRODUCTION

Kidney cancer is one of the most common malignant tumors in the urology system, accounting for ~3% of all adult malignant tumors worldwide (1), and renal cell carcinoma (RCC) accounts for approximately 80% of all kidney cancers (2), with laparoscopic resection as the main treatment, followed by immunotherapy or targeted therapy (3–5). However, tumor metastasis is still a conundrum, as it determines the treatment strategy and overall prognosis on patients with RCC (6). As it was reported in 2020, the 5-year survival rate after surgical treatment for the localized disease was 92%, while that with metastasis was only 12% (7). The common metastatic sites of RCC are the lungs, bones, lymph nodes, liver, adrenal glands, and brain, but rarely to the skeletal muscles (8).

We herein describe two cases of skeletal muscle metastasis (SMM) from RCC from 1983 to 2020 in the Peking Union Medical College Hospital and further review the literature regarding SMM from RCC to discuss the clinical manifestations, diagnosis, and treatments of this condition. Because case reports can be an essential source of information for the optimum care of patients for rare events, we aim to increase the clinicians' understanding of the optimal methods of diagnosis and treatment in terms of SMM from RCC.



MATERIALS AND METHODS


Patients

Two patients were diagnosed with SMM from RCC between January 1983 and December 2020 at Peking Union Medical College Hospital. We also identified 39 cases with sufficient medical history information reported in the English language literature from 1979 to 2020; these case reports were retrieved from PubMed and GeenMedical.



Methods

Age and sex of the 41 patients; site and size of SMM; symptoms and intervals; diagnostic methods; whether a biopsy was done; therapies, postoperative treatments, and follow-up were documented and retrospectively analyzed. The medical services performed for the two patients treated in our hospital were recorded in detail.




RESULTS


Case 1

Case 1 was a 44-year-old Chinese woman who was presented to our hospital with a painless mass on her right leg in September 2011. On physical examination, the mass was about 4 cm in diameter with minor mobility. The patient underwent left radical nephrectomy due to renal clear cell carcinoma (T1N0M0) in 2003. Ultrasonography of the right leg showed a hypoechoic mass measuring 3.0 × 1.8 × 2.1 cm in the skeletal muscle. Further MRI revealed a heterogeneous signal mass, 4.0 × 2.5 cm in size, which is located in the vastus lateralis muscle and showed as slightly high-signal intensity on T1-weight image and high-signal intensity on T2 (Figure 1). Chest and abdominal computed tomography scans revealed no evidence of metastasis. A neoplasm resection was performed and a pathologic examination of the mass from the right leg demonstrated clear cell type RCC (Figure 2). Immunohistochemical results showed the following: CD10(+), EMA(+), RCC(+), Vimentin(+), Ki-67 index (10%), and AE1/AE3 (focal +). Sorafenib was given 400 mg bid for 2.5 months but was ceased due to adverse effects of pharyngalgia, hair loss, and finger desquamation. During the follow-up, the metastases were found in her left thyroid (2012), pancreas (2012), right kidney (2013), dorsal muscle (2013), the same position of the right leg (2014), liver (2017), lung (2018), and brain (2018). As for the treatment for these metastatic sites, left thyroidectomy was done in 2012, gamma knife (a kind of stereotactic radiosurgery) for the pancreas, radiofrequency ablation for the right kidney, surgical resection for SMM of the dorsal muscle and leg, TACE (transarterial chemoembolization) for the metastatic lesions of the liver and axitinib was taken for 3 months, radiotherapy for pulmonary metastasis in 2018, and finally in her last time of the life, she chose traditional Chinese medical herbal treatment for the intolerant symptoms. The International Metastatic RCC Database Consortium (IMDC) class of this patient was intermediate and she died in 2019, after 8 years of our first mass excision surgery.


[image: Figure 1]
FIGURE 1. MRI showed slightly high signal intensity on T1-weight image (A) and high signal intensity on T2-weight image (B).
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FIGURE 2. (A) Gross pathology of the right vastus lateralis muscle, revealing a mass measured 2.6 × 2.3 × 2.1 cm in size with a grayish-yellow color, separated by fibrotic scar. (B) Histopathologic appearance of the renal cell carcinoma (RCC) metastasis in the right vastus lateralis muscle (hematoxylin-eosin [H&E] staining, original magnification X100). (C) Histochemical assay result of the mass was positive for RCC (RCC X200).




Case 2

Case 2 was a 63-year-old man who was admitted to our hospital on July 15, 2014, with a 9-month history of a mass in the right iliac accompanied by local swelling and raised skin temperature. Physical examination on arrival at our hospital revealed a mass about 13 × 11 cm in size in the lateral area of the right iliac pterion, which was soft, inactive, and painless. The US revealed that low echo and abundant blood flow signals can be seen in the subcutaneous tissue layer of the right hip. MRI showed that an oval mixed signal about 13.3 × 11.1 × 14.6 cm could be seen from the right psoas to gluteus maximus, involving the right iliac bone (Figure 3). The PET-CT of the whole body showed that there was osteolytic bone destruction of the right iliac bone which was considered to be bone metastases; a round mass behind the middle and upper left kidney which was suspected to be RCC and no other hypermetabolic lesion in the whole body. Ultrasound-guided biopsy of mass suggested a small number of atypical tumor cells, but the source was uncertain. Because of the anemia of this patient (hemoglobin: 52 g/L, normal: 120–150 g/L) and huge size of the tumor, the operation was very difficult and with high risk. Finally, the patient and their families chose to perform only tumor biopsy to confirm the pathology. Therefore, the patient underwent a right iliac tumor biopsy under local anesthesia and the specimens confirmed that the tumor was from RCC. Then the patient was discharged and chose no further more treatment. The IMDC class of this patient was intermediate and he was died 3 months after the discharge.


[image: Figure 3]
FIGURE 3. MRI showed a mixed signal from the right psoas to gluteus maximus, involving the right iliac bone. T1-weight image (A) and T2-weight image (B).




Previously Published Cases

We identified 39 cases of SMM from RCC reported in English language publications; including our two cases (40 and 41), there were 41 cases (Table 1). In these 41 cases, 4 (9.76%) were females and the other 37 (90.24%) were all males. The average age was 60.5 ± 12.6 years old (range from 7 to 81) when SMM was diagnosed, and detailly 6 (14.63%) were <50 years old and 35 (85.37%) were ≥50 years old. The size of tumors varied from 1 to 28 cm. As for the location of the SMM, 6 (14.63%) were in the heads, 20 (48.78%) in the limbs, 9 (21.95%) in the trunks, 3 (7.32%) in the buttock, and the other 3 (7.32%) were multiple sites. Concerning the intervals between the RCC and the discovery of the first SMM, the mean interval was 73.61 months. Nine patients were presented with SMM at the beginning and the longest one was 21 years. More than half of patients (25, 60.98%) were diagnosed by MRI and 25 (60.98%) patients performed biopsy of the mass to establish the diagnosis. In the treatments of these 41 patients, 30 (73.17%) performed mass excision, 5 did not receive any surgical treatments, 2 underwent nephrectomy alone, and the operative information of the remaining 4 patients was not available. Followed by the postoperative treatment, adjuvant therapy was performed in 18 patients including immunotherapy, radiotherapy, chemotherapy, and targeted therapy. Moreover, the data of 19 patients in follow-up was not available, but the median follow-up after SMM was 9 months (P25, P75: 5, 23) in the last 22 patients in which the longest survival time of patients with SMM of RCC was 8 years while the shortest was only 3 months.


Table 1. Reported cases of skeletal muscle metastasis (SMM) from renal cell carcinoma (RCC) from literatures.
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DISCUSSION

The SMM from RCC occurs in <1% of patients and is described only in case reports (9). The reported reasons for the rarity of SMM from RCC can be summarized as the high vascularization of muscles; the lactic acid production in skeletal muscle may lead to angiogenesis resistance (46, 47); high concentrations of free radicals, local temperature fluctuations, skeletal muscle-derived peptide factor, protease inhibitors, lymphocytes, and natural killers may inhibit metastasis (12, 48–50); specific receptors which affect the metastasis potential of RCC may be missing or scarce in muscles (51, 52). Additionally, a study also suggested that the damage of skeletal muscle may increase the risk of metastasis in this location (53).

Patients with SMM from RRC usually have no symptoms in the early stage, so the metastases are usually found only when they turn to larger sizes and cause symptoms, such as local pain, swelling, or obvious mass. There is no consensus on the common site of metastasis, but according to our study, limbs seem to be its favorite site (48.78%), which differed from the trunk muscles (83.3%) of the study group in Haygood's report (54). In our review, 22 cases had other organ metastases before or after the discovery of SMM from RCC. However, in Haygood's report, only one in 21 of their own series had skeletal muscle–only metastasis, while more than half of the patients in his review group had metastases in other organs.

Because of the rarity and unpredictability, diagnosis of malignant SMM is rather challenging. MRI is an important imaging modality to distinguish primary soft tissue tumors from metastatic tumors. Surov et al. (55) studied the imaging manifestations of muscle metastasis in 461 cases of different primary tumors, which included 38 cases of metastatic RCC, and showed that 48.3% of the muscle metastasis was homogeneously isointense when compared with unaffected muscle on T1-weight images of MRI, but on the T2-weighted, 81.6% of the SMM showed high signal intensity, while PET/CT has a unique value in evaluating distant metastasis. Aurangabadkar and Ali. (56) reported an unusual case of extensive skeletal muscle metastases demonstrating as a focal hypermetabolic lesion.

Positron emission tomography/computed tomography (PET/CT) and MRI can help understand the morphology of tumors, but the pathology remains the gold standard for diagnosis. Therefore, for SMM suspected from RCC, the biopsy is still necessary to diagnose and differentiate RCC metastasis from other soft tissue tumors (10). Biopsy provides the most direct evidence of the nature of lesions compared to non-invasive imaging modalities. However, if the needle biopsy confirms malignancy, the puncture tract should also be excised in case of the seeding of tumors (17).

Renal cell carcinoma is aggressive and almost 25% of patients are diagnosed with distant metastasis (57). The median survival time of untreated patients with metastatic RCC was 6–12 months, and the 5-year survival rate was <20% (58). But for local metastases, surgical resection is beneficial to prolong survival (9) and five-year survival rates are between 35 and 50% after surgical therapy for solitary metastasis (17, 59). Besides, it was also reported that in patients with multiple and non-lung-only metastasis, complete metastasectomy can bring the benefit of a 5-year survival rate to 32.5 vs. 12.4% without complete resection (60). Among the 41 reported cases in our study, 30 (73.17%) cases performed surgical resection of the SMM, and the mean overall survival time of five untreated patients was just 4.6 months, while in patients with surgical resection of SMM it was 27 months.

Apart from surgical resection, systemic treatment with targeted therapy, immunotherapy, chemotherapy, or radiotherapy might be applied in patients with metastatic RCC, since it provides potential benefit for long survival (61). RCC itself is not sensitive to radiotherapy and chemotherapy and targeted therapy is the mainstream treatment for metastatic RCC. However, the complete remission rate of single targeted therapy is only 1–3%, which can only increase to 2–6% even if combined with immunotherapy (62). Therefore, for those residual or unresectable metastatic lesions which are essential for overall survival, intensity-modulated radiotherapy (IMRT) was proved to be able to achieve great local control, especially the image-guided radiotherapy (IGRT) for RCC bone metastasis (63). IGRT is an on-line precise radiotherapy technology for tracking the target area, which can ensure the reduction of the external safety boundary of the spinal cord without affecting the reliability of the radiotherapy accuracy and allows the generation of highly conformal dose distribution for concave target volumes wrapped around organs at risk (64). All in all, the unpredictable behavior of RCC suggests that patients need to be thoroughly followed up because early recognition of tumor recurrence will be more effective for surgical resection and systemic treatment (16).



CONCLUSION

This study indicated that the clinical manifestation of SMM from RCC generally involves a long history of asymptomatic masses or swelling; MRI may be more effective and recommended for its preoperative diagnosis. The recommended managements include rapid biopsy of the suspected lesions, identification of sites of other metastasis, resection of the metastatic masses, and systemic treatment.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

JS and ZZ were responsible for collecting, sorting out data, and writing the article. YX and HL were responsible for collecting data and pathologic pictures. PL and XZ were responsible for putting forward ideas and reviewing articles and were the co-corresponding authors of this article. All authors contributed to the article and approved the submitted version.



FUNDING

This work was funded by Beijing Municipal Science and Technology Commission: Research and development of transurethral endoscopic surgical robot prototype No: Z191100007619044.



REFERENCES

 1. Siegel R, Miller K Jemal A. Cancer statistics, 2019. CA Cancer J Clin. (2019) 69:7–34. doi: 10.3322/caac.21551

 2. Khurram R, Amir T, Chaudhary K, Joshi A, Nayagam K, Tincey S. Metastatic renal cell carcinoma initially presenting as a unilateral breast lump. Radiol Case Rep. (2021) 16:945–9. doi: 10.1016/j.radcr.2021.02.006

 3. Rini BI, Motzer RJ, Powles T, McDermott DF, Escudier B, Donskov F, et al. Atezolizumab plus bevacizumab versus sunitinib for patients with untreated metastatic renal cell carcinoma and sarcomatoid features: a prespecified subgroup analysis of the IMmotion151 clinical trial. Eur Urol. (2021) 79:659–62. doi: 10.1016/j.eururo.2020.06.021

 4. Staehler M, Motzer RJ, George DJ, Pandha HS, Donskov F, Escudier B, et al. Adjuvant sunitinib in patients with high-risk renal cell carcinoma: safety, therapy management, and patient-reported outcomes in the S-TRAC trial. Ann Oncol. (2018) 29:2098–104. doi: 10.1093/annonc/mdy329

 5. Wan X, Zhang Y, Tan C, Zeng X, Peng L. First-line nivolumab plus ipilimumab vs sunitinib for metastatic renal cell carcinoma: a cost-effectiveness analysis. JAMA Oncol. (2019) 5:491–6. doi: 10.1001/jamaoncol.2018.7086

 6. Zhang C, Chen L, Liu Y, Huang J, Liu A, Xu Y, et al. Downregulated METTL14 accumulates BPTF that reinforces super-enhancers and distal lung metastasis via glycolytic reprogramming in renal cell carcinoma. Theranostics. (2021) 11:3676–93. doi: 10.7150/thno.55424

 7. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. (2020) 70:7–30. doi: 10.3322/caac.21590

 8. Bianchi M, Sun M, Jeldres C, Shariat SF, Trinh QD, Briganti A, et al. Distribution of metastatic sites in renal cell carcinoma: a population-based analysis. Ann Oncol. (2012) 23:973–80. doi: 10.1093/annonc/mdr362

 9. Caunter G, Faeez Md Noh MS, Safri LS, Kumar K, Md Idris MA, Harunarashid H, et al. Delayed presentation of metastatic renal cell carcinoma as an arteriovenous malformation mimicking vascular tumour of the forearm. EJVES Short Rep. (2019) 44:19–22. doi: 10.1016/j.ejvssr.2019.06.003

 10. A Safadi, Abu Ahmad MS, Sror S, Schwalb S, Katz R. Simultaneous metachronous renal cell carcinoma and skeletal muscle metastasis after radical nephrectomy. Urol Case Rep. (2018) 16:17–19. doi: 10.1016/j.eucr.2017.09.013

 11. Salman R, Sebaaly MG, Asmar K, Nasserdine M, Bannoura S, Khoury NJ. Rare skeletal muscle metastasis from renal cell carcinoma: case report and review of the literature. CEN Case Rep. (2018) 7:316–9. doi: 10.1007/s13730-018-0350-1

 12. Kozak O, Turzyński P, Markiet K, Pieńkowska J, Skrobisz-Balandowska K, Studniarek M. Uncharacteristic metastasis of a renal clear-cell carcinoma to the muscles of the forearm-case report. BJR Case Rep. (2017) 3:20150495. doi: 10.1259/bjrcr.20150495

 13. Pirimoglu B, Ogul H, Kisaoglu A, Karaca L, Okur A, Kantarci M. Multiple muscle metastases of the renal cell carcinoma after radical nephrectomy. Int Surg. (2015) 100:761–4. doi: 10.9738/INTSURG-D-13-00197.1

 14. Togral G, Arikan M, Gungor S. Rare skeletal muscle metastasis after radical nephrectomy for renal cell carcinoma: evaluation of two cases. J Surg Case Rep. (2014) 2014:rju101. doi: 10.1093/jscr/rju101

 15. Tuysuz G, Ozdemir N, Emir H, Durak H, Dervisoglu S, Adaletli I, et al. Translocation renal cell carcinoma with skeletal muscle metastasis in a child. Turk Patoloji Derg. (2017) 33:248–50. doi: 10.5146/tjpath.2014.01259

 16. D'Elia C, Cai T, Luciani L, Bonzanini M, Malossini G. Pelvic and muscular metastasis of a renal cell carcinoma: a case report. Oncol Lett. (2013) 5:1258–60. doi: 10.3892/ol.2013.1172

 17. Lohiya V, Lohiya S, Windsor K. A large thigh mass: a blood clot or a rare skeletal muscle metastasis from renal cell carcinoma. Springerplus. (2013) 2: 399. doi: 10.1186/2193-1801-2-399

 18. Rumstadt B, Klein B, Schilling D. Fistula between ileal conduit and caecum: unusual presentation of a colonic carcinoma. ANZ J Surg. (2010) 80:466. doi: 10.1111/j.1445-2197.2009.05194.x

 19. Kang S, Song B, Lee H, Jeong S, Seo J, Lee S, et al. Isolated facial muscle metastasis from renal cell carcinoma on F-18 FDG PET/CT. Clin Nucl Med. (2010) 35:263–4. doi: 10.1097/RLU.0b013e3181d18f37

 20. Picchio M, Mascetti C, Tanga I, Spaziani E. Metastasis from renal cell carcinoma presenting as skeletal muscle mass: a case report. Acta chirurgica Belgica. (2010) 110:399–401. doi: 10.1080/00015458.2010.11680645

 21. Gözen A, Canda A, Naser M, Stock C, Rassweiler J, Teber D. Painful leg: a very unusual presentation of renal cell carcinoma. Case report and review of the literature. Urol Int. (2009) 82:472–6. doi: 10.1159/000218540

 22. Hyodo T, Sugawara Y, Tsuda T, Yanagihara Y, Aoki K, Tanji N, et al. Widespread metastases from sarcomatoid renal cell carcinoma detected by (18)F-FDG positron emission tomography/computed tomography. Jpn J Radiol. (2009) 27:111–4. doi: 10.1007/s11604-008-0305-0

 23. Pompo F, King JJ, Iwenofu OH, Ogilvie CM. Thigh Mass in a 73-year-old Man. Clin Orthop Relat Res. (2008) 466:1764–8. doi: 10.1007/s11999-008-0139-1

 24. Sakamoto A, Yoshida T, Matsuura S, Tanaka K, Matsuda S, Oda Y, et al. Metastasis to the gluteus maximus muscle from renal cell carcinoma with special emphasis on MRI features. World J Surg Oncol. (2007) 5:88. doi: 10.1186/1477-7819-5-88

 25. Hur J, Yoon CS, Jung WH. Multiple skeletal muscle metastases from renal cell carcinoma 19 years after radical nephrectomy. Acta Radiologica. (2007) 48:238–41. doi: 10.1080/02841850601089128

 26. Sano F, Kimura R, Fujikawa N, Sugiura S, Hirai K, Ueki T, et al. Muscle and small intestinal metastasis of renal cell carcinoma markedly responsive to interferon-alpha therapy: a case report. Hinyokika Kiyo Acta Urologica Japonica. (2007) 53:635.

 27. A Manzelli, Rossi P, Majo AD, Coscarella G, Gaspari AL. Skeletal muscle metastases from renal cell carcinoma: a case report. Tumori. (2006) 92:549. doi: 10.1177/030089160609200616

 28. Chen CK, Chiou HJ, Chou YH, Tiu CM, Wu H, Ma S, et al. Sonographic findings in skeletal muscle metastasis from renal cell carcinoma. J Ultrasound Med. (2005) 24: 1419–23; quiz 1424–5. doi: 10.7863/jum.2005.24.10.1419

 29. Taira H, Ishii T, Inoue Y, Hiratsuka Y. Solitary psoas muscle metastasis after radical nephrectomy for renal cell carcinoma. International. Int J Urol. (2010) 12:96–7. doi: 10.1111/j.1442-2042.2004.00976.x

 30. Schatteman P, Willemsen P, Vanderveken M, Lockefeer F, Vandebroek A. Skeletal muscle metastasis from a conventional renal cell carcinoma, two years after nephrectomy: a case report. Acta Chirurgica Belgica. (2002) 102:351–2. doi: 10.1080/00015458.2002.11679332

 31. Yiotakis AHJ, Kostakopoulos A, Adamopoulos G. Intramasseteric metastasis of renal cell carcinoma. J Laryngol Otol. (2001) 115:65–7. doi: 10.1258/0022215011906849

 32. Nabeyama R, Tanaka K, Matsuda S, Iwamoto Y. Multiple intramuscular metastases 15 years after radical nephrectomy in a patient with stage IV renal cell carcinoma. J Orthop Sci. (2001) 6:189–92. doi: 10.1007/s007760100070

 33. Gal TJ, Ridley MB, Arrington JA, Muro-Cacho C. Renal cell carcinoma presenting as a masseteric space mass. Am J Otolaryngol. (1997) 18:280. doi: 10.1016/S0196-0709(97)90011-9

 34. Nakagawa H, Mizukami Y, Kimura H, Watanabe Y, Kuwayama N. Metastatic masseter muscle tumour: a report of a case. J Laryngol Otol. (1996) 110:172–4. doi: 10.1017/S0022215100133080

 35. Linn JF, Fichtner J, Voges G, Schweden F, Storkel S, Hohenfellner R. Solitary contralateral psoas metastasis 14 years after radical nephrectomy for organ confined renal cell carcinoma. J Urol. (1996) 156:173. doi: 10.1097/00005392-199607000-00058

 36. Tonno FD, Rigon R, Capizzi G, Bucca D, Pietro RD, Zennari R. Solitary metastasis in the gluteus maximus from renal cell carcinoma 12 years after nephrectomy. Case report. Scand J Urol Nephrol. (1993) 27:143–4. doi: 10.3109/00365599309180435

 37. Shibayama T. Disappearance of metastatic renal cell carcinoma to the base of the tongue after systemic administration of interferon-alpha. Eur Urol. (1993) 24:297–9. doi: 10.1159/000474313

 38. Munk PL, Gock S, Gee R, Connell DG, Quenville NF. Case report 708: Metastasis of renal cell carcinoma to skeletal muscle (right trapezius). Skeletal Radiol. (1992) 21:56–9. doi: 10.1007/BF00243097

 39. Ruiz JL, Vera C, Server G, Osca JM, Boronat F, Cruz JJ. Renal cell carcinoma: late recurrence in 2 cases. Eur Urolo. (1991) 20:167. doi: 10.1159/000471690

 40. A Capone, Slamovits TL. Discrete metastasis of solid tumors to extraocular muscles. Arch Ophthalmol. (1990) 108:237–43. doi: 10.1001/archopht.1990.01070040089037

 41. Merimsky O, Levine T, Chaitchik S. Recurrent solitary metastasis of renal cell carcinoma in skeletal muscles. Tumori. (1990) 76:407–9. doi: 10.1177/030089169007600422

 42. Stener B, Henriksson C, Johansson S, Gunterberg B, Pettersson S. Surgical removal of bone and muscle metastases of renal cancer. Acta Orthop Scand. (1984) 55:491. doi: 10.3109/17453678408992944

 43. Alexiou G, Papadopoulou-Alexiou M, Karakousis CP. Renal cell carcinoma presenting as skeletal muscle mass. J Surg Oncol. (1984) 27:23–5. doi: 10.1002/jso.2930270106

 44. Karakousis CP, Rao U, Jennings E. Renal cell carcinoma metastatic to skeletal muscle mass: a case report. J Surg Oncol. (2010) 17:287–93. doi: 10.1002/jso.2930170312

 45. Chandler RW, Shulman I, Moore TM. Renal cell carcinoma presenting as a skeletal muscle mass: a case report. Clin Orthop Relat Res. (1979) 145:227–9. doi: 10.1097/00003086-197911000-00036

 46. Issakov J, Flusser G, Kollender Y, Merimsky O, Lifschitz-Mercer B, Meller I. Computed tomography-guided core needle biopsy for bone and soft tissue tumors. Isr Med Assoc J. (2003) 5:28–30. doi: 10.1007/BF02914791

 47. Seely S. Possible reasons for the high resistance of muscle to cancer. Med Hypotheses. (1980) 6:133–7. doi: 10.1016/0306-9877(80)90079-1

 48. Judd CD, Sundaram M. Radiologic case study. Metastatic renal cell carcinoma. Orthopedics. (2000) 23:1026–124. doi: 10.3928/0147-7447-20001001-10

 49. Goger YE, Piskin MM, Balasar M, Kilinc M. Unusual presentation of renal cell carcinoma: gluteal metastasis. Case Rep Urol. (2013) 2013:958957. doi: 10.1155/2013/958957

 50. de Portugal Fernández del Rivero T, Alvarez Gallego JV, Sastre Valera J, Alonso Romero JL, González Larriba JL. [A metastatic muscle mass as the first manifestation of renal-cell cancer. A case report and review of the literature]. An Med Interna. (1997) 14:184–6. 

 51. Motzer JR. Activity of SU11248, a multitargeted inhibitor of vascular endothelial growth factor receptor and platelet-derived growth factor receptor, in patients with metastatic renal cell carcinoma. J Clin Oncol. (2006) 24:16–24. doi: 10.1200/JCO.2005.02.2574

 52. Weber KL, Doucet M, Price JE. Renal cell carcinoma bone metastasis: epidermal growth factor receptor targeting. Clin Orthop Relat Res. (2003) 415:86–94. doi: 10.1097/01.blo.0000093050.96273.35

 53. Magee T, Rosenthal H. Skeletal muscle metastases at sites of documented trauma. AJR Am J Roentgenol. (2002) 178:985–8. doi: 10.2214/ajr.178.4.1780985

 54. Haygood TM, Sayyouh M, Wong J, Lin JC, Matamoros A, Sandler C, et al. Skeletal muscle metastasis from renal cell carcinoma: 21 cases and review of the literature. Sultan Qaboos Univ Med J. (2015) 15:e327–37. doi: 10.18295/squmj.2015.15.03.005

 55. Surov A, Köhler J, Wienke A, Gufler H, Bach AG, Schramm D, et al. Muscle metastases: comparison of features in different primary tumours. Cancer Imaging. (2014) 14:21. doi: 10.1186/1470-7330-14-21

 56. Aurangabadkar H, Ali Z. Unusual metastatic sites from renal cell carcinoma detected by 18F-FDG PET/CT scan. Clin Nucl Med. (2013) 38:e471–3. doi: 10.1097/RLU.0b013e31828680a6

 57. Gonçalves AC, Costa PG, Monteiro ML. [Inferior rectus muscle metastasis as a presenting sign of renal cell carcinoma: case report]. Arq Bras Oftalmol. (2006) 69:435–8. doi: 10.1590/S0004-27492006000300029

 58. Flanigan RC, Campbell SC, Clark JI, Picken MM. Metastatic renal cell carcinoma. Curr Treat Options Oncol. (2003) 4:385-90. doi: 10.1007/s11864-003-0039-2

 59. Bhirud P, Singh R, Bhirud P, Kankalia S. Thigh metastasis of renal cell carcinoma masquerading as soft tissue sarcoma: A role of MRI. Med J Dr. D.Y. Patil University. (2014) 7:195. doi: 10.4103/0975-2870.126339 

 60. Alt AL, Boorjian SA, Lohse CM, Costello BA, Leibovich BC, Blute ML. Survival after complete surgical resection of multiple metastases from renal cell carcinoma. Cancer. (2011) 117:2873–82. doi: 10.1002/cncr.25836

 61. Kim SH, Park WS, Kim SH, Joung JY, Chung J. Systemic treatments for metastatic renal cell carcinoma: 10-year experience of immunotherapy and targeted therapy. Cancer Res Treat. (2016) 48 1092–101. doi: 10.4143/crt.2015.316

 62. Coppin C, Kollmannsberger C, Le L, Porzsolt F, Wilt TJ. Targeted therapy for advanced renal cell cancer (RCC): a cochrane systematic review of published randomised trials. BJU Int. (2011) 108 1556–63. doi: 10.1111/j.1464-410X.2011.10629.x

 63. Guckenberger M, Meyer J, Wilbert J, Baier K, Bratengeier K, Vordermark D, et al. Precision required for dose-escalated treatment of spinal metastases and implications for image-guided radiation therapy (IGRT). Radiother Oncol. (2007) 84:56–63. doi: 10.1016/j.radonc.2007.05.021

 64. A Pirzkall, Carol M, Lohr F, Höss A, Wannenmacher M, Debus J. Comparison of intensity-modulated radiotherapy with conventional conformal radiotherapy for complex-shaped tumors. Int J Radiat Oncol Biol Phys. (2000) 48:1371–80. doi: 10.1016/S0360-3016(00)00772-0

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Sun, Zhang, Xiao, Li, Ji, Lian and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-09-762540-g003.gif





OPS/images/fsurg-09-762540-t001.jpg
Age/Sex

1 58M
) 74M
3 74M
4 67/M
5 48M
6 67/M
7 74M
8 ™
9 76/F
10 58M
11 63M
12 7M™
13 58/M
14 58M
15 60M
16 ™
17 65/M
18 63/M
19 53M
20 73/F
21 50M
22 63/M
23 69/M
24 60/M
25 81/M
26 49/M
27 57TM
28 58/M
29 55/M
30 41/M
31 57/M
32 63/F
33 63/M
34 6oM
35 55/M
36 46M
37 74M
38 63M
39 62/M
40 a4/F
41 63M

Site

Left forearm
(brachioradialis)
Right back
(erector spinae)

Leftleg (soleus
muscle)
Right forearm
(digitorum
muscle)
Multiple sites

Right thigh
(gluteus maximus)

Right gluteus
medius

Left deltoid
muscle

Right thigh

Left biceps
femoris muscle

Left psoas
muscle

Right facial
muscle
Left adductor
muscle
Posterior aspect
of his left leg

Right
infraspinatus
muscle
Left posterior
thigh
Right gluteus
maximus
Multiple sites

Right longissimus
thoracis

Right leg
(quadriceps
muscle)

Left thigh (vastus
medalls)
Right psoas
muscle
Left shoulder
(trapezius muscle)
Left face
(masseter
muscle)

Left arm (triceps.
muscle and the
brachioradial
muscle)

Left face
(masseter
muscle)

Left face
(masseter
muscle)

Left psoas
muscle
Left buttock
(gluteus maximus)
Tongue muscle

Right shoulder
(Trapezius)
Muttiple sites

Extraocular
muscles

Left thigh
muscles

Left thigh
muscles
Left thigh
muscles

Left arm (triceps

muscle)

Right thigh
muscles

Right arm (biceps
muscle)
Right leg (vastus
lateralis muscle)
Right iiac (psoas
to gluteus)

size (cm)

4x2x1.7

56x4.3x
24

10.6x3.9x
5.7

6.6x2.4x
19
NA

16.5x7.5x6.7

10x85x
55

3x2x2
45in

diameter
28x17x7

NA

16x75
38in
diameter
NA

15

5x4x9

4.0x38

15

6x3x3

16in
diameter

3x4cmi
x1cm

5.0
4.7in

diameter
2in

diameter
4x3
NA

Focal
nodular
enlargement
NA
NA
NA

6x5x65

NA

10x8

40x25

133x 11.1
x14.6

Symptoms
and Intervals*

Aslow growing
mass, 8 years
Painless
sweling, 28
months
Agrowing
mass, 3 years
Pain, 4 years

Pain and
limping, 4 years
A painful hard
mass, 9 years
Painless
swelling, 7
months
Flank pain,
together
Indolent
swelling, 1year
Agrowing
mass, 9 years
Agrowing
nodule, 11
years
Apalpable
mass, 12 years
Apainless
mass, 5 years
A painful
sweling,
together
Weight loss,
anorexia,
together
Amass with
pain, 21 years
Agrowing
mass, 1 year
Lower-back
pain, 19 years
Fatigue and
anemia,
together
A pailess
mass, 6 years

A painless
mass, 14 years
No symptors,

14 years

Swelling, 2

years

A painless
mass, 6 months.

A painless
mass, 15 years

Swelling,
together

No symptoms,
4years

Dull pain, 14
years
A painless
mass, 12 years
Hemosputum,
3years
A painful mass,
10 months
A painless
mass, 16 years
Diplopia,
together

A solitary hard
mass, 12
months

NA, 33 months

NA, 196
months
Agrowing
mass, together
Pain and
sweling, 69
months
Apainful mass,
together
Apainless
mass, 8 years
Amass with
sweling,
together

Diagnosis

US, MRI

US, CT, MRI

Us, MRI

X-ray, MRl

X-ray, MRI
MRI

MRI

MRI

us, cT

PET/CT, MRI

cT

PET/CT, MRI
PET/CT, MRI

MRI

PET/CT

MRI
CT, MRI
X-ray, CT

CT, MRI

CT, MRI

Us, MRI
CT, MRI
US, CT, MRI

CcT

CT, MRI

CT, MRI

us,cT

us,cT
us
laryngoscopy
CT, MRI
cT

US, CT, MRI

cT

NA

NA

Xray, CT

CcT

Arteriogram
US, MRI

US, MRI

Biopsy

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

No

Yes

No

Yes

Yes

No

Yes

Yes

Yes

No

NA

NA

Yes

Yes

Yes

Yes

Therapy

Lesion
excision

Wide
resection

Wide
resection

Lesion
excision

NA
Total excision

Total excision

NRand
excision

No surgery

Surgical
resection
Surgical
resection

NA

Surgical
resection

NR and
excision

Right
nephrectomy

NA

Wide
resection

NA

Nephrectomy

Surgical
resection

Wide
resection
Surgical
resection
No surgery

Local
exicision

Wide
resection

Lesion
excision

Lesion
excision

Surgical
resection

Surgical
resection

No surgery

Wide
resection
Wide
resection

No surgery

Surgical
resection

Surgical
resection
Lesion
excision
NRand
excision
Wide
resection

NRand
excision

Mass excision

No surgery

PO
treatment

NA

None

NA

NA

RT,IT,TT

T (FN-a)

IT (FN-a), TT

s

NA

NA

NA

NA

RTIT

IT, ChT

NA

NA

NA

IT (FN-a)

None

NA

RT, IT (IFN-a)

IT (FN-B, IL-2)

NA

None.

IT (FN-a)

NA

None

IT (FN-a)

NA

NA

RT, ChT

IT (FN-2)

NA

NA

NA

RT, ChT

RT, ChT

TT, ChT

Other
organ
metastases

(Y/N)

Y

N

Follow-up

Died 15 months
PO(9)
NA (10)

NA(11)

NED after 8
months (12)

NA (13)
NA(14)

NA (14)

Died 9 months PO
(15)
NA (16)

NA(17)

NED after 18
months (18)

NA (19)
NA (20)

NED after 1 year
@1

Progressed 5
months PO (22)

NA (23)
NA (24)
NA (25)

Died 20 weeks
post operatively
(26)

NED after 6
months (27)

NED after 2
months (26)
NA (29)

NA (30)

NA (31)

NED after 1 year
32

Died 3 years PO
@9

NA (34)

NA (35)

NED after 4
months (36)
Died 6 months PO
@7
NA (38)

Alive 6 years post
operatively (39)
Died 4 months

after initial

presentation (40)

Recurrence 6
months PO (41)

NED after 93
months (42)
NED after 45
months (42)

NA (49)

NED after 12
months (44)

Recurrence 9
months PO (45)
Died 8 years after
the first surgery
Died 3 months
after the biopsy

“Interval between the primary tumor and the discovery of the first skeletal muscle metastasis; PO, Postoperative; NR, Nephrectomy; NED, no evidence of disease; NA, information not availeble; AT, Raciotherapy; IT, Immunotherapy;
ChT, chemotherapy; TT, targeted therapy.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Skeletal Muscle Metastasis From Renal Cell Carcinoma: A Case Series and Literature Review



		Introduction



		Materials and Methods



		Patients



		Methods







		Results



		Case 1



		Case 2



		Previously Published Cases







		Discussion



		Conclusion



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

Skeletal Muscle Metastasis From
Renal Cell Carcinoma: A Case Series
and Literature Review





OPS/images/fsurg-09-762540-g001.gif





OPS/images/fsurg-09-762540-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Surgery





