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Abstract

:

Simple Summary


It is essential to focus on the tumor invasive front (tail-like lesion)—the soft tissue sarcoma’s specific peripheral infiltrative growth characteristics—to avoid leaving unexpected tumor residues during surgery. This study aimed to analyze the effect of neoadjuvant therapy for highly malignant soft tissue tumors with tail-like lesions. From 2012 to 2019, 36 patients were treated with neoadjuvant therapy, including chemotherapy, radiotherapy, or both. Consequently, we observed shrinkage, and occasionally the disappearance of the tail-like lesion. The lesion’s regression was related to the necrosis rate of the main part of the tumor. However, the regression of lesions was not directly related to the achievement of surgery with a microscopically negative margin or improvements of oncological outcomes. Thus, a more multi-angle evaluation to elaborate surgical strategy is necessary.




Abstract


Several types of soft tissue sarcomas have peripheral infiltrative growth characteristics called tail-like lesions. The efficacy of neoadjuvant therapy for tumors with tail-like lesions has not been elucidated. From 2012 to 2019, we analyzed 36 patients with soft tissue sarcoma with tail-like lesions treated with neoadjuvant therapy, including chemotherapy, radiotherapy, or both. The effect of neoadjuvant therapy on the tail sign was investigated by analyzing the change in tail-like lesions during neoadjuvant therapy and histological responses. The median length of the tail-like lesion reduced from 29.5 mm at initiation to 19.5 mm after neoadjuvant therapy. The extent of shrinkage in tail-like lesions was related to the histopathological responses in the main part of the tumor. Complete disappearance of the tail-like lesion was observed in 12 patients; however, it was not related to achieving a microscopically negative margin. The oncologic outcomes did not significantly differ between cases with and without the complete disappearance of tail-like lesions. This study indicated that the shrinkage of tail-like lesions did not have a significant effect on complete resection or improvements of clinical outcomes. A more comprehensive evaluation is needed to elaborate on the surgical strategy.
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1. Introduction


Soft tissue sarcomas are rare and heterogeneous entities with local or distant metastatic potential [1]. Approximately 10–30% of patients experience local recurrences, complicating subsequent procedures and occasionally resulting in amputation [2]. Several soft tissue sarcoma types have peripheral infiltrative growth characteristics around the invasive fronts (tail-like lesions) [3,4]. The surgical intervention plan should include these reactive zones during complete resection [5,6].



Neoadjuvant therapy using radiotherapy, chemotherapy, or both is now considered, especially for locally advanced tumors, to improve resectability with appropriate margins and long-term oncologic outcomes. The National Comprehensive Cancer Network (NCCN) guideline, 2021 (NCCN Clinical Practice Guidelines in Oncology, Soft Tissue Sarcoma Version 2.2021—28 April 2021, https://www.nccn.org/professionals/physician_gls/pdf/sarcoma.pdf), recommends neoadjuvant therapies for resectable stage II–III patients with adverse functional outcomes. These methods include radiotherapy [7], chemoradiotherapy [8], or chemotherapy [9,10]. Due to heterogeneity, the contribution of chemotherapy to the improvement of oncologic outcomes of soft tissue sarcomas was considered to be limited [11]. However, if limited to high-risk cases (high-grade malignancy, ≥5 cm in diameter, and deeply located with respect to investing fascia), the efficacy of the chemotherapy has been indicated [12,13].



Thus far, little is known about the effects of these methods on tail-like lesions. This study aimed to analyze the effect of neoadjuvant therapy on tail-like peripheral lesions based on MRI and the histological evaluation of resected specimens.




2. Materials and Methods


2.1. Patients


We included patients with histologically diagnosed malignant soft tissue tumors with tail-like lesions who underwent neoadjuvant therapy for primary soft tissue tumors between January 2012 and December 2019. Certified pathologists confirmed all diagnoses at each hospital. We excluded patients with visceral location, metastasis (distant, skip lesion from the primary site, or lymph node metastasis) at diagnosis, or a lack of images for proper evaluation. Furthermore, we excluded patients who underwent amputation. Using independent questionnaires assigned to the 12 hospitals of the Tokai Musculoskeletal Oncology Consortium, 105 patients who underwent neoadjuvant therapy were extracted from a total of 951 patients. Among those, 36 patients who exhibited tail-like lesions were finally included in the study. The questionnaire included sex, age at diagnosis, histological diagnosis, histological grade according to the French Federation of Cancer Centers [14], tumor location and depth, and (neo)adjuvant therapy details.



Surgical margins were classified as microscopically negative (R0), macroscopically negative but microscopically positive (R1), and macroscopically positive (R2) [15]. Certified pathologists determined the categorized margin status with a review of the edge of the tumor and the extension of tail-like lesions. In addition, we collected information about skin reconstruction (graft or flap), prosthesis usage (e.g., total knee arthroplasty), and the necessity of manipulating major neurovascular bundles (AVN).



The study was approved by the Ethics Committee of Nagoya City University Hospital. The study design and procedures were conducted in accordance with the principles of the Declaration of Helsinki.




2.2. Neoadjuvant Therapy


In this study, neoadjuvant therapy was performed according to doctors’ preferred methods. For radiotherapy, the clinical target volume was expected to be the gross target volume, enhanced with a gadolinium T1-weighted image, plus tail-like lesion with 1–2 cm margin. Neoadjuvant external beam radiation was administered at 45–54 Gy/22–25 fr with permission for adjuvant radiation up to 60 Gy [16].



Chemotherapy was performed based on the standard chemotherapy in Japan: Adriamycin, 60 mg/m2 plus ifosfamide 10 g/m2 (AI) or gemcitabine 1800 mg/m2 plus docetaxel 70 mg/m2 (GD) in 3-week intervals [17,18]. In some institutions, etoposide was added to the AI regimen [19].



Moreover, chemoradiotherapy with hyperthermia was performed to augment the efficacy of chemoradiotherapy [20]. In this protocol, radiotherapy was administered to the primary site for a total of 40 Gy/20 fr. For thermotherapy, an 8 MHz radiofrequency capacitive heating system (Thermotron RF-8: Yamamoto VINITA, Osaka, Japan) was used for weekly hyperthermia with simultaneous chemotherapy [21,22].




2.3. Evaluation of Tail-Like Lesions and Response to Neoadjuvant Therapies


Tail-like lesions were evaluated using T1-weighted images with gadolinium enhancement or short TI-inversion recovery (STIR) images. A tail-like lesion was defined as “a curvilinear shaped tapered thick fascial enhancement extending from the primary mass, with or without irregularity of the tumor border.” The tail sign’s length was calculated from the base of the tail sign on the main mass to the top of the tail sign in the largest cross-sectional plane. The tail sign’s thickness was calculated as the length between the tail sign’s edges [23].



If a and b indicate the length/thickness of the tail-like lesion before and after neoadjuvant therapy, respectively, the change in the tail-like lesion was evaluated using the following formula:


    a − b  a  × 100    %   



(1)







The representative figures are shown in Figures S1 and S2.



Response evaluation criteria in solid tumors (RECIST) 1.1 were used to evaluate the main tumor’s response to neoadjuvant therapy. At each institution, a certified radiologist independently measured the greatest longitudinal dimension. The four response categories included in RECIST 1.1 are:




	
Complete response (CR): disappearance of all target lesions;



	
Partial response (PR): target lesion’s diameter decreases by >30%;



	
Progressive disease (PD): target lesion’s diameter increases by >20%;



	
Stable disease (SD): lesion that does not meet the other criteria.








The change in size was evaluated at the beginning of neoadjuvant therapy and immediately before surgery [24].




2.4. Histological Response


The four-tier histological response was defined as follows [18]:




	
Grade 1: little or no effect of neoadjuvant therapy observed;



	
Grade 2: partial response to neoadjuvant therapy with >50% tumor necrosis;



	
Grade 3: >90% tumor necrosis attributable to preoperative neoadjuvant therapy, although foci of apparently viable tumors may be seen in some histologic sections;



	
Grade 4: no apparent viable tumor cells observed in any histological section.








Certified pathologists at each hospital evaluated these histological responses.




2.5. Statistical Analysis


This study’s primary goal was to analyze the relationship between changes in tail-like lesions during neoadjuvant therapy and histological responses. The secondary goal was to analyze the effects of the pictorial changes (tail-like lesions or the main part (RECIST 1.1)) and four-tier histological responses. Paired t-tests and Mann–Whitney U tests were performed to compare the mean and histological responses before and after therapy. The correlations between the variables were evaluated using Pearson’s moment correlation coefficient (<0.2, no correlation; 0.2–0.4, weak correlation; 0.4–0.7, moderate correlation; and >0.7, strong correlation).



We also used the Kaplan–Meier method to estimate the overall survival (the time from diagnosis to death due to any cause), distant metastasis-free survival (the time from diagnosis to distant metastasis), and local relapse-free survival (the time from surgery to local recurrence). In the univariate analysis of oncologic outcomes, the differences between curves were analyzed using log-rank analysis. Potential risk factors for oncologic outcomes were analyzed using a stepwise Cox proportional hazards model, and hazard ratios (HRs) were calculated. We performed this accessory analysis to show the efficacy of neoadjuvant therapy by comparing the histologically and chronologically matched patients from the administrative hospital (Nagoya City University).



All statistical analyses were performed using SPSS Statistics for Windows, version 25 (IBM Corp., Armonk, NY, USA). Statistical significance was set at p < 0.05.





3. Results


3.1. Patient Characteristics


The study included 36 patients (21 males and 15 females; mean age at diagnosis, 57.9 ± 15.5 years), and the median follow-up period was 1362 days from the first visit (interquartile range (IQR), 1001–2000) and 1267 days after surgery (IQR, 886–1893). Histologically, the tumors were classified as undifferentiated pleomorphic sarcoma (UPS, n = 11), myxofibrosarcoma (MFS, n = 13), synovial sarcoma (SS, n = 4), dedifferentiated liposarcoma (DDL, n = 4), and others (one patient each with epithelioid sarcoma, malignant peripheral nerve sheath tumor, clear cell sarcoma, and extraskeletal Ewing sarcoma). The average tumor length was 76.0 mm (IQR, 53.3–93.3), the tail-like lesion’s length was 29.5 mm (IQR, 23.0–37.3) and thickness was 4.0 mm (IQR, 2.2–7.7) (Table 1).



The depth of the main lesion was evaluated as superficial (n = 13) or deep (n = 23). There were differences in the median length of tumors between the tumors in deep locations and superficial locations (85.0 mm (IQR, 65.0–112.0) and 57.0 mm (IQR, 45.0–80.0), p = 0.043, Mann–Whitney U tests, deep andsuperficial, respectively). There were no differences in the median length or thickness of tail-like lesions between the tumors in a deep location or superficial location (length, 30.0 mm [IQR, 20.0–44.0] or 28.0 mm (IQR, 24.0–32.0), p = 0.515, thickness, 4 mm (IQR, 2.3–7.8) or 3 mm (IQR, 2.2–5.0), Mann–Whitney U tests, deep or superficial, respectively).




3.2. Effectiveness of Neoadjuvant Therapy on the Main Mass or Tail-Like Lesion


The median maximum tumor length was 76.0 mm (IQR, 53.3–93.3) at initiation and 63.0 mm (IQR, 43.3–93.8) after neoadjuvant therapy, with no significant change during the treatment (p = 0.088). The mean rate of change in the maximum length was −5.0% ± 28.4% (median, −5.3%; IQR, −24.4% to + 12.6%) (Figure 1a). On the RECIST 1.1, patients were categorized as SD (n = 22 (61.1%), not confirmed), PR (n = 8 (22.2%)), or PD (n = 6 (16.7%)). Univariate and multivariate analyses for the achievement of PR are shown in Table S1. There were no incisive biomarkers for anticipating a good response.



The median length of the tail-like lesion was 29.5 mm (IQR, 23.0–37.3), and the median thickness was 4.0 mm (IQR, 2.2–7.7) at initiation and 19.5 mm (IQR, 0–36.5; length) and 2.4 mm (IQR, 0–3.8; thickness) after neoadjuvant therapy. The mean rates of change of the tail-like lesion were −38.0% (±56.8%; median, −34.6% (IQR, −100 to −3.6)). In addition, the rate of change of the tail-like lesion’s thickness was −41.3% (±48.7%; median, −26.3% (IQR, −100 to 0) (Figure 1b,c). There was a statistically significant reduction in thickness (p < 0.001), but not in length (p = 0.088). Complete disappearance of the tail lesion was observed in 12 patients. The univariate and multivariate analyses for the achievement of complete disappearance are shown in Table S2. There were no incisive biomarkers for anticipating a good response.



There was a weak or moderate relationship between the shrinkage of the maximum length of the tumor and the tail-like lesion in the Pearson’s moment correlation coefficient (length, r = 0.36, p < 0.001; thickness, r = 0.42, p = 0.047; Figure 1d,e). There was a strong relationship between the length and thickness of the tail-like lesions (r = 0.87, p < 0.001; Figure 1f).



In addition, the effectiveness of neoadjuvant therapy was depicted using waterfall plots for the maximum length of the tumor (main part) or tail sign (Figure 2a–c).




3.3. Histopathological Evaluation of the Resected Tumor


Histopathological efficacy was evaluated using a four-tier grading system. The responses were as follows: G1, 15 patients (42%); G2, 13 patients (36%); G3, seven patients (19%); and G4, one patient (3%) (Table 2).



The pie charts indicate the relationships between the neoadjuvant modalities and histological response (Figure 2d).



The median change in the maximum tumor length was +8.9% (IQR, −4.27 to 33.3) in G1 response, −12.1% (IQR, −27.8 to 7.9) in G2, and −33.3% (IQR, −43.5 to −2.2) in G3 + 4 patients. There were significant differences between G1 and G2 (p = 0.006), G1, and G3 + 4 (p = 0.001, Figure 3a). In addition, the median change in the length of the tail-like lesion was −8.5% (IQR, −100.0 to 0.0) in the G1 response, −45.2% (IQR, −100.0 to −14.9) in the G2 response, and −80.0% (IQR, −100.0 to −20.1) in G3 + 4 patients (Figure 3b). There were significant differences between G1 and G3 + 4 groups (p = 0.05). Moreover, the median change in the thickness of the tail-like lesion was –9.1% (IQR, –100.0 to 0.0) in the G1 response, –40.0% (IQR, –100.0 to 0.0) in the G2 response, and –89.3% (IQR, –100.0 to –16.2) in G3 + 4 patients (Figure 3c). There were significant differences between G1 and G3 + 4 groups (p = 0.03).




3.4. Impact of Neoadjuvant Therapy on Margin Status


Overall, 27 patients underwent R0 resection. The relationships between the margin status and patient characteristics, surgical procedure, and response to neoadjuvant therapy are summarized in Table S3. The patients with superficial lesions underwent plastic surgery more frequently than those with deep lesions (the number of plastic surgeries = 4/23 or 10/13, deep or superficial, respectively, p < 0.001, chi-squared analysis). Univariate analysis revealed that patients other than UPS or MFS chemotherapy more frequently achieved R0 resection (the number of R0 resections = 15/24, 12/12, UPS + MFS, SS + DLS + others, respectively, p = 0.016, chi-squared analysis). Although there was no statistical difference in the patients with good responses to neoadjuvant therapy according to RECIST 1.1, there was no R1 resection in good responders (the number of R0 resections = 19/28, 8/8, SD or PD, PR, respectively, p = 0.06, chi-squared analysis). The disappearance of the tail-like lesion was not related to R0 resection (number of R0 resections = 9/12 or 18/24, patients with or without disappearance of the tail-like lesion, respectively, p = 1.0, chi-squared analysis). Moreover, there were no apparent differences in patients who underwent a difficult surgery, including skin reconstruction, manipulation of AVN, or insertion of a prosthesis.




3.5. Oncologic Outcomes of Neoadjuvant Therapy


We evaluated oncologic outcomes as accessory endpoints. Overall, regarding the oncologic outcome at the end of follow-up, seven patients died of disease, one died of another disease, four were alive with disease, and 24 had no evidence of disease. The overall survival was 85.1% ± 6.2%, distant relapse-free survival (D-RFS) was 65.5% ± 8.1%, and local relapse-free survival (L-RFS) was 92.6% ± 5.0% at five years. Univariate analysis results of these outcomes are summarized in Table S4.



In addition, to determine the importance of neoadjuvant therapy, we compared patients who had no adjuvant therapy only in the UPS + MFS population. A total of 24 patients were compared to those who underwent neoadjuvant therapy (n = 24). Among them, three patients received adjuvant radiotherapy due to R1 resection. Kaplan–Meier curves for the groups with and without neoadjuvant therapy revealed that the overall survival was 82.4% ± 8.1% and 84.6% ± 8.3%, D-RFS was 58.8% ± 11.1% and 53.1% ± 13.6%, and L-RFS was 86.3% ± 9.2% and 65.8% ± 10.7%, respectively (Figure 4). Univariate analysis revealed that L-RFS was significantly higher in patients who received neoadjuvant therapy (p = 0.031; hazard ratio, HR = 0.21). There were no differences in overall survival (p = 0.64, HR = 1.34) and D-RFS (p = 0.93, HR = 1.04) (Figure 4). The differences in the basic characteristics are summarized in Table S5. Neoadjuvant therapy was performed exclusively for younger patients, higher-grade tumors, lower extremities, and longer tail-like lesions.





4. Discussion


The tail-like sign was first introduced by Fanburg-Smith et al., in 1999 [25,26]. Tumor infiltration was pathologically proven in 83% of superficial malignant fibrous histiocytomas. The infiltrative growth pattern, connecting the tumor to the fascial plane and skeletal muscle without a discrete nodular lesion [27], is considered a primary risk factor for local recurrence [3,28].



This study partially focused on low-grade MFS, a myxoid variant of malignant fibrous histiocytoma [29]. Despite the low-grade characteristics of most lesions, the tumor has relentless recurrence potential [30], with a 40–60% recurrence rate [29,31]. Moreover, recurrence may transform the tumor to a higher grade [30]. This phenomenon makes it more challenging to treat recurrent tumors requiring multiple surgeries. Thus, a well-planned surgery using appropriate neoadjuvant therapy and the complete removal of possible extensions of the tumor is important in the primary setting.



The characteristics of tail-like lesions have been extensively discussed. In some cases, the lesion mainly consisted of reactive edema with no viable or invading tumor [5,32]. In this study, we could not prove the importance of the complete disappearance of tail-like lesions after neoadjuvant therapy, and the disappearance was not related to achieving R0 resection or improvement of oncological outcomes. This is partially because the complete disappearance of tail-like lesions consisting of edema and inflammation is not true regression of a tumor. An accurate image diagnosis to distinguish between actual and false tail-like lesions is necessary for a tumor’s ideal resection with adequate surgical margins to minimize damage to the adjacent important structures and maximize resectability without any residual tumor.



Histopathologically, the tail-like lesion comprised the viable tumor and infiltrated into the fascia or subcutaneous fat layer accompanied by fibrous tissue [26]. These viable tumors changed into necrotic tissue after effective neoadjuvant therapy. However, the tail-like lesion’s traces remained as empty fibrous tissue budding around the tumor. Therefore, it is difficult to distinguish whether the skin contains neoplastic cells. Histopathological analysis of 18 patients by Imanishi et al., reported that after preoperative radiotherapy, the tail sign contained a viable tumor in seven cases and a non-viable tumor in five cases. Likewise, we evaluated the actual effect of neoadjuvant therapy in tail-like lesions and proved the relationship between histological responses in the main tumor lesion and regression of the tail-like lesion. These findings indicate that neoadjuvant therapy’s efficacy in the main part can be a useful surrogate marker of efficacy in tail-like lesions.



We also showed that the achievement of R0 resection was related to the tumor subtype with high residue rates in UPS or MFS. Although not statistically significant, the patients who responded to the neoadjuvant therapy tended to achieve R0 resection, suggesting that effective neoadjuvant therapy and reactivity to therapy are essential for a tumor’s complete resection. However, we should take into consideration that even for a certified pathologist, it is difficult to evaluate the true extension of a tumor along with tail-like lesion after neoadjuvant therapy, which comprise fibrous tissue, fibroblast cells, or degenerated tumor. This implies that some cases of pathological evaluations of margin status might not be precise.



The effect of neoadjuvant therapy on the tail-like lesion remains controversial. Several studies have concluded that preoperative radiotherapy has no effect on the tail sign [28], although others have reported positive results [33,34]. These conflicting viewpoints were due to differences in the sample sizes of the studies, or the methods used to evaluate the efficacy of neoadjuvant therapy on tail-like lesions. Our provisional data suggested that neoadjuvant therapy improved the local control rate by comparing the histologically and chronologically matched patient cohorts. However, selection bias may have affected the results; therefore, a validation study is needed to confirm our findings by analyzing the prospective or data-matched cohorts.



Despite no statistical backing, we showed favorable results for the shrinkage of tail lesions and in histopathological necrosis grades in patients treated with chemoradiotherapy. In case of resistance to radiotherapy or chemotherapy by the soft tissue sarcoma, these multimodal agents might be considered. In addition to chemoradiotherapy, some institutions perform hyperthermia to augment the efficacy of chemotherapeutic agents; a recent phase-III randomized study (EORTC 62961) showed that regional hyperthermia increases the benefit of preoperative chemotherapy in patients with localized high-risk STS on comparing etoposide, ifosfamide, and doxorubicin (EIA) alone, with combined EIA and hyperthermia [20]. However, according to the NCCN 2021 guidelines, hyperthermia with preoperative chemotherapy is not recommended, and the results need to be confirmed in large cohort studies. The addition of hyperthermia influenced detection of the tail-like lesions, because the procedure induced inflammation around the target area.



This study has several limitations. First, our MRI evaluation detected the presence or disappearance of the tail sign in both contrast T1-weighted and STIR images. Theoretically, the former indicated tumor viability and the latter an edematous tissue [35]; therefore, detection bias should be considered. Secondly, several definitions of the tail-like sign have been proposed. Fanbeug-Smith defined a tail-like sign as “a pathological tumor extension along normal tissue planes for >2 mm from the edge of the main mass [3].” The pictorial definition by Ferenbro et al. modified the perspective as “an irregular surface with spicula-like extensions into the surrounding tissue of >25% of the circumference on an MR T2-weighted image.” Subsequent definitions described it as “a crawling change beyond the fascia [28,32],” “a well-defined, sharp or tapering, pointed curvilinear projection at least 1.0 cm in length on T1-weighted image with contrast [36],” and “a tapered fascial enhancement extending from the tumor margin with >2 mm thickness.” We used Yoo et al.’s definition [23]; a different definition might affect the reproducibility of this study. Thirdly, our multicenter study permitted various procedures as “neoadjuvant therapy” because the study’s primary objective was to analyze the changes in tail-like lesions during neoadjuvant therapy, but not the oncological outcomes. Thus, the chemotherapy’s intensity or the area of radiotherapy should be normalized while focusing on the oncological outcomes. However, in some institutions in Japan, the physicians do not perform routine radiotherapy because the Japanese Orthopaedic Association clinical practice guidelines on the management of soft tissue tumor do not recommend routine radiotherapy [37], despite decent evidence in support of radiotherapy [7,38]. Some clinicians in Japan prefer to perform perioperative chemotherapy based on the decent result of clinical studies (JCOG0304 [18], JCOG1306 [17]) performed in our nation. Differences among the modalities should be validated in a future study. Finally, the evaluation of the response to neoadjuvant therapy, including radiotherapy, is difficult based only on the size of the tumor. Specifically, Canters et al. reported a steady size after neoadjuvant radiotherapy despite some patients having responded decently to radiotherapy [39]. Although RECIST 1.1 is ubiquitously used as the tool for the evaluation of the response to some agents, this criterion is based only on the size. We should consider the other criteria, including the combination of accumulation of contrast agents or radioisotopes in a future study.



Nonetheless, this study is the first to analyze the effect of neoadjuvant therapy on soft tissue tumors with tail-like lesions. Further research is expected to validate the data in a more sophisticated manner.




5. Conclusions


Our multicenter study analyzed the effect of neoadjuvant therapy on the tumor invasive front or ‘tail-like lesion.’ After neoadjuvant therapy, tail-like lesion shrinkage was observed in many patients and was related to the effect on the main part of the tumor; however, we could not confirm the relationship between shrinkage of tail-like lesion and resectability or oncologic outcomes.
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Author Contributions


Conceptualization, H.A.; methodology, H.A., K.I., K.A., K.K., S.T., A.M., D.I., A.N., Y.S., E.K., K.Y., J.W., T.S. (Tomohisa Sakai), T.N. and Y.N.; software, H.A.; validation, K.I., K.A., H.K., T.S. (Takao Sakai) and H.M.; formal analysis, H.A.; investigation, H.A., K.I., K.A., K.K., S.T., A.M., D.I., A.N., Y.S., E.K., K.Y., J.W., T.S. (Tomohisa Sakai), T.N. and Y.N.; resources, Y.N.; data curation, H.A., K.I., K.A., T.S. (Takao Sakai) and T.N.; writing—original draft preparation, H.A.; writing—review and editing, K.I., K.A. and H.K.; visualization, H.A.; supervision, H.M. and Y.N.; project administration, H.A. and K.I.; funding acquisition, H.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board of Nagoya City University Hospital (protocol code, 60-18-0186; date of approval, 25 February 2020).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study. Written informed consent was obtained from the patients to publish this paper.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available.




Acknowledgments


We thank the secretary Satoko Saito for managing the data.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Von Mehren, M.; Kane, J.M.; Bui, M.M.; Choy, E.; Connelly, M.; Dry, S.; Ganjoo, K.N.; George, S.; Gonzalez, R.J.; Heslin, M.J.; et al. NCCN Guidelines Insights: Soft Tissue Sarcoma, Version 1.2021. J. Natl. Compr. Cancer Netw. 2020, 18, 1604–1612. [Google Scholar] [CrossRef] [PubMed]

	



Trovik, C.S.; Skjeldal, S.; Bauer, H.; Rydholm, A.; Jebsen, N. Reliability of Margin Assessment after Surgery for Extremity Soft Tissue Sarcoma: The SSG Experience. Sarcoma 2012, 290698. [Google Scholar] [CrossRef]

	



Fernebro, J.; Wiklund, M.; Jonsson, K.; Bendahl, P.-O.; Rydholm, A.; Nilbert, M.; Engellau, J. Focus on the Tumour Periphery in MRI Evaluation of Soft Tissue Sarcoma: Infiltrative Growth Signifies Poor Prognosis. Sarcoma 2006, 2006, 021251. [Google Scholar] [CrossRef] [PubMed]

	



Manoso, M.W.; Pratt, J.; Healey, J.; Boland, P.J.; Athanasian, A.E. Infiltrative MRI Pattern and Incomplete Initial Surgery Compromise Local Control of Myxofibrosarcoma. Clin. Orthop. Relat. Res. 2006, 450, 89–94. [Google Scholar] [CrossRef] [PubMed]

	



Morii, T.; Tajima, T.; Honya, K.; Aoyagi, T.; Ichimura, S. Clinical significance of the tail-like pattern in soft-tissue sarcomas on magnetic resonance imaging. J. Orthop. Sci. 2018, 23, 1032–1037. [Google Scholar] [CrossRef]

	



Kawaguchi, N.; Ahmed, A.R.; Matsumoto, S.; Manabe, J.; Matsushita, Y. The Concept of Curative Margin in Surgery for Bone and Soft Tissue Sarcoma. Clin. Orthop. Relat. Res. 2004, 419, 165–172. [Google Scholar] [CrossRef]

	



Yang, J.C.; Chang, E.A.; Baker, A.R.; Sindelar, W.F.; Danforth, D.N.; Topalian, S.L.; Delaney, T.; Glatstein, E.; Steinberg, S.M.; Merino, M.J.; et al. Randomized prospective study of the benefit of adjuvant radiation therapy in the treatment of soft tissue sarcomas of the extremity. J. Clin. Oncol. 1998, 16, 197–203. [Google Scholar] [CrossRef]

	



Davis, A.M.; O’Sullivan, B.; Turcotte, R.; Bell, R.; Catton, C.; Chabot, P.; Wunder, J.; Hammond, A.; Benk, V.; Kandel, R. Late radiation morbidity following randomization to preoperative versus postoperative radiotherapy in extremity soft tissue sarcoma. Radiother. Oncol. 2005, 75, 48–53. [Google Scholar] [CrossRef]

	



Pervaiz, N.; Colterjohn, N.; Farrokhyar, F.; Tozer, R.; Figueredo, A.; Ghert, M. A systematic meta-analysis of randomized controlled trials of adjuvant chemotherapy for localized resectable soft-tissue sarcoma. Cancer 2008, 113, 573–581. [Google Scholar] [CrossRef]

	



Grobmyer, S.R.; Maki, R.G.; Demetri, G.D.; Mazumdar, M.; Riedel, E.; Brennan, M.F.; Singer, S. Neo-adjuvant chemotherapy for primary high-grade extremity soft tissue sarcoma. Ann. Oncol. 2004, 15, 1667–1672. [Google Scholar] [CrossRef]

	



Woll, P.J.; Reichardt, P.; Le Cesne, A.; Bonvalot, S.; Azzarelli, A.; Hoekstra, H.J.; Leahy, M.; Van Coevorden, F.; Verweij, J.; Hogendoorn, P.; et al. Adjuvant chemotherapy with doxorubicin, ifosfamide, and lenograstim for resected soft-tissue sarcoma (EORTC 62931): A multicentre randomised controlled trial. Lancet Oncol. 2012, 13, 1045–1054. [Google Scholar] [CrossRef]

	



Pasquali, S.; Pizzamiglio, S.; Touati, N.; Litiere, S.; Marreaud, S.; Kasper, B.; Gelderblom, H.; Stacchiotti, S.; Judson, I.; Tos, A.D.; et al. The impact of chemotherapy on survival of patients with extremity and trunk wall soft tissue sarcoma: Revisiting the results of the EORTC-STBSG 62931 randomised trial. Eur. J. Cancer 2019, 109, 51–60. [Google Scholar] [CrossRef] [PubMed]

	



Gronchi, A.; Ferrari, S.; Quagliuolo, V.; Broto, J.M.; Pousa, A.L.; Grignani, G.; Basso, U.; Blay, J.-Y.; Tendero, O.; Beveridge, R.D.; et al. Histotype-tailored neoadjuvant chemotherapy versus standard chemotherapy in patients with high-risk soft-tissue sarcomas (ISG-STS 1001): An international, open-label, randomised, controlled, phase 3, multicentre trial. Lancet Oncol. 2017, 18, 812–822. [Google Scholar] [CrossRef]

	



Guillou, L.; Coindre, J.M.; Bonichon, F.; Nguyen, B.B.; Terrier, P.; Collin, F.; Vilain, O.M.; Mandard, A.M.; Le Doussal, V.; Leroux, A.; et al. Comparative study of the National Cancer Institute and French Federation of Cancer Centers Sarcoma Group grading systems in a population of 410 adult patients with soft tissue sarcoma. J. Clin. Oncol. 1997, 15, 350–362. [Google Scholar] [CrossRef]

	



Wittekind, C.; Compton, C.C.; Greene, F.L.; Sobin, L.H. TNM residual tumor classification revisited. Cancer 2002, 94, 2511–2516. [Google Scholar] [CrossRef] [PubMed]

	



Japanese Society for Therapeutic Radiology and Oncology. Soft tissue tumor. In JASTRO Guidelines 2016 for Radiotherapy Treatment Planning, 4th ed.; Uno, T., Chatani, M., Eds.; Kanehara Shuppan: Tokyo, Japan, 2016; Volume 4, pp. 311–315. [Google Scholar]

	



Kataoka, K.; Tanaka, K.; Mizusawa, J.; Kimura, A.; Hiraga, H.; Kawai, A.; Matsunobu, T.; Matsumine, A.; Araki, N.; Oda, Y.; et al. A Randomized Phase II/III Trial of Perioperative Chemotherapy with Adriamycin Plus Ifosfamide Versus Gemcitabine Plus Docetaxel for High-grade Soft Tissue Sarcoma: Japan Clinical Oncology Group Study JCOG1306. Jpn. J. Clin. Oncol. 2014, 44, 765–769. [Google Scholar] [CrossRef]

	



Tanaka, K.; Kawamoto, H.; Saito, I.; Yoshimura, K.; Fukuda, H.; Iwamoto, Y. Preoperative and Postoperative Chemotherapy with Ifosfamide and Adriamycin for Adult High-grade Soft-tissue Sarcomas in the Extremities: Japan Clinical Oncology Group Study JCOG0304. Jpn. J. Clin. Oncol. 2009, 39, 271–273. [Google Scholar] [CrossRef]

	



Saito, S.; Aiba, H.; Yamada, S.; Okamoto, H.; Hayashi, K.; Kimura, H.; Miwa, S.; Otsuka, T.; Murakami, H. Efficacy of combination-chemotherapy with pirarubicin, ifosfamide, and etoposide for soft tissue sarcoma: A single-institution retrospective analysis. BMC Cancer 2020, 20, 868. [Google Scholar] [CrossRef] [PubMed]

	



Issels, R.D.; Lindner, L.H.; Verweij, J.; Wessalowski, R.; Reichardt, P.; Wust, P.; Ghadjar, P.; Hohenberger, P.; Angele, M.; Salat, C.; et al. Effect of Neoadjuvant Chemotherapy Plus Regional Hyperthermia on Long-term Outcomes Among Patients With Localized High-Risk Soft Tissue Sarcoma. JAMA Oncol. 2018, 4, 483–492. [Google Scholar] [CrossRef]

	



Aiba, H.; Hayashi, K.; Yamada, S.; Okamoto, H.; Kimura, H.; Miwa, S.; Inatani, H.; Otsuka, T.; Murakami, H. Treatment of a Malignant Soft Tissue Tumor Arising in the Vicinity of the Sciatic Nerve with an In-Situ Preparation Technique and Intensive Multidisciplinary Therapy. Cancers 2019, 11, 506. [Google Scholar] [CrossRef]

	



Aiba, H.; Yamada, S.; Mizutani, J.; Yamamoto, N.; Okamoto, H.; Hayashi, K.; Kimura, H.; Takeuchi, A.; Miwa, S.; Kawai, A.; et al. Clinical outcomes of radio-hyperthermo-chemotherapy for soft tissue sarcoma compared to a soft tissue sarcoma registry in Japan: A retrospective matched-pair cohort study. Cancer Med. 2018, 7, 1560–1571. [Google Scholar] [CrossRef]

	



Yoo, H.J.; Hong, S.H.; Kang, Y.; Choi, J.-Y.; Moon, K.C.; Kim, H.-S.; Han, I.; Yi, M.; Kang, H.S. MR imaging of myxofibrosarcoma and undifferentiated sarcoma with emphasis on tail sign; diagnostic and prognostic value. Eur. Radiol. 2014, 24, 1749–1757. [Google Scholar] [CrossRef]

	



Eisenhauer, E.; Therasse, P.; Bogaerts, J.; Schwartz, L.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228–247. [Google Scholar] [CrossRef]

	



Fanburg-Smith, J.C.; Spiro, I.J.; Katapuram, S.V.; Mankin, H.J.; Rosenberg, A.E. Infiltrative subcutaneous malignant fibrous histiocytoma: A comparative study with deep malignant fibrous histiocytoma and an observation of biologic behavior. Ann. Diagn. Pathol. 1999, 3, 1–10. [Google Scholar] [CrossRef]

	



Imanishi, J.; Slavin, J.; Pianta, M.; Jackett, L.; Ngan, S.Y.; Tanaka, T.; Charoenlap, C.; Di Bella, C.; Choong, P.F.M. Tail of Superficial Myxofibrosarcoma and Undifferentiated Pleomorphic Sarcoma After Preoperative Radiotherapy. Anticancer Res. 2016, 36. [Google Scholar]

	



Mentzel, T.; Calonje, E.; Wadden, C.; Camplejohn, R.S.; Beham, A.; Smith, M.A.; Fletcher, C.D. Myxofibrosarcoma. Am. J. Surg. Pathol. 1996, 20, 391–405. [Google Scholar] [CrossRef]

	



Iwata, S.; Yonemoto, T.; Araki, A.; Ikebe, D.; Kamoda, H.; Hagiwara, Y.; Ishii, T. Impact of infiltrative growth on the outcome of patients with undifferentiated pleomorphic sarcoma and myxofibrosarcoma. J. Surg. Oncol. 2014, 110, 707–711. [Google Scholar] [CrossRef] [PubMed]

	



Weiss, S.W.; Enzinger, F.M. Myxoid variant of malignant fibrous histiocytoma. Cancer 1977, 39, 1672–1685. [Google Scholar] [CrossRef]

	



Waters, B.; Panicek, D.M.; Lefkowitz, R.A.; Antonescu, C.R.; Healey, J.; Athanasian, E.A.; Brennan, M. Low-Grade Myxofibrosarcoma: CT and MRI Patterns in Recurrent Disease. Am. J. Roentgenol. 2007, 188, 193–198. [Google Scholar] [CrossRef] [PubMed]

	



Huang, H.-Y.; Lal, P.; Qin, J.; Brennan, M.; Antonescu, C.R. Low-grade myxofibrosarcoma: A clinicopathologic analysis of 49 cases treated at a single institution with simultaneous assessment of the efficacy of 3-tier and 4-tier grading systems. Hum. Pathol. 2004, 35, 612–621. [Google Scholar] [CrossRef]

	



Kaya, M.; Wada, T.; Nagoya, S.; Sasaki, M.; Matsumura, T.; Yamaguchi, T.; Hasegawa, T.; Yamashita, T. MRI and histological evaluation of the infiltrative growth pattern of myxofibrosarcoma. Skelet. Radiol. 2008, 37, 1085–1090. [Google Scholar] [CrossRef] [PubMed]

	



Hong, N.J.L.; Hornicek, F.J.; Raskin, K.A.; Yoon, S.S.; Ms, J.S.; Yeap, B.; Chen, Y.-L.; Delaney, T.F.; Nielsen, G.P.; Mullen, J.T. Prognostic Factors and Outcomes of Patients with Myxofibrosarcoma. Ann. Surg. Oncol. 2012, 20, 80–86. [Google Scholar] [CrossRef] [PubMed]

	



Mutter, R.W.; Singer, S.; Zhang, Z.; Brennan, M.; Alektiar, K.M. The enigma of myxofibrosarcoma of the extremity. Cancer 2011, 118, 518–527. [Google Scholar] [CrossRef] [PubMed]

	



Enneking, W.F.; Spanier, S.S.; Malawer, M.M. The effect of the anatomic setting on the results of surgical procedures for soft parts sarcoma of the thigh. Cancer 1981, 47, 1005–1022. [Google Scholar] [CrossRef]

	



Lefkowitz, R.A.; Landa, J.; Hwang, S.; Zabor, E.C.; Moskowitz, C.S.; Agaram, N.P.; Panicek, D. Myxofibrosarcoma: Prevalence and diagnostic value of the “tail sign” on magnetic resonance imaging. Skelet. Radiol. 2013, 42, 809–818. [Google Scholar] [CrossRef]

	



Japanese Orthopaedic Association. Japanese Orthopaedic Association Clinical Practice Guidelines on the Management of Soft Tissue Tumors, 3rd ed.; Akira, K., Ed.; Nane Do: Tokyo, Japan, 2020; Volume 3. [Google Scholar]

	



Koshy, M.; Rich, S.E.; Mohiuddin, M.M. Improved Survival with Radiation Therapy in High-Grade Soft Tissue Sarcomas of the Extremities: A SEER Analysis. Int. J. Radiat. Oncol. 2010, 77, 203–209. [Google Scholar] [CrossRef]

	



Canter, R.J.; Martinez, S.R.; Tamurian, R.M.; Wilton, M.; Li, C.-S.; Ryu, J.; Mak, W.; Monsky, W.L.; Borys, D. Radiographic and Histologic Response to Neoadjuvant Radiotherapy in Patients with Soft Tissue Sarcoma. Ann. Surg. Oncol. 2010, 17, 2578–2584. [Google Scholar] [CrossRef]








[image: Cancers 13 03901 g001 550] 





Figure 1. The rates of change in the tumor and the relationship between the main part and tail-like lesion. (a) Rates of change in maximum length of the tumor. (b) Rates of change in the length of the tail-like lesion. (c) Rates of change in the thickness of the tail-like lesion. (d) Relationship between the changes in maximum length of the main part and the length of the tail-like lesion. Squares indicate the means, and the error bars indicate the standard deviations. (e) Relationship between the rate of change in maximum length of the main part and the thickness of the tail-like lesion. (f) Relationship between the tail-like lesions’ length and thickness. 






Figure 1. The rates of change in the tumor and the relationship between the main part and tail-like lesion. (a) Rates of change in maximum length of the tumor. (b) Rates of change in the length of the tail-like lesion. (c) Rates of change in the thickness of the tail-like lesion. (d) Relationship between the changes in maximum length of the main part and the length of the tail-like lesion. Squares indicate the means, and the error bars indicate the standard deviations. (e) Relationship between the rate of change in maximum length of the main part and the thickness of the tail-like lesion. (f) Relationship between the tail-like lesions’ length and thickness.



[image: Cancers 13 03901 g001]







[image: Cancers 13 03901 g002 550] 





Figure 2. Waterfall plots illustrating the rates of change in the tumor with various neoadjuvant therapies. The rates of change were evaluated using the aforementioned method. (a) The rates of change in the main part of the tumor; (b) the rates of change in the length of the tail-like lesion; (c) the rates of change in the thickness of the tail-like lesion. The red bars indicate radiotherapy, blue bars indicate chemotherapy, and green bars indicate combination therapy (chemoradiotherapy); (d) the pie charts indicate the relationships between the neoadjuvant modalities and histological response (4-tier classification). For readability, grades 3 and 4 were integrated. In the Rt + Cx group, hyperthermia was added as an augmentation. A, Adriamycin; C, carboplatin; Cx, chemotherapy; D, docetaxel; E, etoposide; G, gemcitabine; Ht, hyperthermia; I, ifosfamide; P, cisplatin; Rt, radiotherapy; VDC/IE, vincristine + Adriamycin + cyclophosphamide/ifosfamide + etoposide; VIDE, vincristine + ifosfamide + Adriamycin + etoposide. 
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Figure 3. Box-and-whisker plots of the relationship between the histopathological evaluations and the shrinkage of tumors. (a) Relationships between the histopathological response and changes in the maximum length of the main part; (b) relationships between the histopathological response and changes in the length of the tail-like lesion; (c) relationships between the histopathological response and changes in the thickness of the tail-like lesion. 
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Figure 4. Kaplan–Meier curves comparing patients who underwent neoadjuvant therapy with those who did not, among UPS + MFS subtypes. (a) Overall survival, (b) local relapse-free survival, and (c) distant relapse-free survival. The red and blue lines indicate patients with and without neoadjuvant therapy, respectively. 
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Table 1. Characteristics of patients with a tumor with tail-like lesions.
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Characteristics (n = 36)

	
Sub-Items

	
Number






	
Histology

	
UPS

	
11




	
MFS

	
13




	
SS

	
4




	
DDL

	
4




	
Others

	
4




	
Age at diagnosis (years, mean, standard deviation)

	
57.9, 15.5




	
Tumor length (mm, median, IQR)

	
76.0, 53.3–93.3




	
Tail-like lesion’s length (mm, median, IQR)

	
29.5, 23.0–37.3




	
Tail-like lesion’s thickness (mm, median, IQR)

	
4.0, 2.2–7.7




	
Location

	
Lower extremity

	
30




	
Buttock

	
2




	
Inguinal region

	
3




	
Thigh

	
15




	
Knee

	
3




	
Lower leg

	
6




	
Foot

	
1




	
Upper extremity

	
3




	
Upper arm

	
1




	
Forearm

	
2




	
Trunk

	
3




	
Chest wall

	
1




	
Back

	
2




	
Sex

	
Male

	
21




	
Female

	
15




	
Lesion status

	
Primary

	
33




	
Recurrence

	
3




	
FNCLCC grade

	
Grade 2

	
4




	
Grade 3

	
32




	
Biopsy method

	
Needle

	
14




	
Open

	
22




	
Depth

	
Superficial

	
13




	
Deep

	
23








UPS, undifferentiated pleomorphic sarcoma; MFS, myxofibrosarcoma; SS, synovial sarcoma; DDL, dedifferentiated liposarcoma; IQR, interquartile range; FNCLCC, French Federation of Cancer Centers.
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Table 2. Relationship between the histological response and changes in the main lesion (based on RECIST 1.1).
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Characteristics

	
RECIST 1.1

	
Total




	
PD

	
SD

	
PR






	
Histological response

	
G1

	
5

	
10

	
0

	
15




	
G2

	
1

	
9

	
3

	
13




	
G3

	
0

	
3

	
4

	
7




	
G4

	
0

	
0

	
1

	
1




	
Total

	
6

	
22

	
8

	
36








RECIST, Response Evaluation Criteria in Solid Tumors; PD, progressive disease; SD, stable disease; PR, partial response.
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