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Objective

This study aimed to evaluate the potential of magnetic resonance imaging (MRI) to monitor the response in patients with osteosarcoma receiving chemotherapy and to assess the correlation between the presence of a fat layer surrounding the tumor after neoadjuvant chemotherapy and prognosis.





Methods

In total, 28 patients with osteosarcoma were included in this retrospective study. All patients underwent chemotherapy and surgery. MRI scans of the patients were evaluated before and after neoadjuvant chemotherapy. The prognostic factors included histological response and alkaline phosphatase (ALP) level. Relapse and survival at follow-up were defined as patient outcomes. The log-rank test was used to compare these factors with various MRI characteristics (e.g. change in maximum lesion length before and after chemotherapy, change in maximum edema, and fat layer presence after chemotherapy).





Results

The median time of follow-up was 64.3 ± 41.5 months. The 3- and 5-year event-free survival rates were 75.0% and 67.9%, respectively. ALP levels after chemotherapy were associated with tumor necrosis (p = 0.01). Change in maximum lesion length [p = 0.044; odds ratio (OR) = 0.035; confidence interval (CI): 0.01–0.911] was a predictor of survival. Changes in edema on T2-weighted sequences (p = 0.979; OR = 0.989, CI: 0.437–2.242) were not significant. The presence of a fat layer (p = 0.013; OR = 0.000; confidence CI: 0.000–0.018) predicted good event-free survival.





Conclusions

The presence of a fat layer correlated with good prognosis in patients with osteosarcoma. MRI characteristics in the early stages could help to inform decision-making about treatment strategy.
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1 Introduction

Osteosarcoma is the most common primary malignant bone tumor in children and young adults, particularly during the second decade of life (1). The use of high-dose methotrexate before surgery was introduced in the 1970s to improve prognosis in patients with osteosarcoma (2). At present, doxorubicin, cisplatin, ifosfamide, and a high dose of methotrexate have been widely used as the preferred protocol. Different from American and European patients, however, many Asian patients fail to exhibit durable responses and succumb to these multidrug protocols. The choice of chemotherapy regimens and the choice of chemotherapy density are still controversial (3).

Multidisciplinary treatment is an essential approach for controlling the survival of patients with long-term malignant tumors (4). However, the 5-year survival rate currently ranges between 60% and 70%, reaching a plateau over the past three decades (5). Metastasis is one of the primary causes of treatment failure. Dynamically evaluating treatment response to determine the optimal therapeutic schedule and improve poor prognosis is important.

Monitoring the effect of chemotherapy on patients allows for timely adjustments of the treatment scheme (6). The serum alkaline phosphatase (ALP) level can reflect osteoblast viability. Patients with osteosarcoma have high serum ALP levels due to pathological osteogenesis (7). Its levels are significantly increased in bone cancer. The fixed-effect model suggested that higher levels of ALP may lead to a lower event-free (EF) survival rate (8). ALP may be a potential biological indicator for osteosarcoma.

Histological examination of tumor necrosis in resected specimens can also be performed to evaluate the response to neoadjuvant chemotherapy (9). Evaluation of the curative effect can indicate the risk of tumor resistance and survival. The 90% tumor necrosis threshold remains one of the most important prognostic factors in patients (10). The percentage of necrosis can only be measured in the excised lesion after the completion of neoadjuvant chemotherapy. Therefore, proposing a dynamic surrogate to predict clinical prognosis is required. This dynamic method can be used to prove the efficacy of therapeutic agents or dose adjustments in a timely manner.

Early identification of poor prognosis through imaging is crucial for osteosarcoma management (11). Previous studies have shown that volumetric changes in lesions provide better information than clinical methods (12). However, the use of the gross volume, which is susceptible to hemorrhage and edema, may lead to an increase in tumor volume. Thus, the relationship between anatomic volume, histological response of the lesion, and prognosis is still controversial. The microscopic response in malignant tumors cannot be validated using acceptable noninvasive estimations. Compared with conventional radiography and computed tomography (CT), MRI is sensitive to tumor substances and metabolism (13). Various MRI pulse sequences, such as T1-weighted spin-echo (T1) and T2-weighted fast spin-echo with fat suppression (T2), can be used to characterize different tissues (14). The influence of edema can be decreased in T1 imaging, while tissue components, such as ossification, thanatosis, and hemorrhage, can be viewed by T2. The change in the MRI signal may be indicative of tumor necrosis, and the change in osteosarcoma foci detected by MRI in the early period may be a valuable indicator for assessing the treatment effect (15). In patients with more than 90% necrosis, MRI revealed the emergence of a fat layer surrounding the tumor. We hypothesized that the presence of fat tissue is related to chemotherapy response and prognosis.

This study aimed to estimate (1) the potential of MRI to monitor the efficiency of triplet chemotherapy, and (2) the correlation between the presence of MRI after neoadjuvant chemotherapy and prognosis.




2 Patients and methods



2.1 Patients

Patients who were pathologically diagnosed with osteosarcoma between January 2009 and January 2018 were enrolled. We retrospectively reviewed all eligible patients who met the following criteria: (1) primary high-grade osteosarcoma; (2) no history of tumor treatment except biopsy; (3) availability of MRI before and after chemotherapy; and (4) chemotherapy and surgery performed at our institute. The exclusion criteria were as follows: (1) intolerance to chemotherapy; (2) active infection; or (3) metastasis on imaging. This study was approved by our Institutional Ethics Committee.

In total, 28 patients with Stage IIB osteosarcoma were treated at our hospital, including 19 male and nine female patients, with a mean age of 18.7 years (range: 6–38 years). The locations of their lesions were as follows: the proximal tibia, 12 (42.9%); proximal femur, nine (32.1%); proximal femur, three (10.7%); proximal humerus, one (3.6%); and proximal fibula, three (10.7%). All patients underwent comprehensive history-taking and a physical examination. The primary tumor size was evaluated using T1-weighted imaging. Changes in signals at T1 and T2 were used to estimate the lesion components. Chest CT or positron emission tomography (PET)-CT was used to screen for metastasis. Alkaline phosphatase (ALP) levels were measured on the 1st and 5th days of each course.




2.2 Chemotherapy and surgery

Neoadjuvant chemotherapy, consisting of 2 g/m2 of ifosfamide (days 1–5), 40 mg/m2 of adriamycin (day 5), and 8 g/m2 of methotrexate (day 3), was administered intravenously every 3 weeks. During the period of chemotherapy, the patients were supplied with hydration and alkalization. Magnesium isoglycyrrhizinate was used to protect the liver. Dolasetron mesilate was administered to alleviate nausea. Blood examinations were conducted to monitor marrow, kidney, and liver function every other day. The urine pH was tested regularly every day from day 3 to day 6.

All patients underwent MRI after three cycles of neoadjuvant chemotherapy. The tumor length was measured by coronal T1-weighted sequences. Edema length was measured using coronal T2-weighted sequences with fat suppression. The fat layer surrounding the tumor in the MRI was defined as the fat signal observed after chemotherapy. Two clinicians browsed every layer of the T1 images and selected the image with the maximum fat width. The image was confirmed when clinicians chose the same one. We measured the maximum fat width on transverse T1-weighted sequences.

Surgery was performed when the condition of marrow suppression was relieved (white blood cell count > 3.0 × 109/L). Histological necrosis was assessed to determine the chemotherapy response following surgery. For prognostic analysis, the follow-up time was determined from diagnosis to the presence of metastasis and relapse. The follow-up time of patients without osteosarcoma development was measured on the final date.

The 3.0T limb MRI scanner included a standard T1 sequence (TR/TE 500–600/8–11 ms; slice thickness, 5 mm) and T2 sequence (TR/TE 3000–4000/15–70 ms; slice thickness, 5 mm) with fat suppression. The imaging and measurement system was a Lanyun PACS system.




2.3 Statistics

Serum ALP levels were measured during the hospitalization period (days 1 and 5). Logistic modeling was used to identify whether the initial length of the lesion and edema predicted changes in necrosis and survival. Differences in survival and relapse rates were analyzed using the Kaplan–Meier test. Receiver operating characteristic (ROC) curves were used to assess the sensitivity and specificity of whether the presence of a fat layer predicted the chemotherapy effect. A good chemotherapy response (> 90% tumor necrosis) was treated as a positive case. A poor response (< 90% tumor necrosis) was treated as a negative case. A logistic regression analysis was performed to determine the association between the presence of a fat layer and survival. Statistical significance was set at P < 0.05. Statistical analyses were performed using IBM SPSS Statistics for Windows, version 22.0.





3 Results



3.1 Efficiency of triplet chemotherapy

In our study, the mean time interval during chemotherapy was 3 months (range: 2.4 to 4 months). The median time of follow-up was 64.3 ± 41.5 months (range: 8 to 140 months). Tumor recurrence occurred in five cases (17.9%). The first evidence of tumor relapse was detected at 8 months following the treatment. Lung metastasis was first diagnosed by CT. The lung lesions, found to be gradually growing and increasing, were proved by biopsy. There were two patients with metastasis (7.1%), one of which was observed during treatment. The 3- and 5-year event-free survival rates were 75.0% and 67.9%, respectively (Figure 1). The mean ALP levels before and after treatment were 168.1 U/L [standard deviation (SD): 110.9] and 112.6 U/L (SD: 73.5), respectively. No increase in ALP levels was found during chemotherapy. Among the patients with relapse and metastasis, the initial ALP level was maintained at 213.8 U/L, before decreasing to 64.7 U/L following the completion of drug treatment. The independent-sample t-test identified poor significance compared to the whole sample (p = 0.22). After surgery, 17 resection samples (60%) showed > 90% necrosis, whereas six (10%) tumors showed 70% necrosis. Sensitivity was defined as necrosis > 90% (16). Linear regression analysis showed that the initial ALP and change in ALP showed a poor relationship with chemotherapy effect (p = 0.218, 0.663). ALP levels measured after chemotherapy correlated with tumor necrosis (p = 0.01).




Figure 1 | Kaplan-Meier survival curve of 28 patients shows the overall event-free survival is 67.9% at 5 years. The mean time is 64.3 ± 41.5 months in follow-up.






3.2 Comparison of MRI characteristics and prognosis

Edema surrounding the tumor shows high signal intensity on T2, which is difficult to separate from the tumor. Due to mixing with the fatty bone marrow, the edema signal is slightly higher than that of the tumor on T1 (17). The characteristics of the MRI scans are listed in Table 1. After three courses of chemotherapy, the maximum dimension of the lesion on T1 was unchanged in two patients (3.5%), while enlargement was observed in three patients (10.7%). The length of edema on coronal T2 exhibited growth in two patients (7.1%). The logistic model for EF survival revealed that lesion length on initial T1 and edema on initial T2 were not effective predictors of long-term survival (Table 1). Change in maximum lesion length on coronal T1-weighted sequences (p = 0.044, OR = 0.035; CI: 0.01–0.911) after chemotherapy could predict EF survival. However, changes in edema on coronal T2-weighted sequences (p = 0.979, OR = 0.989, CI: 0.437–2.242), showed no relationship with prognosis. Based on tumor necrosis, the variables (extent of lesion on coronal T1-weighted sequences and extent of edema in coronal T2-weighted sequences) were considered to have poor prediction ability for chemotherapy results.


Table 1 | Characteristics of osteosarcoma and a logistic regression analysis.






3.3 Presence of fat layer after chemotherapy

Fat tissue has short T1 times and shows bright signal intensity. The maximum diameter of the fat layer on transverse T1-weighted sequences was measured as its width. The average width of the fat layer emerging after neoadjuvant chemotherapy was 0.39 cm (range: 0.06 to 0.64 cm) (Figures 2–4). The best threshold values for the fat layer were confirmed using ROC curves (Figure 5). The area under the curve (AUC) was between 0.5 and 1.0. The AUC for the fat layer predicting necrosis was 0.759 (CI: 54.4%–97.5%). Furthermore, at a threshold value of 0.32 cm, the sensitivity and specificity for predicting tumor necrosis were 0.882 and 0.455, respectively. Using logistic regression analysis, the significance of the fat layer as a histological indicator of necrosis was 0.03. Moreover, an increase in fat layer width was associated with a favorable prognosis (p = 0.011; OR = 0.000; CI: 0.000–0.117).




Figure 2 | (A) Pre- and (B, C) post-chemotherapy T1-weighted cross-section MR images of a distal femur. The double directional arrow pointing towards the midpoint of the medullary cavity represents the width of fat layer.






Figure 3 | A T1-weighted image of a distal femur indicating a poor response to neoadjuvant chemotherapy.






Figure 4 | The fat layer around the humerus after chemotherapy is shown.






Figure 5 | The area under the curve (AUC) was 0.759 confirmed by the ROC curve (AUC has an accuracy between 0.7 and 0.9).







4 Discussion

A retrospective study determined that high ALP levels can decrease the overall survival in patients with osteosarcoma (18). A correlation between decreased ALP levels and survival was also found in patients with metastasis. However, a consensus has yet to be confirmed. We re-evaluated initial ALP levels and the fluctuation of ALP by comparing the survival rates at follow-up. Although ALP levels decreased during treatment, there was no evidence of a correlation between a decrease in ALP levels and survival. Additionally, we found no significant difference in the rate of ALP decrease among patients with disease-free status, relapse, or metastasis. However, a decrease in ALP levels after chemotherapy was found to result in a higher percentage of tumor necrosis.

The current gold standard for chemotherapy response is tumor necrosis during excision (19). However, this evaluation cannot be performed prior to surgical resection. Thus, it is difficult to detect ineffective chemotherapy in the early stages. Some patients with no metastasis and < 90% necrosis after neoadjuvant chemotherapy have favorable outcomes (20). Therefore, a more accessible factor to estimate the curative effect and prognosis is required.

Previous reports have demonstrated that tumor volume is a risk factor for event-free survival (21). The enlargement of lesions during chemotherapy may be related to active malignant tumor cells and poor drug-induced inhibition. However, some studies offer controversial perspectives, including a finding that the tumor volume before and after chemotherapy showed no reliable correlation with the efficacy of chemotherapy for osteosarcoma (22). We selected the length in the coronal plane to substitute the lesion volume. In our study, we found no significant association between maximum tumor length and prognosis. The set of length features failed to reflect the histological response, and this has several possible explanations: (i) the mineralized matrix is not affected by cytotoxic agents, (ii) hemorrhage and local necrosis, and (iii) inflammation and edema. However, changes in lesion length in coronal T1-weighted sequences showed a notable correlation with survival rate. This phenomenon suggests that tumors with good treatment response could be visibly reduced.

Multimodal MR images were extracted for consistency with the histological components. High signal intensity on T1-weighted imaging represented fat and hemorrhage. The tumor presented as an area of low signal intensity on T1. Compared to the histological appearance, a decrease in signal intensity on T2-weighted imaging with fat suppression, except for edema, was treated as tumor necrosis or calcification. Anatomical information, including the extent of intraosseous lesions, neurovascular bundles, and soft tissue involvement, is critical for the selection of surgical methods (23). MRI is commonly used to evaluate limb-saving conditions after chemotherapy. We explicitly focused on MRI signals categorized as viable or necrotic tumors to evaluate the chemotherapy response. Studies have shown that MRI can be used to detect osteosarcoma necrosis (24). However, distinguishing viable tumors from immature granulation, neovascularity, and cartilage tissues is difficult.

MRI is specific and sensitive to fat tissue. Areas with high T1 signal intensity and low signal intensity based on fat suppression correspond to areas of fat tissue. A fat layer is commonly detected around the tumor after chemotherapy. However, studies on this topic have several limitations. We assumed a feature of the fat layer to predict prognosis. The extent of the fat layer was examined to determine its association with survival. The results illustrated that different fat diameters in T1 cross sections were independent predictors of EF survival. Indeed, increases in the width of the layer predicted higher survival rates. In our study, the logistic regression analysis indicated that the fat layer was a protective factor. The presence of a fat layer after chemotherapy limits the lesion and provides a safe excision edge in the soft tissue. Separating the main artery and nerve beyond the fat layer did not increase the risk of tumor recurrence. We also compared the width of the fat layer with necrosis and determined the relationship between the fat layer and chemotherapy response. Furthermore, we observed a difference in the chemotherapy response based on the extent of the fat layer in the early phase, which was in accordance with our hypothesis. Based on this characteristic, adjusting the chemotherapy regimen over time could improve survival and reduce the risk of resistance. Seeking an optimal predictor of chemotherapy response based on the tissue components, such as the fat layer, rather than tumor volume is crucial. The signal intensity evaluated on the MRI plane tended to be more effective than those evaluated based on volume-based tumor necrosis (22). The dynamic monitoring of the tumor’s response to drugs can be implemented based on MRI. If patients with poor response are identified early, the chemotherapy regimen or dose can be changed to improve outcomes. Moreover, if the tumor remains unresponsive to drugs, surgery can be prioritized to reduce the tumor burden.

With progress in neoadjuvant chemotherapy, the survival rate of patients with osteosarcoma has improved since the 1970s (25). The Cooperative German, Austrian, and Swiss Osteosarcoma Study Group (COSS) and Rosen T-10 chemotherapy protocols are frequently used (26, 27). Three agents were administered at our institution considering the physical characteristics of the patients. Mesna was used to detoxify ifosfamide to prevent hemorrhagic cystitis. In addition, calcium folinate/leucovorin and dexrazoxane were used to detoxify methotrexate and adriamycin, respectively. We found that our chemotherapy regimen had lower toxicity and better tolerance. According to the Kaplan–Meier analysis, the EF survival rates at 3 and 5 years were 75.0% and 67.9%, respectively. The rates of relapse and metastasis did not increase.

This study has several limitations that warrant discussion. First, retrospectively collected data were limited to low-grade quality evidence. Second, the sample capacity was relatively small, and our findings need to be confirmed in a larger number of patients. Finally, tumor characteristics such as osteosarcoma subtype were not assessed. Therefore, a multicenter, prospective study with a larger sample size should be performed.

In summary, a decrease in the length of lesions was associated with good prognosis. The presence of a fat layer could predict chemosensitivity and good prognosis in patients with osteosarcoma. Validation of these findings in future studies will help to avoid resistance without surgery, which may lead to a better prognosis.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The First Affiliated Hospital of Xinjiang Medical University ethics committee. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin. Study procedures and materials were approved by The First Affiliated Hospital of Xinjiang Medical University ethics committee. Informed consent was obtained from all subjects and/or their legal guardian(s). We promised that data was applied for effective analysis alone, keeping individual information confidential.





Author contributions

JH: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Writing – original draft. ZX: Conceptualization, Funding acquisition, Resources, Supervision, Validation, Visualization, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (No. 82260409 to Zengru Xie).





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Ning, B, Liu, Y, Huang, T, and Wei, Y. Autophagy and its role in osteosarcoma. Cancer Med. (2023) 12:5676–87. doi: 10.1002/cam4.v12.5

2. Huang, J, Cheng, J, Bi, W, Xu, M, Jia, J, Han, G, et al. Neoadjuvant chemotherapy and expandable prosthesis reconstruction to treat osteosarcoma around the knee in children. Orthop Surg. (2023) 15:162–8. doi: 10.1111/os.13563

3. Zachary, DP, and Yustein, JT. Recent insights into therapy resistance in osteosarcoma. Cancers (Basel). (2021) 13(1):83. doi: 10.3390/cancers13010083

4. Basit, Q, Qazi, HS, and Tanveer, S. Osteosarcoma and its advancement. Cancer Treat Res. (2023) 185:127–39. doi: 10.1007/978-3-031-27156-4_8

5. Sheng, G, Gao, Y, Yang, Y, and Wu, H. Osteosarcoma and metastasis. Front Oncol. (2021) 11:780264. doi: 10.3389/fonc.2021.780264

6. Tang, H, Liu, D, Lu, J, He, J, Ji, S, Liao, S, et al. Significance of the neutrophil-to-lymphocyte ratio in predicting the response to neoadjuvant chemotherapy in extremity osteosarcoma: a multicentre retrospective study. BMC Cancer. (2022) 22:33. doi: 10.1186/s12885-021-09130-7

7. Wagener, N, Di Fazio, P, Böker, KO, and Matziolis, G. Osteogenic effect of pregabalin in human primary mesenchymal stem cells, osteoblasts, and osteosarcoma cells. Life (Basel). (2022) 12:496. doi: 10.3390/life12040496

8. Hao, H, Chen, L, Huang, D, Ge, J, Qiu, Y, and Hao, L. Meta-analysis of alkaline phosphatase and prognosis for osteosarcoma. Eur J Cancer Care (Engl). (2017) 26. doi: 10.1111/ecc.2017.26.issue-5

9. Smrke, A, Anderson, PM, Gulia, A, Gennatas, S, Huang, PH, and Jones, RL. Future directions in the treatment of osteosarcoma. Cells. (2021) 10:172. doi: 10.3390/cells10010172

10. Patel, N, Werenski, JO, Gonzalez, MR, Clunk, MJ, McCadden, MR, Richard, A, et al. Tumor necrosis drives prognosis in osteosarcoma: No difference in chemotherapy response and survival between chondroblastic and osteoblastic osteosarcoma. Surg Oncol. (2024) 57:102155. doi: 10.1016/j.suronc.2024.102155

11. Bouhamama, A, Leporq, B, Khaled, W, Nemeth, A, Brahmi, M, Dufau, J, et al. Prediction of histologic neoadjuvant chemotherapy response in osteosarcoma using pretherapeutic MRI radiomics. Radiol Imaging Cancer. (2022) 4:e210107. doi: 10.1148/rycan.210107

12. Habre, C, Dabadie, A, Loundou, AD, Banos, JB, Desvignes, C, Pico, H, et al. Diffusion-weighted imaging in differentiating mid-course responders to chemotherapy for long-bone osteosarcoma compared to the histologic response: an update. Pediatr Radiol. (2021) 51:1714e23. doi: 10.1007/s00247-021-05037-4

13. Xia, X, Wen, L, Zhou, F, Li, J, Lu, Q, Liu, J, and Yu, X. Predictive value of DCE-MRI and IVIM-DWI in osteosarcoma patients with neoadjuvant chemotherapy. Front Oncol. (2022) 12:967450. doi: 10.3389/fonc.2022.967450

14. Aiyer, S, Udar, S, Kharat, A, Bhilare, P, and Sancheti, P. Utility of selected sequence MRI imaging of the axial skeleton in the diagnosis of axial spondyloarthritis. J Clin Orthop Trauma. (2022) 32:101983. doi: 10.1016/j.jcot.2022

15. Luo, Z, Li, J, Liao, Y, Liu, R, Shen, X, and Chen, W. Radiomics analysis of multiparametric MRI for prediction of synchronous lung metastases in osteosarcoma. Front Oncol. (2022) 12:802234. doi: 10.3389/fonc.2022.802234

16. Richardson, SM, Wurtz, LD, and Collier, CD. Ninety percent or greater tumor necrosis is associated with survival and social determinants of health in patients with osteosarcoma in the national cancer database. Clin Orthop Relat Res. (2023) 481:512–22. doi: 10.1097/CORR.0000000000002380

17. Kim, Y, Jang, WY, Park, JW, Park, YK, Cho, HS, Han, I, et al. Transepiphyseal resection for osteosarcoma in patients with open physes using MRI assessment. Bone Joint J. (2020) 102-B:772–8. doi: 10.1302/0301-620X.102B6.BJJ-2019-1141.R2

18. Ding, N, Fan, X, Guo, H, Xue, D, and Liu, X. Predictive value of serum alkaline phosphatase, tumor-specific growth factor, and macrophage migration inhibitory factor for the efficacy of immunotargeted therapy in osteosarcoma patients. Am J Cancer Res. (2024) 14:3545–54. doi: 10.62347/DKBX4311

19. Yang, Y, Li, Y, Niu, X, and Liu, W. Imaging evaluation of blood supply changes after chemotherapy of osteosarcoma and its correlation with tumor necrosis rate. J Bone Oncol. (2023) 41:100492. doi: 10.1016/j.jbo.2023.100492

20. Hong, KT, Park, HJ, Kim, BK, An, HY, Choi, JY, Cheon, JE, et al. Favorable outcome of high-dose chemotherapy and autologous hematopoietic stem cell transplantation in patients with nonmetastatic osteosarcoma and low-degree necrosis. Front Oncol. (2022), 12 978949doi: 10.3389/fonc.2022.978949

21. Soares do Brito, J, Santos, R, Sarmento, M, Fernandes, P, and Portela, J. Chemotherapy regimens for non-metastatic conventional appendicular osteosarcoma: A literature review based on the outcomes. Curr Oncol. (2023) 30:6148–65. doi: 10.3390/curroncol30070457

22. Teo, KY, Daescu, O, Cederberg, K, Sengupta, A, and Leavey, PJ. Correlation of histopathology and multi-modal magnetic resonance imaging in childhood osteosarcoma: Predicting tumor response to chemotherapy. PloS One. (2022) 17:e0259564. doi: 10.1371/journal.pone.0259564

23. Inarejos Clemente, EJ, Navarro, OM, Navallas, M, Ladera, E, Torner, F, Sunol, M, et al. Multiparametric MRI evaluation of bone sarcomas in children. Insights Imaging. (2022) 13:33. doi: 10.1186/s13244-022-01177-9

24. Stitzlein, RN, Wojcik, J, Sebro, RA, Balamuth, NJ, and Weber, KL. Team approach: osteosarcoma of the distal part of the femur in adolescents. JBJS Rev. (2017) 5:e5. doi: 10.2106/JBJS.RVW.17.00030

25. Benjamin, RS. Adjuvant and neoadjuvant chemotherapy for osteosarcoma: A historical perspective. Adv Exp Med Biol. (2020) 1257:1–10. doi: 10.1007/978-3-030-43032-0_1

26. Bielack, SS, Blattmann, C, Borkhardt, A, Csóka, M, Hassenpflug, W, Kabíčková, E, et al. Osteosarcoma and causes of death: A report of 1520 deceased patients from the Cooperative Osteosarcoma Study Group (COSS). Eur J Cancer. (2022) 176:50–7. doi: 10.1016/j.ejca.2022.09.007

27. Cho, Y, Jung, GH, Chung, SH, Kim, JY, Choi, Y, and Kim, JD. Long-term survivals of stage IIb osteosarcoma: a 20-year experience in a single institution. Clin Orthop Surg. (2011) 3:48–54. doi: 10.4055/cios.2011.3.1.48




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 © 2025 Huang and Xie. 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.


OEBPS/Images/fonc-15-1514560-g005.jpg
Sensitivity

o
Y

10

0B

o

00
00

02

ROC Curve

04
Specificity

06

[k:}

10





OEBPS/Images/fonc-15-1514560-g002.jpg





OEBPS/Images/fonc-15-1514560-g004.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The presence of a fat layer after neoadjuvant chemotherapy as an indicator of prognosis in osteosarcoma

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Patients and methods

        

          		

            2.1 Patients

          



          		

            2.2 Chemotherapy and surgery

          



          		

            2.3 Statistics

          



        



        



        		

          3 Results

        

          		

            3.1 Efficiency of triplet chemotherapy

          



          		

            3.2 Comparison of MRI characteristics and prognosis

          



          		

            3.3 Presence of fat layer after chemotherapy

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2025.1514560_cover.jpg
& frontiers | Frontiers in Oncology

The presence of a fat layer after
neoadjuvant chemotherapy as an indicator
of prognosis in osteosarcoma





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1514560-g001.jpg
Cum survival

10

o

061

04

0

oo

0oo

2500

Survival functions

5000 7500

Follow-up time (month)

100.00

12500

event-free survival
censored





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-15-1514560-g003.jpg





OEBPS/Images/table1.jpg
Variable mean + SD (cm) odds ratios (OR) 95% confidence interval (Cl)

Mean max dimension before chemotherapy (lesion on T1) 8.28 +3.41 1.093 0.860-1.390 0.468

Mean max dimension after chemotherapy (lesion on T1) 7.85 + 3.40 1.144 0.895-1.461 0.282

Mean max dimension before chemotherapy (edema 081 +3.60 1123 0.888-1.420 0334
on T2)

Mean max dimension after chemotherapy (edema on T2) 9.01 + 3.87 1.123 0.903-1.396 0.298

The width of the fat layer 0.39 +£0.18 0.000 0.000-0.117 0.011





