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Background

Surgery is an important treatment option for desmoid tumor (DT) patients, but how to decrease and predict the high recurrence rate remains a major challenge.



Methods

Desmoid tumor patients diagnosed and treated at Tianjin Cancer Institute & Hospital were included, and a web-based nomogram was constructed by screening the recurrence-related risk factors using Cox regression analysis. External validation was conducted with data from the Fudan University Shanghai Cancer Center.



Results

A total of 385 patients were identified. Finally, after excluding patients without surgery, patients who were lost to follow-up, and patients without complete resection, a total of 267 patients were included in the nomogram construction. Among these patients, 53 experienced recurrence, with a recurrence rate of 19.85%. The 3-year and 5-year recurrence-free survival (RFS) rates were 82.5% and 78%, respectively. Age, tumor diameter, admission status, location, and tumor number were correlated with recurrence in univariate Cox analysis. In multivariate Cox analysis, only age, tumor diameter and tumor number were independent risk factors for recurrence and were then used to construct a web-based nomogram to predict recurrence. The concordance index (C-index) of the nomogram was 0.718, and the areas under the curves (AUCs) of the 3-year and 5-year receiver operating characteristic (ROC) curves were 0.751 and 0.761, respectively. In the external validation set, the C-index was 0.706, and the AUCs of the 3-year and 5-year ROC curves are 0.788 and 0.794, respectively.



Conclusions

Age, tumor diameter, and tumor number were independent predictors of recurrence for DTs, and a web-based nomogram containing these three predictors could accurately predict RFS (https://stepforward.shinyapps.io/Desmoidtumor/).
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Introduction

Desmoid tumors (DTs), also known as aggressive fibromatosis and desmoid-type fibromatosis, have an incidence of approximately 5 per 1 million persons and are characterized by no metastasis, but local progression and recurrence can occur (1, 2). In general, DTs can be divided into sporadic and familial adenomatous polyposis (FAP)-related DTs. Sporadic DTs are associated with a mutation in the CTNNB1 gene and are usually located in the abdominal wall or outside the abdomen (3). DTs on the abdominal wall are most common in women within one year after pregnancy or childbirth. FAP-related DTs, which are associated with mutations in the APC gene, usually occur in the intra-abdominal region, including the mesentery, retroperitoneal area, or pelvis, and can be very large (2, 4).

DTs can occur at any age; the typical age of onset is 15–60 years, with a peak of onset at approximately 30 years (5, 6). The pathogenesis of DTs is related to many factors, including trauma, hormones, and heredity. Trauma, including surgery, may cause DTs (7). It was found that the incidence was higher in females, a significant number of women had a recent pregnancy history at the time of diagnosis, and the risk of progression during pregnancy was higher, which suggests that the disease is related to hormones (8). Heredity mainly refers to FAP patients being prone to developing DTs. It has been reported that patients with FAP are 1,000 times more likely to develop DTs than those without FAP (7). In addition, 21%–31% of FAP patients may develop DTs (6, 7). The natural history and clinical symptoms of desmoid-type fibromatosis vary significantly. In some cases, the tumor may be stable for a long time without obvious clinical symptoms, while in other cases, it may rapidly increase in size. Intra-abdominal DTs can cause intestinal obstruction (9). DTs located in the extremities are generally not life-threatening conditions that would cause a patient’s death, but they can cause patients to have pain, restricted mobility, and loss of function (9). In some studies, one of the problems faced by patients with extremity tumors is poor prognosis; that is, the probability of recurrence after surgical resection is higher than in other locations, and some patients may even face the risk of amputation (10, 11). Therefore, care must be taken in the management of patients with extremity tumors.

With an improved understanding of the natural course of DTs, changes in the treatment of DTs have also emerged. According to the latest treatment guidelines, the preferred treatment for DTs is no longer surgery or other treatments but close conservative observation (12, 13). There are a number of patients whose tumors do not progress during observation (14). However, surgery remains an important treatment option when patients experience pain or pressure or other clinical symptoms, and chemotherapy, hormone therapy, and targeted therapy may also be considered when the tumor cannot be resected or the surgery would lead to serious functional loss (15, 16). Radiotherapy can also treat DT. James et al. suggested that radiotherapy is recommended for unresectable or recurrent DT (17). According to the latest NCCN guidelines (2020.V2), radiotherapy is not recommended for intra-abdominal DT. For patients with superficial trunk or extremity DT, definitive radiotherapy can be used as first-line or second-line treatment. On the other hand, radiotherapy may also induce secondary malignant tumors. Currently, one of the major challenges in surgical treatment is the high postoperative recurrence rate, which in some studies is as high as 60% (18). To date, recognized risk factors for recurrence include age, site, tumor size, and genetic mutations. Patients with positive expression of Ki-67 and a high signal on T2-weighted MRI have a higher probability of recurrence after surgery (19). In addition, higher PARP-1 (a DNA repairing enzyme) expression is also associated with earlier recurrence of DTs (20). In 2013, Crago et al. constructed a nomogram, which included age, location and tumor diameter based on these recurrence factors, that can roughly predict the probability of recurrence in DT patients. In addition, whether postoperative recurrence of DTs is related to other factors remains to be explored. For example, tumor number is rarely mentioned in previous studies because of the rarity of multiple tumors. In addition, the development of a tool that allows both doctors and patients to easily predict the probability of postoperative recurrence and to provide patients with a more reasonable treatment plan are also promising research directions. In the present study, we constructed a new web-based nomogram that shows good discrimination and calibration in both the development population and validation population and provides prediction probabilities that are more accurate, convenient and visual.



Methods


Data Collection

After obtaining permission from the Tianjin Medical University Cancer Institute & Hospital ethics committee, the medical records of 385 patients diagnosed with DT pathologically were consecutively reviewed from January 2007 to June 2019. The information of these patients is identified from the medical record database. The following clinical and demographic variables were recorded: age, sex, location, pathological diagnosis, treatment methods, tumor diameter, tumor number, and resection margin status.

Patients were followed up every three months during the first year after surgery. Patients were followed up every 6 months during the second year after surgery. Follow-up once a year occurred thereafter. After five years of follow-up, patients were admitted to the hospital only if they had clinical symptoms. Follow-up was performed mainly by ultrasound or MRI. The dates of surgery and recurrence were recorded. Finally, eighty patients were lost to follow-up, 21 patients did not undergo surgery, 3 patients died of other diseases (unknown specific time of death), 1 patient underwent surgery + chemotherapy, and none were diagnosed with FAP. These patients were excluded from the final analysis. The remaining 280 patients were treated surgically because of symptoms of pain or compression, and it was the purpose of this study to analyze the prognosis of these patients who received surgery. Of these, 13 patients received incomplete resection and 267 patients received complete resection (Figure 1A). Complete resection is defined as no residual lesion macroscopically or microscopically (R0 margin). For patients with multiple tumors, complete resection is defined as removal of all lesions. Because we explored the predictors of recurrence-free survival (RFS) after complete resection, the analysis was performed on the 267 patients who underwent complete resection at our hospital. After reviewing the pathology reports of these patients, we found that the margin status of these 267 patients were all negative (R0).




Figure 1 | (A) Flow chart of patient selection. Kaplan-Meier analysis showing the recurrence-free survival (RFS) rate stratified by (B) age, (C) diameter, (D) tumor number, (E) location, and (F) admission status.



The external validation dataset included 143 patients who underwent R0 resection at Fudan University Shanghai Cancer Hospital. The margin status was also negative in these 143 patients.



Data Analysis

Postoperative recurrence was the primary end point and defined as the presence of clinically visible or radiologically assessable lesions. RFS is defined as the time from surgery to recurrence. Site was classified into the trunk, extremity, head and neck, and intra-abdominal region. Age and tumor diameter were included as categorical variables in univariate Cox analysis, multivariate Cox analysis and the construction of the nomogram, where age was divided into two groups (<=30 years and >30 years), and tumor diameter was obtained from the pathology reports and classified into three groups (<=5 cm, 5–10 cm and >10 cm).

The chi-square test and the Fisher exact test were used to analyze categorical data. The Kruskal-Wallis test was used to analyze continuous data with nonnormal distributions. The Kaplan-Meier (KM) method was used to calculate RFS curves. The log-rank test was performed to assess the significance of differences between RFS curves. Univariate Cox and multivariate Cox analysis were used to screen risk factors related to recurrence. Cox analysis results were presented as the hazard ratio (HR) and 95% confidence interval (CI). Among them, the variables with p<0.05 in the univariate Cox analysis were included in the multivariate Cox regression for further analysis. In KM analysis and Cox analysis, all p values reported are two-sided, and p<0.05 was considered statistically significant. IBM SPSS 22 was used for data analysis.

The discrimination of this web-based nomogram was evaluated by the concordance index (C-index) and the receiver operating characteristic (ROC) curve. The calibration was evaluated by the calibration plot.




Results


Patient Characteristics

The patient demographics and tumor characteristics are shown in Table 1. Of the 267 patients consulted at our hospital, 207 (77.5%) had primary lesions, and 60 (22.5%) had recurrent lesions. There were 80 male patients (30%) and 187 female patients (70%), suggesting that females were more affected. The median age of the patients was 35 years (range, 1–87 years). The most common site was the trunk (n = 170, 63.7%), followed by the extremities (n = 69, 25.8%), intra-abdominal region (n =16, 6.0%), and head/neck (n =12, 4.5%). Most patients had a single tumor (253 patients (94.8%)), while only 14 patients (5.2%) had multiple tumors.


Table 1 | Patient demographics and tumor characteristics in the development dataset.





Patient Outcomes and Risk Factors Associated With RFS

Among the 267 patients, 53 patients (19.85%) experienced recurrence, among which 31 patients experienced their first recurrence (31/207) and 22 patients experienced a second recurrence (22/60). The 3-year and 5-year RFS rates were 82.5% and 78%, respectively, with a median recurrence time of 15 months (range, 1–96 months).

In the Kaplan-Meier analysis, younger age, larger tumor diameter, multiple tumors, extremity tumors and recurrent tumors were significantly associated with lower RFS (Figures 1B–F).

Univariate Cox analysis identified that age, tumor diameter, admission status, tumor location, and tumor number are related to recurrence, while gender, multisite combined resection, and radiotherapy are not related to recurrence (Figure 2A).




Figure 2 | Forest plot of univariate and multivariate Cox analyses of risk factors related to recurrence. (A) The forest plot for univariate Cox analysis. (B) The forest plot for multivariate Cox analysis.



In the multivariate Cox analysis, only age, tumor diameter, and tumor number are independent risk factors for recurrence, while admission status and location are not related to recurrence. Specifically, patients with age<=30 years old, a tumor diameter of 5–10 cm or a tumor diameter>10 cm, and multiple tumors have a higher recurrence rate. (Figure 2B).

We also examined the recurrence rates of these three groups with lower RFS. The results showed that patients who were younger than 30 years old, with a tumor diameter of 5–10 cm or a tumor diameter> 10 cm, and multiple tumors had a significantly higher recurrence rate (Table 2).


Table 2 | Comparison of recurrence rate in terms of three variables: age, diameter and tumor number.





Development, Evaluation, Validation, and Visualization of the Nomogram

Three independent risk factors, namely, age, tumor diameter, and tumor number, were screened from the results of the multivariate Cox analysis. Based on these three factors, a nomogram for predicting the 3-year and 5-year RFS probabilities of patients with DTs was constructed (Figure 3A).




Figure 3 | The nomogram and the evaluation of its discrimination and calibration. (A) The nomogram based on Cox multivariate regression. (B) The ROC curve of three-year RFS. (C) The ROC curve of five-year RFS. (D) The time-dependent ROC curve. (E) The calibration plot of three-year RFS. (F) The calibration plot of five-year RFS.



The discrimination of the nomogram was evaluated by the C-index and ROCcurve. The C-index reached 0.718, and the areas under the curve (AUCs) of the 3-year and 5-year ROC curves were 0.751 and 0.761, respectively (Figures 3B, C). In addition, the AUC of this nomogram after 12 months was above 0.7, which indicates that the nomogram had good discrimination (Figure 3D). The calibration was evaluated by the calibration plot and showed that the nomogram had good calibration (Figures 3E, F).

External validation was performed with a dataset from Fudan University Shanghai Cancer Center (n = 143) (Table 3). In this external validation set, the C-index reached 0.706, and the AUCs of the ROC curves at 3 and 5 years were 0.788 and 0.794, respectively (Figures 4A, B). Similar to that in the development dataset, the time-dependent ROC curve showed that the nomogram had good discrimination in the validation dataset (Figure 4C). The calibration plot also reflected the good calibration of the nomogram in the external data set (Figures 4D, E). However, due to the absence of DT data in the Surveillance, Epidemiology, and End Results (SEER) database and the lack of access to other databases with data on non-Chinese patients, we could not validate the nomogram in other cohorts.


Table 3 | Patient demographics and tumor characteristics in the validation dataset.






Figure 4 | Evaluation of the discrimination and calibration of the nomogram in the external validation set. (A) The ROC curve of three-year RFS. (B) The ROC curve of five-year RFS. (C) The time-dependent ROC curve. (D) The calibration plot of three-year RFS. (E) The calibration plot of five-year RFS.



In addition, we further visualized the nomogram and created a web version (https://stepforward.shinyapps.io/Desmoidtumor/). The RFS curve and probability of the patient can be displayed by selecting the corresponding clinical features and follow-up time on the left side of the web interface (Figure 5A). For instance, patients with the following characteristics had the worst prognosis: age <=30 years, tumor diameter >10 cm, and multiple tumors (Figure 5B, black line). Patients with the following characteristics had the best prognosis: age >30 years, tumor diameter <=5 cm, and single tumors (Figure 5B, blue line). Additionally, the predicted RFS and its 95% CI are displayed (Figure 5C) as well as a specific numerical summary to make the prediction more accurate (Figure 5D).




Figure 5 | (A) The interface of the web-based nomogram. (B) RFS curves for patients with the best (blue line) and worst (black line) prognosis. (C) The RFS probability and its 95% CI for patients with the best (blue line) and worst (black line) prognosis. (D) Numerical summary of the RFS probability.



From the above results, it is clear that this web-based nomogram has good discrimination and calibration in both the development population and the validation population. Furthermore, compared with traditional nomograms that can only roughly predict the recurrence probability, this web-based nomogram not only predicts the probability more accurately but also shows the 95% CI and RFS curve after the user selects several parameters on the web page, thus further reflecting the patient’s prognosis.



Additional Analysis of Patients Who Were Lost To Follow-Up

In addition, considering that 80 patients were lost to follow-up, we attempted to include these lost patients as recurrent patients for additional analysis (Supplemental Table 1 and Supplemental Table 2). The results were somewhat different from the previous results that excluded patients who were lost to follow-up. Univariate Cox analyses showed that tumor location is not related to recurrence. This result is very different from the results reported in previous studies. In three studies involving more than 400 patients, both univariate and multivariate Cox analyses showed tumor location was associated with recurrence (10, 21, 22). In several other studies that included a smaller number of patients, univariate Cox analysis showed tumor location was associated with recurrence, although multivariate Cox analysis showed no association between location and recurrence (23, 24). The reason may be that if the patients who are lost to follow-up are regarded as recurrent patients, some of them may not actually recur, resulting in bias. At the same time, we also searched other studies about desmoid tumors, and found that some studies also excluded patients who were lost to follow-up (23, 25). Therefore, it may be a reasonable approach to exclude patients who are lost to follow-up.




Discussion

As a borderline tumor, although the mortality rate of DTs is very low, their unpredictable natural history still brings challenges to clinical treatment. The Sarcoma PAtients EuroNet (SPAEN) and European Organization for Research and Treatment of Cancer (EORTC)/Soft Tissue and Bone Sarcoma Group (STBSG) recommend active surveillance as the preferred initial treatment for DTs (26). When patients have symptoms of compression, surgery is still an important treatment, but the high recurrence rate after surgery remains a major problem for patients and doctors. Therefore, we developed and validated a nomogram and further visually integrated it into a web version for the first time. Clinicians can accurately predict the recurrence rate by selecting several parameters on the web page to strengthen postoperative monitoring and provide clinical guidance.

In contrast to the nomogram created by Crago et al. in 2013, which includes age, diameter, and location, our results show that although location was associated with recurrence in the univariate Cox analysis, the recurrence rate of tumors located in the extremity was higher than that of body tumors (p = 0.033), but location was not an independent predictor of recurrence in the multivariate Cox analysis (p = 0.423) (10). Several other studies have also found similar results in univariate and multivariate Cox analyses (23, 24). However, in two other large cohort studies, even in the multivariate Cox analysis, the conclusion that location is related to recurrence was still obtained (21, 22). Our next work will continue to collect medical records on patients with DTs in the next few years and re-analyze the relationship between tumor site and recurrence when the number of patients has further increased.

In addition, compared with the nomogram created by Crago et al. in 2013, we believe our web-based nomogram has two innovations as follows. First, we added the tumor number as a predictor for the first time, and indicated that the recurrence rate of patients with multiple tumors was higher than that of patients with single tumors (p = 0.001). Actually, multiple DTs usually occur in FAP-related patients but are rare in sporadic DTs (2). At present, the proportion of patients with multiple DTs reported in most of the literature is less than 10%. James et al. found 5 patients with multiple DTs among 101 patients, accounting for 4.95% (17). Marco et al. found 6 patients with multiple DTs out of 92 patients, accounting for 6.5% (8). Huang et al. found 14 patients with multiple DTs among 151 patients, accounting for 9.3% (27). Salas et al. found 10 patients with multiple DTs among 426 patients, accounting for 2.3% (21). Among them, only Huang et al. discussed the relationship between the tumor number and postoperative recurrence and indicated that the tumor number was not related to postoperative recurrence (p = 0.422). Two other studies with more than 400 patients also did not study a relationship between tumor number and recurrence (10, 22). We speculate that the relationship between tumor number and recurrence has rarely been studied before because multiple DTs are rare. In our study, the proportion of patients with multiple DTs was only 5.2%, which was approximately the same as that reported in other literature. Our next work is to cooperate with other hospitals to collect data from patients with multiple DTs to further confirm our conclusion. Given the rarity of multiple DTs, the association between tumor number and recurrence needs to be further confirmed in other large studies. Second, in terms of the nomogram constructed by Crago et al., patients and doctors need to find the corresponding score of each variable and add these scores to calculate a total score. Then, the probability of recurrence is predicted based on this total score. However, the steps are relatively cumbersome, and the result is only an approximate probability, without an overall understanding of the prognosis. The web-based nomogram we constructed is more visual than the traditional nomogram, eliminating the cumbersome steps of calculating scores. The web-based nomogram can directly display an accurate recurrence probability after selecting the corresponding clinical parameters and follow-up time directly on the web page and can also display a 95% CI. On the other hand, after selecting the corresponding parameters, the RFS curve can also be displayed, giving a clear understanding of the overall prognosis of the patient. Therefore, this web-based nomogram is highly visualized, accurate and intuitive.

In this study, adjuvant radiotherapy did not reduce the postoperative recurrence rate. In fact, the role of postoperative adjuvant radiotherapy has been controversial in the past few decades. Different studies have come to different conclusions (28–31). A meta-analysis has indicated that adjuvant radiotherapy can reduce the recurrence rate of patients with positive resection margins, but for patients with negative resection margins, adjuvant radiotherapy cannot reduce recurrence or improve the local control rate (32). This may also be the reason why we did not obtain the conclusion that adjuvant radiotherapy reduces recurrence in our study, as all of these patients had a negative margin status (R0) in our study. For the Chinese population, most studies still report that postoperative adjuvant radiotherapy cannot reduce recurrence (33, 34). Among them, the study of Huang et al. included 214 patients (24). Therefore, the significance of adjuvant radiotherapy remains to be further studied.

In terms of clinical application, we believe that the main application value of this web-based nomogram lies in the decision-making before surgery and enhancement of postoperative surveillance. First, for patients with a relatively high recurrence rate, such as patients aged <=30 years with a tumor diameter >10 cm and multiple tumors, the web-based nomogram indicated that the 5-year RFS rate was only 16%, suggesting that such patients are extremely prone to postoperative recurrence. In this case, surgery is not the preferred treatment, and doctors or patients can choose other treatments such as radiotherapy alone or systemic drug treatment. For patients with a low recurrence rate, such as those aged >30 years old with a tumor diameter <=5 cm and a single tumor, the web-based nomogram indicated that the 5-year RFS rate was 92%, which indicates that the probability of postoperative recurrence is low, and surgical treatment has shown its superiority compared with other treatments. Intensive follow-up is all that is needed after surgery. It is important to point out that this is a nomogram that has only been tested on patients undergoing surgery, and factors related to recurrence existed before surgery. Through this nomogram, the effectiveness and success rate of the operation can be predicted. For patients with a high recurrence rate after surgery, other treatments can be chosen. Therefore, the greater clinical significance of this nomogram lies in predicting the efficacy of surgery and the choice of treatment methods. Second, this web-based nomogram will also help enhance postoperative surveillance. For patients who have received surgical treatment, this web-based nomogram can accurately predict the recurrence probability at each time point after surgery so that doctors and patients can have a clearer understanding of the prognosis and strengthen postoperative surveillance. According to the latest Desmoid Tumor Management Guidelines published by “The Desmoid Tumor Working Group” and NCCN (Soft tissue sarcoma, 2020, V2) guidelines, DT can be followed by MRI or CT, especially MR I (12). Postoperative MRI images of recurrent DT mainly showed enhancement of T2-weighted, T2-FS and STIR sequence signals, accompanied by the enhancement of nodular or mass‐like T1-weighted postcontrast sequence signals (35, 36).

The limitations of this study cannot be ignored. First, the type of CTNNB1 gene mutation was not included in our study, and several previous studies have confirmed that the type of CTNNB1 gene mutation is also associated with the recurrence of desmoid fibromatosis. There are three types of mutations in the CTNNB1 gene, namely, T41A, S45F, and S45P, among which patients with the S45F mutation have the highest recurrence rate (1, 37, 38). We have tried to find the gross specimens of these patients from our hospital’s tissue sample bank to detect the mutation type of the CTNNB1 gene. Unfortunately, despite our best efforts, we were able to find only a few samples, which were insufficient to study the effect of the mutation type on recurrence. In our ongoing work, we will focus on collecting the gross specimens of patients to detect the mutation type of the CTNNB1 gene in patients and predict RFS more accurately. Second, 80 patients were lost to follow-up out of a total of 385 reviewed patients, and these lost cases may bias the final outcome. Third, this study is a retrospective study, which may produce bias. A prospective investigation would better enhance and validate these results. Fourth, we could not find an available non-Chinese patient cohort to validate the nomogram, even though we validated it on a dataset from another Chinese cancer center. Nevertheless, our findings could still benefit clinical practice because the web-based nomogram can strengthen postoperative monitoring.

In summary, we developed, validated, and visualized a web-based nomogram including age, tumor diameter, and tumor number based on independent risk factors associated with recurrence to predict RFS in patients with DTs. In the future, the use of multiple technologies to further search for biological or clinical markers that predict the recurrence of DTs is a development direction of surgery, such as the combination of radiomics and artificial intelligence to find the imaging characteristics of DT recurrence. The preoperative evaluation of these characteristics can further predict the risk of recurrence to determine the optimal treatment plan.



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 human participants were reviewed and approved by Tianjin Medical University Cancer Institute & Hospital ethics committee and performed according to the Helsinki declaration. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

HL drafted the manuscript. KH and YC provided part of data and revised the manuscript. TL, TY, ZL, CZ, LX, YC, and JY revised the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the Key Nature Science Foundation of Tianjin [18YFZCSY00550 to JY].



Acknowledgments

We thank the American Journal Experts (https://www.aje.com/) for the help with the English usage.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.634648/full#supplementary-material



Abbreviations

AUC, areas under the curve; CI, confidence interval; DT, desmoid tumor; HR, hazard ratio; RFS, recurrence free survival; ROC, receiver operating characteristic; SEER, Surveillance, Epidemiology, and End Results.



References

1. Colombo, C, Miceli, R, Lazar, AJ, Perrone, F, Pollock, RE, Le Cesne, A, et al. CTNNB1 45F mutation is a molecular prognosticator of increased postoperative primary desmoid tumor recurrence: an independent, multicenter validation study. Cancer (2013) 119(20):3696–702. doi: 10.1002/cncr.28271

2. Fisher, C, and Thway, K. Aggressive fibromatosis. Pathology (2014) 46(2):135–40. doi: 10.1097/PAT.0000000000000045

3. Colombo, C, Belfiore, A, Paielli, N, De Cecco, L, Canevari, S, Laurini, E, et al. beta-Catenin in desmoid-type fibromatosis: deep insights into the role of T41A and S45F mutations on protein structure and gene expression. Mol Oncol (2017) 11(11):1495–507. doi: 10.1002/1878-0261.12101

4. Timbergen, MJM, Smits, R, Grunhagen, DJ, Verhoef, C, Sleijfer, S, and Wiemer, EAC. Activated Signaling Pathways and Targeted Therapies in Desmoid-Type Fibromatosis: A Literature Review. Front Oncol (2019) 9:397. doi: 10.3389/fonc.2019.00397

5. Martinez Trufero, J, Pajares Bernad, I, Torres Ramon, I, Hernando Cubero, J, and Pazo Cid, R. Desmoid-Type Fibromatosis: Who, When, and How to Treat. Curr Treat Options Oncol (2017) 18(5):29. doi: 10.1007/s11864-017-0474-0

6. Campos, FG, Martinez, CA, Novaes, M, Nahas, SC, and Cecconello, I. Desmoid tumors: clinical features and outcome of an unpredictable and challenging manifestation of familial adenomatous polyposis. Fam Cancer (2015) 14(2):211–9. doi: 10.1007/s10689-014-9772-x

7. Skubitz, KM. Biology and Treatment of Aggressive Fibromatosis or Desmoid Tumor. Mayo Clin Proc (2017) 92(6):947–64. doi: 10.1016/j.mayocp.2017.02.012

8. Fiore, M, Coppola, S, Cannell, AJ, Colombo, C, Bertagnolli, MM, George, S, et al. Desmoid-type fibromatosis and pregnancy: a multi-institutional analysis of recurrence and obstetric risk. Ann Surg (2014) 259(5):973–8. doi: 10.1097/SLA.0000000000000224

9. Gounder, MM, Maddux, L, Paty, J, and Atkinson, TM. Prospective development of a patient-reported outcomes instrument for desmoid tumors or aggressive fibromatosis. Cancer (2020) 126(3):531–9. doi: 10.1002/cncr.32555

10. Crago, AM, Denton, B, Salas, S, Dufresne, A, Mezhir, JJ, Hameed, M, et al. A prognostic nomogram for prediction of recurrence in desmoid fibromatosis. Ann Surg (2013) 258(2):347–53. doi: 10.1097/SLA.0b013e31828c8a30

11. Karakousis, CP, Mayordomo, J, Zografos, GC, and Driscoll, DL. Desmoid tumors of the trunk and extremity. Cancer (1993) 72(5):1637–41. doi: 10.1002/1097-0142(19930901)72:5<1637::aid-cncr2820720524>3.0.co;2-y

12. Desmoid Tumor Working, G. The management of desmoid tumours: A joint global consensus-based guideline approach for adult and paediatric patients. Eur J Cancer (2020) 127:96–107. doi: 10.1016/j.ejca.2019.11.013

13. Gronchi, A, and Jones, RL. Treatment of Desmoid Tumors in 2019. JAMA Oncol (2019) 5(4):567–8. doi: 10.1001/jamaoncol.2018.6449

14. Briand, S, Barbier, O, Biau, D, Bertrand-Vasseur, A, Larousserie, F, Anract, P, et al. Wait-and-see policy as a first-line management for extra-abdominal desmoid tumors. J Bone Joint Surg Am (2014) 96(8):631–8. doi: 10.2106/JBJS.M.00988

15. de Camargo, VP, Keohan, ML, D’Adamo, DR, Antonescu, CR, Brennan, MF, Singer, S, et al. Clinical outcomes of systemic therapy for patients with deep fibromatosis (desmoid tumor). Cancer (2010) 116(9):2258–65. doi: 10.1002/cncr.25089

16. Grignol, VP, Pollock, R, and Howard, JH. Management of Desmoids. Surg Clin North Am (2016) 96(5):1015–30. doi: 10.1016/j.suc.2016.05.008

17. Bates, JE, Morris, CG, Iovino, NM, Rutenberg, M, Zlotecki, RA, Gibbs, CP, et al. Radiation Therapy for Aggressive Fibromatosis: The Association Between Local Control and Age. Int J Radiat Oncol Biol Phys (2018) 100(4):997–1003. doi: 10.1016/j.ijrobp.2017.12.259

18. Penel, N, Chibon, F, and Salas, S. Adult desmoid tumors: biology, management and ongoing trials. Curr Opin Oncol (2017) 29(4):268–74. doi: 10.1097/CCO.0000000000000374

19. Wang, J, Huang, Y, Sun, Y, Ge, Y, and Zhang, M. Value of imaging findings in predicting post-operative recurrence of desmoid-type fibromatosis. Oncol Lett (2020) 19(1):869–75. doi: 10.3892/ol.2019.11129

20. Brautigam, K, Lindner, J, Budczies, J, Pahl, S, Kunitz, A, Melcher, I, et al. PARP-1 expression as a prognostic factor in Desmoid-type fibromatosis. Ann Diagn Pathol (2020) 44:151442. doi: 10.1016/j.anndiagpath.2019.151442

21. Salas, S, Dufresne, A, Bui, B, Blay, JY, Terrier, P, Ranchere-Vince, D, et al. Prognostic factors influencing progression-free survival determined from a series of sporadic desmoid tumors: a wait-and-see policy according to tumor presentation. J Clin Oncol (2011) 29(26):3553–8. doi: 10.1200/JCO.2010.33.5489

22. Bishop, AJ, Landry, JP, Roland, CL, Ratan, R, Feig, BW, Moon, BS, et al. Certain risk factors for patients with desmoid tumors warrant reconsideration of local therapy strategies. Cancer (2020) 126(14):3265–73. doi: 10.1002/cncr.32921

23. Mullen, JT, Delaney, TF, Kobayashi, WK, Szymonifka, J, Yeap, BY, Chen, YL, et al. Desmoid tumor: analysis of prognostic factors and outcomes in a surgical series. Ann Surg Oncol (2012) 19(13):4028–35. doi: 10.1245/s10434-012-2638-2

24. Huang, K, Wang, CM, Chen, JG, Du, CY, Zhou, Y, Shi, YQ, et al. Prognostic factors influencing event-free survival and treatments in desmoid-type fibromatosis: analysis from a large institution. Am J Surg (2014) 207(6):847–54. doi: 10.1016/j.amjsurg.2013.08.007

25. Pignatti, G, Barbanti-Br??dano, G, Ferrari, D, Gherlinzoni, F, Bertoni, F, Bacchini, P, et al. Extraabdominal Desmoid Tumor. Clin Orthopaedics Related Res (2000) 375:207–13. doi: 10.1097/00003086-200006000-00025

26. Kasper, B, Baumgarten, C, Garcia, J, Bonvalot, S, Haas, R, Haller, F, et al. An update on the management of sporadic desmoid-type fibromatosis: a European Consensus Initiative between Sarcoma PAtients EuroNet (SPAEN) and European Organization for Research and Treatment of Cancer (EORTC)/Soft Tissue and Bone Sarcoma Group (STBSG). Ann Oncol (2017) 28(10):2399–408. doi: 10.1093/annonc/mdx323

27. Huang, K, Fu, H, Shi, YQ, Zhou, Y, and Du, CY. Prognostic factors for extra-abdominal and abdominal wall desmoids: a 20-year experience at a single institution. J Surg Oncol (2009) 100(7):563–9. doi: 10.1002/jso.21384

28. Mueller, C, Croner, R, Klein, P, Grutzmann, R, and Vassos, N. Primary and recurrent sporadic desmoids: Prognostic factors influencing recurrence-free survival after complete gross resection. Int J Surg (2016) 31:63–70. doi: 10.1016/j.ijsu.2016.05.068

29. Santti, K, Beule, A, Tuomikoski, L, Ronty, M, Jaaskelainen, AS, Saarilahti, K, et al. Radiotherapy in desmoid tumors : Treatment response, local control, and analysis of local failures. Strahlenther Onkol (2017) 193(4):269–75. doi: 10.1007/s00066-016-1091-8

30. Prodinger, PM, Rechl, H, Keller, M, Pilge, H, Salzmann, M, von Eisenhart-Rothe, R, et al. Surgical resection and radiation therapy of desmoid tumours of the extremities: results of a supra-regional tumour centre. Int Orthop (2013) 37(10):1987–93. doi: 10.1007/s00264-013-1942-1

31. Garcia-Ortega, DY, Martin-Tellez, KS, Cuellar-Hubbe, M, Martinez-Said, H, Alvarez-Cano, A, Brener-Chaoul, M, et al. Desmoid-Type Fibromatosis. Cancers (Basel) (2020) 12(7). doi: 10.3390/cancers12071851

32. Janssen, ML, van Broekhoven, DL, Cates, JM, Bramer, WM, Nuyttens, JJ, Gronchi, A, et al. Meta-analysis of the influence of surgical margin and adjuvant radiotherapy on local recurrence after resection of sporadic desmoid-type fibromatosis. Br J Surg (2017) 104(4):347–57. doi: 10.1002/bjs.10477

33. He, XD, Zhang, YB, Wang, L, Tian, ML, Liu, W, Qu, Q, et al. Prognostic factors for the recurrence of sporadic desmoid-type fibromatosis after macroscopically complete resection: Analysis of 114 patients at a single institution. Eur J Surg Oncol (2015) 41(8):1013–9. doi: 10.1016/j.ejso.2015.04.016

34. Ma, D, Li, S, Fu, R, Zhang, Z, Cui, Y, Liu, H, et al. Long-term outcomes of 47 patients with aggressive fibromatosis of the chest treated with surgery. Eur J Surg Oncol (2016) 42(11):1693–8. doi: 10.1016/j.ejso.2016.06.396

35. Sabharwal, S, Ahlawat, S, Levin, AS, Meyer, CF, Brooks, E, Ligon, J, et al. Desmoid tumor mimics local recurrence of extremity sarcoma on MRI. J Surg Oncol (2020) 121(8):1259–65. doi: 10.1002/jso.25906

36. Sedaghat, S, Sedaghat, M, Krohn, S, Jansen, O, Freund, K, Streitburger, A, et al. Long-term diagnostic value of MRI in detecting recurrent aggressive fibromatosis at two multidisciplinary sarcoma centers. Eur J Radiol (2020) 134:109406. doi: 10.1016/j.ejrad.2020.109406

37. Lazar, AJ, Tuvin, D, Hajibashi, S, Habeeb, S, Bolshakov, S, Mayordomo-Aranda, E, et al. Specific mutations in the beta-catenin gene (CTNNB1) correlate with local recurrence in sporadic desmoid tumors. Am J Pathol (2008) 173(5):1518–27. doi: 10.2353/ajpath.2008.080475

38. Timbergen, MJM, Colombo, C, Renckens, M, Kim, HS, Rosmalen, JV, Salas, S, et al. The Prognostic Role of beta-Catenin Mutations in Desmoid-type Fibromatosis Undergoing Resection Only: A Meta-analysis of Individual Patient Data. Ann Surg (2019). doi: 10.1097/SLA.0000000000003698



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.

Copyright © 2021 Liu, Huang, Li, Yang, Liao, Zhang, Xiang, Chen and Yang. 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-11-634648-g004.jpg
00 02 0406 08 10 >

“ra )
05 06 0708 09100

Actual 5-Year RFS.
0B %58

— three-year RFS ROC curve|

— five-year RFS ROC curve|

00 02 0406 08 10 @

v T

RN
AicTores

T

YT 0T 05050705 T
Nomogtam-F150ciod Propaviy of - oar RES

97— 03 - oF 08 10





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Development, Validation, and Visualization of A Web-Based Nomogram for Predicting the Recurrence-Free Survival Rate of Patients With Desmoid Tumors

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Data Collection

          



          		

            Data Analysis

          



        



        



        		

          Results

        

          		

            Patient Characteristics

          



          		

            Patient Outcomes and Risk Factors Associated With RFS

          



          		

            Development, Evaluation, Validation, and Visualization of the Nomogram

          



          		

            Additional Analysis of Patients Who Were Lost To Follow-Up

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-11-634648-g003.jpg
Sy TS
o S ety e

— three-year RFS ROC curve|

T 0z QI FpoE 05 T
AT 071

— five-year RFS ROC curve|
TI 0 s I R R
AucT 0761

00 02 04706 08 1.0 ©

7607 05 05 T 705 065 07 050370
"-Predicled Probability of 3-Year RFS  Nomogram-Predicted Probability of 5-Year RFS






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-634648-g001.jpg
o SR e

24
g
E
9
4
4

g Number a sk

8

g:g :

£

g

g 0

g Loy
4 bl

TR
Number at sk
s s is Wm0 5

tomor numbe
= single
- muigle

T T TR

B

p=1e-04

i
i
£ peoss a1 it s
1 R e

 Bowaicdeina el xS e R





OEBPS/Images/table2.jpg
Group

30 years o
Diameter
som

5-100m
>10cm

Tumor number
single

muitiple

Pationts
number

173

125
105
ar

253
14

Recurrent
patients
number

%
23

"
23
1

4
B

Recurrent

rate

319%
183%

11.2%
219%
432%

17:8%
57.1%

©

value

18273

18884

10560

value

<0001

<0001

0001





OEBPS/Images/fonc-11-634648-g005.jpg
ol [ e

e bestprognosis

the worstprognosis

g 5
g i
k no st R e NSPesL
5 oo ||
A Sy - "






OEBPS/Images/table3.jpg
Pationts
Gender (%)

Tumor number (%)
snge

Muliple

Diameter

<=s5m

5-100m

>100m
Radiotherapy (%)
yos

no

Overall

143

32(224)
110776

58(4086)
85(59.4)

182 (023)
1@y

70090
51@5.7)
22(154)

119(832)
24(168)

Primary
106 74.1)

19(17.9)
87621

37049
69(65.1)

104 98.1)
2019

5854.7)
3530
18(123)

94 88.7)
12(11.3)

Recurrent
37259

13(35.1)
24(649)

21(568)
16(132)

28057
9@43)

12(62.4)
16(43.2)
9(43)

25(67.6)
12(324)

P

<0001

0016

0007





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-634648-g002.jpg
Subgroup Patents mumbar) P vabos ooy
ey
Sorm o o | et e
o o
e oo e
proviinnny o
—
e

G133435678000

The estimates
J e S ——— e
ot e
Jum PPN i
— worn o -
oot men
57 T

The estimates





OEBPS/Images/fonc.2021.634648_cover.jpg
’ frontiers
in Oncology

Development, Validation, and
Visualization of A Web-Based
Nomogram for Predicting the
Recurrence-Free Survival Rate of
Patients With Desmoid Tumors





OEBPS/Images/table1.jpg
Patients.

Gender (%)

Mo

Fomale

Age

Median [range]
=30 years

>30 years.

Site (%)

Trurk

Extremity

Head/neck

ntra-abdominal

Disease number (%)

Single.

Multiple

Diametor

Median [range]

Multi-site resection (%)
Ves

No

Radiotherapy (%)

yes

o

Overall
267

80(30.0)
167 (70.0)

35.00(1,87)

04352
173 (648)

170 63.7)
692558
12(45)

16(60)

253(94.9)
14(62)

600
1.00:20.00]
125 (46.8)
105 (30.3)
37(139)

52(19.5)
215(808)

126 47.2)
141(52.8)

Primary
20777.5)

58(28.0)
149 (720)

3600 287)
67 (32
140 (67.6)

136 (65.7)
@13
163
16(.7)

200(96.6)
704

500
1.002000]
106 (612)
74@57)
27(130)

38(18.4)
169 (81.6)

86415
121(585)

Rocurrent
6022.5)

22(06.)
8633

32:50(1.80]
2750
3650/

34667
25017
107
000

53883
7010

700
1.502000]
19(31.7)
31617
10(167)

14(233)
46 (76.)

4066.)
20083

P

028

0116

0002

0027

0022

0027

0502

0001





