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Background: Primary retroperitoneal liposarcoma (PRPLS) is the most common soft tissue sarcoma of the retroperitoneum with high recurrence rate and short overall survival (OS).

Methods: A retrospective review of 51 patients with PRPLS, treated between September 1, 2009 and November 30, 2020, was conducted to evaluate clinical outcomes of PRPLS resection. Patient demographics, histopathologic subtypes, overall survival (OS), progression-free survival (PFS), disease recurrence rate, and tumor stage were reviewed and analyzed. Univariate analysis was done to identify factors potentially affecting OS and PFS of PRPLS patients. Multivariate Cox proportional hazards analysis was used to evaluate the impact of various clinicopathological factors on OS and PFS of PRPLS patients.

Results: Fifty-one PRPLS patients (28 Males, 23 Females; mean age 56.25 years) were evaluated. There was no significant effect of age, gender, contiguous organ resection, degree of differentiation and tumor size on the OS and PFS of the patients. Univariate analysis showed that negative surgical margin and early tumor stage significantly correlated with OS and PFS (all P < 0.001). Multivariate analysis showed that tumor stage [hazard ratio (HR) = 1.177, P = 0.001] was an independent predictors of poor progression-free survival, and surgical margins [HR = 4.0674 P = 0.038] and tumor stage [HR = 1.167 P = 0.001] were identified as independent predictors of poor overall survival.

Conclusion: Negative surgical margin is a prognostic factor of OS, and can prolong the postoperative survival time of PRPLS patients. Tumor stage is a prognostic factor for OS and PFS, and can influence the survival of PRPLS patients. Earlier tumor stages of PRPLS are associated with significantly better outcomes.
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INTRODUCTION

Liposarcoma is the most common soft tissue sarcoma in the adult population (1). Liposarcomas can manifest anywhere in the body, usually starting from extremities flowed by retroperitoneum and inguinal lesions. Clinical characteristics of liposarcomas closely reflect their pleomorphic histology, with large-size lesions more common found in the retroperitoneum (2, 3). The diagnosis and treatment of liposarcomas are challenging due to the lack of clinical symptoms, large size and loose structure of adult retroperitoneal space. According to the World Health Organization (WHO) classification (4), there are several histological subtypes of PRPLS: myxoid/round cell LPS, pleomorphic LPS and well-differentiated and dedifferentiated LPS (WDLPS/DDLPS) that are characterized by amplification of MDM2 and CDK4 genes on chromosome 12q13-15 (5, 6). The primary treatment option for PRPLS is surgical resection, when possible (7, 8). However, local recurrence is common and occurs in 66% of the patients (9). Previous study of a large series of complete resections showed that a five-year overall survival (OS) rate of PRPLS patients was 54% (10). The main goal of the current study is to review our strategies in the management of PRPLS in a single center and to identify some related prognostic factors.



MATERIALS AND METHODS


Patients

One hundred and twenty-three patients with retroperitoneal tumors were identified at our institute between September 1, 2009 and November 30, 2020. Of them, 72 patients with other types of liposarcomas, such as leiomyoma, schwannoma, lymphoma, paraganglioma, angiomyolipoma and leiomyosarcoma were excluded. The remaining 51 patients were included in the current study, and their demographics, histopathologic subtypes, disease recurrence rate, tumor stage, OS and PFS were retrospectively reviewed and recorded. The study was approved by the Institutional Review Board and ethics committee.



Assessed Parameters

The following parameters were assessed: age at diagnosis, sex, symptoms at presentation, histopathologic subtypes, surgical margin, tumor size, tumor stage, disease recurrence rate, OS and PFS. Tumor size was defined as the maximum dimension of the solitary mass on cross-sectional imaging, and as the sum of all maximal dimensions for more than one mass (11). Recurrence was defined as the time from the first operation to clinical recurrence confirmed by imaging. Computed tomography (CT), a diagnostic investigation of choice for PRPLS, was used to determine tumor location, size, and metastases (12, 13). Imaging examination (CT) was performed at 1 and 3 months after operation. If there was no recurrence within 1 year, imaging examination was performed after 6 or 12 months. Morbidity and mortality were analyzed by reviewing charts and clinical records of patients.



Surgical Procedure

All the operations were performed by exploratory laparotomy. Thirty-one patients underwent combined organ resection, and the rest were simple tumor resection. Among them, 12 patients underwent combined multiple organ resection. According to the preoperative evaluation, all patients could tolerate the combined organ resection. Kidney was the most common organ resected, followed by ureter, colon, small intestine, spleen and pancreas. Combined urinary organ resection was done with the assistance of a urologist. Before the operation, patients were administered a routine oral laxative. In case of tumor invading the small intestine or colon, one-stage resection and anastomosis was performed. In case of tumor invading the body and tail of pancreas, combined pancreatectomy and splenectomy were performed. The goal of every type of surgical procedure was to remove the tumor completely.



Statistical Analysis

Statistical analysis of the survival curve was performed using the Kaplan-Meier method. Univariate analysis and comparison of each factor of interest was done by Tarone and Ware test, a modification of the log rank test for comparing two survival distributions that is can provide a valid statistical test, even with a large fraction of censored data (14). The effect of various clinicopathological factors on OS and PFS was assessed by multivariate Cox proportional hazards analysis using a backward stepwise procedure (entry, 0.05; removal, 0.10). P < 0.05 was considered statistically significant.




RESULTS


Clinico-Pathological Characteristics

Table 1 summarizes the patient's demographic, surgical and pathological data.


Table 1. Clinico-pathologic and treatment characteristics in patients with primary liposarcoma of the retroperitoneum.
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Fifty-one patients with PRPLS were evaluated (28 Males, 23 Females; mean age: 56.25 years). Most of the patients (47 out of 54) were over 40 years of age, and 4 patients were <40 years old. The main clinical symptoms included abdominal discomfort and abdominal distension. Tumor mass was palpable on most abdominal physical examinations. Of the detected masses, 25 cases were well-differentiated tumors (49%), 2 cases were myxoid cells (3.9%), 22 cases were dedifferentiated (43.1%), and 2 cases were mixed-type liposarcomas (3.9%). One patients' tumor was classified as stage I A (2%), 30 were stage I B (58.8%), 2 were stage III A (3.9%), 11 were stage III B (21.6%), and seven were stage IV (13.7%) tumors. Tumor staging is summarized in Table 2.


Table 2. Tumor stage evaluation.
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The average tumor size, defined as the maximum tumor diameter, was 19 cm (ranging from 5 to 47 cm). Thirty-one patients had tumor sizes larger than 15 cm, twenty patients had tumors smaller than 15 cm. Median follow-up time was 42 months (ranging from 1 to 156 months), with no perioperative mortality. One patient developed postoperative intestinal fistula. Forty-three cases (87.8%) had positive surgical margin. Thirty-one patients underwent contiguous organs resection, and 39 (76.5%) patients had tumor recurrence. There were no deaths within 30 days after surgery reported in this study. There were only two cases of perioperative complications among 51 patients. One patient developed small intestinal leakage and was treated conservatively for 3 weeks. One patient developed postoperative pulmonary infection, which was improved after anti-inflammatory treatment for 2 weeks. Patients had very few perioperative complications that did not affect the discharge time.



Progression-Free Survival and Overall Survival Analysis

We defined progression-free survival (PFS) as the time from the initial diagnosis to the first occurrence of disease progression, death, or death without evidence of recurrence or progression. More specifically, for patients who had an R0/R1 resection, PFS was defined as date of first recurrence; for patients who had R2 resection, PFS indicated date of progression of residual disease. We defined a negative resection margin as R0 resection and a positive or close postoperative margin (<1 mm without intact fascia) as a R1 resection. If a residual tumor was detected during an operation, R2 (palliative) was considered. Progression-free survival was more appropriate to be applied to a metastatic tumor after surgical treatment. Median PFS in our study was 23 months and median overall survival was 48.5 months. The 3-year and 5-year overall survival (OS) rates were 76.6 and 68.4%, respectively (Figure 1), and the 3-year and 5-year PFS were 66.2 and 42.3%, respectively (Figure 2).


[image: Figure 1]
FIGURE 1. Overall survival: the median OS was 48.5 months and the 3- and 5-year OS were 62 and 38%.
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FIGURE 2. Progression-free survival: the median PFS was 23 months and the 3- and 5-year PFS were 66.2 and 42.3%.




Univariate Analysis on Risk Factors

The univariate analysis was conducted to determine whether factors, such as gender, age, tumor size, surgical margins, degree of differentiation, tumor stage, contiguous organ resection, lesions and ascites were associated with 3- and 5-year OS/PFS rates.


Age and Gender

As summarized in Table 2, univariate analysis showed that female patients had a 3- and 5-year OS of 65.2 and 47.8% respectively, while male patients had a 3- and 5-year OS of 59.3 and 29.6% respectively (P = 0.613). The 3- and 5-year OS of patients older than 50 years old were 57.6 and 30.3%, respectively; the 3- and 5-year OS of patients younger than 50 years old were 70.6 and 52.9%, respectively (P = 0.428).

A 3- and 5-year PFS of female patients was 65.2 and 47.8%. Male patients had a respective 3- and 5-year PFS of 57.1 and 28.6% (P = 0.622). The 3- and 5-year PFS of patients older than 50 years old was 55.9 and 29.4%, respectively, whereas for the patients younger than 50 years old, the 3- and 5-year PFS was 70.6 and 52.9% (P = 0.704) (Table 3).


Table 3. Risk factors for overall survival after operation (p-values of the Tarone-ware test are presented).
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Tumor Characteristics

The 3- and 5-year OS for patients with tumors larger than 15 cm were 64.3 and 32.1% as compared to 59.1 and 45.5% respectively in patients with tumors smaller than 15 cm (P = 0.174). Tumors larger than 15 cm were associated with a 3- and 5-year PFS of 64.3 and 32.1%, while patients with tumors smaller than 15 cm had 3- and 5-year PFS of 56.5 and 43.5% respectively (P = 0.277) (Table 3).



Positive Margins Are Associated With Worse OS and PFS

Both 3- and 5-year OS for patients with positive surgical margins were 0.0%, whereas in patients with negative margins 3- and 5-year OS were 72.1 and 44.2% (P < 0.001). Similarly, there was a 0.0% 3- and 5-year PFS in patients with positive margins, and 72.1 and 44.2% respectively in patients with negative margins (P < 0.001) (Table 3).



Earlier Tumor Stages Are Associated With Better OS and PFS

The 3- and 5-year OS for patients with well-differentiated tumors were 68.0 and 52.0% respectively, and 56.0 and 24.0% respectively for patients with tumors that were not well-differentiated (P = 0.055). The 3-year OS for different tumor stages was as follows: IA-100.0%, IB-80.0%, IIIA-50.0%, IIIB-45.5%, and IV-0.0%. Similarly, the 5-year OS for tumor stage IA was 100.0%, IB-60.0%, IIIA-0.0%, IIIB-0.0%, IV-0.0% respectively (P < 0.001). The 3-year and 5-year PFS for patients with well-differentiated tumors were 68.0%, 52.0%, and for patients with not well-differentiated tumors- 53.8 and 23.1% (P = 0.051). The 3-year PFS for tumor stages was as follows: IA-100.0%, IB-80.0%, IIIA-50.0%, IIIB-45.5%, and IV-0.0%; the 5-year PFS for tumor stages was IA-100.0%, IB-60.0%, IIIA-0.0%, IIIB-0.0%, and IV-0.0% (P < 0.001) (Table 3).



Association of Organ Resection With OS and PFS

The 3- and 5-year OS were 64.5 and 32.3% for patients with contiguous organ resection, and 61.1 and 50.0% respectively for patients without contiguous organ resection (P = 0.866) (Table 2). Kidney was the most common organ resected, followed by ureter, colon, small intestine, spleen and pancreas. Twelve patients required two or more organs resected. The 3-year and 5-year PFS for patients with contiguous organ resection were 64.5 and 32.3%, and for patients without contiguous organ resection- 61.1 and 50.0% respectively (P = 0.496) (Table 3).



Multifocality and Ascites Are Associated With Worse OS and PFS

The 3- and 5-year OS for patients with single lesions were 70.0 and 50.0%, significantly higher than that for patients with multifocality (56.7 and 30.0% respectively, P = 0.022). Similarly, 3- and 5-year PFS for patients with single lesions were significantly higher (70.0 and 50.0%) than that recorded for patients with multifocality (54.8 and 29.0% respectively), P = 0.033 (Table 3). The 3- and 5-year OS for patients with ascites were 44.4 and 22.2% respectively, while patients without ascites had 3- and 5-year OS of 65.9 and 41.5% respectively (P = 0.035) (Table 2). Three-year and 5-year PFS for patients with ascites were 44.4 and 22.2%, respectively, as compared to 64.3 and 40.5% in patients without ascites (P = 0.101) (Table 3).



Multivariate Analysis of the Effect of Clinicopathological Factors on Progression-Free Survival and Overall Survival After Operation

Multivariate analysis was then performed using the backward stepwise procedure to evaluate the effect of clinicopathological factors on post-surgery PFS and OS. For the first step of the analysis, all the univariately significant factors were entered in the multivariate analysis. Subsequently, the remaining factors were entered in the analysis. Final model included factors with statistically significant P-values (<0.05).

Results of the analysis showed that tumor stage [hazard ratio (HR) = 1.177, P = 0.001] was an independent predictor of poor progression-free survival (Table 4). Surgical margins [HR = 4.0674 P = 0.038] and tumor stage [HR = 1.167 P = 0.001] were also found to be independent predictors of poor overall survival (Table 5).


Table 4. Risk factors for progression-free survival after operation (p-values of the tarone-ware test are presented).

[image: Table 4]


Table 5. Multivariate analyses of the effect of clinicopathological factors.
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DISCUSSION

Primary retroperitoneal liposarcoma (PRPLS) that accounts for about 45% of primary retroperitoneal neoplasms (15), was detected in 41.8% of all liposarcoma cases (51/122) in our study. This type of tumor is equally frequent in males and females over 40–60 years of age (16), which is consistent with our results, showing that age and gender were not associated with the increased risk of PRPLS. The detection of primary retroperitoneal liposarcoma is usually late due to lack of symptoms, and therefore a tumor can reach a large size (>15 cm) by the time of diagnosis (17). There are many case reports of giant retroperitoneal liposarcomas in the literature, with the largest reported so far weighing 42 kg (18). However, our results indicate that increased tumor size (over 15 cm) was not associated with significantly worse prognosis, as indicated by OS and PFS (p = 0.174 and 0.277, respectively).

Almost all retroperitoneal liposarcomas (92.1% in our study) were WDLS or DDLS (19). Previous studies have shown that tumor grade is an independent predictor of the postoperative survival time in soft tissue sarcomas (3, 20, 21). Multivariate analysis demonstrated that histological grade and pathological subtype of the tumors were independent prognosis markers. Reports show that tumor differentiation is associated with better prognosis of the patient (22). In our study, we observed the correlation between the OS and PFS and greater tumor differentiation, but this difference was not statistically significant (P = 0.055 and 0.051 respectively). Further larger-scale studies are needed to evaluate the effect of tumor pathological subtype and histological grade on the prognosis of PRPLS patients.

Our results show the correlation between the stages of tumors and the improved prognosis. Earlier stages (IA and IB) had a 5-year OS and PFS of 100 and 60.0% respectively, while later stages resulted in extremely poor prognosis (0% for stages III and IV) (P < 0.001).

Interestingly, we also report a correlation between the number of lesions and the prognosis of the disease. Patients with multifocality had markedly lower OS and PFS compared with patients diagnosed with single lesions (P = 0.022 and 0.033 for OS and PFS, respectively), suggesting that the number of lesions may be a predictor of poor outcome.

Our study shows that the survival time of patients with ascites [a median survival time of 5 (2.85, 7.15) months] is much shorter compared to those without ascites [81 (55.78, 106.22) months]. Ascites was associated with significantly lower OS (P = 0.035) but did not markedly impact PFS (P = 0.11). Our results are in agreement with the previous reports, showing that the presence of ascites correlates with overall poor prognosis, as it may indicate peritoneal metastasis (23). Based on these results, we suggest that patients with ascites may benefit from alternative treatment approaches instead of surgery.

In our study, tumor stage in patients with primary retroperitoneal liposarcoma was an independent predictor of poor PFS, and at the same time associated with poor OS. Previous studies had reported that tumor stage was a prognostic factor for OS and PFS (24). Our results are consistent with these observations and provide further evidence that supports the importance of tumor stage in the prognosis of PRPLS. The primary treatment for PRPLS is surgical resection with a negative margin (25), and positive microscopic margin is considered a prognostic factor for PRPLS that could reduce the postoperative survival time (3, 26). In our study, multivariate analysis also confirmed that positive surgical margins is an independent predictor of OS after operation. Based on our analysis, we conclude that complete resection of tumor with histologically negative margins could provide a better chance for long-term survival of PRPLS.

CT is the most important examination method for diagnosing PRPLS. Retroperitoneal liposarcoma is usually visualized as a large encapsulated mass containing variable amounts of fatty and soft tissue components (27). Biopsy can help to clarify the pathology, but it is not generally recommended due to the probability of tumor seeding (28). Moreover, the overall diagnostic accuracy of percutaneous biopsy for liposarcoma subtypes is not high, with Ikoma et al. reporting a diagnostic accuracy of only 63% (86/137) (25).

Recurrence of retroperitoneal liposarcoma tends to happen 6 months to 2 years after resection (26), with local recurrence rates as high as 60% at five years (3, 29). Following complete resection of primary retroperitoneal liposarcoma, 50% of well-differentiated and 80% of dedifferentiated tumors recur within 5 years (30, 31). Miao et al. reported an association of folylpolyglutamate synthetase (FPGS) rs10760502 polymorphism with increased risk for primary retroperitoneal liposarcoma, and suggested that folate supplementation might be useful in decreasing tumorigenesis and preventing postoperative tumor recurrence (32).

Surgical resection with a negative margin is considered a primary treatment for PRPLS that improves local control (33). Studies show that clean microscopic margin are associated with longer postoperative survival time compared to resections with a microscopic tumor-positive margin (3, 34). In our study, positive surgical margin was associated with extremely poor prognosis (0% 3-year OS and PFS, P < 0.001).

Large retroperitoneal liposarcomas present unique challenges and require more aggressive surgical approach that may include multiple resections for recurrences (35). Multiple re-operations for recurrent disease may result in significant increase in long-term survival, even despite the overall higher rate of local recurrence of PRPLS compared to other sarcomas (36). Park et al. reported that when the local recurrence growth rate was >0.9 cm/month, the prognosis was poor, and patients should be considered for enrollment in clinical trials employing novel agents (37).

Complete resection of retroperitoneal sarcoma is the most important predictor of local recurrence and survival (8). Study by Mäkelä et al. (20) showed that the rate of complete resection and subsequently, postoperative survival time, is influenced by the inaccessible, deep location of retroperitoneal liposarcomas, rather than their size alone. Studies reported that the median survival of patients who underwent complete resection was 103 months, as compared to 18 months in patients undergoing incomplete resection (38). R0 resection of a large retroperitoneal liposarcoma was associated with a 85.7% five-year survival compared to 33.3% following R1 resection (39). Wang et al. suggested that extended resection that includes adjacent organs is beneficial in order to achieve radical treatment (40). Bradley et al. reported that over 50% of successful complete excisions also included adjacent organs (17). The structures most commonly resected are kidneys, ureter and large bowel. Our results were similar to the literature, with the kidney being the most common resected organ, followed by ureter, colon, small intestine, spleen and pancreas. However, the possible benefits of resection of contiguous organs still remain controversial (3, 41, 42). Although some reports are in support of en-bloc resection of uninvolved adjacent organs to improve local control (43, 44), these studies fail to show any improvement in overall survival for extended resection beyond R0. Previous studies (45, 46) have demonstrated that organ resections can reduce the local recurrence rates but do not prolong the survival time (45, 47). In agreement with these results, our study showed that resection of contiguous organs had no significant effect on the prognosis (P = 0.866 and 0.496 for OS and PDF, respectively). It is possible that the advanced stage of liposarcoma at the time of organ resection negatively impacted the OS.

The is no consensus regarding the efficacy of radiotherapy and chemotherapy for retroperitoneal liposarcoma. Analysis of 61 cases of retroperitoneal liposarcoma at a large institution showed that response rates to radio- and chemotherapy are low, even with doxorubicin being the first-line chemotherapy for metastatic and or unresectable disease (48). Chemotherapy and radiotherapy are ineffective for the majority of PRPLS cases, with a chemotherapy response rate of <10% (49, 50). Recent studies reported that the overall response rate of chemotherapy was 20%. Furthermore, a partial response was reached in 35% of patients in the low-grade cohort (51). Clinical response criteria assessment still remains highly controversial.

Some reports suggest that the addition of preoperative radiation therapy (RT) to wide surgical excision for RPS results in improved local control rates when compared with surgery alone (52). Radiotherapy is commonly utilized in patients with myxoid liposarcoma of the extremity (53), and several studies have shown that myxoid liposarcoma is extremely radiosensitive (54–56). Two prospective trials successfully showed favorable long term results, such as 5-year local recurrence-free (60%), disease-free (46%), and overall survival rates (61%) in patients who underwent preoperative RT for intermediate or high-grade retroperitoneal sarcoma and achieved complete (R0) or incomplete oncological clearance (R1) (30). However, a recent large open-label, randomized, phase 3 study done in 31 research institutions (EORTC-62092: STRASS) and including 266 PRPLS patients, showed that median recurrence-free survival in the radiotherapy plus surgery group was 4.5 years (95% CI 3.9 to not estimable) compared to 5.0 years (3.4 to not estimable) in the surgery alone group (hazard ratio 1.01, 95% CI 0.71–1·44; log rank p = 0.95), suggesting no benefit of preoperative RT. However, the local recurrence rate in the surgery group was two-fold higher than in the radiotherapy plus surgery group. This result is possibly related to the specific impact of radiotherapy on the liposarcoma cohort (57). As reported before, preoperative RT might improve the outcome in liposarcoma and in low-grade retroperitoneal sarcoma patients, as shown by subgroup analyses of abdominal recurrence-free survival by sarcoma grade and subtype (58).

As reported in a case-control propensity score-matched analysis by the National Cancer Data Base, postoperative RT increased median survival (89 months) as compared to that in no RT group (64 months. Moreover, postoperative RT was significantly associated with improved OS compared to surgery alone (HR, 0.78; CI, 0.71 to 0.85; p < 0.001) (59).

Currently, there is no level I evidence for the benefits if RT in the management of RPS, and the results from retrospective analyses are also inconclusive (60). RT had no significant impact on distant metastasis or OS, thus making a selection of appropriate RT for managing PRPLS challenging (61).

Our study reviews current advances in the management of PRPLS in a single center. We showed that negative surgical margin is a prognostic factor of OS, which could prolong the postoperative survival time of PRPLS patients. Tumor stage is a prognostic factor for OS and PFS, and influences the survival of PRPLS patients, and earlier tumor stages are associated with significantly better outcomes.
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