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Abstract

:

Leiomyosarcomas (LMSs) are malignant neoplasms of soft muscle differentiation that can be classified into five distinct groups according to site-related origin: intra-abdominal, subcutaneous or deep soft tissue of the limbs, cutaneous, external genitalia, and vascular. This distinction reflects different biological behaviors as well as molecular changes, thus reflecting different prognoses and therapeutic options. Vascular LMSs are the least frequent, arising from the walls of the blood vessels, most commonly from the inferior vena cava. Due to its deep location, symptoms are non-specific, and the disease presents at an advanced stage, sometimes with metastases. Surgery is the treatment of choice, associated with chemo- and radiotherapy. Due to its rarity, most departments have minimal experience handling this disease. This article reviews the current knowledge on vascular leiomyosarcomas, particularly the inferior vena cava leiomyosarcoma.
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1. Introduction


Leiomyosarcoma (LMS) is a malignant neoplasm of soft muscle differentiation [1]. Although uncommon, it is one of the most common sarcomas. LMSs of the soft tissue can be grouped into five distinctive categories according to site-related origin: intra-abdominal, subcutaneous or deep soft tissue of the limbs, cutaneous, external genitalia, and vascular. The distinction is important since there are clinical differences between these subgroups [2]. Intra-abdominal and deep soft tissue are the most common subgroups, and the least common is the vascular LMS group. Although rare, LMS is the most common malignant tumor involving the vascular system [3]. Vascular LMS originates in the walls of medium-sized or large blood vessels, usually from the inferior vena cava. This distinction is fundamental since it reflects distinct biological origins, molecular changes, and prognoses.



Inferior vena cava LMS was first described by Leopold Perl and Rudolph Virchow in 1871 [4]. Since then, many discoveries have been made and a clearer image of this interesting entity has emerged.



This article provides an overview of the current knowledge on vascular leiomyosarcomas, beginning with epidemiological studies and their clinical implications, followed by a discussion of differential diagnosis through imaging and histology, highlighting recently discovered genes involved in the prognosis. We explore the connection between these new findings and how they can be applied in diagnostic, prognostic, and treatment approaches.



Due to its rarity, limited and sometimes conflicting information exists. When there is no specific published literature about vascular LMSs, knowledge from leiomyosarcomas in other locations is used.



The review also includes an overview of the treatment, featuring ongoing clinical trials and future directions in leiomyosarcomas.




2. Epidemiology


It is estimated that LMS of the soft tissue represents up to 15% of all soft tissue sarcomas [5]. LMS of vascular origin is rare, and most of the knowledge gathered so far comes from isolated case reports or small series.



It is estimated that vascular LMS represents 5% of soft tissue LMS, and half arise from the inferior vena cava or veins of the lower limbs. Leiomyosarcomas are five times more common in veins than arteries [6]. Autopsy-based studies estimated an incidence of 1/7000-34,000 autopsies [7]. Currently, less than 400 cases are described in the literature.



Older adults are usually the most affected, with a median age at diagnosis of 56 years (range: 34–75) [8], but interestingly, more than three-quarters of all vena cava leiomyosarcomas occur in women [8,9]. The hormonal influence on growth and proliferation of smooth muscle tissue might explain this. LMS is the most common malignancy in the vascular system in adults, and albeit rare, some cases have been reported in the pediatric age [10].



The distribution of vascular leiomyosarcomas is grossly inversely proportional to the pressure in the vascular bed [7,11]. Vascular leiomyosarcomas are more common in large veins, where the pressure is lower [12]; the most common location is in the inferior vena cava, followed by other large veins. Less commonly, vascular LMSs can arise in the pulmonary artery and in large systemic arteries [6,11]. In 1973, Kevorkian and Cento [11] conducted an extensive review of all of the cases of vascular leiomyosarcomas published in the literature, and out of a total of 86 patients, 33 were found in the inferior vena cava, 35 in other large veins, 10 in the pulmonary artery, and 8 cases in large systemic arteries. LMS arising in an arteriovenous fistula has also been reported [13].



Different authors have reported that between 24 to 90% of LMSs of the soft tissue arise from blood vessels, so the true incidence of vascular LMS is probably underestimated [14,15,16]. Consequently, true clinical behavior is not completely understood [17]. In this review, vascular LMSs are considered as tumors arising from a major vessel.




3. Clinical Presentation


The clinical symptoms are diverse, non-specific, dependent on the location of the tumor, the growth rate, and the development of collateral blood flow [6]. When leiomyosarcomas develop in the superior vena cava segment, symptoms manifest as Budd–Chiari syndrome with hepatomegaly, jaundice, ascites, and nausea. In the middle segment, the symptoms are associated with abdominal discomfort and sometimes related to vascular compromise (e.g., edema of the lower limbs) [14]. In the inferior segment, the symptoms appear relatively late (e.g., edema, nausea, and back pain) [18,19]. Rarer presenting symptoms are recurrent pulmonary embolisms and metastases. LMSs may remain asymptomatic and are often incidentally diagnosed [11].




4. Etiology and Pathogenesis


Not much is known about the predisposing factors and etiology of vascular LMS, and the experience gathered from leiomyosarcomas from other sites is not always directly applicable to the soft tissue and vascular counterpart [7].



Leiomyosarcomas have a complex karyotype with complex numeric and structural anomalies, and multiple genes have been implicated in its pathogenesis [20], with significant mutational heterogeneity and frequent copy number variations with no characteristic chromosomal rearrangements [21]. In a study by Chudasama et al., chromothripsis was reported in 35% of LMSs. Losses of chromosome regions encoding for tumor suppressor genes such as TP53, PTEN, CDH1, and MYOCD have been reported [21,22], as well as genes involved in DNA homologous recombination repair (BRCA2 and ATM are a frequent target of deletions). Other recurrently mutated genes are chromatin modifiers (RBL2, DNMT3A, and KAT6B), cytokine receptors (ALK, FGFR2, FLT3, and LIFR), and transcriptional regulators (PAX3, FOXO1, CDX2, and SUFU) [21].



Alternative telomere lengthening, with alterations in telomere maintenance genes such as ATRX, RBL2, and SP100, were identified in 78% of leiomyosarcomas [21]. In the same study, anomalies in the Retinoblastoma–cyclin D1 pathway and TP53 were found in almost every single case of LMS.




5. Imaging Diagnosis


Radiology is essential for the diagnosis, and since the symptoms are rather unspecific, the clinical differential diagnosis is broad, encompassing entities such as liposarcomas and lymphomas [23]. Invariably, the clinician will order an imaging exam such as ultrasonography (US), computerized tomography (CT), magnetic resonance imaging (MRI), or positron emission tomography (PET). US is rather unspecific [24], so CT is usually the method of choice for the first approach, enabling imaging-guided biopsy [25,26].



MRI has no specific signal; it is usually hypointense in T1 and intermediate in T2 but may be helpful in assessing necrosis [27]. MRI has a higher soft tissue resolution, allowing for a better definition of the vascular structures involved, and does not expose the patients to radiation [28]. MRI can also be combined with angiography for better local tumor evaluation. Contrast-enhanced cavography MRI can be used to differentiate an intraluminal mass from a thrombus and will also allow for the determination of the degree of obstruction and the development of collateral circulation [29].



PET has been proposed as a valuable indicator of tumor grade. A study by Punt et al. has demonstrated a correlation between a higher standard uptake value (SUVmax) and higher histological grade and tumor size [30]. In addition, it is a useful tool for assessing distant metastases [28]. Therefore, PET is valuable for a pre-operative decision.



Despite the value of radiology, pathology is fundamental and the gold standard in assessing LMS [31].




6. Gross and Histologic Features


On gross examination, the majority are extraluminal (76%), with minimal or even absent luminal growth. Tumor size can range from 2 to 30 cm [8,9].



Histologically, the cells are elongated in shape, with abundant and eosinophilic cytoplasm, centrally placed nuclei, and blunt-ended edges, sometimes called “cigar-shaped”. Architecturally, the cells are arranged in fascicles [1]. Cytoplasmatic and perinuclear haloes are frequently observed [15]. An example can be seen in Figure 1.



At higher magnification, longitudinally oriented myofibrils are a common characteristic. They can clump, giving a clotted appearance of the cytoplasm [7].



As leiomyosarcomas become less differentiated, they lose the resemblance to the normal counterpart. In well-differentiated tumors, the cells are arranged in fascicles, there is mild nuclear polymorphism, and nuclei are centrally located and have a low mitotic rate. In moderately differentiated tumors, the mitotic rate, nuclear polymorphism, and nuclear hyperchromasia are increased. In higher grade tumors, the nuclei often lose the central location, and a fascicular architecture and multinucleated cells are common [8].



This kind of cellular changes can be seen in Figure 2 and Figure 3.



Morphologically, there seems to be no histologic difference between vascular LMS and other types of soft tissue LMS [15]. The intimal layer is usually intact, but protrusions into the lumen can also be seen [15].



Immunohistochemistry is helpful in diagnosing leiomyosarcoma and is based on demonstrating myoid differentiation with muscle markers. α-smooth muscle actin (α-SMA), desmin, heavy chain muscle actin, and h-caldesmon, which are myoid markers, are expressed in leiomyosarcomas [32]. α-SMA and muscle-specific actin are considered the most sensitive markers [33]. Desmin is expressed in around 70% of leiomyosarcomas [34,35,36]. It is important to take into consideration not only the expression but also the type of expression of these antibodies: diffuse expression of desmin is indicative of myoid differentiation, but the focal expression of actin or desmin can also be found in myofibroblasts [37,38]. An example of the immunostaining is represented in Figure 4.



There are interesting differences in the immunostaining characteristics of leiomyosarcomas arising from vascular smooth muscle compared to leiomyosarcomas from different locations. Vascular leiomyosarcomas are more often desmin negative and h-caldesmon positive than leiomyosarcomas arising from soft tissue [38,39].



The expression of keratins, which is usually regarded as evidence of epithelial differentiation, can be detected in leiomyosarcomas [39]. A cross-reaction with the antibodies used to detect cytokeratins was first suspected to be the cause of immunoreactivity, but it has been demonstrated that cytokeratins are present both in non-neoplastic smooth muscle and in smooth muscle tumors [40,41]. The expression of cytokeratins is limited to low molecular weight keratins [42]. Epithelial membrane antigen (EMA) immunoreactivity can occur in up to 45–60% of cases. When present, staining for cytokeratins is usually focal, but diffuse expression was seen in 11% of cytokeratins and 6% with EMA [39,42]. A dot-like pattern of cytokeratin expression has been described, and it is associated, at least focally, with a diffuse or a fibrillary pattern [39]. There is no correlation between the expression of cytokeratins and the location, sex, age, histological grade, and histological features of LMS, but EMA expression is more common in vascular LMS when compared to LMS of the soft tissue, skin, and uterus [39].



CD34 [43], S100 [44], and HMB45 [45] can also be expressed. Estrogen and progesterone receptors were previously suggested as adjunct (and helpful) markers to distinguish between retroperitoneal leiomyosarcomas and leiomiomas [46], but it was found that they can be expressed in both uterine and extrauterine LMS [47,48], therefore not being useful in this distinction.



Histologically, the differential diagnosis for leiomyosarcoma can be extensive, including other spindle cell lesions such as malignant peripheral nerve sheath tumors, synovial sarcomas, leiomyomas, schwannomas, benign cellular myofibroblastic tumors, gastrointestinal stromal tumor, synovial sarcoma, and inflammatory myofibroblastic tumors, as well as other high-grade malignancies, in poorly differentiated cases.




7. Staging


Appropriate criteria for malignancy in soft tissue muscle tumors is challenging as these tumors have a biologic continuum [49,50]. Several characteristics such as necrosis, the degree of differentiation, size, cellularity, and atypia help in the diagnosis of leiomyosarcomas versus leiomyomas [51]. Paal and Miettinen [46], in a series of retroperitoneal leiomyosarcomas, demonstrated that tumors with less than three mitosis per high-power field (HPF) with no mitotic atypia and coagulative tumor necrosis have a benign behavior. On the other hand, the finding of atypia, even if focal is concerning, should prompt the pathologist to evaluate more carefully the mitotic activity [49], as the mitotic activity seems to be one of the most reliable parameters for malignancy. Interestingly, low mitotic activity (<1/10 HPF) with significant atypia is enough evidence of malignancy [7].



Histological scores used in grading are the main backbone for therapy in soft tissue sarcomas [31]. LMS can be graded according to the Fédération Nationale des Centres de Lutte Contre le Cancer (FNCLCC) [52] three-tiered system. This grading system takes into account de-differentiation (score 1 to 3), mitoses (score from 1 to 3), and necrosis (score from 0 to 2) [1].



The TNM staging system of the American Joint Committee on Cancer/Union for International Cancer Control is based on tumor size, nodal involvement, and the presence of metastases and is used widely as a staging tool [53]. It has several important shortcomings, namely, in the soft tissue neoplasms, because of the wide variety of entities and prognostic behaviors. To overcome these limitations, newer tools, such as normograms, are being developed [54].



The International Registry of Inferior Vena Cava Leiomyosarcoma (IRIVCL) was established to study the natural history of the inferior vena cava LMS, and with a total of 218 patients, it is the largest case series published. In this registry, 21.6% of patients had a well-differentiated tumor, 25.2% were moderately differentiated, and they were poorly differentiated in 23.8%; grading was not available in 29.4% of cases [9].



Vascular LMS metastasizes primarily through a hematogenous spread. Metastasis can occur in bones, skin, kidney, brain, especially in the liver and lungs [12,55,56], and less frequently in regional lymph nodes. The rate at which the tumors metastasize depends on the location of the tumor in relation to the vessel wall. Intimal sarcomas are more prone to metastasize in comparison with intramural ones [55].



An example of a metastatic LMS can be seen in Figure 5.




8. Prognosis


The true incidence of vascular LMS is most probably underestimated, and thus, the true prognosis is not known [17]. This may be the reason why the prognostic figures vary so much among different publications. Some studies state that inferior vena cava LMS has a worse prognosis than retroperitoneal LMS, while other studies suggest that the prognosis is similar to retroperitoneal LMS and uterine LMS [12,15,57], and others even suggest that the prognosis is better than uterine LMS [3]. A common consensus is that LMSs are characterized to have an aggressive clinical course [58].



In one study, the 3-year survival rate was reported to be 100% [59]. The 5-year survival rate ranged between 31 and 62% [3,18,60], and the 10-year survival in a study was 29.5%, but some studies reported survival rates as low as 22% [61]. The overall survival of patients with metastatic vascular LMS is similar to that observed in metastatic LMS of other locations [12].



In the biggest study to date, the IRIVCL [18], the prognosis was referred to as dismal. Of 218 patients, follow-up was available in 180 patients. In the population of patients not submitted to surgery, all died of disease progression after a median of 2 months (mean 4.7 ± 1.1 months), and patients submitted to palliative resection survived 19 ± 3.9 months. The median survival of patients submitted to radical resection was 36 months (mean 42.3 ± 3.9 months).



In the same study, several factors were associated with prognosis. To study the prognosis, a division based on location (upper, middle, and lower third) was made, and this division is important as a different surgical approach based on topography [62].



Radical tumor resection, the presence of abdominal pain at presentation, and tumor location in the middle segment of the vena cava were good prognostic factors. Inferior vena cava occlusion, lower limb edema, and tumor location in the upper segment of the inferior vena cava were associated with a worse prognosis.



The authors propose one explanation for a worse survival of tumors arising in the upper segment, which is the technical difficulty of complete excision. The middle segment location of the LMS and its better survival is associated with earlier symptoms and consequently faster recognition of the disease and therapy.



In most cases, the outcome of LMS is associated with the extent of the disease, as concluded in a review of Borghi et al. [63]. Patients with positive margins have a worse prognosis [8]. Different studies have confirmed that intraluminal growth is related to a worse prognosis [61]; one possible explanation might be the vascular spread and development of distant metastasis. The metastatic risk was the major factor of poor outcomes; however, long-term survivors in the metastatic setting were also recorded [63]. Moderate to poor tumor differentiation is also associated with a worse prognosis, but surprisingly, FNCLCC grading was not found to affect prognosis [11,61].



Vascular LMSs often recur at distant sites with a metastatic rate of 50% [9]. In a paper by Roland et al., from a total of 63 patients, there were local and/or distant recurrences in 42, with a median time to recurrence of 33 months [3].



Intimal sarcomas have a worse prognosis in comparison with intramural tumors as they have a bigger metastatic potential, metastasize earlier, and a good percentage of cases are already disseminated at the time of diagnosis [55]. Two studies reported that LMSs arising from arteries have a more aggressive behavior in comparison with venous LMSs [12,56].



Poorly differentiated LMSs frequently lose one or more smooth muscle markers [7,64]. Co-expression of desmin, h-caldesmon, α-SMA, and smooth muscle myosin or the expression of three of the more recently described markers ACTG2, CFL2, CASQ2, MYLK2, and SLMAP are associated with improved prognosis. The progressive loss of myogenic differentiation has a negative prognostic value. The loss of conventional smooth muscle markers and SLMAP, ACTG2, and MYLK is associated with a worse prognosis [64]. In the same study, the expression of desmin and CFL2 in the primary tumor is associated with improved prognosis.



Other studies reported diffuse expression of α-SMA in poorly differentiated tumors, with a loss of expression of either desmin or h-caldesmon [38,65]. A study by Carvalho et al. found no association between grade and expression of myoid markers [33].



High expression of cytoplasmatic β-catenin by immunohistochemistry was associated with a higher rate of distant recurrence and reduced disease-specific survival [3]. Elevated levels of IGF-1R were associated with a reduced time to recurrence and disease-specific survival [3]. Inactivation of RASSF1A and p16INK4 have been associated with a dismal prognosis, and decreased levels of p16 by immunohistochemistry were shown to be correlated with a poorer prognosis [66].




9. Treatment


Due to its complexity, a multidisciplinary approach for neoplasms with vena cava involvement is required, since multiple strategies and surgical approaches are demanded to achieve a good outcome [67].



The optimal treatment for inferior vena cava LMS has been challenging to establish because of the limited knowledge, and so far, no standard approach has been established [8].



Complete surgical resection when feasible is the cornerstone of treatment [9,12,68]. Palliative resection results only in an improvement in symptoms [6].



The improvement in surgical techniques has expanded the possibilities of resection in inferior vena cava LMS, with good outcomes even with extensive resection and resorting to vascular grafts and reconstructions, allowing for complete removal [69]. Reconstruction has been discussed in several papers, comparing the different methodologies such as a prosthetic or autologous patch, direct suture, or simple ligation without IVC reconstruction [23,70,71,72,73]. In some cases, vein reconstruction was performed using a peritoneal patch [74].



The need of vascular reconstruction is not always mandatory, especially if venous collaterality is well established [75]; if necessary, the prosthetic polytetrafluoroethylene graft seems the best option [75]. This decision must be performed in high-volume centers with a multidisciplinary team of sarcoma surgeons.



LMSs have a poor response to chemotherapy and radiotherapy [76], and the role of chemotherapy and radiotherapy has yet to be established [12].



As recurrences are associated with a dismal prognosis [64], when radical excision is not possible, neoadjuvant or adjuvant radiation may be used for local control and to reduce local recurrence [77]. However, Ito et al. did not find a decrease in the rate of local recurrence in patients who were submitted to perioperative radiotherapy [78]. Thus, radiotherapy has a limited role in the management of patients with vascular LMS.



Chemotherapy may be considered as an adjuvant treatment [79], but it has not been shown to improve survival [9], although this might be related to the lack of standardization of the chemotherapy regimens used. In patients with high-risk tumors or high metastatic burden, neoadjuvant chemotherapy may have a role by selecting patients with a more biologically responsive disease [80].



In a systematic review of 118 cases performed by Saikia J et al., aggressive upfront surgical resection with clear margins was the key to long-term survival (60 months of overall survival). An inferior vena cava graft was performed in 91.8% of patients, which allowed microscopic tumor-free margins in 85.5% of the patients. Regarding chemotherapy, the most used drugs were doxorubicin and ifosfamide. In this study, 88% of the patients were eligible for upfront resection, but it should be stated that 52.8% went to surgery without histological confirmation of disease, a percentage that nowadays would be almost impossible and counter-productive [81].



Italiano et al. [12] described their experience with fourteen patients with vascular LMS. In their study, at diagnosis, nine patients presented with localized disease and five with metastatic disease. In the course of the disease, five patients developed metastasis. Of the patients with localized disease, seven underwent surgery, with complete gross resection in all of them. Five out of seven received postoperative radiotherapy. The two patients with localized disease who did not undergo surgery received doxorubicin-based chemotherapy. The patients with metastatic disease at diagnosis and during the course of the disease received an anthracycline-based regimen as first-line therapy. In the metastatic disease setting, the best response was a partial response in two, four had stable disease, and two had progression of the disease. Interestingly, patients treated with an anthracycline-based chemotherapy had a similar response to LMS at other sites.



In the LMS-04 study, from the French sarcoma group, it was shown that an association of doxorubicin with trabectedin as a first-line therapy was found to increase the progression-free survival in patients with metastatic or unresectable disease in comparison with the standard doxorubicin, although with a higher toxicity [82]. A study from de Graaff et al. has explored a synergistic effect of doxorubicin and ABT-737, with good results, but it was directed to soft tissue LMS. Nevertheless, since the rationale was directed to Bcl-2, Bcl-xL, and Bcl-W expression by immunohistochemistry, it may represent a good therapeutic approach in patients with irresectable inferior vena cava LMS since the protein expression can be assessed in the biopsy [83,84].



There are reports of good results with trabectedin in soft tissue leiomyosarcomas [85,86]. In 2021, the results of the French sarcoma group study T-SAR were published [87]. T-SAR was a randomized phase III trial comparing trabectedin to the best supportive care in patients with advanced soft tissue sarcoma and demonstrated the superiority of trabectedin in disease control (with an objective response rate >20% and a median progression-free survival of 5.1 months) in comparison to the best supportive care in this group of patients.



Recently, new techniques have emerged that can be a valuable aid against refractory LMS. Viral vectors, such as third-generation genetically modified herpes simplex virus type 1, have demonstrated good results in vitro [88]. The major drawback of this technique in vascular LMS is difficult tumor access for viral inoculation. Nevertheless, with imaging guidance, it should be an easy limitation to overcome.



Programmed Death Ligand 1 (PD-L1) has been a major advancement in solid tumors, and there are some phase II studies assessing its antitumoral activity against sarcomas. The PD-1/PD-L1 antagonist activity was shown to be higher in alveolar soft-part sarcoma and undifferentiated pleomorphic sarcoma, with lower response rates in leiomyosarcoma [89].



The keynote 158 study was a major success, demonstrating the efficacy of pembrolizumab in non-colorectal high microsatellite instability [90], thus paving the way for microsatellite instability testing in sarcomas. Albeit rare [91], some soft tissue sarcomas may exhibit this biological propriety, with or without PD-L1 expression, prompting pembrolizumab as an effective treatment; recently, Yon Tay et al. described a case of complete tumoral response in a soft tissue LMS with these features [92].




10. Conclusions


Vascular leiomyosarcomas are uncommon neoplasms, and although many studies have been conducted, there is still limited knowledge on their etiology, pathogenesis, and, consequently, optimal treatment. Multidisciplinary management is key to good clinical results; however, the prognosis remains relatively unfavorable. Surgery is the backbone of treatment and, combined with neoadjuvant therapy and radiotherapy, delivers acceptable results. To advance the knowledge in this field, further studies with national and international collaborations should be conducted, focusing on understanding the etiology and finding actionable mutations that can be used for treatment.
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