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Introduction

Well-differentiated liposarcoma (WDLPS) is a locally aggressive soft tissue sarcoma characterized by the amplification of MDM2 and/or CDK4. IgG4-related disease (IgG4-RD) is a rare fibroinflammatory disease characterized by elevated serum IgG4 levels and histologically fibrous tissues with IgG4-positive immune cell infiltration. Although IgG4-RD often mimics other diseases, including malignant neoplasms, the association between IgG4-RD and WDLPS has not been fully elucidated. Here, we present two cases of IgG4-RD occurring within WDLPS.





Case presentation

A 56-year-old man presented with a left retroperitoneal mass, and a 64-year-old woman presented with a non-tender mass in her right thigh. Magnetic resonance imaging revealed that the tumors were composed of adipose and non-adipose areas with homogeneous enhancement. A biopsy revealed that the tumor consisted of adipose cells of various sizes and fibrous tissue with IgG4-positive cell infiltration. MDM2 amplification was detected using fluorescence in situ hybridization in both the adipose and fibrous areas. In addition, serum IgG4 levels were elevated in both patients, and IgG4-RD within the WDLPS were diagnosed. Wide resection was performed as radical treatment. After resection, the serum IgG4 level decreased to normal. No recurrence or metastasis has been observed for >19 months.





Conclusion

Our cases highlight the importance of careful biopsy for the accurate diagnosis of patients with IgG4-RD within WDLPS. Moreover, although the main treatment for IgG4-RD is systemic corticosteroids, IgG4-RD within WDLPS should be treated with surgical resection.
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1 Introduction

Atypical lipomatous tumor/well-differentiated liposarcoma (ALT/WDLPS) is a locally aggressive mesenchymal neoplasm characterized by amplification of MDM2 and/or CDK4 (1). According to the 2020 World Health Organization (WHO) classification of soft tissue and bone tumors, WDLPS is the most common subtype of adipocytic malignancies, accounting for approximately 40–45% of liposarcomas (1).

IgG4-related disease (IgG4-RD) was first described by Hamano et al. in patients with sclerosing cholangitis and elevated serum IgG4 levels (2). IgG4-RD is a chronic immune-mediated inflammatory condition typically characterized by varying degrees of fibrosis, elevated serum IgG4 levels, and tissue infiltration by IgG4-positive plasma cells (2).

IgG4-RD often mimics other diseases, including malignant neoplasm (3, 4). Thus, it is important to differentiate IgG4-RD from other malignancies because the treatments for these diseases are often quite different.

However, to the best of our knowledge, IgG4-RD has not been previously described in the context of ALT/WDLPS. Here, we present two interesting cases of IgG4-RD like lesion occurring within WDLPS.




2 Case presentation



2.1 Case 1

A 56-year-old man underwent computed tomography (CT) for the preoperative examination of hemorrhoids. CT revealed a left retroperitoneal mass, and there were no lesions in other organs except for the retroperitoneal mass. The patient was referred to our hospital for further evaluation. The patient was an asymptomatic human immunodeficiency virus carrier. The patient demonstrated no fever up. On physical examination, palpation revealed no left abdominal masses and no lymphadenopathy. CT showed a well-defined 4.3 cm × 4.3 cm × 4.2 cm intramuscular mass with a fat-density area and high-density area with homogeneous contrast enhancement in the left psoas muscle. Magnetic resonance imaging (MRI) demonstrated that the tumor consisted of a well-defined non-adipose area with isointensity on T1-weighted imaging and mild hyperintensity on T2-weighted imaging within an adipose area of high intensity on both T1-weighted and T2-weighted imaging. High-intensity areas on both T1- and T2-weighted images were suppressed on T2-weighted fat-suppression imaging. Homogeneous gadolinium enhancement was observed in the non-adipose areas. Non-adipose areas demonstrated low signal intensity on Apparent Diffusion Coefficient (ADC) map (Figure 1). Based on imaging findings, dedifferentiated liposarcoma (DDLPS) was suspected, and biopsy specimens were obtained separately from both the non-adipose and adipose areas using a CT-guided biopsy. Increased IgG4-positive cells were identified by immunohistochemistry in the non-adipose area, and mature adipose tissue of varying sizes was observed in the adipose area. Immunohistochemical expression of MDM2 and CDK4 was observed in the nuclei of adipose tissue. Fluorescence in situ hybridization (FISH) demonstrated amplification of the MDM2 gene amplification. Laboratory tests revealed elevated serum IgG4 (277 mg/dL, normal values 11- 121mg/dL) and C-reactive protein (0.426 mg/dL, normal values <0.14mg/dL) levels. Based on these findings, IgG4-RD within WDLPS was suspected, and wide resection was performed. Macroscopically, the tumor was predominantly yellow lipomatous with two well-defined white nodules, consistent with the imaging findings (Figure 2A). Histologically, the tumor was composed of an adipose component of varying sizes with septal structures and atypical nuclei (Figure 2B), whereas the other components were predominantly collagen fibers and fibrous atypical cells with chronic inflammatory cell infiltration (Figure 2C). Immunohistochemistry demonstrated positive expression of MDM2 (Figure 2D) and CDK4 in the adipose component. Numerous IgG4-positive cells were found in the fibrous component of the infiltrating inflammatory cells, but not in the lipomatous component (Figure 2E). FISH analysis demonstrated MDM2 amplification in both adipose and fibrous areas (Figure 2F, G).

[image: MRI images labeled A through E showing abdominal cross-sections. Yellow arrows and arrowheads indicate specific areas of interest or abnormalities, highlighting different tissue contrasts and structures across varying imaging techniques and settings.]
Figure 1 | Magnetic resonance imaging (MRI) of an adipose mass in the left retroperitoneum of a 56-year-old man. Isointense lesions (arrowheads) are observed within a high-signal mass (arrows) on well-defined T1-weighted images (A). These lesions demonstrate mildly high intensity (arrowheads) on T2-weighted and T2-weighted fat-suppression imaging (B, C). The isointense areas show gadolinium enhancement (D), and low signal intensity on Apparent Diffusion Coefficient (ADC) map (E). High-intensity lesions (arrows) on T1-weighted imaging (A) and T2-weighted imaging (B) are suppressed on T2-weighted fat-suppression imaging (C). The lesion shows no gadolinium enhancement (D).
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Figure 2 | Histopathological findings of the surgical specimen in a 56-year-old man. The gross appearance of the resected specimen demonstrates that the tumor consists of yellow and white areas with well-defined borders (A). Hematoxylin and eosin staining demonstrated that the tumor is composed of mature adipose tissue (B) and fibrous areas with immune cell infiltration (C). Immunohistochemical staining for MDM2 shows positive nuclear staining (D), and IgG4 is positive in plasma cells in the fibrous area (E). Fluorescence in situ hybridization demonstrates the amplification of MDM2 in both adipose (F) and fibrous areas (G).

After the surgery, the serum IgG4 level decreased to normal (99 mg/dL), and the patient showed no evidence of local recurrence, distant metastasis, or re-elevation of serum IgG4 levels 19 months postoperatively.




2.2 Case 2

A 64-year-old woman noticed a painless mass in her right thigh 7 years prior to presentation. She was referred to our hospital because the mass had been growing rapidly for a year. The patient demonstrated no fever up. Physical examination revealed a non-tender mobile mass in her right thigh, but no lymphadenopathy. MRI demonstrated a well-defined 2.5 cm × 5.4 cm × 9.5 cm mass in her right vastus lateralis muscle (Figure 3). MRI showed that the tumor was composed of a non-adipose area with isointensity on T1-weighted imaging and mild hyperintensity on T2-weighted imaging within an adipose mass of high intensity on both T1- and T2-weighted imaging. Unlike in Case 1, the border was ill-defined, but the non-adipose area demonstrated homogeneous gadolinium enhancement, as in Case 1. ADC map showed lower signal intensity in non-adipose areas (Figure 3). During core needle biopsy, a non-adipose component was targeted to obtain specimens because we initially suspected a DDLPS. On biopsy, fibrous tissue with inflammatory cell infiltration and adipose tissue without atypia were observed, and the diagnosis from the needle biopsy was IgG4-RD. The serum IgG4 level was elevated to 138 mg/dL; however, the C-reactive protein level was within the normal range (0.02 mg/dL. After consultation with a rheumatologist, the patient was diagnosed with atypical IgG4-RD. This discrepancy led us to perform an open biopsy for a definitive diagnosis. In the open biopsy specimens, variably sized adipose cells and fibrous tissue with IgG4-positive inflammatory cell infiltration were observed. Based on these histological findings, ALT with IgG4-RD was diagnosed. Subsequently, wide resection was successfully performed as curative treatment. The tumor’s gross appearance was a mixture of yellow fat-like and white fibrous components (Figure 4A). Histological examination revealed that the tumor consisted of adipose tissue with irregularly sized adipocytes (Figure 4B) and fibrous tissue with dense lymphocyte infiltration. Atypical stromal cells were present in the fibrous tissue. The inflammatory cells consisted mainly of plasma cells and lymphocytes (Figure 4C).
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Figure 3 | Contrast-enhanced magnetic resonance imaging (MRI) of a 64-year-old woman. A contrast-enhanced MRI reveals a well-defined mass in the right vastus lateralis muscle. MRI demonstrates an isointense area (arrowheads) on T1-weighted imaging (A) and mild hyperintensity (arrowheads) on T2-weighted imaging (B) within the high-intensity area (arrows) on both T1- and T2-weighted imaging (A, B). High-intensity areas on both T1-weighted and T2-weighted images are suppressed (arrows) in T2-weighted fat-suppressed imaging (C), suggesting a non-adipose component within the adipose tumor. The non-adipose component demonstrates homogeneous enhancement with gadolinium arrowheads, (D), and low signal intensity on Apparent Diffusion Coefficient (ADC) map (E).
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Figure 4 | Histopathological findings of the surgical specimen from a 64-year-old woman. The gross appearance of the tumor revealed that it was composed of yellow, fat-like components and white, fibrous components with ill-defined borders (A). The tumor is composed of mature adipose tissue (B) and fibrous areas with immune cell infiltration (C) with indistinct borders. Immunohistochemical examination shows positive expression of MDM2 in the nucleus (D) and demonstrates numerous IgG4-positive plasma cells in the fibrous area (E). Fluorescence in situ hybridization demonstrates the amplification of MDM2 in both adipose (F) and fibrous areas (G).

Immunohistochemical examination revealed the nuclear expression of MDM2 in both adipose cells (Figure 4D) and spindle cells. IgG4-positive plasma cells were also found in the fibrous tissue area, and the IgG4-IgG ratio was approximately 50%. No IgG4-positive cells were observed in the adipose are. These results met the histological criteria for IgG4-RD (Figure 4E). FISH revealed MDM2 amplification in both fibrous and lipomatous areas (Figures 4F, G).

After the surgery, the serum IgG4 level decreased to normal (42 mg/dL). The patient had no evidence of local recurrence, distant metastasis, or re-elevation of serum IgG4 levels 29 months postoperatively.





3 Discussion

IgG4-RD is a recently recognized chronic fibroinflammatory disorder related to immunomodulation. The underlying pathophysiology of IgG4-RD has not been fully elucidated. The working group of the Japanese IgG4 team established comprehensive diagnostic criteria for IgG4-RD in 2011 (5) and revised the criteria for IgG4-RD in 2020 (6). These criteria consist of three items; if the patient meets all three criteria, the diagnosis is considered definite for IgG4-RD (6). Both our patients fulfilled the following criteria: (a) Nodules within the adipose tumor were detected by MRI, (b) serum IgG4 level was > 135 mg/dL, and (c) histological examination revealed that lymphocytes and plasma cells infiltrated the fibrous tissue, and the ratio of IgG4-positive cells was > 40%. Therefore, our patients met all three items of the revised comprehensive criteria and were diagnosed with definite IgG4-RD.

On the other hand, ALT/WDLPS is the most common subtype of liposarcoma and can be divided morphologically into three main subtypes: lipoma-like, sclerosing, and inflammatory subtypes (1). Inflammatory ALT/WDLPS is the rarest subtype and is mostly found in the retroperitoneum. Amplification of MDM2 and/or CDK4 is considered a hallmark genetic feature of ALT/WDLPS, and the detection of MDM2 and/or CDK4 amplification using quantitative real-time polymerase chain reaction, FISH, or immunohistochemical expression of MDM2 and/or CDK4 is used for the definitive diagnosis of WDLPS (1). In our cases, both patients demonstrated overexpression of the MDM2 protein, which was assessed using immunohistochemistry, and amplification of the MDM2 gene, which was assessed using FISH. These findings led to the diagnosis of ALT/WDLPS. Our patients met all three criteria for IgG4-RD, and MDM2 amplification was found in both adipose and fibrous areas, suggesting that IgG4-RD occurred within ALT/WDLPS.

It could be that infiltrating immune cells in the inflammatory subtype of ALT/WDLPS demonstrate IgG4 positivity. However, Reagh et al. reported a patient with WDLPS who was initially diagnosed with an inflammatory pseudotumor (7). Another study reported a patient with DDLPS that was initially considered an inflammatory myofibroblastic tumor (8). Notably, in both cases, there was no increase in IgG4-positive cells in inflammatory fibrous tissue. These reports suggest that intratumoral immune cells do not always produce IgG4 in liposarcomas.

In contrast, Harne et al. reported a patient with a retroperitoneal mass that was initially diagnosed with IgG4-RD, but the final diagnosis was WDLPS (9). Unfortunately, because the study did not describe the details of the imaging or histological findings, it was difficult to determine whether their patient was similar to ours. However, taken together with these reports, we considered that the fibrous tumor with immune cell infiltration within the ALT/WDLPS in our two patients was IgG4-RD.

IgG4-RD can affect multiple organs and tissues throughout the body, including the retroperitoneum, thigh and other soft tissue (6, 10). Therefore, it is important to differentiate IgG4-RD from other diseases because the treatments for other diseases, such as malignant neoplasms, are quite different. As mentioned above, some cases have been reported in which a patient was initially diagnosed with an IgG4-RD but was eventually diagnosed with a neoplasm (9), and the reverse has also been observed (4, 11). In our cases, it is important to differentiate between DDLPS and ALT/WDLPS because DDLPS is a more aggressive malignant tumor that requires more extensive resection. In general, MRI is an important imaging modality for diagnosing soft tissue tumors. Recently, the apparent diffusion coefficient (ADC) map has garnered attention as a quantitative imaging tool for characterizing soft tissue tumors, and soft tissue sarcomas tend to exhibit lower ADC values reflecting higher cellularity (12). On the other hand, a low signal on the ADC map is often seen in patients with IgG4-RD, suggesting restricted diffusion due to inflammation and fibrosis (13, 14). 18F-fluorodeoxyglucose Positron Emission Tomography/Computed Tomography (PET/CT) is another useful modality for diagnosis, organ involvement, guided biopsy, and treatment response assessment of IgG4-RD (15). FDG accumulates in IgG4-RD lesions because these lesions involve significant infiltration of lymphocytes and IgG4-positive plasma cells. This leads to enhanced glucose metabolism in the affected tissues. Unfortunately, however, malignant soft tissue neoplasm also demonstrated high FDG uptake (16). Thus, there is overlap in imaging findings between DDLPS and IgG4-RD within ALT/WDLPS. Since it is extremely difficult to differentiate IgG4-RD from other malignant tumor based on imaging alone, histopathological examination plays a crucial role in diagnosis (11). However, it is important to obtain an adequate sample for accurate diagnosis. Indeed, in the patient in Case 1, the diagnosis of IgG4-RD within WDLPS was made from the initial biopsy because the samples were obtained from both adipose and non-adipose areas. On the other hand, since the pathological diagnosis from the needle biopsy for the patient in Case 2 was only IgG4-RD, the initial biopsy targeted only the non-adipose area. From the second biopsy, we obtained a diagnosis of IgG4-RD within ALT because we obtained samples from both adipose and non-adipose areas. The reason for this is that we initially considered to be able to differentiate ALT from DDLPS only from non-adipose area. Although, compared to DDLPS, it seems to be quite rare that IgG4-RD arise in ALT/WDLPS, the clinical features of IgG4-RD, such as symptoms and imaging examinations, are non-specific (10). Thus, measuring serum IgG4 levels during the initial evaluation may also help suspect IgG4-RD within ALT/WDLPS.

Emerging evidence suggests that IgG4-RD increases the incidence of malignant tumors, particularly pancreatic cancer and lymphoma (17, 18). Regarding sarcomas, Joo et al. reported a patient with gastrointestinal clear cell sarcoma associated with IgG4-RD (19). As we discussed, the authors mentioned the possibility of the coexistence of primary gastrointestinal clear cell sarcoma and IgG4-related fibrotic disease, as well as an IgG4-related abnormal immune response specific to gastrointestinal clear cell sarcoma. Additionally, some case reports demonstrated infiltration of IgG4-positive lymphocytes in patients with sarcoma (9, 20). We have several hypotheses regarding the etiology of our cases. First, IgG4-related abnormal immune response occurred in ALT/WDLPS like Joo’s case. Second, immune cells in the inflammatory variants of ALT/WDLPS sometimes produce IgG4, and these two cases may represent rare variants of inflammatory ALT/WDLPS. Lastly, additional mutations could occur in ALT/WDLPS, similar to DDLPS. Determining the true pathology is difficult because both IgG4-RD and inflammatory ALT/WDLPS are rare, and pathogenic mutation of IgG4-RD remains unclear (21). Further analysis is necessary to understand the pathology of this disease. For example, the proportion of inflammatory variants of ALT/WDLPS that produce IgG4, or gene analysis from both adipose area and non-adipose area should probably be examined,

The treatment of IgG4-RD mainly involves systemic corticosteroids and, in some cases, rituximab (22). In contrast, the treatment of WDLPS involves surgical resection with wide margins. In Harne’s case, although the serum IgG4 level decreased with systemic prednisolone treatment, the tumor grew. Following a second biopsy, the diagnosis was changed from IgG4-RD to WDLPS, and the patient underwent wide resection (9). In our cases, both patients underwent curative wide resection as definitive treatment, and the serum IgG4 levels decreased to normal after the surgeries without additional treatment. Neither patient developed local recurrence or re-elevation of serum IgG4 levels. Patients with IgG4-RD after resection may benefit from adjuvant systemic treatment (11). However, some patients with IgG4-RD, including a soft tissue case, have not experienced recurrence after resection without systemic treatment (10, 11, 23). Although the number of cases is small and further study is needed, surgical resection may sometimes be a curative treatment for patients with IgG4-RD. Determining disease activity is possible through monitoring of the serum IgG4 level (22). However, to the best of our knowledge, there are no reports on methods for monitoring recurrence in patients after complete resection. Considering that IgG4 does not increase in all patients with IgG4-RD, and that ALT/WDLPS demonstrates high local recurrence rate especially in the retroperitoneum (1). We consider that the patients with IgG4-RD within ALT/WDLPS should probably monitor both serum IgG4 and imaging modalities such as CT or MRI.




4 Conclusions

In conclusion, we presented two patients with IgG4-RD within WDLPS. When lipomatous tumors which are suspected to be ALT/WLPS or DDLPS on radiological examination, IgG4-RD should probably be considered in the differential diagnosis. Assessment of serum IgG4 levels at the time of initial evaluation may help distinguish between these diseases. In addition, our cases highlight the importance of careful biopsy for a definitive diagnosis. To avoid repeated biopsies, biopsy specimens should be obtained from both adipose and non-adipose areas. Wide resection may be a curative treatment for patients with IgG4-RD within WDLPS.
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