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Abstract 
Subcutaneous panniculitis-like T cell lymphoma (SPTCL) is a very rare variant of non-Hodgkin’s lymphoma. Currently, there is no standard imaging method for staging of SPTCL nor for assessment of treatment response. Here, we describe our use of fluorine-18 fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) for staging and monitoring of treatment response in 3 cases of SPTCL. Primary staging by PET/CT showed that all 3 patients had multiple foci in the subcutaneous fat tissue, with SUVmax from 10.5 to 14.6. Involvement of intra-abdominal fat with high SUVmax was identified in 2 of the patients. Use of the triple drug regimen of gemcitabine, cisplatin and methylprednisolone (commonly known as “GEM-P”) as first-line therapy or second-line therapy facilitated complete metabolic response for all 3 cases. FDG PET/CT provides valuable information for staging and monitoring of treatment response and can reveal occult involvement of the intra-abdominal visceral fat. High FDG uptake on pre-treatment PET can identify patients with aggressive disease and help in selection of first-line therapy. 
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Core tip: We used fluorine-18 fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) for staging and monitoring of treatment response in 3 cases of subcutaneous panniculitis-like T cell lymphoma (SPTCL), a very rare variant of non-Hodgkin’s lymphoma. FDG PET/CT provided valuable information for SPTCL staging and monitoring of treatment response in the patients. It can reveal occult involvement of the intra-abdominal visceral fat and identify patients with aggressive SPTCL disease.

Gorodetskiy VR, Mukhortova OV, Aslanidis IP, Klapper W, Probatova NA. Fluorine-18 fluorodeoxyglucose positron emission tomography/computed tomography evaluation of subcutaneous panniculitis-like T cell lymphoma and treatment response. World J Clin Cases 2016; In press

INTRODUCTION
Subcutaneous panniculitis-like T cell lymphoma (SPTCL) was first defined as a clinical entity in 1991, and described as a cytotoxic T cell lymphoma that preferentially infiltrates the subcutaneous tissue[1]. Patients present with multiple subcutaneous nodules, usually exclusively, with no other involved sites[2-5]. The original description of SPTCL was further refined in 2008 by the World Health Organization, which restricted the classification to exclude γδT cell lymphoma[2]. To date, SPTCL remains a very rare variant of non-Hodgkin’s lymphoma, and the hematologist faces several unresolved issues in the management of patients with SPTCL. The best imaging method for staging of SPTCL and assessment of response to treatment in patients is controversial.
We report here 3 cases of SPTCL that were examined by positron emission tomography (PET) with fluorine-18 fluorodeoxyglucose (FDG) combined with computed tomography (CT) in order to determine their disease stage and to monitor their treatment response. 

CASE REPORT
All 3 cases of SPTCL were diagnosed in the V.A. Nasonova Research Institute of Rheumatology (Moscow, Russia). On admission to the Institute, each patient underwent laboratory testing for complete blood count, urinalysis, blood chemistry and immunological analysis, the latter of which included measurement of antinuclear antibodies by indirect immunofluorescence test and of antibody titer for double-stranded DNA, Sm, anti-Ro and anti-La. In addition, histological and cytological examination of the bone marrow was performed. Formalin-fixed and paraffin-embedded skin biopsy specimens were also reviewed by 2 pathologists working independently (Wolfram Klapper and Natalya A Probatova), which was followed by immunohistochemical staining and molecular analyses. The immunohistochemical study of paraffin-embedded sections was performed using a wide panel of antibodies, including CD2, CD3, CD4, CD5, CD7, CD8, CD10, CD20, CD56, CD68, CD138, VS38c, Ki67 (proliferation marker, expressed as %), granzyme B, TIA1, perforin, F1 and TdT. The T cell receptor (TCR) C gamma M1-antibody (gamma 3.20; Pierce Biotechnology, Rockford, IL, United States) was used for staining of TCRγ.
Determination of T cell clonality by investigating rearrangements of the genes encoding the gamma, beta and delta chains of TCRs was carried out on paraffin-embedded tissue blocks using the polymerase chain reaction (PCR) followed by fragment analysis as described previously[6,7].
All patients underwent whole-body FDG PET/CT, with calculation of the maximum standardized FDG accumulation in pathological foci (standard uptake value, SUVmax). FDG PET/CT studies were performed before treatment, during the treatment, and 1 mo after completion of chemotherapy.
The complete resolution of FDG uptake at sites of initial disease and the absence of new uptake areas were considered to indicate complete metabolic response (CMR), and were treated as a complete remission of lymphoma regardless of presence of nodules in the subcutaneous tissue found upon physical examination or of residual tumor signs found on CT.

Histological, immunohistochemical and molecular features
[bookmark: _GoBack]All 3 cases showed the characteristic panniculitis-like infiltration with obvious rimming of subcutaneous fat cells. The observed atypical CD8-positive lymphoma cells were small and medium-sized. Tumor infiltration did not affect the dermis and epidermis. The lymphoma cells were positive for TCRβ, CD3 and CD8, and expressed the cytotoxic markers TIA1, granzyme B and perforin. Proliferation rate of the neoplastic T cells was 50%-70% (as indicated by Ki-67) for all 3 cases. T cell clonality was confirmed in case 1, which showed incomplete (Dβ-Jβ) clonal rearrangement of the TCR β chain, and case 3, which showed complete clonal rearrangement of the TCR β and γ chains.

Clinical features and results of FDG PET/CT
Table 1 shows the clinical features of the 3 patients (2 females and 1 male). Two patients had autoimmune disorders, with case 2 showing IgG antibodies to erythrocytes and case 3 showing autoimmune thyroiditis and 2-fold increase of antibody titer to the La/SS-B. None of the patients showed evidence of lupus erythematosus. All 3 patients suffered from multifocal disease with red to purple, non-ulcerated, sometimes painful nodules or plaques involving the face, trunk and extremities. All 3 patients also had B-symptoms and elevated lactate dehydrogenase (LDH) level.
Figures 1-3 show results of the PET/CT primary staging and monitoring of treatment response in the 3 patients, respectively. Primary staging by PET/CT showed multiple foci of increased uptake in the subcutaneous fat of all patients, with the SUVmax ranging from 10.5 to 14.6. Involvement of intra-abdominal fat with high SUVmax was identified in 2 of the patients; specifically, case 1 showed progression of lymphoma at interim PET, and case 3 showed progression at primary staging. 
Initial steroid monotherapy was unsuccessful in case 1. All 3 patients received multi-agent chemotherapy. In cases 1 and 3, the lymphoma was refractory to the therapy; case 1 received the cyclophosphamide, doxorubicine, vincristine and prednisolone (CHOP) regimen and case 3 received the fludarabine, mitoxantrone and cyclophosphamide (FCM) regimen. The gemcitabine, cisplatin and methylprednisolone (GEM-P) regimen was used as first-line therapy for case 2 and as second-line therapy for cases 1 and 3, and led to CMR in all. All 3 of the patients remained in remission at the time of last follow-up (range, 8-29 mo). 

DISCUSSION
The extent of lymphoid tumors and their associated pathologic characteristics play an important role in the choice of therapeutic algorithm, and quantification of disease burden during the therapy is crucial for decision-making of whether to continue the ongoing treatment regimen or to change it. Despite the fact that FDG PET has been used increasingly for staging and response assessment for different types of lymphomas, the experience of its use in SPTCL is limited[8-14]. Analysis of published data on 7 patients with SPTCL revealed FDG-avid tumors in 71%[8]. Feeney et al[11] studied 9 SPTCL patients, all of who were PET-positive, and the average SUVmax was 5.7 (range, 1.5-13.1). 
All 3 of our patients showed FDG-avid lesions in the pre-treatment PET, which correlated with a high index of proliferative activity of lymphoid cells. In addition, generalized distribution of subcutaneous fat foci with high SUVmax were identified in the mesenteric fat in 2 of the patients. Involvement of intra-abdominal fat in SPTCL has been described in recent years[15,16]. Our results suggest that PET/CT may therefore be useful in detecting occult extracutaneous involvement in SCPTL. However, the prognostic value of intra-abdominal dissemination of SCPTL is unknown.
To evaluate the effectiveness of chemotherapy, we focused on the FDG PET/CT data in addition to the clinical picture of the cases. In case 1, following 6 cycles of the CHOP regimen, a marked improvement was noted, which manifested as normalization of temperature and LDH level, and a significant reduction in the size and density of the subcutaneous nodules. However, the FDG PET/CT data revealed preservation of previously defined and developing new lesions, which led to a change in the chemotherapy regimen to that of GEM-P. After 6 cycles of the GEM-P chemotherapy regimen, CMR was obtained. In case 2, following 7 cycles of the GEM-P chemotherapy regimen, palpable subcutaneous nodules and elevated LDH was still present but the FDG PET/CT data revealed CMR; as a result, the therapy was discontinued and the risks associated with overtreatment were avoided. In case 3, following 3 cycles of the FCM chemotherapy regimen, an ambivalent picture was observed, with the disappearance of previously palpable nodes and the emergence of new, fast-growing, subcutaneous nodules. For this last case, the FDG PET/CT data confirmed development of new lesions, with SUVmax of 12.9, and a lack of FDG accumulation in the previous nodules. Three cycles of the GEM-P chemotherapy regimen produced CMR, after which 3 consolidating cycles of GEM-P were added.
Recently, SPTCL was classified as a lymphoid tumor with indolent clinical course[17]. However, in each of our 3 patients, despite the lack of hemophagocytic syndrome, the SPTCL course progressed rapidly. B-symptoms and LDH increase were observed, and the index of proliferative activity of the tumor was about 50%-70%, which is comparable with the proliferative activity of diffuse large B cell lymphoma. Additionally, the PET/CT findings in our cases also suggested aggressive behavior of the tumors. 
The GEM-P regimen is accepted as a first-line therapy for treatment of peripheral T cell lymphomas, as well as for lymphoma cases of recurrence or primary resistance[18-20]. Our review of the literature found only a single SPTCL case for which the GEM-P regimen was used as treatment. That patient had been refractory to the CHOP regimen but responded well to GEM-P[21]. Our results suggest that the GEM-P regimen is efficacious for the treatment of SPTCL, including in those patients who are refractory to the CHOP or FCM regimens.
It is possible that SPTCL is an inherently biologically heterogeneous tumor or acquires heterogeneity in the course of tumor progression. It would then be assumed that some SPTCL cases are indolent, have a low index of proliferative activity, with low FDG accumulation, and respond well to immunosuppressive therapy. Alternatively, a rapidly progressive disease course would then be observed in some cases, accompanied by constitutional symptoms and with a high index of proliferative activity and high level of FDG uptake. These more aggressive lymphomas would presumably require multi-agent chemotherapy.
Although there is need for further study, the findings from our 3 cases suggest that FDG PET/CT provides valuable information towards detecting occult lesions in SPTCL and may be useful in disease staging and monitoring of treatment response. Moreover, high FDG uptake on pre-treatment PET could identify patients with aggressive disease and help in choosing first-line therapy.

COMMENTS
Case characteristics
Three patients (two females, aged 27 and 57 years; one male, aged 22 years) who presented with multiple subcutaneous nodules and accompanying fever. 

Clinical diagnosis
Panniculitis was the provisional diagnosis.

Differential diagnosis
The morphological differential diagnosis included atypical lymphocytic lobular panniculitis, lupus profundus, natural killer (NK) cell and NK-like T cell lymphomas involving subcutis. 

Laboratory diagnosis
All 3 patients in this study had elevated lactate dehydrogenase level.

Imaging diagnosis
Positron emission tomography combined with computed tomography (PET/CT) showed multiple foci of increased uptake of fluorine-18 fluorodeoxyglucose in the subcutaneous fat of all 3 patients; the SUVmax values ranged from 10.5 to 14.6. Involvement of intra-abdominal fat was identified in 2 of the patients.

Pathological diagnosis 
Subcutaneous panniculitis-like T cell lymphoma (SPTCL).

Treatment 
Use of the gemcitabine, cisplatin and methylprednisolone regimen as first-line therapy or second-line therapy was followed by achievement of complete metabolic response for all 3 cases.

Related reports
SPTCL is a very rare variant of non-Hodgkin’s lymphoma, commonly confused with a non-neoplastic process due to its unusual location; in histological analysis, it can mimic panniculitis.

Term explanation
SPTCL is a malignant neoplasm belonging to the non-Hodgkin’s lymphomas.

Experiences and lessons
Fluorine-18 fluorodeoxyglucose PET/CT provides valuable information for staging of SPTCL and monitoring of treatment response in patients.  

Peer-review
The article is well written, clear and concise. The topic and the results are interesting. Methods are sound.
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Figure 1 Case 1. A: Before treatment, showing multiple confluent pathological foci of hypermetabolic activity in subcutaneous fat (the largest are indicated by arrows on the whole-body image) and pathological foci in the breasts (in transverse sections); B: After 6 cycles of the CHOP regimen, showing no changes in the follow-up examinations, with conservation of previously defined lesions and development of new ones in the subcutaneous tissue (indicated by arrows on the whole-body image) and pathological focus of hypermetabolic activity which had developed in the mesentery of the descending colon (indicated by circles, on the whole-body image as well); C: After 6 cycles of the GEM-P chemotherapy regimen, showing marked improvement, as indicated by resorption of all previously defined foci. CHOP: Cyclophosphamide, doxorubicine, vincristine and prednisolone; GEM-P: Gemcitabine, cisplatin and methylprednisolone.
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Figure 2 Case 2. A: Before treatment, showing multiple separate and confluent pathological foci of fluorine-18 fluorodeoxyglucose uptake in local dense areas of subcutaneous fat (the largest are indicated by arrows on the whole-body image); B: After 7 cycles of the GEM-P chemotherapy regimen, showing preservation of metabolically inactive areas of consolidation of subcutaneous fat. GEM-P: Gemcitabine, cisplatin and methylprednisolone.
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Figure 3 Case 3. A: Before treatment, showing multiple pathological foci of hypermetabolic activity in local dense areas of subcutaneous fat (the largest are indicated by arrows, on the whole-body image as well) and pathological foci of fluorine-18 fluorodeoxyglucose uptake in the epiploon in the left mesogastric area (indicated by circles, on the whole-body image as well); B: After 3 cycles of FCM, showing resorption of all previously defined foci (including those in the greater omentum) but development of new ones in the subcutaneous tissue; C: After 3 cycles of GEM-P, showing marked improvement that was indicated by resorption of all previously defined foci. FCM: Fludarabine, mitoxantrone and cyclophosphamide; GEM-P: Gemcitabine, cisplatin and methylprednisolone.

Table 1 Clinical features of the 3 cases of subcutaneous panniculitis like T cell lymphoma
	Case
	Age in years/
sex
	Localization
	Autoimmune disorders
	B-symptoms
	LDH, IU/mL1
	SUVmax
	Chemotherapy
	Outcome, FU in mo

	
1
	
27/F
	Head, neck, upper extremities, chest, breasts, mesocolon 
	
-


	
+
	
1.165
	
14.6
	
PD6 × CHOP
6 × GEM-P
	
CR, 29

	
2
	
22/M
	Right cheek, upper and lower extremities, trunk
	Positive direct Coombs test
	
+
	
1.741
	
10.5
	
7 × GEM-P
	
CR, 26

	
3
	
53/F
	Head, trunk, upper and lower extremities, epiploon in the left mesogastric area
	Autoimmune thyroiditis, 2-fold increase of anti-La/SS-B level
	
+
	
274
	
13.8
	
3 × FCM6 × GEM-P
	
CR, 8 


1Normal range, < 225 IU/mL. CHOP: Cyclophosphamide, doxorubicine, vincristine and prednisolone; CR: Complete response; FCM: Fludarabine, mitoxantrone and cyclophosphamide; FU: Follow-up; GEM-P: Gemcitabine, cisplatin and methylprednisolone; PD: Prednisone; F: Female; M: Male. 
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