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Abstract
BACKGROUND
Primary cutaneous anaplastic large cell lymphoma (PC-ALCL) differs from systemic anaplastic large cell lymphoma (sALCL) in cell biological behavior, clinical features, treatment, and outcome. PC-ALCL has been reported to rarely transition into sALCL, but the underlying mechanism is not clear. Here we report such a case with certain characteristics that shed light on this.

CASE SUMMARY
Herein, we report a 43-year-old male with symptoms of a skin nodule and histologically confirmed PC-ALCL with high expression of Ki-67. After three months of observation, two skin nodules re-appeared with muscle layer involvement and was histologically confirmed as sALCL. Seventeen months after receiving six cycles of CHOP regimen, the patient had pain in the chest and back, cough, shortness of breath, and night sweats. This was confirmed as relapse of sALCL by immunohistochemistry and several organs, such as the lung were involved as shown by positron emission tomography/computed tomography. After four cycles of DICE plus chidamide regimens followed by auto-hematopoietic stem cell transplantation (ASCT), complete remission (CR) duration was achieved for twelve months while the patient was on maintenance with chidamide (20 mg) pills.

CONCLUSION
This case had significantly high expression of Ki-67 when diagnosed as PC-ALCL initially and then transitioned into sALCL, which is rare. Auto-ASCT combined with demethylation drugs effectively maintained CR and prolonged progression free survival.
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Core Tip: Primary cutaneous anaplastic large cell lymphoma (PC-ALCL) is a primary cutaneous lymphoma and differs from systemic anaplastic large cell lymphoma (sALCL), which is a peripheral T cell lymphoma. There is no direct connection between them. This is the first report of the medical management, including auto-hematopoietic stem cell transplantation (ASCT) of a 43-year-old male patient who transitioned from the cutaneous to the systemic form of ALCL in Asia, and the second to be reported in world (the first being a Bulgarian treated with Brentuximab vedontin). We found high expression of Ki-67 in this case, for the first time, which may have played a role in the transition. This is also the first instance of application of auto-ASCT followed by maintenance with oral chidamide. In the future, an increasing number of patients will probably receive this therapy, and therein lies the significance of this case report.

INTRODUCTION
Primary cutaneous anaplastic large cell lymphoma (PC-ALCL) accounts for about 8% of all cutaneous T-cell lymphomas[1]. In the 2022 revision of the World Health Organization classification of lymphoid neoplasms, PC-ALCL is categorized under primary cutaneous T-cell lymphoid proliferations and lymphomas[2]. PC-ALCL exhibits an indolent clinical course with a highly favorable outcome; 5-year survival ranges between 85% and 100%, although cutaneous relapses are common[3,4]. The median age at diagnosis is six decades for anaplastic lymphoma kinase (ALK) negative PC-ALCL. Clinical features typically include solitary, grouped skin lesions and uncommonly localized nodules or tumors. Extracutaneous disease occurs in about 10% of cases, usually involving regional lymph nodes[3].
Peripheral T cell lymphoma (PTCL), an aggressive disease that belongs to a heterogeneous group of mature T-cell lymphomas, develops rapidly and has a poor prognosis. ALK-negative ALCL, as one kind of PTCL, has been acknowledged as a heterogeneous entity. Only one case of transition from PC-ALCL to systemic ALCL (sALCL) has been reported so far in the literature[5]. However, little is known about the underlying mechanism. Here, we report a 43-year-old male patient diagnosed as PC-ALCL who then transitioned into ALK-negative sALCL. We analyzed molecular markers, including Ki-67 and DUSP22 rearrangement to provide additional information.

CASE PRESENTATION
Chief complaints
Awareness of skin nodules for 4 years; thoracalgia and shortness of breath for 2 years.

History of present illness
A 43-year-old male presented with a left sided 2 cm × 2 cm, hard arm swelling without itching or pain (Figure 1A). There were no other skin lesions or lymphadenopathy or significant organomegaly. The local lesion was excised. On histopathology, a diagnosis of ALK-negative PC-ALCL was made (Figure 1B–H). This patient then underwent observation for recurrence. 
Three months later, two subcutaneous hard nodules recurred at the same spot on the left arm. They were 1 cm × 2 cm and 0.5 cm × 1 cm in dimensions. The skin lesions were confirmed as relapsed lymphoma with muscle layer infiltration on histopathology (Figure 1I–M). We diagnosed this new disease entity as systemic ALK-negative ALCL since the muscle was involved, although bone marrow biopsy and aspirate and whole-body CT scan were normal. The patient underwent treatment with six cycles of multiagent chemotherapy, CHOP (cyclophosphamide 750 mg/m2, theprubicin 30 mg/m2, vindesine 3 mg/m2, prednisone 100 mg). He refused treatment with brentuximab and auto-ASCT, and instead chose follow-up.
Two years later, this patient suffered from chest pain, shortness of breath, cough, and night sweats. 

History of past illness
The patient reported no other medical history, such as hypertension and diabetes.

Personal and family history
The patient denied any personal and family history of illness.

Physical examination
The patient’s height was 189 cm and his weight was 103 kg. He was clear-headed and energetic, and had no swelling of superficial lymph nodes. He had a 1 cm × 1 cm subcutaneous nodule on his back with clear border. He had tenderness in the mid-sternum and bilateral anterior chest wall, clear breath sounds in both lungs, uniform cardiac rhythm, and no obvious murmurs in the apical area. The abdomen was flat and soft, without tenderness and rebound pain, and the liver and spleen were not palpable below the costal margin. Murphy’s sign was negative. There was no percussion pain in bilateral kidney area and no tenderness in bilateral ureter running area. There was no edema in both lower limbs. Neurological tests were negative.

Laboratory examinations
The patient had an increased lactic dehydrogenase of 255 U/L (upper limit: 250 U/L). Blood tests, hepatic function tests, and other biochemical tests were within normal limits.

Imaging examinations
Positron emission tomography/computed tomography scan revealed the subcutaneous nodule on the back as tumor invasion since there was higher 18F-flurodeoxyglucose (18F-FDG) uptake activity, and also involvement of liver, bone, right lung, and widespread lymph nodes (Figure 2A–D).

FINAL DIAGNOSIS
Systemic ALK-negative ALCL, Stage IV group B.

TREATMENT
DICE chemotherapeutic regimen (ifosfamide 1000 mg/m2, cisplatin 25 mg/m2, etoposide 60 mg/m2, dexamethasone 9 mg/m2) combined with chidamide (30 mg, 2 d a week for 2 wk) instead of brentuximab was administered, due to the patient’s economic conditions. Complete response was achieved after four cycles of this regimen (Figure 2E–H). Then, he underwent ASCT. Cyclophosphamide 2 g/m2 and granulocyte-colony stimulating factor 8 µg/kg/d were given to promote hematopoietic stem cell (HSC) mobilization from the bone marrow to the peripheral blood. HSCs were collected in a dose of mononuclear cells 9.46 × 108/kg, CD34+ 1.86 × 106/kg. Then BEAM preparative regimen (carmustine 300 mg/m2, cytarabine 150 mg/m2, etoposide 100 mg/m2, melphalan 140 mg/m2) was administered. Neutrophil engraftment occurred on Day +11 and platelet engraftment occurred on Day +14. As maintenance therapy, chidamide (20 mg, two days a week) was administered, without occurrence of adverse events.

OUTCOME AND FOLLOW-UP
The patient has been in complete remission for 12 mo until the last follow up in November 2021. This is similar to the progression-free survival of 12 mo, as reported in the literature[6].

DISCUSSION
PC-ALCL is sensitive to drugs; however, it has a high relapse rate with some studies reporting a rate of 42%[4]. Patients with early cutaneous relapse have a poorer 5-year specific survival (64%) than those with late or no relapse (96%)[7]. Multiple skin tumors in one limb and extracutaneous disease when this disease has progressed, are individual factors associated with poorer outcomes[8]. This case had both these two poor prognostic factors.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]We used immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) to further study the molecular mechanism of transition of this cutaneous ALCL to sALCL. We found the proliferation index Ki-67 was significantly high (80%) when the primary cutaneous disease occurred (Figure 1F). Furthermore, Ki67 was subsequently upregulated when this disease progressed into sALCL (95% on first relapse, Figure 1M; 90% on second relapse, Figure 1O). It is abnormal to find this indicator in indolent lymphomas, especially in a disease with a good prognosis, such as primary cutaneous T-cell lymphoma. The Ki-67 index was less than 45% in 82.8% of indolent lymphomas, and we can differentiate indolent lymphomas from aggressive ones with the cut-off value of 45%[9]. Ki-67 is also an independent adverse prognostic factor in cutaneous T-cell lymphomas[10].
For this case, we found that interferon regulatory factor 4 (IRF4) break was obvious and was consistently associated with the disease process on FISH (80% on first relapse, Figure 1N; 70% on second relapse, Figure 1P), which represented the DUSP22-IRF4 rearrangement. Recurrent rearrangement of the DUSP22-IRF4 locus on chromosome 6p25.3 is related to a favorable prognosis in systemic ALK-negative ALCL, with a 5-year OS rate of 80%–90%, similar to that of ALK-positive ALCL[11,12]. This is much better than that of the other two subtypes of ALK-negative ALCL; 42% for triple negative (ALK, DUSP22, and TP63 rearrangements), 17% for TP63-rearranged[13]. DUSP22 rearrangement results in decreased expression of dual-specificity phosphatase-22, decreased STAT3 activation, and decreased activity of immune and autoimmune-mediated mechanisms regulated by T-cells[14]. DUSP22-IRF4 translocation was identified in 20%–57% of the cases of PC-ALCL[15]. A panel of cases of PC-ALCL with DUSP22–IRF4 Locus translocations had features with a distinctive biphasic histopathological pattern, with small cerebriform lymphocytes in the epidermis, and larger transformed lymphocytes in the dermis[16]. However, we know little about the independent influence of DUSP22–IRF4 rearrangement on prognosis in PC-ALCL.

CONCLUSION
This case was initially diagnosed as primary cutaneous anaplastic large cell lymphoma through histopathological features and IHC parameters, including CD30, ALK, CD3, CD4, CD8, GRB, TIA-1, EMA, CD20, PAX5, CD10, and BCL6. The patient progressed to sALCL, which has rarely been reported. Three clinical features in this patient, including cutaneous relapse, multiple skin tumors in one limb, and extracutaneous disease are poor prognosis factors, according to the literature. High Ki-67 expression in this case is a potential poor prognosis marker, indicating need for more aggressive therapy when present in PC-ALCL. There is a need for more retrospective case control studies for further evaluation.
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Figure 1 Morphologic and immunohistochemical characterization of this patient’s primary cutaneous anaplastic large cell lymphoma (A-H) and the markers at two times of his relapses (I-N for first relapse, O-P for second relapse). Unless otherwise indicated, the images are taken using 400× magnification. A: A 2 cm × 2 cm cutaneous swelling at left upper arm with many capillaries on the surface (arrow); B: Anaplastic large cell lymphoma with diffuse, cohesive sheets of enlarged cells with anaplastic morphology by hematoxylin and eosin (HE) (arrow); C: CD30 was strong, diffusely positive (80%) on the membrane of tumor cells (arrow), ×200; D: ALK was nagative in both cell nucleus and cytoplasma, ×200; E: EMA was cytoplasmic and membranaous nagative; F: Ki-67 was positive in 80% nucleoplasm and nucleoli rim (arrow). G: CD20 was negative. H: PAX5 was negative. I: Diffuse, cohesive lymphoma cells with anaplastic, pleomorphic appearance when the patient first relapsed by HE; J: Anaplastic large cell lymphoma tumor cells infiltrating in muscle layer; K: CD30 was difuse membranous positive (arrow); L: Anaplastic lymphoma kinase staining was negative; M: Ki67 was 95% in nucleus positive; N: Interferon regulatory factor 4 (IRF4) breakage was detected in 80% tumor cells by immunofluorescence hybridization (arrow). Spectrum Red stands for 5’ IRF4, Spectrum Green stands for 3’ IRF4; O: Ki67 was 90% positive when this patient relapsed secondly; P: IRF4 breakage was positive in 70% tumor cells. 
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Figure 2 The results of positron emission tomography/computed tomography when the patient relapsed secondly. A: Lymphoma cells were widespread in this patient before the chemical treatment; B: Para-aortic node involved as the arrow showed (arrow); C: Liver involved as the arrow showed (arrow); D: Cervical vertebra was involved (arrow); E: No tumor found after the chemotherapy treatment; F-H: No 18F-flurodeoxyglucose uptakings were found in the organs mentioned above.
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