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      The management of MF-CTCL is based on a "stage-based" approach and an evaluation by a multidisciplinary team is preferred. Initial treatment in patients with local (patch/plaque) disease includes skin-directed therapies (localized or generalized), with the addition of systemic biologic therapy for refractory, or progressive disease. In patients with unfavorable prognostic features (e.g., folliculotropic or large-cell transformed MF, or B1 involvement) systemic biologic therapies may be introduced earlier in the treatment algorithm. Patients who do not respond to biologic therapy or those with very aggressive or extracutaneous disease may be treated with chemotherapy [1-3].


      TSEI represents an integral part in the treatment of advanced MF. TSEI is characterized by a favorable local toxicity profile with excellent response rates. The impact of TSEI on systemic progression remains unclear. A 75-YOAAM with stage IIB Cutaneous T-Cell Lymphoma had clinically indolent disease for many years. He then presented with multiple cutaneous lesions with increasing evolution of his disease. He received TSEI to 18 Gy in 12 fractions followed by additional boost to many sites. One month later, he presented with diffuse neck swelling, difficulty breathing, and hoarseness. PET/CT scan revealed diffuse systemic progression. Despite salvage radiation (RT) and chemotherapy, his disease quickly progressed further and was ultimately fatal. TSEI's impact on systemic progression of MF merits further investigation, especially in the context of clinicopathological evaluation of MF transformation and the potential value of combining novel immunotherapeutic agents like checkpoint inhibitors with RT to potentially further improve outcomes for such patients with aggressive transformation MFCTCL.


      Introduction


      Cutaneous T-cell lymphomas (CTCLs) comprise 70% of all primary cutaneous lymphomas with an estimated annual incidence of 0.3-1 per 100,000 people in the United States of America [4,5]. Mycosis fungoides (MF) is the most common type of CTCLs, accounting for about 50-70% of cases. About 85% of patients present with early stage disease and have an indolent course with slow progression or remain asymptomatic during their life [1]. The presence of lymphadenopathy, involvement of peripheral blood, and visceral disease adversely affects prognosis [6]. Current treatment options are "stage-based", including skin-directed therapies and localized radiation treatment (RT) for early stages and systemic therapy combined with total skin electron irradiation (TSEI) for more advanced stages. Sequential therapies are selected based on availability and convenience for the patient, as well as on short- and long-term toxicity profiles [2,3,7,8]. Historically, TSEI represents a treatment option that has a vital role in the treatment of MF, with mild and reversible treatment related side effects [9]. Herein, we describe a unique case of CTCL who developed fatal rapid systemic progression shortly after treatment with TSEI, aiming to highlight the potential negative impact of TSEI on systemic progression of MF and explore the future directives of prospective value of combining novel immunotherapeutic agents like checkpoint inhibitors with RT to potentially further improve outcomes for such patients with aggressive transformation MF-CTCL.


      Case Report


      A 75-year-old African American male presented with multiple cutaneous lesions involving the majority of his scalp, neck, trunk and extremities (Figure 1). His condition initially started in 2003 when he noticed a cutaneous lesion on his chest. He was diagnosed with cutaneous T-cell lymphoma (CTCL), "mycosis fungoides", (MF) and received topical treatment and phototherapy. His disease had been in reasonable control on topical and phototherapies for 12 years, with a waxing and waning course. In 2015, he presented with diffuse hyperpigmented scaly skin lesions with extensive plaques and desquamated areas. His largest lesions were in the right cheek, scalp, left axilla, left back, and left supraclavicular fossa. The lesions were described as more tumor-like, deeply invasive, with ulceration and necrosis, which were starting to cause significant pain, bleeding, and itching for the patient. Thus, he was referred for radiotherapy (RT). The patient received localized electron beam radiation therapy (EBRT) to the right cheek and left supraclavicular area; each site received 20 Gy in 10 fractions at the rate of 200 cGy daily fraction via 9 MeV and 6 MeV enface plus 5 mm daily bolus for the cheek and supraclavicular lesions respectively, as shown in Figure 2. During EBRT, these lesions showed marked improvement with a complete clinical response by 4th week. Two months later, the patient received TSEI to 18 Gy in 12 fractions, followed by focal boost of 3 Gy in a single fraction to the right eye, 4 Gy in a single fraction to upper lip, 8 Gy in 4 fractions to the scalp, 8 Gy in 4 fractions to his shoulders, axilla, and perineum, and 10.5 Gy in 7 fractions to the soles of his feet bilaterally. The areas that were boosted were considered to have received lower doses of radiotherapy during TSEI. Thus, a "supplemental" radiotherapy boost was provided. One month later, he presented with diffuse neck swelling, difficulty breathing particularly while lying flat, and hoarseness. On examination, there was bulky palpable lymphadenopathy in bilateral cervical chains from levels I-IV. Laryngoscopy revealed hypertrophy of nasopharynx and BOT and decreased motion of left TVC. PET/CT scan (Figure 3) revealed diffuse disease progression including pharynx/Waldeyer's ring, bilateral neck, bilateral axilla, bilateral pelvis, bilateral femoral and inguinal regions, as well as extranodal sites including spleen, mediastinum and pleura. Moreover, it showed compression fractures of T10 and T11. Excisional axillary lymph node biopsy was performed, which revealed diffuse effacement of the normal nodal architecture by a mixed inflammatory infiltrate (Figure 4A). This infiltrate was predominated by eosinophils, histiocytes and medium sized lymphoid cells with irregular nuclear contours and partially condensed chromatin. Flow cytometric analysis of the lymph node detected an aberrant T-cell population with loss of CD7 as well as aberrantly dim CD3 and CD4. PD-L1 immunohistochemical stain highlighted 70% of the neoplastic cells (Figure 4B). The patient then received another course of irradiation to his bilateral neck lymph nodes, pharynx/Waldeyer's ring, involved salivary glands and supraclavicular lymph nodes to 20 Gy in 10 fractions, aiming to relieve his obstructive symptoms and to prevent paralysis of his left TVC (Figure 5). Unfortunately, despite local improvement of his head and neck disease, he deteriorated systemically and was admitted to the hospital for hematemesis and melena. Upper endoscopy revealed diffuse gastric ulcerative disease consistent with mucosal involvement of his lymphoma. He ultimately developed severe septic shock compounded by adrenal insufficiency leading to respiratory failure and death.


      
        Figure 1: Multiple cutaneous lesions involving scalp, neck, and extremities. View Figure 1

      


      
        Figure 2: Right cheek enface 9 MeV + 5 mm daily bolus. Dose delivered was 20 Gy in 10 fractions. View Figure 2

      


      
        Figure 3: PET/CT scan showing diffuse disease progression. View Figure 3

      


      
        Figure 4: A) Hematoxylin and Eosin stained slide, original magnification 500X; B) Clone 22C3 Clarient Diagnostic Services, original magnification 500X. View Figure 4

      


      
        Figure 5: EBRT 20 Gy in 10 fractions to bilateral enlarged neck lymph nodes. View Figure 5

      


      Discussion


      The most significant prognostic factors affecting survival in patients with MF include age at presentation, extent and type of skin involvement, overall stage, presence of extracutaneous disease, and peripheral blood involvement [6,7]. Kim, et al. studied the long-term outcome of 525 patients with MF and found that risk of disease progression, development of extracutaneous disease and death was correlated with initial T classification. Furthermore, they reported that the extent of blood involvement was significantly correlated with poor survival outcomes [7]. Patients with advanced stage disease (stages IIB, III, and IVA) with erythroderma and lymph node or blood involvement but no visceral involvement have a median survival of 5 years, whereas this survival decreases to be 2.5 years or less with visceral disease [8]. RT is a highly effective treatment for MF. It can be delivered to variable skin surfaces and with either palliative or curative intent. Due to the extremely radiosensitive nature of MF, high response rates can be obtained with very low doses of radiation [1]. Focal radiation treatment provides excellent local control and palliation of symptoms. Dose should be determined on the basis of potential normal tissue complication, the irradiated volume, the skin condition, prior RT to the site, and whether TSEI is considered definitive or palliative [9-12]. The International Lymphoma Radiation Oncology Group consensus guidelines encourage the use of doses of 20 to 24 Gy, as most patients respond to lower radiation doses [13]. TSEI represents an important treatment choice for locally advanced and refractory cases of MF. Its implementation requires a highly-experienced team to ensure adequate dose delivery to the target sites and to avoid excessive toxicity to healthy tissue [8]. It depends on the use of linear accelerators to generate electron beam directed to penetrate the skin at a limited depth (< 2 cm) while ensuring minimal dose reaches visceral organs. A variety of techniques may be used including large electron field techniques, rotational techniques, and techniques involving patient or beam movement during irradiation [14-17]. Generally, these require treating patients in the standing position or on a rotating platform, or else achieving multiple different positions to expose all body surfaces [18,19]. Navi, et al. reviewed the Stanford University experience with TSEI and found that a dose of 30 Gy or greater is highly effective in treatment of T2-T3 MF with 100% overall response rate [14]. Specht, et al. considered a total treatment dose of 30-36 Gy, 4 or 5 days per week, over 8-10 weeks of TSEI in MF patients. Few studies have researched the potential value of lower dose TSEI (10-12 Gy), aiming at reduced treatment duration, fewer side effects, and the opportunity for retreatment if required [13]. Harrison and colleagues showed TSEI in doses of 10 Gy to < 20 Gy and 20 Gy to < 30 Gy were comparable to the standard dose regimen in terms of overall response and survival [20,21] Moreover, Hoppe, et al. analyzed data from three clinical trials using low-dose (12 Gy) TSEI and found excellent overall response rate of 88% and complete response rate of 27% with acceptable toxicity profile [21]. Generally, TSEI side effects are well tolerated and most patients can resume their daily normal activities shortly after [22]. Treatment related toxicity is more common with the standard dose of 30-36 Gy. Patients may experience some temporary short-term side effects such as fatigue, mild to-moderate radiation dermatitis, temporary scalp alopecia, and nail stasis. Uncommon reported side effects are blisters on the fingers and feet, self-limiting anhidrosis, minor parotiditis, and Gynecomastia and infertility in males. Nevertheless, our case presented one month after TSEI completion with diffuse systemic progression, clinically symptomatic and as confirmed by PET/CT scan. The case presentation is consistent with rapid disease progression and suspected transformation into a more aggressive pathology given the previously indolent behavior for the preceding 13 years. This is a unique case. Our hypothesis is supported by time of progression, which occurred acutely after TSEI and during a period of expected disease control as typical in patients undergoing RT. Furthermore, one could surmise that the change in disease behavior may have been exacerbated by the immunosuppressive effects of RT, especially in a patient with advanced age, a known risk factor for post radiotherapy immunosuppression. Noteworthy, to date there is no evidence in the literature that TSEI has any short- or long-term adverse effects on systemic progression due to bone marrow or immune suppression [23]. Therefore, we propose a potential mechanism is via tumor immune escape through overexpression of immune checkpoint proteins such as PD-1, the PD-1 ligands, or CTLA-4 on either tumor cells or T-cells within the tumor microenvironment. Perhaps the patient would have benefited from combination therapy with RT and an immune checkpoint inhibitor, an emerging concept in immunotherapy for malignancies under current investigation. Radiation can potentiate the effects of PD-1 and CTLA-4 antibodies: Van-poullie Box, et al. presented the synergistic effect of radiation and CTLA-4 antibodies on tumor rejection. Some of the proposed molecular mechanisms include; increased T-cell priming, antigen shedding by radiation, antigen presentation by dendritic cells in post radiation environment, and increased effector T-cell homing via up-regulation of CXCL16 [24]. The authors argue that CTLA-4 and radiotherapy in combination will have complimentary effects that may lead to increased tumor rejection. Several clinical trials are underway to test this hypothesis in differing malignancy subtypes. Deng, et al. have demonstrated that radiation in combination with anti-PD-L1 treatment can promote increased anti-tumor immunity. The mechanisms behind such an effect is proposed to include; increased tumor cell death and antigen shedding by radiation, increased inflammation in post radiated tissue, increased PD-L1 expression in radiated tissue, increased cytotoxic actions of CD8+ T-cells, and alteration of the tumor immune microenvironment by reducing myeloid derived suppressor cells and increased T-cell infiltration. The authors concluded that PD-L1/PD-1 axis and the interactions of these antibodies with radiation helps to establish a rational design for future combination therapy trials [25]. Thus, combining the findings of the Deng, et al. with the case report by Ogunrinade, et al. it is potentially conceivable that radiation may have altered immune checkpoint protein expression in our patient allowing for increased tumor immune escape. The combination of RT with anti-PD-1 blockade may pose a better and more rationale multi-modality approach to address both skin and systemic disease [26]. It is also possible that our patient's tumor had previously acquired altered PD-1 or CTLA-4 protein expression as a mechanism of tumorigenicity. Thus, knowing this beforehand may have allowed an opportunity to treat him with a combination of an immune checkpoint inhibitor with RT to improve his outcome. Further trials are warranted to test immunotherapy in combination with RT for CTCL.


      Conclusion


      The impact of TSEI on systemic progression of MF merits further investigation, especially in the context of the clinicopathological evaluation of MF transformation and the value of combining novel immunotherapeutic agents such as immune checkpoint inhibitors like anti-PD-1, anti-CTLA-4, and others with RT.
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