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The evolving management of a rare lymphoproliferative disorder: T-cell prolymphocytic leukaemia

T-PLL is a rare haematological disorder. In the largest series published, of 78 patients, the median age at presentation was 69 years with a male/female ratio of 1.33 T-PLL historically carried a dismal prognosis with a median survival of 7.5 months [START_REF] Matutes | Clinical and Laboratory Features of 78 Cases of T-Prolymphocytic Leukemia[END_REF][START_REF] Magro | T-cell prolymphocytic leukemia: an aggressive T cell malignancy with frequent cutaneous tropism[END_REF][START_REF] Nusz | Periorbital edema as the initial presentation of T-cell prolymphocytic leukemia[END_REF][START_REF] Krishnan | Prolymphocytic leukemias[END_REF][START_REF] Dearden | T-cell prolymphocytic leukaemia[END_REF] . Response rates have improved significantly since the introduction of the monoclonal antibody alemtuzumab [START_REF] Cao | T-cell prolymphocytic leukemia: update and focus on alemtuzumab (Campath-1H)[END_REF][START_REF] Pawson | Treatment of T-cell prolymphocytic leukemia with human CD52 antibody[END_REF][START_REF] Chaar | Complete response to alemtuzumab in a patient with B prolymphocytic leukemia[END_REF][13] . Alemtuzumab, a humanised anti-CD52 monoclonal antibody, triggers complement mediated lysis and antibody-dependent cytotoxicity of CD52 expressing cells. Both normal and malignant lymphocytes express CD52: expression is higher on T cells than B in patients with a rising CMV viral load is also advocated [START_REF] Ng Ap | Cytomegalovirus DNAemia and disease: incidence, natural history and management in settings other than allogeneic stem cell transplantation[END_REF][START_REF] Laurenti | Cytomegalovirus reactivation during alemtuzumab therapy for chronic lymphocytic leukemia: incidence and treatment with oral ganciclovir[END_REF][START_REF] Cheung | Regular virologic surveillance showed very frequent cytomegalovirus reactivation in patients treated with alemtuzumab[END_REF] .

Up to 60% of patients treated with alemtuzumab achieve a complete remission with a median survival in responding patients of 16 months. Some patients have achieved a durable CR of up to 45 months [START_REF] Dearden | High remission rate in T-cell prolymphocytic leukemia with CAMPATH-1H[END_REF] . It is notable that although subcutaneous alemtuzumab was well tolerated in the case described it appeared relatively ineffective compared to the intravenous route of administration. Recent studies have shown that intravenous alemtuzumab is more effective than subcutaneous alemtuzumab when treating T-PLL patients [START_REF] Khot | Alemtuzumab administered by subcutaneous route is less effective than intravenous route for first line therapy of T-cell prolymphocytic leukaemia: results of a pilot study (UKCLL05)[END_REF] therefore supporting this finding in our patient. It is therefore advisable that intravenous administration should be used in this group of patients.

The patient achieved a complete remission following alemtuzumab therapy but quickly relapsed within the skin. We elected to use TSEB therapy. In Both autologous and allogeneic stem cell transplant have been employed as consolidation therapy in T-PLL. Although autologous transplant is simpler to deliver it is not curative, as all patients eventually relapse [START_REF] Dearden | High remission rate in T-cell prolymphocytic leukemia with CAMPATH-1H[END_REF][START_REF] Krishnan | Clinical outcome of stem cell transplantation (SCT) in patients with T cell prolymphocytic leukaemia (T-PLL) previously treated with Alemtuzumab: a multicentre experience[END_REF] . Prolonged survival has been described after allogeneic transplant but the transplant related mortality is high when using full myeloablative conditioning [START_REF] Collins | Treatment of T prolymphocytic leukemia with allogeneic bone marrow transplantation[END_REF][21][START_REF] Krishnan | Clinical outcome of stem cell transplantation (SCT) in patients with T cell prolymphocytic leukaemia (T-PLL) previously treated with Alemtuzumab: a multicentre experience[END_REF] . There are currently little published data on the use of reduced intensity conditioned allogeneic transplant in T-PLL; although the limited information that is available supports a GvL effect [START_REF] Lavallade | Allogeneic stem cell transplantation after reduced intensity conditioning in a patient with T cell prolymphocytic leukemia: graft versus tumour effect and long-term remission[END_REF] . In the case described the procedure was effective in eradicating the disease but the patient eventually succumbed to treatment related complications. While reduced intensity transplants are associated with lower morbidity and mortality rates, compared to standard myeloablative transplants, thus allowing their use in older patients [START_REF] Antin | whereof a little More than a little is by much too much[END_REF] , GVHD is still a frequent complication: the risk being higher in older patients and in patients undergoing volunteer unrelated donor transplants, as in our case [START_REF] Antin | whereof a little More than a little is by much too much[END_REF][START_REF] Lee | New approaches for preventing and treating chronic graftversus-host disease[END_REF] . In addition, in T-PLL, in common with similar lymphoproliferative disorders, successful disease control is often likely to be inextricably linked to chronic GVHD, particularly if the skin is involved in the initial disease process [START_REF] Lavallade | Allogeneic stem cell transplantation after reduced intensity conditioning in a patient with T cell prolymphocytic leukemia: graft versus tumour effect and long-term remission[END_REF][START_REF]Haematopoietic stem cell transplantation for patients with primary cutaneous T-cell lymphoma[END_REF] .

Even with these caveats reduced intensity conditioned allogeneic transplantation remains an attractive option in the management of selected T-PLL patients. Further studies are needed to clarify which patients will benefit and to develop transplant strategies that more effectively and safely harness the potent GvL effect while minimising toxicity.

T-PLL is a rare disease. The outlook has improved significantly since the introduction of alemtuzumab but treatment outcomes are still poor in the majority of patients. A multidisciplinary approach using the experience of haematologists, radiotherapists and transplant physicians is essential if long term survival is sought. 

Figure 1 .Figure 2 .Figure 3 .Figure 4 .Full 2

 12342 Figure 1. Facial erythema and periorbital oedema at presentation 38x55mm (300 x 300 DPI)

3 ATM

 3 gene locus. ATM gene is often mutated in patients affected by the genetic debilitating neurological illness called ataxia-telangiectasia (A-T).Patients with A-T have biallelic inactivation of the ATM gene and show an increased tendency to develop a number of solid tumours but in particular lymphoid malignancies and particularly T-PLL[START_REF] Stoppa-Lyonnet | Inactivation of the ATM Gene in T-Cell Prolymphocytic Leukemias[END_REF] . ATM appears mutated also in a large number of sporadic T-PLL as a result of both sequence mutations and structural changes of the chromosome 11q region[START_REF] Stoppa-Lyonnet | Inactivation of the ATM Gene in T-Cell Prolymphocytic Leukemias[END_REF][START_REF] Yuille | ATM is usually rearranged in T-cell prolymphocytic leukemia[END_REF] . It appears to function as a tumour suppressor gene and is involved in the downstream activation of p53. ATM inactivation effects in tumorigenesis may be either direct, by enhancing cell proliferation and inhibiting apoptosis or indirect, by enhancing genome instability. Normal ATM, acting via p53, appears to have a pivotal role in DNA repair following sporadic, cytotoxic or radiation damage. P53 dysfunction leads to impaired DNA repair and increased susceptibility to carcinogens and also refractoriness to standard chemotherapies. It is a common finding in haematological malignancies refractory to therapy[START_REF] Darnton | Demystified…p53[END_REF] . T-PLL responds poorly to standard therapies and the frequent occurrence of ATM mutations and disruption of the p53 tumour suppressor pathway might partly explain this finding[START_REF] Brito-Babapulle | p53 allele deletion and protein accumulation occurs in the absence of p53 gene mutation in Tprolymphocytic leukemia and Sezary syndrome[END_REF] .Treatment with subcutaneous alemtuzumab was commenced with rapid dose escalation to 30mg 3 times per week. The treatment was well tolerated but had little impact on her skin and lymphocytosis. After 2 weeks she was changed to intravenous alemtuzumab 30mg 3 times per week. Her WBC normalised and her skin symptoms and facial oedema resolved by week 6 (Figure4).
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 4 At week 10 bone marrow aspirate showed 0.1% T-PLL cells using CD3/CD57 double marking. The plan was to complete 12 weeks of alemtuzumab and to consolidate with an early autologous or allogeneic stem cell transplant. By the beginning of week 12, however, the patient developed new erythematous and raised skin lesions affecting mainly her abdomen and chest. Biopsy confirmed relapse of T-PLL. Repeat CT imaging showed resolution of all previous lymphadenopathy with a normal liver and spleen. Repeat bone marrow trephine was morphologically normal. In view of the disease progression in the skin she proceeded to receive second line chemotherapy with a combination of gemcitabine, cisplatin and methylprednisolone (GEM-P). Following three cycles there was only partial resolution of her skin lesions. As her disease was still limited to the skin we elected to use total skin electron beam therapy (TSEB) in an attempt to achieve complete remission of her skin lesions without systemic toxicity. She received a total dose of 1500 cGy in five fractions and achieved a complete response in her skin lesions.

  explains not only the clinical efficacy of alemtuzumab in T PLL but also its immunosuppressive effects through T lymphocyte depletion. Alemtuzumab treatment requires close monitoring of the patients for signs and symptoms suggestive of an opportunistic infection. Regular monitoring for cytomegalovirus (CMV) reactivation by polymerase chain reaction (PCR) viral load quantification in peripheral blood in CMV total antibody positive patients is currently recommended. Pre-emptive treatment with intravenous ganciclovir
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 72 contrast to conventional radiotherapy, electron beam therapy delivers radiation predominantly to the skin via low-energy electrons generated from linear accelerators. Therefore visceral exposure is minimized. It has been used successfully in the treatment of various cutaneous T-cell lymphomas 19 little published experience in treating T-PLL. The use of TSEB allowed us to proceed with the transplant procedure. Finally the pattern of expression of cell surface markers can be used to monitor minimal residual disease (MRD) in T-PLL. MRD monitoring, used to quantify CD3/CD57 coexpressing cells, confirmed the complete blood and bone marrow response. This justified the use of skin directed therapy, with GEMP and TSEB, prior to the transplant procedure. Given the aggressive nature of this disease we felt that an allogeneic stem cell transplant was indicated. As she had no sibling match we elected to proceed with a T cell depleted reduced intensity volunteer unrelated donor allograft. Her donor was 10/10 HLA-matched at high resolution, young, male and CMV low risk. The conditioning regimen consisted of fludarabine 30mg/m 2 for 5 days, melphalan 140mg/m 2 as single dose and alemtuzumab 20mg daily for 4 days. Graft versus host disease (GVHD) prophylaxis was with ciclosporin (CSA) alone. The patient tolerated the procedure well and engrafted promptly. Post engraftment she developed grade 2 acute GVHD, presenting with fever and extensive skin involvement. Unfortunately, CSA induced microangiopathic haemolysis and thrombocytopenia necessitating discontinuation of calcineurin inhibition but her GVHD did respond promptly to methylprednisolone and mycophenolate mofetil (MMF). However, at day 60 she developed a post-transplant lymphoproliferative disorder with lymphadenopathy and rapidly rising EBV viral load. This doses of rituximab 375mg/m 2 and rapid cessation of her immunosuppression. She remained well, with grade 1 skin GVHD, controlled with topical steroids, until nine months post transplant when she developed progressive chronic GVHD of skin and GI tract. This required extensive ongoing treatment with photopheresis, budesonide, MMF and steroids. Throughout she maintained 100% donor chimerism in lymphoid and myeloid compartments. Repeat skin and GI biopsies, bone marrow examination and CT scanning confirmed ongoing remission of T-PLL. Sadly, she developed an invasive fungal infection and died at eleven months following her transplant.