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    PREFACE




    


  




  

    Drug discovery and development against prevailing and emerging diseases is one of the most important areas of modern health care research. This interdisciplinary area requires consistent well coordinated efforts of scientists with diverse expertise. It starts from target identification that underlies a particular disease process. It often takes years of study in order to characterize the targets for a potential drug. Once a receptor target has been characterized and validated, the most challenging task of identifying appropriate ligands from natural or synthetic sources begins. The study of the biochemical mechanism of the receptor-ligand interaction is the next step in this process. Often the ligands need to be modified to achieve greater specificity and affinity, requiring skills of medicinal chemists. This is followed by pre-clinical and clinical studies for safety, efficacy and specificity, often leading to frustrating failures, and re-initiation of the whole process. Finally, there are other considerations in the development of new drugs, termed ADMET (absorption, desorption, metabolism, excretion, and toxicity). Despite the challenges associated with the drug discovery and development, it is a fascinating and much needed scientific research which continues unabated.




    The 8th volume of the ebook series entitled, “Frontiers in Drug Design and Discovery”, is a compilation of five exhaustively written reviews focussing on various aspects of drug discovery and development in key therapeutic areas. These reviews provide a wealth of information about topics of great interest in this field.




    Parmer et al., have contributed a comprehensive review on the development of new chemotherapautic agents against haematological cancers. Hematological malignancies are among the most common cancer types. They affect the blood and lymph systems and include chronic and acute leukaemia, non-Hodgkin lymphoma, Hodgkin lymphoma, and multiple myeloma. There has been a major gap between the needs of treatment for haematological cancers and the current pace of drug development in this field. The authors have skilfully dealt with the subject by highlighting major developments in this important area along with pharmacology, pharmacokinetics, and clinical studies on various classes of drugs, including targeted therapies.




    In chapter 2, Rowe et al. review the recent literature on the current developments in the management of esophageal carcinoma. The review begins with the description of two major types of esophageal carcinoma i.e. squamous cell carcinoma and adenocarcinoma. Different therapeutic interventions at various stages of esophageal carcinoma, as well as the health status and age of patients are described. This review presents treatment options for squamous cell cancer such as chemotherapy and radiation therapy as the first lines of treatment followed by surgery. Studies showing that chemoradiotherapy before surgery is better than surgery alone are presented. For adenocarcinoma, the most common treatment is chemotherapy and radiation therapy, followed by surgery. For advanced stage esophageal cancer, chemotherapy and radiation therapy remain the only options. Most importantly, the review describes advances in endoscopic treatments of early stage esophageal cancers such as endoscopic mucosal resection (EMR), endoscopic submucosal dissection (ESD) as well as endoscopic ablation procedures, including photodynamic therapy (PDT) and radio frequency ablation (RFA). These advances have proven to be safe and effective for the treatment of esophageal dysplasia and early stage neoplasia.




    Androgen hormones stimulate prostate cancer cells to grow faster. The most important among them are testosterone and dihydrotestosterone (DHT). Lowering androgen levels or stopping them from getting into prostate cancer cells have been used to slow down the growth of prostate cancers. This is called androgen deprivation therapy (ADT). However, there are a lot of controversies associated with ADT. Tai et al in chapter 3 have reviewed past uses, and recent scientific evidences concerning the ADT in the treatment of prostate cancer. Current trends of the use of ADT in combination with radiotherapy to avoid recurrence of cancer are discussed.




    Secondary metabolites from natural sources such as plants, microorganisms, and marine organisms have played an important role in world’s healthcare systems from ancient times till to date. Many cancer chemotherapeutic drugs have been obtained from nature and modified for optimal activity and safety. As cancers continue to take heavy toll of human life, the search for natural products with anti-neoplastic activities has continued in recent years with large scale screenings of marine fauna and flora, terrestrial microorganisms and plants in many laboratories of the world. Several new classes of natural products and their derivatives have been developed with the potential to be used as cancer chemotherapeutic agents. Lakshmi et al. comprehensively review the most notable discoveries of anti-cancer natural products in the last 5 decades in chapter 4. Most importantly, they describe the mechanism of action of key classes of natural anti-cancer agents at molecular levels, such as inhibition of enzymes and signalling pathways. The structure-activity relationships and results of pre-clinical studies add further value to this chapter.




    Finally, chapter 5 by Kurcok et al is focussed on the tremendous new and well known biomedical and pharmaceutical applications of natural biopolymers, polyhydroxyalkanoates (PHAs). These natural linear polyesters are produced intercellularly by various species of bacteria through the fermentation of sugars or lipids. Many PHAs have also been prepared by chemical synthesis. PHAs are generally biocompatible and biodegradable in nature, and are used in the production of bioplastics. PHAs and their copolymers have found extensive applications in biomedical systems, including tissue engineering, orthopaedic materials, drug-loaded implants, drug careers, transdermal administration drugs and cosmetics, etc. Recent research studies on the conjugation of drugs with low molecular weight PHAs have shown to improve the bioavailability and safety profiles of drugs.




    The above chapters are contributed by leading researchers and experts in the fields making volume 8 of the Frontiers in Drug Design and Discovery an interesting and useful reading for both young and established scientists, as well as students of biomedical and health sciences, and medicinal and pharmaceutical chemistry. We wish to express our gratitude to them for their excellent scholarly contributions for this reputed ebook series. We also greatly appreciate the efforts of the entire team of Bentham Science Publishers for efficient and timely processing of the publication. The skills, efforts and commitment of Mr. Omer Shafi (Assistant Manager Publications), Mr. Shehzad Naqvi (Manager Publications) and leadership of Mr. Mahmood Alam (Director Publications) are especially praiseworthy. We also hope that like the previous volumes of this internationally recognized book series, volume 8 will also receive wide readership, and appreciation.
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      Abstract




      Research specialized in the field of hematology oncology over relatively recent years has revolutionized patient care and led to an array of chemotherapeutic agents approved by the Food and Drug Administration. Both oral and intravenous drug formulations have been marketed, including targeted therapies, for several hematologic disorders including acute and chronic leukemias, Hodgkin and non-Hodgkin’s lymphomas, multiple myeloma, and myelofibrosis. The primary focus of this chapter will include latest chemotherapy developments in hematology covering critical topics of pharmacology, pharmacokinetics/pharmacodynamics, and pivotal clinical studies addressing both labeled and off-labeled indications. Lastly, future directions will be addressed, where applicable, in this continuously evolving clinical field.
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      INTRODUCTION




      Substantial strides have been made in recent years in the diagnosis, prevention, and treatment of hematological malignancies due to ongoing specialized research. A multitude of chemotherapeutic agents have been made available in the United States, revolutionizing patient care and resulting in improved response rates and median survival. Both oral and intravenous drug formulations have been marketed, including targeted therapies, for several hematologic disorders including acute and chronic leukemias, Hodgkin and non-Hodgkin’s lymphomas, multiple myeloma, and . The chapter will focus on state-of-the-art drug developments in malignant hematology, covering crucial topics of pharmacology,




      pharmacokinetics/pharmacodynamics, and pivotal clinical trials addressing both labeled and off-labeled purposes. Finally, advances and possible future directions in the treatment of chosen hematological malignancies will be presented.


    




    

      CHRONIC LEUKEMIAS




      

        Background




        The chronic leukemias are a group of malignancies involving the hematopoietic system. They can be broadly classified into two types: chronic myelogenous leukemia (CML) and chronic lymphocytic leukemia (CLL). CML is a myeloproliferative disorder characterized by increased proliferation of the granulocytic cell line without the loss of their capacity to differentiate [1]. The median age at diagnosis is 67 years and it accounts for approximately 15% of all leukemias in adults. CML is rarely seen in the pediatric population. The estimated number of new cases in both males and females for the year 2015 is projected to be 6,660, with 1,140 predicted deaths [2]. CML was the first neoplastic process where a single chromosomal abnormality, the Philadelphia chromosome, was demonstrated as fundamental to the etiology of the disease. The Philadelphia chromosome results from a reciprocal chromosomal translocation consisting of juxtaposition of the ABL (Abelson Murine Leukemia) gene from chromosome 9 and the BCR (Breakpoint Cluster Region) gene from chromosome 22, consequently leading to unusual tyrosine kinase activity (see Fig. 1). CML occurs in three distinct phases (chronic, accelerated, and blast phase); nearly 90% of patients are diagnosed in the chronic phase. Patients in the chronic phase of disease often have splenomegaly and thrombocytosis with elevated white cell counts and circulating immature precursors. Typical symptoms at presentation include fatigue, night sweats, abdominal fullness, anorexia, and weight loss; however, up to 50% of patients are asymptomatic due to the initial indolent phase of the disease. Untreated CML inescapably progresses to the more aggressive accelerated and blast phases. The median survival of patients in blast phase is less than 6 months, with the most common causes of death being infection and hemorrhage [3]. Until the 1980s, CML was regarded as incurable and inevitably fatal [4]. Management of this disease has undergone a radical change in a very short period of time. The introduction of the tyrosine kinase inhibitors revolutionized the treatment of CML subsequently improving the ten year overall survival (OS) from 20% up to 90% [5]. Imatinib (Gleevec®) was the first tyrosine kinase inhibitor introduced for patients with CML, initially marketed in the United States in 2001. Since then, multiple options have emerged for this patient population. This review will focus on the latest therapies approved for the management of this disease [4].
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Fig. (1))


        Philadelphia chromosome shown.



        Unlike the rarity of CML, chronic lymphocytic leukemia remains the most prevalent adult leukemia in Western countries [6]. In the United States alone, an estimated 14,620 new cases of CLL and 4,650 deaths will occur in 2015 [2]. CLL is a neoplasm characterized by proliferation and accumulation of small lymphocytes in the peripheral blood, lymph nodes, spleen, and bone marrow [7]. It is important to note that both CLL and small lymphocytic lymphoma (SLL) are essentially the same disease of B-cell lymphomas, with the only difference being where the malignancy predominantly occurs. In the simplest sense, in patients with CLL, majority of the malignant cells are located in the bloodstream and bone marrow; however, lymph nodes and spleen are also frequently involved. In SLL, malignant cells are merely isolated to the lymph nodes [8]. CLL is most common in the elderly, with a median age at diagnosis of 72 years. The disease is twice as common in males as females and occurs more frequently in Caucasians compared with African-Americans. CLL is considered an indolent disease however, it can be extremely heterogeneous in its clinical course. Some patients survive for decades without treatment, whereas others may suffer a rapidly progressive course despite aggressive therapy, eventually leading to fatality. In such cases, patient experience deteriorating blood counts (e.g., anemia and thrombocytopenia) and organomegaly. Typical “B” symptoms of lymphoma may be present (e.g., unintentional weight loss, fever, drenching night sweats, and significant fatigue). Recurrent infections and hypogammaglobulinemia are typical due to inherent impairment in cellular and humoral immunity [6]. Outside of the context of a clinical trial, in general practice, newly diagnosed patients with asymptomatic, low risk, early stage disease should be monitored without therapy unless they have evidence of disease progression. Those with advanced stage or high risk CLL commonly present with symptomatic disease and require immediate treatment. The current standard of care has evolved from single agent alkylating agents, through the introduction of purine analogs, to chemoimmunotherapy combinations. Choice of therapy is stratified based on patient age and genetic mutations present [9]. Several novel therapeutic options have developed in recent years for the management of this disease state and will be reviewed here.




        

          BOSUTINIB




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            Noted previously, the treatment landscape for CML dramatically changed after the advent of the tyrosine kinase inhibitors. Although clinical outcomes are favorable in patients who receive first-line tyrosine kinase inhibitor therapy with imatinib, dasatinib (Sprycel®), and nilotinib (Tasigna®), relapse or disease progression may occur generating the need for second-line therapy [10]. Bosutinib (Bosulif®) is an orally available, once-daily dual Src and Abl kinase inhibitor, approved by the United States Food and Drug Administration (FDA) in September 2012. It is indicated for the treatment of chronic, accelerated, or blast phase Philadelphia chromosome-positive CML in patients resistant or intolerant to previous therapies. Bosutinib shows potent inhibitory activity against Bcr-abl and Src family of kinases and has minimal activity against c-KIT and platelet-derived growth factor receptor; both which are non-specific targets associated with toxicity in other agents in its class. It is mainly metabolized by cytochrome P450 (CYP) 3A4 in the liver, primarily to inactive metabolites and excreted in the feces (>90%). In healthy adult patients, median time to peak plasma concentration is generally 4-6 hours and half-life elimination is 22-27 hours [11, 12].


          




          

            Pivotal Clinical Studies




            Bosutinib was evaluated as frontline therapy in the phase III Bosutinib Efficacy and Safety in Newly Diagnosed Chronic Myeloid Leukemia (“BELA”) trial [13]. A total of 502 patients with chronic phase CML were randomly assigned 1:1 to bosutinib or imatinib. At 12 months, bosutinib treated patients had a statistically significant higher major molecular response (MMR) rate (41% vs. 27%, respectively; P < 0.001) and faster time to both MMR and complete cytogenetic response (CCyR). However, the study did not meet its primary endpoint of improved CCyR at 12 months (70% for bosutinib vs. 68% for imatinib, P= 0.601). On-treatment transformation to accelerated phase or blast phase occurred in only four patients (2%) treated with bosutinib vs. 4% of patients in the imatinib treated arm (N=10). The safety profiles of both agents were relatively dissimilar with gastrointestinal and liver-related events being more common with bosutinib; and neutropenia, musculoskeletal disorders, and edema seen more frequently with imatinib treated patients. Three CML-related fatalities ensued on the bosutinib arm vs. eight on the imatinib arm. With the present data, bosutinib is currently not recommended in the first-line setting. Bosutinib has been studied in the second-line and beyond settings with promising results. It is a safe and effective treatment option for select patients who are intolerant or resistant to prior tyrosine kinase inhibitor therapy [14, 15].


          


        




        

          PONATINIB




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            Although bosutinib has demonstrated activity against many Bcr-abl kinase domain mutations that are resistant to first and second-generation tyrosine kinase inhibitors (e.g., imatinib, dasatinib, and nilotinib), it cannot overcome T315I and V299 mutants. T315I currently remains the most troublesome mutation and is associated with a highly aggressive disease phenotype and poor outcome. Ponatinib (Iclusig®) received accelerated approval by the FDA in December 2012 based on disease response. It is an orally available, pan-Bcr-abl tyrosine kinase inhibitor and due to its unique structure, it is the only inhibitor with the capability to counter the T315I mutation. The FDA issued a Drug Safety Communication in October 2013 reporting increased frequency of life-threatening blood clots and narrowing of blood vessels in the extremities. These safety concerns likely emerged from ponatinib’s ability to cause pan-vascular endothelial growth factor (VEGF) inhibition. As a result, labeled indications include treatment of CML in chronic, accelerated, or blast phase for whom no other tyrosine kinase inhibitor therapy is indicated or for those who are T315I positive. Ponatinib is also FDA approved for patients with Philadelphia chromosome-positive acute lymphoblastic leukemia (ALL). It undergoes both phase I and II hepatic metabolism primarily through CYP3A4 and its half-life elimination is approximately 24 hours (range 12-66 hours). Ponatinib is largely excreted in the feces (~90%) [16, 17].


          




          

            Pivotal Clinical Studies




            The PACE (“The Ponatinib Ph+ ALL and CML Evaluation”) trial was a pivotal phase 2 study evaluating the efficacy of ponatinib in patients who are resistant or intolerant to dasatinib or nilotinib or had the T315I mutation [18]. Investigators enrolled 449 heavily pretreated patients with CML (any phase) or Philadelphia chromosome-positive ALL. Among the 267 patients with chronic phase CML, 56% had a major cytogenetic response (MCyR), 46% had a CCyR, and 34% had a MMR. No single Bcr-abl mutation conferring resistance to ponatinib was detected. Among 83 patients with accelerated phase CML and 62 patients with blast phase CML, 55% and 31% had a major hematologic response, respectively; and 39% and 23% had a MCyR, respectively. Commonly seen adverse events were thrombocytopenia, rash, dry skin, and abdominal pain. Serious arterial thrombotic events were observed in 9% of patients, one-third of these events were considered to be related to ponatinib. The PACE trial demonstrated response rates to ponatinib regardless of mutation. Patients previously treated with fewer tyrosine kinase inhibitors established higher response rates to ponatinib.




            Activity and safety of ponatinib as first-line treatment for patients with chronic phase CML was recently published by Jain P and colleagues [19]. Of the 46 evaluable patients, 94% (N=43) achieved a CCyR at 6 months. The most common toxicities included dermatological and elevated lipase. Hypertension occurred in approximately half of the patient population and grade ¾ myelosuppression occurred in 29% (N=15). Five patients developed cerebrovascular or vaso-occlusive disease. Due to concerns from the FDA regarding risk of thromboembolism, the study was terminated in June 2014. Authors concluded other therapies should be considered initially in the frontline setting due to thrombotic toxicities associated with ponatinib.




            Existing data demonstrates that ponatinib has substantial activity in patients with advanced disease. It stands as an important therapeutic option for patients resistant or intolerant to prior therapies. Current clinical practice supports consideration of ponatinib only for patients with a T315I mutation and for those who have failed 2 or more prior tyrosine kinase inhibitors. General use in the community along with ongoing clinical studies will further define the role of ponatinib in the management of patients with CML as well as incidence and management of its severe side effects [17].


          


        




        

          OMACETAXINE MEPESUCCINATE




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            Omacetaxine mepesuccinate (omacetaxine hereafter; brand name Synribo®) was granted accelerated approval by the FDA in October 2012 for the treatment of chronic or accelerated phase CML with resistance and/or intolerance to ≥ 2 tyrosine kinase inhibitors [20]. Omacetaxine, also known as homoharringtonine, is a natural cephalotaxine alkaloid and is the only effective natural therapeutic agent used in patients with CML. Interestingly, it has been studied for more than 30 years and was initially used in the early 1980s to treat CML patients in China. It functions as a reversible inhibitor of protein synthesis by binding to the A-site cleft of the ribosomal subunit to interfere with chain elongation and inhibit protein synthesis. Unique to this agent, omacetaxine acts independently of Bcr-abl kinase-binding activity and has demonstrated activity against tyrosine kinase inhibitor-resistant Bcr-abl mutations. Omacetaxine is administered sub-cutaneously (different from the tyrosine kinase inhibitors which are all taken orally by mouth) and maximum blood concentration is achieved within one hour of injection. It is rapidly absorbed and widely distributed and subsequently, primarily hydrolyzed to 4’-DMHHT through plasma esterases with hepatic microsomal oxidative and/or esterase-mediated metabolism. Mean half-life following administration is approximately six hours and less than 15% is excreted unchanged in the urine [21].


          




          

            Pivotal Clinical Studies




            Cortes J and colleagues published a multicenter, single-arm, phase 2 study of omacetaxine after tyrosine kinase inhibitor failure in patients with chronic phase CML harboring the T315I mutation [22]. A total of 62 patients were enrolled in the study; all were heavily pretreated with conventional therapies for CML. All patients had failed therapy with imatinib and 74% (N=46) had failed treatment with at least two tyrosine kinase inhibitors. Patients received a median of 7 cycles of omacetaxine (range 1-41). Complete hematologic response was achieved in 77% (N=48) and median response duration was 9.1 months. With respect to cytogenetic response, 23% (N=14) achieved a major cytogenetic response, including a complete response in 16% (N=10). Therapy with omacetaxine was generally well tolerated in this study however; hematologic events were common in the initial cycles of treatment. Grade 3/4 hematologic toxicity comprised of thrombocytopenia (76%), neutropenia (44%), and anemia (39%); all of which were managed by dose reduction. Non-hematologic adverse events included infection (42%), diarrhea (40%), and nausea (34%). Injection site reactions were common, with erythema reported in 21% (N=13). Progression-free survival was noted to be 7.7 months.




            Omacetaxine provides a unique mechanism of action in our fight against cancers. It offers an innovative treatment alternative for those patients with CML with the T315I mutation who have failed prior tyrosine kinase inhibitor therapy. Literature suggests that there is a favorable benefit/risk profile in this subset of patients who otherwise have a poor prognosis and no proven treatment options.


          


        




        

          OFATUMUMAB




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            As alluded to earlier, CLL is a neoplasm of lymphoid origin; more specifically, it is a malignancy of mature B-lymphocytes. CD20 is expressed on normal and malignant B cells, but not on hematopoietic stem cells, and therefore considered to be a favorable target in the development of monoclonal antibodies used to treat B cell malignancies [6]. Ofatumumab (Arzerra®) is a second generation, fully human, cytolytic monoclonal antibody that is specific for CD20. It binds specifically the extracellular, large and small, loops of the CD20 molecule which results in potent complement-dependent cell lysis and antibody-dependent cell-mediated toxicity in cells that overexpress CD20. In October 2009, the FDA announced the approval of ofatumumab for its use in patients with refractory or relapsed CLL who have failed fludarabine and alemtuzumab-based regimens [23]. In April 2014, labeled indications were further expanded to include previously untreated CLL, in combination with chlorambucil, when fludarabine-based therapy was not feasible due to advanced age and/or co-morbidities [24]. The specifics of the clinical trial (COMPLEMENT 1 study) leading to this approval will be discussed below.




            Ofatumumab is administered intravenously; pre-medications (e.g., aceta-minoo-phen, anti-histamine, corticosteroid) are recommended prior to doses due to its potential to cause serious, including fatal, infusion reactions. Ofatumumab is eliminated through both a target-independent route and a B cell-mediated route. Due to the depletion of B cells, the clearance of ofatumumab decreases substantially after second and greater infusions compared with the first infusion. Following repeated doses, the half-life of ofatumumab is approximately 15.6 days [25].


          




          

            Pivotal Clinical Studies




            

              Use of Ofatumumab as Front-line Therapy in CLL




              Hillmen P and colleagues [26] carried out the COMPLEMENT 1 study which investigated the efficacy and safety of ofatumumab added to chlorambucil compared with chlorambucil monotherapy in patients with previously untreated CLL for whom fludarabine-based regimens were considered unsuitable due to presence of comorbidities and/or advanced age. This prospective, randomized, phase 3 study consisted of 447 patients; median age was 69 years and majority (N=391 or 87%) of patients reported at least one comorbidity. Median progression-free survival was 22.4 months for the combination treatment arm compared to 13.1 months for patients receiving single-agent chlorambucil (P< 0.001). Ofatumumab plus chlorambucil also resulted in higher overall response rate (82% versus 69%, P= 0.001) and superior complete response rate (12% versus 1%) compared to chlorambucil alone. The most common adverse reactions in the combination group were infusion reactions, neutropenia, asthenia, headache, leukopenia, herpes simplex, lower respiratory tract infection, arthralgia, and upper abdominal pain. Authors concluded that chlorambucil plus ofatumumab is an important treatment option for those patients who cannot tolerate more intensive therapy.


            




            

              Novel Uses of Ofatumumab




              Due to the unique mechanism of action of ofatumumab and its ability to exert potent complement-dependent cell lysis, its use is being explored for disorders other than CLL. Pidala J and colleagues [27] investigated its potential in management of chronic graft-versus-host disease (cGVHD) since multiple observations implicate B-lymphocytes in the pathogenesis of this disease. This major late complication of allogeneic hematopoietic cell transplantation (HCT) is primarily treated with ≥ 1 mg/kg/day of prednisone with or without a calcineurin inhibitor and results in complete resolution of cGVHD by 6-9 months in only 30% of patients.




              Patients aged ≥ 18 years with moderate-to-severe cGVHD affecting various organs and requiring ≥ 1 mg/kg/day prednisone were treated at three escalating dose levels of intravenous ofatumumab (300mg, 700mg, and 1000mg) on days 1 and 14 of initial glucocorticoid therapy in this phase 1 trial. A total of 12 patients were treated; four possibly related adverse events were observed and included: grade 1 fatigue, grade 1 transaminitis, and 2 infusion reactions (grades 2 and 3). There were no cases of hepatitis B reactivation or progressive multifocal leukoencephalopathy. A phase 2 examination of efficacy is ongoing.




              A case series of the use of ofatumumab for rituximab-resistant nephrotic syndrome in children was published in 2014 [28]. Rituximab was found to be a promising agent during the past decade in management of steroid-resistant nephrotic syndrome that was resilient to alkylating agents and calcineurin inhibitors. Due to now increasing rituximab resistance, innovative strategies are being tested such as the role of ofatumumab in this disorder. Five children were treated with a total of six doses of ofatumumab; all patients had been treated with ≥ 3 previous therapies. Remission was achieved after the fourth dose in three patients and after the sixth dose in two patients. No serious adverse events were observed during the study period; one transient infusion reaction was reported. Further studies are necessary to define the role of ofatumumab in managing rituximab-resistant nephrotic syndrome.


            


          


        




        

          OBINUTUZUMAB




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            Obinutuzumab (Gazyva®) is a glycoengineered, humanized, type II antibody targeted against CD20 that is administered intravenously. Type II antibodies, as obinutuzumab, bind in a different orientation than type I antibodies (e.g., ofatumumab) and are more potent in generating direct cell death. Upon binding to CD20, obinutuzumab activates complement-dependent cytotoxicity, antibody-dependent cellular cytotoxicity, and antibody-dependent cellular phagocytosis. Obinutuzumab was approved by the FDA in November 2013 for the treatment of patients with previously untreated CLL in combination with chlorambucil.




            Similar to ofatumumab, pre-medication is recommended prior obinutuzumab to reduce the risk of infusion reactions. From a pharmacokinetic perspective, obinutuzumab is largely restricted to the plasma and interstitial fluid. Its metabolism has not been studied directly; however, it is known that antibodies are predominantly cleared via catabolism. Age and creatinine clearance do not affect the pharmacokinetics of obinutuzumab, however data are limited in patients with severe renal impairment (creatinine clearance < 30 ml/min). The half-life of obinutuzumab is approximately 30 days [29, 30].


          




          

            Pivotal Clinical Studies




            Goede V and colleagues [31] investigated obinutuzumab versus rituximab, each combined with chlorambucil, in patients with previously untreated CLL and concomitant medical conditions in the CLL 11 trial. A total of 781 patients, median age 73 years, were randomized to receive chlorambucil, obinutuzumab plus chlorambucil, or rituximab plus chlorambucil. The combination of obinutuzumab plus chlorambucil resulted in a higher overall response rate (78.4% versus 65.1%), complete response (20.7% versus 7%), and significantly improved progression-free survival (26.7 months versus 15.2 months; P< 0.001) when compared to rituximab-chlorambucil. Neutropenia (35%), infusion related reactions (21%), thrombocytopenia (11%), and infections (11%) comprised the most frequent grade 3 or higher toxicities with the obinutuzumab-chlorambucil treatment arm. Results of the CLL 11 study established obinutuzumab plus chlorambucil as the new standard of care for both elderly patients and for patients with coexisting conditions, lacking del(17p). Based on the results of this trial, obinutuzumab in combination with chlorambucil was approved by the FDA for frontline therapy in CLL patients.




            Cartron G and colleagues [32] conducted the phase 1/2 GAUGUIN study to evaluate the safety and efficacy of obinutuzumab monotherapy in patients with relapsed/refractory CLL. Infusion related reactions occurred in nearly all patients; however only a few were grade 3 or higher reactions. Grade 3/4 neutropenia occurred in seven patients in phase 1 and in four patients in phase 2. Best overall response was 62% and 30% in phase 1 versus phase 2, respectively. Median progression-free survival in phase 2 was 10.7 months and median duration of response was 8.9 months.




            In conclusion, GAUGUIN demonstrated that obinutuzumab is active as monotherapy in patients with heavily pretreated relapsed/refractory CLL. Clinical application of obinutuzumab monotherapy would be useful in scenarios where rituximab or ofatumumab monotherapy are currently used, due to its higher propensity for B cell depletion, and in patients not suitable for cytotoxic, aggressive chemotherapy.


          


        




        

          IBRUTINIB




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            A number of critical signaling pathways including the B cell receptor (BCR), CXCR4/5, CD40, integrin, and interleukin-6 that signal via phosphatidylinositol 3-kinase (PI3K), Bruton’s tyrosine kinase (BTK), and/or spleen tyrosine kinase are implicated in the pathogenesis of CLL. In an effort to optimize treatment outcomes, novel molecularly targeted therapies are being evaluated in this patient population. In February 2014, the FDA granted accelerated approval to ibrutinib (Imbruvica®) for patients with CLL who have received at least one prior therapy and expanded its use in July 2014 for treatment of CLL patients with 17p deletion (as first-line therapy). Ibrutinib is also FDA approved for patients with relapsed/refractory mantle cell lymphoma and Waldenström macroglobulinemia.




            As alluded to earlier, the BCR pathway regulates multiple cellular processes that are essential for the functioning and survival of both normal and malignant B cells. Aberrant BCR signaling plays a critical role in the evolution of CLL. The BCR pathway is responsible for the phosphorylation of numerous protein tyrosine kinases, including BTK. Ibrutinib is an orally administered, highly potent, selective, and irreversible small molecular inhibitor of BTK. This inhibition subsequently prevents downstream activation of the BCR pathway and blocks cell growth, proliferation, and survival of malignant B cells (see Fig. 2).




            After oral administration, ibrutinib is rapidly absorbed with peak plasma concentrations observed one to two hours after dosing. It is converted in the liver to several metabolites, primarily by CYP3A4 and to a minor extent by CYP2D6. The active metabolite, the dihydrodiol PCI-45227, has inhibitory activity towards BTK approximately 15 times lower than that of ibrutinib. Plasma concentrations follow a biphasic elimination pattern, resulting in an apparent terminal half-life of four to six hours. Ibrutinib is eliminated primarily via the feces (~80%), mainly in the form of metabolites [6].


          




          

            Pivotal Clinical Studies




            Approval of ibrutinib was confirmed by the open label, randomized, phase 3 RESONATE trial [33]. Investigators randomized 391 patients with relapsed or refractory CLL or SLL to receive oral ibrutinib, until disease progression or unacceptable toxicity, or intravenous ofatumumab (latter for up to 24 weeks). Median age in both groups was 67 years. At a median follow-up of 9.4 months, ibrutinib significantly improved progression-free survival; median duration was not reached in the ibrutinib arm (88% noted at 6 months), as compared with a median of 8.1 months in the ofatumumab arm. Overall survival was also markedly improved in the ibrutinib treatment arm (hazard ratio for death, 0.43; P= 0.005). The overall response rate was 42.6% versus 4.1% in the ibrutinib and ofatumumab groups, respectively (P< 0.001). It is important to point out that similar effects were seen regardless of whether patients had high-risk disease (e.g., 17p deletion) or history of resistance to purine analogues. The most frequent non-hematologic adverse events that occurred in at least 20% of patients were diarrhea, fatigue, pyrexia, and nausea in the ibrutinib group. Phase 3 studies examining the benefit of ibrutinib in previously untreated CLL or SLL patients are ongoing.




            
[image: ]


Fig. (2))


            BTK signaling pathway shown.



            The results of the phase 2 study (RESONATE-17) further confirmed the efficacy of ibrutinib in 144 patients with relapsed or refractory CLL/SLL with 17p deletion [34]. At a median follow-up of 13 months, the overall response rate and progression-free survival were 82.6% and 79.3%, respectively.




            

              Novel Uses of Ibrutinib




              Dubovsky J and colleagues [35] hypothesized that ibrutinib may be ideally suited in the treatment of cGVHD due to its ability to block activation of B cells via BTK inhibition as well as specific T helper subsets that drive the development of this disease via interleukin-2 inducible T cell kinase (ITK) inhibition. Two different murine models (one imitating a T cell-driven sclerodermatous process and the other simulating an alloantibody-driven bronchiolar obliterans process) demonstrated that ibrutinib treatment delayed progression, improved survival, and ameliorated clinical and pathological manifestations of cGVHD and restored pulmonary function in the T and B cell-driven processes, respectively. Interestingly, animals lacking BTK and ITK did not develop cGVHD, signifying that these kinases are crucial in the pathogenesis of cGVHD.




              Subsequently, Miklos DB and colleagues [36] described an ongoing phase 1b/2 study designed to evaluate the safety and efficacy of ibrutinib in patients with steroid-dependent/refractory cGVHD. Patients should have received no more than three prior regimens for their cGVHD to be eligible for the study. To date, six patients are evaluable for phase 1b. Median age is 56 years and median time from HCT was 23 months. Initial dose being evaluated is 420mg and median time on ibrutinib was 19.3 weeks. With respect to safety profile, most frequent mild adverse events included fatigue (N=5), diarrhea (N=4), bruising (N=3), and stomatitis (N=2); all reported to be grade 1 or 2. Serious adverse events, all grade 3, occurred in two patients (one with pneumonia and another with pyrexia and fungal brain abscess; the latter event leading to discontinuation of ibrutinib). A preliminary analysis of efficacy revealed that the remaining 5 patients achieved a partial response after at least 3 months of treatment. Phase 2 enrollment is ongoing to confirm these results in a greater number of patients.


            


          


        




        

          IDELALISIB




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            Idelalisib (Zydelig®) is an oral, first-in-class, potent small molecule inhibitor of the delta isoform of PI3K. It has been established that the PI3K protein plays a key role in the activation, proliferation, and viability of B cells. It is the most critical isoform involved in the malignant phenotype in CLL and is highly expressed in lymphoid cells. Additionally, idelalisib inhibits several signaling pathways, including BCR and CXCR4/5; all which may play key roles in pathophysiology of CLL. It was approved by the FDA in July 2014 for treatment of relapsed CLL (in combination with rituximab) when rituximab alone is appropriate therapy due to other comorbidities (e.g., reduced renal function defined by creatinine clearance <60 ml/min or grade 3 or higher neutropenia/ thrombocytopenia from previous cytotoxic chemotherapy). Idelalisib also carries indications for follicular B-cell non-Hodgkin lymphoma (NHL) and SLL.




            Following administration, maximum idelalisib plasma concentrations are reached at a median of 1.5 hours. Idelalisib is hepatically metabolized to its major inactive metabolite GS-563117 primarily via aldehyde oxidase and CYP3A4. It incurs minor metabolism through UDP-glucuronosyltransferase (UGT) 1A4. At steady state, idelalisib has a terminal elimination half-life of 8.2 hours. It is largely excreted in the feces (78%) [37].


          




          

            Pivotal Clinical Studies




            The FDA approval was based on a phase 3, placebo-controlled, randomized trial of rituximab monotherapy plus placebo (N=110) or idelalisib in combination with rituximab (N=110) in heavily, pre-treated relapsed CLL patients [38]. The majority of patients (78%) were 65 years or older; 40% had moderate renal dysfunction (defined as creatinine clearance <60 ml/min); 35% had grade 3 or higher cytopenias. At the first planned interim analysis, the trial was stopped early due to the tremendous efficacy of idelalisib plus rituximab. The median progression-free survival was 5.5 months in the placebo group and was not reached in the idelalisib group. Improved rates of overall response (81% versus 13%; P< 0.001) were seen in the idelalisib/rituximab group. Overall survival at 12 months was also greater in this arm (92% versus 80%; P= 0.02). In the idelalisib group, the most common adverse events were pyrexia, fatigue, nausea, chills, and diarrhea. Grade 3 or 4 adverse events (e.g., pneumonia, pyrexia, and febrile neutropenia) were reported in 40% of patients in the idelalisib group and 35% in the placebo group.




            In conclusion, idelalisib is an important addition to the armamentarium of CLL management. The combination of idelalisib to rituximab in a population of fragile and difficult-to-treat patients, including those with adverse prognostic features, was superior to rituximab monotherapy (a commonly used treatment in such patients). As the results from various ongoing studies become available (e.g., idelalisib monotherapy and in combination with other agents in previously untreated and relapsed/refractory CLL patients), the role of idelalisib will likely continue to expand.


          


        


      


    




    

      FUTURE DIRECTIONS




      

        Chronic Myeloid Leukemia




        Future directions in the management of patients with CML will focus on the possibility of discontinuation of tyrosine kinase inhibitor therapy and potential cure of this disease.




        Tyrosine kinase inhibitors are unquestionably the standard frontline therapy for patients with newly diagnosed CML. However, allogeneic HCT remains a potentially curative treatment in CML and is recommended for patients who are intolerant to all oral therapies (albeit unusual); those with the T315I mutation; as well as for the rare patients who present with or progress to accelerated or blast phase. Of concern, relapse after HCT is still a problem for patients who undergo transplant in advanced phase disease and those undergoing a T-cell depleted transplant. Therefore, post-transplant tyrosine kinase inhibitor therapy should be considered following HCT.




        Most of the existing data consists of experience with imatinib or dasatinib as either prophylaxis (e.g., maintenance therapy) or treatment of relapse post-HCT. There are still many questions that remain ambiguous such as “trigger” point of time and disease burden for starting tyrosine kinase inhibitors post-HCT. It is unknown if all patients should be treated prophylactically or only started when a molecular relapse is detected. Which therapies should be used and for what duration post-HCT? Clinical research should continue to evaluate these therapeutic concerns in order to maximize treatment outcomes for patients with CML [39, 40].


      




      

        Chronic Lymphocytic Leukemia




        Management of patients with CLL has changed significantly over the recent years. A plethora of novel therapeutic agents have been developed and approved for clinical use, resulting in improved response rates and increased progression-free/OS for this patient population. Both intravenous (e.g., CD20 targeted antibodies such ofatumumab and obinutuzumab) and oral directed therapies (e.g., ibrutinib and idelalisib) are available currently.




        Although obinutuzumab has produced impressive results (either in combination with chlorambucil or as monotherapy), the most exciting development will lie in its potential for combination with new kinase inhibitors such as ibrutinib or idelalisib. Unlike cytotoxic chemotherapy, both ibrutinib and idelalisib have the strong ability to induce the migration of clonal cells from lymph node and bone marrow to the blood. Thus, combination with such abilities may allow agents such as obinutuzumab to act synergistically in eliminating circulating B cells [32].


      


    




    

      KEY CONCEPTS




      

        

          

            	Key Concepts in Chronic Myelogenous Leukemia

          




          

            	• CML is a myeloproliferative disorder which results from a single chromosomal abnormality, the Philadelphia chromosome.

          




          

            	• The introduction of the tyrosine kinase inhibitors revolutionized the treatment of CML, improving the ten year overall survival from 20% up to 90%.

          




          

            	• Notable recent therapies approved for CML include the Bcr-abl kinase inhibitors, bosutinib and ponatinib; and omacetaxine, a reversible inhibitor of protein synthesis.

          




          

            	• Future directions in the management of patients with CML will focus on the possibility of discontinuation of tyrosine kinase inhibitor therapy and potential cure of this disease.

          




          

            	Key Concepts in Chronic Lymphocytic Leukemia

          




          

            	• CLL is a neoplasm characterized by proliferation and accumulation of small lymphocytes and it remains the most prevalent adult leukemia in Western countries.

          




          

            	• The current standard of care has evolved from single agent alkylating agents, through the introduction of purine analogs, to chemoimmunotherapy combinations.

          




          

            	• Several novel therapeutic options have been developed in recent years, including monoclonal antibodies directed against CD20, ofatumumab and obinutuzumab; ibrutinib, BTK inhibitor; and idelalisib, inhibitor of PI3K.

          




          

            	• Management of patients with CLL has changed significantly over the recent years, with the plethora of new agents resulting in improved response rates and increased progression-free and overall survival for this patient population.

          


        

      




      In addition to ibrutinib and idelalisib, several other BTK and PI3K inhibitors are in development along with spleen tyrosine kinase inhibitors. Another class of promising agents is the BCL-2 inhibitors. Venetoclax, the first in this class, is in registration phase 3 trials. It has demonstrated complete responses in patients with relapsed/refractory CLL. It also has activity in patients with very high risk CLL (e.g., 17p deletion) [41].


    




    

      HODGKIN LYMPHOMA AND ANAPLASTIC LARGE CELL LYMPHOMA




      

        Background




        Hodgkin lymphoma (HL), also known as Hodgkin disease, is a lymphoma of the white blood cells, specifically the lymphocytes which play a major role in the immune system. Lymphoid tissue can be found in many parts of the body but major sites are the lymph nodes, bone marrow, and spleen. The most common sites of lymph node involvement are the chest, neck, or under the arms. It occurs in both children and adults and is most common during the ages of 15 to 40 years and after the age of 55 years. There are two main types of HL: classic (nodular sclerosing, mixed cellularity, lymphocyte-rich, lymphocyte-depleted) accounting for 95% of cases; and nodular lymphocyte-predominant, accounting for 5% of cases. An abnormal B lymphocyte called Reed-Sternberg cells are found in classic HL and express CD30.




        The American Cancer Society estimates that there will be 9,050 new cases in 2015 with an estimated 1,150 deaths [42]. Risk factors include Epstein-Barr viral infection, also known as mononucleosis, ages 15-40 years and ≥ 55 years of age, male gender, living in a developed country (United States, Canada, and northern Europe), brother or sister with HL (especially an identical twin), HIV infection, and higher socioeconomic status [42]. The disease is staged I-IV, bulky versus non-bulky, and as A (no B symptoms present) or B (B symptoms present, e.g., ≥ 10% weight loss over the last six months, unexplained fever, drenching night sweats). Later stage disease, as well as bulky stage disease may require more intensive treatment. Resistant or recurrent HL is especially difficult to treat and presents many challenges to the healthcare team.




        Over the past several decades, survival rates have continued to improve. The 1-year survival rate is now an estimated 92% and 5-year survival is approximately 85%. Based on stage, the 5-year survival rates are stage I 90%, stage II 90%, stage III 80%, and stage IV 65% [42]. There are four main modalities for treatment which include radiation, chemotherapy, monoclonal antibodies, and high dose chemotherapy followed by stem cell transplant. Radiation therapy is employed usually in early, localized disease and also may follow chemotherapy in some cases. Chemotherapy regimens are commonly multidrug regimens that exploit each drug’s mechanism of action to increase synergy.




        The most common regimen used in the United States is ABVD (doxorubicin, bleomycin, vinblastine, dacarbazine). Other regimens that can be utilized include BEACOPP (bleomycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, and prednisone) and the Stanford V regimen (doxorubicin, mechlorethamine, vincristine, vinblastine, bleomycin, etoposide, and prednisone). Stage I and IIA with favorable risk factors are treated with ABVD for 2 to 4 cycles followed by radiation or ABVD alone for 4 to 6 cycles. For stages I and II with unfavorable risk factors, the treatment usually consists of ABVD for 4 to 6 cycles. Patients with stage III and IV disease are often treated with ABVD for 6 cycles but BEACOPP and Stanford V may also be considered. If patients do not respond to chemotherapy or relapse, then salvage chemotherapy followed by a stem cell transplant is considered. An autologous stem cell transplant is the most utilized type of transplant but for those who still progress after an autologous transplant, an allogeneic transplant may be considered. Treatment options for patients who are relapsed or refractory are limited especially following transplant and outcomes are grim. Targeted therapy and immunotherapy are areas of interest for future treatment options for this patient population.




        Anaplastic large cell lymphoma (ALCL) accounts for 12.1% of T-cell lymphomas and less than 5% of all NHL [43]. There are two distinct subtypes of ALCL which are systemic (ALK-negative or ALK-positive) and primary cutaneous. ALK-positive ALCL is most common in children and young adults and carries a better prognosis, whereas ALK-negative ALCL occurs in older patients and is associated with a worse prognosis. ALCL is an aggressive lymphoma but may be curable with chemotherapy alone. The most commonly used regimen is CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone). Following this anthracycline-based regimen, ALK-positive disease had superior results when compared to ALK-negative disease. Five-year failure-free survival (FFS) was 60% versus 36% and 5-year OS was 70% compared to 49% [43]. Unfortunately, about half of patients still develop recurrent disease. ALCL does strongly express CD30, which makes it a target for brentuximab which will be further discussed. Autologous stem cell transplant is an option but is often reserved for relapsed or refractory patients with chemotherapy-sensitive disease.




        

          BRENTUXIMAB VEDOTIN




          

            Pharmacology/Pharmacokinetics/Pharmacodynamics




            Brentuximab vedotin (Adcetris®) was granted accelerated approval by the FDA in 2012. It is a CD30-directed antibody drug conjugate (ADC). The drug consists of 3 main parts: the chimeric antibody IgG1 cAC10 which is specific for CD30, the microtubule disrupting agent monomethyl auristatin E (MMAE), and a protease cleavable linker [44]. The antibody is produced from Chinese hamster ovaries while the small molecular components are produced via chemical synthesis. Brentuximab exerts its effects resulting in apoptosis of cancer cells. Apoptosis occurs when the ADC binds to CD30 positive cells and the entire complex is internalized. Upon internalization, the complex is cleaved resulting in release of MMAE. As a microtubule disrupting agent, MMAE functions by binding to tubulin and causing cell cycle arrest. Currently brentuximab is approved for HL after failure of autologous stem cell transplant or after two or more multidrug chemotherapy regimens in patients who are not transplant candidates [44]. An additional indication is for systemic ALCL following failure of a multidrug chemotherapy regimen.




            The pharmacokinetics of brentuximab have been studied in phase 1 trials that included a total of 314 patients. When discussing the pharmacokinetics it is important to evaluate each of the drug’s components including the ADC and MMAE. The maximum concentration was observed towards the end of the infusion for ADC and for MMAE which ranged from 1 to 3 days. Steady-state was achieved for ADC within 21 days and the terminal half-life was about 4 to 6 days. MMAE steady-state was also achieved in 21 days but exposures decreased by 20-50% after the first dose. ADC revealed a high volume of distribution of approximately 6-10L. As expected, MMAE was highly protein bound with estimates ranging from 68-82% and it is a substrate for p-glycoprotein. Interestingly, only a small fraction of MMAE released from the drug complex is actually metabolized via CYP3A4/5. MMAE has been proven to be an inhibitor of CYP3A4/5 but does not affect other CYP enzymes. Only 24% of MMAE was recovered in the urine and approximately 72% eliminated in the feces.


          




          

            Pivotal Clinical Studies




            Accelerated approval of brentuximab was granted for both HL and systemic ALCL based on the overall response rate (ORR). A phase II, open-label, multicenter trial of 102 patients with HL treated with brentuximab 1.8mg/kg intravenously every 21 days was conducted [45]. Efficacy was evaluated based on ORR and duration of response. Patients in this study were heavily pretreated with a median of 3.5 prior therapies and all patients had previously undergone autologous stem cell transplant. The ORR was 75%, with 34% achieving a complete remission (CR) and the median duration of response for patients in CR was 20.5 months. Based on this study, brentuximab had manageable toxicities and an ORR of 75% in patients with relapsed or refractory HL.




            A phase II, open-label, multicenter trial of 58 patients with relapsed ALCL were treated with brentuximab 1.8mg/kg intravenously every 21 days [46]. Efficacy was evaluated based on ORR and duration of response. On average, patients had received 2 prior therapies with 50% being relapsed and 50% refractory to their most recent therapy. The ORR was 86%, with 57% achieving a CR. Median duration of ORR was 12.6 months. Forty-two patients had ALK-negative ALCL and their results were similar to ALK-positive patients, ORR 88% versus 81% and CR 52% versus 69%, respectively. Progression-free survival (PFS) and median duration of response was also not different between ALK-negative and ALK-positive patients. Based on this study, over half of patients with relapsed or refractory ALCL achieved a CR making it a valuable treatment option.


          


        


      


    




    

      FUTURE DIRECTIONS




      Brentuximab is also being studied as maintenance post-transplant and as part of upfront regimens. A phase III randomized, placebo-controlled, multicenter trial evaluated the use brentuximab as a maintenance strategy post-autologous transplant to prevent disease progression in high risk HL patients [47]. There were a total of 327 patients enrolled and patients were to receive therapy for 1 year or approximately 16 cycles. The estimated 2-year PFS was 54% and 2-year OS was 88%. For upfront therapy, brentuximab is being evaluated in place of bleomycin.




      Treatment strategies for relapse after autologous stem-cell transplant are limited for HL. Brentuximab is an option for those who have not received it but if a response is achieved the duration of that response is often short. In 2015, a small study was published evaluating the effects of PD-1 on relapsed or refractory HL [48]. Reed-Sternberg cells escape detection by the immune system by taking advantage of the PD-1 pathway resulting in overexpression of the associated ligands. It was hypothesized that nivolumab, a PD-1 inhibitor approved for the treatment of melanoma, may have activity in relapsed or refractory HL. Twenty-three heavily pretreated patients were enrolled with 78% having received prior autologous stem cell transplant as well as 78% having received prior brentuximab. Twenty patients (87%) achieved an objective response with 17% being a CR and 70% achieving a partial response (PR). The other 3 patients had stable disease (SD). Progression-free survival at 24 weeks was 86% and 6 patients were able to proceed with a stem cell transplant. Overall, nivolumab had therapeutic activity with an acceptable safety profile in relapsed or refractory HL. This drug is currently being used off-label for patients similar to those in the trial.


    




    

      KEY CONCEPTS




      

        

          

            	Key Concepts in Hodgkin Lymphoma and Anaplastic Large Cell Lymphoma

          




          

            	• HL has an estimated 85% 5-year survival rate and is treated with four main modalities including radiation, chemotherapy, monoclonal antibodies, and high dose chemotherapy followed by stem cell transplant.

          




          

            	• Relapsed HL remains difficult to treat but the targeted agent, brentuximab has shown an ORR of 75% and immunotherapy continues to be an area of promising research.

          




          

            	• ALCL is a rare NHL and is difficult to treat especially in the relapsed setting. Brentuximab is a newly approved option for ALCL with an ORR of 86%.
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