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1 INTRODUCTION                                                     
Lymphoma is a group of malignant neoplasms that affect the lymphoid tissue and present typical clinical picture of lymph node enlargement¹. Autologous hematopoietic stem cell transplantation (aHSCT) is one of the main therapeutic options for patients with relapsed or refractory Hodgkin’s (HL) and non-Hodgkin’s lymphomas (NHL)¹⁻²; it can be used as first-line consolidation therapy for high-risk diffuse large B-cell lymphoma, T-cell NHL, and mantle lymphoma³. Patients’ response to pre-transplant chemotherapy is the main prognostic factor; thus, patients with chemorefractory disease, who are subjected to salvage regimen are 10% to 20% likely to respond to aHSCT⁴. Drug combinations are often used for aHSCT conditioning in order to treat different lymphoma types. Among them, one finds cyclophosphamide, etoposide, melphalan and carmustine, which are found in different protocols⁵. 
Carmustine has been widely used in conditioning regimens adopted to treat lymphoma patients; however, its availability in several countries is hampered by shortages, a fact that justifies the development of new chemotherapy protocols for aHSCT conditioning in lymphoma patients. Carmustine is an alkylating drug belonging to group nitrosurea; it inhibits DNA, RNA and protein formation; this drug, which is administered through intravenous route, can cause irritation in the vessel it is administered in. Lomustine, just like carmustine, is also an alkylating agent belonging to group nitrosurea; it acts on DNA chains by inhibiting DNA and RNA synthesis, which leads to protein synthesis inhibition⁶. This cell-cycle nonspecific drug can be easily found in the market and poses lesser risk to patients during its administration, since it is an orally-administered drug. Its main side effects are similar to those of carmustine: the most common ones comprise nausea and vomiting, in addition to myelosuppression - lomustine was already tested in patients undergoing aHSCT3-5-7-8. Perz et al. (2007) have used lomustine in association with cytarabine, etoposide and cyclophosphamide as conditioning protocol. Their results have shown overall disease-free survival rate similar to that of other protocols presenting satisfactory results⁵. 
A phase I study carried out in our service in 2014 aimed at determining the maximum tolerable dose (MTD) of lomustine, in association with etoposide, cytarabine and melphalan (LEAM protocol). It assessed 14 patients (mean age = 36 years) and established MTD of 300 mg/m² in association with other chemotherapeutics in aHSCT conditioning applied to lymphoma patients. This protocol was a quick-administered conditioning regimen associated with short-term neutropenia and acceptable toxicity³. 
Phase II of that very same study was conducted with 42 patients; it assessed the overall survival and disease-free survival rates associated with LEAM regimen; Secondarily, safety and tolerability were analyzed in comparison to historical control series of patients undergoing aHSCT, who were subjected to the cyclophosphamide, etoposide and cytarabine regimen (CBV protocol). Data about all 42 patients were compared to historical series of 66 patients treated at the service, who were subjected to CBV protocol as conditioning regimen, between 2004 and 2015. Based on the analyzed data, the initial date of neutropenia took place, on average, at D0 in the CBV group and at D+3 in the LEAM group, whereas the neutropenia period comprised 8 and 11 days in the LEAM and CBV groups, respectively. Non-disease-related transplant-related mortality rate in the first 100 days was significantly higher in the CBV group than in the LEAM group (11 and 3 patients, respectively). The main toxicity symptoms presented by patients subjected to the lomustine-based protocol in the present study comprised mucositis, diarrhea, vomiting and skin toxicity; pulmonary toxicity was observed in 3 patients⁸. 
There is no evidence about the best regimen to be applied to lymphoma cases due to lack of randomized studies focused on comparing different conditioning regimens for this disease⁷. Transplant units worldwide have adapted themselves to the existing protocols. Given the lack of evidence about the best conditioning regimen for lymphoma, new regimens have been suggested to help reducing toxicity rates and improving patients’ survival rates. Based on this scenario, we herein propose using chemotherapy conditioning regimen for lymphoma patients to be subjected to aHSCT based on lomustine, etoposide and cyclophosphamide, as well as evaluating the MTD and toxicity rates of this association, hospitalization time, toxicities associated with the investigated procedure and its impact on patients’ survival rates.
2 AIMS
The primary aims of the current study are to determine the MTD of lomustine used in association with etoposide and cyclophosphamide, as well as to assess the toxicity of the aHSCT conditioning protocol used in lymphoma patients. 
Secondary aims are to analyze the impacts of the investigated conditioning regimen on patients’ survival and the main toxicities associated with the procedure. 
3 JUSTIFICATION 
Although aHSCT success depends on several factors, the lower the toxicity of the conditioning regimen, and the shorter the neutropenia duration, the lower the mortality rate associated with the adopted treatment. Since lomustine has low pulmonary toxicity and is easily administered (orally), we herein proposed to carry out a lomustine dose-escalation study in association with etoposide and cyclophosphamide in order to evaluate its MTD and its impact on patients’ survival rate. The literature lacks prospective randomized studies showing the best conditioning regimen for lymphoma patients undergoing aHSCT; thus, new associations have been investigated based on the needs of different institutions. 
5 METHODOLOGY / DATA ANALYSIS

After the project was approved by the University Hospital Research Ethics Committee of Federal University of Juiz de Fora, CAAE: 16011019.7.0000.5133, the researcher in charge has implemented a clinical study with NHL and HL patients with indication for aHSCT. He proposed using drugs previously used for this purpose in the institution, such as cyclophosphamide and etoposide, although carmustine was replaced by lomustine. The phase 1 study consists in evaluating 5 cohorts based on different lomustine doses - called L200, L300, L400, L500 and L600 - orally administered escalation doses of 200 mg/m2/day are tested up to maximum dose of 600 mg/m²/day administered in a single dose, at D-5; 1,000 mg/m² of etoposide is intravenously administered at D-5, for 10 hours; 2,000 mg/m²/day of cyclophosphamide is intravenously administered at D-4, D-3 and D-2. With respect to aHSCT, days are considered negative (D-1, D-2, and so on) until the date of the hematopoietic stem cell infusion (D0); from this date onwards, days are considered positive (D +1, D+2, and so on). 

The study will be conducted based on the traditional 3 + 3 dose escalation model in order to determine the lomustine dose-limiting toxicity (DLT) - cohorts comprising 3 patients will be subjected to increasing lomustine doses9⁻10. Dose-limiting toxicity (DLT) will be determined through grade 3 or 4 non-hematological or infectious toxicities, graft delay above D+30, or patients’ death. The initial cohort will comprise 3 patients treated with 200 mg/m² of lomustine (L200); it will be followed by a cohort treated with 300 mg/m² of lomustine (L300), and so on, up to the maximum dose of 600 mg/m². Lomustine dose will be escalated every 100 mg/m², in all cohorts, including the one comprising 3 patients. In case of any DLT-compatible event, 3 additional patients will be added to the cohort. If 2 patients present DLT, the administered dose will be considered higher than DLT, and the previous dose will be considered MTD (Figure 1).  
Any unfavorable and unintentional sign, symptom or illness associated, or not, with the use of the drug will be considered adverse event. Treatment-related toxicities will be analyzed based on criteria set by the World Health Organization, which defines adverse reaction as any harmful or undesirable, unintentional effect that emerges after the administration of a given drug, in doses often used in humans for the prophylaxis, diagnosis and treatment of a certain disease11. Among the toxicity symptoms to be analyzed, one finds alopecia, mucositis, pulmonary toxicity, neurological toxicity, skin toxicity, electrolyte toxicity (changes in sodium, potassium, magnesium and calcium concentrations), pain, bone marrow toxicity, gastrointestinal symptoms (vomiting, nausea or diarrhea), hematological toxicity, renal toxicity, allergic toxicity, and bleeding. Toxicity degree ranges from 0 to 4, wherein 0 is lack of toxicity and 4 is very severe toxicity. Overall survival (OS) and disease-free survival (DFS) rates will be calculated from the date of hematopoietic stem cell infusion until the date of death, regardless of the cause, for OS and relapse or progression to DFS.  

Figure 1: Scheme representative of lomustine dose escalation for lymphoma treatment at aHSCT.  
Research-related risks will be inherent to the herein proposed chemotherapy conditioning; these toxicities have already been described above. We want to minimize such risks by adopting support measures such as daily laboratory tests and medical evaluations, as well as by using drugs - already provided for in the service’s standardized protocol - during conditioning, in order to reduce adverse effects. Procedures set in the aforementioned protocol comprise Mesna administration, together with cyclophosphamide, to avoid events such as hemorrhagic cystitis; vigorous intravenous hydration, as well as allopurinol and loop diuretics using for prophylaxis purposes and to prevent acute kidney injury; among other protective measures previously consolidated in aHSCT.
The study will include patients younger than 60 years, who present performance status higher than 70% (Karnofsky) and normal cardiac function (ejection fraction > 50%), who do not have chronic respiratory disease (expiratory volume in one second > 50%), who have normal liver and kidney function, who are in partial or full disease remission, who present creatinine level lower than 2.0 mg/dL at the beginning of conditioning, and who tested negative for human immunodeficiency virus (HIV) and hepatitis. All study participants will be eligible to aHSCT; therefore, they will meet the criteria presented above - aHSCT will be contraindicated for patients who do not meet these criteria. 
Collected data will be associated with the underlying disease and with its stage, as well as with the clinical condition of patients undergoing aHSCT. Data collection will be based on clinical observations carried out on a daily basis, as well as on the evaluation of routine laboratory tests carried out during treatment. Pre-established instrument prepared by the researcher will be used for data collection purposes. Collected data will be compared to those described in the literature, whereas survival rates will be compared to the historical control of patients subjected to aHSCT prior to the implementation of the herein proposed protocol. Collected data will be typed and evaluated in statistical software (SPSS). 
Patients eligible for aHSCT must sign the Informed Consent Form (APPENDIX A), as established in Resolution n. 466 - from December 12, 2012 – about human research; a copy of the ICF will be handled to patients and to their families, whereas a duplicate of it will be attached to patients’ medical record. Patients may refuse to participate in the study or withdraw from the research whenever they want, without any prejudice to them. Data about participants will remain confidential in order to protect their privacy. 
6 EXPECTED RESULTS AND IMPACTS
Finding the effective lomustine dose for aHSCT conditioning; establishing an effective alternative treatment for patients with Hodgkin’s and non-Hodgkin’s lymphomas; identifying the main toxicities of the treatment.
7 SCHEDULE
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Bone Marrow Transplant Service of UFJF University Hospital                                                       Researcher in charge: Christianne Tolêdo de Souza Leal                                                                                                                              Address: Catulo Breviglieri, s/n – Santa Catarina – CEP 36036-110 – Juiz de Fora/MG                                                                                                                                       Phone number: XX 55 (32) 4009-5142                               E-mail: transplante.huufjf@gmail.com
FREE AND INFORMED CONSENT FORM

You are hereby invited to participate as volunteer in the research titled “Assessing the effectiveness and toxicity associated with conditioning protocol adopted for autologous stem cell transplantation in lymphoma cases: lomustine used in association with etoposide and cyclophosphamide”. The aim of the study is to evaluate toxicity levels and individuals’ response to our chemotherapy protocol in conditioning regimen adopted for autologous hematopoietic stem cell transplantation in lymphoma patients. The reasons leading us to investigate this topic are to assess the toxicity associated with chemotherapy treatment used to perform autologous stem cell transplantation, to assess the overall and disease-free survival rates of lymphoma patients, as well as to help reducing treatment time and related costs. 

Results of laboratory tests performed on a daily basis will be analyzed and physical examination will be carried out to assess the incidence of any adverse events and toxicity associated with the treatment. The present research does not pose risks to participants, other than those associated with the treatment, which will not be changed due to the herein investigated disease type. Among the risks inherent in the use of chemotherapy drugs, one finds alopecia, mucositis, pulmonary toxicity, neurological toxicity, skin toxicity, electrolyte toxicity (changes in sodium, potassium, magnesium and calcium concentrations), pain, bone marrow toxicity, gastrointestinal symptoms (vomiting, nausea or diarrhea), hematological toxicity, renal toxicity, allergic toxicity and bleeding. In order to reduce such side effects, we will carry out the entire chemotherapy preparation process by following the protocol in force and validated by the transplant service itself, so we can reduce toxicities that may occasionally take place during treatment. 
You will neither have any cost with nor receive any financial advantage to participate in the study. You will be informed about the study, in any aspect you wish to know, and you will be free to participate, or refuse to participate, in it. You may withdraw your consent or discontinue your participation at any time. You will participate in the study as volunteer and your refusal to participate in it will not entail any penalty or change in the way you are served by the researcher, who will treat your identity based on professional secrecy standards, in compliance with the Brazilian legislation (National Health Council Resolution n. 466/12), and only use the collected information for academic and scientific purposes. 
Research results will be available to you when it is finished. Your name or material indicating your participation in the study will not be disclosed without your permission. You will not be identified in any publication that may result from this study. Data and instruments used in the research will be filed by the researcher in charge, who will keep them for 5 (five) years; after this time, they will be destroyed. This consent form is printed in two copies, one of them will be filed in your medical record, by the researcher in charge, at the Hematology Service of HU/UFJF, whereas the other will be handled to you. In case of damage resulting from the foreseen risks, the researcher will be accountable for them.

I, _________________________________________, bearer of Identity Card _________________, was informed about the aims of the study titled “Assessing the effectiveness and toxicity associated with conditioning protocol adopted for autologous stem cell transplantation in lymphoma cases: lomustine used in association with etoposide and cyclophosphamide”, in a clear and detailed manner that has clarified my doubts. I know that I can request further information and change my decision to participate in the study at any time. 

I declare that I agree to participate in this study. I received a copy of this informed consent form and I was given the opportunity to read it and clarify my doubts.
 

Juiz de Fora, ____________ ___, 20__.
  __________________________________________                ____________________
                   Participant’s name and signature    
               
         Date
 __________________________________________                ____________________
                   Researcher’s name and signature
               
         Date
 __________________________________________                ____________________
                   Witness' name and signature         
               
         Date
In case of doubts about the ethical aspects of this study, you can consult: CEP HU-UFJF – Research Ethics Committee of HU-UFJF / Rua Catulo Breviglieri, s/n. - Bairro Santa Catarina
CEP.: 36036-110 - Juiz de Fora – MG / Phone number: XX 55 (32) 4009-5217 / E-mail: cep.hu@ufjf.edu.br
Scaling from 300 to 600 g/m² with 3 patients per cohort
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Dose higher than the maximum tolerated one - DISCONTINUE the cohort.





3 patients in cohorts from L200 to L600, progressive dose increase








