Cyclophosphamide versus Etoposide in Combination with Total Body Irradiation as Conditioning Regimen for Adult Patients with Ph-negative Acute Lymphoblastic Leukemia Undergoing Allogeneic Stem Cell Transplant: on behalf of the ALWP of the EBMT
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Precis: The results of this retrospective study indicate that conditioning regimen based on etoposide (Vp) combined with total body irradiation (TBI) appears more effective than the combination of cyclophosphamide (Cy) with TBI for adult patients with Ph-negative acute lymphoblastic leukemia (ALL) treated with allogeneic hematopoietic cell transplantation (alloHCT). In a multivariate model the use of Vp/TBI was associated with reduced risk of relapse.

Abstract

Allogeneic hematopoietic cell transplantation (alloHCT) with myeloablative conditioning based on total body irradiation (TBI) is widely used for the treatment of adults with acute lymphoblastic leukemia (ALL). TBI is most frequently administered in combination with either cyclophosphamide (Cy/TBI) or etoposide (Vp/TBI). The goal of this study was to retrospectively compare these two regimens. Adult patients with Ph-negative ALL treated with alloHCT in first or second complete remission who received Cy/TBI (n=1346) or Vp/TBI (n=152) conditioning were included in the analysis. In a univariate analysis, as compared to Cy/TBI, the use of Vp/TBI was associated with reduced incidence of relapse (17% vs. 30% at 5 years, p=0.007), increased rate of leukemia-free survival (60% vs. 50%, p=0.04), and improved “graft versus host disease (GVHD) and relapse-free survival” (GRFS, 43% vs. 33%, p=0.04). No significant effect could be observed in terms of the incidence of non-relapse mortality or acute or chronic GVHD. In a multivariate model the use of Vp/TBI was associated with reduced risk of relapse (HR=0.62, p=0.04) while the effect on other study end-points was not significant. In conclusion, conditioning regimen based on Vp combined with TBI appears more effective for disease control than the combination of Cy with TBI for adult patients with Ph-negative ALL treated with alloHCT.
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Introduction
Allogeneic hematopoietic stem cell transplantation (alloHCT) is widely used for the treatment of adults with Philadelphia – negative (Ph-negative) acute lymphoblastic leukemia (ALL). The anti –leukemic effect and thus curative potential of alloHCT in ALL is associated with both the conditioning regimen and the graft versus leukemia (GvL) effect 1,2. However, specifically in ALL the conditioning regimen may be of special importance, due to very aggressive nature of the disease and therefore limited efficacy of GvL effect as compared with other hematological malignancies.3,4 Although the optimal pre-transplantation conditioning has never been established in randomized trials, results of many retrospective studies, including recently published large analysis by the European Society for Blood and Marrow Transplantation (EBMT) suggested advantage of total body irradiation (TBI)-based over chemotherapy-based regimens, in terms of reduced risk of relapse and improved leukemia-free survival 5,6. TBI was demonstrated to be superior to conditioning consisting of busulfan and Cy (BuCy), especially in young patients with T-ALL7 as well as those with refractory disease.8 TBI is most frequently administered in combination with either cyclophosphamide (Cy/TBI) or etoposide (Vp/TBI), however, there was only one retrospective study comparing Cy/TBI with Vp/TBI in adult ALL patients treated with alloHCT from HLA-compatible sibling. The optimal combination of TBI and chemotherapy should therefore be further explored. 
The aim of this large retrospective EBMT registry study was to compare the outcomes of patients with ALL receiving alloHCT from HLA-compatible sibling or matched unrelated donors after TBI in combination with cyclophosphamide (Cy/TBI) with those transplanted after TBI combined with etoposide (Vp/TBI). 
Material and methods
Study design and data collection

This is a retrospective registry based analysis on behalf of the ALWP of EBMT. The EBMT is a voluntary working group of more than 500 transplant centers that are required to report all consecutive stem cell transplantations and follow-ups once a year. The validation and quality control program includes verification of the computer print-out of the entered data, cross-checking with the national registries, and on-site visits of selected teams. This study was approved by the ALWP of the EBMT institutional review board. The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. All patients provided written informed consent authorizing the use of their personal information for research purposes.

Data source and patient eligibility      

Data for this analysis were obtained from the ALWP registry of the EBMT. We identified adult patients with Ph-negative ALL in first or second complete remission (CR1 or CR2) who underwent first alloHCT from geno-identical sibling or unrelated donors after myeloblative Cy/TBI or Vp/TBI conditioning between 2000 and 2015. Patients with secondary ALL were excluded from the current analysis, as well as patients receiving or that had received in the past cord blood transplants and ex vivo T cell depletion. 
Study endpoints and definitions

The study endpoints were relapse incidence (RI), non-relapse mortality (NRM), acute and chronic graft versus host disease (aGvHD and cGvHD) incidence, overall survival (OS), leukemia-free survival (LFS) as well as GvHD and relapse-free survival (GRFS).  Overall survival was measured from the time of transplantation until death of any cause. Leukemia-free survival was measured from the time of transplantation until relapse or death from any cause. For GRFS events were defined as grade 3-4 acute GVHD, systemic therapy-requiring chronic GVHD, relapse, or death from any other reason.9 
Statistical analysis 

Patients characteristics were compared using Kruskal-Wallis test for numerical variables and chi2 test for categorical variables.

The probabilities of OS and LFS were calculated using the Kaplan-Meier estimate. The RI and NRM were calculated using cumulative incidence (CI) curves in a competing risks setting, death in remission being treated as a competing event to relapse. To estimate CI of acute or chronic GVHD, relapse and death we considered competing events. Univariate analyses were done with the use of log-rank test for LFS and OS, while Gray’s test was used for CI. Multivariate analyses were performed with the use of the Cox proportional hazard model. All variables differing significantly between the 2 groups or potential risk factors were included in the model. In order to test for a centre effect, we introduced a random effect or frailty for each centre into the model.10 

All p-values are two-sided with type 1 error rate fixed at 0.05. Statistical analyses were performed with SPSS 24.0 (SPSS Inc, Chicago, IL, USA) and R 3.4.1 (R Core Team (2017). R: A language and environment for statistical computing. R Foundation for Statistical  Computing, Vienna, Austria. URL  https://www.R-project.org/.)  

Results 

Patients and alloHCT procedure

A total of 1498 patients who met the selection criteria were identified for this analysis. Patient most important baseline characteristics and treatment details are presented in Table 1.  The majority of patients (79%) underwent alloHCT in CR1. Almost half of the patients (46%) received transplant from an-HLA matched sibling. Peripheral blood was used as the graft source in 62% of the patients, while bone marrow was used in 38% of them. Conditioning regimen was per study design myeloablative in all patients. Median TBI dose was 12 Gy. Seventy nine percent of the patients were treated with Cy/TBI while 21% received the Vp/TBI regimen. Patients who received Vp/TBI were younger (median age 28 years vs. 30 years, p=0.037), underwent transplant in more recent period (median year of HCT 2009 vs. 2007, p=0.009) and were treated more frequently in CR1 (87% vs. 78%, p=0.014). The study groups did not differ with respect to other characteristics. 

Engraftment

Engraftment was comparable between the two study groups. Graft failure occurred in 2.4% of the patients that were conditioned with Cy/TBI and in 0.7% patients who received Vp/TBI conditioning, respectively (Table 2). 

Acute and chronic GvHD

As presented in Table 3 there were no significant differences in the incidence of acute or chronic GvHD between patients conditioned with Cy/TBI and Vp/TBI. The cumulative incidences of aGvHD grade II-IV were 39% in both groups. Chronic GvHD rates were also comparable between the patients that received Cy/TBI and those that were conditioned with Vp/TBI (15% vs 17%, p=0.49). 

Survival

The median follow-up of surviving patients was 60 months (range, 1-191 months). At 5 years post transplantation, estimated LFS and OS were 51.2% (95% CI: 48.5 - 53.9) and 54.9% (95% CI: 52.1 - 57.7) for the whole study group, respectively. In a univariate analysis, as compared to Cy/TBI, the use of Vp/TBI was associated with significantly higher LFS (60% vs. 50%, p=0.04) (Figure 1) and GFRS (43% vs 32%, p=0.035) (Figure 2). However, the study groups did not differ with respect to OS. 
Relapse incidence and non-relapse mortality

Patients conditioned with Vp/TBI had a significantly reduced incidence of relapse at 5 years as compared to patients conditioned with Cy/TBI (17% vs. 30%, p=0.007) (Figure 3). While, the cumulative incidence of NRM was comparable between the two groups (20% vs. 23%, p=0.79).

Multivariate analysis for the whole study group

Details on the multivariate analysis are presented in Table 4. The use of Vp/TBI was associated with reduced risk of relapse (HR=0.62, p=0.035), while no other significant effect of the two compared conditioning was observed on any of the other study end-points.  Among other risk factors the year of alloHCT (≤ 2008 vs. more recent period) and disease stage (CR1 vs. CR2) had significant impact on RI, NRM, LFS, OS and GFRS. Increasing age of recipient was associated with increased risk of NRM as well as lower LFS, OS and GFRS. In addition, the risk of relapse was higher in patients transplanted from sibling vs. unrelated donors (HR=1.47, p=0.01) and in donor/recipient gender combination other than female/male (HR=1.37, p=0.04). On the contrary, GFRS was higher for patients who received graft from sibling as compared to unrelated donors and for female patients.  GFRS was also higher in CMV negative patients and in those who received in vivo TCD.
Discussion

The optimal conditioning for patients with Ph-negative ALL undergoing alloHCT remains undetermined due to the lack of prospective, randomized trials. However, the use of 12 to 13.2 Gy of TBI in the pre-transplantation conditioning is preferred in  young, adult patients based on the  results of numerous retrospective analyses demonstrating superior  transplantation outcomes in comparison to radiation-free regimens.11,12,13 The historical retrospective analysis performed by the ALWP of the EBMT included patients with acute leukemias treated with either autologous (auto) or allogeneic HCT.14 A subgroup analysis performed in ALL patients showed higher antitumor efficacy of TBI in comparison with BuCy in patients undergoing autoHCT. Moreover, the use of BuCy in auto- or alloHCT was associated with higher incidence of both veno-occlusive disease of the liver and hemorrhagic cystitis.14 Recently, Cahu X. et al published the results of a retrospective EBMT analysis of alloHCT in patients with T-ALL, transplanted in CR1, CR2 or advanced disease, comparing TBI versus chemotherapy based conditioning.7 The authors reported improved LFS and OS for the TBI group, regardless of the disease status.  In another study, published by a Japanese group, Cy/TBI was demonstrated to be superior to oral busulfan based conditioning in terms of the OS.6  Interestingly, outcomes with intravenous busulfan were comparable to those TBI with the caveat that patient numbers was relatively small. In a recently published EBMT retrospective analysis including a very large group of ALL patients undergoing alloHCT in CR1 between 2008- 2012, TBI-based conditioning was associated with reduced risk of relapse and treatment failure compared to chemotherapy-based regimens.5 The authors concluded that TBI should be considered as the preferable type of myeloablative conditioning in the setting of ALL. The stronger anti-leukemic effect of TBI compared with myeloablative chemotherapy based conditioning was also demonstrated  by Pavlu J. et al. in a retrospective analysis focused on patients with primary refractory ALL, in whom  use of TBI resulted in  improved OS and LFS.8 

While TBI is most frequently administered in combination with cyclophosphamide, the results of limited number of retrospective studies suggested that combination of TBI with etoposide may lead to comparable or even superior outcomes to those achieved with Cy/TBI, especially in patients  transplanted beyond CR1.4,15,16 The high efficacy of the Vp (60 mg/kg) in conjunction  with TBI conditioning  was first demonstrated in advanced leukemia, already more than two decades ago.15,16 Thereafter, Vp/TBI regimen was also used in patients transplanted in CR1. A historical study published by Snyder et al. involved a small and heterogeneous group of patients with either acute myeloid leukemia or ALL.18 Marks DI et al. reported results of a retrospective analysis performed by the Center for International Blood and Marrow Transplant Research (CIBMTR), comparing Vp/TBI with Cy/TBI.4 In that study including only patients undergoing alloHCT from HLA-identical siblings the beneficial anti leukemic effect of the etoposide /TBI combination reducing relapse rate was demonstrated but it was restricted to patients transplanted in CR2. 

All past retrospective analyses, evaluating the efficacy of various conditioning regimens for ALL included patients diagnosed with both Ph-positive and Ph-negative ALL. However, dissecting the effect of the pre transplantation conditioning on alloHCT outcome and especially post-transplant relapse incidence in Ph-positive ALL may be a bit tricky these days due to the widespread use of tyrosine kinase inhibitors (TKIs) pre-emptively or prophylactically post-transplant. Obviously the TKIs may reduce the risk of relapse independently of the pre-transplant conditioning.19 Therefore in the current study we restricted the analyzed population and focused on a relatively homogenous group of patients with Ph-negative ALL. Additional difference in comparison to previous reports is that we included patients undergoing transplantation from HLA-identical siblings but also from unrelated donors as the number of transplants from unrelated donors for ALL are constantly increasing in Europe.5 In the current study we were able to demonstrate that Vp/TBI was associated with significant reduction of the risk of relapse as compared to Cy/TBI   as illustrated in both univariate and multivariate analysis. Notably as the vast majority of patients in the current study were transplanted in CR1, the reduced relapse rate we observed with the Vp/TBI regimen includes patients with early stage disease which is of importance and rather novel as the previous study by Marks et al. who demonstrated advantage of Vp/TBI only for patients treated in CR2.4
Furthermore, the results of our current study also confirm that Vp/TBI conditioning is feasible and does not increase graft failure, NRM, nor GvHD incidence. This finding is of importance especially as the historical data suggested that substitution of Cy by less immunosuppressive compound like Vp may result in more frequent engraftment failures.17 Of note, in our study only one patient experienced graft failure after conditioning with Vp/TBI and the graft failure rate did not differ between patients conditioned with Vp/TBI versus those receiving Cy/TBI.  

Although TBI based conditioning is considered a standard, it should be mentioned that it is associated with the risk of both early and late adverse effects.20,21,22 The most common early complications include mucositis, nausea, vomiting, loss of appetite, diarrhea, headache, fatigue, and parotitis which are usually reversible.19 Late complications include, among others, cataract, infertility, hypothyroidism, renal dysfunction, interstitial pneumonitis and secondary malignancies, which may affect both the quality of life and lifespan.21,23 Therefore, ongoing attempts are focusing on   elaborating radiation-free regimens that would provide anti leukemic efficacy comparable to those achieved by TBI. Results of a recently published matched-pair analysis from the EBMT registry suggest that outcome with thiotepa-based conditioning may be comparable to those achieved by Cy/TBI for adults with early, but not with advanced ALL.24 However, in view of the current findings Vp/TBI should probably be considered more appropriate comparator for such retrospective and future prospective studies. Furthermore, long-term safety of thiotepa-based regimens still need to be explored with longer follow-up.
As our analysis was a retrospective registry-based study, some limitation had to be accepted, such as lack of detailed information on the patients’ cytogenetic profile, minimal residual disease status and toxicities. The information on translocation (4;11) was available for only 60% of patients conditioned with Cy/TBI and 63% of those conditioned with Vp/TBI. Moreover, it should be emphasized that myeloablative TBI may vary in terms of doses, fractionation, dose rates, radiation sources and organ shielding,22 parameters that  were not available in the EBMT registry, and therefore could not be adequately controlled for. 

In conclusion, the results of our study indicate that conditioning regimen based on etoposide combined with TBI appears more effective in terms of relapse than the combination of cyclophosphamide with TBI for adult patients with Ph-negative ALL undergoing  alloHCT. Further, prospective studies are needed to confirm our observation and potentially discriminate subgroup of patients who are most likely to benefit from the use of etoposide TBI combination. 
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