

[image: image1]
Post-transplantation Cyclophosphamide, Tacrolimus and Low-Dose ATG as GVHD Prophylaxis for Allogeneic Peripheral Stem Cell Transplantation for Adult Patients With Lymphoid Malignancies: A Single Arm Phase II Study












	
	CLINICAL TRIAL
published: 18 March 2021
doi: 10.3389/fmed.2021.630160






[image: image2]

Post-transplantation Cyclophosphamide, Tacrolimus and Low-Dose ATG as GVHD Prophylaxis for Allogeneic Peripheral Stem Cell Transplantation for Adult Patients With Lymphoid Malignancies: A Single Arm Phase II Study

Jie-ling Jiang1†, Wen-hui Gao1†, Li-ning Wang1, Ming Wan2, Ling Wang1* and Jiong Hu1*


1Shanghai Institute of Hematology, Department of Hematology, Blood & Marrow Transplantation Center, Collaborative Innovation Center of Hematology, Rui Jin Hospital Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai, China

2Shanghai Clinical Research Center (SCRC), Feng Lin International Centre, Shanghai, China

Edited by:
Raynier Devillier, Institut Paoli-Calmettes (IPC), France

Reviewed by:
Ian James Martins, University of Western Australia, Australia
 Benjamin Bouchacourt, Institut Paoli-Calmettes (IPC), France

*Correspondence: Ling Wang, cclingjar@163.com;
Jiong Hu, hj10709@rjh.com.cn

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Gene and Cell Therapy, a section of the journal Frontiers in Medicine

Received: 16 November 2020
 Accepted: 23 February 2021
 Published: 18 March 2021

Citation: Jiang J-l, Gao W-h, Wang L-n, Wan M, Wang L and Hu J (2021) Post-transplantation Cyclophosphamide, Tacrolimus and Low-Dose ATG as GVHD Prophylaxis for Allogeneic Peripheral Stem Cell Transplantation for Adult Patients With Lymphoid Malignancies: A Single Arm Phase II Study. Front. Med. 8:630160. doi: 10.3389/fmed.2021.630160



The PT-Cy was considered as one of the mainstay protocol for graft verus host disease (GVHD) prophylaxis. Recent study demonstrated that PT-Cy combined with other immunosuppressants could further reduce the incidence of GVHD and improve the GVHD and relapse free survival (GRFS). In this prospective phase II study, we evaluated the effect of a new GVHD prophylaxis consist of PT-Cy combined with tacrolimus and low dose anti-thymoglobulin (ATG). A total of 23 patients were enrolled including 20 patients with acute lymphoblastic leukemia (ALL) and three patients with T cell lymphoma. The median age was 29 years (range, 16~58 years). Patients with HLA-matched related donor (MSD, n=7) received PT-Cy combined with tacrolimus, while patients with HLA matched unrelated (MUD, n = 2) or haplo-identical (Haplo, n = 14) donor received additional ATG at 2.5 mg/kg on day 15 or day 22 after engraftment of neutrophils. As to the acute GVHD (aGVHD), only three patients developed grade I (n = 1) or grade II (n = 2) aGVHD with 100-day incidence of all aGVHD and II-IV aGVHD at 13.0 ± 5.1% and 9.1 ± 6.1% respectively. Only two patients had mild and one had moderate chronic GVHD (cGVHD), with 1-year incidence of cGVHD and moderate/severe cGVHD at 15.2 ± 8.7% and 4.6 ± 4.4% respectively. A high incidence of CMV reactivation was documented (14/16 with MUD/Haplo donor and 2/7 with MSD) with only 1 CMV disease documented. There were two EBV reactivation without post-transplantation lymphoproliferative disease (PTLD) documented. With a median follow-up of 303 days (range, 75~700 days), three patients relapsed leading to 1-year cumulative incidence of relapse (CIR) at 12.8 ± 9.2%. Only one patient died of CMV pneumonia on day 91 with both 100-day and 1-year non-relapse mortality (NRM) at 4.6 ± 4.4%. The 1-year overall survival (OS), event-free survival (EFS) and GRFS were 95.5 ± 4.4%, 82.6 ± 9.5%, and 68.0 ± 11.3% respectively. Based on Simon's stage II design, our primary data showed that the PT-Cy+tacrolimus ± ATG protocol was promising in preventing aGVHD and cGVHD, which may translate into low NRM without increased CIR. Further clinical trial with large number of patients should be warranted. This trial was registered at www.clinicaltrials.gov as #NCT 04118075.
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INTRODUCTION

Graft-versus-host disease (GVHD) is considered as a major complication after allogeneic hematopoietic stem cell transplantation (allo-HSCT) (1, 2). The post-transplantation cyclophosphamide (PT-Cy) induced immune tolerance has been translated from laboratory studies into clinical practice and clinical data confirmed that PT-Cy can be considered as the mainstay strategy for GVHD prophylaxis in allo-HSCT of HLA-matched related (MSD), unrelated (MUD) and haplo-identical (Haplo) settings (3–8).

Though there are plenty clinical reports of PT-Cy for patients with acute myeloid leukemia (AML) and myelodysplasia syndrome (MDS), the studies focusing on lymphoid malignancies are still limited (9). In our previous phase II clinical trial, we reported that the incidence of grade II-IV acute GVHD (aGVHD) and moderate to severe chronic GVHD (cGVHD) were as high as 39% and 24% respectively in adult patients with lymphoid malignancies receiving PT-Cy in combination with cyclosporine as GVHD prophylaxis and using mobilized peripheral blood stem cells (PBSCs) as graft (10). Our data were consistent with the EBMT registry study which demonstrated that in MSD/MUD settings, acute lymphoblastic leukemia (ALL) and unrelated donor transplantation were associated with higher incidence of grade II-IV aGVHD, while graft of PBSCs was an important risk factor for overall cGVHD and extensive cGVHD (ext cGVHD) (11). Of note, the analysis also indicated that PT-Cy combined with two immunosuppressants or with in vivo T cell depletion agents (TCD) significantly reduced the risk of ext cGVHD, which remained as a key prognostic factor for an improved GVHD and relapse-free survival (GRFS).

To further reduce the incidence of GVHD and improve GRFS, we evaluated a new GVHD protocol of PT-Cy followed additional tacrolimus and low-dose anti-thymoglobulin (ATG) in patients with lymphoid malignancies undergoing first allo-HSCT with mobilized peripheral blood as graft.



PATIENTS AND METHODS


Patients and Eligibility Criteria for Allo-HSCT

This was an investigator-initiated, prospective, non-randomized, single-arm phase II clinical trial (NCT 04118075). The study was approved by the Human Ethics Committee of the Rui Jin Hospital and was in accordance with the Declaration of Helsinki. The study was conducted in the Blood and Marrow Transplantation Center of Rui Jin Hospital, Shanghai Jiao Tong University School of Medicine.

The inclusion criteria were as follows: (1) adult patients (18 to 60 years old) with acute lymphoid malignancies including ALL or various non-Hodgkin's lymphoma; (2) disease status at transplantation including first or second complete remission (CR1 or CR2) for ALL; CR, partial remission (PR) for high-grade lymphoma or any stage of low-grade lymphoma; (3) patients received first allo-HSCT from MSD, MUD or Haplo donor; (4) patients with performance status ≤2 (ECOG score) with acceptable renal and hepatic function (serum creatinine ≤133 μmol/L, serum bilirubin ≤34 μmol/L, serum glutamic-pyruvic transaminase <3 times of the upper normal limit), cardiac left ventricular ejection fraction ≥50% and normal pulmonary function tests; (5) all patients provided written informed consent before allo-HSCT.



Conditioning and GVHD Prophylaxis Regimen

All patients received fludarabine (FLU) 30mg/m2/ d from day−7 to day−3, etoposide 400 mg/m2/d from day−7 to day−6 and intravenous busulfan (BU) at 1.6 mg/kg every 12 h for 6 doses over 3 days (from day−5 to day−3). BU was administered by infusion over 3 h and the dose of BU was based on actual body weight (ABW) or adjusted ideal body weight [AIBW, AIBW=ideal body weight (IBW)+25%(ABW-IBW)] for overweight patients. Granulocyte colony-stimulating factor (G-CSF) mobilized PBSCs were infused on day 0. GVHD prophylaxis consisted of cyclophosphamide 50 mg/kg on day 3 and day 4 followed by tacrolimus 0.5 mg/kg twice daily starting on day 5 adjusted with target therapeutic trough level of 5~15 ng/ml. Single dose of 2.5 mg/kg ATG was given on day 15 after documentation of neutrophil engraftment in patients undergo MUD or Haplo transplantation. In case of delayed ANC engraft, the dose of ATG was postponed for 7 days to day 22 or afterwards likewise. To avoid the impact of donor lymphocyte infusion (DLI) on the development of aGVHD, no prophylactic DLI was allowed within day 100. DLI was only allowed in case of positive measurable residual disease (MRD) or bone marrow relapse after day 100. The conditioning and GVHD prophylaxis regimens were presented in Table 1.


Table 1. Conditioning regimen and GVHD prophylaxis.
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Supportive Care

Acute and chronic GVHD were diagnosed and graded according to standard guidelines (12, 13). In case of grade I–IV aGVHD, the first line treatment was methylprednisolone 1~2 mg/kg/day (i.v.) alone or combined with basiliximab. If no response, ruxolitinib was added as second line treatment. For cytomegalovirus (CMV), prophylaxis ganciclovir was given on day−9 to day−2. After transplantation, pre-emptive treatment ganciclovir was based on weekly monitoring and given in case of CMV DNAemia level >1 × 104 copy/ml. For Epstein-Barr virus (EBV) associated post-transplantation lymphoproliferative disease (PTLD), pre-emptive rituximab was also given based on weekly monitoring of EBV DNAemia when EBV DNA level was over >1 × 105 IU/ml. For prophylaxis of pneumocystis, sulfamethoxazole was given every other day from engraftment to 100 days after transplantation. As to the prophylaxis of invasive fungal disease (IFD), risk adapted escalation strategy was used. Specifically, all patients without previous probable or proven IFD received fluconazole (i.v.) as IFD prophylaxis in the laminar airflow unit. After patients were discharged from the BMT units, fluconazole (p.o) was given to day 100 in patients undergoing transplantation from MSD without aGVHD. While for all patients with unrelated or haplo-donor and all patients developed aGVHD requiring steroid treatment, the prophylaxis was escalated to voriconazole or posaconazole until day 100. For patients with previous documented probable or proven IFD, caspofungin or voriconazole was given in the BMT unit as secondary prevention and voriconazole or posaconazole was used sequentially until day 100. All other supportive care was according to the standard protocol of Rui Jin Hospital.



Study Endpoints

The primary endpoint of the study was the incidence of grade II to IV aGVHD at day 100. Secondary endpoints included the median time to the recovery of neutrophil or platelet, 100-day overall aGVHD and non-relapse mortality (NRM), 1-year overall cGVHD and moderate to severe cGVHD and 1-year overall survival (OS), event-free survival (EFS), cumulative incidence of relapse (CIR), NRM and GRFS. For OS, the failure was defined as death from any cause. For EFS, failure was defined as documented event of either disease relapse or death from any cause. Patients were considered to have died of NRM if there was no evidence of disease relapse or progression before death. Relapse was defined as >5% blasts in bone marrow (BM) examination or extramedullary relapse documented by biopsy in patients with ALL and positive PET-CT scan followed by biopsy in patients with lymphoma. GRFS was defined as patients without the following events including relapse, graft failure, occurrence of III-IV aGVHD and moderate or severe cGVHD.



Sample Size Estimation and Statistical Analysis

The study was based on assumption that the addition of tacrolimus and low dose ATG to PT-Cy decreased the incidence of grade II-IV aGVHD at day 100 to an optimal level of 15% and 40% as unacceptable high as in our previous prospective study with PT-Cy and cyclosporine. The goal of enrollment was set at 23 patients based on Simon's stage II design permitting early stop of trial if 15% was unlikely to achieve (14). With an optimal design, nine patients were enrolled in stage I. If six patients had grade II–IV aGVHD at day 100, the trial should be stopped early for futility. Otherwise, 14 more patients should be enrolled in stage II (as shown in Supplementary Table 1).

The cumulated incidence of aGVHD was calculated using relapse, death of any causes as competing risks (15). The incidence of cGVHD, relapse and NRM was summarized using cumulative incidence estimate accordingly. The OS, EFS and GRFS were calculated using the Kaplan-Meier method (16). Data for patients who were alive in CR were censored at last follow-up on September 30, 2020. The statistics was performed by SPSS and R software at Shanghai Clinical Research Center.




RESULTS


Patients and Characteristics

A total of 23 patients were enrolled in the study. All patients have been followed-up for a median of 303 days (range, 75~700 days). Demographic data for these patients were summarized in Table 2. The median age was 29 years (range, 16~58 years). Twenty patients were ALL including 7 with T-lineage (T-ALL), 12 with B-lineage (B-ALL) and 1 with mixed lineage ALL (Mix-ALL). Among B-ALL, 6 patients were Philadelphia chromosome positive ALL (Ph+ ALL) and received tyrosine kinase such as imatinib or dasatinib before and after allo-HSCT. All patients with ALL were in CR1. Three patients with lymphoma were also enrolled, including one with T-lymphoblastic lymphoma in PR, one with refractory Sezary syndrome and 1 with ALK+ anaplastic large cell lymphoma (ALCL) in CR3. The donors included seven from MSD, two from MUD and 14 from Haplo. In this series, the pre-transplantation status of serum CMV was positive in all patients and their donors.


Table 2. Patient characteristics.
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Engraftment and Chimerism

For all 23 patients, the median number of mononuclear cells and CD34+ cells infused was 6.7×108/kg (range, 2.3~15.7×108/kg) and 4.7×106/kg (range, 2.3~11.6×106/kg), respectively. Neutrophil engraftment occurred in all 23 patients at a median of 14 days (range, 10~20 days), and the median time of platelet recovery was 24 days (range, 9~67 days) in 22 patients. The chimerism analysis of total mononulear cells and CD3+T cells in bone marrow was performed in all patients on day 28 based on PCR of short tandem repeat (STR) unique for donor or recipient. Among them, 22 patients achieved full donor chimerism (≥99%) while one patient with haplo donor failed to achieve full donor chimerism (<60%) and quickly developed pancytopenia with loss of donor chimerism and regarded as primary graft failure. The very patient underwent salvage allo-HSCT from MUD donor and remained alive in CR at last follow-up.



Acute GVHD and Chronic GVHD

For GVHD prophylaxis, ATG was given to all patients transplanted from MUD or Haplo donor on day 15 (n = 9) or day 22 (n = 7) according to the day of ANC engraftment. As to the aGVHD, only one patient developed grade I aGVHD (skin, stage II) and two patients developed grade II aGVHD (skin, stage I~II; gut, stage I, defined as diarrhea <1,000 ml/day). There was no grade III-IV aGVHD documented. At day 100, the cumulative incidence of all grade aGVHD and II–IV aGVHD were 13.0 ± 5.1% and 9.1 ± 6.1% respectively. As to the cGVHD, only two patients had mild cGVHD involving skin or liver respectively, while another patient developed moderate cGVHD, which was characterized by involvement of skin, liver and mucosa. During the follow-up, no patient had documented abnormal pulmonary function, therefore no bronchiolitis obliterans (BO) was diagnosed. The 1-year cumulated incidence of cGVHD and moderate/severe cGVHD were 15.2 ± 8.7% and 4.6 ± 4.4% respectively.



Infection and Other Complications

During the follow-up, a total of 16 patients experienced CMV reactivation. The median time to documented CMV DNAemia was 42 days (range, 30~109 days) with median CMV level of 15 (2~170)×103 copies/ml. Six patients with low viral load (<1×104 copies/ml) recovered spontaneously while ganciclovir was given in 10 patients. Among them, two patients received Haplo transplantation developed pancytopenia after ganciclovir treatment and eventually had secondary graft failure without evidence of relapse on day 60 and day 135 respectively. These two patients received subsequent 2nd allo-HSCT from MUD donor and both remained alive in CR at the last follow-up. CMV disease (pneumonia) was documented in one patient on day 55. The very patient suffered from respiratory failure and received combination therapy of ganciclovir, foscarnet, broad-spectrum antibiotics and assisted ventilation before eventually died on day 91.

As to the EBV infection, there were 2 patients with EBV DNAemia at low level of 1 and 5×103 IU/ml, which remained stable without any PTLD associated symptoms and eventually became negative in the subsequent follow-up.

There were two patients with previous documented IFD including one with proven candidiasis of liver and spleen and one with probable invasive pulmonary aspergillosis (IPA) before transplantation. With secondary prophylaxis, the patient with candidiasis had an episode of candida blood stream infection, which was controlled quickly with addition of amphotericin B to caspofungin. And the patient with IPA remained stable during the process of HSCT. A total of five patients required empirical anti-fungi treatment because of persistent febrile neutropenia with sufficient antibiotic treatment. With IFD work-up, only one patient was diagnosed as probable IPA.

As to other complications, mild hemorrhagic cystitis (HC) was documented in 4 patients and all responded well to hyperhydration with diuretics. All patients who developed HC were in the ATG group. Of note, 2 of them developed HC around day 6 (just after PT-Cy) and the other two occurred around day 35 (after ATG treatment). There was no sinusoidal obstruction syndrome (SOS) and grade III–IV liver toxicity ever documented in all 23 patients. One patient developed Guillian-Barre syndrome on day 45 with unknown cause responded well to high-dose intravenous immunoglobulin (IVIG) and fully recovered afterwards.



Overall Outcome

At the last follow-up, one patient died of CMV pneumonia on day 91, making the 100-day and 1-year NRM both at 4.6 ± 4.4% (as shown in Figure 1). A total of 3 patients with T -ALL experienced relapse on day 138 (BM), 269 (extramedullary) and 678 (BM) respectively, making the 1-year CIR at 12.8 ± 9.2%. The very patient who relapsed on day 138 received DLI on day 151 and 182 following low-dose chemotherapy (CAG regimen). He achieved CR2 together with grade III aGVHD after DLI. Unfortunately, the patient relapsed again 3 months later and eventually died of disease. The other two patients were still under treatment of relapse and 19 patients remained alive in CR. The 1-year OS and EFS were 95.5 ± 4.4% and 82.6 ± 9.5% (as shown in Figures 2, 3), respectively. Overall, a total of 16 patients remained alive and free of relapse, graft failure, III-IV aGVHD and moderate to severe cGVHD with 1-year GRFS of 68.0 ± 11.3% (as shown in Figure 4).


[image: Figure 1]
FIGURE 1. Analysis of non-relapse mortality (NRM).
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FIGURE 2. Kaplan-Meier analysis of overall survival (OS).
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FIGURE 3. Kaplan-Meier analysis of event- free survival (EFS).
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FIGURE 4. Kaplan-Meier analysis of GVHD and relapse-free survival (GRFS).





DISCUSSION

The PT-Cy alone or in combination with other immunosuppressants was considered as one of the mainstay of GVHD prophylaxis strategies in various hematological malignancies (1, 2, 17–19). In a retrospective analysis from Acute Leukemia Working Party of the EBMT (AWLP-EBMT) with 423 patients transplanted in MSD and MUD setting, the diagnosis of ALL (vs. AML, p = 0.008) and PBSCs as graft (vs. BM, p = 0.01) were associated with higher incidence of II-IV aGVHD or ext cGVHD respectively. As to the GVHD protocol (PT-Cy alone or combined with other immunosuppressants), it did not impact the incidence of II–IV aGVHD, while the incidence of ext cGVHD was significantly higher for PT-Cy alone or with one immunosuppressant (18 or 20%) compare to only 8.5% for PT-Cy in combination with 2 immunosuppressants (p = 0.02). More interestingly, adding ATG to PT-Cy was independently associated with reduced risk of ext cGVHD (p < 0.001). As to the outcome of allo-HSCT, the PT-Cy with 2 additional immunosuppressants did not impact the incidence of relapse (p = 0.57) and NRM (p = 0.05), but improved both OS (p = 0.03) and GRFS (p = 0.007). Besides, adding ATG to PT-Cy did not impact the relapse rate (p = 0.61) in multivariate analysis (11).

More recently, clinical study demonstrated that ATG (2.5 mg/kg on day-1 or day-2 to−1) added as part of pre-transplantation conditioning combined with PT-Cy decreased aGVHD (12 vs. 22%, p = 0.029), reduced NRM (8 vs. 23%, p = 0.005) and lead to an improved OS (79 vs. 69%, p = 0.029) at 1 year compared to the no ATG group (20). In another retrospective study with thiotepa based conditioning and PBSCs as graft in Haplo setting, pre-transplantation ATG (1 mg/kg from day−6 to day−2) and the PT-Cy were used as GVHD prophylaxis. It showed that the 2-year cumulative incidences of III-IV aGVHD, severe cGVHD, NRM and relapse were 16, 16, 26, and 26%, respectively, which compared favorably with those of other reports using BM as graft (21).

Based on the above data, we designed a new GVHD prophylaxis regimen with PT-Cy combined with tacrolimus and low-dose ATG (2.5 mg/kg) after ANC engraftment (on day 15 or day 22). Interestingly, our data demonstrated that low incidence of overall II-IV aGVHD (9.1 ± 6.1% at 100-day) could be achieved and even no III–IV aGVHD observed. Though the follow-up was still limited, we observed a trend of low incidence of cGVHD and moderate/severe cGVHD (4.6±4.4% at 1-year). Moreover, the lower incidence of GVHD was translated into lower 100-day NRM (4.6 ± 4.4%). The overall outcome concerning aGVHD/cGVHD and NRM was significantly better than our previous study using PT-Cy with cyclosporine only in the setting of lymphoid malignancies undergoing allo-HSCT with similar myeloablative conditioning and PBSCs as graft (10).

ESQUIROL et al. declared that single-agent of tacrolimus after PT-Cy was a valid option for haploidentical transplantation in adults with hematological malignancies (22). However, the cumulative incidence of grade II–IV and III–IV aGVHD were 23 and 14%, respectively, and the incidence of ext cGVHD was as high as 22% in their study. In another study, Carnevale-Schianca et al. reported low aGVHD incidence of 17% and cGVHD incidence of 7% using PT-Cy, tacrolimus and mycophenolate mofetil (MMF) as GVHD prophylaxis, though 46% of enrolled patients were diagnosed as AML and no patient was transplanted from haploidentical donor (23). These studies and our recent study were consistent with the AWLP-EBMT study, which demonstrated that the incidence of GVHD was significantly higher for PT-Cy alone. Thus, tacrolimus, MMF, ATG or other immunosuppressants should be considered as combination with PT-Cy.

Mobilized PBSC as graft tend to have higher risk of cGVHD compare to bone marrow even with PT-Cy strategy. In our previous study using PT-Cy and cyclosporine, though cGVHD was reduced compare to our historical control using cyclosporine, MMF and MTX regimen, moderate/severe cGVHD including BO was documented. With low dose ATG added to PT-Cy/tacrolimus, no cases of BO documented yet. Longer follow-up should be anticipated to confirm this observation. Thus, we speculated that the addition of low dose ATG may benefit patients undergoing PBSCT and may had limited benefit or no benefit in BMT setting, since BM was associated less cGVHD, Of course, it need to be tested.

Chronic GVHD was considered to be associated with the potential of GVL effect so that may be of benefit to relapse control. The analysis of EBMT registry data demonstrated that addition of ATG may increase the potential relapse rate after allo-HSCT for both ph+ or ph− ALL, but may improve GRFS (24, 25). Other report suggested that low-dose ATG added to PT-Cy protocol may have limited effect on relapse in Haplo setting (20). In our study, though with limited follow-up time, the early incidence of relapse (1-year) was not aggravated with addition of ATG for lymphoid malignancies, but longer follow-up was required to confirm. Nowadays, more emphasis has been put on post-transplantation treatments to prevent diseases relapse. For example, TKIs, hypomethylation agents and/or immune modulation therapy such as DLI or interferon, are all candidates for using, especially for AML patients. Thus, low incidence or no cGVHD may not be necessarily associated with increased relapse. A new clinical trial using the same GVHD prophylaxis in AML patients is undergoing in our center, which is focus on the relapse rate with low-dose decitabine as maintenance therapy after transplantation.

As to the safety of the protocol, we observed a quite high incidence of CMV reactivation particularly in patients transplanted from MUD or Haplo donor (14/16) vs. MSD (2/7, p<0.001). This high incidence of CMV reactivation may attribute to late addition of ATG even with low dose of 2.5 mg/kg due to its direct immune suppression and/or delay of CMV specific immune reconstitution (26). In further clinical study, reducing the dose of ATG or more effective CMV prophylaxis such as use of letermovir after ATG should be considered (27). Of note, we also observed two cases of secondary graft failure. Since no patient had graft failure immediately after ATG treatment and pancytopenia occurred after weeks of ganciclovir treatment, we speculated that low-dose ATG might increase the risk of CMV infection and indirectly increase the risk of secondary graft failure. However, further clinical trial with large number of patients should be warranted especially with letermovir prophylaxis.

As we know, this is the first clinical trial reported to evaluate the role of low-dose ATG added after PT-Cy in the setting of allo-HSCT with PBSCs as graft in lymphoid malignancies. The limitation of the study was the number of patients enrolled. Since the aim of Simon's stage II design was to reject the protocol early when it was unlikely to achieve optimal response, our initial data supported that PT-Cy + tacrolimus ±ATG was potentially effective in reduction of aGVHD/cGVHD and NRM. Further clinical trial with large number of patients should be warranted.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Human Ethics Committee of the Rui Jin Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

JH and LW designed the clinical trial, revised the manuscript. J-lJ and W-hG collected the clinical data, and wrote the manuscript. L-nW also helped to collect the clinical data. MW did the statistical analysis. All authors contributed to the article and approved the submitted version.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.630160/full#supplementary-material



REFERENCES

 1. Hill L, Alousi A, Kebriaei P, Mehta R, Rezvani K, Shpall E. New and emerging therapies for acute and chronic graft versus host disease. Ther Adv Hematol. (2018) 9:21–46. doi: 10.1177/2040620717741860

 2. Luznik L, Fuchs EJ. High-dose, post-transplantation cyclophosphamide to promote graft-host tolerance after allogeneic hematopoietic stem cell transplantation. Immunol Res. (2010) 47:65–77. doi: 10.1007/s12026-009-8139-0

 3. Luznik L, O'Donnell PV, Symons HJ, Chen AR, Leffell MS, Zahurak M, et al. HLA-haploidentical bone marrow transplantation for hematologic malignancies using nonmyeloablative conditioning and high-dose, posttransplantation cyclophosphamide. Biol Blood Marrow Transplant. (2008) 14:641–50. doi: 10.1016/j.bbmt.2008.03.005

 4. Luznik L, Bolanos-Meade J, Zahurak M, Chen AR, Smith BD, Brodsky R, et al. High-dose cyclophosphamide as single-agent, short-course prophylaxis of graft-versus-host disease. Blood. (2010) 115:3224–30. doi: 10.1182/blood-2009-11-251595

 5. Kanakry CG, Tsai HL, Bolanos-Meade J, Smith BD, Gojo I, Kanakry JA, et al. Single-agent GVHD prophylaxis with posttransplantation cyclophosphamide after myeloablative, HLA-matched BMT for AML, ALL, and MDS. Blood. (2014) 124:3817–27. doi: 10.1182/blood-2014-07-587477

 6. Mielcarek M, Furlong T, O'Donnell PV, Storer BE, McCune JS, Storb R, et al. Posttransplantation cyclophosphamide for prevention of graft-versus-host disease after HLA- matched mobilized blood cell transplantation. Blood. (2016) 127:1502–8. doi: 10.1182/blood-2015-10-672071

 7. Robinson TM, O'Donnell PV, Fuchs EJ, Luznik L. Haploidentical bone marrow and stem cell transplantation: experience with post-transplantation cyclophosphamide. Semin Hematol. (2016) 53:90–7. doi: 10.1053/j.seminhematol.2016.01.005

 8. McCurdy SR, Kasamon YL, Kanakry CG, Bolaños-Meade J, Tsai HL, Showel MM, et al. Comparable composite endpoints after HLA-matched and HLA- haploidentical transplantation with posttransplantation cyclophosphamide. Haematologica. (2017) 102:391–400.

 9. Santoro N, Ruggeri A, Labopin M, Bacigalupo A, Ciceri F, Gülbaş Z, et al. Unmanipulated haploidentical stem cell transplantation in adults with acute lymphoblastic leukemia: a study on behalf of the Acute Leukemia Working Party of the EBMT. J Hematol Oncol. (2017) 10:113. doi: 10.3324/haematol.2016.144139

 10. Wang L, Wang L, Fan X, Tang W, Hu J. Fludarabine and intravenous busulfan conditioning with post-transplantation cyclophosphamide for allogeneic peripheral stem cell transplantationfor adult patients with lymphoid malignancies: a prospective single-arm phase II study. Front Med. (2020) 15:108–15. doi: 10.1007/s11684-019-0730-8

 11. Ruggeri A, Labopin M, Bacigalupo A, Afanasyev B, Cornelissen JJ, Elmaagacli A, et al. Post-transplant cyclophosphamide for graft-versus-host disease prophylaxis in HLA matched sibling or matched unrelated donor transplant for patients with acute leukemia, on behalf of ALWP-EBMT. J Hematol Oncol. (2018) 11:40-49. doi: 10.1186/s13045-018-0586-4

 12. Glucksberg H, Storb R, Fefer A, Buckner CD, Neiman PE, Clift RA, et al. Clinical manifestations of graft-versus-host disease in human recipients of marrow from HLA-matched sibling donors. Transplantation. (1974) 18:295-304. doi: 10.1097/00007890-197410000-00001

 13. Jagasia MH, Greinix HT, Arora M, Williams KM, Wolff D, Cowen EW, et al. National Institutes of Health Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-versus-Host Disease: I. The 2014 Diagnosis and Staging Working Group report. Biol Blood Marrow Transplant. (2015) 21:389–401.e1. doi: 10.1016/j.bbmt.2015.02.025

 14. Jung SH, Lee TY, Kim KM, George S. Admissible two-stage designs for phase II cancer clinical trials. Stat Med. (2004) 23:561–69. doi: 10.1002/sim.1600

 15. Gooley TA, Leisenring W, Crowley J, Storer BE. Estimation of failure probabilities in the presence of competing risks: new representations of old estimators. Stat Med. (1999) 18:695-706. doi: 10.1002/(SICI)1097-0258(19990330)18:6<695::AID-SIM60>3.0.CO;2-O

 16. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat Assoc. (1958) 53:457-80. doi: 10.1080/01621459.1958.10501452

 17. Mussetti A, Greco R, Peccatori J, Corradini P. Post-transplant cyclophosphamide, a promising anti-graft versus host disease prophylaxis: where do we stand? Expert Rev Hematol. (2017) 10:479–92. doi: 10.1080/17474086.2017.1318054

 18. Montoro J, Piñana JL, Hernández-Boluda JC, Hernani R, Lorenzo I, Pérez A, et al. Uniform graft-versus-host disease prophylaxis with posttransplant cyclophosphamide, sirolimus, and mycophenolate mofetil following hematopoietic stem cell transplantation from haploidentical, matched sibling and unrelated donors. Bone Marrow Transplant. (2020) 55:2147–59. doi: 10.1038/s41409-020-0921-6

 19. Marani C, Raiola AM, Morbelli S, Dominietto A, Ferrarazzo G, Avenoso D, et al. Haploidentical Transplants with Post-Transplant Cyclophosphamide for Relapsed or Refractory Hodgkin Lymphoma: The Role of Comorbidity Index and Pretransplant Positron Emission Tomography. Biol Blood Marrow Transplant. (2018) 24:2501–08. doi: 10.1016/j.bbmt.2018.07.025

 20. El-Cheikh J, Devillier R, Dulery R, Massoud R, Al Chami F, Ghaoui N, et al. Impact of Adding Antithymocyte Globulin to Posttransplantation Cyclophosphamide in Haploidentical Stem-Cell Transplantation. Clin Lymphoma Myeloma Leuk. (2020) 20:617–23. doi: 10.1016/j.clml.2020.04.003

 21. Peric Z, Mohty R, Bastos J, Brissot E, Battipaglia G, Belhocine R, et al. Thiotepa and antithymocyte globulin-based conditioning prior to haploidentical transplantation with posttransplant cyclophosphamide in high-risk hematological malignancies. Bone Marrow Transplant. (2020) 55:763–72. doi: 10.1038/s41409-019-0726-7

 22. Esquirol A, Pascual MJ, Ortiz M, Piñana JL, Ferra C, Garcia Cadenas I, et al. Single-agent GvHD prophylaxis with tacrolimus after post-transplant high-dose cyclophosphamide is a valid option for haploidentical transplantation in adults with hematological malignancies. Bone Marrow Transplant. (2017) 52:1273–79. doi: 10.1038/bmt.2017.111

 23. Carnevale-Schianca F, Caravelli D, Gallo S, Coha V, D'Ambrosio L, Vassallo E, et al. Post-Transplant Cyclophosphamide and Tacrolimus-Mycophenolate Mofetil Combination Prevents Graft-versus-Host Disease in Allogeneic Peripheral Blood Hematopoietic Cell Transplantation from HLA-Matched Donors. Biol Blood Marrow Transplant. (2017) 23:459-66. doi: 10.1016/j.bbmt.2016.12.636

 24. Giebel S, Labopin M, Czerw T, Socié G, Blaise D, Ghavamzadeh A, et al. Impact of anti-thymocyte globulin on results of allogeneic peripheral blood stem cell transplantation for patients with Philadelphia-positive acute lymphoblastic leukaemia: An analysis by the Acute Leukemia Working Party of the EBMT. Eur J Cancer. (2019) 106:212–9. doi: 10.1016/j.ejca.2018.11.003

 25. Czerw T, Labopin M, Giebel S, Socié G, Volin L, Fegueux N, et al. Anti-thymocyte globulin improves survival free from relapse and graft-versus-host disease after allogeneic peripheral blood stem cell transplantation in patients with Philadelphia-negative acute lymphoblastic leukemia: An analysis by the Acute Leukemia Working Party of the EBMT. Cancer. (2018) 124:2523-33. doi: 10.1002/cncr.31354

 26. Huntley D, Giménez E, Pascual MJ, Remigia MJ, Amat P, Vázquez L, et al. Reconstitution of cytomegalovirus-specific T-cell immunity following unmanipulated haploidentical allogeneic hematopoietic stem cell transplantation with posttransplant cyclophosphamide. Bone Marrow Transplant. (2020) 55:1347–56. doi: 10.1038/s41409-020-0865-x

 27. Marty FM, Ljungman P, Chemaly RF, Maertens J, Dadwal SS, Duarte RF, et al. Letermovir prophylaxis for cytomegalovirus in hematopoietic cell transplantation. N Engl J Med. (2017) 377:2433–44. doi: 10.1056/NEJMoa1706640

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Jiang, Gao, Wang, Wan, Wang and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-630160-t001.jpg
Drug

Fludarabine
Etopside
Busulfan
PBSC
PTCy
tacrolimus
ATG

Dosages

30mg/m? daily
400mg/m? daily
1.6mg/kg q12h

/

50mg/kg daily
05mg/kg q12h p.o.
2.5mg/kg once

Days

D-7to D-3
D-7 to D-6
D-5t0 D-3
DO

D3to D4
DS forward
D15 or D22*

“In case of transplantation from MUD or Haplo donor, ATG (2.5 mg/kg) was given on D15
if ANG engraftment was documented. In patients with late ANC engraftment, ATG was
delayed to D22 or weekly basis afterward.





OPS/images/fmed-08-630160-t002.jpg
Characteristics Values/n

Age, median (range) years 29 (16~58)
Sex
Male 19 (82.6%)
Female 4(17.4%)
Diagnosis
ALL 20 (87.0%)
Tlineage 8
Brlineage 12 (ph* 6; ph- 6)
Lymphoma 3(13.0%)
Sezary syndrome 1
ALCL 1
TLBL 1
Disease status
CR1 20 (87.0%)
PR/CR2 or beyond 3(13.0%)
Donor type
MSD 7(30.4%)
MUD 2(8.7%)
Haplo 14 (60.9%)
GVHD prophylaxis
PT.Cy+FK506 7 (30.4%)
PT-Oy+FK506-+ATG 16 (69.6%)

CMV serum status
Donor*/Recipient* 23 (100%)





OPS/images/fmed-08-630160-g003.gif





OPS/images/fmed-08-630160-g004.gif





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Post-transplantation Cyclophosphamide, Tacrolimus and Low-Dose ATG as GVHD Prophylaxis for Allogeneic Peripheral Stem Cell Transplantation for Adult Patients With Lymphoid Malignancies: A Single Arm Phase II Study



		Introduction



		Patients and Methods



		Patients and Eligibility Criteria for Allo-HSCT



		Conditioning and GVHD Prophylaxis Regimen



		Supportive Care



		Study Endpoints



		Sample Size Estimation and Statistical Analysis







		Results



		Patients and Characteristics



		Engraftment and Chimerism



		Acute GVHD and Chronic GVHD



		Infection and Other Complications



		Overall Outcome







		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Post-transplantation
Cyclophosphamide, Tacrolimus
and Low-Dose ATG as GVHD
Prophylaxis for Allogeneic
Peripheral Stem Cell
Transplantation for Adult Patients
With Lymphoid Malignancies: A
Single Arm Phase II Study





OPS/images/fmed-08-630160-g001.gif





OPS/images/fmed-08-630160-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





