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Abstract

:

HSCT from an unrelated HLA-mismatched donor (MMUD) is one of the alternatives where an HLA-matched donor is not found. The aim of this study was to compare GvHD prophylaxis with anti-thymocyte globulin (ATG) vs. post-transplant cyclophosphamide (PT-Cy). Thirty-nine adult patients were uniformly treated with rabbit ATG-Cy-A-MTX and peripheral blood stem cell (PBSC) and 40 adult patients with PT-Cy-MMF-tacrolimus and PBSC. This retrospective study was registered at ClinicalTrials.gov NCT04598789. Three-year overall survival was 42% vs. 64% for ATG and PT-Cy (p < 0.0005), three-year treatment-related mortality (TRM) was 36% vs. 8% (p = 0.0033) and the three-year relapse incidence (RI) was 15% vs. 28% (p = NS), respectively. The incidences of day-100 GvHD graded II–IV and III–IV were 39% vs. 7% (p = 0.0006) and 11% vs. 0% (p = 0.04), respectively, whereas the three-year cGvHD incidences were 48% vs. 13% (p = 0.0005), respectively. We were able to show how PT-Cy can reduce the incidence of GvHDs and TRM in adults, but relapse remains an issue.
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1. Introduction


Hematopoietic stem cell transplantation (HSCT) remains the only curative option for many patients with hematologic malignancies. The best donor for HSCT is an identical human leukocyte antigen (HLA) graft from a matched related donor (MRD) or matched unrelated donor (MUD). Unfortunately, based on average family size, less than 30% of patients will have an MRD [1] and strategies to identify alternative stem cell sources in the absence of a MUD are needed. Currently, a commonly used strategy is to find a mismatched unrelated donor (MMUD), a haploidentical donor or an umbilical cord blood unit [2]. The main concern with MMUD transplant remains incidences of graft-versus-host disease (GvHD). The estimated risk of acute GvHD in MMUD transplant has varied greatly across studies, with cumulative incidences from 13 to 80% [3,4,5,6]. However, the HLA disparity, which has been associated with GvHD, also presents some beneficial effects allowing a more sustained graft-versus-tumor effect, which is thought to be part of the mechanism for preventing disease relapse after HSCT. A large registry study of almost 4000 patients reported increased mortality for an allele or antigen single mismatch (7/8) at HLA-A, -B, -C or -DRB1 compared with 8/8 MUD transplantation. A second analysis examined allele and antigen mismatches separately with no increase in mortality for single allele mismatches compared to MUD transplantation [7,8]. Rabbit anti-thymocyte or anti-lymphocyte globulins (ATG/ALG) are now frequently used for GvHD prevention in Europe [9,10], with the highest percentage of evidence derived from randomized clinical trials (RCTs), non-RCTs, and meta-analyses. ATG/ALG effectively prevents GvHD, in particular chronic GvHD (cGvHD), following transplant from almost any donor type [11,12,13,14].



Post-transplant high dose cyclophosphamide (PT-Cy) alone has been evaluated primarily after bone marrow transplant and found to be safe and effective [15,16,17,18]. The role of PT-Cy in MMUD can potentially overcome the negative impact of HLA disparity, as in haploidentical transplants [19,20,21]. Recently, by using the registry data from the Acute Leukemia Working Party of the European Society for Blood and Marrow Transplantation, two papers compared PT-Cy and ATG. Battipaglia et al. performed a matched-pair analysis on 272 patients (179 vs. 93) comparing those two strategies in a 9/10 MMUD setting in adults. A significantly lower incidence of severe acute GvHD with PT-Cy compared with ATG together with higher leukemia-free survival (LFS) and GvHD/relapse-free survival (GRFS) [22] was observed. Nagler et al. showed comparable data for PT-Cy and ATG in the haploidentical setting for ALL in adults. Using multivariate analysis (MVA), the LFS and OS were found to be higher with PT-Cy compared to ATG prophylaxis, while the RI was lower in the PT-Cy group (p = 0.03) and TRM was not different [23].



The aim of this study was to retrospectively compare survival rates and GvHD incidence in two cohorts of adult patients transplanted with PBSC and treated with different GVHD prophylaxis: ATG-Methotrexate (MTX) and Cyclosporin-A (Cy-A)- or PT-Cy-Mofetil mycophenolate (MMF) and tacrolimus [24,25,26].



The strength of this study is represented by the common donor selection strategy, by common anti-infectious prophylaxis and SOS strategies and by the continuous discussion of cases both in the pre-transplant period and in the subsequent one.




2. Patients and Methods


We retrospectively analyzed data of MMUD HSCT outcomes at our adult centers, which include the Institute for Cancer Research and Treatment in Candiolo and Azienda Ospedaliera, Universitaria Ospedale San Luigi, Orbassano, Turin. The HSCTs were performed between 2011 and 2019. The policy of infection and SOS prophylaxis together with donor selection followed the same algorithms.



In brief, the infection policy was based on: (a) antifungal prophylaxis with fluconazole for all patients except those who had already developed a fungal infection for whom secondary prophylaxis was based on posaconazole or voriconazole, (b) antiviral prophylaxis was given with acyclovir from day −1, and (c) SOS prophylaxis was based on the administration of ursodeoxycholic acid at a dose of 10 mg/kg after performing a hepatic fibro-scan before HSCT in order to monitor the presence of hepatic fibrosis. During hospitalization all patients were weighed twice a day and their abdominal circumference measured once a day, while liver enzymes were monitored daily. In the case of any variation of these parameters, the policy was reduction of fluids, administration of diuretics and albumin and administration of defibrotide at a dose of 6.25 mg/kg four times a day for at least 21 days. The donor selection was based on the following criteria: (1) HLA compatibility being first (a) HLA-DRB1 match, (b) HLA-B match, (c) HLA-A match, (d) HLA-C match, (e) HLA-DQB1 match; (2) selection based on the gender of the donor being first (a) male, (b) female without pregnancy, (c) female with previous pregnancies; (3) blood group being first (a) AB0 matched, (b) minor incompatibility, (c) major incompatibility. Regarding GvHD prophylaxis, one center adopted prophylaxis with ATG-Cy-A and MTX, whereas the other used PT-CY-tacrolimus and Mycophenolate. Therefore, it is important to specify that the distribution of patient/donor/transplant variables will therefore be random.



The search for the unrelated donor was performed by the coordinator center located at the Regina Margherita Children’s Hospital. Table 1 describes the main clinical characteristics of the study population. All patients underwent their first allogeneic HSCT and there were evidently significant differences at the baseline between the groups: (1) the patients’ age was more advanced in the ATG group, (2) an intermediate to high disease risk index (DRI) [27,28] was more present in the ATG group, (3) the interval between diagnosis and HSCT was greater in the PT-Cy group, (4) TBI was mostly chosen in the ATG group, and (5) a reduced intensity regimen (RIC) was more frequently chosen in the ATG group. The European Blood and Marrow Transplant (EBMT) [29] scores did not differ among the groups. A total of 10 patients underwent HSCT after an RIC, where the majority were in the ATG group (8 out of 10). The study was approved by the Institutional Review Board N° 00266/2019 and it was registered at ClinicalTrials.gov NCT04598789. All patients or their legal guardians signed the appropriate consent form at the time of HSCT for recording data and clinical outcomes. All authors had access to primary clinical trial data.



2.1. HLA Typing


HLA-typing was performed at the Immunogenetica and Biologia dei Trapianti, University of Turin. The donor–patient couples were DNA typed by high resolution polymerase chain reaction (PCR) at the HLA-A, B, C, DRB1 and DQB1 loci [30,31,32]. The HLA mismatch was defined as the difference between donor and recipient (including allele or antigen mismatch) in the GVH (including all-bidirectional mismatch) and HVG. In the case of the co-presence of double mismatches involving both GvH and host-versus-graft (HvG) vectors at different loci (for instance HLA-A and HLA-DQB1), the patients were arbitrarily assigned to the GvH group. No data for permissive nor non-permissive mismatches were reported [33,34].




2.2. Engraftment and GvHD Prophylaxis


Absolute neutrophil count (ANC) engraftment was defined as the first of three consecutive days of ANC above 0.5 × 109/L, independently of G-CSF administration. Platelet engraftment was defined as the first of three consecutive days of unsupported platelet counts above 50 × 109/L. Acute and chronic GvHD were classified according to Seattle criteria [35,36]. For the ATG group, GvHD prophylaxis consisted of rabbit anti-thymocyte globulins (ATG, Thymoglobulin, Genzyme Europe B.V. Paasheuvelweg 25 1105 BP Amsterdam, The Netherlands) at 2.5 mg/kg/day from day −4 to day −2 (total dose 7.5 mg/kg) combined with Cy-A from day −1 at 3 mg/kg iv up to engraftment and then 5–8 mg/kg orally to maintain blood concentration between 100 to 250 ng/mL. The Cy-A was given for 4–6 months according to the patients’ underlying disease status and GvHD development. MTX was given at 10 mg/m2 on day +1 and then at 8 mg/m2 on days +3, +6 and +11. In this patient group, the goal was to discontinue immunosuppression at day +120 in the absence of immune-mediated complications or incipient relapse of the underlying disease.



For the PT-Cy group, the GvHD prophylaxis consisted of high dose cyclophosphamide at 50 mg/kg/day on days +3 and +4 together with tacrolimus at 0.06 mg/kg twice daily to maintain blood concentration in the range of 5–15 ng/mL by day +5 to day +81 when a taper was started. MMF was administered orally by day +5 to day +28 at 15 mg/kg three times per day. In this patient group, the goal was to discontinue immunosuppression at day +90 in the absence of immune-mediated complications or incipient relapse of the underlying disease. A total of 10 patients received a reduced intensity conditioning (13%), and the remaining 69 patients underwent HSCT following a myeloablative conditioning (87%) [37]. Fractionated total body irradiation was administered over three days in six factions (total dose 12 Grays). None of the patients received any type of maintenance after HSCT.




2.3. Statistical Analysis


The primary endpoint of the study was day 100 acute GvHD II–IV incidence, with secondary endpoints being: day 100 acute GvHD III–IV, three-year chronic GvHD incidence, three-year overall survival (OS), three-year transplant-related mortality (TRM) incidence, three-year relapse incidence (RI) and neutrophil and platelets engraftment.



Categorical variables related to patients, disease, and transplant procedure were compared using the chi-squared or Fisher’s exact test (VassarStats: Statistical Computation Web Site) and quantitative variables with the Mann–Whitney test (Mann–Whitney U Test Calculator (socscistatistics.com)). In the case of several nonparametric groups, the Kruskall–Wallis test was used (Conover (1999), “Practical Nonparametric Statistics,” Second Edition, Wiley, pp. 288–297 [38], Walpole and Myers (2012), “Probability and Statistics for Engineers and Scientists,” Ninth Edition, Pearson [39]). OS was defined as the probability of survival irrespective of the state of the disease. This was calculated as the interval between the HSCT date and the last follow-up or death, whichever occurred first. Graft failure (GF) patients were censored only for the GvHD cumulative incidence analysis. GF was defined as either lack of initial engraftment of donor cells (primary graft failure), loss of donor cells after initial engraftment (secondary graft failure) or simply the failure to reach ANC above 0.5 × 109/L or platelets above 50 × 109/L.



TRM was defined as the probability of dying without recurrence of the underlying disease. Relapse was defined as the reappearance of tumor cells at any site. To assess and compare the transplant risk of these populations we measured the DRI and EBMT risk scores for all the patients [27,28,29].



Acute GVHD II–IV, acute GVHD III–IV and chronic GVHD cumulative incidences were calculated using NCSS software. The competing risks for GvHDs were relapse and death in remission. OS was calculated by Kaplan–Meier statistics [40] and the log-rank test was used to calculate p values [41]. Relapse was considered the competing event to calculate TRM, while TRM was the competing event for calculating RI. The RI cumulative curves were calculated with NCSS software, while the statistical differences were calculated with the Gray test [42] using the R package (https://www.r-project.org/). In the analysis any type of relapse (hematological or involving any extra site) was considered as an event. All variables having a p value below 0.20 in univariate analyses were included in a multivariate analysis using the Cox regression model, and the proportional sub-distribution hazard regression model was used to perform multivariate analyses of RI and TRM. Statistical analysis was performed using computer software (SPSS, SPSS, Inc., Chicago, IL, USA) to calculate OS, while the cumulative incidence curves (TRM, RI and GvHDs) were calculated using another computer program (NCSS for Windows, NCSS, LLC, Kaysville, UT, USA). The p values for both univariate and multivariate analyses were computed with a statistical computing program (R packages software, http://www.rproject.org/). For all analyses, the significant p value was 0.05.





3. Results


The median follow-up was 14.9 months (0.3–85.4).



3.1. Disease Risk Index and EBMT Risk Score


To compare the groups, we calculated the DRI and the EBMT risk score. In the ATG group we had 3 patients at low risk (8%), 26 at intermediate risk (67%) and 10 at high risk (25%). In the PT-Cy group we had 9 patients at low risk (22%), 16 patients at intermediate risk (40%) and 15 patients at high risk (37%) (p = 0.04). As illustrated in Table 1, according to the EBMT risk score, no significant differences were found among the groups.




3.2. HLA Typing


A total of 41 couples were HLA-A mismatched (52%), 14 were mismatched at the HLA-B locus (18%), 21 at the HLA-C locus (26%) and 18 at the DQB1 locus (23%). According to our center’s policy, no patients were mismatched at the HLA-DRB1 locus. Five patients had a double mismatch at HLA-class I (6%) and 10 patients had a double mismatch at HLA class I and DQB1 (13%).




3.3. Neutrophils and Platelet Engraftment


The neutrophils engraftment for the ATG and PT-Cy groups was achieved on days +15 (10–21) and +14 (12–23) (p = NS), respectively. The platelets engraftment was achieved on days +21 (13–41) and +15 (12–60), respectively (p = NS). A total of five patients did not achieve neutrophils engraftment in the ATG group (13%) and one patient in the PT-Cy group (2%, p = NS). A total of nine patients did not achieve platelet above 50 × 109/L in the ATG group (23%) and one patient in the PT-Cy group (2%, p = 0.006). The kinetics of ANC and PLT engraftment are outlined in Figure 1a,b.




3.4. Acute GvHD


Among the entire population we had: 52 patients with no GvHD (66%), 12 with GvHD graded I (15%), 8 with GvHD graded II (10%), 4 with GvHD graded III (5%) and no patients with GvHD graded IV (0%). We were unable to evaluate three patients due to premature death; however, these cases were calculated for outcome as a competing event.



The overall day 100 GvHD II–IV and GvHD III–IV incidences were respectively 24% (95% CI 18–33) and 6% (95% CI 1–24). Figure 2 shows GvHD II–IV and III–IV for the ATG and PT-Cy groups. In brief, the incidences of day 100 GvHD graded II–IV and III–IV were 39% vs. 7% (p = 0.0006) and 11% vs. 0% (p = 0.04) for the ATG and the PT-Cy groups, respectively.



As reported in Table 2 the univariate analysis showed how the conditioning regimen with TBI (p = 0.01), the GvHD prophylaxis with ATG (p = 0.0006) and the intensity of conditioning (p = 0.008) were significantly associated with a higher risk of GvHD II–IV. The multivariate analysis highlights that intensity of conditioning (OR 6.404, p = 0.008) and the GvHD prophylaxis with ATG (OR 1.28, p = 0.05) were independent risk factors for GvHD II–IV. Younger patient’s age was a protective factor (OR 0.210, p = 0.028) (Table 3).



The univariate analysis for GvHD III–IV showed that the following factors were significantly associated with a higher risk of severe GvHD: donor age below 30 years (p = 0.054), and GvHD prophylaxis with ATG (p = 0.01) together the HLA-B mismatch (p = 0.05). No factors were identified as independent in the multivariate analysis (Table 3).




3.5. Chronic GvHD Incidence


Among the entire population the three-year cGvHD incidence was 28% (95% CI 19–49). As illustrated in Table 2, the univariate analysis showed that males (p = 0.04), GvHD prophylaxis with ATG (p = 0.0005) and HLA-B mismatch (p = 0.0003) were significantly associated with cGvHD occurrence. In detail: the cumulative incidence of limited cGvHD were 14% (5–34) vs. 10% (4–27) (p = NS) for the ATG and PT-Cy groups, respectively. The cumulative incidence of extensive GvHD were 34% (21–57) and 3% (1–18) (p < 0.001) for the ATG and PT-Cy groups, respectively. Considering the ATG-group a total of 14 patients developed cGvHD. It was mild for three patients (10%), moderate for nine patients (31%) and finally severe for two patients (7%). When we focused on the PT-Cy group a total of five patients developed cGvHD. It was mild for four patients (10%) and moderate for one patient (3%) [43]. When we focused on GvHD prophylaxis, the cumulative incidence was 48% (95% CI 33–70) for the ATG group and 13% (95% CI 6–30, p = 0.0005) for the PT-Cy group.



The multivariate analysis found how the PT-Cy-based GvHD prophylaxis (OR 0.143, p = 0.001) was a protective factor for cGvHD, while the double class I and HLA-DQB1 mismatch (OR 4.170, p = 0.012) was an independent risk factor for cGvHD (Table 3).




3.6. Overall Survival


The three-year OS rate for the entire population was 58% (95% CI 49–68). Figure 3 shows the OS for the two groups: 42% vs. 64% for ATG and PT-Cy (p < 0.0005), respectively. As illustrated in Table 2, the univariate analysis showed that a patient’s age above 60 (p = 0.005), GvHD prophylaxis with ATG (p = 0.005), high DRI (p = 0.01) and a match at the HLA-DQB1 locus (p = 0.02) were significantly associated with poorer OS.



The subsequent multivariate analysis highlights that GvHD prophylaxis with PT-Cy had a protective role (OR 0.342, p = 0.025), and older patient’s age (OR 3.5, p = 0.002) and DRI score (OR 2.90, p = 0.005) were independent risk factors for OS.



When patients were stratified according to DRIs, we found no significant differences for the ATG or PT-Cy groups for low-risk patients, improved OS for PT-Cy patients of intermediate risk (41% vs. 94%, respectively, p = 0.013) and an improved outcome for ATG for high risk (30% vs. 25%, p = 0.04).




3.7. Transplant-Related Mortality


The three-year transplant-related mortality (TRM) incidence for the entire population was 21% (95%, CI 15–29). In particular, TRM was 36% vs. 8% (p = 0.0033) for the ATG and PT-Cy groups, respectively.



As illustrated in Table 2, the univariate analysis showed that statistically, the factors related to TRM risk were: patients’ age (p = 0.0021), GvHD prophylaxis with ATG (p = 0.0033) and a match at the DQB1 locus (p = 0.04).



The multivariate analysis found how the PT-Cy based GvHD prophylaxis (OR 0.231, p = 0.031) and the mismatch at the HLA-DQB1 locus (OR 0.112, p = 0.037) had a protective role, while older patient’s age (OR 4.24, p = 0.01) and the DRI score (OR 2.552, p = 0.05) were independent factors for TRM risk (Table 3).




3.8. Relapse Incidence


Three-year RI for the entire population was 21% (95%, CI 15–29), in particular, it was 15% vs. 28% (p = NS) for the ATG and PT-Cy groups, respectively. As reported in Table 2, the univariate analysis showed that the following factors had a statistically significant effect on RI: higher DRI (p = 0.015) and higher EBMT score (p < 0.00001).



The multivariate analysis did not find any independent factor.



When patients were stratified according to DRIs we found no significant differences for the ATG or PT-Cy groups for low- and intermediate-risk DRI patients, but a reduced risk of relapse in the ATG group in comparison to PT-Cy (20% vs. 76%, p = NS) was observed in high-risk DRI patients.




3.9. Cause of Death


Among the ATG-based GvHD prophylaxis patients, 20 died. Seven patients died of septicemia, six due to disease progression, two from refractory GvHD, two from encephalitis, one of myocardial infarction, one due to acute respiratory distress syndrome (ARDS) and one as a result of Alzheimer’s disease (histologically proven post mortem).



Among the PT-CY group 10 patients died; 8 of those patients died of disease recurrence and 2 of septicemia.





4. Discussion and Conclusions


Mismatched unrelated donor, haploidentical or cord blood HSCTs are considered as alternatives to matched sibling donors or MUD HSCTs. The literature is rich in papers describing the outcomes of alternative donor HSCTs, but comparisons are hard to convert into clinical practice because of different policies for conditioning/GvHD prophylaxis/donor choice/center experience/disease type and phase [44,45,46,47,48,49,50]. In this paper we report our comparative study with two strategies of GvHD prophylaxis. The present report is a retrospective observational study and this can explain several limitations; however, there are many points of interest that can be highlighted—in particular, we used the same algorithms for donor search, antifungal and antiviral prophylaxis and the continuous discussion of these clinical cases.



In our study no differences in speed of engraftment were observed among patients having ATG- or PT-Cy-based GvHD prophylaxis; however, the rate of failure of PLT engraftment was significantly greater for the ATG group. The reason is unclear, since the PT-Cy is able to spare stem cells but not committed progenitors, whereas ATG does not affect stem cell behavior. The literature reports approximately a 10% graft failure rate in MMUD transplants, which is significantly higher than that observed in matched sibling donors and MUD transplants [47]. In our study, the older patient’s median age in the ATG group together with the more advanced disease risk may explain these results.



Concerning GvHD occurrence, we observed that the GvHD risk was reduced with the addition of PT-Cy since the acute and chronic GvHD were significantly lower in comparison with the ATG group. However, this is counterbalanced by the higher risk of relapse in our population that, for the adult patients, was nearly double in the PT-Cy group [51]. This limited GvHD incidence distinguished our PT-Cy cohort from other MMUD HSCT cases reported in the literature. In the 2016 Mehta paper, after the exclusion of 29 patients with isolated HLA-DQ mismatches, 84 patients were identified as ‘7/8 HLA-MUD’ HCT recipients. Out of these, 38 patients received PTCy-based GvHD prophylaxis while 46 patients received tacrolimus/MTX/ATG or alemtuzumab. No patient in the PT-Cy group developed acute GvHD by day 30 compared with eight patients in the conventional group [52]. In a recent paper by Jorge et al., a more pronounced incidence of acute and chronic GvHD was reported [53]. Battipaglia et al. also registered higher GvHD rates than in our cohort of patients [22]. The use of tacrolimus distinguished our PT-Cy cohort (all 40 patients vs. 19 in the EBMT study) but the data gathered do not allow for any further speculations. In the ATG group the Cy-A was maintained around 150 ng/mL to reduce toxicity; however, this level might be insufficient for inhibiting T-cell alloreactivity in this unrelated mismatched HSCT setting [54].



In a large CIBMTR study, no differential impact of mismatching at HLA-A, -B, -C or –DRB1 was detected for either relapsed or chronic GvHD, but mismatch at HLA-A was significantly associated with grade III–IV aGvHD and TRM together with lower DFS and OS rates [43]. Another large NMDP study, analyzing one single antigen MMUD with GvH and bidirectional vector, had significantly higher rates of acute GvHD than the 7/8 HvG mismatched group [45]. Here we cannot confirm these data, probably due to the low number of our patients. In our series we were able to find that the HLA-B mismatch was significantly associated with GvHD III–IV (the p value of GvHD II–IV was 0.06) and cGvHD, whereas the HLA-DQB1 mismatch gave protection against TRM and improved OS [49].



Regarding TRM, the different GvHD prophylaxis reached statistical significance with a reduced TRM emerging for the PT-Cy group (only 7%). Jorge et al. reported 24% of TRM in an adult population. In their study no differences in the cumulative incidence of TRM at 1 year were observed between PT-Cy MMUD and MUD. We found that the patient’s age and ATG-based GvHD prophylaxis had a more significant impact on TRM.



The package of GvHD prevention presented different risks of relapse, which were higher in the PT-Cy group (28%) compared to the ATG group (15%); however, the multivariate analysis did not confirm the statistical significance. Nonetheless, RI appears an important cause of treatment failure especially in the PT-Cy group. The advanced DRI and advanced EBMT risk scores were the only factors significantly associated with a higher risk of relapse, which confirmed evidence gathered in previous studies. This observation confirms data from the CIBMTR [43].



In our study the RI increased from 8% to 37% according to DRI, and more importantly RI was unaffected by GvHD prophylaxis in the low or intermediate groups. We recorded a greater difference in RI in the high DRI score between ATG (20%) vs. PT-Cy (76%). These data need to be confirmed by other groups in a prospective study. A previous paper including 775 patients firstly documented an increased risk for TRM associated with an HLA-mismatch, even in the setting of ATG-based transplants [55]. PTCy may circumvent the issue of NRM associated with an HLA MM, although at the price of a higher relapse rate, as suggested by the present findings.



The limited role of the HLA mismatch donor in preventing relapse was confirmed in other papers. In the study of Arora et al., the five-year cumulative incidence of relapse was 14% in matched sibling donor transplant recipients, 12% in 8/8 matched unrelated transplant recipients, 11% with single class I mismatch, 9% with single DRB1 mismatch, 7% with two class I mismatches and 12% with mixed mismatch [56].



In our study, factors associated with a lower risk of death were low DRI, younger patient’s age, PT-Cy GvHD prophylaxis and mismatch at the HLA-DQB1 mismatch. Data on preventing relapse with a MHC-class II mismatch have already been explored by other studies. Solomon’s paper describes how patients receiving a haploidentical HSCT with PT-CY had improved survival in the presence of HLA-DR mismatch, HLA-DP nonpermissive mismatch, killer cell immunoglobulin-like receptor (KIR) receptor–ligand mismatch, and KIR B/x haplotype with KIR2DS2 [57].



Among these factors, multivariate analysis showed how GvHD prophylaxis with PT-Cy, younger age and lower DRI score were significantly associated with better survival rates. When our patients were stratified according to GvHD prophylaxis and DRI score, no significant differences in the low-risk group were observed, whereas OS was significantly affected by GvHD prophylaxis (better with PT-Cy in the intermediate-risk and slightly better with ATG in the high-risk group). Again, in our opinion these data should be kept in mind when HSCT is offered to new patients.



However, all of these conclusions can be mitigated by the non-homogeneous nature of the group of neoplastic diseases we treated and their different conditioning at the different disease phases at HSCT. We did not find that HLA mismatch influenced OS rates, except for the protective role of DQB1 mismatch. In Kekre’s paper, the subgroup analyses showed an increased risk of mortality with single allele mismatches at HLA-A, HLA-B and HLA-C when compared with fully matched unrelated donor HSCT, while HLA-DRB1, DQB1 or HLA-DPB1 associations were not significant [51]. With all the limitations of the retrospective analysis, we were able to show how PT-Cy is capable of reducing GvHD incidence and TRM in an adult population. These data confirm that GvHD may be significantly reduced but relapse remains a critical point. The long-lasting immunosuppression given by PT-Cy might be an issue in high-risk diseases. Our data suggest the consideration of ATG for high-risk disease patients and PT-Cy in the case of those patients at low or intermediate risk. Studies addressing a post-HSCT approach to reduce RI are warranted and cellular therapies might represent an intriguing option. Allogeneic CAR-T cells or allogeneic CIK cells after HSCT [58,59,60,61] are under investigation worldwide and are worthy of note in this area.
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Figure 1. Neutrophil and platelet engraftment of patients treated with ATG (blue line) and with PT-Cy (green line). (a) Absolute neutrophil engraftment after mismatched unrelated donor transplantation (p = 0.055); (b) platelets engraftment after mismatched unrelated donor transplantation. 
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Figure 2. GvHD incidence of day 100 in patients treated with ATG (blue line) and PT-Cy (green line). (a) Acute GvHD II–IV incidence after mismatched unrelated donor transplantation was 39% for the ATG group and 7% for the PT-Cy group (p = 0.0006); (b) acute GvHD III–IV incidence after mismatched unrelated donor transplantation was 11% for ATG and 0% for PT-Cy (p = 0.014). 
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Figure 3. Comparison of the overall survival and disease-free survival of the patients treated with ATG (blue line) and the patients treated with PT-Cy (green line). In (a), the overall survival after mismatched unrelated donor transplantation underlined a significant result for the PT-Cy group; (b) shows progression-free survival after mismatched unrelated donor transplantation with a non-significant p value. 
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Table 1. Characterization of patients and donors in studied transplants. Demographics of patient–donor-transplants. CSA = cyclosporine-A, MTX = methotrexate, ATG = anti-thymocyte globulin, MMF = Mofetil mycophenolate, PT-Cy = post-transplant Cyclophosphamide, ALL = acute lymphoblastic leukemia, AML = acute myeloid leukemia, CLL = chronic lymphocytic leukemia, CML = chronic myeloid leukemia, MDS = myelodysplastic syndrome, MM = multiple myeloma, NHL = non-Hodgkin lymphoma, HD = Hodgkin lymphoma, TBI = total body irradiation, RIC = reduced intensity conditioning, MAC = myeloablative conditioning, MM = mismatch, MF = Mielofibrosis.
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	CSA+MTX+ATG

N = 39
	Tacrolimus+MMF+PTCy

N = 40
	p





	Patient gender
	Male
	24 (61%)
	25 (62%)
	NS



	
	Female
	15 (38%)
	15 (37%)
	



	Patient age
	≥60
	17 (43%)
	8 (20%)
	0.02



	
	<60
	22 (56%)
	32 (80%)
	



	Disease
	ALL
	8 (20%)
	6 (15%)
	NS



	
	AML
	19 (49%)
	18 (45%)
	



	
	CLL
	2 (5%)
	1 (2%)
	



	
	CML
	1 (2%)
	0
	



	
	MDS
	5 (13%)
	2 (5%)
	



	
	MM
	2 (5%)
	7 (17%)
	



	
	NHL
	1 (2%)
	2 (5%)
	



	
	HL
	0
	3 (7%)
	



	
	MF
	1 (2%)
	1 (2%)
	



	Disease risk index
	Low
	3 (8%)
	9 (22%)
	0.04



	
	Intermediate
	26 (67%)
	16 (40%)
	



	
	High
	10 (25%)
	15 (37%)
	



	
	Very high
	0
	0
	



	EBMT score
	2
	0
	3 (7%)
	NS



	
	3
	8 (20%)
	6 (15%)
	



	
	4
	8 (20%)
	12 (30%)
	



	
	5
	16 (41%)
	7 (17%)
	



	
	6
	6 (15%)
	12 (30%)
	



	
	7
	1 (2%)
	0
	



	Interval diagnosis–HSCT
	>1 year
	17 (43%)
	27 (67%)
	0.04



	
	<1 year
	22 (56%)
	13 (32%)
	



	Conditioning
	TBI-based
	9 (23%)
	2 (5%)
	0.02



	
	Chemo-based
	30 (77%)
	38 (95%)
	



	Intensity of conditioning
	RIC
	8 (20%)
	2 (5%)
	0.04



	
	MAC
	31 (80%)
	38 (95%)
	



	Donor gender
	Male
	23 (59%)
	27 (%)
	



	
	Female
	16 (41%)
	13 (67%)
	



	Donor age
	>30
	15 (38%)
	20 (50%)
	NS



	
	<30
	24 (61%)
	20 (50%)
	



	Gender relation
	F > M
	16 (41%)
	16 (40%)
	NS



	
	other
	23 (59%)
	24 (60%)
	



	PBSC CD34+ cells
	>median
	19 (49%)
	18 (45%)
	NS



	
	<median
	20 (51%)
	22 (55%)
	



	HLA-A mismatch
	
	18 (46%)
	23 (57%)
	NS



	HLA-B mismatch
	
	8 (20%)
	6 (15%)
	



	HLA-C mismatch
	
	12 (31%)
	9 (22%)
	



	HLA-DQB1 mismatch
	
	8 (20%)
	10 (25%)
	



	Double class 1 mismatch
	
	3 (7%)
	2 (5%)
	



	Double class I and class II mismatch
	
	4 (10%)
	6 (15%)
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Table 2. (a) Analysis of day-100 GvHDs following mismatched HSCT; (b) analysis of OS, TRM, RI following mismatched HSCT. Univariate analysis for outcomes. M = male, F = female, ATG = anti-thymocyte globulin, PT-Cy = post-transplant cyclophosphamide, TBI = total body irradiation, RIC = reduced intensity conditioning, MAC = myeloablative conditioning, DRI = disease risk index, MM = mismatch, OS = overall survival, TRM = transplant-related mortality, RI = relapse incidence.
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(a)




	

	

	
DAY-100 aGvHD II–IV

(95% CI)

	
p

	
DAY-100 aGvHD III–IV (95% CI)

	
p

	
3-y cGvHD

(95% CI)

	
p






	
Patient’s gender

	
M

	
22% (12–38)

	
NS

	
8% (3–22)

	
0.14

	
37% (25–55)

	
0.04




	

	
F

	
22% (11–45)

	

	
0%

	

	
12% (4–36)

	




	
Patient’s age

	
>60 year

	
18% (7–44)

	
NS

	
0%

	
0.17

	
28% (13–58)

	
NS




	

	
<60 year

	
23% (14–38)

	

	
8% (3–20)

	

	
28% (18–44)

	




	
Donor

	
M

	
18% (9–33)

	
NS

	
4% (1–16)

	
NS

	
24% (14–42)

	
NS




	

	
F

	
30% (16–53)

	

	
7% (2–28)

	

	
32% (18–57)

	




	
GvHD prophylaxis

	
ATG-based

	
39% (26–60)

	
0.0006

	
11% (4–28)

	
0.014

	
48% (33–70)

	
0.0005




	

	
PTCy-based

	
7% (2–22)

	

	
0%

	

	
13% (6–30)

	




	
Donor’s age

	
>30

	
13% (5–32)

	
0.06

	
0%

	
0.054

	
20% (10–41)

	
0.09




	

	
<30

	
28% (18–46)

	

	
9% (4–24)

	

	
35% (23–54)

	




	
Gender relation

	
F>M

	
21% (10–42)

	
NS

	
6% (2–25)

	
NS

	
27% (14–51)

	
NS




	

	
other

	
23% (13–39)

	

	
4% (1–17)

	

	
29% (18–47)

	




	
Conditioning

	
TBI

	
50% (27–93)

	
0.01

	
9% (1–59)

	
NS

	
22% (6–75)

	
NS




	

	
Chemo

	
17% (10–30)

	

	
5% (1–14)

	

	
29% (20–44)

	




	
Intensity of conditioning

	
RIC

	
52% (16–80)

	
0.008

	
10% (0–28)

	
NS

	
60% (30–90)

	
0.007




	

	
MAC

	
17% (8–26)

	

	
5% (0–10)

	

	
28% (13–43)

	




	
DRI

	
low

	
17% (5–59)

	
NS

	
8% (1–54)

	
NS

	
25% (9–67)

	
NS




	

	
intermediate

	
22% (13–40)

	

	
5% (1–19)

	

	
30% (18–49)

	




	

	
high

	
24% (11–51)

	

	
4% (1–28)

	

	
28% (13–58)

	




	
EBMT score

	
2

	
0%

	

	
0%

	

	
33% (7–100)

	




	

	
3

	
36% (17–72)

	

	
14% (4–51)

	

	
43% (23–78)

	




	

	
4

	
15% (5–42)

	

	
5% (1–34)

	

	
20% (8–48)

	




	

	
5

	
22% (9–53)

	

	
0%

	

	
21% (8–58)

	




	

	
6

	
23% (10–55)

	

	
6% (1–37)

	

	
31% (14–69)

	




	

	
7

	
0%

	

	
0%

	

	
100%

	




	
HLA-A

	
mismatch

	
24% (13–42)

	
NS

	
5% (1–20)

	
NS

	
31% (18–52)

	
NS




	

	
match

	
20% (10–39)

	

	
5% (1–21)

	

	
27% (16–48)

	




	
HLA-B

	
mismatch

	
38% (19–76)

	
NS

	
14% (4–51)

	
0.05

	
46% (26–83)

	
0.0003




	

	
match

	
18% (11–31)

	

	
3% (1–13)

	

	
25% (16–40)

	




	
HLA-C

	
mismatch

	
11% (3–41)

	
NS

	
0%

	
NS

	
25% (11–58)

	
NS




	

	
match

	
25% (16–49)

	

	
7% (3–18)

	

	
31% (20–47)

	




	
HLA-DQB1

	
mismatch

	
17% (6–49)

	
NS

	
6% (1–37)

	
NS

	
28% (13–58)

	
NS




	

	
match

	
24% (15–38)

	

	
5% (2–16)

	

	
30% (19–46)

	




	
(b)




	

	

	
3-y OS

(95% CI)

	
p

	
3-y TRM

(95% CI)

	
p

	
3-y RI

(95% CI)

	
p




	
Patient’s gender

	
M

	
52% (33–70)

	
NS

	
20% (12–35)

	
NS

	
26% (17–42)

	
NS




	

	
F

	
58% (35–91)

	

	
24% (12–46)

	

	
14% (5–34)

	




	
Patient’s age

	
>60 year

	
27% (4–50)

	
0.005

	
40% (25–64)

	
0.0021

	
20% (9–44)

	
NS




	

	
<60 year

	
67% (52–83)

	

	
13% (7–26)

	

	
23% (14–37)

	




	
Donor

	
M

	
55% (37–74)

	
NS

	
21% (12–36)

	
NS

	
23% (14–38)

	
NS




	

	
F

	
51% (29–74)

	

	
24% (13–46)

	

	
21% (10–42)

	




	
GvHD prophylaxis

	
ATG-based

	
42% (25–60)

	
0.005

	
36% (24–55)

	
0.0033

	
15% (7–32)

	
NS




	

	
PTCy-based

	
64% (41–88)

	

	
8% (2–23)

	

	
28% (17–46)

	




	
Donor’s age

	
>30

	
62% (41–83)

	
0.11

	
17% (8–35)

	
NS

	
28% (17–48)

	
NS




	

	
<30

	
44% (24–65)

	

	
26% (15–42)

	

	
16% (8–32)

	




	
Gender relation

	
F>M

	
47% (26–77)

	
NS

	
28% (16–49)

	
NS

	
25% (14–45)

	
NS




	

	
other

	
57% (36–77)

	

	
17% (9–33)

	

	
19% (11–35)

	




	
Conditioning

	
TBI

	
51% (19–83)

	
NS

	
9% (1–59)

	
0.33

	
36% (17–79)

	
NS




	

	
Chemo

	
55% (38–71)

	

	
24% (15–37)

	

	
19% (12–32)

	




	
Intensity of conditioning

	
RIC

	
64% (30–98)

	
NS

	
20% ()

	
NS

	
0%

	
0.06




	

	
MAC

	
52% (36–68)

	

	

	

	
39% (24–56)

	




	
DRI

	
low

	
92% (76–100)

	
0.01

	
8% (1–54)

	
0.21

	
8% (1–54)

	
0.015




	

	
intermediate

	
56% (36–76)

	

	
21% (12–38)

	

	
17% (8–33)

	




	

	
high

	
26% (0–53)

	

	
29% (16–54)

	

	
37% (22–63)

	




	
EBMT score

	
2

	
100%

	
0.02

	
0%

	

	
0%

	
<0.00001




	

	
3

	
68% (32–100)

	

	
7% (1–47)

	

	
14% (4–51)

	




	

	
4

	
71% (49–93)

	

	
10% (3–37)

	

	
20% (8–48)

	




	

	
5

	
46% (26–67)

	

	
43% (27–69)

	

	
26% (13–52)

	




	

	
6

	
49% (16–81)

	

	
23% (10–55)

	

	
23% (10–55)

	




	

	
7

	
100%

	

	
0%

	

	
0%

	




	
HLA-A

	
mismatch

	
59% (41–79)

	
NS

	
22% (12–40)

	
NS

	
20% (11–37)

	
NS




	

	
match

	
64% (47–81)

	

	
21% (11–39)

	

	
21% (11–39)

	




	
HLA-B

	
mismatch

	
60% (33–87)

	
NS

	
21% (8–58)

	
NS

	
14% (4–51)

	
NS




	

	
match

	
60% (46–75)

	

	
22% (14–35)

	

	
22% (14–35)

	




	
HLA-C

	
mismatch

	
37% (13–61)

	
NS

	
28% (14–56)

	
NS

	
28% (14–56)

	
NS




	

	
match

	
66% (52–80)

	

	
19% (11–33)

	

	
17% (10–31)

	




	
HLA-DQB1

	
mismatch

	
88% (73–100)

	
0.02

	
6% (1–37)

	
0.04

	
17% (6–47)

	
NS




	

	
match

	
54% (39–68)

	

	
27% (17–40)

	

	
23% (15–37)
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Table 3. Multivariate analysis of factors significantly associated with HSCT outcome. OS = overall survival, TRM = transplant-related mortality, OR = odds ratio, RR= relative risk, ATG = anti-thymocyte globulin, PT-Cy = post-transplant cyclophosphamide, DRI = disease risk index, MAC = myeloablative conditioning, RIC = reduced intensity conditioning, MM = mismatch. The lines in the boxes indicated an absent result. PT-Cy prophylaxis showed a significant value for the GvHD II–IV group in patients more than 60 years old. The RIC conditioning also influenced the GvHD II–IV. The 3-y cGvHD was influenced by PT-Cy and by double MM class 1 and DQB1. The 3-y OS and TRM were influenced by PT-Cy, the patient’s age and also by a high DRI.
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GvHD II–IV

(95% CI)

	

	
3-y cGvHD

(95% CI)

	

	
3-y OS

(95% CI)

	

	
3-y TRM

(95% CI)

	






	

	
Risk factor

	
OR

	
p

	
OR

	
p

	
RR

	
p

	
OR

	
p




	
GvHD prophylaxis

	
ATG

	
1.28

(1.1–3.9)

	
0.05

	
1

	
0.001

	
1

	
0.025

	
1

	
0.031




	
PT-Cy

	
1

	
0.143

(0.07–0.4)

	
0.342 (0.18–0.56)

	
0.231 (0.09–0.4)




	
Patient’s age

	
<60 year

	
0.210 (0.09–0.6)

	
0.028

	
—

	
NS

	
1

	
0.002

	
1

	
0.01




	
>60 year

	
1

	
3.5 (1.9–7.6)

	
4.24

(3.6–6.3)




	
DRI

	
low-intermediate

	
—

	
NS

	
—

	
NS

	
1

	
0.005

	
1

	
0.05




	
high

	
2.90 (1.2–4.9)

	
2.552

(1.9–5.1)




	
DQB1 mismatch

	
no

	
—

	
NS

	
—

	
NS

	
—

	
NS

	
1

	
0.037




	
yes

	
0.112 (0.08–0.5)




	
Intensity of conditioning

	
MAC

	
1

	
0.008

	
—

	
NS

	
—

	
NS

	
—

	
NS




	
RIC

	
6.404

(3.4–10.8)




	
HLA-class 1 and DQB1 mismatches

	
no

	
—

	
NS

	
1

	
0.012

	
—

	
NS

	
—

	
NS




	
yes

	
4.170

(2.9–8.6)
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