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                                                                                                                        Abstract

                                                            Initial therapy of chronic graft-versus-host disease is prednisone ± a calcineurin-inhibitor, but most patients respond inadequately. In a randomized, adaptive, phase II/III, multicenter trial we studied whether prednisone/sirolimus or prednisone/sirolimus/photopheresis was more effective than prednisone/sirolimus/calcineurin-inhibitor for treating chronic graft-versus-host disease in treatment-naïve or early inadequate responders. Primary endpoints of this study were proportions of subjects alive without relapse or secondary therapy with 6-month complete or partial response in phase II, or with 2-year complete response in phase III. The prednisone/sirolimus/photopheresis arm closed prematurely because of slow accrual and the remaining two-drug versus three-drug study ended in phase II due to statistical futility with 138 evaluable subjects. The two-drug and three-drug arms did not differ in rates of 6-month complete or partial response (48.6% versus 50.0%, P=0.87), or 2-year complete response (14.7% versus 15.5%, P=0.90). Serum creatinine values >1.5 times baseline were less frequent in the calcineurin-inhibitor-free arm at 2 months (1.5% versus 11.7%, P=0.025) and 6 months (7.8% versus 24.0%, P=0.016). Higher adjusted Short Form-36 Physical Component Summary and Physical Functioning scores were seen in the two-drug arm at both 2 months (P=0.02 and P=0.04, respectively) and 6 months (P=0.007 and P=0.001, respectively). Failure-free survival and overall survival rates at 2 years were similar for patients in the the two-drug and three-drug arms (48.6% versus 46.2%, P=0.78; 81.5% versus 74%, P=0.28). Based on similar long-term outcomes, prednisone/sirolimus is a therapeutic alternative to prednisone/sirolimus/calcineurin-inhibitor for chronic graft-versus-host disease, being easier to administer and better tolerated. Clinicaltrials.gov identifier: NCT01106833.
                                                            
                                                            Introduction
Chronic graft-versus-host disease (GvHD) is the major treatment-related complication among patients who survive after allogeneic hematopoietic cell transplantation. The protracted duration of chronic GvHD and its protean and sometimes irreversible organ manifestations makes it the leading cause of impaired immunity, compromised functional status, and late treatment-related deaths.21 Standard immunosuppressive therapy with prednisone ± a calcineurin inhibitor (CNI) has not changed for three decades, but most patients respond inadequately with slow and most often incomplete control of their disease. The results of six phase III chronic GvHD trials that tested prednisone or prednisone/CNI backbones with or without an experimental immunosuppressive therapy have not changed clinical practice, because the treatments tested in the experimental arms did not improve outcomes due to lack of efficacy and/or more toxicity.83 Between 2005–2007, reports of phase II trials from single centers showed promising results for prednisone combined with sirolimus, rituximab, mycophenolate mofetil, pentostatin or extracorporeal photopheresis (ECP).139 At the same time, renewed understanding of regulatory T cells (Treg) led to the hypothesis that experimental therapies permissive of Treg expansion would abrogate GvHD better than CNI-containing (control) immunosuppressive therapy. Sirolimus and ECP are permissive of Treg expansion.1814 Because of their acceptance in clinical practice sirolimus and ECP were considered good candidates to add to prednisone in clinical trials investigating chronic GvHD.
This background, together with the 2005 National Institutes of Health (NIH) chronic GvHD criteria,19 plus other efforts designed to propel the field forward,2120 motivated the Blood and Marrow Transplant Clinical Trials Network (BMT CTN) to conduct an intervention trial for chronic GvHD. The intent was an adaptive phase II/III design to minimize between-phase downtime. The primary purpose of phase II was to select the more promising of two CNI-free approaches (prednisone/sirolimus and prednisone/sirolimus/ECP) in order to proceed seamlessly into a definitive phase III study against a CNI-containing comparator arm (prednisone/sirolimus/CNI). The study also provided an opportunity to use the NIH diagnostic and response criteria prospectively and to validate them.
Methods
Patients
Adult and pediatric allogeneic hematopoietic cell transplant recipients were eligible if they had classic chronic GvHD ± acute GvHD (overlap subtype) that met 2005 NIH diagnostic consensus criteria.19 Eligibility criteria were broad and allowed a period of steroid exposure prior to enrollment to ensure congruence with standard practice. Thus, eligible patients were either: newly diagnosed patients, defined as individuals who had received <14 days of prednisone (or equivalent) before randomization to the study therapy, or previously treated, but responding inadequately after ≤16 weeks of initial therapy with prednisone and/or a CNI ± an additional non-sirolimus agent started at the time that the chronic GvHD was diagnosed. Major reasons for exclusion were patients with late persistent acute GvHD or recurrent acute GvHD only, patients unable to begin prednisone at a dose of 0.5 mg/kg day (or equivalent), patients already receiving sirolimus for treatment of chronic GvHD, and patients already receiving sirolimus (for prophylaxis or treatment of acute GvHD) along with prednisone at ≥0.25 mg/kg/day (or equivalent) ± additional agents. Patients were also ineligible if they had an invasive fungal or viral infection not responding to appropriate therapies, a creatinine clearance <50 mL/min/1.73 m based on the Cockcroft-Gault (adults) or Schwartz (age ≤12 years) formula, an absolute neutrophil count <1.5×10/L, a requirement for platelet transfusion, or a progressive or recurrent malignancy defined other than by quantitative molecular assays. Institutional review boards at all participating centers provided ethics approval. All patients or their parents signed informed consent to participation in the trial in accordance with the Declaration of Helsinki.
Treatment plan
The starting dose of prednisone (or prednisone-equivalent) was 1 mg/kg once daily, unless contraindicated, in which case the prednisone dose began at 0.5–1 mg/kg once daily. It was recommended that the dose of prednisone was tapered down, over 4–8 weeks to reach a dose of 0.5–1 mg/kg every other day, with the tapering starting within 2 weeks after the first evidence of GvHD improvement. Once an every-other-day prednisone (or equivalent) regimen was achieved, this dose remained constant for 10–12 weeks until all reversible chronic GvHD manifestations resolved. A second taper was then attempted and could follow individual institutional guidelines, but it was recommended that the extent of the tapering be approximately calibrated to the magnitude of an individual patient’s every-other-day prednisone dose. CNI therapy was continued by targeting trough serum levels of 5–10 ng/mL for tacrolimus (120–200 ng/mL for cyclosporine). The sirolimus therapy began at a dose of 2 mg orally once daily (1 mg/m per day if the patient weighed <40 kg) to target trough serum levels of 3–12 ng/mL. Supportive care was provided in accordance with institutional guidelines reflecting standard practices appropriate for chronic GvHD.22
Study design
The trial was designed as an adaptive phase II/III randomized, open-label, prospective study of three treatments for chronic GvHD (Figure 1, Online Supplementary Figures S1 and S2). Phase II included two parallel, 100-patient, randomized trials, comparing prednisone/sirolimus or prednisone/sirolimus/ECP versus identical (prednisone/sirolimus/CNI) comparator arms. The primary objective of phase II was to estimate the proportion of study subjects at 6 months after randomization with complete or partial response, who were alive without relapse or receipt of secondary immunosuppressive therapy. A sufficiently promising phase II result would determine whether the trial would proceed into phase III with additional accrual, would continue as phase II, but be followed for longer phase III endpoints without additional accrual, or would end in failure without further follow-up (Online Supplementary Figure S2). Full details of the study design, endpoint definitions, statistical analysis and study timeline are contained in the Online Supplementary Material.
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Figure 1.BMT CTN 0801 Consort flow diagram. ECP: extracorporeal photopheresis; PDN: prednisone; SRL: sirolimus; CNI: calcineurin inhibitor.
Results
Patients
One hundred patients were evaluated for the phase II primary endpoint after all had completed 6 months of follow-up. The Z-statistic comparing complete/partial response rates (51% versus 50%, Z=0.11, stopping boundary Z6≤0.9) did not support proceeding to phase III and, together with pre-specified outcome scenarios, guided the Data and Safety Monitoring Board recommendation to suspend further phase III accrual; however, all 151 enrolled subjects were followed for phase III endpoints (Online Supplementary Figure S2B). The endpoint review committee response adjudication determined that 13 (10%) subjects had not satisfied the NIH criteria for the diagnosis of chronic GvHD at enrollment and were ineligible (Online Supplementary Figure S1C); a screening diagnostic checklist for NIH-defined chronic GvHD was required after July 24, 2013. One-hundred thirty-eight remaining subjects were randomized: 72 were assigned to two drugs and 66 to three drugs. Endpoint review committee-adjudicated complete/partial response rates and provider-reported complete/partial response rates were concordant at 6 months (Cohen κ = 0.78) and at 2 years (κ = 0.88). Participants lost to follow-up, or who relapsed, died, or began secondary immunosuppressive therapy were excluded from these agreement tests.
Patients’ demographic and transplant characteristics were mostly similar between treatment groups (Table 1). The median age was 50.2 years in the two-drug arm and 54.7 years in the three-drug arm. Characteristics that were more frequent in the two-drug arm were male gender (66.7% versus 50%), Hispanic ethnicity (11.1% versus 0%), an underlying diagnosis of acute leukemia (65.3% versus 37.9%), transplants done for early stage disease (63.9% versus 40.9%), myeloablative conditioning (65.3% versus 43.9%), and CNI/methotrexate-based GvHD prophylaxis (61% versus 33.3%). Lymphoma was less frequent in the two-drug arm (6.9% versus 25.8%). Donor or stem cell sources did not differ between arms.
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Table 1.Demographic and hematopoietic cell transplant characteristics.
Chronic GvHD characteristics were similar between the two-drug and three-drug arms (Table 2), including the proportion of subjects with high-risk chronic GvHD (51.4% versus 48.5%), median time from hematopoietic cell transplant to enrollment (7.3 versus 7.7 months), and median time from chronic GvHD diagnosis to enrollment (7 versus 10 days). Sixty-two percent of the study subjects were enrolled within 14 days of a new diagnosis of chronic GvHD and 38% were responding inadequately to initial therapy; classic and overlap subtypes were equally represented. Global severity scores were mainly moderate (67%), then mild (21%) and severe (12%); 43% of the patients had progressive onset chronic GvHD. The organs involved were the skin (76%), mouth (74%), liver (71%), eyes (54%), gastro-intestinal tract (46%), joints/fascia (24%), genital tract (17%), and lungs (15%) with the pattern of involvement being similar between the treatment groups except for genital tract involvement, which was more common in the group treated with three drugs (10% versus 26%, but only 63% of the study population were scored).
[image: ]

Table 2.Chronic graft-versus-host disease characteristics.
Response and survival
The treatment success rate at 6 months was 48.6% [95% confidence interval (CI): 36.7%–60.7%] with two drugs versus 50.0% (95% CI: 37.4%–62.6%) with three drugs P=0.87). The rate of more stringently defined treatment success at 2 years (complete responses only) was 14.7% (95% CI: 7.3%–25.4%) with two drugs versus 15.5% (95% CI: 7.4%–27.4%) with three drugs (P=0.90) (Table 3). Since very good partial response is clinically relevant, we compared the proportion of patients with complete response/very good partial response who otherwise satisfied the 2-year treatment success definition. By this measure, the 29.4% (95% CI: 19.0–41.7%) in the two-drug arm did not differ from the 22.4% (95% CI: 12.5–35.3%) in the three-drug arm (P=0.37).
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Table 3.Treatment success.
To address whether certain categories of chronic GvHD responded differently in the study arms overall, in univariate analysis, we compared subjects with mild, moderate and severe chronic GvHD, and de novo, quiescent onset and progressive chronic GvHD. There were no statistically significant differences between these groups in terms of the odds of treatment success at 6 months or 2 years. Similarly, no particular individual organ involvement was more likely to be associated with treatment success using either treatment regimen.
The overall survival rate at 2 years was 81.5% in the group treated with two drugs versus 74% in the group treated with three drugs (P=0.28) (Figure 2A). Progression-free survival rates were 78.6% with two drugs versus 67.3% with three drugs (P=0.14) (Figure 2B) and the 2-year failure-free survival rates were 48.6% with two drugs versus 46.2% with three drugs (P=0.78) (Figure 2C,D). The cumulative incidence of relapse (10.1% versus 14.9%, P=0.40), non-relapse mortality (5.6% versus 11.1%, P=0.26), and the cumulative incidence of secondary immunosuppressive therapy (38.5% versus 29.4%, P=0.22) were not different between the groups treated with two or three drugs. By 2 years, 13 deaths had occurred in the two-drug arm and 16 in the three-drug arm (Online Supplementary Table S1). Almost one-third of deaths were due to GvHD (30.8% in the prednisone/sirolimus group versus 31.3% in the prednisone/sirolimus/CNI group). Recurrent or progressive malignancy was the primary cause of death in 30.8% of the prednisone/sirolimus group versus 12.5% in the prednisone/sirolimus/CNI group (P=0.36). There were two deaths (15.4%) primarily from infection in the two-drug arm and three (18.8%) in the three-drug arm.
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Figure 2.Overall survival, progression-free survival, and failure-free survival. (A) Probability of overall survival by treatment arm (P=0.281). (B) Probability of progression-free survival by treatment arm (P=0.142). Progression-free survival was defined as no clinical evidence of progression or relapsed disease, or any therapy used to treat persistent, progressive, or relapsed disease including withdrawal of immunosuppressive therapy or donor lymphocyte infusion. (C) Probability of failure-free survival in the (C) sirolimus + prednisone (2-drug) arm and (D) control (3-drug) arm. Failure-free survival was defined by the absence of secondary immunosuppressive therapy for chronic graft-versus-host disease, non-relapse mortality, and recurrent or progressive malignancy during treatment. Note: the numbers shown are estimates at each time point for each endpoint. Siro/Pred: sirolimus + prednisone; NRM: non-relapse mortality; FFS: failure-free survival.
Curves depicting cumulative incidence of discontinuation of systemic immunosuppressive therapy by 2 years overlapped, with the values at 2 years being 23.2% in the two-drug arm and 20% in the three-drug arm (P=0.71) (Figure 3). Mean (standard deviation) daily glucocorticoid doses (mg/kg) at baseline were 0.9 (0.4) for the group given prednisone/sirolimus versus 0.8 (0.2) for the group given prednisone/sirolimus/CNI (P=0.13). From baseline to 1 year the mean (standard deviation) daily dose reduction was 0.7 mg/kg (0.3) for the prednisone/sirolimus group and 0.5 mg/kg (0.5) for the prednisone/sirolimus/CNI group.
[image: ]

Figure 3.Cumulative incidence of discontinuation of all systemic immunosuppressive therapy without the need to add additional therapy by 2 years.
Biomarkers
Correlative biology studies were attempted using a pre-specified analysis of plasma B-cell activating factor (BAFF) levels determined by enyme-linked immunosorbent assay, and CD3CD4CD35CD127 Treg and CD19 B-cell enumeration in blood by flow cytometry. Data were available for 99% of patients at baseline, 86% at 60 days and 76% at 180 days after beginning study therapy. Median Treg levels (cells per microliter) in both arms were identical, 26, at baseline (P=0.96), and were lower, 18, at day 60 (P=0.87). At day 180 after starting study therapy, the median Treg number was higher in the group treated with two drugs, 21 (range, 0–68) than in the group treated with three drugs 14.5 (range, 1–239) (P=0.04), but there was no significant difference in Treg: conventional T-cell (Tcon) ratios. Treatment success at day 180, irrespectively of treatment arm, was associated with significantly higher median Treg levels at day 60, 21 (range, 2–78) versus 10 (range, 1–53) among those with treatment failure (P=0.006). This trend attenuated at day 180 (20 versus 16, P=0.14). Similarly, Treg:Tcon ratios at baseline and day 60 were higher among patients in whom treatment was a success than among those in whom it failed (data not shown).
B-cell numbers were not significantly different between arms, except at day 180 when the median B-cell number (cells per microliter) was higher in the two-drug arm, 148 (range, 0–1547) than in the three-drgu arm, 68 (range, 0–1035) (P=0.045). Overall, median plasma BAFF levels were low (1.0 – 1.9 ng/mL) at all time-points, potentially because of steroid use,23 and did not differ significantly at day 180 between patients in whom treatment had or had not been successful by day 180. Among patients in whom treatment was successful, the median baseline BAFF levels were slightly higher, 1.6 ng/mL (range, 0.2–17.7) versus 1.2 ng/mL (range, 0.1–19.4; P=0.046). BAFF/B-cell ratios were not significantly different between study arms or between patients in whom treatment was or was not successful.
Quality of life
Health-related quality of life was measured by self-report instruments, including the Functional Assessment of Cancer Therapy Bone Marrow Transplantation (FACT-BMT), Short Form-36 (SF-36). and Lee symptom scale. Figure 4 shows significantly better scores, at 2 and 6 months, with two drugs versus three drugs for the SF-36 Physical Component Summary, adjusted for baseline scores (P=0.02 and P=0.04), and demonstrated further by SF-36 Physical Functioning sub-scores (P=0.007 and P=0.001). Unadjusted, seven-item FACT-BMT Physical Well-Being scores were higher at 2 months with two drugs, but this observation did not hold when adjusted for baseline scores (P=0.27, graph not shown). Lee symptom scale scores did not differ between arms (data not shown).
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Figure 4.Quality of life. Unadjusted graphs are shown for SF-36 quality of life scores:23 (left) Physical Component Summary scores; (right) Physical Functioning subscale scores.
Toxicity and adverse events
The proportion of patients with grade 3–5 toxicities was similar, 63.9% for those in the two-drug arm versus 56.1% in the three-drug arm. Thrombotic microangiopathy was observed in one patient (1.4%) in the two-drug arm and in three (4.5%) in the three-drug arm. The mean (standard deviation) increase in serum creatinine from baseline to 2 months was significantly higher with three drugs, 0.1 (0.3) mg/dL than with two drugs, 0 (0.2) mg/dL (P=0.002). The proportion of patients with serum creatinine >1.5 times baseline was significantly higher among patients treated with three drugs than among those treated with two drugs at both 2 months (11.7% versus 1.5%, P=0.025), and at 6 months (24.0% versus 7.8%, P=0.016). Twenty-seven subjects in the two-drug arm versus 27 in the three-drug arm (40.9% versus 37.5%, P=0.682) experienced severe to life-threatening/fatal infection episodes with slightly more infection episodes occurring in the three-drug arm (80 versus 52). One patient in the two-drug arm and another three in the three-drug arm developed non-infectious pneumonitis.
Discussion
In this phase II, multicenter, randomized trial comparing two CNI-free approaches against a CNI-containing comparator arm, the comparison of two versus three drugs showed similar outcomes with the CNI-free chronic GvHD therapy. Subjects who received prednisone/sirolimus had better renal and physical function at 2 and 6 months, but these improvements did not result in long-term advantages for recipients of the two-drug immunosuppressive therapy. However, between 6 and 12 months, 20%–30% of subjects treated with two drugs and 11%–24% treated with three drugs had already switched to secondary immunosuppressive therapy, potentially attenuating longer-term associations. Earlier studies suggested that narrower targeting of CNI and sirolimus blood levels might mitigate nephrotoxicity.259 Data to evaluate this were not collected, but it is conceivable that side effects, particularly with three drugs, were partially mitigated by detailed study guidance for managing CNI and sirolimus blood levels.
Our hypothesis was that CNI-free two-drug immunosuppressive therapy would not impede Treg expansion and would thereby abrogate chronic GvHD better than would three-drug immunosuppressive therapy. The few statistically significant associations that we observed in Treg number and BAFF serum levels were inconsistent and/or difficult to understand suggesting that chronic GvHD biomarker response associations are more complex than Treg alone. Rates of secondary therapy for lack of efficacy between day 90 and day 180 were almost double with two-drug immunosuppressive therapy compared to three-drug therapy, which might have attenuated predicted Treg response associations.
We learned important lessons to inform and potentially improve future study design in chronic GvHD. Had phase II been positive, the 51 additionally accrued subjects beyond the phase II target would have jump-started phase III accrual, thereby confirming “built-in” adaptive phase II/III design utility. Second, to begin endpoint review committee adjudications 3 years after enrollment and then discover that 10% of subjects had been ineligible was problematic. For a complex clinical syndrome like chronic GvHD, our fundamental eligibility criterion that required patients to be “diagnosed according to NIH guidelines” was too open to misinterpretation. This problem was resolved after introducing a screening checklist to confirm that patients met the NIH diagnostic criteria for chronic GvHD (Online Supplementary Material). Lastly, a similar problem existed with respect to complete/partial response evaluations. While considerable efforts have been made to standardize and develop more objective chronic GvHD response instruments,26 case report forms for this trial had multiple sections with categorical check boxes and required measures in many organs. The completion of case report forms was inconsistent and has been considered burdensome by others.27 Months of iterative communications between the endpoint review committee, site investigators, and the Data Coordinating Center to clean data were necessary to enable meaningful analysis. Near real-time monitoring (8–10 weeks after diagnosis) was invoked later by the BMT CTN in an effort to improve the quality of clinically annotated data in a more recent prospective correlative study of serum biomarkers, GvHD and other clinical outcomes.28 These experiences from the 0801 CTN trial also directly informed simplifications implemented in the 2014 revision of the NIH diagnostic and response criteria.3029
Regardless of treatment arm, success rates at 6 months were only modest; approximately half of all subjects failed to achieve a complete or partial response and remain alive without relapse or receipt of secondary immunosuppressive therapy. There were fewer relapses in the two-drug arm, which contained more patients with early stage disease, more with acute leukemia (likely in first remission), and more recipients of myeloablative conditioning. Conceivably these chance imbalances might have resulted in fewer relapses than in the potentially higher-risk patients who received three drugs. However, our sample size provided insufficient power to be able to detect a difference in relapse. The proportion of subjects who received secondary immunosuppressive therapy in either arm of the trial was not significantly different and it made no difference whether the patient had been enrolled with “newly diagnosed” versus “inadequately responding” chronic GvHD (data not shown).
Two large studies assessed failure-free survival among patients who received non-uniform initial chronic GvHD therapy and showed that the rates of failure-free survival were either similar31 or lower32 to those in our study in the context of overall generally higher rates of moderate and severe chronic GvHD. The Consortium recently evaluated 202 subjects in a landmark analyses to determine whether failure-free survival plus complete/partial responses at either 6 months or 1 year predicted downstream clinical benefit. At 1 year, the <20% of study subjects who satisfied the failure-free survival plus complete/partial response endpoint versus all other states (failure-free survival with stable/progressive GvHD, or received secondary immunosuppressive therapy) were associated over the subsequent 5 years with significantly fewer GvHD disease manifestations, lower mortality, and earlier discontinuation of immunosuppressive therapy.33 Because a similar 6-month failure-free survival plus complete/partial response landmark analysis revealed less striking associations with downstream clinical benefit, the authors proposed 1-year failure-free survival plus complete/partial responses as the primary endpoint for future pivotal clinical trials of initial therapy. Although 1-year endpoint data were not available, at 6 months our two groups without complete/partial response (i.e. failure-free survival with stable/progressive GvHD, or received secondary immunosuppressive therapy) behaved similarly when analyzed separately. They were, therefore, collapsed into one “stable disease/progressive disease/secondary immunosuppressive therapy” group of 47 patients for comparison to 68 patients with complete/partial response who satisfied the failure-free survival endpoint, resulting in just over half the size of the cohort used for the Consortium landmark analysis. Our 6-month failure-free survival plus complete/partial response endpoint predicted earlier time to discontinue immunosuppressive therapy compared to that in the combined group with stable or progressive disease or secondary immunosuppressive therapy (hazard ratio, 2.05; 95% CI: 1.15–3.68; P=0.02) (Figure 5), but similar to the findings of Martin et al.,33 there was no striking survival benefit at 6 months, perhaps because of the shorter follow up and/or the small sample size. Larger prospective studies are needed to verify the utility of this endpoint in predicting better survival and shorter duration of immunosuppressive therapy.
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Figure 5.Six-month landmark analysis. (A) Overall survival after the 6-month landmark with a median follow up for survivors of 30 months. The mortality rates after the 6-month landmark were similar in the complete or partial response group and stable or progressive disease group (hazard ratio, 0.71; 95% confidence interval: 0.17–2.96; P=0.63) or secondary treatment groups (hazard ratio, 0.54; 95% confidence interval: 0.13–2.26; P=0.39), respectively. (B) Cumulative incidence of discontinuation of immunosuppressive therapy after the 6-month landmark. Patients who died or were lost to follow up or experienced relapse before the landmark were excluded (n=19) and no patients ended immunosuppressive therapy before the landmark. CR/PR: patients with complete or partial response without relapse and without secondary therapy at the time of assessment (n=68). SD/PD/Rx: patients not in complete or partial response and alive without relapse and without secondary therapy at the time of assessment (n=31), and patients who had secondary therapy without relapse regardless of response before the landmark (n=16); IST: immunosuppressive therapy.
In summary, this randomized trial showed no difference in response rates between the two treatment arms. Analyses of nephrotoxicity and quality of life demonstrate that initial therapy of chronic GvHD with prednisone/sirolimus is an acceptable alternative and better tolerated than three-drug therapy including a CNI. Our study could not address the relative merits of prednisone/sirolimus versus prednisone ± CNI. We were not able to include a prednisone ± CNI treatment arm (current standard for initial therapy), because the study included patients with high-risk chronic GvHD or early treatment failure. Success rates for prednisone/sirolimus as initial therapy in treatment-naïve or early inadequate responders are insufficient to warrant a randomized controlled trial versus prednisone with or without CNI. For early chronic GvHD therapy, novel approaches that improve rates of complete/parital responses and failure-free survival are required. Given the inherent complexity of chronic GvHD trials, we advise real-time diagnostic checklists to ensure patients’ eligibility, and real-time data auditing to protect data integrity.
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