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Abstract

With post-transplantation cyclophosphamide (PTCy) as graft-versus-host disease (GVHD) 

prophylaxis, nonmyeloablative HLA-haploidentical (NMA haplo) and HLA-matched blood or 

marrow transplantation (BMT) have comparable outcomes. Early discontinuation of 

immunosuppression may reduce the risk of relapse and improve immune reconstitution, but may 

increase the risk of GVHD. We conducted a prospective trial of NMA haplo BMT for patients 

with hematologic malignancies (median age, 61 years), evaluating the safety of early 

discontinuation of tacrolimus. All patients received T cell-replete bone marrow followed by high-

dose PTCy, mycophenolate mofetil, and tacrolimus. Tacrolimus was prespecified to stop without 

taper at day +90, +60, or +120, contingent on having ≥5% donor T cells, no relapse, and no grade 

II-IV acute or significant chronic GVHD. Safety stopping rules were based on ≥5% graft failure, 

≥10% nonrelapse mortality (NRM), or a ≥20% combined incidence of severe acute and chronic 

GVHD from the tacrolimus stop date through day +180. Of the 47 patients in the day +90 arm, 23 

(49%) stopped tacrolimus as planned. Of the 55 patients in the day +60 arm, 38 (69%) stopped as 

planned. Safety stopping criteria were not met. In both arms, at day +180, the probability of grade 

II-IV acute GVHD was <40%, that of grade III-IV acute GVHD was <8%, and that of NRM was 

<5%. The 1-year probabilities of chronic GVHD and NRM were <15% and <10%, respectively, in 

both arms. The 1-year GVHD-free relapse-free survival was higher in the day 60 arm. Thus, 

stopping tacrolimus as early as day +60 is feasible and carries acceptable risks after NMA haplo 

BMT with PTCy. This approach may facilitate post-transplantation strategies for relapse reduction. 
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INTRODUCTION

Modern approaches to graft-versus-host disease (GVHD) prophylaxis, such as high-dose 

post-transplantation cyclophosphamide (PTCy) [1,2], have reduced transplantation-related 

toxicities and have expanded the donor pool for patients who lack HLA-matched donors [3–

5]. Such approaches have broadened the applicability of allogeneic blood or marrow 

transplantation (BMT), especially when coupled with nonmyeloablative (NMA) or reduced-

intensity conditioning (RIC) regimens [6,7]. NMA, related HLA-haploidentical (haplo) 

BMT with PTCy has safety, efficacy, and survival outcomes comparable to those of HLA-

matched BMT [7–10]. The leading cause of treatment failure with either approach is now 

relapse, rather than toxicity.

A calcineurin inhibitor plus methotrexate or mycophenolate mofetil is commonly used for 

GVHD prophylaxis. Prophylactic immunosuppression (IS) must be sufficient to permit 

engraftment and mitigate excessive GVHD, but extended courses can increase the risks of 

infection, drug toxicity, and disease relapse [11]. By suppressing T cell activation, 

calcineurin inhibitors may also blunt the graft-versus-tumor effect [12,13]. Shortening IS 

may augment the graft-versus-tumor effect, but may increase graft failure and the incidence 

and severity of GVHD [14–16].

In addition to potentially reducing relapse, shortening the duration of pharmacologic IS may 

mitigate the risks of opportunistic infections and drug toxicities, such as tacrolimus-

associated nephrotoxicity and neurotoxicity. These considerations support curtailing 

calcineurin inhibitor administration to the shortest duration compatible with acceptably low 

incidences of graft failure and severe GVHD. Nonetheless, few published studies have 

evaluated the optimal duration of GVHD prophylaxis for RIC regimens [11,16]. A 

retrospective analysis of NMA matched related BMT with mycophenolate mofetil and 

cyclosporine for GVHD prophylaxis suggested 180 days of cyclosporine was optimal [16]. 

Not only is there is a paucity of prospective data overall, but also we are unaware of any 

published studies on the minimum required duration of IS after haplo BMT. We present a 

completed, single-center clinical trial of stopping tacrolimus, without taper, 3 or 4 months 

earlier than our day 180 standard after NMA haplo BMT with PTCy.

PATIENTS AND METHODS

This single-arm, phase I/II clinical trial was conducted at Johns Hopkins University. The 

study received Institutional Review Board approval, and all participants provided written 

informed consent. Between August 2011 and November 2015, 114 patients with 

hematologic malignancies underwent NMA haplo BMT on this study. The primary objective 

was to evaluate the feasibility and safety of reduced-duration tacrolimus, stopping 

tacrolimus without taper before our institution’s day 180 standard.
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Eligibility and Treatment

Criteria for BMT were based on institutional standards and included age 0.5 to 75 years, 

Eastern Cooperative Oncology Group performance status ≤2, left ventricular ejection 

fraction ≥35%, forced expiratory volume in 1 second and forced vital capacity ≥40% of 

predicted, and adequate hepatic function. Morphological complete response was required for 

acute leukemia, and at least partial response was required for aggressive lymphoma. 

Recipients of previous allogeneic BMT were excluded. To mitigate graft rejection, cytotoxic 

chemotherapy or ≥4 cycles of a hypomethylating agent were recommended before 

conditioning.

Donors were first-degree relatives or half-siblings who shared ≥5/10 but <10/10 HLA alleles 

(HLA-A, -B, -Cw, -DRB1, -DQB1). Donor selection was done following our institutional 

standards at the time, as described previously [6]. The degree of HLA match, as long as at 

least 5/10, did not enter into the selection prioritization. Donors were ineligible if the 

recipient had anti-HLA donor-specific antibodies too strong for desensitization; however, 

desensitization was permitted [17].

All patients received our standard NMA conditioning consisting of fludarabine (30 mg/m2 

i.v. on days −6 to −2, renally adjusted), Cy (14.5 mg/ kg i.v. on days −6 and −5), and total 

body irradiation (200 cGy on day −1), followed by a T cell-replete bone marrow graft on day 

0 [3]. GVHD prophylaxis consisted of high-dose PTCy (50 mg/kg i.v. on days +3 and +4) 

with mesna, mycophenolate mofetil (on days +5 to +35), and tacrolimus (initiated on day 

+5) [3]. Tacrolimus was dosed with a target trough of 5 to 15 ng/ mL and discontinued 

without taper as described below. Filgrastim was administered from day +5 until neutrophil 

recovery to ≥1000/μL for 3 days. Supportive care was provided as described previously [6]. 

Management of GVHD was not protocol-specified.

Before transplantation, patients were assigned to stop tacrolimus early if eligible, without 

taper, after the last dose on day +90, +60, or +120. Tacrolimus was first planned up through 

day +90 (termed the “day 90 cohort”). If safety was acceptable, day +60 tacrolimus 

cessation would be studied; otherwise, day +120 tacrolimus cessation would be studied. 

After the day +90 cohort completed accrual, the day +120 cohort was briefly enrolled (n = 

3) while safety data were maturing. On demonstration of acceptable safety in the day +90 

cohort, study of day +60 tacrolimus cessation commenced. Stopping tacrolimus up to 5 days 

after the scheduled stop date was permissible for logistical reasons. Two patients (in the day 

+60 cohort) stopped 1 day beyond this window, and 1 patient (in the day +90 cohort) 

stopped 3 days beyond this window.

Eligibility for early tacrolimus cessation was evaluated before the planned stop date and 

consisted of having ≥5% donor T cells at ~day +56 onward, no relapse, no history of grade 

II-IV acute GVHD, no chronic GVHD other than oral, and no use of alternative IS due to 

tacrolimus intolerance. Ongoing grade I acute GVHD was permissible, provided there was 

no history of higher-grade GVHD. For patients not meeting these criteria, IS was 

individualized and continued to day +180 in the absence of relapse, graft failure, or GVHD. 

Patients who experienced tacrolimus toxicity resulting in its earlier-than-scheduled 

discontinuation, or who were eligible to stop early but did not, were considered unevaluable 
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for the primary endpoint. Of the 114 transplant recipients, 9 were unevaluable for the 

primary endpoint because of tacrolimus intolerance (n = 7), noncompliance (n = 1), or 

inadvertent continuation of tacrolimus (n = 1). The remaining 105 patients compose the 

cohort for analysis.

Statistical Methods

The primary analysis evaluated both the feasibility and safety of reduced-duration 

tacrolimus. The study was not designed to detect improvements in relapse risk. Feasibility 

and safety were evaluated continually using Bayesian monitoring rules. The monitoring 

rules deemed reduced IS “feasible” if ≥33% of patients could stop tacrolimus early as 

planned. Up to 55 transplants per cohort were planned, to identify at least 15 patients 

evaluable for safety. The safety of reduced-duration IS was evaluated from the tacrolimus 

stop date to ~day +180. Safety stopping rules were based on a ≥65% probability of a ≥5% 

incidence of graft failure, a ≥10% incidence of nonrelapse mortality (NRM), or a ≥20% 

incidence of GVHD events as next defined in this window. The GVHD stopping rule was 

initially based on a ≥20% combined incidence of grade II-IV acute and severe chronic 

GVHD, then was revised to a ≥20% combined incidence of grade III-IV acute and severe 

chronic GVHD. An interim assessment of the day +60 tacrolimus cohort triggered an 

accrual pause due to a potential increase in grade II-IV GVHD. There was no apparent 

increased incidence of grade III-IV GVHD or NRM, and emerging data suggested that grade 

II limited GVHD after haplo BMT is associated with improved progression-free survival 

(PFS) [18]. The GVHD stopping rule was modified and study of day +60 tacrolimus 

cessation continued with Institutional Review Board approval.

Historical data from 212 NMA haplo transplants at Johns Hopkins, using the identical 

regimen but with tacrolimus until day +180, informed safety risk calculations. The study’s 

monitoring plan made use of this historical information, appropriately discounted, as a basis 

for a prior distribution for the risks of monitored events within prespecified intervals 

between days +1 and +180. Data from the day +90 tacrolimus cohort also informed safety 

assessments for the day +60 cohort.

Graft failure was defined as ≤5% donor chimerism in peripheral blood and/or bone marrow 

by ~day +56 without detected bone marrow malignancy. The study evaluated donor 

chimerism at ~days +28, +56, +84, +112, +180, +270, and +365. Acute GVHD was scored 

using the modified Keystone criteria [19], and chronic GVHD was evaluated using National 

Institutes of Health consensus criteria [20].

PFS, overall survival (OS), and GVHD-free relapse-free survival (GRFS) [21] were 

estimated by the Kaplan-Meier method. Median follow-up was calculated by the reverse 

Kaplan-Meier method. Cumulative incidences of relapse, NRM, count recovery, and GVHD 

were estimated using competing-risk methods [22]. Graft failure, treatment of relapse, and 

death were competing risks for GVHD, and relapse and NRM were mutual competing risks. 

The database was locked on November 13, 2016. Time-to-event endpoints are measured 

from day 0 unless noted otherwise.
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RESULTS

Overall Outcomes

Patient and transplantation characteristics are summa-rized in Table 1. The 105 evaluable 

patients included 47 in the day +90 cohort, 55 in the day +60 cohort, and 3 in the day +120 

cohort. The median age was 61 years, with approximately one-third (34%) age ≥65 years. 

Seventy-eight percent of grafts had ≥4 antigen mismatches at HLA class I and II combined, 

with <5% having <3 antigen mismatches. The most common diagnoses were acute leukemia 

(51%), myelodysplastic syndrome or myeloproliferative neoplasm (18%), and aggressive 

non-Hodgkin lymphoma (17%). By refined Disease Risk Index (DRI) grouping, 11% of 

diseases were low risk, 70% were intermediate risk, and 19% were high risk. The day +90 

and day +60 tacrolimus cohorts were similar with respect to median patient age, DRI 

distribution, degree of HLA antigen mismatch, patient cytomegalovirus serostatus, and 

CD34+ cell graft dose (Table 1). There were statistically significant differences between the 

day +90 and day+ 60 arms in other parameters, with younger donors, higher total nucleated 

cell graft doses, and more patients with acute myelogenous leukemia in the day +60 arm. 

Overall, 16% of patients, significantly more in the day +60 cohort, received post-

transplantation maintenance therapy, consisting chiefly of tyrosine kinase inhibitors or a 

hypomethylating agent.

For the group overall, 63 patients (60%) stopped tacrolimus early according to protocol-

specified criteria. Ineligibility for shortened IS was most commonly due to acute GVHD, 

followed by low donor T-cell chimerism or graft failure and early relapse (Table 1).

Regardless of tacrolimus duration, neutrophils recovered at a median of 17 days (90% by 

day +30), and platelets recovered to ≥20,000/μL at a median of 26 days (88% by day +60). 

Primary or secondary graft failure occurred in 11% of the evaluable patients, with 

autologous hematopoietic recovery in most cases. At day +180, the probability of NRM was 

3% (90% confidence interval [CI], 0% to 6%), that of grade II-IV acute GVHD was 38% 

(90% CI, 30% to 46%), and that of grade III-IV acute GVHD was 7% (90% CI, 3% to 11%). 

The 1-year probability of any chronic GVHD was 11% (90% CI, 6% to 16%), with the 

majority of cases (8 of 12) being mild.

With a median follow-up of 33 months overall, the 2-year estimates of relapse, PFS, and OS 

were 52% (90% CI, 43% to 61%), 39% (90% CI, 32% to 49%), and 56% (90% CI, 48% to 

65%), respectively. The estimated 1-year GRFS was 41% (90% CI, 34% to 50%).

Safety of Early Tacrolimus Cessation

Safety stopping criteria, based on the probabilities of ≥20% grade III-IV acute or severe 

chronic GVHD, ≥5% graft failure, and ≥10% NRM in the safety evaluation window, were 

not met after either day +90 or day +60 tacrolimus discontinuation. Safety, evaluated from 

the early tacrolimus stop date to ~day +180, is summarized in Table 2. Two of 3 patients also 

discontinued tacrolimus at day +120 as planned, without safety stopping events.

Of the 47 patients in the day +90 cohort, 23 (49%) stopped tacrolimus early per protocol-

specified criteria. Before early tacrolimus cessation, all but 1 patient had achieved full-donor 
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T cell chimerism (Table 2). Of the patients stopping tacrolimus early, 14 have relapsed. No 

patients had NRM, graft failure, or severe chronic GVHD in the safety evaluation window. 

Of the 23 patients, 21 (91%) had no safety stopping events. Five patients (22%) developed 

maximum grade II acute GVHD, with 1 case complicated after day 180 by severe chronic 

GVHD and fatal sepsis. Two patients (9%) developed grade III-IV acute GVHD.

Of the 55 patients in the day +60 cohort, 38 (69%) stopped tacrolimus early as prespecified, 

including patients with grade I GVHD (Table 2). Before early tacrolimus cessation, 87% of 

patients had achieved full-donor T cell chimerism. Of the patients who stopped tacrolimus 

early, 12 have relapsed. No patients had NRM or severe chronic GVHD in the safety 

evaluation window. Of the 38 patients, 34 (89%) had no safety stopping events as defined 

above. One patient who had 11% donor T cells before stopping tacrolimus developed 

secondary graft failure. Nine patients (24%) developed maximum grade II acute GVHD, 

including 2 with ungradable visceral GVHD, and 3 (8%) developed grade III-IV acute 

GVHD.

After early tacrolimus cessation, the median time to diagnosis of grade II-IV GVHD in 

either group was 2.5 weeks, with almost all cases developing within 30 days (Table 2). 

Treatment of acute GVHD in this setting most commonly consisted of corticosteroids and 

resumption of tacrolimus, followed by corticosteroids alone. Most cases of acute grade II 

GVHD after early tacrolimus cessation resolved with initial treatment. Of the 5 patients with 

grade III-IV acute GVHD, 3 had resolution, and 2 were responding to GVHD treatment but 

died of relapse.

Outcomes According to Planned Tacrolimus Duration

Safety—Safety outcomes by cohort, regardless of the actual tacrolimus duration, are shown 

in Figure 1 and Table 3. Outcomes are presented relative to the historical experience with 

tacrolimus until day +180 (n = 212), without formal comparison. In both the day +90 arm (n 

= 47) and day +60 arm (n = 55), at day +180, the probability of grade III-IV acute GVHD 

was <40%, and that of grade III-IV acute GVHD was <8%, similar to historical experience. 

In the day +60 arm, compared with the day +90 arm, there was a signal for more grade II-IV 

acute GVHD occurring between approximately days +60 and +90 (Figure 1A); however, 

there were no evident increases in grade III-IV acute GVHD (Figure 1B) or NRM (Figure 

1D). In both arms, the 1-year probability of any chronic GVHD was <15% (12% 

historically), that of 180-day NRM was <5%, and that of 1-year NRM was <10%.

Efficacy—For descriptive purposes, efficacy outcomes by cohort, regardless of actual 

tacrolimus duration, are shown in Figure 2 and Table 3. In the day +90 arm, with a median 

follow-up of 48 months, the 1-year probabilities of relapse, PFS, and OS were 52%, 40%, 

and 59%, respectively (Figure 2). In the day +60 arm, with a median follow-up of 18 

months, the 1-year probabilities of relapse, PFS, and OS were 33%, 63%, and 78%, 

respectively. Longer-term estimates are provided in Table 3. The estimated 1-year GRFS 

(Figure 2D) was higher in the day +60 arm (54%; 90% CI, 44% to 66%) compared with the 

day +90 arm (27%; 90% CI, 18% to 40%).
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DISCUSSION

Although the applicability of partially HLA-mismatched BMT has increased significantly, 

the optimal duration of GVHD prophylaxis has not yet been defined. There are very few 

published data (and even fewer prospective data) on the minimum acceptable duration of 

pharmacologic IS for NMA transplants, and such data are almost exclusively limited to 

HLA-matched BMT [23]. This prospective clinical trial uniquely informs the safety and 

feasibility of shortened-duration IS in an increasingly adopted platform of NMA haplo 

BMT. Despite T cell-replete allografting, the observed rates of severe acute GVHD, chronic 

GVHD, graft failure, and NRM in this study were similar to historical outcomes with 

tacrolimus until day +180 [23]. In both the day +60 and day +90 tacrolimus cohorts, the 

probability of grade III-IV acute GVHD was <10%, and there was no signal for excess NRM 

(<10% probability at 1 year). In the patients who developed acute GVHD after early 

tacrolimus cessation, overall responsiveness to GVHD treatment did not seem to be affected. 

The ability to reduce prophylactic IS is attributable to the unique immunomodulatory effects 

of PTCy [1].

To be relevant, an IS regimen not only must be safe, but also must be applicable to a 

sufficient number of patients. In this study, more than one-half of patients overall (49% in 

the day +90 cohort and 69% in the day +60 cohort) could discontinue tacrolimus early as 

prespecified. The higher feasibility in the latter arm was expected, given the less time to 

develop events that would render a patient ineligible for early stopping. Thus, our present 

data suggest that with this particular regimen, complete cessation of tacrolimus well before 

day +180 (3 to 4 months earlier) not only is associated with acceptable risks, but also is 

possible for a significant proportion of patients and may have a favorable impact on 

outcomes.

Importantly, these findings should not be extrapolated to unrelated donors, other GVHD 

prophylaxis platforms, or peripheral blood grafts. A recent retrospective comparison of bone 

marrow and peripheral blood BMT with PTCy showed a lower incidence of relapse with 

peripheral blood grafts, but this did not translate into improved OS [24]. Importantly, these 

transplantations used standard, long-course IS. The present study evaluated shortened IS 

exclusively in bone marrow grafts. How shortening IS would affect the outcomes of 

peripheral blood haplo transplants with PTCy is unknown, but is currently being studied at 

Johns Hopkins.

Among the strengths of this study are its prospective nature, the uniformity of the regimen, 

and the consistency of criteria for tacrolimus cessation. The small number and heterogeneity 

of patients are among its limitations. This single-institution, phase I/II study was not 

intended to definitively characterize the safety of early tacrolimus discontinuation. The CIs 

for the estimated toxicity rates after tacrolimus discontinuation are large, particularly for 

relatively infrequent events, such as severe GVHD and NRM. Particularly in the day +60 

cohort, which had substantially shorter follow-up than the day +90 cohort, significant 

changes in relapse and toxicity outcomes might still occur. Other uncertainties to address 

include the safety of early IS discontinuation in patients with low donor T-cell chime-rism or 

ongoing or previous grade I acute GVHD. Of the 11 patients with grade I or possible grade I 
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GVHD before early tacrolimus cessation, 7 developed higher-grade GVHD, although most 

cases were grade II (Table 2). A larger prospective study is needed to define the optimal 

duration of IS that balances GVHD risk and relapse risk, as well as the impact of post-

transplantation maintenance therapy on these risks after shortened-duration IS.

Relapse remained the main cause of treatment failure in our study cohort. Notably, this study 

was not designed to detect whether shortening the duration of tacrolimus is associated with 

reduced relapse risk. A larger, randomized trial is needed to address the question of whether 

a reduction in IS confers a lower risk of relapse and improved PFS. As such, the 

comparisons of disease and survival outcomes between tacrolimus cohorts are exploratory 

only, and formal comparisons are not intended or valid. Although the distributions of patient 

age and DRI are similar in the 2 study arms, some important factors, such as diagnosis, use 

of maintenance therapy, and duration of follow-up, vary. Nevertheless, we find the 

suggestion of improved 1-year GRFS in the day +60 cohort relative to the day +90 cohort 

encouraging.

Based on these safety outcomes and the immediate need to improve efficacy, Johns Hopkins 

has adopted reduced-duration tacrolimus, planned until day +60, as its current standard for 

NMA bone marrow transplantation with PTCy. With this PTCy-based platform, shortened-

duration IS may allow for earlier or more effective administration of preemptive therapies 

for relapse reduction, such as cellular immunotherapies and checkpoint inhibitors [25–27].
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Figure 1. 
Safety outcomes of NMA, HLA-haploidentical BMT according to planned duration of 

tacrolimus. Cumulative incidences by competing-risk analysis of (A) grade II-IV acute 

GVHD, (B) grade III-IV acute GVHD, (C) any chronic GVHD, and (D) NRM. Point 

estimates and confidence intervals are provided in Table 3. The graphs represent all patients 

with the planned duration of tacrolimus (Tac), regardless of the actual duration.
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Figure 2. 
Efficacy of NMA, HLA-haploidentical BMT according to planned duration of tacrolimus. 

(A) Cumulative incidence of relapse by competing-risk analysis. (B) PFS. (C) OS. (D) 

GFRS. Point estimates and confidence intervals are provided in Table 3. The median follow-

up was 48 months for the day +90 cohort and 18 months for the day +60 cohort.
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Table 2

Safety of Early Tacrolimus Cessation

Parameter Day +90 Tacrolimus Cessation (n 
= 23)

Day +60 Tacrolimus Cessation (n = 
38)

Features before early tacrolimus cessation, n (%)

 Donor T cell chimerism, n

  Full donor (≥95%) 22 (96) 33 (87)

  ≥50 but <95%   0 (0)   2 (5)

  >5 but <50%   1 (4)   3 (9)

 Grade I or possible grade I GVHD, n   3* (13)   8* (21)

  In patients who developed grade II-IV acute GVHD   2†   5†

In patients with no safety events ‡   1   3

Outcomes from tacrolimus stop date to ~day +180

 No safety events,‡ n (%) 21 (91) 34 (89)

 NRM, n (%)   0 (0)   0 (0)

 Graft failure, n (%)   0 (0)   1 (3)

 Grade II-IV acute GVHD, n (%)   7 (30)§ 12 (32)

  Maximum grade II acute GVHD   5‖ (22)   9 (24)

   With ungradable visceral GVHD   0   2

  Grade III acute GVHD   2 (9)   3 (8)

  Grade IV acute GVHD   0 (0)   0 (0)

 Timing of grade II-IV acute GVHD

  Median days to diagnosis (range) 18 (7–42) 17 (8–56)

  Cases diagnosed ≤30 days after stopping tacrolimus, n (%) 6/7 (86) 11/12 (92)

 Severe chronic GVHD, n (%)   0‖ (0)   0 (0)

*
One patient in the day +90 group and 6 in the day +60 group had grade I GVHD; in the remainder, GVHD was not distinguishable from drug 

eruption.

†
Of the 7 patients combined whose grade I GVHD evolved to grade II or higher after stopping tacrolimus, 6 had maximum grade II GVHD, 

including 2 with ungradable visceral involvement, and 1 had grade III GVHD.

‡
Safety events defined as ≥5% graft failure, ≥10% NRM, or ≥20% combined incidence of grade III-IV acute and severe chronic GVHD, measured 

from date of tacrolimus cessation to ~day 180.

§
Percentages represent proportions rather than cumulative incidences.

‖
One patient developed severe chronic GVHD after day +180 and died from sepsis.
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