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Abstract

We report the results from a multicenter retrospective study of 69 adult patients who 

underwent haploidentical blood or marrow transplantation (haplo-BMT) with post-transplantation 

cyclophosphamide (PTCy) for chronic phase myelofibrosis. The median age at BMT was 63 

years (range, 41–74). Conditioning regimens were reduced intensity in 54% and nonmyeloablative 

in 39%. Peripheral blood grafts were used in 86%. The median follow-up was 23.1 months 

(range, 1.6–75.7). At 3 years, the overall survival, relapse-free survival (RFS), and graft-versus-

host-disease (GVHD)-free-RFS were 72% (95% CI 59–81), 44% (95% CI 29–59), and 30% (95% 

CI 17–43). Cumulative incidences of non-relapse mortality and relapse were 23% (95% CI 14–34) 

and 31% (95% CI 17–47) at 3 years. Spleen size ≥22 cm or prior splenectomy (HR 6.37, 95% 

CI 2.02–20.1, P = 0.002), and bone marrow grafts (HR 4.92, 95% CI 1.68–14.4, P = 0.004) were 

associated with increased incidence of relapse. Cumulative incidence of acute GVHD grade 3–4 

was 10% at 3 months and extensive chronic GVHD was 8%. Neutrophil engraftment was reported 

in 94% patients, at a median of 20 days (range, 14–70). In conclusion, haplo-BMT with PTCy 

is feasible in patients with myelofibrosis. Splenomegaly ≥22 cm and bone marrow grafts were 

associated with a higher incidence of relapse in this study.

INTRODUCTION

Myelofibrosis, either primary or post-essential thrombocythemia (ET)/ polycythemia vera 

(PV), is a clonal hematopoietic neoplasm marked by constitutive JAK-STAT activation, bone 

marrow fibrosis, blood count aberrations, and constitutional symptoms [1]. Overall survival 

(OS) can vary significantly based on the Dynamic International Prognostic Scoring System 

(DIPSS) plus score, ranging from 185 months in the lowest risk group to 16 months in 

the highest risk group [2]. Despite the recent approval of drugs that target the JAK-STAT 

pathway [3–6], allogeneic blood or bone marrow transplantation (BMT) remains the only 

potentially curative option in this disease [7, 8]. Limited comparative data of BMT and 

non-transplantation treatment options suggest that BMT may provide better survival for 

patients with intermediate-1 and higher DIPSS risk groups, but this comes at the cost of 

early non-relapse mortality (NRM) [9–11].

Several important issues arise when contemplating BMT for myelofibrosis. First, the median 

age at diagnosis is ~67 years, and age-related comorbidities need to be considered [12]. 

Second, graft failure, perhaps in part related to splenomegaly and a hostile marrow micro-

environment, has historically been seen more often in myelofibrosis than other transplant 

indications [13, 14]. Third, previous reports have suggested inferior outcomes with matched 

or mismatched unrelated donors compared to matched sibling donors in hematological 

malignancies, including myelofibrosis [15–17]. Older patient age often poses challenges to 

finding a suitable and available matched sibling donor. While haploidentical donor (haplo)-

BMT has been known for a long time, its use was not widely adopted given difficulties 

with bidirectional alloreactivity leading to high incidence of graft failure and graft versus 

host disease (GVHD) [18–20]. In the current era, with the advent of post-transplantation 

cyclophosphamide (PTCy), haplo-BMT has improved the feasibility of BMT by mitigating 

the historically high incidences of GVHD [21–24].
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While now considered standard-of-care for many hematological malignancies, data on 

outcomes with haplo-BMT in myelofibrosis are limited. There is only one report from 

the European Society for Blood and Marrow Transplantation (EBMT) on a cohort of 56 

patients, of whom 79% received PTCy [25]. At 2 years, OS and progression-free survival 

were 56 and 43%. At 2 years, relapse incidence was 19%, while graft failure and NRM 

were 9% and 38%, respectively. Here, we report the results of a retrospective, multicenter 

study across North America to describe clinical outcomes of patients with chronic phase 

myelofibrosis who underwent haplo-BMT with PTCy.

METHODS

Data collection/patient selection

Thirteen centers collaborated to conduct a retrospective study of patients who underwent 

first haplo-BMT for myelofibrosis in chronic phase (<10% blasts in peripheral blood or 

marrow) as defined by WHO [26]. Each center obtained approval from its respective 

institutional review boards. All patients (age ≥ 18 years) who underwent first haplo-BMT 

with PTCy for primary or post-ET/PV myelofibrosis in chronic phase between 1 January 

2000 and 31 December 2019 were included. A haploidentical donor was defined as a related 

donor mismatched for one haplotype. Donor selection was performed per institutional 

protocol. Patients with accelerated or blast phase myelofibrosis were excluded [27]. Patient, 

disease, treatment, and BMT characteristics were recorded by chart review along with 

clinical outcomes of interest.

Definitions

Neutrophil engraftment was defined as the first of 3 consecutive days with an absolute 

neutrophil count (ANC) ≥ 0.5 × 109/L. Platelet engraftment was defined as the first 

of 3 consecutive days at which the platelet count was 20 × 109/L without transfusion 

support. Graft failure was defined as lack of hematopoietic cell engraftment following 

BMT, without evidence of disease relapse [28]. For this study, relapse was determined 

by the treating physician. GVHD grading was recorded per standard definitions [29, 30]. 

GVHD-free, relapse-free survival (GRFS) was defined as a composite endpoint of one of 

the following events: death, relapse, grade 3 or 4 acute GVHD or chronic GVHD requiring 

systemic treatment [31]. Conditioning regimens were classified as myeloablative (MAC), 

nonmyeloablative (NMA), or reduced-intensity conditioning (RIC) per previously published 

criteria [32].

Statistical analysis

Clinical outcomes of interest included OS, relapse-free survival (RFS), GRFS, NRM, 

relapse, acute and chronic GVHD, and graft function. OS, RFS, and GRFS were estimated 

with the Kaplan–Meier method. Competing risks were used for NRM, relapse, and GVHD, 

and their outcomes were estimated with cumulative incidence. Outcome estimates are given 

at specified time points with 95% confidence intervals (CI) for the estimates.

Univariate analyses were conducted to assess the association of baseline characteristics with 

OS, RFS, GRFS, NRM, and relapse. Univariate prognostic factors for OS, RFS, and GRFS 
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were assessed with Cox regression, while risk factors for NRM and relapse with assessed 

with Fine and Gray regression. Results are reported as hazard ratios (HR) with 95% CI. Due 

to the lack of existing consensus regarding the prognostic effect of spleen size, exploratory 

analyses were conducted among patients who had a measurable spleen. We used spleen size 

cut-offs at 20, 21, 22, 23, 24, and 25 cm, and also analyzed spleen size as a continuous 

variable. Another assessment was done combining spleen size ≥22 and prior splenectomy 

in one group since all splenectomies were done for advanced disease. This group was 

compared to the cohort with spleen size <22 cm at BMT. CD34 + dose had one large 

outlier and hence, was analyzed categorically by splitting into two groups near the median 

dose. Exploratory analyses were conducted to assess the prognostic effect of the most recent 

treatment received prior to BMT (categorized as JAK inhibitor alone, or a hypomethylating 

agent [HMA] with or without JAK inhibitor) and the conditioning regimen intensity. When 

conditioning intensity was assessed using all three types of conditioning, the HR could not 

be calculated because there were a limited number of patients who received MAC regimens. 

Most of them did not have any of the events of clinical interest. Hence, log-rank or Gray 

tests were used instead. Because of the limited number of events for each outcome and 

missing data on key variables, we were unable to conduct a traditional multivariate analysis. 

Instead, focused multivariate analyses were done for OS, RFS, NRM, and relapse using all 

pairs of statistically significant variables in univariate analysis.

Data were analyzed with SAS® software (SAS Institute, Inc., Cary, NC, USA). All P values 

were two-sided, and P ≤ 0.05 was considered statistically significant.

RESULTS

Baseline patient, disease, treatment, and BMT characteristics

We identified 69 consecutive patients who underwent haplo-BMT with PTCy for primary 

or post-ET/PV myelofibrosis. Patient demographics, disease, treatment, and BMT-specific 

characteristics are detailed in Table 1. Five patients had undergone a splenectomy prior to 

BMT, all in response to myelofibrosis-related symptomatic splenomegaly. Spleen size at the 

time of BMT was available for 62 of the remaining 64 patients and measured by imaging 

in 50 (81%), or by physical examination in 12 (19%) patients. The median size was 18 cm 

(range 9.4–28.1) in these 62 patients. The most recent treatments prior to BMT and details 

of the conditioning regimens are shown in Supplementary Tables 1 and 2. Forty patients 

(58%) received a JAK inhibitor prior to BMT. Fourteen patients (20%) received HMA 

with or without a JAK inhibitor [33]. One patient received induction chemotherapy per the 

institution’s former practice to induce immunosuppression prior to BMT. One patient who 

had low-risk disease by DIPSS plus, proceeded with BMT given young age at diagnosis and 

donor availability. Another patient who also had low-risk disease by DIPSS plus, proceeded 

with BMT due to the presence of 6% myeloid blasts in the bone marrow. Two additional 

patients had DIPSS plus intermediate-1 disease, and proceeded to BMT due of the presence 

of high-risk somatic mutations. Fludarabine, cyclophosphamide, with total body irradiation 

2 Gy was the most common conditioning regimen used (N = 27 [39%]). GVHD prophylaxis 

included PTCy in all patients. Fifty-one (74%) patients additionally received a combination 

of calcineurin inhibitors (CNI) plus mycophenolate mofetil (MMF). Eight (12%) received 
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an mTOR inhibitor plus MMF with PTCy. The remaining 10 (14%) used a combination of 

anti-thymocyte globulin (ATG) plus CNI with PTCy.

Survival outcomes

Forty-nine (71%) patients were alive at last follow-up with a median follow-up of 23.1 

months (range 1.6–75.7). OS at 1 year was 74% (95% CI 61–83) and at 3 years was 

72% (95% CI 59–81) (Table 2 and Fig. 1A). Hematopoietic cell transplantation-specific 

Comorbidity Index (HCT-CI) ≥ 3 was associated with inferior OS (HR 3.97, 95% CI 1.51–

10.4, P = 0.005), while the use of a male donor was associated with improved OS (HR 0.42, 

95% CI 0.17–1.00, P = 0.05). RFS at 1 year was 72% (95% CI 60–82) and at 3 years was 

44% (95% CI 29–59) (Table 2 and Fig. 1A). HCT-CI ≥ 3 was associated with inferior RFS 

(HR 2.16, 95% CI 1.04–4.52, P = 0.04), while recipient cytomegalovirus (CMV)-positivity 

exhibited improved RFS (HR 0.46, 95% CI 0.22–0.96, P = 0.038). GRFS at 1 year was 55% 

(95% CI 42–66) and at 3 years was 30% (95% CI 17–43) (Table 2 and Fig. 1A). Recipient 

CMV-positivity was associated with improved GRFS (HR 0.52, 95% CI 0.28–0.97, P = 

0.039). A detailed univariate analysis is shown in Table 3a. No differences in OS, RFS, or 

GRFS were noted on univariate analysis with the spleen size at BMT, most recent treatment 

received prior to BMT, the intensity of conditioning regimens, DIPSS Plus at BMT, or driver 

mutations (Table 3a and Supplementary Table 3).

A focused multivariate analysis was conducted for OS and RFS using the 2-variable model 

(Table 4). HCT-CI ≥ 3 remained independently associated with an inferior OS (HR 6.71, 

95% CI 2.35–19.2, P < 0.001), and male donor with improved OS (HR 0.21, 95% CI 

0.08–0.56, P = 0.002). Similarly, on the multivariate analysis for RFS, HCT-CI ≥ 3 remained 

independently associated with inferior RFS (HR 2.36, 95% CI 1.12–4.99, P = 0.024) while 

recipient CMV-positivity was associated with improved RFS (HR 0.46, 95% CI 0.22–0.97, 

P = 0.041). A multivariate analysis was not conducted for GRFS as only one variable 

(recipient CMV serostatus) was statistically significant in the univariate analysis.

NRM and relapse

NRM incidence at 1 year was 21% (95% CI 12–32), and 3 at years was 23% (95% CI 

14–34) (Table 2 and Fig. 1B). Among the 15 patients who experienced NRM, the causes 

were infection in 8 (53%) patients, end-organ toxicity in 4 (27%), GVHD in 2 (13%), and 

intracranial hemorrhage in 1 (7%). Univariate analysis demonstrated a higher risk of NRM 

with increasing age (HR 1.88, 95% CI 1.08–3.26, P = 0.025) and HCT-CI ≥ 3 (HR 4.07, 

95% CI 1.32–12.5, P = 0.014). Additional details of this univariate analysis are shown in 

Table 3b. In the 2-variable model for multivariate analyses (Table 4), increasing age and 

HCT-CI ≥ 3, both remained independently associated with higher NRM (HR 2.30, 95% CI 

1.22–4.34, P = 0.010 for age, and HR 5.11, 95% CI 1.55–16.9, P = 0.007 for HCT-CI).

Incidence of relapse at 1 year was 5% (95% CI 1–12) and at 3 years was 31% (95% CI 

17–47) (Table 2 and Fig. 1B). Spleen size, analyzed as a continuous variable (per 5 cm 

increase), had a statistically significant association with relapse (HR 1.90, 95% CI 1.00–

3.58, P = 0.049). A larger spleen was associated with a higher risk of relapse for a cut-off 

of 22 cm (HR 4.57, 95% CI 1.31–16.0, P = 0.017; Fig. 2A), and for all cut-offs above 22 

Kunte et al. Page 5

Leukemia. Author manuscript; available in PMC 2023 April 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cm (Table 3b and Supplementary Table 3). Patients who had undergone a splenectomy prior 

to BMT, when included with patients with spleen size ≥22 cm (as all splenectomies were 

performed due to myelofibrosis-related symptomatic splenomegaly), had a significantly 

higher incidence of relapse (HR 6.37, 95% CI 2.02–20.1, P = 0.002) (Table 3b and Fig. 2B) 

compared to patients with a spleen size <22 cm at BMT. We also conducted this analysis 

by only including patients in whom the spleen size was available by imaging (N = 50). 

Incidence of relapse remained high in patients with a spleen size ≥22 cm (data not shown). 

Compared to peripheral blood, bone marrow grafts were associated with an increased risk 

of relapse (HR 4.92, 95% CI 1.68–14.4, P = 0.004) (Table 3b and Fig. 2C). Older age at 

BMT (HR 0.36, 95% CI 0.16–0.81, P = 0.014), recipient CMV-positivity (HR 0.32, 95% 

CI 0.11–0.94, P = 0.038; Fig. 2D), and a later year of BMT (HR 0.73, 95% CI 0.61–0.87, 

P < 0.001) were associated with a lower risk of relapse. No differences in NRM or relapse 

were noted on univariate analysis with the most recent treatment received prior to BMT, the 

intensity of conditioning regimens, DIPSS Plus at BMT, or driver mutations (Table 3b).

As noted above, multiple variables were significantly associated with relapse on the 

univariate analysis. In the two-variable model for multivariable analysis (Table 4), 

splenomegaly ≥22 cm or prior splenectomy remained independently associated with a higher 

risk of relapse after adjustment for recipient age (HR 6.46, 95% CI 1.85–22.6, P = 0.004), 

year of BMT (HR 5.47, 95% CI 1.58–18.9, P = 0.007), recipient CMV serostatus (HR 6.04, 

95% CI 1.93–18.9, P = 0.002), or graft source (HR 4.73, 95% CI 1.18–18.9, P = 0.028). 

Similarly, bone marrow grafts remained independently associated with a higher incidence of 

relapse despite adjustment for recipient age (HR 5.38, 95% CI 1.57–18.4, P = 0.007), year 

of BMT (HR 3.50, 95% CI 1.16–10.6, P = 0.026), and CMV serostatus (HR 3.71, 95% CI 

1.31–10.5, P = 0.014).

Two patients (3%) received a donor lymphocyte infusion after relapse on days +351 and 

+891, and remained alive at last follow-up with persistent relapsed disease in chronic phase.

GVHD

The incidence of all grade acute GVHD at 3 months was 36% (95% CI 25–48), and that for 

grades 3–4 was 10% (95% CI 4–19) (Table 2 and Fig. 1C). The median time to all grade 

acute GVHD was 67 days (range, 17–537), and that for grade 3–4 acute GVHD and 72 

days (range, 17–125). The incidence of all grades chronic GVHD at 1 was 22% (95% CI 

13–33) and at 2 years was 29% (95% CI 17–41) (Table 2 and Fig. 1D). The incidence of 

extensive chronic GVHD at both 1 and 2 years was 8% (95% CI 3–16). Chronic GVHD 

needing systemic treatment was reported in 10 (14%) patients, at a median of 134 days 

(range, 82–329).

Graft function

Neutrophil engraftment (Table 2) was reported in 65 (94%) patients at a median of 20 days 

(range, 14–70). Platelet engraftment was observed in 56 (81%) patients at a median of 34 

days (range, 15–224).

Four patients (6%) had a graft failure. Of these, 3 had known measurable spleens of sizes 16, 

19, and 23 cm. The spleen status of the remaining patient was unavailable. The conditioning 
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intensity was RIC and NMA in two patients each. Peripheral blood grafts were used in all 

four patients. The median CD34+ cell dose was 9.9 × 106/kg (range, 3.2–10.96). All patients 

died of a complication of BMT, 2 each from infection and end-organ toxicity.

Prior splenectomy outcomes

Out of 67 patients who had spleen data available, 5 (7%) patients had undergone a prior 

splenectomy due to symptomatic splenomegaly secondary to underlying myelofibrosis. 

All five patients were treated with a JAK inhibitor prior to BMT. All patients engrafted 

neutrophils, with a median time of engraftment of 20 days (range, 15–30). With peripheral 

blood graft use in four of the five (80%) patients, three patients experienced relapse and 

subsequent death secondary to relapse. The remaining two patients were alive at the last 

follow-up, with a median follow-up of 16 months in remission.

DISCUSSION

BMT remains the only potentially curative option for patients with myelofibrosis with 

improved survival in intermediate-1 or higher DIPSS risk myelofibrosis [9]. For patients 

lacking matched donors, safe and effective alternative donor options are of particular 

importance. To our knowledge, this is the largest retrospective cohort in North America 

describing outcomes for haplo-BMT with PTCy in myelofibrosis. We demonstrate low rate 

of graft failure (6%) with haploidentical donors and PTCy in myelofibrosis, along with 

survival outcomes that appear overall comparable to those reported previously with matched 

donors [16, 34]. For reference, engraftment after BMT for myelofibrosis, using a variety 

of donors and conditioning regimens, has ranged anywhere from a low of 76% to a high 

of 97% [16, 17, 25, 34–36]. We were unable to evaluate clinical factors associated with 

graft failure due to a low number of events. Nevertheless, the high rates of engraftment 

with use of a haploidentical donor, predominantly RIC or NMA conditioning, and PTCy 

are encouraging in myelofibrosis, where the disease features adversely affect engraftment 

following BMT.

NRM, relapse, and GVHD outcomes in this study are comparable to prior reports using 

alternative and unrelated donors [16, 25]. The study of family mismatched BMT in chronic 

myelofibrosis by EBMT noted a relapse incidence of 19% (95% CI 7–31) at 2 years, which 

was comparable to our study results [25]. In a large Center for International Blood and 

Marrow Transplant Research (CIBMTR) study, the cumulative incidence of relapse was 

reported at 47% (CI, 40–53) at 3 years [16]. Similarly, the incidence of NRM was reported 

as 38% at 2 years in the EBMT study, and 22% at 3 years in the CIBMTR study [16, 25]. 

We observed that older age at BMT was associated with higher NRM as expected, but also 

fewer relapses. The latter is potentially due to selection bias amongst older patients taken to 

BMT.

Prior studies have been inconclusive regarding the impact of spleen size on outcomes of 

BMT for myelofibrosis [13, 34, 37]. In a previous single-center study from Italy, a spleen 

size of >22 cm was noted to be associated with higher NRM, worse OS (statistically 

significant), and higher relapse-related death (not statistically significant) [35]. In this study, 

the spleen size of 22 cm was used as it was the median value in the sample, which can 
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be an arbitrary selection for clinical use. Hence, we attempted to explore this in our cohort 

as a continuous variable as well as by a cut-off at every centimeter size above 20 cm, to 

obtain clinically meaningful information. We demonstrated that a spleen size ≥22 cm or an 

increase by every 5 cm increases the risk of relapse. No statistically significant difference 

was seen in the OS or RFS. We surmise that the large spleen size suggests advanced disease 

biology of myelofibrosis, and hence, explains the higher relapse. This is also evident from 

the higher relapse incidence in the combined cohort of patients with a spleen size of ≥22 

cm and those who underwent a splenectomy for disease-related symptomatic splenomegaly 

in this study. Taken together with the Italian study, a spleen size of over 22 cm at BMT can 

be estimated to be associated with an inferior outcome overall [35]. In this study, we could 

not evaluate the specific role of JAK inhibitors in spleen size reduction due to sample size 

limitations. Another retrospective study has suggested higher OS in patients who respond 

to JAK inhibitors prior to BMT than patients who have progressive splenomegaly on JAK 

inhibitors [38].

Bone marrow grafts were associated with significantly higher relapses in our study 

compared to peripheral blood grafts, along with a suggestion of lower NRM. However, 

survival outcomes do not appear statistically different. Prior larger studies comparing graft 

sources with matched unrelated donors have shown a higher probability of engraftment and 

higher rates of chronic GVHD with peripheral blood grafts without differences in relapse or 

survival [39–41]. None of these studies were representative of myelofibrosis, as they mostly 

included patients with acute leukemia or myelodysplastic syndrome. These differences in the 

role of peripheral blood and bone marrow grafts will need further exploration in a larger 

study focused on myelofibrosis due to its unique aspects related to graft failure, enlarged 

spleens, and fibrotic marrow milieu.

Our study revealed no statistical difference in outcomes based on conditioning regimen 

intensity. In prior studies, conditioning regimen intensity has shown decreased risks of 

relapse and RFS with MAC, but with a comparable OS [42]. We did not see such a 

difference, perhaps due to a small number of patients receiving MAC. In addition, given 

the different RIC regimens used at various centers and low numbers with each regimen, 

we did not compare the individual RIC regimens. Previously, however, one study compared 

3 RIC regimens (fludarabine plus melphalan, busulfan plus melphalan, and fludarabine 

plus carmustine plus melphalan), and showed no statistically significant difference in 

clinical outcomes, although a lower relapse was suggested with fludarabine plus melphalan, 

while lower NRM was suggested with fludarabine plus busulfan [43]. Similar results were 

demonstrated in another study comparing fludarabine plus melphalan versus busulfan plus 

fludarabine [44].

Recipient CMV-positivity was another factor associated with a lower risk of relapse and 

improved RFS and GRFS in the univariate analysis. While we did not look at CMV 

reactivation directly, recipient CMV seropositive status is an established risk factor for 

CMV reactivation [45]. In that regard, data suggest that CMV reactivation facilitates T 

cell reconstitution and is associated with a lower risk of relapse [46–49]. This needs to be 

explored further, especially in times of consideration of CMV prophylaxis [50]. We also 

observed that the year of BMT, when analyzed as an increase by 1 year, was associated 
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with a lower risk of relapse. This is likely an effect of evolving clinical practices for disease 

control prior to BMT, over the years.

There are several limitations to our study, mainly attributed to its retrospective nature and 

limited sample size as noted above. Given patients included are from 13 BMT centers, 

there is heterogeneity in BMT platforms used and institutional practices. Molecular data 

beyond driver mutations, which have been associated with outcomes, were not available 

for most patients [51–53]. We did not have data on molecular clonal evolution or serial 

fibrosis grading. However, a previously published study has shown that improvement in 

marrow fibrosis at day +100 following BMT did not correlate with outcomes, while the 

absence of molecular evidence of disease (detectable driver mutation or incomplete donor 

chimerism) at day +100 following BMT was associated with improved RFS [54]. Despite 

these limitations, this descriptive exploratory study provides essential data on the outcomes 

for haplo-BMT with PTCy for patients with chronic myelofibrosis. We conclude that this 

is a feasible option in patients with myelofibrosis, with encouraging clinical outcomes. 

While a direct comparison is lacking in our study, overall outcomes appear similar to those 

previously reported with matched sibling or unrelated donors. Additional studies, possibly 

using CIBMTR registry data, are ongoing to identify the optimal donor type for these 

patients.
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Fig. 1. Estimates of outcomes.
Kaplan-Meier estimates of OS, RFS and GRFS (A), Cumulative incidences of NRM and 

relapse (B), acute GVHD (C) and chronic GVHD (D).
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Fig. 2. Patient and BMT characteristics associated with relapse.
Effect of spleen size (A, B), graft source (C) and recipient CMV status (D) on relapse.
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Table 1.

Baseline characteristics of patients, disease, treatment details and BMT.

Characteristics Results in N (%) unless otherwise specified

Age at diagnosis, years, median (range) 59 (33–71)

Patient gender Men 44 (64)

Women 25 (36)

Age at BMT, years, median (range) 63 (41–74)

Time from diagnosis to BMT, months, median (range) 20.5 (1.8–143.1)

Year of BMT 2010–2015 14 (20)

2016–2019 55 (80)

Disease type Primary MF 35 (51)

Post-ET MF 19 (28)

Post-PV MF 15 (22)

Grade of fibrosis at diagnosis (N = 66) MF 0 2 (3)

MF 1 8 (12)

MF 2 30 (46)

MF 3 26 (39)

DIPSS plus at BMT Low 2 (3)

Intermediate-1 2 (3)

Intermediate-2 48 (69)

High 17 (25)

High risk cytogenetics
a
 (N = 66)

10 (15)

Driver Mutation JAK2 (N = 66) 45 (68)

CALR (N = 64) 11 (17)

MPL (N = 64) 4 (6)

Prior splenectomy (N = 67) 5 (7)

Spleen size at BMT (N = 62), cm, median (range) 18.0 (9.4–28.1)

JAK inhibitor use prior to BMT (N = 68) 59 (87)

HCT-CI ≥ 3 (N = 64) 28 (44)

Graft source PB 59 (86)

BM 10 (14)

Donor to recipient gender F to F 12 (17)

F to M 12 (17)

M to F 13 (19)

M to M 32 (46)

Donor to recipient CMV status D+/R+ 29 (42)

D+/R− 6 (9)

D−/R+ 15 (22)

D−/R− 19 (28)

CD34+ cell dose, ×106/kg, median (range) 5.80 (1.79–28.60)

Conditioning regimen intensity NMA 27 (39)

RIC 37 (54)
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Characteristics Results in N (%) unless otherwise specified

MAC 5 (7)

TBI 50 (72)

GVHD prophylaxis CNI/MMF/PTCy 51 (74)

CSA/ATG/PTCy 10 (14)

mTORi/MMF/PTCy 8 (12)

ATG antithymocyte globulin, BM bone marrow, BMT blood or marrow transplantation, cGy centigrays, CMV cytomegalovirus, CNI calcineurin 
inhibitor, ET essential thrombocythemia, DIPSS Dynamic International Prognostic Scoring System, D/R donor/recipient, FK tacrolimus, GVHD 
graft versus host disease, HCT-CI Hematopoietic Cell Transplantation-specific Comorbidity Index, HMA hypomethylating agent, JAK Janus 
kinase, MAC myeloablative conditioning, MF myelofibrosis, MMF mycophenolate mofetil, mTORi mTOR inhibitor, NMA non-myeloablative, 
PB peripheral blood, PTCy post-transplantation cyclophosphamide, PV polycythemia vera, RIC reduced intensity conditioning, TBI total body 
irradiation.

a
High-risk cytogenetics was defined as a complex karyotype or abnormalities including +8, −7/7q−, i(17q), −5/5q−, 12p, inv(3) or 11q23 

rearrangement.
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Table 2.

BMT outcomes.

Outcomes Time after BMT Outcome estimate (95% CI) unless otherwise specified

OS 1 year 74 (61–83)

3 years 72 (59–81)

RFS 1 year 72 (60–82)

3 years 44 (29–59)

GRFS 1 year 55 (42–66)

3 years 30 (17–43)

NRM 1 year 21 (12–32)

3 years 23 (14–34)

Relapse 1 year 5 (1–12)

3 years 31 (17–47)

Acute GVHD, all grades 3 months 36 (25–48)

6 months 48 (36–60)

Acute GVHD, Grades 3–4 3 months 10 (4–19)

6 months 13 (6–22)

Chronic GVHD, all grades 1 year 22 (13–33)

2 years 29 (17–41)

Chronic GVHD, extensive grade 1 and 2 years 8 (3–16)

Days to neutrophil engraftment (N = 65), median (range) 20 (14–70)

Days to platelet engraftment (N = 56), median (range) 34 (15–224)

BMT blood or marrow transplantation, CI 95% confidence intervals, GRFS GVHD-free relapse-free survival, GVHD graft versus host disease, 
NRM non-relapse mortality, OS overall survival, RFS relapse free survival
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