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Abstract
Due to the evolving use of haploidentical donor grafts in hematopoietic cell transplantation, there is
increased need to better understand the risks and bene�ts of using bone marrow versus peripheral blood
grafts, as well as how speci�c pre-transplantation conditioning regimens impact patient safety and
treatment outcomes. We performed a retrospective analysis of 38 patients at two centers who speci�cally
underwent haploidentical hematopoietic cell transplantation using �udarabine plus melphalan-based
conditioning regimens with post-transplant cyclophosphamide and peripheral blood donor grafts. We
observed an unexpectedly high rate of early non-relapse mortality of 21% at 100 days and 34% at 1-year.
In addition, 40% of all patients suffered from severe cytokine release syndrome and 45% of all patients
suffered from kidney injury, often necessitating renal replacement therapy. The poor outcomes with 1-
year overall survival of 34%, disease-free survival of 29%, and non-relapse mortality of 34% motivate us to
reconsider the appropriateness of the combination of �udarabine and melphalan conditioning with T-cell
replete peripheral blood grafts in the setting of haploidentical hematopoietic cell transplant with post-
transplant cyclophosphamide.

Introduction:
Haploidentical hematopoietic cell transplantation (haplo-HCT) is a readily available and potentially
curative therapy for patients with hematological malignancies and non-malignant conditions. The use of
high dose post-transplant cyclophosphamide (PTCy) with haplo-HCT with a bone marrow (BM) graft led
to drastically reduced rates of graft versus host disease (GvHD) through selective depletion of highly
alloreactive donor T-cells, while sparing CD34 + stem cells and regulatory T-cells1. Outcomes for haplo-
HCT using this approach were shown to be comparable to those seen using matched unrelated donors
and even matched related donors2.

Initial reports of haplo-HCT utilized a reduced-intensity conditioning (RIC) regimen with �udarabine,
cyclophosphamide, and total body irradiation (Flu/Cy/TBI)1. Myeloablative conditioning (MAC) regimens
were shown to reduce rates of relapse and graft failure but were associated with increased toxicity and
non-relapse mortality (NRM) with other transplant types3. Increased intensity RIC regimens are often used
with the aim of balancing decreased relapse risk with acceptable rates of NRM for older patients with
malignant hematologic conditions. Fludarabine and melphalan (FluMel) conditioning is effective in other
allogeneic transplantation settings, showing good disease-free survival with low rates of NRM4. Small
studies have demonstrated the feasibility of using FluMel, with or without thiotepa, anti-thymocyte
globulin (ATG), and/or low dose TBI with bone marrow grafts in the haplo-HCT plus PTCy platform5, and
a number of other small, single institution, retrospective analyses have provided further evidence
supporting this approach6.

Peripheral blood stem cell (PBSC) grafts have been increasingly utilized in favor of BM grafts for patients
undergoing haplo-HCT due to ease of collection and reduced rates of relapse7. However, cytokine release
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syndrome (CRS) occurs in the majority of patients. While most cases of CRS are mild, 12% of patients
suffer from severe CRS with hypoxic respiratory failure, end-organ dysfunction, and even death8. Most
reports of haplo-HCT with PBSC grafts utilize the standard with Flu/Cy/TBI conditioning regimen. In this
two-center retrospective analysis, we aim to describe the e�cacy, safety, and toxicity of FluMel as a
conditioning approach for haplo-HCT speci�cally using PBSC.

Materials And Methods:

Study Design and Eligibility Criteria
This observational, retrospective study was conducted at the University of Rochester Medical Center in
Rochester, NY, and the Washington University School of Medicine in St. Louis, MO. All consecutive
patients receiving a RIC regimen containing �udarabine and melphalan for haplo-HCT with PTCy for a
hematologic malignancy between 2015 and 2019 were included in this analysis. Patients were not
excluded on the basis of speci�c hematologic malignancies, prior lines of therapy, the presence or
absence of active disease, or prior stem cell transplantation.

De�nitions and Endpoints
We utilized the American Society for Transplantation and Cellular Therapy (ASTCT) consensus grading
system for cytokine release syndrome9. Overall survival (OS) was de�ned as the time from day 0 of stem
cell transplantation until date of death from any cause. Early mortality was de�ned as death prior to day 
+ 100. Disease-free survival (DFS) was de�ned as the time from day 0 of stem cell transplantation until
date of documented evidence of relapsed disease or death from any cause, whichever occurred �rst.
Relapse incidence (RI) was de�ned as the proportion of patients with documented evidence of relapsed
disease, accounting for patients who died of any other cause not related to their underlying
hematopoietic malignancy. Non-relapse mortality (NRM) was de�ned as the time from day 0 of stem cell
transplantation until non-relapse death. Acute kidney injury (AKI) is de�ned as any of the following:
increase in serum creatinine ≥ 0.3 mg/dL within 48 hours; or increase in serum creatinine ≥ 1.5x times
baseline, which is known or presumed to have occurred within the prior 7 days; or urine volume ≤ 
0.5 mL/kg/hour for 6 hours.

Statistical Methods
Descriptive data are represented as medians with ranges when numerical, and as frequency and
proportion when categorical. Signi�cance testing for associations between clinical characteristics was
assessed by Fisher exact testing. Survival curves for OS and DFS were calculated using the Kaplan-Meier
method. RI and NRM were modeled using the competing risk analysis framework10–12. Statistical
analyses were performed using R v3.6 (R Foundation for Statistical Computing, Vienna, Austria).

Results:
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Thirty-eight patients with a diverse range of hematologic malignancies were included in the analysis
(Table 1). The majority (20; 52.6%) had acute myeloid leukemia (AML), eight (21.1%) had
myelodysplastic syndrome (MDS), and roughly 5% or fewer had primary myelo�brosis (PMF), chronic
myeloid leukemia (CML), chronic myelomonocytic leukemia (CMML), multiple myeloma (MM), acute
lymphoblastic leukemia (ALL), non-Hodgkin lymphoma (NHL), or Sezary Syndrome. Of the 20 patients
with AML, four (20%) had active disease, one (5%) had measurable residual disease by AML1-ETO RT-
PCR (0.001 normalized copy numbers), and the remaining 15 (75%) were in complete remission at the
time of transplantation. Eleven (28.9%) of the 38 patients had undergone prior stem cell transplantation.
The median age at date of transplantation was 60 years (range 20–73). The median Hematopoietic Cell
Transplantation-speci�c Comorbidity Index (HCT-CI; ≥3 indicates high risk) score was 4 (range 0–10).
Three (7.9%) patients were male recipients with female hematopoietic cell donors. Median donor age was
41 years (range 20–71). All patients received conditioning regimens based on four doses of �udarabine
at 30 mg/m2, and a single dose of melphalan on either day − 2 or day − 1, followed by a peripheral blood
haploidentical hematopoietic cell transplant with post-transplant cyclophosphamide per standard-of-care
protocols. Thirty-six patients (94.7%) received melphalan at 140 mg/m2 (two of whom also received anti-
thymocyte globulin), and two patients (5.3%) received melphalan at 100 mg/m2.

Median follow-up was 239 days (range 6–1086) at date of last analysis on March 5, 2020. As of this date
of censoring, 13 (34.2%) patients remained alive, and median follow-up for these surviving patients was
646 days (range 288–1086). All patients with follow-up of less than 100 days had died prior to day + 100.
Median overall survival was 7.8 months (95% con�dence interval 4.7–11.4 months; Fig. 1A). Overall
survival rates at days + 100 and + 365 were 76.3% and 33.5%, respectively. Median disease-free survival
was 6.1 months (95% con�dence interval 4.0–8.5 months; Fig. 1B). The disease-free survival rates at
days + 100 and + 365 were 71.1% and 28.9%, respectively. With all patients mature for analysis at day + 
100, nine (23.7%) patients suffered early mortality having died prior to day + 100. Eight (88.9%) of these
nine patients died without experiencing disease relapse. Cumulative relapse incidences at days + 100 and
+ 365 were 7.9% and 32.2%, respectively (Fig. 1C). NRM rates at days + 100 and + 365 were 21.1% and
34.4%, respectively (Fig. 1D).

Fifteen (39.5%) of 38 patients had severe (grade 3–5) CRS. Eleven (73.3%) of these 15 patients with
severe CRS received treatment with tocilizumab. AKI occurred at a high rate in patients with severe CRS
(10/15 patients, 66.7%) as compared to patients with CRS grade 0–2 (7/23, 30.4%, p = 0.046). Six
(85.7%) of the seven patients from the entire cohort who required RRT had severe CRS. Early NRM was
strongly associated with severe CRS, with NRM prior to day + 100 occurring in seven (46.7%) of 15
patients with severe CRS, compared to only one (4.3%) of 23 patients with CRS grade 0–2 (p = 0.003).

Of the eight patients with early NRM, seven (87.5%) had creatinine clearance < 90 mL/min (by Cockcroft-
Gault formula) prior to transplantation, six (75%) had hemoglobin < 9.5 g/dL prior to transplantation,
seven (87.5%) developed AKI post-transplant, and four (50%) needed renal replacement therapy (RRT)
post-transplantation. This was compared to 36.6%, 33.3%, 33.3%, and 10%, respectively, of the patients
not experiencing early NRM. The outcome of early NRM was signi�cantly associated with each of these
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four pre- or post-transplantation clinical features (p = 0.016, p = 0.050, p = 0.013, and p = 0.025). Early
NRM was not signi�cantly associated with age at transplantation, HCT-CI score, �rst versus second
transplant, disease status at transplant, melphalan dosing, volume overload or diuretic use, or post-
transplant infection.

Discussion:
Overall, we observed very poor outcomes with FluMel conditioning and PBSC grafts for haplo-HCT with
PTCy. One-year OS in our cohort was 34%, driven by unexpectedly high rates of NRM due to early toxicity
after transplantation. Our reported NRM rates of 21% and 34% at day + 100 and 1-year, respectively, are
much higher than the rates observed in other haplo-HCT studies utilizing RIC platforms with similar
patient populations. A somewhat older report using FluMel conditioning with melphalan 140 mg/m2 on
day − 8 for haplo-HCT with BM grafts found NRM rates at day + 100 and 1-year to be 12% and 16%,
respectively2, and a subsequent cohort5 of similarly treated patients also showed a lower NRM (19% at 1-
year). Besides our patients receiving PBSC grafts, our patient characteristics were comparable to both
cohorts.

The high incidence of early NRM observed in our study was strongly associated with severe CRS, with
47% of these patients dying prior to day + 100. Patients with early mortality appeared to suffer from
similar clinical syndromes characterized by severe CRS and/or high fevers, capillary leak, volume
overload, signi�cant edema and anasarca, weight gain, and oliguria. This was exacerbated by IV �uids
administered with PTCy, often progressing to AKI, anuria, and metabolic acidosis requiring ICU admission
and renal replacement therapy (RRT); some patients suffered further clinical decompensation and death.
Anecdotally, while treatment with the anti-IL6R monoclonal antibody tocilizumab would rapidly
ameliorate fevers, it did not appear to have an effect on patients’ overall clinical course.

These poor outcomes in patients with severe CRS are consistent with previous reports. However, the
incidence of severe CRS in this study was 40%, approximately three-times the incidence described in
previous analyses8,15. Abboud et al. reported severe CRS in 12% of patients undergoing haplo-HCT with
PBSC grafts8. Additionally, a single institution study of 146 patients undergoing haplo-HCT with PBSC
grafts reported severe CRS in 17% patients, who achieved a 6-month OS of only 50%15, further supporting
the association between severe CRS and poor clinical outcomes. Severe CRS and early NRM were also
associated with AKI and RRT requirement. Despite the excessive toxicity, this regimen did not appear
particularly effective, with 33% of surviving patients relapsing.

CRS is thought to be primarily mediated by activated T-cells, and PBSC grafts contain nearly 8-fold more
T-cells compared to BM grafts. Multiple reports have demonstrated the increased rates of severe CRS in
patients receiving PBSC grafts compared to those receiving BM grafts for haplo-HCT with PTCy17. PBSC
collection through G-CSF mobilization has been shown to be associated with different T-cell subsets than
BM grafts. Different allograft T-cell subset contents have been associated with risk of acute and chronic
GvHD as well as risk of relapse18. It is possible that allografts with a higher dose of alloreactive activated
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T-cells favor the development of CRS, while those with a higher number of regulatory T-cells are less likely
to develop CRS. In addition to PBSC grafts, pre-transplant active disease and HLA-DRB1 mismatching
have also been identi�ed as independent predictors of grade ≥ 3 CRS19. Our patient cohort, though, had a
relatively low rate of active disease, as 75% of patients with AML were in remission at time of
transplantation. Other factors such as degree of HLA mismatch, patient or donor age, donor sex, natural
killer (NK)-killer immunoglobulin receptors haplotype, NK-ligand mismatch, ABO mismatch, or HCT-CI
have not been associated with severe CRS in prior reports8,15,17. However, the patients included in these
prior studies almost exclusively received a Flu/Cy/TBI conditioning platform. This suggests that the high
rate of severe CRS observed in our cohort may be related to the unique combination of using PBSC grafts
with FluMel conditioning. One recent study found a higher rate of NRM and decreased OS in patients with
NHL receiving FluMel conditioning for allogeneic HCT compared to �udarabine and busulfan-based
conditioning13, whereas another cohort of patients with lymphoma undergoing haplo-HCT with
�udarabine and cyclophosphamide conditioning did not suffer increased NRM or reduced OS14.

Melphalan is commonly used as part of �udarabine-based RIC regimens, which have been associated
with decreased relapse rates and disease-free survival in other transplant types19. Melphalan
pharmacokinetic studies report up to a 10-fold interpatient variability in melphalan exposure20.
Melphalan binds to proteins in the red blood cell membrane, leading to higher plasma concentrations in
patients with lower hemoglobin21. Renal impairment also leads to higher concentrations as renal
elimination accounts for approximately 40% of melphalan clearance. Lower hemoglobin (< 9.5 g/dL) and
impaired renal function (creatinine clearance < 60 mL/min) were strongly associated with worse
outcomes in patients who underwent FluMel conditioning and autologous hematopoietic cell
transplantation, although the use of BM versus PBSC grafts was not speci�ed in this report22. Outcomes
in our patient cohort appear consistent with these �ndings. Theoretically, these patients may have
increased melphalan exposure and resultant toxicity. Unpublished data from our group are also �nding
that MAC regimens are not associated with an increased risk for severe CRS, thus it is possible that
melphalan has a unique toxicity pro�le where increased melphalan-exposure places patients at higher
risk for severe CRS.

Melphalan has also been shown to have immunomodulatory effects. Treating tumor-bearing mice with
melphalan results in a rapid burst of in�ammatory cytokines and chemokines, as well as transient
elimination of regulatory T-cells during the cellular recovery phase after melphalan-induced
leukodepletion. This effect includes surges of IFN-γ, IL-22, IL-5, IL-18, IL-27, CCL2, CCL3, CCL7, and
CXCL123, with peak levels occurring two days after melphalan administration. This IFN-γ peak would
coincide with the timing of PBSC infusion in our cohort, as our patients received melphalan on either day
− 2 or day − 1. The combination of a melphalan-induced proin�ammatory environment with T-cell replete
haplo-HCT PBSC grafts may have contributed to the unacceptably high rate of severe CRS in our patients.

Our study is limited by its small sample size and retrospective nature. Patients were moderate-to-high risk
and 29% had undergone prior hematopoietic cell transplantation. We also had a heterogeneous patient
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population with a diverse range of hematologic malignancies.

In conclusion, our institutions no longer use standard FluMel as conditioning for haplo-HCT with PTCy
with T-cell replete PBSC grafts. Alternative regimens or variations on melphalan-based regimens, such as
fractionated melphalan dosing, inclusion of TBI, or inclusion of thiotepa, may improve outcomes but
further studies are needed. There remains a signi�cant unmet need to better understand the optimal
conditioning approach for patients with aggressive hematologic malignancies undergoing haplo-HCT
who are older or un�t for standard MAC, and this should be addressed in future randomized controlled
trials.
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Characteristic Total
Cohort

Total patients, number 38

Female sex, number (% of 38 patients with data available) 14 (36.8)

Age at transplantation, median (range) 60 (20–73)

Donor age, median (range) 42 (20–71)

HCT-CI score, median (range) 4 (0–10)

Prior allogeneic transplantation, number (% of 38 patients with data available) 11 (28.9)

Sex mismatch of male recipient / female donor, number (% of 38 patients with data
available)

3 (7.9)

 

Diagnosis, number (% of 38 patients with data available)

AML 20 (52.6)

MDS 8 (21.1)

PMF 2 (5.3)

CML 1 (2.6)

CMML 1 (2.6)

MM 2 (5.3)

ALL 1 (2.6)

NHL 2 (5.3)

Sezary Syndrome 1 (2.6)

 

Disease status at transplantation, number (% of 20 patients with AML and data available)

Remission 15 (75.0)

Active 4 (20.0)

MRD positive 1 (5.0)

 

Conditioning regimen, number (% of 38 patients with data available)

Fludarabine + Melphalan (100 mg/m2) 2 (5.3)

Fludarabine + Melphalan (140 mg/m2) 34 (89.5)
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Fludarabine + Melphalan (140 mg/m2) + ATG 2 (5.3)

 

ABO status, number (% of 37 patients with data available)

Major mismatch 7 (18.9)

Minor mismatch 13 (35.1)

Full match 17 (45.9)

 

CMV serostatus, number (%, of 37 patients with data available)

Donor positive / Recipient positive 14 (37.8)

Donor negative / Recipient positive 7 (18.9)

Donor negative / Recipient negative 14 (37.8)

Donor positive / Recipient negative 2 (5.4)

 

Figures
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Figure 1

Median overall survival was 7.8 months (95% con�dence interval 4.7–11.4 months; Figure 1A). Overall
survival rates at days +100 and +365 were 76.3% and 33.5%, respectively. Median disease-free survival
was 6.1 months (95% con�dence interval 4.0–8.5 months; Figure 1B). The disease-free survival rates at
days +100 and +365 were 71.1% and 28.9%, respectively. With all patients mature for analysis at day
+100, nine (23.7%) patients suffered early mortality having died prior to day +100. Eight (88.9%) of these
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nine patients died without experiencing disease relapse. Cumulative relapse incidences at days +100 and
+365 were 7.9% and 32.2%, respectively (Figure 1C). NRM rates at days +100 and +365 were 21.1% and
34.4%, respectively (Figure 1D).


