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Abstract
Full donor T-cell chimerism (FDTCC) after allogeneic stem cell transplant (allo-SCT) has been associated with improved 
outcomes in hematologic malignancy. We studied if donor human leukocyte antigen (HLA) mismatch improves achieve-
ment of FDTCC because mismatched HLA promotes donor T-cell proliferation where recipient T-cells had been impaired 
by previous treatment. Patients (N = 138) received allo-SCT with reduced-intensity conditioning (RIC) from 39 HLA mis-
matched donors (16 unrelated; 23 haploidentical) with post-transplant cyclophosphamide (PTCy) or 99 matched donors 
(21 siblings; 78 unrelated) with PTCy (N = 18) or non-PTCy (N = 81). Achievement of FDTCC by day 100 was higher with 
HLA mismatched donors than matched donors (82.1% vs. 27.3%, p < 00,001), which was further improved with 200 cGy 
total body irradiation (87.9%) or lymphoid (versus myeloid) malignancy (93.8%). Since all mismatched transplants used 
PTCy, FDTCC was higher with PTCy than non-PTCy (68.4% vs. 25.7%, p < 0.00001), but not in the matched transplant with 
PTCy (38.9%), negating PTCy as the primary driver. Lymphocyte recovery was delayed with PTCy than without (median 
on day + 30: 100 vs. 630/µL, p < 0.0001). The benefit of FDTCC was not translated into survival outcomes, especially in 
myeloid malignancies, possibly due to the insufficient graft-versus-tumor effects from the delayed lymphocyte recovery. 
Further studies are necessary to improve lymphocyte count recovery in PTCy transplants.
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Introduction

The goal of allogeneic stem cell transplantation (allo-SCT) 
in hematologic malignancy is to maintain remission by 
graft-versus-tumor (GVT) effect, mainly provided by donor 
T-cells [1]. Achievement of full donor T-cell chimerism 
(FDTCC) by post-transplant day + 100 has been reported 
to be associated with a lower risk of relapse [2], abrogates 

the adverse impact of pre-transplant measurable residual 
disease,[3] and prevents relapse if achieved by pre-emptive 
donor lymphocyte infusion [4]. However, compared to 
myeloablative conditioning, reduced intensity conditioning 
(RIC) is associated with lower rates of achieving FDTCC [5] 
and results in higher rates of relapse [6]. Strategies to accel-
erate the achievement of FDTCC may optimize GVT and 
thus improve outcomes in patients transplanted with RIC.

To identify factors that may accelerate FDTCC, we 
investigated the impact of donor human leukocyte antigen 
(HLA) mismatch because T-cells are known to prolifer-
ate when stimulated by allo-antigens. HLA mismatched 
between recipient and donor T-cells can result in vigorous 
T-cell proliferation, recognizing each other as allo-anti-
gens [7]. However, if recipient T-cells have been impaired 
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from pre-transplant treatment or irradiation, donor T cells 
will exhibit a proliferative advantage and dominate [8]. 
Thus, we predicted that the achievement of FDTCC is 
improved when the donor is HLA mismatched and that 
the intensity of pre-transplant treatment or conditioning 
of the recipient influences FDTCC.

In this study, we compared the achievement of FDTCC 
between HLA mismatched and matched donor allo-SCT 
using RIC. All patients with HLA mismatched donors also 
received PTCy post-transplant cyclophosphamide (PTCy)
[9]-based graft-versus-host disease (GVHD) prophy-
laxis. On the other hand, the patients with HLA-matched 
donors received either PTCy or conventional non-PTCy 
for GVHD prophylaxis because PTCy has been reported to 
provide safe and effective GVHD prophylaxis in the allo-
SCT from haploidentical donors [9], HLA matched donors 
[10, 11] and mismatched unrelated donors (MMUD) [12]. 
In this cohort, we demonstrate that the achievement of 
FDTCC is improved in patients with HLA mismatched 
donors and evaluate its effect on clinical outcomes in cor-
relation with lymphocyte count recovery.

Materials and methods

Patients and study design

This study included all patients who underwent alloge-
neic peripheral blood stem cell transplantation (allo-SCT) 
with reduced-intensity conditioning (RIC) or non-mye-
loablative regimens for acute myeloid leukemia (AML), 
myelodysplastic syndrome (MDS), acute lymphoblastic 
lymphoma (ALL), or lymphoma at our institution between 
January 2017 and February 2021. Patients who received 
anti-thymocyte globulin (ATG) or previous allo-SCT were 
excluded. Donors were assigned as matched (8/8) or mis-
matched (7/8 or less) based on HLA-A, B, C, and DRB1 
loci. All patients with mismatched donors received PTCy 
GVHD prophylaxis, which consists of cyclophosphamide 
(Cy) 50 mg/kg × 2 days on post-SCT days + 3 and + 4, fol-
lowed by tacrolimus (TAC) and mycophenolate mofetil 
(MMF) starting on day + 5. Patients with matched donors 
received PTCy or non-PTCy GVHD prophylaxis at the 
physician’s discretion. Non-PTCy GVHD prophylaxis con-
sisted of TAC 0.03 mg/kg/day (serum concentration of 5 
to 10 ng/mL) starting on day − 2 and methotrexate (MTX) 
5 mg/kg on days + 1, + 3, + 6, and + 11. Low-dose total 
body irradiation (200 cGy TBI on day − 1) was included at 
the physician’s discretion. All patients received filgrastim 
5 µg/kg starting on day + 12. Disease risk index [13] was 
used to predict the outcome.

Outcome evaluation

Neutrophil and platelet recovery was defined as an 
ANC ≥ 500 cells/µL and platelet count ≥ 20,000 cells/µL 
[14], respectively. Lymphocyte recovery was defined as the 
first day of 3 consecutive days with the absolute lymphocyte 
count (ALC) ≥ 200 cells/µL. Lymphocyte subset study was 
not tested. Chimerism was tested on peripheral blood total 
white cells (unfractionated) and T-cell subset (selected by 
CD3), as previously reported [15]. Briefly, short-tandem 
repeat or quantitative PCR was used per protocol (approxi-
mately 1, 2, 3, 6, and 12 months after transplantation, then 
annually) or when clinically indicated. Full donor chimerism 
is defined as donor > 95%[14].

Clinical outcome was evaluated for 2-year overall sur-
vival (OS), disease-free survival (DFS), GVHD/relapse-
free survival (GRFS) [16], relapse rate (RR), graft failure, 
transplant-related mortality (TRM), and acute and chronic 
GVHD. RR, graft failure, TRM, and chronic GVHD were 
assessed by 2-year cumulative incidence. Acute GVHD was 
estimated by the cumulative incidence of aGVHD in the first 
100 days post-SCT.

Statistics

An unpaired t-test was used to compare the length of time 
in days of blood cell recovery. Logistic regression and Cox 
proportional hazard regression with time-dependent covari-
ate was used in multivariate analysis. For the Cox analysis, 
FDTCC was treated as a time-dependent covariate, and DFS 
was analyzed as a landmark analysis from day + 30. The sta-
tistical software GraphPad Prism and EZR were used for 
the analysis [17]. OS, DFS, and GRFS were assessed using 
Kaplan–Meier methods and log-rank tests. RR, graft failure, 
TRM, and GVHD were assessed using Gray’s test for the 
cumulative incidence of competing events. TRM, relapse, 
and engraftment failure were treated as competing risks.

Results

Patient and donor characteristics

A total of 138 patients received allo-SCT from donors 
who were HLA mismatched (N = 39) or matched (N = 99) 
(Table 1). In the HLA mismatched group, as compared to the 
HLA matched group, the patients were younger (p < 0.01), 
and more patients received 200 cGy TBI the (p < 0.001) 
or fludarabine (Flu)/Cy (p < 0.001) as part of their RIC, 
but fewer patients had AML (p < 0.05). Follow-up period, 
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disease risk index, disease status at transplant, and CD34 
cell dose were not significantly different. The 39 mismatched 
donors included 16 MMUD (7/8 matched N = 14; 6/8 
matched N = 2) and 23 haploidentical donors (4/8 matched 
N = 15; 5/8 matched N = 7; and 7/8 matched N = 1). The 99 
matched donors included 21 siblings (MSD) and 78 matched 
unrelated donors (MUD) consisting of 12/12 match (DQ/
DP identical, N = 14, 18%), 11/12 match (one DP mismatch, 
N = 41), and 10/12 match (two DP mismatch, N = 22; one 
DQ and one DP mismatch N = 1). For conditioning, most 
received either Flu/Busulfan (Bu) (46.2%) or Flu/Cy (43.6%) 
in the mismatched group, while most received Flu/Bu 

(80.8%) in the matched group. Measurable residual disease 
data was unavailable for this study cohort.

Donor chimerism

In peripheral blood total white cells, full donor chimerism 
was achieved by day + 100 in the majority of patients with 
HLA mismatched or matched donors (89.7% vs. 80.8%, 
p = 0.2). The achievement of total cell full donor chimer-
ism was not significantly different by conditioning regimens, 
disease type, GVHD prophylaxis, or patient age (data not 
shown).

Table 1   Patient and donor 
characteristics

HLA match/mismatch was assigned based on the donor HLA-A, B, C, and DRB1 loci. GVHD, graft versus 
host disease; CI, confidence interval; PTCy, post-transplant cyclophosphamide; AML, acute myeloid leuke-
mia; MDS, myelodysplastic syndrome; HCT-CI, hematopoietic cell transplant specific comorbidity index

HLA mismatch (N= 39) HLA match (N= 99) p

Median follow-up, months (95%CI) 29.8 (23.9–33.3) 29.7 (25.5–33.1) 0.2
Age, years, median (range) 57 (27–75) 63 (28–76)  < 0.01
Disease, N (%)

  AML 11 (28.2) 54 (54.5)  < 0.05
  MDS 12 (30.8) 21 (21.2)
  ALL 6 (15.4) 13 (13.1)
  Lymphoma 10 (25.6) 11 (11.1)

Disease risk index, N (%)
  Low 3 (7.7) 3 (3.0) 0.5
  Intermediate 25 (64.1) 65 (65.7)
  High/very high 11 (28.2) 31 (31.3)

Disease status at transplant, N (%)
  CR1 16 (41.0) 52 (52.5) 0.4
  CR2 4 (10.3) 13 (13.1)
  CR3 +  1 (2.6) 2 (2.0)
  Not in CR 18(46.2) 32 (32.3)

Donor type, N (%)
  Matched sibling 0 21 (21.2)  < 0.001
  Matched unrelated 0 78 (78.8)
  Mismatched unrelated 16 (41.0) 0
  Haploidentical 23 (59.0) 0

Low dose TBI (200 cGy)  < 0.001
  Yes 33 (84.6) 10 (10.1)
  No 6 (15.4) 89 (89.9)

Conditioning regimen
  Fludarabine busulfan 18 (46.2) 80(80.8)  < 0.001
  Fludarabine cyclophosphamide 17 (43.6) 10 (10.1)
  Fludarabine melphalan 3(7.7) 7 (7.1)
  Others 1 (2.6) 2 (2.0)
  CD34 cell dose (x10e6/kg), median (range) 4 (2.92–6) 4 (2.24–6.6) 0.5

GVHD prophylaxis
  PTCy + tacrolimus + MMF 39 (100) 18 (18.2)  < 0.001
  Tacrolimus + methotrexate 0 81 (81.8)
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Table 2   Patient outcome

Patient (%) who achieved T-cell full donor chimerism (DC) by day 100 and 95% confidence interval (CI) 
were shown. Mortality, relapse, and TRM, GVHD were assessed using Gray's test for the 2-year cumu-
lative incidence. TRM, relapse, and engraftment failure were treated as competing risks. Abbreviations: 
MUD, matched unrelated donor; MMUD, mismatched unrelated donors, FluCy, fludarabine and cyclo-
phosphamide; TBI, total body irradiation; ALL, acute lymphocytic leukemia; Lymphoid disease, ALL/lym-
phoma; Myeloid disease, AML/MDS; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; 
GVHD, graft versus host disease; GRFS, GVHD-free relapse-free survival; TRM, transplant-related mortal-
ity

HLA mismatch (N= 39) HLA match (N= 99) p

T-cell full donor chimerism by day 100, % patient (95% CI)
Donor type

  Total 82.1% (65.0–91.3%) 27.3% (18.9–36.4%)  < 0.00001
  Matched sibling N = 0 19.0% (5.7–31.3%) N = 21 NA
  MUD N = 0 29.6% (19.8–40.0%) N = 78 NA
  Haploidentical 87.0% (60.4–96.2%) N = 23 N = 0 NA
  MMUD 75.0% (43.0–90.7%) M = 16 N = 0 NA
  8/8 match N = 0 27.3% (18.9–36.4%) NA
  7/8 match 73.3% (40.2–90.0%) N = 15 N = 0 NA
  4/8–6/8 match 87.5% (61.5–96.4%) N = 24 N = 0 NA

Conditioning
  FluCy 88.2% (52.6–97.6%) N = 17 40.0% (10.7–68.7%) N = 10  < 0.05
  Non-FluCy 77.3% (51.5–90.5%) N = 22 25.9% (17.3–35.4%) N = 89  < 0.00001
  Age
  Age < 60 91.8% (55.6–93.4%) N = 22 21.2% (9.2–36.5%) N = 33  < 0.0001
  Age ≥ 60 82.4% (50.3–94.7%) N = 17 30.4% (19.7–41.7%) N = 66  < 0.001

Disease Type
  Myeloid 73.9% (49.1–87.9%), N = 23 22.7% (14.0–32.8%) N = 75  < 0.00001
  Lymphoid 93.8% (43.9–99.5%) N = 16 41.7% (21.7–60.5%) N = 24  < 0.01
  AML 81.8% (34.7–96.3%) N = 11 20.5% (10.9–32.2%) N = 54  < 0.00001
  MDS 66.7% (22.9–87.3%) N = 12 28.6% (11.2–48.8%) N = 21  < 0.05
  ALL 100% N = 6 38.5% (13.1–63.9%) N = 13 0.05
  Lymphoma 90.0% (25.4–99.2%) N = 10 45.5% (15.0–72.1%) N = 11 0.09

GVHD prophylaxis
  PTCy 82.1% (65.0–91.3%) N = 39 38.9% (16.8–60.7%) N = 18  < 0.01
  Non-PTCy N = 0 24.7% (15.9–34.6%) N = 81 NA

TBI
  TBI 87.9% (68.7 =  − 95.6%) N = 33 40.0% (10.7–68.6%) N = 10  < 0.05
  Non-TBI 50.0% (7.9–82.8%) N = 6 25.9% (17.3–35.4%) N = 89 0.2

Two-year outcome
  Overall survival 71.7% (54.7–83.2%) 52.2% (41.6–61.7%) 0.07
  Myeloid 69.6% (46.6–84.2%) 53.7% (41.6–64.4%) 0.3
  Lymphoid 74.5% (45.4–89.6%) 46.9% (25–66.1%) 0.1
  Disease-free survival 63.9% (46.8–76.8%) 43.0% (33.1–52.6%)  < 0.05
  Myeloid 60.9% (38.3–77.4%) 47.7% (36.0–58.5%) 0.4
  Lymphoid 68.2% (39.5–85.4%) 27.8% (11.5–46.8%)  < 0.05
  GRFS 45.7% (29.6–60.4%) 21.9% (14.9–30.6%)  < 0.05
  Myeloid 52.2% (30.5–70.0%) 25.0% (15.9–35.3%) 0.06
  Lymphoid 37.5% (15.4–59.8%) 12.5% (3.1–28.7%) 0.05
  Graft failure 2.6% (0.2%–11.7%) 1.0% (0.1–5%) 0.5
  Relapse 20.6% (9.5–34.6%) 35.5% (26.2–45.0%) 0.1
  TRM 12.9% (4.6–25.6%) 20.4% (13.0–29.0%) 0.3
  Chronic GVHD any grade 41.7% (25.6–57.0%) 49.5% (39.2–59.0%) 0.4
  chronic GVHD ≥ mod 28.7% (15.2–43.7%) 36.5% (27.0–46.0%) 0.3

Day 100 cumulative
  Acute GVHD 2–4 15.4% (6.1–28.5%) 29.3% (20.6–38.5%) 0.2
  Acute GVHD 3–4 2.6% (0.2–11.7%) 11.1% (5.9–18.2%) 0.2
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By day + 100, the percentage of patients who achieved T-cell 
chimerism was much higher in those with HLA mismatched 
donors than with matched donors (FDTCC: 82.1% vs. 27.3%, 
p < 00,001, Table 2, Fig. 1A–C). Achievement of FDTCC 
with HLA mismatched donors was higher regardless of the 
patients’ conditioning regimens (88.2% vs. 70.0%among FluCy 
patients, p < 0.05; 77.3% vs. 25.9% among non-PTCy patients, 
p < 0.00001), ages (91.8% vs. 21.2% among patients < 60 years 
old, p < 0.0001; 82.4% vs. 30.4% among patients ≥ 60 years-
old, p < 0.001), disease types (73.9% vs. 22.7% among mye-
loid patients, p < 0.00001; 93.8% vs. 41.7% among lymphoid 
malignancy patients, p < 0.01), GVHD prophylaxis (82.1% vs. 
38.9% among PTCy patients, p < 0.01), and TBI (87.9% vs. 
40.0% among TBI patients, p < 0.02; 50.0% vs 25.9% among 
non-TBI patients, p = 0.2) (Table 2). The percentage of patients 
who achieved FDTCC by day + 100 was higher in those who 
received TBI versus those who did not in both the mismatched 
and matched groups (87.9% vs. 50.0%, p = 0.2 in the mis-
matched group; 40.0% vs. 25.9% in the matched group, p = 0.3).

Since all patients with mismatched donors had received 
PTCy, higher achievement of FDTCC was seen in the PTCy 
patients than in the non-PTCy patients (68.4% vs. 25.7%, 
p < 0.00001). However, when the PTCy patients were strati-
fied, achievement of FDTCC was higher only with the mis-
matched but not with matched donors (82.1% vs. 38.9%, 
p < 0.01). Thus, the improvement of FDTCC is mediated by 
the donor HLA mismatch but not the use of PTCy. Dose-
dependent effect of HLA mismatch was not evident, as 
FDTCC was not significantly different between ≤ 6/8 and 
7/8 matched donors (87.5% vs. 73.3%, p = 0.6).

By multivariate analysis, factors predicting FDTCC by 
day + 100 were lymphoid disease over myeloid disease and 
haploidentical/MMUD donors over MUD donors (p < 0.05, 
Table 3). No significant influence was detected by disease risk 
index, use of PTCy, and lymphocyte count ≥ 200/µL by day + 30.

Peripheral blood cell count recovery

Cell count recovery was delayed in the HLA mismatched 
group as compared to the matched group (Table 4). However, 
all patients with HLA mismatch donors also received PTCy, 

Fig. 1   Cumulative incidence for total T-cell chimerism achievement 
was shown for HLA mismatched, or HLA matched allo-SCT (both 
myeloid and lymphoid malignancies combined, (A), for myeloid dis-
ease only (acute myeloid leukemia or myelodysplastic syndrome, (B), 

and for lymphoid disease only (acute lymphocytic leukemia or lym-
phoma, (C). In addition, HLA mismatched allo-SCT was stratified 
into the patients who received TBI or those who did not

Table 3   Multivariate analysis

FDTCC​ full donor T-cell chimerism; CI, confidence interval; DRI, 
disease risk index; PTCy, post-transplant cyclophosphamide, Non-
PTCy, conventional GVHD prophylaxis; Lymph, lymphocyte count; 
Haplo, haploidentical donor; MMUD, mismatch match unrelated 
donor; MUD, matched unrelated donor

Factors affecting FDTCC by day + 100

Variables Control Odds ratio (95% CI) P

Lymphoid disease Myeloid disease 3.5 (1.3–9.5)  < 0.05
DRI: high Low 0.9 (0.09–9.8) 0.94
DRI: intermediate Low 1.1 (0.1–10.3) 0.95
PTCy Non-PTCy 3.0 (0.7–13.1) 0.15
Lymph ≥ 200 by 

day + 30
 < 200 3.0 (0.8–11.8) 0.12

Haplo MUD 12.8 (2.5–64.9)  < 0.01
MMUD MUD 4.6 (1.0–21.2)  < 0.05
Matched sibling MUD 0.4 (0.1–1.5) 0.16
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which has been known to delay cell count recovery. In fact, 
the PTCy patients, as compared to non-PTCy patients, had 
a delayed median recovery of neutrophils (18 vs. 14 days), 
platelets (23 vs. 13 days), and lymphocytes ≥ 200/µL (40 
vs. 15 days) (all p < 0.0001). Median lymphocyte count on 
day + 30 was significantly lower in the PTCy patients than 
in non-PTCy patients (100 vs. 630/μL, p < 0.0001). On the 
other hand, in the 57 PTCy patients, the median time to 
count recovery was not different between the HLA mis-
matched and matched groups. Thus, the delayed recovery is 
due to the GVHD prophylaxis but not the HLA mismatch.

In the PTCy group, we explored additional factors that 
may have affected cell count recovery. The delay in count 
recovery was more pronounced with age ≥ 60 than < 60 years 
especially in neutrophil counts (neutrophil: 19.5 vs. 16 days, 
p < 0.05; platelet: 25 vs. 21 days, p = 0.1; lymphocyte: 40.5 
vs. 36 days, p = 0.3). The other factors, such as condition-
ing, TBI, and disease type, did not affect the recovery (data 
not shown).

Clinical outcome

Patients who received an HLA mismatched allo-SCT showed 
no difference in 2-year OS (71.7% vs. 52.2%, p = 0.07). Two-
year disease-free survival was better in the HLA mismatched 
group than in the HLA-matched group in DFS (63.9% vs. 
43.0%, p < 0.05) and GRFS (45.7% vs. 21.9%, p < 0.05) 
(Table 2). The difference between mismatched and matched 
donors was much more pronounced in patients with lym-
phoid malignancy. In contrast, the difference in patients 
with a myeloid malignancy was not statistically significant 
(p = 0.3 for OS, p = 0.4 for DFS, p = 0.06 for GRFS). Graft 
failure, TRM, and acute/chronic GVHD were not statistically 

significantly different between mismatched and matched 
donor allo-SCT recipients.

Discussion

In this study, we demonstrated that the achievement of 
FDTCC by day + 100 was improved with HLA mismatched 
donors. Our results also suggested that using 200 cGy TBI 
conditioning and having a lymphoid malignancy further 
improve the achievement of FDTCC. One possible explana-
tion for this finding is that recipient T-cells were more exten-
sively damaged (or suppressed) in patients who received 
more lymphotoxic conditioning, such as TBI-containing 
conditioning regimens, resulting in a competitive advan-
tage for the proliferation of donor T-cells. Donor mismatch 
at HLA-A, B, C, and DRB1 in haploidentical and MMUD 
effectively improved the achievement of FDTCC. In con-
trast, DP mismatch in the 64 MUD patients (82.1%) was not 
sufficient to enhance the achievement of FDTCC compared 
to the 21 patients with matched sibling donors (25.1% vs. 
19.0%, p = 0.6). Improved regulatory T-cells (T-reg) expan-
sion has been reported with the use of PTCy [18], which 
could improve the FTDCC. However, the reported ratio 
of regulatory T-cell: conventional CD4 T-cell after PTCy 
haploidentical allo-SCT is only from 0.05 to 0.2 (approxi-
mately less than 10% of total T-cells). Thus, this may be 
insufficient to explain the magnitude of FDTCC difference 
between HLA mismatched vs. matched groups (82.1% vs. 
27.3% by day + 100).

It has been reported that higher T-cell chimerism 
achievement is associated with using PTCy in a cohort 
of 21 sickle cell disease or thalassemia haploidentical 

Table 4   Cell count recovery

Abbreviations: PTCy, post-transplant cyclophosphamide; TAC​, tacrolimus; MMF, mycophenolate mofetil; HLA, match/mismatch was assigned 
based on the donor HLA-A, B, C, and DRB1 loci

All patients (N = 138) HLA mismatch (N = 39) HLA match (N = 99) p PTCy (N = 57) Non-PTCy (N = 81) p
Recovery day, median (range)

  Neutrophil ≥ 500/µL 17 (13–37) 14 (1–40)  < 0.0001 18 (13–40) 14 (1–27)  < 0.0001
  Platelet ≥ 2000/µL 22 (1–93) 14 (1–103)  < 0.01 23 (1–103) 13 (1–67)  < 0.0001
  Lymph ≥ 200/µL 40 (23–73) 15 (1–69)  < 0.0001 40 (23–73) 15 (1–69)  < 0.0001

Lymph count, median (range)
  Day 30 110 (0–250) 580 (0–2800)  < 0.0001 100 (0–1250) 630 (0–2800)  < 0.0001

PTCy patients only (N = 57) HLA mismatch (N = 39) HLA match (N = 18) p Age < 60 (N = 29) Age ≥ 60 (N = 28) p
Recovery day, median (range)

  Neutrophil ≥ 500/µL 17 (13–37) 18 (13–40) 0.4 16 (13–36)) 19.5 (13–40)  < 0.05
  Platelet ≥ 2000/µL 22 (1–93) 26 (12–103) 0.4 21 (1–93) 25 (12–103) 0.1
  Lymph ≥ 200/µL 40 (23–73) 39 (23–48) 0.5 36 (23–73) 40.5 (25–68) 0.3

Lymph count, median (range)
  Day 30 110 (0–1250) 85 (0–260) 0.2 140 (0–1250) 65 (0–640) 0.1
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transplant recipients [19] and a cohort consisting of 10 
matched and 20 haploidentical transplant recipients [20]. 
However, our data indicated that the PTCy was rather a 
confounding factor with mismatched donors, arising from 
the fact that the patients with mismatched donors were 
in the PTCy group. The FDTCC, DFS, and GRFS were 
better with lymphoid diseases than myeloid disease, and 
in lymphoid disease, with mismatched donors than with 
matched donor transplants (Table 2). The better survival of 
the lymphoid disease compared with myeloid malignancies 
was consistent with the previous report in the non-myeloa-
blative haploidentical SCT with PTCy [9]. However, the 
better outcome with mismatched donor transplant in lym-
phoid disease was not consistent with the previous larger 
retrospective study [21].

The outcome from mismatched donor transplant with 
PTCy has been equivalent but never superior to matched 
donor transplant regardless of lymphoid [21] or myeloid 
disease [22, 23]. The limited size of our cohort and heter-
ologous disease types may have contributed to this discrep-
ancy. On the other hand, the outcome of mismatched donor 
transplant in myeloid disease was equivalent to matched 
donor transplant in our study, which is consistent with pre-
vious larger studies [24, 25]. Thus, the documented benefit 
of FDTCC in non-PTCy settings [2, 3, 6] was not demon-
strated in the HLA mismatch transplant with PTCy. This 
could be explained by the delayed lymphocyte recovery in 
HLA mismatched patients with PTCy, which is a known 
risk for infection, relapse [26], and poor outcomes in the 
allo-SCT with conventional non-PTCy GVHD prophylaxis 
[27–30].

The PTCy patients in this study developed severe lym-
phopenia and delayed lymphocyte recovery compared to 
non-PTCy patients. All PTCy patients also received TAC 
and MMF for GVHD prophylaxis. Significant lymphope-
nia has been previously reported in patients who received 
PTCy + TAC + MMF by 1-month post-SCT as compared to 
non-PTCy patients, who gradually recovered lymphocytes 
after 2 months post-SCT [18]. In comparison, the patients 
who received haploidentical allo-SCT with PTCy, sirolimus, 
and MMF were reported to have a median lymphocyte count 
of 469/µL on day + 30 [31], higher than our patients (100/
µL on day + 30) as well as in the previous report. [18] Thus, 
we suspect that the combination of PTCy and TAC is the 
cause of delayed lymphocyte recovery. Another potential 
advantage of sirolimus is its ability to expand Treg, which 
plays an important role in GVHD prevention [32]. This is 
contrary to the calcineurin inhibitors that suppress Treg 
activity [33]. The application of sirolimus may lead to a 
faster lymphocyte recovery, possibly taking better advantage 
of HLA-mismatch-associated improved FDTCC, resulting in 
better survival outcomes in PTCy transplants.

In conclusion, the achievement of FDTCC can be 
improved by donor HLA mismatch in the allo-SCT with 
RIC. However, the benefit of FDTCC was not evident in 
clinical outcomes in allo-SCT recipients with myeloid 
malignancies. This may be due to insufficient GVT from 
the delayed lymphocyte recovery. Therefore, strategies to 
improve lymphocyte count recovery may be the key to tak-
ing advantage of FDTCC.
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