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Graft-versus-host disease (GVHD) remains a major 
cause of non-relapse mortality (NRM) after allogeneic 
hematopoietic stem cell transplantation (allo-HSCT). 
Traditionally, a combination of calcineurin inhibitor 
(CNI) and methotrexate (MTX) has been used as 
GVHD prophylaxis in matched donors. Post-transplant 
cyclophosphamide (PTCy), by functional impairment of 
alloreactive T-cell, has also emerged as a highly effective 
GVHD prophylaxis strategy (1,2). However, the effect of 
PTCy on post-transplant immune reconstitution (IR) is 
unclear. Furthermore, whether there is any difference in 
IR with 1 or 2 doses of PTCy is also not well established. 
Within this context, we conducted this retrospective study 
to compare IR profile in peripheral blood HSCT outcomes 
in 137 patients with and without PTCy at our institution 
between 2012 and 2016.

We constructed 3 cohorts. Patients undergoing matched 
related donor (MRD) allo-HSCT with tacrolimus (TAC)/
MTX based GVHD prophylaxis (MRD, n=48). Patients 
undergoing fully matched unrelated donor (MUD) allo-
HSCT with 1 dose of PTCy, TAC, and mycophenolate 
mofetil (MMF) as GVHD prophylaxis (MUD, n=61). 
Patients undergoing haplo-HSCT with 2 doses of PTCy, 
TAC and MMF as GVHD prophylaxis (Haplo, n=28). 
The PTCy dose was 50 mg/kg on day 3 for MUD and 
on days 3 and 4 for Haplo. There has been an effort to 
balance between GVHD and graft versus tumor effect by 
optimization of PTCy. One strategy is using single dose 
of PTCy instead of two. We have published our phase II 
clinical trial of 1 dose of PTCy in myeloablative, peripheral 
blood stem cell, MUD transplantation with effective acute 

GVHD but only modest chronic GVHD control (these 
patients are included in the MUD cohort in this analysis) (3). 
Similarly, in non-myeloablative haploidentical bone marrow 
transplant, there was a trend towards higher extensive 
chronic GVHD with 1 dose of PTCy, when compared to  
2 doses (2).

Preparative regimens were myeloablative in all cases 
except 4. IR was evaluated via serial flow cytometry 
analysis of lymphocytes on days 30, 60, 100, 180, and 365. 
The following panel was used: CD3 (T-lymphocytes), 
CD4 (T-lymphocytes), CD8 (T-lymphocytes), CD45 
(leukocytes), CD27, CD19 (B-lymphocytes), CD197 [CC-
type chemokine receptor 7 (CCR7)], CD16 [natural killer 
(NK) cells], CD28, CD56 (NK cells) and CD57. Gating 
strategy is provided in Figure S1 and Table S1.

In our cohort, 49% were males and the median age 
was 53 (range, 20–71) years. The median times (range) to 
neutrophil (P=0.001) and platelet (P=0.07) engraftment 
were 13 [8–16], 12 [9–16], 16 [13–18] and 21 [19–24], 28 
[26–37], 34 [32–47] days for MRD, MUD, and Haplo, 
respectively. There were no graft failures for the entire 
cohort. The day 100 cumulative incidence (CI) of CMV 
infection was 30% (95% CI, 25–33%) for MRD, 41% 
(95% CI, 37–49%) for MUD, and 61% (95% CI, 57–71%) 
for Haplo (P=0.006). The day 100 CI of BK virus was 7% 
(95% CI, 5–11%), 12% (95% CI, 10–17%), and 18% (95% 
CI, 13–22%) for MRD, MUD, and Haplo, respectively. 
There was no difference in incidence of bacterial or fungal 
infections between the three cohorts. The day 100 CI of 
grade III–IV acute GVHD was 12% (95% CI, 8–17%), 
15% (95% CI, 13–22%), and 16% (95% CI, 14–26%), 
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respectively. The 2-year CI of severe chronic GVHD was 
16% (95% CI, 12–21%) for MRD, 26% (95% CI, 19–
32%) for MUD, and 16% (95% CI, 13–23%) for Haplo.  
One-year overall survival (OS) for the entire cohort was 
69% (95% CI, 46–81%) with no significant difference 
between the cohorts.

Lymphocyte subset recovery (T, B, and NK cells) for 
MUD and Haplo was significantly less (P=0.02) when 
compared to MUD at day 30 post-transplant. This 
difference became statistically insignificant by day 60 and 
remained so through day 365 (Figure 1A). Recovery of 
CD4+ naïve T-cells was significantly less through day 180 
for Haplo. Recovery of both CD4+ and CD8+ naïve T cells 
was generally slower for Haplo during the first year as 
well. Central memory (CD45−, CD27+, CD197+) effector 
memory (CD45−, CD27−, CD197−) and effector T cell 
(CD8+, CD3+, CD27−) recovery was equivalent across all 
cohorts (Figure 1B).

In our report, we find that IR was impaired in PTCy 

recipients in the immediate post-transplant period but 
quickly recovered to that seen in patients without PTCy. 
Furthermore, we did not find a survival difference between 
patients treated with and without PTCy.

IR has been identified as an important factor affecting not 
only susceptibility to infections but also survival. Recovery 
of both innate and adaptive immune compartments is 
dependent on both peripheral expansions driven by host 
cytokines and antigenic milieu as well as de-novo production 
from allogeneic hematopoietic progenitors (4,5). In our 
cohort we noted the early delay in recovery for haplo-
HSCT recipients which denotes the effect of both the 
donor source as well as the use of PTCy. It is notable that 
there was also an early delay in IR for MUD (1 dose of 
PTCy), likely reflecting that this delay in IR is not dose 
dependent and reflects upon donor type and whether PTCy 
was administered at all. Donor type has shown to influence 
IR. Matched donors have yielded better IR outcomes and 
potential reasons for this include HLA mismatch leading 
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Figure 1 IR profile for all cohorts. (A) Lymphocyte subset recovery (T, B, and NK cells) over time across all cohorts (cohort A: blue, 
cohort B: pink, cohort C: gray). (B) Naïve, memory and effector T cell reconstitution over time across all cohorts (cohort A: blue, cohort 
B: pink, cohort C: gray). MRD: n=48; MUD: n=61; Haplo: n=28. HSCT, hematopoietic stem cell transplantation; MRD, matched related 
donor; MUD, matched unrelated donor; PTCy, post-transplant cyclophosphamide; BMT, bone marrow transplantation; IR, immune 
reconstitution; NK, natural killer.
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to mixed lymphocyte reactions and host-versus-graft 
alloreactivity that can delay IR (6). Mehta et al. described IR 
at day 100 in patients undergoing either MUD, MRD, or 
Haplo in a cohort where all received PTCy and also noted 
delayed recovery in CD4+ and CD8+ T cells in MUDs/
Haplos when compared to MRDs which again points 
toward the importance of donor type in IR of T cells (7).  
Massoud et al. compared IR profile between PTCy and 
anti-T-lymphocyte globulin (ATLG) and reported faster 
recovery of CD8+ T and NK cells with ATLG and of CD4+ 
T and B cells with PTCy. These differences led to a higher 
infection rate with PTCy, like our CMV findings, but did 
not translate into a survival advantage for either platform (8).

In a pediatric cohort, a relative sparing of the CD4+ T 
cell population and suppression of CD8+ population has 
been noted with PTCy, unlike our cohort, which may 
reflect lower thymic reserve in our patients due to advanced 
age (9). While we did not include functional assays in our 
study, a recent study by Zhao et al. showed that while non-
regulatory T (non-Treg) cells were suppressed regardless 
of whether PTCy was administered, this suppression was 
deeper in the PTCy group regardless of CD4 or CD8 
status. However, while PTCy recipients were able to 
recovery numerically, both CD4+ and CD8+ compartments 
had significantly higher expression of inhibitory molecules 
such as programmed cell death protein 1 (PD-1), T cell 
immunoreceptor with Ig and ITIM domains (TIGIT), 
and T cell immunoglobulin mucin-3 (TIM-3), and this 
was persistent on the CD8+ population up to day 180 
with less interferon-gamma (IFNy) production upon anti-
CD3/CD28 stimulation. This reflects that PTCy derived 
suppression of naïve, effector and memory T cells might 
be due to direct effect or through Treg crosstalk and that 
while numerical recovery will eventually occur, functional 
handicap might persist which would explain the lower rates 
of GVHD and higher rates of infections (10).

In conclusion, our study adds to the existing literature 
regarding IR profile in PTCy recipients, its relative safety, 
and the necessity to continue to monitor these patients for 
long term infectious complications. Functional analysis 
of T-cell immune phenotype, by investigating inhibitory 
receptors, of long-term survivors should be performed to 
clarify whether these qualitative defects in immunity are 
eventually overcome.
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Supplementary

Figure S1 Gating strategy. CCR7, CC-type chemokine receptor 7; CM, central memory; EM, effector memory.
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Table S1 Median donor chimerism data for CD3 and CD15 at days 28, 84, 175, and 365

Timepoint
MRD (n=48) MUD (n=61) Haplo (n=28)

CD3 (%) CD15 (%) CD3 (%) CD15 (%) CD3 (%) CD15 (%)

Day 28 100 100 80 100 91 95

Day 84 100 98 96 99 97 98

Day 175 99 99 99 98 97 99

Day 365 100 100 100 100 98 99

MRD, matched related donor; MUD, matched unrelated donor.


