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Abstract: Correlation between risk of graft-versus-host disease (GvHD) and CD3+ counts within
the peripheral blood stem cell graft has recently been reported in the setting of post-transplant
cyclophosphamide (PT-Cy). We aimed to investigate the benefit of the addition of a single dose of
anti-T lymphocyte globulin (ATLG 5 mg/kg) to PT-Cy in this setting. Starting in 2019, all patients
receiving PBSC transplant containing CD3+ counts above 300 × 106/kg (study group) received a
post-transplant dose of ATLG in addition to standard PT-Cy. The study was designed as a real-life
analysis and included all consecutive Hematopoietic Stem Cell Transplantation (HSCT) recipients
according to the above-mentioned inclusion criterion (n = 21), excluding cord blood and bone marrow
donors. Using a 1:2 matched-pair analysis, we compared the outcomes with a historical population
who received PT-Cy only (control group). We found a delayed platelet engraftment (29% vs. 45% at
30 days, p = 0.03) and a non-significant trend toward higher risk of poor graft function (29% vs. 19%,
p = 0.52). The addition of ATLG impacted long-term immune reconstitution on the CD4+ subsets, but
this did not translate into higher rate of relapse or viral infection. Acute GvHD was not significantly
impacted, but 1-year cumulative incidence of chronic GvHD was significantly lower in the study
group (15% vs. 41%, p = 0.04). Survival outcomes were comparable. In conclusion PT-Cy and ATLG
was overall safe and translated into a low rate of chronic GvHD incidence.

Keywords: GvHD prophylaxis; post-transplant cyclophosphamide; anti-T lymphocyte globulin

1. Introduction

Despite the recent advances in prophylaxis and management, graft-versus-host dis-
ease (GvHD) still represents a major challenge in allogeneic hematopoietic cell trans-
plants (HSCT), with significant impact on long-term quality of life [1]. The association
of calcineurin inhibitors (CNI) with antimetabolites has been the backbone of GvHD pro-
phylaxis; however, alternative strategies have been developed. The administration of
anti-T-lymphocyte globulin (ATLG), as an in vivo T cell depletion strategy, has been shown
to significantly decrease the chronic GvHD (cGvHD) rate in both matched related (MRD)
and unrelated (MUD) donor settings, although the benefit on survival outcomes is still a
matter of debate [2–4]. More recently, the use of post-transplant cyclophosphamide (PT-Cy),
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initially introduced in haploidentical transplants, has been investigated in other HSCT set-
tings, showing comparable outcomes with ATLG-containing platforms [5–7]. Preliminary
data are available on the combination of pre-transplant thymoglobulin with PT-Cy, with
heterogeneous results [8–12].

The growing use of peripheral blood stem cell (PBSC) grafts and HLA-mismatched
HSCT donors has been associated with increasing rates of cGvHD [13].

Graft composition also plays a role, with higher CD3+ counts within the graft being as-
sociated with increased risk of both aGvHD [14] and cGvHD [15] and negatively impacting
survival outcomes in adult patients receiving both HLA-mismatched and HLA-matched
PBSC transplants.

In our study, we aimed to evaluate safety and efficacy in preventing GvHD of the
post-transplant co-administration of low dose ATLG with cyclophosphamide in a CNI-free
population receiving a high CD3+ content in the transplanted graft.

2. Patients and Methods

In our institution, all patients transplanted for a hematologic disorder who received
PBSC graft containing a CD3+ count above 300 × 106/kg were routinely given PT-Cy on
day 3 and day 4 at the daily dose of 50 mg/kg, as per standard practice, plus one single
administration of ATLG (Grafalon, Neovii) on day 5 at the dose of 5 mg/kg, with the aim of
minimizing GvHD risk. Both matched and mismatched and related and unrelated donors
were included. All hematologic malignancies and all disease status were included.

Conditioning regimen was based on treosulfan and fludarabine, with or without the
addition of second alkylate agent (melphalan or thiotepa) or total body irradiation [16,17].
Sirolimus administration started on day 5 and was modulated according to therapeutic
drug monitoring (TDM); patients transplanted from HLA-mismatched or unrelated donors
received also mycophenolic acid (MMF) at the daily dose of 30 mg/kg from day 5 to
day 28 [18]. According to center clinical practice, we adopted a different desired target for
transplanted CD34+ of 5–6 × 106/kg until late 2018, and of 7 × 106/kg after 2019.

Antimicrobial prophylaxis was based on azoles, cotrimoxazole, and acyclovir as per
institutional guidelines; 15 patients also received letermovir prophylaxis. Monitoring of cy-
tomegalovirus (CMV), herpes six virus (HHV6), adenovirus (AdV), and Epstein–Barr virus
(EBV) viremia and aspergillus antigen were performed weekly until day 100; afterwards,
CMV and EBV viremia were monitored every other week until immune suppressants
discontinuation. Starting in May 2020, we added the routine prophylactic use of gran-
ulocyte colony-stimulating factors (G-CSF) in all transplant recipients, given as a single
peg-filgrastim dose or daily filgrastim until engraftment. This change in clinical practice
was introduced due to the ongoing COVID-19 pandemic, with the aim of shortening the
neutropenic phase and patients’ in-hospital stay.

Neutrophil engraftment was defined as achievement of an absolute polymorphonu-
clear leukocyte count above 500 cells/µL for 3 consecutive days. Poor graft function was
defined as a bi- or tri-lineage cytopenia after day 28 in the presence of full donor hypoplastic
marrow and of disease remission [19]. We collected data on chimerism data measured
through real-time quantitative polymerase chain reaction on bone marrow samples per-
formed around day 30 for patients with disease remission [20]. Acute GvHD was scored
following the CIBMTR Severity Index [21,22], while chronic GvHD was scored according to
the National Institutes of Health consensus criteria [23]. Transplant-related mortality (TRM)
was defined as death from any cause while in continuous remission of the primary disease.
Overall survival (OS) was defined as the interval from HSCT to death, and patients were
censored at the date of last contact if alive. Progression-free survival (PFS) was defined
as the interval from HSCT to either relapse/progression or death in remission, whichever
came first.

We compared the results from this population with a historical cohort of patients trans-
planted from 2015 to 2018 with a PBSC graft containing CD3+ counts above 300 × 106/kg
who received PT-Cy, sirolimus (with or without MMF, as described above), without ad-



J. Clin. Med. 2022, 11, 1106 3 of 11

ditional ATLG. To avoid confounding factors, each patient receiving ATLG (case) was
matched with two patients not receiving ATLG (control) for the following criteria: hema-
tological disease type and status at HSCT, patient–donor HLA matching (i.e., matched
related, mismatched related (i.e., haploidentical), matched unrelated, mismatched unre-
lated), donor’s age, conditioning intensity, and CD3+ count within the graft. Matching was
performed on the logit of propensity score [24].

All outcomes were measured from the time of stem cell infusion. Patient-, disease-,
and transplant-related characteristics were compared using the χ2 or Fisher’s exact test for
categorical variables and the Mann–Whitney U-test for continuous variables.

Probabilities of OS and PFS were calculated using the Kaplan–Meier semi-parametric
estimator, and groups were compared using the log-rank test [25,26].

Cumulative incidence functions were used to estimate engraftment, GvHD, relapse,
and TRM. Relapse and death for any cause was a competing event for engraftment and
GvHD. Relapse was a competing event for TRM and vice versa. Gray’s test was used for
comparisons of cumulative incidence functions [27,28].

Analyses were performed using R version 4.0.4 (http://www.R-project.org (accessed
on 6 November 2021); propensity score matching was performed using the MatchIt package
(https://cran.r-project.org/web/packages/MatchIt/MatchIt.pdf (accessed on 6 Novem-
ber 2021).

3. Results

We identified twenty patients transplanted from January 2019 to August 2021 who
received the combination of PT-Cy plus low dose ATLG (ATLG; Grafalon, Neovii Biotech,
Lexington, MA) as the GvHD prophylaxis (study group); data from one single patient trans-
planted in 2015 who respected the same inclusion criterion were included in the analysis.
Both first and second transplants were included. Within the ATLG-free cohort (control
group), we identified 42 patients transplanted between June 2015 and December 2018
with whom to perform the matched-paired analysis. Patient and transplant characteristics
are shown in Table 1. A total of 10 out of 21 patients (48%) of the study group received
prophylactic G-CSF, vs. none in the control group.

Table 1. Patient and transplant characteristics.

Study Group
PT-Cy + ATLG

N = 21

Control Group
PT-Cy
N = 42

p Value

Median patient age at
HSCT (range) 60 (24–71) 56 (22–77) 0.691

Median donor age at HSCT
(range) 41 (18–68) 34 (18–70) 0.41

Gender
Female N = 9 N = 16 0.71
Male N = 12 N = 26

Disease type
ALL N = 2 N = 6 0.974
AML N = 13 N = 23

MPN/MDS
MM/Lymphoma

N = 4
N = 2

N = 8
N = 5

Disease status at HSCT
CR1 N = 7 N = 13 1.0

CR>1 N = 7 N = 13
Not in CR N = 7 N = 16

http://www.R-project.org
https://cran.r-project.org/web/packages/MatchIt/MatchIt.pdf
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Table 1. Cont.

Study Group
PT-Cy + ATLG

N = 21

Control Group
PT-Cy
N = 42

p Value

HCT-CI score
0–1 N = 11 N = 21 0.85
≥2 N = 10 N = 21

Type of HSCT
MRD N = 4 N = 7 0.881
MUD N = 4 N = 12

MMUD N = 4 N = 7
MMRD N = 9 N = 16

Number of allo-HSCT
First N = 19 N = 38 1.0

Second N = 2 N = 4
Conditioning regimen $

MAC N = 13 N = 30 0.567
RTC N = 8 N = 12

Median CD3+-infused
(106/kg, IQR) 464 (409–496) 399 (347–511) 0.197

$ Myeloablative regimen included treosulfan–fludarabine–melphalan, treosulfan–fludarabine–thiotepa, treosulfan–
fludarabine–TBI; reduced toxicity regimen included treosulfan–fludarabine. Abbreviations: PT-Cy, post-transplant
cyclophosphamide; ATLG, anti T lymphocyte globulin; HSCT, hematopoietic stem cell transplant; CR, complete
remission; MRD, matched related donor; MUD, matched unrelated donor; MMUD, mismatched unrelated
donor; MMRD, mismatched related donor; MAC, myeloablative; RTC, reduced toxicity conditioning; IQR,
interquartile range.

The study group follow up was shorter, with a median of 538 days (interquartile range,
IQR 439–664 days) vs. 1450 days (IQR 1188–1634 days) in the control group, due to different
transplant timeframe.

In the study group, median counts of CD34+ and CD3+ in the transplanted grafts were
5.88 × 106/kg (range 3.06–7.73) and 464 × 106/kg (range 254–672), respectively, whereas
in the control group, median counts of CD34+ and CD3+ in the transplanted grafts were
6.99 × 106/kg (range 2.88–10.87) and 399 × 106/kg (range 347–511), respectively.

In the study group, neutrophil engraftment occurred in 19 patients after a median
of 19 days (range 14–37), and platelet engraftment occurred in 13 patients after a median
of 34 days post-HSCT (range 15–68); 6 patients experienced poor graft functions (PGF),
3 of whom required CD34+-selected boost to restore hematopoiesis. Two patients died
in aplasia before engraftment could occur. None had graft rejection. No differences
in time to engraftment and rate of PGF were found between HLA-matched and HLA-
mismatched transplants.

When compared with the control group, we found no difference in 30-day cumulative
incidence of neutrophil engraftment (81%, 95% confidential interval, CI 59–93 in the study
group vs. 69%, 95% CI 52–81 in the control group, p = 0.19). Rather, cumulative incidence of
platelet engraftment was significantly lower in the study group at both 30 days (29%, 95% CI
11–49 vs. 45%, 95% CI 30–60 in the control group, p = 0.03) and at 60 days post-HSCT (52%,
95% CI 29–72 vs. 71%, 95% CI 55–83 in the control group, p = 0.03). At day 30, there was no
difference in chimerism between the two groups (median of 0.3% host and 0.7% host in the
study and in the control group, respectively, p = 0.1). In the control group, eight patients
experienced PGF, and two required CD34+-selected boost. One patient died in aplasia due
to disease persistence. There was a non-significant trend for 100-day higher cumulative
incidence of PGF, which was 29% (95% CI 11–49) in the study group vs. 19% (95% CI 9–32)
in the control group, p = 0.52. There was no significant difference in terms of patient–donor
ABO compatibility between the two groups (8/21 vs. 23/42, p = 0.2).
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The 100-day cumulative incidence of CMV clinically relevant reactivation was 14%
(95% CI 3–33) in the study group and 31% (95% CI 18–45) in the control group (p = 0.33).
However, fifteen patients from the study group received letermovir prophylaxis vs. none
in the control group; thus, no conclusions can be drawn with regards to the ATLG effect on
CMV activation. In the study group, 12 patients had HHV6 reactivation, including 2 CNS
localizations and 3 gastrointestinal tract localizations, for a 100-day cumulative incidence
of 57% (95% CI 33–76) vs. 50% (95% CI 34–64) in the control group (p = 0.46). All but one
HHV6 reactivation occurred before day 100. We found no differences in AdV reactivation
(1/21 in study group vs. 5/42 control group, p = 0.65), EBV reactivation (3/21 in study
group vs. 5/42 control group, p = NS), and BK urinary tract infection (5/21 in study
group vs. 9/42 in control group, p = NS). We documented only one case of post-transplant
lymphoproliferative disorder, which occurred in the control group.

In patients receiving ATLG, we documented a high incidence of invasive fungal
infection (IFI), which occurred in 7 out of 21 cases after a median of 80 days post-HSCT
(range 11–216 days) and consisted in 4 probable and 1 possible aspergillosis, 1 invasive
candidiasis, and 1 disseminated Scedosporium spp. infection [29]. IFI rate was lower
in the control group (9/42 cases, consisting in 5 probable and 2 possible aspergilloses,
2 candidiasis), although this difference was non-significant (p = 0.36).

Median time of immune suppressants discontinuation was 199 days (range 129–483 days)
and 205 days (range 81–1123 days) in the study group and the control group, respectively.
Acute GvHD rates were comparable, with a 100-day cumulative incidence of grade
2–4 aGvHD of 24% (95% CI 8–44) in the study group vs. 29% (95% CI 16–43, p = 0.86)
in the control group, and of grade 3–4 aGvHD of 10% (95% CI 2–27) vs. 19% (95% CI 9–32,
p = 0.48), respectively. Patients with a follow-up longer than 100 days were evaluated for
cGvHD. Three patients of the study group developed cGvHD after a median of 226 days
(range 63–330), including one mild and two moderate forms, whereas eighteen patients
from the control group developed cGvHD after a median of 212 days (range 48–707), includ-
ing four mild, eight moderate, and six severe forms. In the study group, cGVHD involved
skin (n = 2), liver (n = 2), eye (n = 1), and mouth (n = 1); in the control group, it involved
skin (n = 10), liver (n = 2), eye (n = 12), mouth (n = 7), fascia/joints (n = 2), gastrointestinal
tract (n = 2), and lung (n = 1). ATLG was associated with a significant reduction in 1-year
cumulative incidence of cGvHD: 15% (95% CI 3–34) in the study group vs. 41% (95% CI
25–55) in the control group, p = 0.04. A trend towards reduced cGvHD was still noticeable
when focusing only on moderate-to-severe cGvHD, with 10% (95% CI 2–28) in the study
group vs. 31% (95% CI 18–45) in the control group, p = 0.07 (Figure 1).

Immune reconstitution data are shown in Table 2. In the study group, patients achieved
CD3+ counts above 100 cells/µL a median of 60 days after HSCT (range 25–293), vs. 35 days
(range 21–104) in patients who did not receive ATLG. At one month, CD3+, CD4+, and CD8+

counts were significantly lower in patients who received ATLG; over time, the negative
impact of ATLG was predominant and long lasting only on the CD4+ subsets (p = 0.008).

At the last follow-up, 52% (11/21) and 40% (17/42) patients were alive and in disease
remission in the study and control group, respectively. Survival outcomes were comparable
between the study group and the control group: 1-year TRM was 19% (95% CI 6–39) vs.
19% (95% CI 9–32, p = 0.9); 1-year relapse rate was 25% (95% CI 9–46) vs. 24% (95% CI
12–38, p = 0.9); 1-year PFS was 56% (95% CI 32–74) vs. 57% (95% CI 41–70, p = 0.9), 1-year
OS was 75% (95% CI 50–89) vs. 69% (95% CI 53–81, p = 0.49).
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Figure 1. Chronic GvHD. Patients with a follow-up longer than 100 days were evaluated for cGvHD.
(A) In the study group, 1-year cumulative incidence of cGvHD was 15% (95% CI 3–34) vs. 41%
(95% CI 25–55) in the control group, p = 0.04. (B) In the study group, 1-year cumulative incidence
of moderate-to-severe cGvHD was 10% (95% CI 2–28) vs. 31% (95% CI 18–45) in the control group,
p = 0.07. Abbreviations: PT-Cy, post-transplant cyclophosphamide; ATG anti-T lymphocyte globulin;
GvHD, Graft versus Host Disease; HSCT, hematopoietic stem cell transplant.
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Table 2. T cell immune reconstitution.

Study Group
PT-Cy + ATLG

n = 21

Control Group
PT-Cy
n = 42

p Value

CD3+, median (IQR)
D + 30 47 (16–91) 104 (52–315) 0.00783
D + 90 344 (98–781) 653 (450–982) 0.0866
D + 180 1010 (653–1266) 1012 (716–1852) 0.477
D + 365 1172 (762–1827) 1682 (1063–2423) 0.188
CD4+, median (IQR)
D + 30 14 (6–35) 42 (24–121) 0.00179
D + 90 106 (50–222) 206 (164–291) 0.0683
D + 180 176 (142–346) 315 (207–491) 0.0104
D + 365 233 (194–402) 539 (352–666) 0.00842
CD8+, median (IQR)
D + 30 16 (8–50) 55 (16–144) 0.0269
D + 90 217 (54–553) 375 (240–696) 0.118
D + 180 715 (445–1008) 736 (355–1339) 0.75
D + 365 912 (501–1472) 1069 (690–1737) 0.473

Abbreviations: PT-Cy, post-transplant cyclophosphamide; ATLG, anti T lymphocyte globulin; IQR, interquar-
tile range.

4. Discussion

Despite advances in optimization of conditioning regimen and GvHD prophylaxis
platform, GvHD is still an unmet issue with significant impact on transplant outcomes.
Efforts are being made to better identify patients at higher risk and to move toward a patient-
tailored GvHD prophylaxis. Mussetti and colleagues previously reported the correlation
between high CD3+ counts within the graft and higher incidence of cGvHD [15].

In our study, we evaluated the safety and efficacy of the combination of standard PT-
Cy dose with low dose of post-HSCT ATLG in patients who received a CD3+ content above
300 × 106/kg within the PBSC-transplanted graft; the indication was given irrespective
of donor type or hematologic disease. ATLG was administered after transplant with the
intent to avoid a reduction in PT-Cy efficacy.

ATLG was overall well tolerated. We found a slower platelet engraftment in patients
who received combination of PT-Cy and ATLG, whereas neutrophil engraftment had
comparable rates. This observation could be explained by the higher use of prophylactic
G-CSF in the study group, which might have skewed hemopoiesis toward granulocyte
differentiation. Although we reported a high rate of poor graft function, we did not
observe any statistically significant difference between the two groups. We speculate that
PT-Cy adoption in both groups, which has a known impact on viral reactivation rates,
might have a role in partially explaining the PGF occurrence in both groups, regardless
of graft characteristics. However, we also cannot exclude an indirect impact of post-
transplant ATLG in delaying hematopoietic engraftment, as a consequence of impact on
lymphocytes abrogation.

As expected, indeed, T-cell immune reconstitution was negatively impacted by ATLG
use, and the effect on CD4+ subsets was evident even one year after transplant. Interest-
ingly, this did not translate into a higher relapse incidence and higher viral infection rate.
Unfortunately, no data on virus-specific immunity after HSCT are available, warranting
further studies on this topic. Whereas the non-homogeneous anti-CMV prophylaxis be-
tween the two groups prevent drawing any conclusions in terms of ATLG’s effect on CMV
reactivation, HSV6, AdV, BK, and EBV also showed comparable reactivation rates. More-
over, the potential effect on long-term HSCT outcomes by letermovir prophylaxis might
need further investigation. Importantly, ATLG was not associated with higher rate of EBV-
related PTLD. The use of PT-Cy has already been associated with high early post-transplant
viral infection in several HSCT settings [30–32]; however, the co-administration of a low
dose of ATLG does not seem to further increase this risk. Although larger studies focusing
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also on late-onset infections and vaccine responses in the long-term follow-up are needed,
we hypothesize that a decreased time on immunosuppressant due to a lower cGvHD
rate might reduce viral infection rate, thus balancing the impaired T cell reconstitution in
ATLG-recipients.

Nevertheless, there was a slight, non-significant increase in IFI rate, pointing at the
need for strict monitoring in these patients. Indeed, although azole prophylaxis has also
remarkably reduced the risk of IFI in the high-risk population [33,34], in more recent years
we observed a higher incidence of breakthrough IFI during azole administration [29,35].

Our GvHD rate in the control group falls in line with previous studies using PT-Cy and
PBSC [36,37]. We documented a significant reduction in chronic GvHD overall, whereas
the impact on moderate–severe cGvHD and on acute GvHD was less evident, and there
was a slight, non-significant decrease in grade 3–4 aGvHD in the ATLG-group. Larger
studies are needed to determine whether ATLG combined with PT-Cy has impacted the
organs involved in cGvHD. We could not find any difference in terms of overall survival
between the groups, which is likely due to the constant improvements in management of
cGvHD and of long-term complications; thus, we believe that the impact of improving
cGvHD prophylaxis would not reflect on better survival, but on better quality of life [38].

Our study has several limitations, starting from its retrospective nature and small
population; furthermore, despite matching for main patients’ disease and transplant char-
acteristics, the two groups showed some inhomogeneity: control group patients were
transplanted in a prior timeframe and had a longer follow up, whereas study group pa-
tients had more use of letermovir and of G-CSF, which might have influenced some of
the outcomes.

Optimal dose and timing of ATLG, as well as patients’ selection for GvHD intensifica-
tion is unknown. Combination of PT-Cy and ATLG/ATG has been previously reported
in both matched and mismatched transplants, with heterogeneous results; in most cases
authors adopted thymoglobulin, which was administered pre-transplant. In these trials,
different doses of both pre-transplant thymoglobulin and PT-Cy have been described,
including single PT-Cy dose. Most [8–12,39–41] but not all studies [42] observed a decrease
in acute and chronic GvHD rate. Wang and colleagues investigated the addition of low
PT-Cy dose to standard thymoglobulin; the authors suggested that low-dose PT-Cy could
facilitate suppressive T regs reconstitution and could promote the protective effect of ATG
on GvHD [11,43]. Khanolkar and colleagues recently reported the outcomes of a phase II
study investigating intensification of GvHD prophylaxis with ATG based on IL-2 levels
on day + 7; the authors observed an effective reduction in GvHD rate, at the expense of
higher infection-related mortality [44]. The high infection rate reported in several of these
studies might be partially explained by either the high dose of thymoglobulin used or by
the post-transplant administration.

In conclusion, early identification of patients at higher risk of developing high grade
GvHD, who thus might benefit from an intensification of GvHD prophylaxis, is still to be
defined. In our study, we adopted as the criterion the CD3+ graft content, based on previous
studies that pointed out a correlation between CD3+ graft content and GvHD [15,45].
Studies from the last decade have focused on gut microbiota [46] and biomarkers [47,48]
as well as machine learning algorithms [49] to predict GvHD occurrence. Moreover, the
best dose and schedule of GvHD prophylaxis, including the combination ATLG and PT-Cy,
is still to be defined. We speculate that if these and future studies would allow better
stratification of the risk, intensification of GvHD prophylaxis, such as combination of ATLG
with PT-Cy, might be investigated in the high-risk population.

Author Contributions: E.X., F.L., M.T.L.S., F.G., S.P., D.T.C., F.F., S.M., A.B., E.C., R.N., M.M., A.A.,
C.C., F.C., J.P., R.G. contributed to patient clinical care and data collection. Updated and interpreted
the data, E.X., J.P. and R.G.; performed statistical analysis and prepared the figures, F.L.; designed
the study and wrote the manuscript, E.X., J.P. and R.G. All authors contributed to the article and
approved the submitted version. All authors have read and agreed to the published version of
the manuscript.



J. Clin. Med. 2022, 11, 1106 9 of 11

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of IRCCS San Raffaele Scientific Institute (protocol
name ALMON approved on 19 October 2007).

Informed Consent Statement: All patients were treated according to current institutional guidelines,
upon written informed consent for all the transplant procedures; the review of medical records
and the use of immunological studies for patients undergoing allogeneic HSCT within the non-
interventional “ALMON study” were approved by the San Raffaele Institutional Ethical Committee
on 19 October 2007. Written informed consent has been obtained from the patient(s) to publish
this paper.

Data Availability Statement: The datasets generated for this study are available on request to the
corresponding authors.

Acknowledgments: Supported in part by the Neovii Pharmaceuticals AG-Swiss Biotech, which had
no role in the study design, data collection and analysis, decision to publish, or manuscript preparation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Penack, O.; Marchetti, M.; Ruutu, T.; Aljurf, M.; Bacigalupo, A.; Bonifazi, F.; Ciceri, F.; Cornelissen, J.; Malladi, R.; Duarte, R.F.;

et al. Prophylaxis and management of graft versus host disease after stem-cell transplantation for haematological malignancies:
Updated consensus recommendations of the European Society for Blood and Marrow Transplantation. Lancet Haematol. 2020, 7,
e157–e167. [CrossRef]

2. Finke, J.; Bethge, W.A.; Schmoor, C.; Ottinger, H.D.; Stelljes, M.; Zander, A.R.; Volin, L.; Ruutu, T.; Heim, D.A.; Schwerdtfeger, R.;
et al. Standard graft-versus-host disease prophylaxis with or without anti-T-cell globulin in haematopoietic cell transplantation
from matched unrelated donors: A randomised, open-label, multicentre phase 3 trial. Lancet Oncol. 2009, 10, 855–864. [CrossRef]

3. Bacigalupo, A.; Lamparelli, T.; Barisione, G.; Bruzzi, P.; Guidi, S.; Alessandrino, P.E.; di Bartolomeo, P.; Oneto, R.; Bruno, B.;
Sacchi, N.; et al. Thymoglobulin prevents chronic graft-versus-host disease, chronic lung dysfunction, and late transplant-related
mortality: Long-term follow-up of a randomized trial in patients undergoing unrelated donor transplantation. Biol. Blood Marrow
Transpl. 2006, 12, 560–565. [CrossRef]

4. Bonifazi, F.; Solano, C.; Wolschke, C.; Sessa, M.; Patriarca, F.; Zallio, F.; Nagler, A.; Selleri, C.; Risitano, A.M.; Messina, G.; et al.
Acute GVHD prophylaxis plus ATLG after myeloablative allogeneic haemopoietic peripheral blood stem-cell transplantation
from HLA-identical siblings in patients with acute myeloid leukaemia in remission: Final results of quality of life and long-term
outcome analysis of a phase 3 randomised study. Lancet Haematol. 2019, 6, e89–e99. [CrossRef] [PubMed]

5. Ruggeri, A.; Sun, Y.; Labopin, M.; Bacigalupo, A.; Lorentino, F.; Arcese, W.; Santarone, S.; Gülbas, Z.; Blaise, D.; Messina, G.; et al.
Post-transplant cyclophosphamide versus anti-thymocyte globulin as graft- versus-host disease prophylaxis in haploidentical
transplant. Haematologica 2017, 102, 401–410. [CrossRef] [PubMed]

6. Bailén, R.; Kwon, M.; Pascual-Cascón, M.J.; Ferrà, C.; Sanz, J.; Gallardo-Morillo, A.; García-Sola, A.; Torrent, A.; Jiménez-Lorenzo,
M.J.; Piñana, J.L.; et al. Post-transplant cyclophosphamide for GVHD prophylaxis compared to ATG-based prophylaxis in
unrelated donor transplantation. Ann. Hematol. 2021, 100, 541–553. [CrossRef]

7. Nagler, A.; Kanate, A.S.; Labopin, M.; Ciceri, F.; Angelucci, E.; Koc, Y.; Gülbas, Z.; Arcese, W.; Tischer, J.; Pioltelli, P.; et al.
Post-transplant cyclophosphamide versus anti-thymocyte globulin for graft-versus-host disease prevention in haploidentical
transplantation for adult acute lymphoblastic leukemia. Haematologica 2021, 106, 1591–1598. [CrossRef]

8. Law, A.D.; Salas, M.Q.; Lam, W.; Michelis, F.V.; Thyagu, S.; Kim, D.D.H.; Lipton, J.H.; Kumar, R.; Messner, H.; Viswabandya,
A. Reduced-Intensity Conditioning and Dual T Lymphocyte Suppression with Antithymocyte Globulin and Post-Transplant
Cyclophosphamide as Graft-versus-Host Disease Prophylaxis in Haploidentical Hematopoietic Stem Cell Transplants for
Hematological Malignancies. Biol. Blood Marrow Transpl. 2018, 24, 2259–2264. [CrossRef]

9. Pasic, I.; Lipton, J.H.; Kim, D.D.; Viswabandya, A.; Kumar, R.; Lam, W.; Law, A.D.; Mattsson, J.; Michelis, F.V. Post-transplant
cyclophosphamide combined with anti-thymocyte globulin for graft-vs-host disease prophylaxis improves survival and lowers
non-relapse mortality in older patients undergoing allogeneic hematopoietic cell transplantation. Ann. Hematol. 2020, 99,
1377–1387. [CrossRef]

10. Deotare, U.; Atenafu, E.G.; Loach, D.; Michelis, F.V.; Kim, D.D.; Thyagu, S.; Lipton, J.H.; Messner, H.A.; Viswabandya, A.
Reduction of severe acute graft-versus-host disease using a combination of pre transplant anti-thymocyte globulin and post-
transplant cyclophosphamide in matched unrelated donor transplantation. Bone Marrow Transpl. 2018, 53, 361–365. [CrossRef]

11. Wang, Y.; Wu, D.P.; Liu, Q.F.; Xu, L.P.; Liu, K.Y.; Zhang, X.H.; Yu, W.J.; Xu, Y.; Huang, F.; Huang, X.J. Low-dose post-transplant
cyclophosphamide and anti-thymocyte globulin as an effective strategy for GVHD prevention in haploidentical patients.
J. Hematol. Oncol. 2019, 12, 88. [CrossRef] [PubMed]

http://doi.org/10.1016/S2352-3026(19)30256-X
http://doi.org/10.1016/S1470-2045(09)70225-6
http://doi.org/10.1016/j.bbmt.2005.12.034
http://doi.org/10.1016/S2352-3026(18)30214-X
http://www.ncbi.nlm.nih.gov/pubmed/30709437
http://doi.org/10.3324/haematol.2016.151779
http://www.ncbi.nlm.nih.gov/pubmed/27758821
http://doi.org/10.1007/s00277-020-04317-7
http://doi.org/10.3324/haematol.2020.247296
http://doi.org/10.1016/j.bbmt.2018.07.008
http://doi.org/10.1007/s00277-020-04033-2
http://doi.org/10.1038/s41409-017-0053-9
http://doi.org/10.1186/s13045-019-0781-y
http://www.ncbi.nlm.nih.gov/pubmed/31481121


J. Clin. Med. 2022, 11, 1106 10 of 11

12. Prem, S.; Atenafu, E.G.; Al-Shaibani, Z.; Loach, D.; Law, A.; Lam, W.; Michelis, F.V.; Thyagu, S.; Kim, D.D.H.; Howard Lipton, J.;
et al. Low rates of acute and chronic GVHD with ATG and PTCy in matched and mismatched unrelated donor peripheral blood
stem cell transplants. Eur. J. Haematol. 2019, 102, 486–493. [CrossRef] [PubMed]

13. Bashey, A.; Zhang, M.J.; McCurdy, S.R.; St Martin, A.; Argall, T.; Anasetti, C.; Ciurea, S.O.; Fasan, O.; Gaballa, S.; Hamadani,
M.; et al. Mobilized Peripheral Blood Stem Cells Versus Unstimulated Bone Marrow As a Graft Source for T-Cell-Replete
Haploidentical Donor Transplantation Using Post-Transplant Cyclophosphamide. J. Clin. Oncol. 2017, 35, 3002–3009. [CrossRef]
[PubMed]

14. Zhang, Y.; Guo, C.; Sun, C.; Chen, Y.; Zhu, H.; Xi, J.; Zhang, M.; He, P.; Wang, X. High proportions of CD3. Mol. Clin. Oncol. 2020,
12, 574–580. [CrossRef]

15. Mussetti, A.; De Philippis, C.; Carniti, C.; Bastos-Oreiro, M.; Gayoso, J.; Cieri, N.; Pennisi, M.; Ciceri, F.; Greco, R.; Peccatori,
J.; et al. CD3+ graft cell count influence on chronic GVHD in haploidentical allogeneic transplantation using post-transplant
cyclophosphamide. Bone Marrow Transpl. 2018, 53, 1522–1531. [CrossRef]

16. Ruutu, T.; Volin, L.; Beelen, D.W.; Trenschel, R.; Finke, J.; Schnitzler, M.; Holowiecki, J.; Giebel, S.; Markiewicz, M.; Uharek,
L.; et al. Reduced-toxicity conditioning with treosulfan and fludarabine in allogeneic hematopoietic stem cell transplantation
for myelodysplastic syndromes: Final results of an international prospective phase II trial. Haematologica 2011, 96, 1344–1350.
[CrossRef]

17. Peccatori, J.; Forcina, A.; Clerici, D.; Crocchiolo, R.; Vago, L.; Stanghellini, M.T.; Noviello, M.; Messina, C.; Crotta, A.; Assanelli, A.;
et al. Sirolimus-based graft-versus-host disease prophylaxis promotes the in vivo expansion of regulatory T cells and permits
peripheral blood stem cell transplantation from haploidentical donors. Leukemia 2015, 29, 396–405. [CrossRef]

18. Greco, R.; Lorentino, F.; Albanese, S.; Teresa Lupo Stanghellini, M.; Giglio, F.; Piemontese, S.; Clerici, D.; Lazzari, L.; Marcatti, M.;
Mastaglio, S.; et al. Post-Transplant Cyclophosphamide and Sirolimus based Graft-versus-Host-Disease Prophylaxis in Allogeneic
Stem Cell Transplant. Transpl. Cell Ther. 2021, 27, 776.e1–776.e13. [CrossRef]

19. Chen, J.; Wang, H.; Zhou, J.; Feng, S. Advances in the understanding of poor graft function following allogeneic hematopoietic
stem-cell transplantation. Ther. Adv. Hematol. 2020, 11, 2040620720948743. [CrossRef]

20. Alizadeh, M.; Bernard, M.; Danic, B.; Dauriac, C.; Birebent, B.; Lapart, C.; Lamy, T.; Le Prisé, P.Y.; Beauplet, A.; Bories, D.; et al.
Quantitative assessment of hematopoietic chimerism after bone marrow transplantation by real-time quantitative polymerase
chain reaction. Blood 2002, 99, 4618–4625. [CrossRef]

21. Harris, A.C.; Young, R.; Devine, S.; Hogan, W.J.; Ayuk, F.; Bunworasate, U.; Chanswangphuwana, C.; Efebera, Y.A.; Holler, E.;
Litzow, M.; et al. International, Multicenter Standardization of Acute Graft-versus-Host Disease Clinical Data Collection: A
Report from the Mount Sinai Acute GVHD International Consortium. Biol. Blood Marrow Transpl. 2016, 22, 4–10. [CrossRef]
[PubMed]

22. Rowlings, P.A.; Przepiorka, D.; Klein, J.P.; Gale, R.P.; Passweg, J.R.; Henslee-Downey, P.J.; Cahn, J.Y.; Calderwood, S.; Gratwohl,
A.; Socié, G.; et al. IBMTR Severity Index for grading acute graft-versus-host disease: Retrospective comparison with Glucksberg
grade. Br. J. Haematol. 1997, 97, 855–864. [CrossRef] [PubMed]

23. Jagasia, M.H.; Greinix, H.T.; Arora, M.; Williams, K.M.; Wolff, D.; Cowen, E.W.; Palmer, J.; Weisdorf, D.; Treister, N.S.; Cheng, G.S.;
et al. National Institutes of Health Consensus Development Project on Criteria for Clinical Trials in Chronic Graft-versus-Host
Disease: I. The 2014 Diagnosis and Staging Working Group report. Biol. Blood Marrow Transpl. 2015, 21, 389–401.e381. [CrossRef]
[PubMed]

24. Rosenbaum, P.R.; Rubin, D.B. The bias due to incomplete matching. Biometrics 1985, 41, 103–116. [CrossRef]
25. Mier, P.; Kaplan, E.L. Nonparametric Estimation from Incomplete Observations. J. Am. Stat. Assoc. 1958, 53, 457–481.
26. Mantel, N. Evaluation of survival data and two new rank order statistics arising in its consideration. Cancer Chemother. Rep. 1966,

50, 163–170.
27. Gooley, T.A.; Leisenring, W.; Crowley, J.; Storer, B.E. Estimation of failure probabilities in the presence of competing risks: New

representations of old estimators. Stat. Med. 1999, 18, 695–706. [CrossRef]
28. Fine, J.P.; Gray, R.J. A Proportional Hazards Model for the Subdistribution of a Competing Risk. J. Am. Stat. Assoc. 1999, 94,

496–509. [CrossRef]
29. Liberatore, C.; Farina, F.; Greco, R.; Giglio, F.; Clerici, D.; Oltolini, C.; Lupo Stanghellini, M.T.; Barzaghi, F.; Vezzulli, P.; Orsenigo,

E.; et al. Breakthrough Invasive Fungal Infections in Allogeneic Hematopoietic Stem Cell Transplantation. J. Fungi 2021, 7, 347.
[CrossRef]

30. Oltolini, C.; Greco, R.; Galli, L.; Clerici, D.; Lorentino, F.; Xue, E.; Lupo Stanghellini, M.T.; Giglio, F.; Uhr, L.; Ripa, M.; et al.
Infections after Allogenic Transplant with Post-Transplant Cyclophosphamide: Impact of Donor HLA Matching. Biol. Blood
Marrow Transpl. 2020, 26, 1179–1188. [CrossRef]

31. Goldsmith, S.R.; Abid, M.B.; Auletta, J.J.; Bashey, A.; Beitinjaneh, A.; Castillo, P.; Chemaly, R.F.; Chen, M.; Ciurea, S.; Dandoy, C.E.;
et al. Posttransplant cyclophosphamide is associated with increased cytomegalovirus infection: A CIBMTR analysis. Blood 2021,
137, 3291–3305. [CrossRef] [PubMed]

32. Massoud, R.; Gagelmann, N.; Fritzsche-Friedland, U.; Zeck, G.; Heidenreich, S.; Wolschke, C.; Ayuk, F.; Christopeit, M.; Kröger, N.
Comparison of immune reconstitution between anti-T-lymphocyte globulin and post-transplant cyclophosphamide as acute
graft-versus-host disease prophylaxis in allogeneic myeloablative peripheral blood stem cell transplantation. Haematologica 2021;
Early view. [CrossRef]

http://doi.org/10.1111/ejh.13230
http://www.ncbi.nlm.nih.gov/pubmed/30924973
http://doi.org/10.1200/JCO.2017.72.8428
http://www.ncbi.nlm.nih.gov/pubmed/28644773
http://doi.org/10.3892/mco.2020.2027
http://doi.org/10.1038/s41409-018-0183-8
http://doi.org/10.3324/haematol.2011.043810
http://doi.org/10.1038/leu.2014.180
http://doi.org/10.1016/j.jtct.2021.05.023
http://doi.org/10.1177/2040620720948743
http://doi.org/10.1182/blood.V99.12.4618
http://doi.org/10.1016/j.bbmt.2015.09.001
http://www.ncbi.nlm.nih.gov/pubmed/26386318
http://doi.org/10.1046/j.1365-2141.1997.1112925.x
http://www.ncbi.nlm.nih.gov/pubmed/9217189
http://doi.org/10.1016/j.bbmt.2014.12.001
http://www.ncbi.nlm.nih.gov/pubmed/25529383
http://doi.org/10.2307/2530647
http://doi.org/10.1002/(SICI)1097-0258(19990330)18:6&lt;695::AID-SIM60&gt;3.0.CO;2-O
http://doi.org/10.1080/01621459.1999.10474144
http://doi.org/10.3390/jof7050347
http://doi.org/10.1016/j.bbmt.2020.01.013
http://doi.org/10.1182/blood.2020009362
http://www.ncbi.nlm.nih.gov/pubmed/33657221
http://doi.org/10.3324/haematol.2020.271445


J. Clin. Med. 2022, 11, 1106 11 of 11

33. Greco, R.; Barbanti, M.C.; Lupo Stranghellini, M.T.; Giglio, F.; Morelli, M.; Messina, C.; Forcina, A.; Oltolini, C.; Piemontese, S.;
Scarpellini, P.; et al. Coadministration of posaconazole and sirolimus in allogeneic hematopoietic stem cell transplant recipients.
Bone Marrow Transpl. 2016, 51, 1022–1024. [CrossRef] [PubMed]

34. Girmenia, C.; Barosi, G.; Piciocchi, A.; Arcese, W.; Aversa, F.; Bacigalupo, A.; Bandini, G.; Bosi, A.; Busca, A.; Castagnola, E.;
et al. Primary prophylaxis of invasive fungal diseases in allogeneic stem cell transplantation: Revised recommendations from
a consensus process by Gruppo Italiano Trapianto Midollo Osseo (GITMO). Biol. Blood Marrow Transpl. 2014, 20, 1080–1088.
[CrossRef] [PubMed]

35. Jenks, J.D.; Cornely, O.A.; Chen, S.C.; Thompson, G.R.; Hoenigl, M. Breakthrough invasive fungal infections: Who is at risk?
Mycoses 2020, 63, 1021–1032. [CrossRef] [PubMed]

36. Ruggeri, A.; Labopin, M.; Bacigalupo, A.; Gülbas, Z.; Koc, Y.; Blaise, D.; Bruno, B.; Irrera, G.; Tischer, J.; Diez-Martin, J.L.;
et al. Bone marrow versus mobilized peripheral blood stem cells in haploidentical transplants using posttransplantation
cyclophosphamide. Cancer 2018, 124, 1428–1437. [CrossRef]

37. Sugita, J.; Kagaya, Y.; Miyamoto, T.; Shibasaki, Y.; Nagafuji, K.; Ota, S.; Furukawa, T.; Nara, M.; Akashi, K.; Taniguchi, S.;
et al. Myeloablative and reduced-intensity conditioning in HLA-haploidentical peripheral blood stem cell transplantation using
post-transplant cyclophosphamide. Bone Marrow Transpl. 2019, 54, 432–441. [CrossRef]

38. Pidala, J.; Kurland, B.; Chai, X.; Majhail, N.; Weisdorf, D.J.; Pavletic, S.; Cutler, C.; Jacobsohn, D.; Palmer, J.; Arai, S.; et al.
Patient-reported quality of life is associated with severity of chronic graft-versus-host disease as measured by NIH criteria: Report
on baseline data from the Chronic GVHD Consortium. Blood 2011, 117, 4651–4657. [CrossRef]

39. Bacigalupo, A.; Lamparelli, T.; Milone, G.; Sormani, M.P.; Ciceri, F.; Peccatori, J.; Locasciulli, A.; Majolino, I.; Di Bartolomeo, P.;
Mazza, F.; et al. Pre-emptive treatment of acute GVHD: A randomized multicenter trial of rabbit anti-thymocyte globulin, given
on day+7 after alternative donor transplants. Bone Marrow Transpl. 2010, 45, 385–391. [CrossRef]

40. Salas, M.Q.; Prem, S.; Atenafu, E.G.; Datt Law, A.; Lam, W.; Al-Shaibani, Z.; Loach, D.; Kim, D.D.H.; Michelis, F.V.; Lipton, J.H.;
et al. Dual T-cell depletion with ATG and PTCy for peripheral blood reduced intensity conditioning allo-HSCT results in very
low rates of GVHD. Bone Marrow Transpl. 2020, 55, 1773–1783. [CrossRef]

41. Novitzky-Basso, I.; Remberger, M.; Chen, C.; Ellison, C.; Pasic, I.; Lam, W.; Law, A.; Gerbitz, A.; Viswabandya, A.; Lipton, J.H.;
et al. Anti-thymocyte Globulin and Post-Transplant Cyclophosphamide do not abrogate the inferior outcome risk conferred by
human leukocyte antigen-A and -B mismatched donors. Eur. J. Haematol. 2021; Online ahead of print. [CrossRef]

42. El-Cheikh, J.; Devillier, R.; Dulery, R.; Massoud, R.; Al Chami, F.; Ghaoui, N.; Moukalled, N.; Pagliardini, T.; Marino, F.; Malard,
F.; et al. Impact of Adding Antithymocyte Globulin to Posttransplantation Cyclophosphamide in Haploidentical Stem-Cell
Transplantation. Clin. Lymphoma Myeloma Leuk. 2020, 20, 617–623. [CrossRef]

43. Wang, Y.; Chang, Y.J.; Chen, L.; Xu, L.P.; Bian, Z.L.; Zhang, X.H.; Yan, C.H.; Liu, K.Y.; Huang, X.J. Low-dose post-transplant cy-
clophosphamide can mitigate GVHD and enhance the G-CSF/ATG induced GVHD protective activity and improve haploidentical
transplant outcomes. Oncoimmunology 2017, 6, e1356152. [CrossRef] [PubMed]

44. Khanolkar, R.A.; Kalra, A.; Kinzel, M.; Pratt, L.M.; Dharmani-Khan, P.; Chaudhry, A.; Williamson, T.S.; Daly, A.; Morris,
D.G.; Khan, F.M.; et al. A biomarker-guided, prospective, phase 2 trial of pre-emptive graft-versus-host disease therapy using
anti-thymocyte globulin. Cytotherapy 2021, 23, 1007–1016. [CrossRef] [PubMed]

45. Czerw, T.; Labopin, M.; Schmid, C.; Cornelissen, J.J.; Chevallier, P.; Blaise, D.; Kuball, J.; Vigouroux, S.; Garban, F.; Lioure, B.;
et al. High CD3+ and CD34+ peripheral blood stem cell grafts content is associated with increased risk of graft-versus-host
disease without beneficial effect on disease control after reduced-intensity conditioning allogeneic transplantation from matched
unrelated donors for acute myeloid leukemia—An analysis from the Acute Leukemia Working Party of the European Society for
Blood and Marrow Transplantation. Oncotarget 2016, 7, 27255–27266. [CrossRef] [PubMed]

46. Greco, R.; Nitti, R.; Mancini, N.; Pasciuta, R.; Lorentino, F.; Lupo-Stanghellini, M.T.; Barbanti, M.C.; Clementi, N.; Giglio, F.; Clerici,
D.; et al. Microbiome markers are early predictors of acute GVHD in allogeneic hematopoietic stem cell transplant recipients.
Blood 2021, 137, 1556–1559. [CrossRef]

47. Hartwell, M.J.; Özbek, U.; Holler, E.; Renteria, A.S.; Major-Monfried, H.; Reddy, P.; Aziz, M.; Hogan, W.J.; Ayuk, F.; Efebera, Y.A.;
et al. An early-biomarker algorithm predicts lethal graft-versus-host disease and survival. JCI Insight 2017, 2, e89798. [CrossRef]

48. Greco, R.; Lorentino, F.; Nitti, R.; Lupo Stanghellini, M.T.; Giglio, F.; Clerici, D.; Xue, E.; Lazzari, L.; Piemontese, S.; Mastaglio,
S.; et al. Interleukin-6 as Biomarker for Acute GvHD and Survival after Allogeneic Transplant With Post-transplant Cyclophos-
phamide. Front. Immunol. 2019, 10, 2319. [CrossRef]

49. Salehnasab, C.; Hajifathali, A.; Asadi, F.; Roshandel, E.; Kazemi, A.; Roshanpoor, A. Machine Learning Classification Algorithms
to Predict aGvHD following Allo-HSCT: A Systematic Review. Methods Inf. Med. 2019, 58, 205–212. [CrossRef]

http://doi.org/10.1038/bmt.2016.112
http://www.ncbi.nlm.nih.gov/pubmed/27111047
http://doi.org/10.1016/j.bbmt.2014.02.018
http://www.ncbi.nlm.nih.gov/pubmed/24582783
http://doi.org/10.1111/myc.13148
http://www.ncbi.nlm.nih.gov/pubmed/32744334
http://doi.org/10.1002/cncr.31228
http://doi.org/10.1038/s41409-018-0279-1
http://doi.org/10.1182/blood-2010-11-319509
http://doi.org/10.1038/bmt.2009.151
http://doi.org/10.1038/s41409-020-0813-9
http://doi.org/10.1111/ejh.13735
http://doi.org/10.1016/j.clml.2020.04.003
http://doi.org/10.1080/2162402X.2017.1356152
http://www.ncbi.nlm.nih.gov/pubmed/29147612
http://doi.org/10.1016/j.jcyt.2021.06.003
http://www.ncbi.nlm.nih.gov/pubmed/34373186
http://doi.org/10.18632/oncotarget.8463
http://www.ncbi.nlm.nih.gov/pubmed/27036034
http://doi.org/10.1182/blood.2020007158
http://doi.org/10.1172/jci.insight.89798
http://doi.org/10.3389/fimmu.2019.02319
http://doi.org/10.1055/s-0040-1709150

	Introduction 
	Patients and Methods 
	Results 
	Discussion 
	References

