Int J Clin Exp Med 2019;12(5):5249-5258
www.ijcem.com /ISSN:1940-5901/1JCEM0086082

Original Article

Clinical characteristics and risk factors for acute
graft-versus-host disease in related HLA-haploidentical
without ex vivo T cell depletion peripheral blood HSCT

Xianlin Duan*2, Nannan Pang!?, Jianli Xu2, Hailong Yuan??, Jianhua Qu?, Gang Chen?, Gulibadam
Aizez'?, Haizhou Cao'?, Hongbo Wang'2, Linlu Ding2, Nadiya Abulat2, Xinhong Guo'?, Halida Yasen?,
Jianping Hao'?, Bingzhao Wen??, Ling Li*?, Meihua Zhang*?, Chunxia Han'?, Ming Jiang?

Hematologic Disease Center, First Affiliated Hospital of Xinjiang Medical University, Urumqgi 830061, Xinjiang,
China; 2Xinjiang Uygur Autonomous Region Research Institute of Hematology, Urumqi 830061, Xinjiang, China

Received September 27, 2018; Accepted February 13, 2019; Epub May 15, 2019; Published May 30, 2019

Abstract: Aims: We investigated the clinical features and risk factors for acute graft-versus-host disease (GVHD) in
related HLA-haploidentical peripheral blood stem cell transplantation (RH-PBSCT). Methods: The clinical character-
istics of 147 patients who received RH-PBSCT and hematologic malignancies were retrospectively analyzed. The
RH-PBSCT approach applied myeloablative conditioning and infused hematopoietic stem cells from related HLA-
haploidentical donors without ex vivo T cell depletion. Results: The 3-year overall survival rate was 69.4 + 5.161%,
the relapse incidence was 22.4 + 5.154%, and the non-relapse mortality was 15.0 £ 4.067%. The median time for
acute GVHD onset was 44.7 (range: 6-95) days. The cumulative incidences for grade |-V, grade II-1V, grade II-1V, and
acute GVHD were 58.5 + 4.53%, 34.7 + 4.69%, and 12.9 + 3.80% respectively. One-organ involvement GVHD (most-
ly the skin) was revealed in 57 patients (66.3%). The patient clinical outcomes of grade | acute GVHD were the best,
followed by without acute GVHD, grade Il acute GVHD, and grade llI-IV acute GVHD, with the 3-year overall survival
rates being 80.9%, 66.9%, 63.6%, and 46.3% (P < 0.05) respectively. Having a child donor was statistically close to
being a risk factor (HR = 2.48, 95% Cl 0.88-1.96, P = 0.08), but a multivariate analysis showed no significant differ-
ence (P = 0.116). Conclusion: The RH-PBSCT approach to treating hematological malignancies leads to moderate
acute GVHD incidence and low severe acute GVHD (grade IlI-IV) incidence. The clinical outcome in mild acute GVHD
is better than in severe acute GVHD. No independent risk factor of acute GVHD was identified in our analysis.
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Introduction HLA-haploidentical HSCT, meaning finding a
donor among siblings, children or parents that
Allogeneic hematopoietic stem cell transplan- have half matched HLA, provides a new option
tation (allo-HSCT) is increasingly used for the for patients without a matched donor. Although
treatment of hematological malignancies and HLA-haploidentical family donors are readily
other conditions [1, 2]. Acute graft-versus-host available and highly-motivated, the clinical out-
disease (GVHD) is a significant barrier to the comes of the application also show the disad-
more widespread use of allo-HSCT [3]. Previous vantages of the high rate of engraftment fail-
studies suggest that about 50% of patients ure, severe GVHD, and a lack of efficacy [6]. In
develop grade II-IV acute GVHD and 20% devel- recent years, new strategies such as graft engi-
op severe acute GVHD in allo-HSCT [4]. A high- neering (CD3 selection or ex vivo T cell deple-
dose of peripheral blood stem cells (PBSCs) is tion (TCD)) and high doses of cyclophospha-
infused, which significantly increase the inci- mide (Cy) have been used to improve HLA
dence of GVHD [5]. However, GVHD is only a haploidentical transplantation [7-10].
secondary cause of transplant failure in allo-
HSCT, with the primary causes being engraft- From 2002, we have developed the related

ment failures and infectious complications. HLA-haploidentical peripheral blood stem cell
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transplantation (RH-PBSCT) approach in treat-
ing hematological malignancies [11]. This is a
combined method of r-ATG in vivo TCD, a high
dose of peripheral blood hematopoietic stem
cells mobilized by granulocyte colony stimula-
tion factor (G-CSF), and a strengthened GVHD
prophylaxis [12]. The clinical outcomes of the
patients who underwent this approach to trans-
plantation and the risk factors of acute GVHD
were retrospectively analyzed.

Materials and methods
Patients

In all, 147 patients who had hematologic malig-
nancies and received RH-PBSCT at the First
Affiliated Hospital of Xinjiang Medical University
from Jan 2004 to Dec 2014 were included. The
median age was 27 years (range 3-50 years).
The clinical characteristics are shown in Table
1. Among the cohort, 65 patients were diag-
nosed with acute myelocytic leukemia (AML:
CR1 42 cases, CR2 16 cases, CR3 7 cases); 54
patients with acute lymphoblastic leukemia
(ALL: CR1 39 cases, CR2 11 cases, CR3 4 ca-
ses); 23 patients with chronic myelogenous leu-
kemia (CML: CP 19 cases, AP 4 cases); and 5
patients with myelodysplastic syndrome (MDS,
RAEB-1 2 cases, RAEB-2 3 cases). The inclu-
sion criteria were: (1) age under 50; (2) patient
received a graft from related HLA-haploidenti-
cal/mismatched donor as he/she was in need
of immediate transplantation but had no HLA-
matched donor, or umbilical cord blood (UCB);
(3) no active infection, no obvious organ dys-
function before transplantation. A prior written
and informed consent was obtained from each
patient. The study protocol was approved by
the ethics committee of the First Affiliated
Hospital of Xinjiang Medical University.

Conditioning regimen, PBSCs mobilized and
collections

Two myeloablative conditioning regimens were
used. 143 patients in RH-PBSCT received the
modified condition regimen combine r-ATG,
which consisted of Ara-c 2-4 g m? day* (days
-9, -8); busulfan (Bu) 4 mg kg* day? orally or
3.2 mg kgt day? (days -7 to -5); cyclophospha-
mide (Cy) 1.8 mg m?2 day? (days -3, -2); I-ATG
(thymoglobuline; Sangstat, Lyon, France) 2.5
mg kgt day? (days -4 to -1). Nine patients with
only 1 HLA mismatch loci were given r-ATG 2.5
mg kg* day? (days -4 to -3). Before 2004, four
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patients received total-body irradiation (TBI) +
Cy preparative regimen, which consisted of TBI
8.5 Gy day* (day -1), Cy 1.8 mg kg* day™ (days
-5, -4).

The only source of stem cells for all patients
were G-CSF mobilized PBSCs. PBSC was mobi-
lized for 4 days by an intraperitoneal injection
of 7-10 ug/kg G-CSF. The PBSC product was
prepared by applying a blood cell separator
(COBE Spectra Blood) on day 0 and was infus-
ed into to the recipient patient at the time of
transplantation (within 1 hour). If the donor
weight was lower than that of the recipient in
excess of 10 kg, the expected number of PB-
SC was reached by increasing the circulation
amount or by collecting for four consecutive
days.

GVHD prophylaxis

All patients with HLA-mismatched PBSCT were
given an intensive and delayed GVHD prophy-
laxis regimen as follows: the classic regimen
(CSA/Tac + MTX), patients with HLA 2 or 3 loci
mismatched combined with mycophenolate
mofetil (MMF 1000 mg twice a day, orally on
day -2 to +100; Novartis, Switzerland), anti-
CD25 monoclonal antibody (Basiliximab, 20 mg
a day intravenously on day O1 and +2), and a
short course of glucocorticoid (dexamethasone
5 mg per day +1 to +30). Within 30 days post-
transplant, CsA or Tac was administered intra-
venously, with 2.5 mg/kg i.v. CsA (drug concen-
tration of 300-400 ng/ml) for 4 hours twice
daily or for 24 hours once daily and 0.02 mg/kg
i.v. Tac (drug concentration of 10-15 ng/ml) for
24 hours once daily. Oral CsA or Tac was admin-
istered from day 30 to 180 post-transplant,
with 4-5 mg/kg oral CsA (drug concentration of
150-250 ng/ml) daily, and 0.1 mg/kg oral Tac
(drug concentration of 5-10 ng/ml) daily. Pati-
ents with HLA 1 locus mismatched combined
half a dose of MMF (500 mg once daily, +1 to
+30) and a short course of glucocorticoid.

Infection prophylaxis and supportive care

All patients received prophylactic antibiotics to
prevent bacterial and fungal infections if their
neutrophile (ANC) count was less than 0.5 x
10°/L. Third-generation cephalosporin/carbap-
enem was given to all patients until hemato-
poietic reconstitution. Fluconazole/Micafungin
was given to all patients from day 9 to day 30.
Sulfamethoxazole was administered for prophy-
laxis against Pneumocystis jiroveci infection.
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Table 1. Patient characteristics

Patients (n = 147)

Patients median age, years (range) 27 (3-50)
< 40, no. (%) 122 (83.0)
> 40, no. (%) 25 (17.0)
Male/Female, no. (%) 91/56 (61.9/38.1)
Underlying disease, no. (%)
AML 65 (44.3)
ALL 54 (36.7)
CML 23 (15.6)
MDS 5 (3.4)
Disease status, no. (%)
High risk 80 (54.4)
Standard risk 67 (45.6)
Disease status at the time of transplantation, no. (%)
CR1/CR2 113 (76.9)
CML (CP) 19 (12.9)
Advanced 15 (10.2)
Donor median age, years (range) 35.6 (16-56)
< 40, no. (%) 87 (59.2)
> 40, no. (%) 60 (40.8)
HLA mismatched, no. (%)
3loci 93 (63.3)
2 loci 39 (26.5)
1 locus 15 (10.2)
Donor-patient sex match, no. (%)
Male to Male 55 (37.5)
Female to Female 28 (19.0)
Male to Female 36 (24.5)
Female to Male 28 (19.0)
Donor-patient relationship, no. (%)
Sibling 77 (52.4)
Mother to child 29 (19.7)
Father to child 29 (19.7)
Child to parent 9 (6.2)
Cousin 3(2.0)
Donor-patient ABO match, no. (%)
Matched 94 (63.9)
Minor mismatched 30(20.4)
Major mismatched 23 (15.7)
Conditioning regimen, no. (%)
Ara-c 2.0 + Bu/Cy + r-ATG 33 (22.5)
Ara-c 4.0 + Bu/Cy + r-ATG 110 (74.8)
TBI + Cy + r-ATG 4(2.7)

Note: AML, acute myeloid leukemia; ALL, acute lymphocytic leukemia; CML, chronic
myeloid leukemia; MDS, myelodysplastic syndromes; CR, complete remission; CP,
chronic stage; Ara-c, arabinoside; Bu, busulfan; Cy, cyclophosphamide; r-ATG, rabbit
antihuman thymocyte immunoglobulin. TBI, total body irradiation.

Acyclovir/ganciclovir was given from day 5 un-
til day 180 to prevent viral infections. All blo-

od products were irradiated
(2500 cGy) before infusion.
G-CSF (300 ug d*) was given
from day +5 to ANC > 0.5 x
10%/L, The patients of HLA-
mismatched used human im-
munoglobulin (0.4 g kg* days
+1, +8, +24, +31) after trans-
plantation.

Definitions

The first of three consecutive
days with a neutrophil level >
0.5 x 10%L and a platelet
level > 20 x 10°%/L with evi-
dence of donor hematopoie-
sis was defined as engraft-
ment. Patients who did not
achieve ANC > 0.5 x 10°9/L
after transplantation were
considered to have primary
graft failure. Patients with ini-
tial engraftment in whom a
severely hypocellular marrow
and ANC < 0.5 x 10%L re-
curred for more than three
days were considered to have
secondary or late graft fail-
ure. Acute GVHD refers to the
clinical complications that oc-
curred within 100 days post-
transplant, with skin, liver and
gastrointestinal tract involve-
ment, manifesting such as
rash, liver dysfunction and
diarrhea. It affects one or
multiple organs simultane-
ously or successively. The
severity of acute GVHD was
determined by the degrees
(or stages) of involvement of
each main target organ, as
per the modified Seattle Glu-
cksberg criteria [13]. Acute
GVHD and chronic GVHD we-
re diagnosed and graded
based on a previously pub-
lished standard.

Follow-up and outcome
measures

After transplantation, HLA-matching and chi-
merisms were tested monthly for 12 months to
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Figure 1. Cumulative incidence of grade I-IV aGVHD,
grade II-IV aGVHD, and grade IlI-lV aGVHD. aGVHD:
acute graft-versus-host disease.

monitor engraftment. ABO blood type or sex
chromosomes were monitored for patients
who had a donor with a different blood type
or a different gender. Patients were followed if
there were genetics or molecular biology ab-
normalities. The above indexes were followed
every three months from 12 to 24 months
post-transplant.

The primary outcome measures were the en-
graftment rate and the cumulative incidence
of acute GVHD. The secondary outcome mea-
sures included the relapse incidence, the
3-year cumulative overall survival (OS), and the
cumulative non-relapse mortality (NRM). From
day 1 to day 100 post-transplant, the cumula-
tive incidence of acute GVHD, target organs,
and onset time of acute GVHD were deter-
mined. The OS and relapse incidence were fol-
lowed from day O to the date of death or the
end of the follow-up period.

Statistical analysis

SPSS19.0 software was used for the statistical
analysis. Survival was analyzed using Kaplan-
Meier and the differences in survival were eval-
uated by a Log-rank test. A chi-square test or a
fisher exact test was used to analyze the effect
of the ages of donor and recipient, primary dis-
ease diagnosis, number of HLA mismatched
loci, relationships of the donor and recipient,
and infusion doses of MNC and CD34. The risk
factors of acute GVHD were assessed by uni-
variate analysis, and P < 0.1 was assumed to
be statistically significant; and then COX regres-
sion was used for multivariate analysis, and P <
0.05 was assumed to be statistically signifi-
cant.
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Results
Engraftment

The engraftment rate was 97.9% in the 144
patients, with a median neutrophil recovery
time of 13 days (8-25 days) and a median
platelet recovery time of 17 days (10-31 days).
The mean infusion doses of MNC and CD34
were 15.17 (9.25-24.6) x 10%/kg and 8.16
(3.24-15.52) x 10%/kg respectively. Three pati-
ents of HLA-mismatched PBSCT suffered pri-
mary graft failure, and one patient survived for
32 months until the preparation of this report
and the other two died on days 50 and 72 post
transplantation.

Incidence of acute GVHD

The incidence of acute GVHD (grade I-IV) was
58.5 + 4.53% (86/147), of which 35 were grade
I. The cumulative incidence of grade II-IV and
grade lll-IV acute GVHD were 34.7 + 4.69%
(51/147) and 12.9 + 3.80% (19/147) respec-
tively (Figure 1). As shown in Table 2, the medi-
an time for acute GVHD onset was 44.7 (range
6-95) days, with the majority being within 60
days. As for organ involvement, one-organ in-
volvement GVHD was revealed in 57 patients
(of them, 47 were affected in the skin), two-
organ involvement (most commonly, the skin
and the liver) was revealed in 24 patients, and
three-organ involvement was revealed in 5
patients (all were severe acute GVHD). About
53.5% (46/86) of patients who had grade I-IV
acute GVHD developed chronic GVHD and
52.9% (27/51) of patients with grade II-IV acute
GVHD developed chronic GVHD. The infection
incidence was 61.6% (53/86) in patients with
acute GVHD.

No difference was found in the cumulative inci-
dence of grade II-IV acute GVHD among the
AML, ALL, CML, and MDS groups (31.8% vs
28.6% vs 21.7% vs 25.0%, P = 0.431) (Figure
2A). However, the cumulative incidence of
acute GVHD (grade llI-1IV) was significantly high-
er in patients with ALL (7.6% vs 24.1% vs 4.3%
vs O, P = 0.048, Figure 2B). No significant dif-
ferences were observed in the occurrence rate
of grade lI-IV and grade IlI-IV acute GVHD be-
tween patients with different HLA mismatched
loci (Figure 2C and 2D). Similarly, the occur-
rence rate of grade II-IV and grade llI-IV acute
GVHD showed no significant difference among
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Table 2. Characteristics of acute GVHD

aGVHD grade
I~V I~V I~V
N (%) N (%) N (%)
Days from transplant to acute GVHD 44.7 d (6-95 d)
Days 1-30 26 (30.2) 13(25.5) 7(36.8)
Days 31-60 44 (51.2) 28(54.9) 9 (47.4)
Days 61-100 16 (18.6) 10(19.6) 3(15.8)
Involvement organs
Only skin 47 (54.7) 21(41.2) 4(21.1)
Only gut 5 (5.8) 4(7.8) 3(15.7)
Only liver 5 (5.8) 4(7.8) 1(5.3)
Skin and Liver 12 (14.0) 11 (21.7) 4(21.1)
Skin and Gut 7(8.1) 7(13.7) 3(15.7)
Liver and Gut 5(5.8) - -
Skin and Liver and Gut 5(5.8) 4(7.8) 4(21.1)
Chronic GVHD
Yes 46 (63.5) 27 (52.9) 11(57.9)
No 40 (46.5) 24 (471) 8(42.1)
Infection
Yes 53 (61.6) 37 (72.5) 16(84.2)
No 33(38.4) 14 (27.5) 3(15.8)
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Figure 2. Comparison of the cumulative incidence of aGVHD. Comparison of
the cumulative incidence of II-IV aGVHD (A) and IlI-IV aGVHD (B) in underlying
disease. Comparison of the cumulative incidence of II-IV aGVHD (C) and llI-
IV aGVHD (D) in HLA mismatched patients. aGVHD: acute graft-versus-host

disease.

patients with different donor-patient relation-
ships, ABO-match statuses, MNC infusion do-
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ses and CD34 infusion doses
(Figure 3A-D). These results
suggest that the occurrence
rate of grade Il-IV acute GVHD
was not high in our study, and
particularly, the occurrence
rate of grade lll-IV acute GVHD
was low.

0S, relapse, and NRM

The 3-year OS rate was 69.4 +
4.0%. The 3-year relapse rate
was 25.6 + 4.1%, and the
NRM incidence was 16.0 *
3.2%. The 3 year OS was sig-
nificantly lower, but the NRM
was significantly higher in pa-
tients with grade II-IV acute
GVHD compared with pati-
ents without acute GVHD and
grade | acute GVHD (53.3 +
7.9% vs 72.0 + 5.0 %, X =
5.092, P = 0.024; 26.1 + 6.8
% vs 10.9 + 3.3%, x? = 4.506,
P = 0.034). However, no sig-
nificant differences were ob-
served in the relapse rate
between patients with grade
II-lV acute GVHD and the
other patients (35.7 + 8.6%
vs 25.0 + 5.0%, x? = 1.259, P
=0.262).

The grade of acute GVHD
showed an impact on 3-year
0OS with a statistical differ-
ence (grade I: 80.9 + 5.2%;
non acute GVHD, 66.9 =
8.3%; grade Il: 63.6 + 8.9%;
grade llI-IV: 46.3 + 13.8%; X2
= 9.587, P = 0.022) (Figure
4A). The grade of acute GV-
HD showed no significant im-
pact on relapse incidence
(grade | acute GVHD: 22.5 +
6.1%; non acute GVHD: 28.4
+ 8.1%, grade II-IV acute
GVHD: 25.5 + 8.6%; and gra-
de lll-IV acute GVHD: 46.4 +
17.9%; x2 = 3.046, P = 0.385)
(Figure 4B). These results in-
dicate that the clinical out-

comes of patients with grade | acute GVHD are
the best, better than the outcomes of grade IlI-
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IV acute GVHD, and even better than patients
without acute GVHD, but patients with grade
[1I-IV have the worst clinical outcomes.

Risk factors of acute GVHD
A univariate analysis showed that age, gender,

the relationship between the donor and recipi-
ent, disease status, and HLA mismatched loci
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Months after transplantation

GVHD cumulative incidence
(34.7%), and a low mortality
rate after transplantation. As
in other studies [17], this
study also finds that the skin
and liver are the main organs
involved in acute GVHD.

We assume the low incidence of severe acute
GVHD may be due to the following: First, a high-
dose of CD34 positive cells can not only pro-
duce an “anti-tumor” effect, but it also induces
apoptosis, promotes engraftment, and reduces
GVHD through the alloreactive T lymphocytes
[18, 19]. Our approach of r-ATG in the condition-
ing regimen continuously removes T lympho-
cytes in vivo to prevent GVHD without increas-
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Table 3. Multivariate analysis of acute GVHD

Grade I~V aGVHD

HR  95% Cl P

Patients age

<40 1.00 -

>40 2.27 0.65-1.87 0.19
Patients sex

Male 1.00 -

Female 1.52 0.72-3.23 0.26
Donor age

<40 1.00 -

>40 0.89 0.35-2.26 0.80
Underlying disease

AML 1.00 -

ALL 1.07 0.13-2.67 0.94

CML 1.28 0.15-1.40 0.81

MDS 0.52 0.05-1.72 0.56
Disease status

Standard risk 1.00 -

High risk 1.74 0.77-3.90 0.87
HLA mismatched

3loci 1.00 -

2 loci 0.84 0.32-2.20 0.72

1 locus 1.25 0.51-3.04 0.62
Donor-patient sex match

Male to male 1.00 -

Male to female 1.07 0.36-1.72 0.55

Female to female 1.29 0.48-2.22 0.97

Female to male 0.52 0.62-2.26 0.61
Donor-patient relationship

Sibling 1.00 - -

Mother to child 2.32 1.15-1.65 0.32

Father to child 1.29 0.54-3.06 0.55

Child to parent 2.48 0.88-1.96 0.08

Cousin 2.52 0.61-3.45 0.23
ABO match

Matched 1.00 - -

Minor matched 0.58 0.28-1.19 0.13

Major matched 1.01 0.38-2.67 0.99
MNC, 108/kg

<12 1.00 - -

12.1-15 1.10 0.11-2.02 0.94

15.1-20 0.28 0.05-1.53 0.11

>20.1 1.26 0.51-3.14 0.62
CD34, 10%/kg

<8 1.00 - -

>8 1.44 0.72-2.87 0.29
NE 0.5 x 10°%/L time*

< day 13 1.00 - -
5255

>day 13 1.30 0.76-2.48 0.28
PLT 20 x 10°%/L time*

< day 17 1.00 - -

>day 17 0.96 0.54-1.70 0.89
Infection

No 1.00 - -

Yes 1.32 0.47-3.64 0.60

Note: AML, acute myeloid leukemia; ALL, acute lympho-
cytic leukemia; CML, chronic myeloid leukemia; MDS,
myelodysplastic syndromes; MNC, mononuclear cell. NE,
neutrophil. PLT, platelet. *The median time of NE 0.5 x
10%/L was 13 days. The median time of PLT 20 x 10%/L
was 17 days.

ing the relapse risk [20]. Second, anti-CD25
monoclonal antibodies and the combination of
multi-drugs of MMF and Glu adding to the con-
ventional prophylaxis intensified the GVHD pro-
phylaxis. Anti-CD25 monoclonal antibodies can
inhibit alloreactivity and have a high affinity to
lymphocytes, and they inhibit interleukin-2 me-
diated cytotoxic T lymphocyte’s activation and
proliferation before lymphocyte recovery [21].
Thirdly, G-CSF mobilizing the donor stem cells
before infusion into the recipient can facilitate
ThO to Th2 conversion, down regulate IL-2 and
IFN-y secretion, thereby ameliorating the sever-
ity of GVHD [22]. In addition, we believe that the
early diagnosis of acute GVHD and active inter-
ventions also contribute to a decrease in seve-
re GVHD incidence.

Aversa et al. is one of the early research groups
that applied the ATG myeloablative conditioning
regimen in ex vivo TCD haploidentical peripher-
al blood HSCT. The engraftment rate increased,
and the incidence of GVHD decreased signifi-
cantly in their approach, but the relapse inci-
dence and infectious complications were also
significantly increased [23]. A Peking University
group reports that the cumulative incidences of
grade 1I-IV and grade llI-IV acute GVHD were
about 40% and 20%, and the OS was 70% [24,
25]. Bartolomeo et al. reported that using the
intensified myeloablative regimen of G-CSF mo-
bilized related HLA halpoidentical bone marrow
transplant without ex vivo TCD, which showed
good treatment efficacy in 80 patients [26].
However, reports on myeloablative RH-PBSCT
without ex vivo TCD with a large number of
patients are limited. The use of ATG and inten-
sified GVHD prophylaxis often results in an
increased relapse rate, an increased infection
rate, and NRM [27]. In this study, patients with
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grade ll-IV acute GVHD had significantly lower
3-year OS but a significantly higher NRM. How-
ever, there was no difference in relapse inci-
dence between patients with grad II-IV acute
GVHD and other patients. The grade of acute
GVHD showed an impact on 3-year OS but no
impact on relapse incidence.

Age, donor-recipient gender, CMV serostatus,
ABO compatibility, disease, disease status, tra-
nsplant source, donor type, HLA matching be-
tween donor and recipient, conditioning regi-
men intensity and GVHD prophylaxis have been
shown to be risk factors for developing aGVHD
[28, 29]. Previous studies have suggested that
the ages of the donor and recipient, female
donors, HLA locus incompatibility, and stem
cell sources may increase acute GVHD inci-
dence [30-33]. However, our univariate analy-
sis showed that the above factors were not risk
factors of grade II-IV acute GVHD; but a pediat-
ric donor was close to being statistically signifi-
cant (HR = 2.48, 95% Cl 0.88-1.96, P = 0.08),
but not significant in the multivariate analysis
(P = 0.116). Studies have found that the inci-
dence of GVHD in CML patients is higher than
it is in other diseases, and they found that the
mechanism may be related to increased serum
tumor necrosis factor [34, 35]. Our results sh-
owed that primary disease was not a risk factor
for acute GVHD, while higher grade llI-IV acute
GVHD incidence was revealed in ALL patients.
This is possibly a result of low concentrations of
CsA/Tac administered in ALL patients aiming to
avoid a relapse. A high dose of CD34 cells (8.0
x 10%/kg) is suggested to be a risk factor for
lI-IV acute GVHD [33, 36, 37]. Our univariate
analysis showed that neither MNC nor CD34
was a risk factor.

In conclusion, our approach of RH-PBSCT with-
out ex vivo TCD is safe and effective to treat
patients with severe hematological malignan-
cies. The severe acute GVHD incidence (mani-
fested mainly in the skin), the disease-free sur-
vival rate, and the OS rate are acceptable and
comparable to other approaches. No indepen-
dent risk factor is identified for acute GVHD in
our approach.

Acknowledgements
This study was supported by the National Na-

tural Science Foundation of China [grant num-
ber: 81060050].

5256

Disclosure of conflict of interest
None.

Address correspondence to: Ming Jiang, Hemato-
logic Disease Center, First Affiliated Hospital of
Xinjiang Medical University, No. 8, Liyushan Road,
Urumgi 830061, Xinjiang, China. Tel: +86-189099-
43056; E-mail: 190219965@qq.com

References

[1] Fabricius WA and Ramanathan M. Review on
haploidentical hematopoietic cell transplanta-
tion in patients with hematologic malignan-
cies. Adv Hematol 2016; 2016: 5726132.

[2] Wang Y, Chang YJ, Xu LP, Liu KY, Liu DH,
Zhang XH, Chen H, Han W, Chen YH, Wang FR,
Wang JZ, Chen Y, Yan CH, Huo MR, Li D and
Huang XJ. Who is the best donor for a related
HLA haplotype-mismatched transplant? Blood
2014; 124: 843-850.

[3] ChangYJ, Weng CL, Sun LX and Zhao YT. Allo-
geneic bone marrow transplantation com-
pared to peripheral blood stem cell transplan-
tation for the treatment of hematologic ma-
lignancies: a meta-analysis based on time-to-
event data from randomized controlled trials.
Ann Hematol 2012; 91: 427-437.

[4] Champlin RE, Schmitz N, Horowitz MM,
Chapuis B, Chopra R, Cornelissen JJ, Gale RP,
Goldman JM, Loberiza FR Jr, Hertenstein B,
Klein JP, Montserrat E, Zhang MJ, Ringdén O,
Tomany SC, Rowlings PA, Van Hoef ME and
Gratwohl A. Blood stem cells compared with
bone marrow as a source of hematopoietic
cells for allogeneic transplantation. IBMTR His-
tocompatibility and Stem Cell Sources Working
Committee and the European Group for Blood
and Marrow Transplantation (EBMT). Blood
2000; 95: 3702-3709.

[5] Anasetti C, Logan BR, Lee SJ, Waller EK, Weis-
dorf DJ, Wingard JR, Cutler CS, Westervelt P,
Woolfrey A, Couban S, Ehninger G, Johnston L,
Maziarz RT, Pulsipher MA, Porter DL, Mineishi
S, McCarty JM, Khan SP, Anderlini P, Bensinger
WI, Leitman SF, Rowley SD, Bredeson C, Carter
SL, Horowitz MM, Confer DL; Blood and Mar-
row Transplant Clinical Trials Network. Periph-
eral-blood stem cells versus bone marrow from
unrelated donors. N Engl J Med 2012; 367:
1487-1496.

[6] Kanakry CG, Fuchs EJ and Luznik L. Modern
approaches to HLA-haploidentical blood or
marrow transplantation. Nat Rev Clin Oncol
2016; 13: 132.

[7] Woolfrey A, Lee SJ, Gooley TA, Malkki M, Martin
PJ, Pagel JM, Hansen JA and Petersdorf E. HLA-
allele matched unrelated donors compared to

Int J Clin Exp Med 2019;12(5):5249-5258


mailto:190219965@qq.com

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Acute GVHD in HLA-haploidentical PBSCT

HLA-matched sibling donors: role of cell source
and disease risk category. Biol Blood Marrow
Transplant 2010; 16: 1382-1387.

Busca A and Aversa F. In-vivo or ex-vivo T cell
depletion or both to prevent graft-versus-host
disease after hematopoietic stem cell trans-
plantation. Expert Opin Biol Ther 2017; 17:
1401-1415.

Ciceri F, Labopin M, Aversa F, Rowe JM, Bunjes
D, Lewalle P, Nagler A, Di Bartolomeo P, Lacer-
da JF, Lupo Stanghellini MT, Polge E, Frassoni
F, Martelli MF, Rocha V; Acute Leukemia Work-
ing Party (ALWP) of European Blood and Mar-
row Transplant (EBMT) Group. A survey of fully
haploidentical hematopoietic stem cell trans-
plantation in adults with high-risk acute leuke-
mia: a risk factor analysis of outcomes for pa-
tients in remission at transplantation. Blood
2008; 112: 3574-3581.

Aversa F, Martelli MF and Velardi A. Haploiden-
tical hematopoietic stem cell transplantation
with a megadose T-cell-depleted graft: har-
nessing natural and adaptive immunity. Semin
Oncol 2012; 39: 643-652.

Yuan HL, Li L, Qu JH, Wen BZ, Jiang M, Hao JP,
Chen R, Guo XH, Halida Y, Wang SZ and Ding
LL. Non-T-cell depleted HLA haploidentical pe-
ripheral blood stem cell transplantation for he-
matological malignancies: report of 36 cases.
Zhonghua Xue Ye Xue Za Zhi 2009; 30: 82-86.
Li L, Yuan HL, Wen BZ, Zhong D, Qu JH, Jiang
M, Halida 'Y, Guo XH and Hao JP. Comparison of
immunological reconstitution and related com-
plications after HLA-matched and HLA haploi-
dentical peripheral blood hematopoietic stem
cell transplantation. Zhonghua Nei Ke Za Zhi
2010; 49: 204-207.

Kreft A, Mottok A, Mesteri |, Cardona DM, Janin
A, Kahl AA, Andrulis M, Brunner A, Shulman
HM, Negri G, Tzankov A, Huber E; Gastrointes-
tinal Pathology Group of the German-Austrian-
Swiss GvHD Consortium. Consensus diagnos-
tic histopathological criteria for acute gastro-
intestinal graft versus host disease improve
interobserver reproducibility. Virchows Arch
2015; 467: 255-263.

Valcarcel D, Sierra J, Wang T, Kan F, Gupta V,
Hale GA, Marks DI, McCarthy PL, Oudshoorn
M, Petersdorf EW, Ringden O, Setterholm M,
Spellman SR, Waller EK, Gajewski JL, Marino
SR, Senitzer D and Lee SJ. One-antigen mis-
matched related versus HLA-matched unrelat-
ed donor hematopoietic stem cell transplanta-
tion in adults with acute leukemia: center for
international blood and marrow transplant re-
search results in the era of molecular HLA typ-
ing. Biol Blood Marrow Transplant 2011; 17:
640-648.

5257

(15]

(16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

Rashidi A, DiPersio JF, Westervelt P, Vij R,
Schroeder MA, Cashen AF, Fehniger TA and Ro-
mee R. Comparison of outcomes after periph-
eral blood haploidentical versus matched un-
related donor allogeneic hematopoietic cell
transplantation in patients with acute myeloid
leukemia: a retrospective single-center review.
Biol Blood Marrow Transplant 2016; 22: 1696-
1701.

McCurdy SR and Fuchs EJ. Comparable out-
comes for hematologic malignancies after
HLA-haploidentical transplantation with post-
transplantation cyclophosphamide and HLA-
matched transplantation. Adv Hematol 2015;
2015: 431923.

Zhao XS, Xu LP, Liu DH. The clinical charac-
teristics and prognosis of acute graft versus
host disease after HLA-matched and HLA-mis-
matched hematopoietic stem cell transplanta-
tion in adult. Chinese Medical Journal 2014; 1:
35-39.

Quellmann S, Schwarzer G, Hubel K, Greb A,
Engert A and Bohlius J. Corticosteroids for
preventing graft-versus-host disease after al-
logeneic myeloablative stem cell transplanta-
tion. Cochrane Database Syst Rev 2008;
CD004885.

Tan J, Wang Y, Yu SJ, Ma YY, Lei HY and Liu QF.
Prognostic factors on graft-versus-host dis-
ease-free and relapse-free survival after allo-
geneic hematopoietic stem cell transplanta-
tion for adults with acute leukemia. Leuk Res
2017; 59: 1-7.

Ballen KK, Koreth J, Chen YB, Dey BR and
Spitzer TR. Selection of optimal alternative
graft source: mismatched unrelated donor,
umbilical cord blood, or haploidentical trans-
plant. Blood 2012; 119: 1972-1980.
Chakupurakal G, Garcia-Marquez MA, Shima-
bukuro-Vornhagen A, Theurich S, Holtick U,
Hallek M, Scheid C and von Bergwelt-Baildon
M. Immunological effects in patients with ste-
roid-refractory graft-versus-host disease fol-
lowing treatment with basiliximab, a CD25
monoclonal antibody. Eur J Haematol 2016;
97: 121-127.

Jun HX, Jun CY and Yu ZX. A direct comparison
of immunological characteristics of granulo-
cyte colony-stimulating factor (G-CSF)-primed
bone marrow grafts and G-CSF-mobilized pe-
ripheral blood grafts. Haematologica 2005;
90: 715-716.

Aversa F, Tabilio A, Terenzi A, Velardi A, Falzetti
F, Giannoni C, lacucci R, Zei T, Martelli MP,
Gambelunghe C and et al. Successful engraft-
ment of T-cell-depleted haploidentical “three-
loci” incompatible transplants in leukemia pa-
tients by addition of recombinant human
granulocyte colony-stimulating factor-mobi-

Int J Clin Exp Med 2019;12(5):5249-5258



[24]

[25]

[26]

[27]

[28]

[29]

[30]

Acute GVHD in HLA-haploidentical PBSCT

lized peripheral blood progenitor cells to bone
marrow inoculum. Blood 1994; 84: 3948-
3955.

Lu DP, Dong L, Wu T, Huang XJ, Zhang MJ, Han
W, Chen H, Liu DH, Gao ZY, Chen YH, Xu LP,
Zhang YC, Ren HY, Li D and Liu KY. Condition-
ing including antithymocyte globulin followed
by unmanipulated HLA-mismatched/haploi-
dentical blood and marrow transplantation
can achieve comparable outcomes with HLA-
identical sibling transplantation. Blood 2006;
107: 3065-3073.

Huang XJ, Liu DH, Liu KY, Xu LP, Chen H, Han
W, Chen YH, Wang JZ, Gao ZY, Zhang YC, Jiang
Q, Shi HX and Lu DP. Haploidentical hemato-
poietic stem cell transplantation without in vi-
tro T-cell depletion for the treatment of hema-
tological malignancies. Bone Marrow Trans-
plant 2006; 38: 291-297.

Di Bartolomeo P, Santarone S, De Angelis G,
Picardi A, Cudillo L, Cerretti R, Adorno G, Ange-
lini S, Andreani M, De Felice L, Rapanotti MC,
Sarmati L, Bavaro P, Papalinetti G, Di Nicola M,
Papola F, Montanari M, Nagler A and Arcese W.
Haploidentical, unmanipulated, G-CSF-primed
bone marrow transplantation for patients with
high-risk hematologic malignancies. Blood
2013; 121: 849-857.

Choi SW and Reddy P. Current and emerging
strategies for the prevention of graft-versus-
host disease. Nat Rev Clin Oncol 2014; 11:
536-547.

Rogosheske JR, Fargen AD, DeFor TE, Warlick
E, Arora M, Blazar BR, Weisdorf DJ and
Brunstein CG. Higher therapeutic CsA levels
early post transplantation reduce risk of acute
GVHD and improves survival. Bone Marrow
Transplant 2014; 49: 122-125.

MacMillan ML, Robin M, Harris AC, DeFor TE,
Martin PJ, Alousi A, Ho VT, Bolanos-Meade J,
Ferrara JL, Jones R, Arora M, Blazar BR, Holtan
SG, Jacobsohn D, Pasquini M, Socie G, Antin
JH, Levine JE and Weisdorf DJ. A refined risk
score for acute graft-versus-host disease that
predicts response to initial therapy, survival,
and transplant-related mortality. Biol Blood
Marrow Transplant 2015; 21: 761-767.
Hartwell MJ, Ozbek U, Holler E, Renteria AS,
Major-Monfried H, Reddy P, Aziz M, Hogan WJ,
Ayuk F, Efebera YA, Hexner EO, Bunworasate U,
Qayed M, Ordemann R, Wolfl M, Mielke S,
Pawarode A, Chen YB, Devine S, Harris AC, Ja-
gasia M, Kitko CL, Litzow MR, Kroger N, Lo-
catelli F, Morales G, Nakamura R, Reshef R,
Rosler W, Weber D, Wudhikarn K, Yanik GA,
Levine JE and Ferrara JL. An early-biomarker
algorithm predicts lethal graft-versus-host dis-
ease and survival. JCI Insight 2018; 3.

5258

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Weisdorf D, Hakke R, Blazar B, Miller W, Mc-
Glave P, Ramsay N, Kersey J and Filipovich A.
Risk factors for acute graft-versus-host dis-
ease in histocompatible donor bone marrow
transplantation. Transplantation 1991; 51:
1197-1203.

Cutler C, Giri S, Jeyapalan S, Paniagua D,
Viswanathan A and Antin JH. Acute and chronic
graft-versus-host disease after allogeneic pe-
ripheral-blood stem-cell and bone marrow
transplantation: a meta-analysis. J Clin Oncol
2001; 19: 3685-3691.

Lazaryan A, Weisdorf DJ, DeFor T, Brunstein
CG, MacMillan ML, Bejanyan N, Holtan S, Bla-
zar BR, Wagner JE and Arora M. Risk factors for
acute and chronic graft-versus-host disease
after allogeneic hematopoietic cell transplan-
tation with umbilical cord blood and matched
sibling donors. Biol Blood Marrow Transplant
2016; 22: 134-140.

Hahn T, McCarthy PL Jr, Zhang MJ, Wang D,
Arora M, Frangoul H, Gale RP, Hale GA, Horan
J, Isola L, Maziarz RT, van Rood JJ, Gupta V,
Halter J, Reddy V, Tiberghien P, Litzow M, Anas-
etti C, Pavletic S and Ringden O. Risk factors
for acute graft-versus-host disease after hu-
man leukocyte antigen-identical sibling trans-
plants for adults with leukemia. J Clin Oncol
2008; 26: 5728-5734.

Jagasia M, Arora M, Flowers ME, Chao NJ, Mc-
Carthy PL, Cutler CS, Urbano-Ispizua A, Pavlet-
ic SZ, Haagenson MD, Zhang MJ, Antin JH, Bol-
well BJ, Bredeson C, Cahn JY, Cairo M, Gale RP,
Gupta V, Lee SJ, Litzow M, Weisdorf DJ, Horow-
itz MM and Hahn T. Risk factors for acute
GVHD and survival after hematopoietic cell
transplantation. Blood 2012; 119: 296-307.
Martin PS, Li S, Nikiforow S, Alyea EP 3rd, Antin
JH, Armand P, Cutler CS, Ho VT, Kekre N, Kore-
th J, Luckey CJ, Ritz J and Soiffer RJ. Infused
total nucleated cell dose is a better predictor
of transplant outcomes than CD34+ cell num-
ber in reduced-intensity mobilized peripheral
blood allogeneic hematopoietic cell transplan-
tation. Haematologica 2016; 101: 499-505.
Yamamoto C, Ogawa H, Fukuda T, Igarashi A,
Okumura H, Uchida N, Hidaka M, Nakamae H,
Matsuoka Kl, Eto T, Ichinohe T, Atsuta Y and
Kanda Y. Impact of a low CD34(+) cell dose on
allogeneic peripheral blood stem cell trans-
plantation. Biol Blood Marrow Transplant
2018; 24: 708-716.

Int J Clin Exp Med 2019;12(5):5249-5258



