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Background: The impact of donor age on the immune reconstitution of patients with
hematological malignancies who underwent hematopoietic cell transplantation (HCT)
is unclear.

Method: We retrospectively compared the outcomes of 381 patients who underwent
allogeneic peripheral blood stem cell transplantation (PBSCT) from 308 donors under
50 years of age and 73 donors over 50 years of age. IVIG was regularly supplemented
for patients in the first 3 months post-HCT.

Results: The counts of CD8+CD45RA+ naive T cells were significantly lower in
patients of the older donor group than in the younger donor group in the first year
after PBSCT (190.6 cells/ul vs. 239.6 cells/ul, p = .018). Patients in the older donor
group had significantly fewer CD19+ B cells on day +270 (123.4 cells/ul vs. 183.5
cells/ul, p = .021) and day +365 (169 cells/ul vs. 271.1 cells/ul, p = .01) after PBSCT.
Serum IgA (.76 g/L vs. .97 g/L, p < .001) and IgM levels (.75 g/L vs. 1.04 g/L, p < .001)
were significantly lower in patients in the older donor group from day +60 to +365
after PBSCT. The EBV reactivation rate within the first 3 months after PBSCT was
significantly higher in patients in the older donor group (48.6% vs. 38.3%, p = .034).
However, the incidences of CMV reactivation, II-IV acute graft-versus-host disease
(aGvHD), chronic GvHD (cGvHD), 3-year relapse rate, 3-year transplant-related mor-
tality (TRM) and 3-year overall survival (OS) were not significantly different between
the two groups.

Conclusion: In conclusion, donors >50 years old were associated with inferior immune
reconstitution and higher EBV reactivation in patients after PBSCT, but no change in
OsS.
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1 | INTRODUCTION

Allogeneic peripheral blood stem cell transplantation (PBSCT) is a
curative modality for most hematological malignancies. Hematopoietic
stem cells, like all other cells, are subjected to aging mechanisms, and
will gradually lose their self-renewal and regenerative potential.>2 Stu-
art et al. and HK et al. showed that donors over 50 years old had inferior
mobilization of CD34+ cells in the PBSCT setting.3* Therefore, older
donors may experience a higher rate of mobilization failure and lead to
engraftment failure of recipients. In recent years, haploidentical trans-
plantation has given rise to more donor sources.” In some cases, a
matched unrelated or a haploidentical related younger donor may be
preferable to a matched older donor.

Immune reconstitution plays an important role in the outcome of
HCT since post-transplantation infection leads to high morbidity and
mortality.>” However, the role of donor age on the immune recon-
stitution of their recipients remains largely unknown, and whether
older donors will lead to inferior transplant outcomes is unclear. There-
fore, we divided patients into donors < 50 years old group and donors
>50years old group. We retrospectively analyzed data from our center
and compared grafts, engraftment, immune reconstitution, GvHD and

survival of patients transplanted from the two donor age groups.

2 | METHODS

2.1 | Patients and donors

A total of 381 patients who underwent allogeneic PBSCT from January
2017 to December 2020 in our center were retrospectively ana-
lyzed. They received allograft from their HLA-matched related donors
(n = 109) or haploidentical related (n = 272) donors. This study had
ethical approval from hospital ethical committees and was conducted
in accordance with the Declaration of Helsinki. All patients included in

the study signed informed consent.

2.2 | Conditioning regimen

Myeloablative conditioning regimen for patients with acute myeloid
leukemia (AML) and myelodysplasia syndrome (MDS) consisted of
intravenous fludarabine (150 mg/m2) or cladribine (25 mg/m?), cytara-
bine (5 g/m2-10 g/m2) and busulfan (12.8 mg/kg). For patients
with acute lymphoblastic leukemia (ALL) and non-Hodgkin lym-
phoma (NHL), conditioning regimen consisted of intravenous etopo-
side (20 mg/kg-30 mg/kg), cyclophosphamide (100 mg/kg) and total
body irradiation (TBI, 10 Gy).

2.3 | GvHD prophylaxis

For HLA-matched related transplantation, GvHD prophylaxis con-

sisted of intravenous cyclosporine (2 mg/kg from day -5), methotrexate

(15 mg/m? on day +1, 10 mg/m?2 intravenous on day +3, +6), and
mycophenolate (MPA, 720 mg bid orally from day +1 to day +30).
Rabbit anti-thymocyte globulin (ATG, Thymoglobin®, Genzyme Poly-
clonals S.A.S, 2.5 mg/kg on day-2 and day-1, total dose 5 mg/kg) was
added to 22 patients. For haploidentical transplantation, 71 patients
received prophylaxis with ATG (2.5 mg/kg from day-1 to day-4, total
dose 10 mg/kg), cyclosporine, methotrexate and MPA, 158 patients
received low dose ATG (2.5 mg/kg on day-2 and day-1, total dose
5 mg/kg) and low dose posttransplant cyclophosphamide (50 mg/kg),?
and the others received posttransplant cyclophosphamide (50 mg/kg
on day +3, +4), cyclosporine (2 mg/kg from day +5) and MPA (720 mg
tid from day +5 to day +35).

2.4 | Engraftment and GvHD

Neutrophil engraftment was defined as the first of three consecu-
tive days of achieving a sustained peripheral blood neutrophil count
of > .5 x 10?/L. Platelet engraftment is defined as independence from
platelet transfusion for at least 7 days with a platelet count of more
than > 20 x 10?/L.? aGvHD and cGvHD were graded according to the
modified Glucksberg grading of aGvHD'? and 2014 National Institutes

of Health consensus criteria, respectively.?

2.5 | Supplement of intravenous immunoglobulin
Patients were given intravenous immunoglobulin (IVIg, Baxter, the
USA) 10 g/day for 2-3 days per month in the first 3 months post-HCT,
and intermittent supplement of IVIg if their serum IgG was lower than
the normal range thereafter.

2.6 | Statistical analysis

The statistics were analyzed by SPSS version 26.0 (SPSS, Chicago,
IL, USA). Continuous variables were analyzed by independent t-test
and Mann-Whitney U-test. Categorical factors were compared by
the Chi-square test. Immune reconstitution between patients of the
HLA-matched group and the haploidentical group was analyzed by
Mann-Whitney U-test. Immune reconstitution of lymphocyte subset
counts and immunoglobulin (Ig) of each time point (day +30, +60,
+120, +180, +270, and +365 posttransplant) between the two donor
age groups were analyzed by multiple linear regression to adjust
covariates of patient age and gender, donor gender, use of ATG, dis-
ease status, aGvHD, HLA disparity and virus reactivation. To clarify
the impact of donor age on immune reconstitution, donor age was
used as both a categorical variable (< 50 and >50 year) and a contin-
uous variable in multiple linear regression. A generalized linear mixed
model (GLMM) was applied to analyze the overall impact of donor
age on immune reconstitution, and data of lymphocyte subset counts
and immunoglobulin levels on day +60, +90, +120, +180, +270, and
+365 after HCT were collected and analyzed. All the covariates used
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in multiple linear regression were adjusted in GLMM as well. Data of
lymphocytes subsets were available for 69 recipients on day +30, 178
recipients on day +60, 171 recipients on day +90, 214 recipients on
day +120, 231 recipients on day +180, 178 recipients on day +270 and
168 recipients on day +365 after HCT. Data of serum immunoglobu-
lin levels were available for 96 recipients on day +60, 102 recipients
on day +90, 105 recipients on day +120, 126 recipients on day +180,
91 recipients on day +270 and 95 recipients on day +365 after
HCT.

Cumulative incidences of EBV and CMV reactivation were ana-
lyzed by Cox regression. Relapse rate, overall survival (OS) and
transplant-related mortality (TRM) were analyzed using the Kaplan-
Meier method, compared with the log-rank test and adjusted by
multivariate Cox regression. Covariates of HLA disparity, patient age,
aGVvHD, use of ATG, disease status, and hematopoietic cell transplan-
tation comorbidity index (HCT-CI) were adjusted in Cox regression. All
risk factors with p-values < .1 in univariate analysis were included in
multivariate analysis. All p-values were two-sided and were defined as

statistically significant if <.05.

3 | RESULTS

3.1 | Patient characteristics

A total of 381 patients who underwent myeloablative HLA-matched
related or haploidentical PBSCT were included, with a median follow-
up of 17 (1-54) months. The diagnosis was AML in 186, ALL in 83, MDS
in 75 and NHL in 37. The median age of patients and donors was 39
(range 7-67) and 36 (range 8-69) years old respectively. Among them,
73 donors (19.2%) were older than 50 years old. Baseline characteris-
tics of all patients and comparison of donor <50 and >50 year group
were shown in Table 1.

3.2 | Donor grafts

We compared the percentages and counts of grafts between
donors<50 and >50 year. The percentages (.49% vs. .67%, p < .001),
absolute cell counts (1410 cells/ul vs. 1900 cells/ul, p < .001), and
dose of CD34+ cells (9.00 x 10%/kg vs. 11.25 x 10%/kg, p < .001) in
the grafts of donors >50 year were significantly lower than those of
donors < 50 year. No difference was found in absolute lymphocyte
counts of grafts from older donors and younger donors (83.64 x 107
cells/L vs. 91.32 x 107 cells/L, p = .188). An age-related increase of
CD3+CD4+ T cell percentage was observed (Table 2, p < .001). Both
percentage (22.92% vs. 26.92%, p = .002) and counts (18.00 x 10?
cells/L vs. 23.48 x 107 cells/L, p = .002) of CD3+CD8+ T cell were
significantly lower in the older donor group. In addition, differences
between younger and older donor grafts were evident as decreases
in CD4+CD45RA+ naive and CD8+CD45RA+ naive T cells, and
increases in CD4+CD45R0O+ and CD8+CD45RO+ memory T cells
with age (Table 2). Besides, a significant increase of CD4+CD29+
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T cell percentage and reductions in both percentage and counts of
CD8+CD28+ T cells with donor age were identified (Table 2).

3.3 | Engraftment

All but five patients engrafted successfully. Among the patients who
failed to engraft, four were in the younger donor group and one was in
the older donor group. For patients engrafted successfully, there were
no significant differences in median days to the engraftment of neu-
trophil (12 days vs. 12 days, p = .667) and platelet (13 days vs. 13 days,
p =.426) between the two donor age groups (Table 3).

3.4 | Immune reconstitution

To investigate the differences in immune reconstitution, we compared
the counts of peripheral lymphocyte subsets between patients of the
two donor groups by multiple linear regression. No differences in the
reconstitution of total lymphocytes, CD3+CD4+ T cells, CD3+CD8+
T cells and natural killer (NK) cells were found between the two groups
at all posttransplant time points (Figure 1A-D). As for T cell subsets,
there were no differences in the reconstitution of CD4+CD45RA+
naive T cells, CD4+CD45RO+ memory T cells and CD8+CD45RO+
memory T cells between the two groups (Figure 1F,G,l). However, we
found a significant reduction in CD8+CD45RA+ naive T cell counts in
patients of the older donor group on day +60 (Figure 1H, 57.1 cells/ul
vs. 97.2 cells/ul, p = .041) after HCT, and significant inverse corre-
lations of CD8+CD45RA+ naive T cell counts with donor age were
found on day +60, +90, +180, +270 after HCT (Figure 2A-D, p =.002,
.017,.001,.047, respectively). As for CD19+ B cells, the reconstitution
kinetics began to show a difference from the 4th month post-PBSCT
(Figure 1E). Patients of the older donor group had significantly fewer
CD19+ B cells on day +270 (123.4 cells/ul vs. 183.5 cells/ul, p = .021)
and day +365 (169 cells/ul vs. 271.1 cells/ul, p = .01) post-HCT.
Besides, significant inverse correlations of CD19+ B cells with donor
age were identified on day +270 and +365 post-HCT (Figure 2E,F,
p=.027 and .021).

We found significant reductions in serum IgA on day +90 (Figure 1J,
.57 g/Lvs..82g/L,p=.04),+365 (Figure 1J,.75g/L vs..91g/L,p=.016)
and serum IgM on day +180 (Figure 1K, .63 g/L vs..81 g/L, p =.042) in
the older donor group after PBSCT. However, no significant differences
in the reconstitution of serum IgG were found between the two donor
age groups (Figure 1L).

Asfor HLA disparity, immune reconstitution of CD4+CD45RA naive
T cells was significantly higher in patients of the HLA-matched group
than in the haploidentical group on day +60, +90, +120, +180, +270
(All p < .001) and day +365 (p = .009) post-HCT. In addition, patients
of the HLA-matched group had significantly fewer CD8+CD45RO+
memory T cells onday +120, +180, +270 and +365 post-HCT (p =.002
on day +120, < .001 on day +180, +270 and +365). The differences
inimmune reconstitution between patients of the HLA-matched group

and the haploidentical group were shown in Table S1.
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TABLE 1 Patients’ baseline characteristics

All patients Donor<50 year Donor >50year
(n=381) (n=308) (n=73) p-Value
Patient age, year 39 (7-67) 39(7-67) 38 (18-64) 423
Patient gender 737
Male 231 188(61.0%) 43(58.9%)
Female 150 120(39.0%) 30(41.1%)
Donor age, year 36 (8-69) 31(8-49) 55(50-69) .000
Donor gender .680
Male 232 186(60.4%) 46(63.0%)
Female 149 122(39.6%) 27(37.0%)
HLA .057
Matched 109 81(26.3%) 28(38.4%)
Haploidentical 272 227(73.7%) 45(61.6%)
GvHD prophylaxis 433
CSA+MTX+MPA 96 73(23.7%) 23(31.5%)
ATG+CSA+MTX+MPA 93 76(24.7%) 17(23.3%)
ATG+CSA+CTX+MPA 158 129(41.9%) 29(39.7%)
CTX+CSA+MPA 34 30(9.7%) 4(5.5%)
Diagnosis 794
AML 186 154(50%) 32(43.8%)
ALL 83 65(21.1%) 18(24.7%)
MDS 75 59(19.2%) 16(21.9%)
NHL 37 30(9.7%) 7(9.6%)
Disease status .620
CR 270 220(71.4%) 50(68.5%)
NR 111 88 (28.6%) 23(31.5%)
ECOG 437
0 276 226(73.4%) 50(68.5%)
1 89 68(22.1%) 21(28.8%)
2 10 8(2.6%) 2(2.7%)
3 6 6(1.9%) 0(.0%)
HCT-CI .840
0 301 241(78.2%) 60(82.2%)
1 63 53(17.2%) 10(13.7%)
2 8 7(2.3%) 1(1.4%)
3-4 9 7(2.3%) 2(2.7%)
Donor-recipient gender 918
Female donors to male recipients 87 70(22.7%) 17 (23.3%)
Others 294 238 (77.3%) 56(76.7%)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATG, rabbit-anti-human thymocyte globulin; CR, complete remission; CSA,
cyclosporine; CTX, cyclophosphamide; ECOG, Eastern cooperative oncology group; GvHD, graft-versus-host disease; HCT-CI, hematopoietic cell transplan-
tation comorbidity index, MDS, myelodysplasia syndrome; MPA, mycophenolate; MTX, methotrexate; NHL, non-Hodgkin lymphoma; NR, non-complete
remission.
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TABLE 2 Comparison of cell subsets of grafts from two donor groups

Cell types

CD34+ cell counts (cells/ul)
Percentage of CD34+ cell (%)
CD34+ cell dose (10%/kg)

Total lymphocyte (107/L)
CD3+CD4+ T (%)

CD3+CD4+ T (10%/1)

CD3+CD8+ T (%)

CD3+CD8+ T (10%/L)

CD56+ NK (%)

CD56+ NK (10%/L)

CD19+ B (%)

CD19+ B (10%/L)

CD4+CDA45RA+ naive T/CD4+ T (%)
CD4+CD45RA+ naive T (107/L)
CD4+CD45R0O+ memory T/CD4+ T (%)
CD4+CD45RO+ memory T (10°/L)
CD8+CD45RA+ naive T/CD8+ T (%)
CD8+CD45RA+ naive T (107/L)
CD8+CD45R0O+ memory T/CD8+ T (%)
CD8+CD45RO-+ memory T (10?/L)
CD4+CD29+ T (%)

CD4+CD29+ T (10%/L)
CD8+CD28+ T (%)

CD8+CD28+ T (10%/L)

Donor < 50 year
1900 (200-9640)
.67 (06-2.23)
11.25(3.11-46.55)
91.32(33.35-228.24)
35.52(15.90-59.80)
31.54(6.45-90.70)
26.92(9.98-43.68)
23.48(7.12-90.61)
13.31(1.60-60.10)
10.34 (1.57-86.16)
14.66 (2.10-36.60)
12(1.01-49.76)
35.7(1.70-76.20)
10.36 (.43-53.88)
60.40 (16.80-96.50)
17.81(4.33-49.59)
54.81(.10-86.70)
12.28(.03-39.21)
38.56 (8.30-85.80)
8.40 (1.69-45.67)
20.31(6.03-45.80)
17.12 (4.30-53.41)
18.96 (1-33.70)
17.12 (.49-63.68)

l Clinical TRANSPLANTATION

Donor >50 year
1410 (140-8050)
49 (.05-1.85)
9.00(1.23-33.22)
83.64(25.59-217.97)
38(13.10-57.62)
30.63(5.83-95.47)
22.92(11.30-46.50)
18(2.89-80.87)
14.32(3.31-34.50)
8.97(1.43-40.87)
17.10(5.82-30)
12.47 (3.74-37.88)
29.37(7.70-61.93)
6.97 (.80-34.71)
66(35.04-92.10)
19.33(4.49-74.94)
44.37 (7.88-82)
6.73(.92-30.81)
49.29(11.70-87.20)
7.86(1.13-43.75)
24.63(8.10-46.80)
18.93(4.89-83.70)
15.13(5.90-30.10)
12.51(2.12-40.86)

WILE

p-Value
<.001
<.001
<.001
.188
095
707
.002
.002
456
411
.048
.853
026
066
.035
.693
<.001
<.001
<.001
.703
<.001
489
<.001
.006

Y 50f11

r
—.108*
—.126*
-.117*
—-.070
.252**
.085
—.306**
—.207**
.033
—.054
139
.064
—.308**
—.154*
.290**
216
—.332**
—.383**
.355**
.089
.378**
.210**
—.318**
247

Note: The medians (range) of cell subsets in grafts from the two donor groups, and the correlation coefficient between donor cell subsets and donor age were
shown. Asterisk (*) indicated correlation coefficient with statistical significance.

TABLE 3 Comparison of engraftment, virus reactivation, GvHD and survival of patients from two donor groups

Median days to neutrophil engraftment (range)
Median days to platelet engraftment (range)
EBV reactivation rate (%) (n)
CMV reactivation rate (%) (n)
Incidence of aGvHD
1° (%) (n)
11-1V° (%) (n)
Incidence of 1-year cGvHD (%) (n)
3-year relapse rate (%) (n)
3-year TRM (%) (n)
3-year OS (%) (n)

Donor < 50 year
12.0(7-25)
13.0(8-45)
38.3(114)
38.4(114)

20.1(65)
12.2(37)
43.7 (107)
22.7(57)
14.5(36)
68.6 (224)

Donor >50 year
12.0(9-20)
13.0(9-32)

48.6 (34)
37.1(26)

22.2(16)
15.3(11)
51.7 (31)
22.1(13)
11.6(8)

70.2(52)

p-Value
667
426
034
.785
742

265
819
.989
775

Abbreviations: aGvHD, acute graft-versus-host disease; cGvHD, chronic graft-versus-host disease; OS, overall survival, TRM, transplant-related mortality.
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FIGURE 1 Comparison of immune reconstitution of patients between donor < 50 year group and >50 year group within the first year

post-PBSCT. Median lymphocyte subset counts on day+ 30, +60, +90, +120, +180, +270, and +365 post-PBSCT, and median serum IgA, IgM and
1gG level on day +60, +90, +120, +180, +270, +365 post-PBSCT were shown

We then conducted a GLMM analysis to further clarify the over-
all impact of donor age on immune reconstitution. No differences
in the reconstitution of total lymphocytes (p = .172), NK cells
(b = 925), CD19+ B cells (p = .892), CD3+CD4+ T cells (p = .403),
CD3+CD8+ Tcells (p=.179), CD4+CD45RA+ naive T cells (p =.105),
CD4+CD45RO+ memory T cells (p = .671), CD8+CD45RO+ memory

T cells (p = .789) and serum IgG level (p = .602) were found between
the two donor age groups. However, significant reductions were found
in the reconstitution of CD8+CD45RA+ naive T cells (190.6 cells/ul vs.
239.6 cells/ul, p = .018), serum IgA (.76 g/L vs. .97 g/L, p < .001) and
serum IgM (.75 g/L vs. 1.04 g/L, p < .001) in patients of the older donor
group. In addition, we found that the development of I-IV aGvHD and
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FIGURE 3 Cumulative incidence of EBV and CMV reactivation of patients between donor<50 year group and >50 year group within 90 days

after HCT (A) EBV reactivation (B) CMV reactivation

male gender were beneficial to the reconstitution of CD8+CD45RA+
T cells. The factors relating to the reconstitution of CD8+CD45RA+ T
cells, serum IgA and IgM were shown in Table 4.

3.5 | EBV and CMV reactivation

A total of 148 (40.2%, 95%Cl: 35.2%-45.3%) and 152 (38.21%, 95%Cl:
33.2%-43.1%) patients developed EBV and CMV reactivation within
90 days after HCT respectively. The EBV reactivation rate was signifi-
cantly higher in patients of donor >50 year group than donor < 50 year
group (Figure 3A, 48.6%, 95%Cl: 36.6%-60.6%, vs. 38.3%, 95%ClI:
32.7%-43.8%, p = .034, hazard ratio = 1.52, 95%Cl: 1.03-2.23). In

addition, we compared naive CD8+ T cell counts in patients before EBV
reactivation, and found the CD8+CD45RA+ naive T cell counts were
significantly lower in EBV reactivated patients than in patients without
EBV reactivation (40.0 cells/ul vs. 121.1 cells/ul, p < .001). However,
no difference in CMV reactivation rate was observed between the two
groups (Figure 3B, 38.4%, 95%Cl: 32.8%-43.9% in the younger donor
group, 37.1%, 95%Cl:25.5%-48.7% in the older donor group, p =.785).

3.6 | GvHD

The cumulative incidence of grade | and grade II-IV aGvHD in all
patients was 21.5% (95%Cl: 17.4%-25.7%,n = 81) and 12.8% (95%Cl:
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TABLE 4 Multivariate analysis of the factors relating to CD8+CD45RA+ T cells, serum IgA and I1gM reconstitution within the first year

post-HCT by GLMM

Multivariate analysis

Type of reconstitution Variables Medians (range) p-Value
CD8+CD45RA+ T cell Donor age .018
<50vyear 239.6 cells/ul (.8-6291)
>50vyear 190.6 cells/ul (2.7-1672)
I-IV aGvHD .021
no 195.8 cells/ul (.8-2415)
yes 234.3 cells/ul (5.4-6291)
Donor gender .001
male 241.6 cells/ul (3.5-6291)
female 188.5 cells/ul (.8-2009)
Serum IgA Donor age .000
<50 year .97 g/L (.03-4.60)
>50 year .76 g/L (.05-3.60)
HLA .000
Matched 1.00 g/L (.05-4.60)
Haploidentical .73 g/L (.03-3.20)
Recipient gender .049
male .82 g/L (.03-4.60)
female .91g/L (.04-3.49)
Serum IgM Donor age .000
<50year 1.04 g/L (.03-18.5)
>50vyear .75g/L(.01-2.73)
EBV reactivation within 100 days post HCT .034
no .96 g/L(.01-18.5)
yes .82g/L(.04-5.19)
Recipient gender .001
male .78 g/L (.01-5.49)
female 1.00g/L (.04-18.5)
Recipient age .014

9.4%-16.2%, n = 48) respectively. No difference was identified in
the two donor age groups (p = .742). As for the incidence of 1-year
cGVvHD, no difference was found between the two groups (51.7%,
95%Cl: 38.6%-64.7%,n = 31vs.43.7%, 95%Cl: 37.4%-49.9%,n = 107,
p=.265).

3.7 | Relapse

A total of 70 patients had disease relapse. The 3-year relapse rate was
22.7% (95%Cl: 17.5%-27.9%) in the younger donor group, and 22.1%
(95%Cl: 11.1%-32.9%) in the older donor group, with no statistical
difference observed (Figure 4A, p = .819). In addition, no difference
in the 3-year relapse rate was observed between patients of the
HLA-matched group and the haploidentical group (26.8% vs. 20.8%,
p=.257).

3.8 | TRM and OS

At the end of the follow-up, 98 patients died, and 44 of them
died of TRM. The 3-year TRM of donor < 50 year group and
>50 year group was 14.5% (95%Cl: 10.1%-18.9%) and 11.6%
(95%Cl: 3.8%-19.3%), respectively. There was no significant differ-
ence between the two groups (Figure 4B, p = .989). Besides, no
difference in 3-year TRM was identified between patients of the
HLA-matched group and the haploidentical group (11.6% vs. 14.6%,
p =.444).

In addition, there was no significant difference in the estimated 3-
year OS between donor < 50 and >50 year group (68.5%, 95%Cl:
63.4%-73.6% vs. 70.3%, 95%Cl: 59.6%-80.9% (Figure 4C, p = .775).
Similarly, there was no difference in the estimated 3-year OS between
patients of the HLA-matched group and the haploidentical group
(65.6% and 71.0%, p = .732).
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FIGURE 4 Outcomes of patients between the two donor age groups. (A) relapse rate (B) transplant-related mortality (C) overall survival

4 | DISCUSSION

Our study compared donor grafts and immune reconstitution of
381 recipients between donors < 50 and >50 year, and found
the grafts from older donors contained higher percentages of
CD3+CD4+ T lymphocytes and CD4/CD8+CD45R0O memory T lym-
phocytes, but lower percentages of CD3+CD8+ T lymphocytes
and CD4+/CD8+CD45RA+ naive T lymphocytes. Patients from
the older donor group had significantly slower reconstitution of
CD8+CD45RA+ T cells, B cells, serum IgA and IgM levels, and a higher
incidence of EBV reactivation after transplant. However, there was no
impact of donor age on acute and chronic GvHD, relapse and survival
of patients.

The present study found an age-related increase of CD3+CD4+
T cell percentage, but no impact of donor age on CD3+CD4+ T cell
counts in donor grafts, which were different from the previous study on
peripheral blood. Jiao Y et al. reported a trend of decreased peripheral
blood CD3+CD4+ T cell counts and percentage with age,'2 and Melzer
et al. identified the same results of CD3+CD4+ T cell counts in periph-
eral blood.!® In addition, our study showed age-related increases of
CD4+CD45R0O+ memory T cell and CD4+CD29+ memory effector
T cell percentages, which were consistent with previous studies on
peripheral blood, revealing their age-dependent effect,’4-1¢ and this
might explain the age-related increase of CD3+CD4+T cell percentage
in our study.

In our study, grafts from the older donor group contained signif-
icantly fewer CD34+ cells. However, there were no differences in
the engraftment of neutrophil and platelet between the two donor
age groups. The reason might be the median dose of CD34+ cells of
both groups was higher than 8 x 10¢/kg, which was sufficient for the
engraftment of donor grafts.

Studies about the impact of donor age on the immune reconstitution
after HCT are lacking. Our study showed an inferior overall immune
reconstitution in patients of the older donor group, which was similar
to the study by Marta et al. Their study showed a faster immune recon-
stitution of CD3+ T cells and B cells in pediatric patients using younger
donors in a T cell-depleted haploidentical setting.!” The reconstitu-
tion of CD4+CD45RA+ naive T cells depended on the patient’s thymic
output, therefore, the CD4+CD45RO+ memory/effector T cells orig-

inating from mature T cells in the donor grafts predominated in the

CD4+ T cells after HCT.281? Indeed, our study showed slow recovery
of naive CD4+ T cells, and a major expression of CD45R0O in the recon-
stituting CD4+ T cells. We did not find differences in the reconstitution
of naive CD4+ T cells between the two donor groups, the reason might
be the reconstitution of naive CD4+ T cells was thymus-dependent,
which was related to recipient age. However, we found significantly
lower counts of naive CD8+ T cells in older donor group patients. The
generation of CD8+T cells after HCT was largely thymic-independent,
therefore, the reconstitution of naive CD8+ T cells might be influ-
enced by more factors including donor age.’® We found decreased
CD8+CD45RA+ T cell counts in grafts from older donors, and this
might be associated with the reductions in naive CD8+ T cell reconsti-
tution in patients of the older donor group. As for humoral immunity,
we found significant reductions in CD19+ B cell reconstitution in
patients of the older donor group in the later stage, but not early stage
after HCT, and this was in line with the fact that B cell counts are
nearly zero within the first few months and the reconstitution begins
from 4 to 6 months after HCT.”1820 Furthermore, we found signifi-
cant reductions in serum IgA level and serum IgM level in the older
donor group patients, and this was different from the finding of Storek
et al. They failed to show any impact of donor age on immunoglobulin
reconstitution.2! However, there was no difference in IgG reconstitu-
tion between the two donor groups in our study. Regular supplement
of intravenous IgG post-HCT might be the reason.

Our study showed a higher EBV reactivation in the older donor
group. The first 90 days after allogeneic HCT are characterized by
cellular immunodeficiencies, which renders patients susceptible to
EBV and CMV reactivation.'® The link between immune recovery
and EBV reactivation after HCT is ambiguous. Z Bian et al. found
a delayed recovery of CD4/CD8 double-negative T cells correlated
with EBV reactivation after haplo-HCT.22 We found CD8+CD45RA+
T cell counts were lower in EBV reactivated patients, indicating a
possible role of CD8+CD45RA+ T cells recovery in preventing EBV
reactivation.

Inthe present study, there were no significant differences in the inci-
dences of aGvHD and cGVHD between the two donor age groups. A
retrospective registry study by the National Marrow Donor Program
based on 6978 patients revealed both increased incidences of aGvHD
and cGvHD with advanced donor age.2® On the contrary, Rezvani et al.

found that both myeloablative and nonmyeloablative recipients with
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older sibling donors had significantly a lower incidence of grade Il to
IV aGvHD than recipients with grafts from younger unrelated donors,
but no difference in cGvHD.?*

There were no significant differences in relapse rate, TRM and OS
between the two donor age groups in our study. Kollman et al. revealed
an inferior outcome with advanced donor age in an unrelated donor
bone marrow transplantation setting.2® Bastida et al. showed donors
over 50 years old were associated with poorer outcomes in patients
diagnosed with MDS and AML.2> Servais et al. also found a simi-
lar correlation between donor age and clinical outcome post-HCT.2¢
On the contrary, M Robin et al. found no difference between donor
age and clinical outcome in patients with MDS and AML.27 A study
from Mottl6 et al. showed donors > 55 years old mobilized fewer
CD34+ cells in the PBSCT setting. However, the transplant outcome
was not influenced by donor age.? Rezvani et al. identified similar
results, the donor age beyond 60 did not impair the clinical outcome
when compared with younger donors.2* Our study only found infe-
rior immune reconstitution and a higher EBV reactivation rate in the
older donor group. However, a higher incidence of EBV reactivation
did not bring inferior transplant outcomes in our study, which was con-
sistent with previous studies by Peric Z et al. and Ru Y et al., they
showed that a higher EBV reactivation rate was not associated with
inferior transplant outcome.2%3° Limitations of this study are mainly
attributed to the relatively small number of patients and the retrospec-
tive nature of our single-center study. Therefore, more prospective
studies are needed to further clarify the outcomes of patients between
younger and older donors, and the outcomes between HLA-matched
and haploidentical transplantation.

In conclusion, our study showed grafts from donors >50 years old
contained lower CD3+CD8+ T cells and CD8+CD45RA+ naive T cells
than younger donors. Recipients from donors >50 years old had rel-
atively inferior immune reconstitution of CD8+ CD45RA+ naive T
cells, CD19+ B cells, serum IgA, serum IgM and a higher incidence of
EBV reactivation, but similar outcomes in engraftment, GvHD, disease
relapse, TRM and OS.
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