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Background/Aims: Immune reconstitution following allogeneic hematopoiet-
ic stem cell transplantation (HSCT) is affected by multiple variables during the 
transplantation.
Methods: We assessed the clinical factors contributing to immune function re-
constitution at 100 days post-allogeneic HSCT in 114 patients receiving fludara-
bine-based conditioning. Immunophenotypic analysis using flow cytometry was 
performed to evaluate the percentage and the absolute numbers of T-cell subsets, 
natural killer cells, and B-cells as clinical outcomes.
Results: Tacrolimus-based graft-versus-host disease (GVHD) prophylaxis, T-cell 
depletion, and acute GVHD were significantly associated with delayed immune 
reconstitution of T-cell subsets. The incidence of chronic GVHD was significant-
ly increased in the normal recovery group compared to the abnormal group (p = 
0.01). Epstein-Barr virus reactivation was more frequently observed in the abnor-
mal group of T-cell subsets (p = 0.045). All viral reactivation events including cyto-
megalovirus reactivation appeared to be more frequent in the abnormal group of 
T-cell subsets.
Conclusions: The immune recovery status post-allogeneic HSCT was affected 
by GVHD prophylactic regimens, especially in cases receiving tacrolimus-based 
GVHD prophylaxis, T-cell depletion, and possibly those manifesting acute 
GVHD. Delayed immune reconstitution might increase the morbidity due to viral 
reactivation. Treatment strategies are needed to prevent infectious complications 
and enhance immune reconstitution based on the immune recovery status fol-
lowing allogeneic HSCT with fludarabine-based conditioning.

Keywords: Hematopoietic stem cell transplantation; Immunity; Treatment out-
comes; Graft vs host disease

Is immunological recovery clinically relevant at 
100 days after allogeneic transplantation?
Jin Park1, Sung Hee Lim1, Se Hyung Kim1, Jina Yun1, Chan Kyu Kim1, Sang Cheol Lee2, Jong Ho Won3, 
Dae Sik Hong1, and Seong Kyu Park1

INTRODUCTION

Immune recovery after allogeneic hematopoietic stem 
cell transplantation (HSCT) depends on several vari-
ables during the transplantation including the specific 
conditioning regimens, types of donor, source of hema-
topoietic progenitor cells, and approaches to prevent 

graft-versus-host disease (GVHD) [1]. For example, T-cell 
depletion is used to decrease the frequency of GVHD. 
T-cell depletion of the allograft leads to significantly 
delayed immune reconstitution and increases morbid-
ity and mortality due to infection in both younger and 
older recipients [1,2]. In patients with GVHD, immune 
reconstitution and response to vaccines is further hin-
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dered by the use of systemic corticosteroids and other 
immunosuppressive drugs to treat chronic GVHD [3]. In 
addition, thymus is extremely sensitive to immunosup-
pressive treatments for GVHD prophylaxis, and GVHD 
itself [4].

Reconstitution of the immune system following al-
logeneic HSCT is a complex process that requires suc-
cessful engraftment of hematopoietic stem cells, as well 
as adequate thymic function. Recovery of innate and 
adaptive immune systems occurs gradually during the 
post-transplantation period. Innate immunity usually 
recovers during the initial several months, whereas re-
constitution of adaptive immunity occurs over the first 1 
to 2 years. Delay in immune system recovery is associat-
ed with morbidity and mortality [5].

For patients who undergo stem cell transplantation, 
day 100 following the procedure is an important mile-
stone. The risk of transplant-related complications 
and infections is the highest during the first 100 days 
post-transplantation. Immune recovery after allogeneic 
HSCT is characterized by cellular immune deficiencies 
involving a reduced number of cytotoxic lymphocytes, 
natural killer (NK) cells in the innate immune system, 
and T-cells in the specific immune system [5].

In this study, we assessed the clinical factors includ-
ing the GVHD prophylactic regimens that affect the 
immune recovery status at 100 days after allogeneic 
HSCT in patients who receive fludarabine-based con-
ditioning. In addition, the effect of immune reconstitu-
tion on clinical outcomes including the overall survival, 
disease-free survival, non-relapse mortality, and relapse 
rate was evaluated. 

METHODS

Ethical statement
This study was approved by the Institutional Review 
Board of Soonchunhyang University Bucheon Hospital 
(2015-07-029) with written informed consents.

Patients
One hundred fourteen patients were included in this 
retrospective analysis. The patients received allogeneic 
HSCT at Soonchunhyang University Bucheon Hospital 
from August 2004 to April 2016. The diagnoses included 

acute myelogenous leukemia (AML), acute lymphoblas-
tic leukemia (ALL), myelodysplastic syndrome (MDS), 
lymphoma, multiple myeloma, chronic myelogenous 
leukemia (CML), and aplastic anemia. The pre-trans-
plantation status of acute leukemia patients varied and 
included first complete remission (CR1), second com-
plete remission (CR2), third complete remission (CR3), 
and refractory status. To calculate hematopoietic cell 
transplantation-comorbidity index (HCT-CI), baseline 
studies were conducted that included echocardiography 
and pulmonary function tests. Based on the risk strat-
ification using HCT-CI scores [6], patients were cate-
gorized into two risk groups. The standard-risk group 
showed low or intermediate risk, and the high-risk 
group had high risk. Several conditioning regimens with 
various dose intensities were administered according to 
disease type, disease status at the time of transplant, and 
HCT-CI scores. The myeloablative conditioning regi-
mens included busulfan (12.8 mg/kg)/fludarabine (150 
to 160 mg/m2) with or without antithymocyte globulin. 
The reduced intensity conditioning regimen included 
busulfan (6.4 to 9.6 mg/kg)/fludarabine (150 to 180 mg/
m2) with or without antithymocyte globulin (thymo-
globulin, 5 to 9 mg/kg in 3 days) or alemtuzumab (30 mg/
day for 2 days). The combination of fludarabine (150 mg/
m2)/cyclophosphamide (120 mg/kg)/antithymocyte glob-
ulin was used as a conditioning regimen for patients 
with aplastic anemia. Patients received peripheral blood 
stem cells from matched sibling donors, matched unre-
lated donors, or haplo-identical related donors. Patients 
received calcineurin inhibitor-based GVHD prophylax-
is (cyclosporine-A or tacrolimus).

Evaluation of the immune status post-transplantation
For the identification and enumeration of different 
subpopulations of peripheral blood lymphocytes, im-
munophenotypic analysis using flow cytometry was per-
formed at 100 days after the transplant. To determine 
the T-cell status, the percentage and the absolute num-
bers of CD3+, CD4+, and CD8+ cells per microliter of 
blood were evaluated. Absolute counts were calculated 
based on the proportion of these cells in the lymphocyte 
gate, percentage of lymphocytes, and complete blood 
counts. The CD16 + CD56+ cell numbers and percent-
ages were determined to measure NK cells. To evaluate 
the B-cell status, we evaluated the percentage and the 
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absolute counts of CD19+ B-cells and the serum levels of 
immunoglobulin (Ig) including IgG, IgM, and IgA. The 
lymphocyte reference ranges [7] were 801 to 2,534/μL for 
CD3+ cells, 482 to 1,620/μL for CD4+ cells, 341 to 1,352/
μL for CD8+ cells, 62 to 1,278/μL for CD16 + CD56 + NK 
cells, and 71 to 830/μL for CD19+ B-cells. The reference 
ranges of serum immunoglobulin were 408 to 1,788 mg/
dL for IgG, 70 to 400 mg/dL for IgA, and 40 to 230 mg/
dL for IgM.

Statistical analyses
The primary endpoint was the impact of clinical fac-
tors including GVHD prophylactic regimen in immune 
recovery of patients undergoing allogeneic HSCT. The 
secondary endpoints included the correlation between 
the immune recovery status and clinical outcomes. The 
clinical outcomes were disease-free survival (DFS), over-
all survival (OS), acute and chronic GVHD, non-relapse 
mortality (NRM), and relapse. All outcomes were mea-
sured from the time of stem cell infusion. The DFS was 
defined as survival without leukemia progression or re-
lapse. Patients alive without disease progression or re-
lapse were censored at the time of last contact. The OS 
was based on death from any cause. Surviving patients 
were censored at the time of last contact. Relapse was 
defined as the time to onset of hematologic recurrence 
or disease progression. Genetic relapse was assessed by 
the decrease in the rate of donor chimerism status be-
low 95% or the reappearance of tumor target gene mark-
ers. NRM was defined as death from any cause without 
relapse in continuous complete remission or without 
progression. The incidence of grade II to IV or III to 
IV acute and chronic or extensive chronic GVHD was 
based on classical criteria [8,9]. 

The patients were categorized into two groups accord-
ing to the immune recovery status 100 days after alloge-
neic HSCT. Based on quantitative analysis of peripheral 
lymphocytes via flow cytometry, the normal group was 
defined by T-cell subsets, B-cells, or serum immuno-
globulins within their reference ranges, and the abnor-
mal group was defined by levels outside the reference 
ranges.

Statistical differences in demographic and clini-
cal characteristics between the normal and abnormal 
groups were evaluated using chi-square or Fisher’s ex-
act test for categorical variables, and Student’s t test or 

Wilcoxon’s rank sum test for continuous variables. The 
Mann-Whitney U test was used to determine the statis-
tical validity of non-parametric statistics depending on 
whether the intensive tendencies of two independent 
variables varied in the non-even distribution group. 
Probabilities of OS and DFS were estimated using Ka-
plan-Meier survival curves. Log-rank test was used to 
compare survival curves. A univariate Cox proportional 
hazards regression analysis was performed to correlate 
clinical variables with immune recovery. Based on the 
results of univariate Cox proportional hazard regression 
analysis, significant variables were selected for multivar-
iate Cox proportional hazards regression analysis.

A p value of 0.05 was considered statistically signif-
icant. All statistical analyses were performed using 
SPSS 14.0 KO version for Windows (SPSS Inc., Chica-
go, IL, USA) and a freely available R 3.1.3 version (http://
cran.r-project.org/).

RESULTS

Patients’ demographic and clinical characteristics
The study included a total of 114 patients. The demo-
graphic and clinical data are presented in Table 1. The 
median follow-up of the survivors was 43 months (range, 
6 to 113). The median age at baseline was 43.5 years (range, 
2 to 71). Sixty-two patients (54.4%) were male. Trans-
plants were performed in 35 patients (30.7%) from 2004 
to 2008, in 47 patients (40.2%) from 2009 to 2014, and 
in 32 patients (28.1%) from 2015 to 2017. Among the 114 
patients, the most common type of disease was AML (n 
= 59, 51.8%) followed by ALL (n = 27, 23.7%). Eleven MDS 
patients and four lymphoma patients were included. 
Among the 11 MDS patients, six carried a lower risk, and 
five had a higher risk based on International Prognostic 
Scoring System of MDS at the time of diagnosis. Four 
lymphoma patients showing partial response to chemo-
therapy received HSCT. Other cases included multiple 
myeloma (n = 4), chronic myeloid leukemia in blast crisis 
(n = 3), severe aplastic anemia (n = 3), chronic lymphocyt-
ic leukemia (n = 2), and primary myelofibrosis (n = 1). We 
could not classify cytogenetic risk based on cytogenetic 
and molecular findings at diagnosis because of insuf-
ficient information available and changing criteria for 
risk stratification with time. Myeloablative conditioning 
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regimens were used for 82 patients (71.9%). Thirty pa-
tients (26.3%) had a matching sibling donor, and others 
had alternative donors including matched unrelated 
donors (n = 68, 59.7%) and haplo-identical related do-
nors (n = 16, 14%). In vivo T-cell depletion was performed 
in 78 patients (68.4%; thymoglobulin in 71 patients and 
alemtuzumab in seven patients). Ninety-two patients 
(80.7%) received tacrolimus-based regimen to prevent 
acute GVHD.

Table 2. Outcomes of allogeneic hematopoietic stem cell 
transplantation

Variable Value

Infused stem cell dose (CD34+ cell), /kg

< 6.0 × 106 62 (54.4)

≥ 6.0 × 106 52 (45.6)

Engraftment (after HSCT day), /µL 

ANC > 500 11 (8–18)

Platelet > 20,000 11 (7–50)

Acute GVHD

No 46 (40.4)

Grade I 30 (26.3)

≥ Grade II–IV 38 (33.3)

Chronic GVHD

Yes 30 (26.3)

No 84 (73.7)

Viral reactivation

All 71 (62.3)

CMV 67 (58.8)

EBV 15 (13.2)

Non-relapse mortality within 1 year 7 (6.1)

Relapse 27 (23.7)

Death, cause of death

All 45 (39.5)

Relapse 19

Acute and chronic GVHD 14

Infection 8

Others 4

Values are presented as number (%) or median (range).
ANC, absolute neutrophil count; GVHD, graft-versus-host 
disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus.

Table 1. Demographic and clinical characteristics (n = 114)

Variable Value
Age, yr 43.5 (2–71)

< 40 48 (42.1)
40–49 28 (24.6)
50–59 29 (25.4)
≥ 60 9 (7.9)

Sex
Male 62 (54.4)
Female 52 (45.6)

Diagnosis
AML 59 (51.8)
ALL 27 (23.7)
MDS 11 (9.6)
Lymphoma 4 (3.5)
Others 13 (11.4)

Cytogenetics
Normal 64 (56.1)
Abnormal 50 (43.9)

Risk stratification by HCT-CI
Standard 66 (57.9)
High 48 (42.1)

Disease status at HSCTa

CR 73 (64.1)   
Non-CR 25 (21.9)
Others 16 (14.0)

Conditioning regimen
Myeloablative 82 (71.9)
Reduced intensity/non-myeloablative 32 (28.1)

Type of allogeneic HSCT
Matched related donor 30 (26.3)
Matched unrelated donor 68 (59.7)
Haploidentical donor 16 (14.0)

T-cell depletion
Yes 78 (68.4)
No 36 (31.6)

Prophylaxis for acute GVHD
Cyclosporin-A based regimen 22 (19.3)
Tacrolimus based regimen 92 (80.7)

Values are presented as median (range) or number (%).
AML, acute myeloid leukemia; ALL, acute lymphoblastic 
leukemia; MDS, myelodysplastic syndrome; HCT-CI, he-
matopoietic cell transplantation-comorbidity index; HSCT, 
hematopoietic stem cell transplantation; CR, complete re-
mission; GVHD, graft-versus-host disease.
a�CR, CR1-3 in acute leukemia, CR in lymphoma; Non-CR, 
refractory and relapse in acute leukemia, blast crisis in 
CML; Others, no information on disease status, all MDS 
patients.
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Outcomes of allogeneic hematopoietic stem cell 
transplantation
Most patients (98.2%) showed successful engraftment 
of donor cells, except for two patients with engraft-
ment failure. The cumulative incidence of overall acute 
GVHD and grade II to IV acute GVHD on day 100 was 
59.6% and 33.3%, respectively. The chronic GVHD rate at 
3 years was 26.3% (Table 2). Viral reactivation including 
cytomegalovirus (CMV) and/or Epstein-Barr virus was 
identified in 71 patients (62.3%).

Three and 5-year OS rates were 76% and 59.4%, respec-
tively. The number of deaths and causes of mortality 
over the entire follow-up period are shown in Table 2. 
The 1-year cumulative incidence of non-relapse mor-
tality was 6.1% (n = 7). Forty-five patients (39.5%) died 
during the follow-up period and relapse occurred in 27 
patients (23.7%). Relapse was the most frequent cause of 
death (n = 19). Other causes included acute and chronic 
GVHD (n = 14), infection (n = 8), engraftment failure (n = 
2), and secondary cancers (n = 2).

Cox proportional hazards regression analysis was 
used to identify the impact of clinical variables on sur-
vival outcome. Disease status at the time of HSCT, risk 
stratification by HCI-CI, and chronic GVHD were sig-
nificantly associated with survival outcome. Compared 
with CR status at HSCT, non-CR status at HSCT had a 

Table 3. Prognostic factors for overall survival

Variable
Overall survival

HR 95% CI p value

Time of HSCT

2001–2008 0.740

2009–2014 0.83 0.43–1.62

≥ 2015 1.10 0.49–2.46

Sex

Male 0.249

Female 0.70 0.38–1.28

Age, yr

< 40 0.486

40–49 1.29 0.64–2.61

50–59 0.91 0.43–1.89

≥ 60 0.39 0.04–2.21

Disease type

AML 0.255

ALL 1.47 0.75–2.88

MDS 0.00 0.00–1.11

Lymphoma 3.90 1.16–13.14

Others 1.40 0.56–3.45

Disease status at HSCTa

CR 0.034

Non-CR 2.54 1.07–5.99

Risk stratification by HCT-CI

Standard 0.000

High 2.94 1.62–5.36

Donor type

Matched related donor 0.656
Matched unrelated 
 donor

0.73 0.38–1.44

Haplo-identical donor 0.88 0.33–2.30

Conditioning

Myeloablative 0.662

RIC/NST 1.16 0.60–2.25

T-cell depletion

No 0.136

Yes 1.69 0.35–1.32

Prophylaxis for acute GVHD

With cyclosporin-A 0.259

With tacrolimus 0.68 0.35–1.32

Grade II–IV acute GVHD
No 0.068
Yes 1.74 0.96–3.14

Variable
Overall survival

HR 95% CI p value

Chronic GVHD

No 0.006

Yes 0.30 0.13–0.70

A p values were calculated by Cox-proportional hazards re-
gression analysis. 
HR, hazard ratio; CI, confidence interval; HSCT, hema-
topoietic stem cell transplantation; AML, acute myeloid 
leukemia; ALL, acute lymphoblastic leukemia; MDS, my-
elodysplastic syndrome; CR, complete remission; HCT-CI, 
hematopoietic cell transplantation-comorbidity index; RIC/
NST, reduced intensity conditioning/non-myeloablative 
stem transplantation; GVHD, graft-versus-host disease.
a�CR included CR1-3 in acute leukemia, CR in lymphoma, 
Non-CR; refractory and relapse in acute leukemia, blast 
crisis in CML, Others; no information on disease status, all 
MDS patients. 

 

Table 3. Continued
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negative effect on OS (hazard ratio [HR], 2.54; p = 0.034). 
Moreover, high risk HCT-CI was associated with worse 
overall survival (HR, 2.94; p = 0.000). Chronic GVHD 
had a positive effect on survival outcome (HR, 0.30; p = 
0.006), while moderate-to-severe acute GVHD (grade II 
to IV) tended to have a negative effect on overall survival 
without statistical significance (HR, 1.74; p = 0.068) (Ta-
ble 3).

Clinical characteristics and immune recovery 
One hundred four patients were evaluated for immune 
function reconstitution of T-cell subsets and humoral 
immunity 100 days after allogeneic transplantation (Ta-
ble 4). The recovery of CD3+ T-cell was in the reference 
range in 88 patients (77.2%), whereas CD4+ cells recov-
ered to normal levels in only 30 patients (26.3%). The 
CD8+ cells were restored to normal levels in 85 patients 
(74.6%). Among 108 patients assessed for NK cell status, 
97 (89.8%) showed the normal range of NK cells. The 
B-cell recovery was in the reference range in 68 patients 
(59.6%). The serum levels of immunoglobulin G, A, and 
M were normal in 105 (92.1%), 78 (68.4%), and 85 (74.6%) 
cases.

Table 5 presents the results of statistical analyses of the 
individual effects of clinical variables on T-cell immune 
reconstitution. Prevention of GVHD using a tacrolim-
us-based regimen and T-cell depletion with thymoglob-
ulin or alemtuzumab were significantly associated with 
delayed immune reconstitution of T-cells. The analysis 
of T-cell subset recovery according to clinical charac-
teristics is summarized in Table 6. The median values 
of CD3+ and CD4+ cell counts were significantly lower 
in patients who underwent T-cell depletion than in pa-
tients without T-cell depletion. While CD8+ cell counts 
tended to increase in patients progressing to chronic 
GVHD, a significant decrease was detected in patients 
with acute GVHD and acute grade 2 or higher GVHD re-
quiring active treatment, including steroids. The num-
ber of CD3+ cells was significantly reduced in patients 
progressing to chronic GVHD, and CD4+ cell counts 
tended to decrease in patients with CMV reactivation. 
However, there was no difference in T-cell subsets ac-
cording to the relapse of underlying disease.

The difference in clinical outcomes depended on the 
analysis of T-cell recovery to normal status (Table 7). No 
significant differences in overall acute GVHD or grade 
II to IV acute GVHD were found between the normal 
and abnormal groups of T-cell reconstitution (p = 0.798 
and p = 0.826, respectively). However, the incidence of 
chronic GVHD was significantly increased in the group 
with normal recovery compared to the abnormal group 
(p = 0.01). In addition, Epstein-Barr virus reactivation 
was more frequently detected in the abnormal group 
of T-cell subsets (p = 0.045). All viral reactivation events 
including CMV appeared to be more frequent in the ab-

Table 4. Immune reconstitution status at D+ 100 days after 
transplantation 

Variable Median (range) No. (%)

CD3 cell status

Normal 1,242 (708–3,769) 88 (77.2)

Abnormal 462 (54–688) 20 (17.5)

Not done - 6 (5.3)

CD4 cell status

Normal 449 (381–650) 30 (26.3)

Abnormal 301 (217–370) 78 (68.4)

Not done - 6 (5.3)

CD8 cell status

Normal 330 (184–504) 85 (74.6)

Abnormal 117 (78–179) 22 (19.3)

Not done - 7 (6.1)

Natural killer cell status

Normal 172 (91–431) 97 (85.1)

Abnormal 81 (69–89) 11 (9.6)

Not done - 6 (5.3)

B-cell status

Normal 172 (91–431) 68 (59.6)

Abnormal 81 (69–89) 39 (34.2)

Not done - 7 (6.1)

Immunoglobulin-G recovery

Normal 1,384 (559–2,428) 105 (92.1)

Abnormal 206 (28–394) 2 (1.8)

Not done - 7 (6.1)

Immunoglobulin-A recovery

Normal 158 (70–1,415) 78 (68.4)

Abnormal 56 (15–69) 29 (25.4)

Not done - 7 (6.1)

Immunoglobulin-M recovery

Normal 88 (23–567) 85 (74.6)

Abnormal 36 (23–39) 22 (19.3)

Not done - 7 (6.1)
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Table 5. Clinical characteristics contributing to T-cell reconstitution

Variable Total (n = 104) Normal (n = 39) Abnormal (n = 65) p value

Age, yr 0.633

< 40 44 (42.3) 19 (48.7) 25 (38.5)

40–49 25 (24.0) 10 (25.6) 15 (23.1)

50–59 27 (26.0) 8 (20.5) 19 (29.2)

≥ 60 8 (7.7) 2 (5.1) 6 (9.2)

Sex 1.000

Male 54 (51.9) 20 (51.3) 34 (52.3)

Female 50 (48.1) 19 (48.7) 31 (47.7)

Diagnosis 0.900

AML 53 (51.0) 19 (48.7) 34 (52.3)

ALL 23 (22.1) 10 (25.6) 13 (20.0)

MDS 11 (10.6) 3 (7.7) 8 (12.3)

Lymphoma 3 (2.9) 1 (2.6) 2 (3.1)

Others 14 (13.5) 6 (15.4) 8 (12.3)

Disease status at transplanta 0.381

CR 66 (63.5) 23 (59.0) 43 (66.2)

Non-CR 22 (21.2) 11 (28.2) 11 (16.9)

Others 16 (15.4) 5 (12.8) 11 (16.9)

HCT-CI risk 0.165

Standard 61 (58.7) 19 (48.7) 42 (64.6)

High 43 (41.3) 20 (51.3) 23 (35.4)

Conditioning intensity 0.434

MA 74 (71.2) 30 (76.9) 44 (67.7)

RIC/NST 30 (28.8) 9 (23.1) 21 (32.3)

Prevention of GVHD 0.038

With cyclosporin-A 20 (19.2) 12 (30.8) 8 (12.3)

With tacrolimus 84 (80.8) 27 (69.2) 57 (87.7)

Donor type 0.31

Matched related donor 26 (25.0) 11 (28.2) 15 (23.1)

Matched unrelated donor 63 (60.6) 25 (64.1) 38 (58.5)

Haplo-identical donor 15 (14.4) 3 (7.7) 12 (18.5)

T-cell depletion <0.001

No 29 (28.9) 20 (69.0) 9 (31.0)

Yes 75 (72.1) 19 (48.7) 56 (86.2)

Infused CD34+ cells (> 6 × 106/kg) 58 (55.8) 19 (48.7) 39 (60.0) 0.359

Values are presented as number (%). A p values were calculated by chi-square test or Fisher’s exact test. 
AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CR, complete remission; 
HCT-CI, hematopoietic cell transplantation-comorbidity index; MA, myeloablative; RIC/NST, reduced intensity conditioning/
non-myeloablative stem cell transplant; GVHD, graft-versus-host disease.
a�Non-CR: refractory and relapse in acute leukemia, blast crisis in CML, Others, no information on disease status, all MDS pa-
tients.
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normal group of T-cell subsets, but without statistical 
difference. Other variables were not significantly cor-
related with T-cell reconstitution. In the analysis of sur-
vival outcomes at 100 days after transplantation based 
on the recovery of T-cell subsets, the overall survival and 
relapse free-survival tended to be higher in patients with 
CD4+ cells recovering above 350/μL, no without any sta-
tistical significance (Fig. 1). The recovery of CD8+ cells 
had no effect on the survival outcomes. T-cell depletion 
had the biggest negative effect on T-cell immune recon-
stitution (odds ratio, 6.71; p < 0.001) based on multiple 
logistic regression analysis (Table 8).

No significant variable was found to affect the recovery 
of NK cells (Table 9). However, patients receiving greater 
than 6 × 106 CD34+ cells/kg more frequently reached the 

reference range than patients receiving fewer than 6 × 
106 CD34+ cells/kg, with nearly statistical significance (p 
= 0.054). We did not find any impact of B-cell recovery 
status on clinical outcomes after transplantation.

DISCUSSION

The recovery of innate and adaptive immune systems 
occurs gradually during the post-transplantation pe-
riod. The timing of immune reconstitution is affected 
by many variables during the transplantation, such as 
the source of stem cells, disparity of human leukocyte 
antigen and minor histocompatibility antigen, the 
conditioning regimen, graft manipulation, immune 

Table 6. Recovery of T-cell subsets according to clinical factors

Variable CD3 cells CD4 cells CD8 cells

In vivo T-cell depletion

No TCD (n = 29) 2,113 (152–3,769) 334 (233–650) 316 (108–504)

TCD (n = 75) 1,082 (54–2,990) 305 (217–543) 301 (78–452)

p value 0.002 0.011 0.741

Acute GVHD

No 1,176 (182–3,769) 331 (233–650) 337 (85–504)

Yes 1,099 (54–2,060) 313 (217–609) 261 (78–459)

p value 0.175 0.295 0.016

Grade II–IV acute GVHD

No 1,250 (280–3,769) 326 (218–650) 340 (85–504)

Yes 1,117 (54–2,306) 309 (217–621) 273 (78–459)

p value 0.216 0.295 0.034

Chronic GVHD

No 1,301 (182–3,769) 330 (218–650) 293 (78–456)

Yes 1,005 (54–2,214) 314 (217–529) 344 (107–504)

p value 0.029 0.295 0.110

CMV reactivation

No 1,173 (54–3,769) 364 (227–650) 306 (87–456)

Yes 1,119 (58–3,317) 305 (217–608) 305 (78–504)

p value 0.975 0.054 0.932

Relapse

No 1,168 (140–3,769) 322 (218–650) 309 (83–489)

Yes 1,099 (54–3,095) 311 (217–610) 280 (78–504)

p value 0.372 0.771 0.724

Values are presented as median (range). A p values were calculated by Mann-Whitney U test. 
TCD, T-cell depletion; GVHD, graft-versus-host disease; CMV, cytomegalovirus.
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Table 7. Clinical outcomes according to T-cell reconstitution

Variable Total (n = 104) Normal (n = 39) Abnormal (n = 65) p value

GVHD

Acute GVHD 59 (56.7) 21 (53.8) 38 (58.5) 0.798

Grade II–IV acute GVHD 32 (30.8) 13 (33.3) 19 (29.2) 0.826

Chronic GVHD 27 (26.0) 16 (41.0) 11 (16.9) 0.010

Viral reactivation

CMV 61 (58.7) 19 (48.7) 42 (64.6) 0.165

EBV 15 (14.4) 2 (5.1) 13 (20.0) 0.045

All viral reactivation 63 (61.2) 20 (51.3) 43 (67.2) 0.162

Survival outcome

Relapse 18 (17.3) 7 (17.9) 11 (16.9) 1.000

NRM100 6 (5.8) 3 (7.7) 3 (4.6) 0.828

Death 32 (30.8) 10 (25.6) 22 (33.8) 0.510

Cause of death 1.000

GVHD 84 (80.8) 32 (82.1) 52 (80.0)

Infectious complication 20 (19.2) 7 (17.9) 13 (20.0)

Values are presented as number (%). A p values were calculated by chi-square test or Fisher’s exact test. 
GVHD, graft-versus-host disease; CMV, cytomegalovirus; EBV, Epstein-Barr virus; NRM100, non-relapse mortality within 100 
days after transplant.
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Figure 1. Survival outcomes according to the T-cell subsets recovery at 100 days after allogeneic hematopoietic stem cell trans-
plantation. (A, B) Overall survival. (C, D) Relapse free survival. A p values were calculated by log-rank test.
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suppressive therapy (especially corticosteroids), and 
the presence of GVHD [1]. Given the complexity of the 
transplantation process, it is impossible to quantify the 
impact of any one of these factors on individual engraft-
ment; all of these factors work in concert to regulate im-
mune reconstitution.

The type of conditioning regimen affects immune 
recovery after transplantation, and varies depending 
on treatment intensity and the effect of immunosup-
pression. Fludarabine has been widely used in reduced 
intensity conditioning regimens in combination with 
other drugs, confirming the effect of strong immuno-
suppressive effect on donor cell engraftment and in re-
ducing non-relapse mortality [10]. However, the effect 
of fludarabine on T-cells was attributed to increased re-
lapse after transplantation, resulting in poor DFS, and 
the OS was not improved compared to other pretreat-
ment regimens [11].

Since the recovery of immune function after trans-
plantation is affected by a wide variety of clinical con-
ditions, data pertaining to the recovery of each cell over 
time are scarce. In the case of peripheral blood stem cell 
transplantation, neutrophil recovery occurs at approxi-
mately 2 weeks. The recovery of NK cells occurs at 1 to 3 
months and earlier than the recovery time of more than 
1,000/μL CD4+ T-cells [5]. CD8+ T-cells recover faster 
than CD4+ T-cells but 100 days after transplantation. 
Similar results were obtained in this study (Table 6). The 
number of lymphocytes recovered up to 100 days after 
transplantation affects the transplantation outcome. In 
the present study, we found that the degree of recovery 
of CD4+ cells tended to affect the clinical outcomes. 
Therefore, early recovery of T-cells after transplant may 

have important clinical implications. The engraftment 
of neutrophils and platelets was achieved at a median 
of 11 days after transplant. NK cell counts were restored 
to the normal range in about 90% of patients by day 100 
post-transplantation. Successful engraftment of neu-
trophils, platelets, and NK cells was obtained at similar 
times, as described previously.

In patients undergoing HSCT, the adaptive immune 
system is significantly impaired largely due to the loss 
of naïve T-cells and the reduced function of existing 
T-cells [12]. A functional thymus is essential to generate 
an effective T-cell repertoire following HSCT. However, 
thymus-dependent differentiation of T-cells, particular-
ly in the case of CD4+ T-cells, is a critical hurdle in aging 
patients who commonly experience thymic atrophy [13]. 
The peripheral naïve T-cell receptor repertoire is never 
fully restored in older patients and infectious morbidity 
is directly related to low CD4+ T-cell counts [14]. Where-
as CD8+ T-cells are predominantly derived by clonal ex-
pansion that occurs outside the thymus [15], CD8+ T-cell 
recovery is not affected by aging [16]. Within the first 100 
days after HSCT, cellular immunodeficiency due to in-
sufficient NK cells and T-cells increases the susceptibil-
ity of patients to viral reactivation including CMV and 
Epstein-Barr virus, as well as viral diseases [17,18].

In this study, T-cell subsets including CD3+ T-cells, 
CD4+ T-cells, and CD8+ T-cells returned to the refer-
ence range in about 40% of patients within 100 days 
after HSCT. Evaluating the risk of viral reactivation ac-
cording to T-cell recovery status revealed that the risk 
of EBV reactivation was higher in the abnormal group 
than in the normal group. All viral reactivation events 
including CMV reactivation appeared to be more fre-

Table 8. Multiple logistic regression analysis for T-cell reconstitution

Variable
Multiple logistic regression analysis

OR (95% CI) p value

T-cell depletion 6.71 (2.63–18.52) < 0.001

Acute GVHD 0.65 (0.31–1.34) 0.256

Grade II–IV acute GVHD 0.96 (0.42–2.06) 0.866

Chronic GVHD 1.41 (0.69–2.89) 0.343

Relapse 1.38 (0.48–3.97) 0.545

Death 1.42 (0.33–6.2) 0.641

OR, odds ratio; CI, confidence interval; GVHD, graft-versus-host disease.
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quent in the abnormal group of T-cell subsets. The ab-
solute number of CD4+ cells in patients with CMV reac-

tivation was significantly lower than in patients without 
CMV reactivation. Therefore, viral reactivation might be 

Table 9. Clinical characteristics contributing to NK cell reconstitution

Variable Total (n = 108) Normal (n = 97) Abnormal (n = 11) p value

Age, yr 0.109

< 40  45 (41.7) 38 (39.2) 7 (63.6)

40–49 26 (24.1) 23 (23.7) 3 (27.3)

50–59 29 (26.9) 29 (29.9) 0 

≥ 60 8 (7.4) 7 (7.2) 1 (9.1)

Sex 0.846

Male 57 (52.8) 52 (53.6) 5 (45.5)

Female 51 (47.2) 45 (46.4) 6 (54.5)

Diagnosis 0.727

AML 54 (50.0) 50 (51.5) 4 (36.4)

ALL 26 (24.1) 22 (22.7) 4 (36.4)

MDS 11 (10.2) 10 (10.3) 1 (9.1)

Lymphoma 3 (2.8) 3 (3.1) 0 

Others 14 (13.0) 12 (12.4) 2 (18.2)

Disease status at transplantationa 0.294

CR 69 (63.9) 64 (66.0) 5 (45.5)

Non-CR 23 (21.3) 19 (19.6) 4 (36.4)

Others 16 (14.8) 14 (14.4) 2 (18.2)

HCT-CI risk 0.520

Standard 63 (58.3) 58 (59.8) 5 (45.5)

High 45 (41.7) 39 (40.2) 6 (54.5)

Conditioning intensity 0.434

MA 77 (71.3) 70 (72.2) 7 (63.6)

RIC/NST 31 (28.7) 27 (27.8) 4 (36.4)

Donor type 0.399

Matched related donor 30 (27.8) 28 (28.9) 2 (18.2)

Matched unrelated donor 63 (58.3) 57 (58.8) 6 (54.5)

Haplo-identical donor 15 (13.9) 12 (12.4) 3 (27.3)

T-cell depletion 1.000

No 32 (28.9) 29 (28.4) 3 (27.3)

Yes 76 (71.7) 68 (71.6) 8 (72.7)

Infused CD34+ cells (> 6 × 106/kg) 58 (53.7) 59 (60.8) 3 (27.2) 0.054

Infused CD34+ cells (≤ 6 × 106/kg)  50 (46.3) 38 (39.2) 8 (72.7)

Values are presented as number (%). A p values were calculated by chi-square test or Fisher’s exact test. 
NK, natural killer; AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CR, 
complete remission; HCT-CI, hematopoietic cell transplantation-comorbidity index; MA, myeloablative; RIC/NST, reduced 
intensity conditioning/non-myeloablative stem cell transplant.
a�Non-CR: refractory and relapse in acute leukemia, blast crisis in CML, Others, no information on disease status, all MDS 
patients.
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directly correlated with T-cell recovery status.
In addition, we assessed the impact of clinical vari-

ables on T-cell reconstitution. GVHD prophylaxis with 
the tacrolimus-based regimen and T-cell depletion be-
fore HSCT resulted in delayed immune reconstitution 
of T-cells. T-cell depletion was a serious adverse effect 
following T-cell recovery. Acute GVHD tended to neg-
atively affect the recovery of T-cell subsets; however, no 
consistent results with statistical significance were ob-
served. Clinical risk factors for immune reconstitution 
including the source of stem cells, degree of human 
leukocyte antigen disparity, and conditioning regimen 
were not significantly associated with delayed immune 
recovery in this study. The addition of fludarabine with 
greater immunosuppressive effects to conditioning 
regimen reduced the frequency of acute GVHD during 
the early period after transplantation, even though over 
two-thirds of donors were alternative donors. Since 2011, 
selectively targeted therapy including ruxolitinib, imati-
nib, or cell therapy has been used to actively treat acute 
GVHD patients. Further, decreased use of long-term 
or high-dose steroids, was observed. The incidence of 
chronic GVHD was higher in the normal group of T-cell 
subsets than in the abnormal group, which differed 
from a prior report that suggested possible immune 
dysfunction in patients who developed chronic GVHD 
after HSCT [19]. The difference might be related to the 
lower incidence of extensive chronic GVHD requiring 
systemic therapy including corticosteroids. However, 
the exact cause leading to the difference is unclear.

The humoral immune response is mediated by anti-
bodies and requires both functional B- and T-cells. In 
addition to the delayed recovery of T-cells described 
above, a significantly impaired reconstitution was ob-
served in cells of B-cell lineage following HCT [20]. 
After HSCT, the reconstitution of B-cell repertoire is 
often delayed because of complications associated with 
GVHD, age, and infections [21]. Normal B-cell counts are 
reached between 6 and 9 months after HSCT and after 
more than 12 months post-GVHD. Antibody production 
is also impaired after HSCT. Serum IgM levels return to 
normal usually within 3 to 6 months, whereas recovery 
of serum IgG levels may be delayed up to 1 year or lon-
ger. Impaired antibody immunity has been correlated 
with an increased risk of infections after HSCT primar-
ily due to encapsulated bacteria [22]. In this study, about 

60% of the patients achieved the normal range of B-cell 
counts and serum levels of immunoglobulin including 
IgG, IgM, and IgA 100 days after transplantation. B-cell 
recovery appeared to be faster than the reported inci-
dence, even with GVHD and older age. No risk factor 
was associated with delayed B-cell reconstitution.

This study has several limitations. Major limitations 
were the participation of patients diagnosed with var-
ious hematologic diseases and the different types of 
transplantation using various donor types. Because the 
disease per se or the treatment process might be affect-
ed by the immune system, it may be difficult to obtain 
objective results due to a possible selection bias. Fur-
ther, the small sample size prevented definitive conclu-
sions. Therefore, classification of patients into uniform 
groups and further analysis based on groups was a dif-
ficult task. Finally, only absolute counts of lymphocyte 
subsets (CD3+ T-cells, CD4+ T-cells, CD8+ T-cells, and 
NK cells) were relatively simple and facilitated the eval-
uation of immune reconstitution. However, functional 
assessment tests such as T-cell repertoire and T-cell re-
ceptor expression were not performed.

In summary, there is a delayed immune reconstitu-
tion in patients undergoing allogeneic HSCT with tac-
rolimus-based GVHD prophylactic regimens, T-cell 
depletion, and possibly due to acute GVHD resulting 
in increased morbidity from viral reactivation. Treat-
ment strategies to prevent infectious complications are 
needed to enhance immune reconstitution and recovery 
following allogeneic HSCT with fludarabine-based con-
ditioning.

KEY MESSAGE

1.	 The immune recovery status post-allogene-
ic hematopoietic stem cell transplantation 
(HSCT) was affected by graft-versus-host dis-
ease (GVHD) prophylactic regimens, T-cell de-
pletion, and possibly those manifesting acute 
GVHD.

2.	 Delayed immune reconstitution resulted in 
increased morbidity from viral reactivation.

3.	 Treatment strategies to prevent infectious 
complications are needed to enhance immune 
reconstitution following allogeneic HSCT with 
fludarabine-based conditioning.
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