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after chemotherapy in children with acute
lymphoblastic leukemia
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Abstract

Objectives The aim of this retrospective study was to investigate the influence of chemotherapy on the immune
status of individual patients diagnosed with acute lymphoblastic leukemia (ALL) and to elucidate the clinical
characteristics of immune reconstitution in ALL patients following chemotherapy.

Methods Clinical data of children with ALL were gathered, including information on the number of lymphocyte
subsets prior to chemotherapy, at the end of therapy, six months, and one year after the end of the treatment.

Results A total of 146 children with ALL were included, and T cells, B cells, and NK cells all decreased to various
degrees prior to treatment. The abnormal CD3 +T cell numbers group experienced a considerably higher mortality
(21.9% vs. 6.1%) and recurrence rate (31.3% vs. 11.4%) compared to the normal group (P<0.05). T cells, B cells, and
NK cells were all significantly compromised at the end of therapy compared to the beginning of chemotherapy, with
B cells being more severely compromised (P<0.001). At the end of treatment, levels of B cells, CD4+T cells, CD4/
CD8, IgG and IgM in low risk (LR) group were significantly higher than those in intermediate risk (IR) group (P<0.01),
and levels of NK cells in LR group were evidently lower than those in IR group (P<0.001). Six months after the end of
therapy, all the above indicators recovered (P<0.001) except CD4/CD8 ratio (P=0.451).

Conclusions The immune systems of the ALL patients were severely compromised upon therapy withdrawal,
particularly the B cells. At six months after the therapy ended, the B cells were basically restored to normal level, while
the T-cell compartment was not. The impaired numbers of CD3 +T cell may contribute to a weakened anti-tumor
response, potentially leading to a poorer prognosis.
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Introduction

Acute lymphoblastic leukemia (ALL) is the predominant
malignancy in childhood, comprising approximately 28%
of childhood malignancies [1]. ALL encompasses B cell
lines (85%), T cell lines (10-15%) and mature B cell lines
(<5%). The global incidence of this disease exhibits slight
variation due to diagnostic and reporting methodolo-
gies, with a peak occurrence in children aged 2 to 5 years,
and a higher prevalence in males [2-5]. Currently, the
primary treatment modality for pediatric ALL is chemo-
therapy, typically administered within 2 to 3 years. Che-
motherapy protocol primarily consists of an induction
phase (more than a month), followed by consolidation
(two months) and re-induction (more than four months)
therapy, then maintenance phase (nearly 2 years; 6-mer-
captopurine and methotrexate are the backbone of main-
tenance phase).

The initial maturation of B lymphocytes involves the
orchestrated differentiation of B cells and the subsequent
expression of surface immunoglobulin (Ig). Following
this process, immature B cells exit the bone marrow and
migrate to secondary lymphoid tissues [6-8]. CD19 is a
kind of cluster differentiation antigen related to prolifera-
tion, differentiation, activation, and antibody production
of B cells. Various surface markers are expressed on B
cells at distinct developmental stages, with CD19 being
a key component of a multi-molecular surface complex
that plays a crucial role in antigen response and signal
transduction in T helper cells [9, 10]. It is noteworthy
that a significant majority of leukemia cells exhibit high
expression levels of CD19 [11]. CD20, a transmembrane
protein found in lipid rafts, is phosphorylated four times
and functions as a calcium channel to modulate B cell
activation and cell cycle progression [12, 13]. CD19 and
CD20 are commonly used markers for counting B cells.
T cells primarily mature in the thymus and over 95% of
circulating T cells express T cell surface receptors with o
and P chains [14]. CD3 molecules play a crucial role in
T cell signal transduction upon binding to T cell surface
receptors, with CD3 serving as the primary marker for
quantifying total T cells. CD4+T cells and CD8+T cells
are the two most common subsets of T lymphocytes, as
well as some other less common subsets. CD4 belongs to
the Ig superfamily and interacts with class II molecules of
the major histocompatibility complex, while CD8 inter-
acts with class I molecules of the major histocompatibil-
ity complex. Natural killer (NK) cells are innate immune
cells with distinctive functions, lacking antigen-specific
receptors but expressing a range of activation and inhi-
bition receptors [15]. Among these receptors, activation
receptors play a crucial role in the cytotoxic activity of
NK cells [16, 17]. NK cells affect the host’s innate and
adaptive immune responses by secreting cytokines and
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chemokines, and then kill infected or cancerous cells
through a variety of mechanisms.

The ongoing advancements in contemporary risk-ori-
ented therapy and the introduction of novel treatments
have led to a notable increase in the 5-year survival rate
of children diagnosed with ALL, rising from 50-85-90%
[2, 18, 19]. This study aims to examine the immune sta-
tus of pediatric ALL patients prior to commencing che-
motherapy and the subsequent recovery of immune cells
at various intervals post-treatment. The objective is to
furnish empirical evidence supporting immune reconsti-
tution in children with ALL after chemotherapy and to
develop pertinent rehabilitation strategies.

Materials and methods

This research involved a cohort of 146 children diag-
nosed with ALL who underwent immune function
testing at Tongji Hospital, affiliated to Tongji Medical
College, Huazhong University of Science and Technol-
ogy, between January 2015 and May 2019, with follow-up
conducted until November 2021. All children were diag-
nosed based on the guidelines outlined by the National
Comprehensive Cancer Network Pediatric Acute Lym-
phoblastic Leukemia [20]. Patients were stratified into
three risk groups (low risk, intermediate risk, and high
risk) based on clinical, biological, and therapeutic
responses. Please refer to supplementary Table 1 for spe-
cific hierarchical details. The enrolled children began to
receive treatment with Chinese Children’s Cancer Group
ALL-2015 (CCCG-ALL-2015) protocol after diagno-
sis, which mainly included the following parts: window
phase, PVDL induction, consolidation therapy, interim
maintenance, reinduction and maintenance therapy (see
supplementary Table 2 and supplementary file). The trial
was registered with the Chinese Clinical Trial Registry
(ChiCTR-IPR-14005706) on June 4th, 2014. Approval
for this study was obtained from the Ethics Committee
of Tongji Hospital, affiliated with Tongji Medical Col-
lege, Huazhong University of Science and Technology,
and informed consent was obtained from the guardians
or the individuals themselves (reference no. 2020-S207).

The study assessed NK cells and the T-cell compart-
ment, including CD3+T cells, CD4+T cells, CD8+T
cells, and CD4/CD8 ratio, as well as the B cells and
immunoglobulin levels, in children diagnosed with ALL
at four time points: before treatment (E1), at the end of
treatment (E2), 6 months post-treatment (E3), and 12
months post-treatment (E4).

Flow cytometry was used to analyze the absolute values
and percentages of peripheral blood lymphocyte subsets,
including T cells, B cells, and NK cells. The BD FACSCal-
ibur flow analyzer was utilized in conjunction with corre-
sponding fluorescent monoclonal antibodies (CD3FITC,
CD16CD56PE, CD4PE-Cy7, CDSAPC-Cy7, CD19APC)
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Table 1 Demographic and clinical characteristics of children
with ALL before treatment

Characteristic Number
Gender, n(%)

Male 91(62.3)

Female 55(37.7)
Age/year, M(Min-Max) 4.7(1.3-143)
Height/cm, M(IQR) 108.0(96.0-120.2)
Weight/kg, M(IQR) 18.0(15.0-23.0)
B!\/H/kg/mz, M(IQR) 15.8(14.9-16.9)
Risk, n(%)

LR 73(50)

IR/HR 73(50)
Immunotyping, n(%)

B-ALL 130(89)

T-ALL 16(11)

and hemolysin from BD for the analysis. Fasting periph-
eral venous blood samples of 2 ~ 3mL were collected with
heparin anticoagulation and stored at room temperature
for analysis within 24 h. A total of 50mL of anticoagulant
and 10mL of fluorescence-labeled antibodies were added
to a specialized test tube, mixed thoroughly, and allowed
to incubate at room temperature for 15 min. Subse-
quently, 450mL of hemolysin was added, followed by a
5-minute incubation away from light, and the computer
system was used for analysis. The level of immunoglobu-
lin was assessed using Beckman immune scattering tur-
bidimetry, with serum samples of 3 ~5mL collected for
analysis.
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The data were analyzed by SPSS 26.0 software. Data
following a normal distribution were presented as
meantstandard deviation, while non-normal distribu-
tion data were presented as median (M) and interquartile
range (IQR), and categorical data were expressed as per-
centages. The Mann-Whitney U test was used to analyze
quantitative data for two independent samples, the Wil-
coxon signed rank test for paired samples, and the chi-
squared test for categorical data. P<0.05 was considered
statistically significant.

Results

Analysis of immune cells before chemotherapy

A total of 146 children diagnosed with ALL were included
in the study, with the clinical features detailed in Table 1.

Prior to treatment, there was no statistically significant
variance in immune cells observed among children based
on gender (T-cell compartment, B cells, NK cells, and all
immunoglobulin subclasses). However, children classi-
fied as LR exhibited significantly lower levels of CD8+T
cells (P=0.020) and NK cells (P<0.001) compared to
those classified as IR/HR. Additionally, children diag-
nosed with B-ALL demonstrated evidently higher lev-
els of CD3+T cells (P=0.020), CD4+T cells (P=0.004),
CD4/CD8 ratio (P=0.034), and B cells compared to those
diagnosed with T-ALL (P=0.019, Table 2).

Out of the 146 cases ALL examined, 14 cases died
and the mortality was 9.5%, 3 cases died from treat-
ment-related complications (severe infection leading to
septic shock) and 11 cases died from disease progres-
sion (9 cases died after relapse and 2 cases died during

Table 2 Analysis of immune cells of children with different risk and immunophenotype before chemotherapy

Risk Immunophenotype
LR I/HR B-ALL T-ALL P
(n=73) (n=73) (n=130) (n=16)

CD3+T cells 1477 2137 0.065 1907 1025 0.020
(1040-2550) (998-3223) (1131-2765) (429-2369)

NK cells 166 283 0.001 197 280 0312
(78-265) (113-660) (86-394) (89-1129)

CD4+T cells 811 920 0.308 890 453 0.004
(545-1221) (530-1696) (581-1534) (252-970)

CD8+T cells 621 820 0.020 733 455 0.069
(410-844) (418-1543) (431-1107) (147-973)

CD4/CD8 1.36 114 0.054 127 0.96 0.034
(1.06-1.68) (0.84-1.71) (1.02-1.70) (0.79-1.32)

B cells 422 631 0.095 525 161 0.019
(203-716) (204-1108) (236-1013) (65-695)

IgA 0.78 0.70 0.731 0.73 0.79 0.584
(0.47-1.07) (0.54-1.21) (0.51-1.08) (0.52-1.22)

[e]€} 8.70 9.00 0.891 9.10 835 0.259
(7.55-10.65) (7.30-10.45) (7.37-10.60) (7.35-9.72)

IgM 091 0.84 0.661 091 0.73 0.267
0.71-1.12) (0.60-1.19) (0.70-1.13) (0.50-1.57)

The bold fonts describes the difference in the number of immune cells in patients with different risk levels (low risk, intermediate risk, high risk) and different

immunophenotypes before chemotherapy
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treatment). A total of 23 patients experienced relapses
(15.7%), in which 14 cases exhibited bone marrow recur-
rence, 6 cases had central nervous system recurrence,
and 3 cases had mixed recurrence (involving both bone
marrow and central nervous system). Statistical analy-
sis revealed that the mortality rate (P=0.02) and recur-
rence rate (P=0.006) were significantly higher in children
with abnormal CD3+ T cell numbers (outside the normal
range) prior to chemotherapy compared to those in the
normal group (Fig. 1).

Analysis of immune cells at the end of chemotherapy
Fifteen patients withdrew from the study for various
reasons (such as voluntary abandonment or transfer to
another hospital), while the remaining participants suc-
cessfully completed the treatment regimen. The median
duration of treatment was 2.5 years. Following chemo-
therapy, bone marrow assessment indicated complete
remission, and blood routine parameters returned to
baseline levels. The study has shown that the immune
cells in children with ALL decreased distinctly after che-
motherapy, particularly the levels of CD4/CD8 (69/131,
52.7%), NK cells (82/131, 62.6%), B cells (112/131, 85.5%),
and IgM (98/131, 74.8%).

CD3+T cells
100 93.9
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0 78.1
8 P=0.02
70
% 60
5 50 m Alive
2
& 40 ® Dead
30 21.9
20
0 1
Normal Abnormal
CD3+T cells
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30
20 1 1.4
10
0
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Fig. 1 Effect of abnormal CD3+T cell numbers (outside the reference
range) on prognosis

Page 4 of 10

The study has revealed that levels of CD4+T cells
(P=0.003) and CD4/CD8 (P<0.001) were obviously
higher in children with LR group compared to the IR
group at the end of chemotherapy, whereas NK cells were
significantly lower in LR group (P<0.001). Furthermore,
B cells (P=0.002), IgG (P=0.008), and IgM (P=0.007) lev-
els were significantly higher in LR group compared to IR
group. Evaluation of bone marrow remission status was
conducted on day 46 after initiation of chemotherapy,
and incomplete remission at this time point indicated
poor prognosis. The study demonstrated that on day 46,
the levels of IgA (P=0.012) and IgG (P=0.032) in patients
without complete remission were notably lower com-
pared to those in patients who achieved complete remis-
sion (Table 3).

In addition, NK cells, T-cell compartment (CD3+T
cells, CD4+T cells, CD8+T cells, and CD4/CDS8 ratio),
B cells, IgA, IgG, and IgM experienced a significant
decrease following the completion of chemotherapy,
with B cells showing the most pronounced reduction
(P<0.001, Figs. 2 and 3).

Within 6 months after completion of treatment, 17
cases had repeated infections, with respiratory tract
infections being the most common, and no serious infec-
tions occurred. The study discovered that there was no
statistically significant difference in the incidence of
infection in patients with decreased B cells, CD3+T cells,
NK cells, IgM, IgG and CD4/CD8 compared to normal
patients (P>0.05, see supplementary Table 3).

Analysis of immune cells reconstruction after treatment
The study proved that the T-cell compartment substan-
tially returned to baseline levels six months after the
end of chemotherapy, with the exception of a persis-
tent decrease in CD4/CDS8 levels in 57.8% (26/45) of
cases. Subsequent analysis of immune cells recovery in
38 children at the six-month mark post-chemotherapy
(E3) indicated significant improvement in all indexes
(P<0.001, Table 4) except for CD4/CDS8, which did not
show significant recovery (P=0.451) compared to the end
of chemotherapy (E2).

A cohort of 30 pediatric patients diagnosed with ALL
were monitored for a period of 12 months post-treat-
ment. Among these patients, 14 cases (46.7%) exhib-
ited a decrease in CD4/CD8 levels, while other immune
parameters returned to baseline values. Our findings sug-
gest that CD4/CD8 ratios were aberrant both pre- and
post-chemotherapy. Subsequent analysis of 18 patients
disclosed a further decline in CD4/CDS8 ratios following
chemotherapy, although these values displayed a trend
towards normalization with prolonged follow-up dura-
tion (Fig. 4).
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Table 3 Immune cells of ALL children with different risk and D46 remission status after chemotherapy
Risk D46 remission status
LR IR Yes No P
(n=73) (n=58) (n=119) (n=12)

CD3+T cells 1017 921 0477 963 931 0.892
(656-1375) (650-1259) (648-1366) (685-1178)

NK cells 32 107 <0.001 49 108 0.126
(17-90) (42-183) (23-130) (37-190)

CD4+T cells 482 373 0.003 422 431 0.555
(293-651) (253-488) (264-586) (262-480)

CD8+T cells 393 424 0.609 399 446 0.981
(287-629) (279-605) (281-630) (316-563)

CD4/CD8 1.07 0.77 <0.001 0.99 0.90 0.490
(0.86-1.47) (0.63-1.08) (0.73-1.36) (0.64-1.28)

B cells 17 8 0.002 12 6 0.156
(9-55) (2-70) (6-63) (5-22)

IgA 046 0.50 0411 047 0.29 0.012
(0.29-0.66) (0.33-0.78) (0.33-0.75) (0.13-0.52)

I9G 6.70 540 0.008 6.10 4.80 0.032
(5.20-8.50) (3.75-7.60) (4.90-8.00) (3.45-6.65)

IgM 0.28 0.21 0.007 0.27 0.19 0.088
(0.20-0.45) (0.11-0.36) (0.16-0.43) (0.10-0.31)

The bold fonts describes the difference in the number of immune cells in patients with different risk levels (low risk and intermediate risk) and in remission status at

the 46th day after chemotherapy

Discussion

ALL is the predominant hematological malignancy in
pediatric patients, typically managed through a diverse
array of chemotherapeutic agents. Prolonged administra-
tion of these medications may compromise the immune
system, leading to a sustained state of immunosuppres-
sion post-treatment [21, 22]. This impediment hinders
the immune system’s ability to effectively combat infec-
tions and malignancies. Therefore, it is imperative to
investigate alterations in immune cells in pediatric ALL
patients pre- and post-chemotherapy, as well as to deter-
mine the optimal timeframe for immune cells recovery
following treatment.

A total of 146 patients with ALL were included in this
study, most of them were male, similar to previous studies
[23]. In a British study (UKALL2003) [24], males received
chemotherapy for longer, whereas in this study, males
received the same chemotherapy regimen as females.
This study found evidence of immune cells dysregulation
in 146 children with ALL prior to chemotherapy, char-
acterized by decreased levels of CD3+T cells, CD4+T
cells, CD8+T cells, and CD4/CD8 ratios. Specifically, the
proportion of CD4/CD8 was significantly lower in 41 out
of 146 cases (28.1%), consistent with findings from pre-
vious research [25-27]. The decline in CD4/CDS8 ratios
suggests compromised T-cell compartment, diminished
ability to eradicate leukemic cells, and reduced anti-
tumor efficacy. The levels of CD3+T cells, CD4+T cells,
CD8+T cells, CD4/CDS8 ratio, and B cells were found to
be significantly higher in children with B-ALL compared
to those with T-ALL (P<0.05). Conversely, the levels of

CD8+T cells and NK cells were lower in children in LR
group compared to those in IR group (P<0.05), suggest-
ing varying degrees of abnormal immune cell numbers
based on risk stratification. It could also be connected
to recurrent cytogenetic abnormalities associated with
favorable prognosis in LR group, but no pertinent
research has been conducted to bolster this theory. Prior
to chemotherapy, the mortality and recurrence rates were
higher in the group with abnormal CD3+T cell num-
bers (outside the reference range) compared to the nor-
mal group (P<0.05). An abnormal number of CD3+T
cells may contribute to a weakened anti-tumor response,
potentially leading to a poorer prognosis. It is proposed
that the number of CD3+T cells may serve as a valuable
indicator for predicting prognosis.

A significant decrease in CD4/CD8 (69/131, 52.7%)
and NK cells (82/131, 62.6%) was observed following
chemotherapy, suggesting that these cells may be par-
ticularly vulnerable to the effects of chemotherapy. Fur-
thermore, a notable reduction in B cells (112/131, 85.5%)
was also noted, indicating a substantial impairment of B
cells post-chemotherapy. These findings are consistent
with previous research [26, 28, 29], highlighting the sig-
nificant impact of chemotherapy on the B cells through-
out the treatment process. The study found that LR
group had lower intensity of chemotherapy compared to
those with IR group, leading to higher levels of B cells,
CD4+T cells, CD4/CDS8, IgG, and IgM at the end of
treatment, and it is consistent with previous research [30,
31]. Prior to chemotherapy initiation, LR group exhib-
ited lower levels of NK cells compared to those with IR
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Table 4 Analysis of immune cells reconstitution during E2 and E3 in 38 children with ALL
E2 E3 P
(n=38) (n=38)
CD3+T cells 972 1571 <0.001
(658-1352) (997-2111)
NK cells 40 150 <0.001
(19-119) (102-251)
CD4+T cells 425 728 <0.001
(288-598) (402-959)
CD8+T cells 392 616 <0.001
(291-631) (459-906)
CD4/CD8 1.00 098 0451
(0.74-1.40) (0.76-1.31)
B cells 12 527 <0.001
(6-38) (245-718)
IgA 0.41 0.73 <0.001
(0.27-0.61) (0.53-1.22)
I9G 5.55 7.25 <0.001
(4.40-6.77) (6.17-8.92)
IgM 0.24 0.59 <0.001
(0.13-031) (036-0.72)
T+B+NK cells 1083 2332 <0.001
(767-1504) (1411-3014)
2.5 further expand the sample size to provide a stronger con-
p=0.646 clusif)n in the future. o ‘
This study observed a significant decrease in NK cells,
| T-cell compartment, B cells and all immunoglobulin sub-
2.0 = classes following chemotherapy (P<0.001), suggesting a
substantial impact of chemotherapy on the immune cells
of children. Notably, B cells were found to be the most
severely affected, aligning with findings from previous
1.5 b= studies [26, 30]. Six months after the end of chemother-
o : apy, all indexes, with the exception of CD4/CDS8, exhib-
a ited significant recovery compared to post-treatment
% levels (P<0.001), in which B cells basically returned to
a normal. Conversely, the CD4/CD8 ratio did not dem-
© 1.0 onstrate significant recovery, aligning with findings
from previous studies [32—-34]. Although the number of
immune cells decreased sharply after treatment in chil-
dren with ALL, there was no significant difference in the
0.5 b= incidence of infection between patients with abnormal
immune cells and normal patients after treatment. This
may be because the study was retrospective in nature,
meaning that some patients lost relevant data because
0.0 l | | they received treatment in different hospitals. Leukemia

E2 E3 E4

Fig. 4 Changes of CD4/CD8 in 18 patients in three different periods (E2,
E3, E4)

group, and this discrepancy persisted at the end of che-
motherapy (P<0.05). The difference in the number of NK
cells between the two groups before treatment may be
the main factor leading to this result. It is necessary to

patients may be more susceptible to infections after treat-
ment ends than the general population. A study involv-
ing 2,204 patients discovered that leukemia survivors
experienced higher infection rates (RR=1.77, 95%CI:
1.69-1.71) and noticeably higher infection-related deaths
(HR=149.3, 95%Cl: 20.4-1091.9) one year after treatment
concluded compared to controls [35].

Through examining the immune cells of pediat-
ric patients diagnosed with ALL both before and after
chemotherapy treatment, the study established that
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chemotherapeutic agents exert a notable impact on the
immune response of afflicted individuals. Specifically,
high-intensity chemotherapy regimens have been found
to induce substantial impairment in overall immune
indexes, with B cells exhibiting the most pronounced
deterioration. However, it was observed that the number
of humoral immune indexes (B cells and all immuno-
globulin subclasses) recovered at a faster rate compared
to the T-cell compartment following the end of chemo-
therapy. The examination of immune cells throughout
and following leukemia treatment can offer valuable
insights for clinical practice. In cases where immune
reconstruction is compromised and prolonged immuno-
deficiency is present, interventions to enhance immunity
may be necessary to mitigate the risk of severe infections.
The degree of immune dysfunction in children with ALL
may serve as a prognostic indicator, aiding in clinical risk
stratification.

Conclusions

Acute lymphoblastic leukemia is a prevalent hematologi-
cal malignancy in pediatric patients, with chemother-
apy serving as the primary therapeutic modality. While
chemotherapeutic agents effectively induce tumor cell
apoptosis, they also elicit collateral damage to healthy
immune cells, leading to significant impairment of the
host immune barrier and prolonged immunodeficiency.
After the completion of chemotherapy, the B cells expe-
rienced the most severe impairment, but recovered rap-
idly and ultimately returned to baseline levels within 6
months post-treatment. In contrast, the CD4/CD8 levels
did not return to normal after 12 months of treatment,
consequently impacting the T lymphocyte levels. Prior
to treatment, patients with abnormal CD3+T cells were
found to have elevated risks of mortality and recurrence
compared to those with normal levels, indicating the
potential utility of this index in prognostic assessments.

Abbreviations
ALL Acute lymphoblastic leukemia

LR Low risk

R Intermediate risk
HR High risk

Ig Immunoglobulin
NK Natural killer

M Median

IQR Interquartile range

MRD  Minimal residual disease
BMI Body mass index
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