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Abstract
BACKGROUND: Hematopoietic Stem Cell Transplantation (HSCT) has recently been a widely used method of 
therapy in various fields of current medicine, particularly in hematology.Some patients develop renal disorders 
following HSCT.

AIM: This study aims to evaluate the dynamics of changes in the functional state of the kidneys in patients with ALL 
after HSCT.

METHODS: In the period from 2015 to 2021, for the first time in Kazakhstan, patients with acute lymphoblastic 
leukemia (ALL) who underwent allogeneic and haploidentical HSCT were prospectively examined.

RESULTS: We determined that the greatest decrease in glomerular filtration rate occurred in the group of patients 
who underwent haploidentical bone marrow transplantation. Moreover, we believe that our results are related to 
known contributing risk factors, such as the type of performed transplantation and the duration of taking medications 
for the prevention of graft versus host disease. Our results also indicate that the lethal outcome in the group with 
haploidentical HSCT in the studied patients with ALL was greater than in the group with allogeneic HSCT.

CONCLUSION: In conclusion, a decrease in kidney function in patients who have survived HSCT is probably a 
common complication; however, further prospective studies are required to confirm these results to develop 
additional algorithms for the treatment and prevention of renal disorders in patients with acute leukemia after HSCT.
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Introduction

There have been significant achievements 
in the treatment of acute lymphoblastic leukemia 
(ALL) in adult patients over the past decades [1]. At 
the same time, the results of ALL treatment directly 
depend not only on the chemotherapeutic protocol 
but also on the conditions and opportunities for 
conducting accompanying therapy and performing 
hematopoietic stem cell transplantation (HSCT). HSCT 
has recently been a widely used method of therapy 
in various fields of current medicine, particularly in 
hematology [2], [3], [4]. There has been a 2-3-fold 
increase in HSCT performed in 655 centers from 48 
countries over the past 10 years [5]. According to the 
European Group for Blood and Marrow Transplantation, 
4200 HSCTs were performed in 1990, 30,000 in 2010, 
and in 2013 the number of HSCTs reached about 1 
million [6], [7].

In Kazakhstan, HSCT for patients with 
hemoblastosis has been carried out since 2010 
at the National Scientific Center of Oncology and 
Transplantology, by 2021, about 500 HCTs have been 
performed. As a result of chemotherapy and particularly 
the use of high dosages during the preparation for 
transplantation, HSCT recipients have to face a number 
of side effects and complications affecting the course 
and outcome of the underlying disease  [8], [9], [10], 
[11], [12]. The main group of complications arising 
after HSCT includes the graft versus host disease 
(GvHD) [13], [14], [15], [16], infectious complications 
[17], [18], organ dysfunction from the hepatic [19], [20], 
cardiovascular [21], [22] and pulmonary systems [23]. 
But, among the complications that occur after HCT, 
renal disorders remain not fully understood. There are 
isolated studies in the world describing cases of kidney 
damage after HSCT with the development of Acute 
Kidney Injury, nephrotic syndrome, chronic kidney 
disease (CKD)  [24], [25], [26], [27], [28], [29], [30]. The 
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main method of investigating the determination of renal 
dysfunction is the calculation of the glomerular filtration 
rate (GFR), which allows to evaluate the degree of 
kidney damage [31], [32]. Taking into consideration 
all data above, we conducted a study to assess the 
functional state of the kidneys in patients with acute 
leukemia who underwent HSCT.

The aim

To evaluate the dynamics of changes in the 
functional state of the kidneys in patients with ALL after 
HSCT.

Materials and Methods

The study was conducted at the National 
Scientific Cancer Center of the Ministry of Health of 
the Republic of Kazakhstan (Nur-Sultan) in the period 
from 2015 to 2021. Patients with ALL who underwent 
allogeneic and haploidentical HSCT were recruited. ALL 
was established on the basis of characteristic changes 
in the general blood test (leukoformula, reticulocytes, 
platelets), bone marrow examination: cytological 
examination, cytochemical examination of blast cells 
(myeloperoxidase, glycogen, α-naphthylesterase, 
solvent black), immunophenotyping on a flow 
cytofluorimeter (human leukocyte antigen [HLA]-DR, 
TdT, CD10, CD19, CD20, CD22, cytIgM, SIGMA, CD1a, 
CD2, CD3, CD4, CD5, CD7, TCRa/β, TCRy/δ), and 
based on a standard cytogenetic study and molecular 
genetic study by FISH (BCR/ABL, MLL), as well as 
analysis of cerebrospinal fluid.

The inclusion criteria were patients with 
ALL in remission with a preserved GFR before bone 
marrow transplantation (BMT) at the age of 18 years. 
The exclusion criteria were: (a) Severe concomitant 
pathology: severe cardiovascular pathology 
(congestive heart failure, unstable angina, rhythm 
and conduction disorders, heart attack), liver failure 
due to acute hepatitis, both viral and toxic (elevation 
of serum bilirubin concentration more than 15 norms, 
increase of alanine aminotransferase and aspartate 
aminotransferase activity more than 3 norms, decrease 
of prothrombin index <70%), renal insufficiency 
(elevation of serum creatinine concentration more 
than 0.2 mmol/l), decompensated diabetes mellitus; 
(b) severe uncontrolled infectious complications: sepsis 
(antibiotic-resistant fever over 38C, septico-pyemic foci, 
hemodynamic instability); (c) life-threatening bleeding 
(gastrointestinal, uterine, cerebral hemorrhage); 
(d)  high level of PRO-BNP (more than 250  pg/ml); 
(e) clinical death in anamnesis and post-resuscitation 
illness; (f) severe mental disorders; (g) high patients’ 
overtreatment, that does not comply with diagnostic 

and treatment protocols. The study was conducted 
with the approval of the local ethics committee: NJSC 
“Astana Medical University” in compliance with the 
principles of ethical standards in accordance with the 
Helsinki Declaration.

The examination of patients included the 
collection of patient complaints, clinical and anamnestic 
data, and an objective examination. Cytogenetic 
subgroups of ALL were determined according to 
the classification of the World Health Organization, 
and immunological subgroups according to the 
immunophenotypic classification European Group for 
Immunophenotypic Characterization of Leukemias, 
1995. To assess the functional state of the kidneys, 
all patients underwent a laboratory examination, 
which included determination the level of hemoglobin, 
leukocytes, albumin, total protein, uric acid, alkaline 
phosphatase, creatinine and GFR calculation, using 
CKD-Epidemiology Collaboration (CKD-EPI) formula. 
The clinical and anamnestic characteristics of patients 
are presented in Table 1.

Table 1: Clinical and anamnestic characteristics of all patients 
under the study
Variables n (%)/mean (SD)
Age of patients 31.3 (1.1)
Ethnicity

Kazakh ethnic group 44 (86.3)
Slavic ethnic group 7 (13.7)

Presence of risk factors 21 (41.2)
Gender

Female 27 (52.9)
Male 24 (47.1)

В‑I (pro‑В) 12 (25)
B‑II (common B) 22 (45.8)
B‑III (pre‑B) 6 (12.5)
T‑I (pro‑T) 4 (8.3)
T‑II (pre‑T) 2 (4.2)
T‑III (cortical T) 2 (4.2)
SD: Standard deviation.

Patients with 100% compatible donors by 
the HLA system underwent allogeneic HSCT, patients 
with 50–99% compatible donors by the HLA system 
underwent haploidentical stem cell transplantation. The 
transfusion of a hematopoietic stem cell suspension 
on day zero, according to the patient’s weight, with 
the preliminary introduction of a conditioning scheme 
was carried out to all patients. Chemotherapy was 
carried out according to the approved clinical protocol 
of diagnosis and treatment by the Ministry of Health of 
the Republic of Kazakhstan [33] «ALL in adults» from 
09.07.2015. In the treatment of ALL, the protocol ALL-
2013Kz was used. All patients were pre-treated after the 
diagnosis of ALL establishment. Allogenic HSCT was 
carried out for patients at high risk of relapse, providing 
that the remission after the first course of consolidation 
with a related or compatible unrelated donor was 
achieved. If after the completion of phase I induction 
remission is not achieved (21st day of the course), the 
patient is classified as a high-risk group, treatment is 
carried out under programs for resistant forms (FLAG± 
Ida, HyperCVAD, All-Rez BFM 2002). If remission 
is achieved and there is a donor, allogenic BMT was 
performed. Upon detection of t (9; 22)/BCR-ABL, 
patients are transferred to treatment by the protocol 
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using tyrosine kinase inhibitors, i.e., Ph+All 2013 Kz 
protocol. Patients from the standard risk group and 
patients from the high-risk group were administered five 
courses of the consolidation of remission and a further 
for 2 years of maintenance therapy. Recommendations 
from international protocols such as GMALL 07/2003 
(German Multicenter Study Group for Adult ALL) and 
OLL-2009 (Russia) were used and modernized in the 
development of the ALL-2013Kz protocol.

Neutrophilic engraftment assessment was 
performed with in an increase of leukocytes level by 
more than 1.0 thousand/µl for three consecutive days 
after transplantation. All patients in the post-transplant 
period underwent preventive treatment GvHD with the 
introduction of cyclosporine and tacrolimus. The initial 
administration of cyclosporine (CsA) was injected 
from-1 day at a dose of 2.5 mg/kg × 2  times per day 
with further dose reduction from +4 day to 1.5 mg/kg 
× 2  times per day. The initial dose of tacrolimus was 
(Tx) 0.03 mg/kg/day. The patients` after allogeneic and 
haploidentical stem cells transplantation management 
protocol was identical and had no differences either in 
duration or in dosage of drugs. As a result of the medical 
records analysis, patients who underwent BMT were 
divided into two groups. Further observation and data 
processing was carried out, taking into consideration 
the patients’ distribution by transplantation type. The first 
group consisted of patients with allogeneic HSCT in the 
number of 26 people, while the second group included 
patients who underwent haploidentical HSCT in the 
number of 25 people. All patients were re-examined 
1 and 2  years after HSCT in purpose to assess the 
underlying disease condition and kidney function. 
Hemoglobin, leukocytes, albumin, total protein, uric 
acid, alkaline phosphatase, creatinine were determined 
in dynamics, within the specified time frame, with the 
calculation of GFR, according to the CKD-EPI formula.

Statistical analysis

Statistical data processing was performed 
using the IBM SPSS Statistics software package 
(Version 20, SPSS Inc., Chicago, Illinois,USA).

Results

A comparative analysis of the study groups 
showed that the age characteristics of the first and 
second patients’ groups did not have statistically 
significant differences, and while in the group with 
allogeneic transplantation the age of patients was 
32.2 years standard deviation (SD) = 1.7, in the group 
with haploidentical transplantation it was equal to 
30.3 years SD = 1.5 (p = 0.445). The gender distribution 
among the groups also did not differ statistically, so 

the men-to-women ratio in the first group was 57.7% 
(95% confidence interval [CI] 38.9–24.5)/42.3% (95% 
CI 25.5–61.1), and in the second group 48% (95%CI 
30–66.5)/52% (95% CI 33.5–70) (p = 0.488). The ratio 
by ethnicity of the patients under the study did not 
statistically differ (p = 0.202).

Comparative analysis of immunophenotypic 
subgroups of ALL also showed the absence of 
statistically significant differences (p = 0.996), the 
distribution of which is shown in Figure 1.

Figure 1: Distribution of both groups’ patients by acute lymphoblastic 
leukemia immunophenotypic subgroups

There were no statistically significant 
differences in the study of the frequency of complications 
of the underlying disease before the HSCT, and the 
data are presented in Table 2.

Table 2: The frequency of the underlying disease complications 
prior the hematopoietic stem cell transplantation
Variable AlloHSCT  

(n = 26), n (%)
HaploHSCT (n = 25) Significance 

level95% CI n (%) 95% CI
Absence of remission 
prior to HSCT

4 (15.4) 6.1–33.5 6 (24) 11.5–43.4 0.439

Recurrence prior to 
HSCT

4 (15.4) 6.1–33.5 2 (8) 2.2–25 0.413

Chemoresistance 1 (3.8) 0.7–18.9 1 (4) 0.7–19.5 0.977
Hyperleukocytosis 2 (7.7) 2.1–24.1 1 (4) 0.7–19.5 0.575
Neuroleukosis 5 (19.2) 8.5–37.9 2 (8) 2.2–25 0.244
HSCT: Hematopoietic stem cell transplantation, CI: Confidence interval, AlloHSCT: Allogeneic HSCT, 
HaploHSCT: Haploidentical HSCT.

Analysis of general clinical laboratory 
data in both groups showed that after high-dose 
chemotherapy in all patients with ALL, the blood 
recovery pattern lasted on average from 3 weeks to 
2 months. Meanwhile, the clinical-functional condition 
of the kidneys after chemotherapy in this period did 
not have significant changes. Consequently, blood 
analysis, urine analysis, and the GFR filtration did 
not show any significant change. The instrumental 
examination of kidney structural changes of the 
patients under the study in this period did not have 
any changes.

Next, a comparative analysis of the two groups 
according to the Mann–Whitney criterion at different 
stages of examination was performed, which showed 
that the laboratory parameters of the study patients did 
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not statistically differ either before the intervention, or 
after a year, or after 2 years, respectively. The data are 
given in Table 3.

Table 3: Dynamics of laboratory parameters in both groups 
prior hematopoietic stem cell transplantation, 1 year later, 
2 years after transplantation
Variables AlloHSCT  

(n = 26)
HaploHSCT  
(n = 25)

Significance 
level

Me Q1–Q3 Me Q1–Q3
Prior the HSCT performance

Hb (g/l) 91 76–120 80 68–104 0.429
Leukocyte (×109 cells/l) 6.7 3.01–61.8 3.4 1.57–62.9 0.749
Albumin (g/l) 40.5 36–44.2 41 34.6–43.9 0.280
Total protein (g/l) 67 59.1–70.2 66 55.1–70.1 0.134
Uric acid (μmol/l) 327.7 267–384 267 207–400.5 0.488
Alkaline phosphatase 
(units/l)

107 86–145 120 70.5–161 0.800

Creatinine (mkmol/l) 63 49–79.1 57.4 44–81.5 0.295
GFR (ml/min/1.73 m2) 127 94–149 110,5 103.5–163 0.472

1 year after the HSCT performance
Hb (g/l) 115.5 104–132 107.5 92–125.7 0.358
Leukocyte (×109 cells/l) 5.1 3.49–6.3 5.42 3.87–7.35 0.367
Albumin (g/l) 47.2 43.3–49.9 39.9 33.1–47.7 0.092
Total protein (g/l) 74.9 70–78 66.1 55.5–69.4 0.007
Uric acid (μmol/l) 261 182.5–342 265 197.5–295 0.516
Alkaline phosphatase 
(units/l)

108.5 87.2–179 90.5 74.7–134 0.292

Creatinine (mkmol/l) 64 50–79.6 57 48.7–99.6 0.334
GFR (ml/min/1.73 m2) 120 103.5–153.7 128.5 80.2–155 0.262

2 years after the HSCT performance
Hb (g/l) 118 109–135 128 125.5–135 0.478
Leukocyte (×109 cells/l) 3.7 2.9–4.4 5.2 5.4–6.4 0.250
Albumin (g/l) 47.2 41–49 47.8 44.9–50.7 0.512
Total protein (g/l) 74.5 67–76.5 73.2 65–79.8 0.341
Uric acid (μmol/l) 309.5 190–382 335 290–387.5 0.123
Alkaline phosphatase 
(units/l)

85 62–90 108 92–116 0.540

Creatinine (mkmol/l) 68 58.8–87.3 98 77–108 0.326
GFR (ml/min/1.73 m2) 111 88–125 82 73–116.5 0.370

3 years after the HSCT performance
Hb (g/l) 148 91 Not 

subject to 
comparison 
due to 
the small 
number of 
cases

Leukocyte (×109 cells/l) 5.95 3.79
Albumin (g/l) 51.7 38.14
Total protein (g/l) 77.3 67
Uric acid (μmol/l) 335.4 296
Alkaline phosphatase 
(units/l)

94 100

Creatinine (mkmol/l) 69 80
GFR (ml/min/1.73 m2) 130 102

HSCT: Hematopoietic stem cell transplantation, AlloHSCT: Allogeneic HSCT, HaploHSCT: Haploidentical 
HSCT, Hb: Hemoglobin, GFR: Glomerular filtration rate.

However, a comparative analysis of the 
dependent variables of the kidneys’ functional state of 
in dynamics showed a statistically significant decrease 
in the GFR level among patients with haploidentical 
HSCT, and a tendency to increase of plasma creatinine 
levels in these patients over time, the results are 
presented in Table 4.

Table 4: Comparative analysis of the first group laboratory data 
according to the Friedman criterion
Variables Comparative analysis 

of the laboratory data of 
patients with AlloHSCT in 
dynamics

Comparative analysis 
of the laboratory data of 
patients with HaploHSCT in 
dynamics

χ2 р χ2 р
Hb (g/l) 12.9 0.002 1.4 0.497
Leukocyte (×109 cells/l) 0.154 0.926 2.6 0.273
Albumin (g/l) 5.429 0.066 1.6 0.449
Total protein (g/l) 3.677 0.159 3.2 0.202
Uric acid (μmol/l) 2.400 0.301 1,0 0.607
Alkaline phosphatase (units/l) 2.571 0.276 1.0 0.607
Creatinine (mkmol/l) 3.571 0.312 5.216 0.074
GFR (ml/min/1.73 m2) 0.000 1.0 7.051 0.032
AlloHSCT: Allogeneic hematopoietic stem cell transplantation, HaploHSCT: Haploidentical hematopoietic 
stem cell transplantation, Hb: Hemoglobin, GFR: Glomerular filtration rate.

A comparative analysis on the frequency of 
complications after HSCT, where the proportion of graft 
rejection cases, the recurrence’ development and graft-
versus-host reactions, as well as the development of 

the frequency of such an endpoint as a lethal outcome, 
were evaluated, was also carried out, the data are 
presented in Table 5.

Table  5: The frequency of complications of the underlying 
disease following hematopoietic stem cell transplantation
Variable The first group  

(n = 26)
The second group 
(n = 25)

Significance 
level

n (%) 95% CI n (%) 95% CI
Engraftment 1 (3.8) 0.7–18.9 2 (8) 2.2–25 0.529
Recurrence after HSCT 5 (19.2) 8.5–37.9 4 (16) 6.4–34.7 0.762
Preventive graft versus 
host therapy conducting

14 (53.8) 35.5–71.2 21 (84) 65.3–93.6 χ2 = 5.382, df 
= 1 P = 0.02

Graft versus host reaction 11 (42.3) 25.5–61.1 13 (52) 33.5–70 0.488
Lethal outcome 10 (38.5) 22.4–57.5 13 (52) 33.5–70 0.331
HSCT: Hematopoietic stem cell transplantation, CI: Confidence interval.

Among the studied two groups of patients 
after HSCT, there were only nine patients with relapse 
of ALL. The average GFR in these patients before 
HSCT was 116  ml/min/1.73 m2. At the same time, 
GFR after 1 year in patients with relapse was reduced 
to 87  ml/min/1.73 m2 and after 2  years decreased to 
71.5 ml/min/1.73 m2.

Considering the rather high frequency of 
deaths, we conducted an analysis of the survival of 
censored data, which showed a tendency to a higher 
frequency of deaths in the second study group, Figure 2.

Figure  2: Survival of patients after allogeneic and haploidentical 
Hematopoietic Stem Cell Transplantation

Discussion

In this study, we investigated kidney function 
in 51  patients with ALL. Evaluation of the kidneys 
functional state was carried out before BMT and after 1 
and 2 years. Based on the results of the obtained data, 
we assume that the patients’ kidneys functional state 
depend on the type of HSCT performed. We determined 
that the greatest decrease in the GFR occurs during 
haploidentical HSCT. The obtained results, firstly, make 
it possible to assume that in patients who underwent 
haploidentical BMT, the GFR of the kidneys decreases 
faster in comparison with patients who underwent 
allogeneic transplantation. According to a systematic 
review by Ellis et al., renal disorders developed in a 
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significant proportion of patients whose survival was more 
than 100 days after HSCT [34]. These research results 
are probably related to the presence of risk factors for 
the after transplantation renal disorders development, 
which, according to many authors, are: acute or chronic 
graft versus host reaction, type of transplantation 
performed, gender, age of the patient, initial kidneys 
functional state, duration of taking medications for the 
GVHD prevention (prograf, tacrolimus) and treatment 
of GVHD (GCS, immunosuppressive therapy, etc.) [35]. 
In addition, according to studies by Nicole Santoro 
et al., it is known that, in HaploHSCT recipients, the 
incidence of GVHD of various organs is significantly 
higher compared to AlloHSCT, which coincided with the 
data of our study [36], [37], [38], [39], [40].

HaploHSCT recipients showed a tendency 
to decrease the total protein in the blood during the 
1st year after BMT with its gradual normalization. This 
was probably due to the nutritional status violation, as 
result of the prevention of GVHD. The obtained results 
are comparable to the previously known findings of 
other foreign studies, where protein-energy deficiency 
was studied in conditions of HSCT [41].

There are studies in the world literature on the 
kidneys prognosis and the associated overall patients’ 
survival. According to the data of Hingorani et al., the 
mortality of patients with acute leukemia increased 
as the kidneys GFR decreased, regardless of the 
transplantation type [42]. Whereas our results indicate 
that the lethal outcome in the haploidentical HSCT group 
of patients with ALL was greater than in the allogeneic 
HSCT group. One of the limitations of our study was 
the low number of patients, since only a few patients 
met the inclusion criteria for the study. In general, the 
absence of a larger number of participants did not allow 
us to give statistically significant differences; however, 
we described some common results based on the 
available data.

Conclusion

Consequently, we determined that the greatest 
decrease in the GFR occurred in the patients group 
who underwent haploidentical BMT, which makes it 
possible to predict a general decrease in the kidneys 
functional state in this category of patients. We believe 
that our results are related to known risk factors, such 
as the performed transplantation type and the duration 
of taking medications for the GVHD prevention. Our 
results also indicate that the lethal outcome in the 
haploidentical HSCT group in the study of patients with 
ALL was greater than in the allogeneic HSCT group. Our 
results reflect the importance of determining creatinine 
in blood serum, which is a standardized, affordable, 
and widely available research method. At the same 

time, further calculation of the kidneys GFR prior to 
transplantation and in the post-transplantation period 
is easily applicable in making clinical decisions in real 
time. The increase in the number of transplantations 
performed both in Kazakhstan and around the world 
leads to an upsurge in the burden of kidney diseases 
on the health system. We believe that research in the 
HSCT area should also be aimed at studying risk factors 
and at earlier detection of renal pathology to conduct 
the early possible intervention.
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