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ABSTRACT

Relevance: Acute renal kidney injury is a severe complication in patients with acute leukemia who underwent hematopoietic stem cell
transplantation (HSCT). According to statistics, acute renal dysfunction often occurs in the first 100 days after HSCT.

This study aimed to evaluate kidney function in patients with acute leukemia after hematopoietic stem cell transplantation.

Methods: The article presents clinical cases of patients with acute lymphoblastic leukemia who developed acute renal failure after
HSCT. The dynamics of the functional state of kidneys in patients with acute lymphoblastic leukemia after HSCT are described.

Results: The acute kidney disorder in the studied patients was mainly caused by HSCT complications. We have identified renal kidney
damage in the form of acute tumor lysis and thrombotic microangiopathy.

Conclusion: Patients with acute lymphoblastic leukemia risk developing acute kidney disorder during HSCT, which requires careful
monitoring of kidney function, especially in the early post-transplant period.

Keywords: hematopoietic stem cell transplantation (HSCT), acute kidney injury (AKI), acute lymphoblastic leukemia, glomerular

filtra-tion rate, kidney function.

Introduction: Acute kidney injury (AKI) is a severe
complication in patients undergoing hematopoietic
stem cell transplantation (HSCT) [1]. AKI in HSCT re-
cipients is reported in 15-73% of cases [2]. According
to a recent systematic review by S.R. Kanduri et al. in-
volving 5114 patients who have undergone HSCT, the
incidence of AKI in HSCT recipients was 49.8% [3]. AKI
is most common in the first 100 days after HSCT [4, 5].

The reasons for the development of AKI in pa-
tients with acute leukemia in the setting of HSCT
are multifactorial and largely depend on the sever-
ity of post-transplantation complications. Severe
post-transplant complications experienced by HSCT
recipients are known to indirectly affect renal func-
tion, such as acute graft-versus-host disease, cardio-
vascular pathology, and infectious complications [6-
8]. In addition, HSCT recipients undergo a phased
long-term administration of nephrotoxic chemother-
apeutic agents [9].

The accepted criteria for verifying AKI in HSCT re-
cipients include decreased diuresis, decreased glo-
merular filtration rate, and increased serum creatinine
clearance [10]. In Kazakhstan, patients with acute leu-
kemia have undergone HSCT at the National Research
Oncology Center (NROC) in Nur-Sultan since 2010.
More than 500 procedures have been performed up
to date.

Here, we present clinical cases of patients with acute
leukemia who develop acute renal failure after HSCT.

The study aimed to evaluate renal function in pa-
tients with acute leukemia after hematopoietic stem
cell transplantation.

Materials and methods: We studied the data of
two clinical cases of patients with acute lymphoblas-
tic leukemia (ALL) who develop acute renal failure after
HSCT based on the NROC. The study included patients
aged 18 years and older with an initial glomerular fil-
tration rate preserved before HSCT. ALL diagnosis was
confirmed by the results of hemogram, myelogram, im-
munophenotyping of blast cells, and cytogenetic stud-
ies (standard and FISH methods). The clinical protocol
carried out chemotherapy for the Diagnosis and Treat-
ment of Acute Lymphoblastic Leukemia in Adults dat-
ed July 9, 2015, was approved by the Ministry of Health
of the Republic of Kazakhstan and the Treatment Proto-
col ALL-2013KZ [11]. In both cases, patients were can-
didates for HSCT due to a high risk of recurrence. Due
to the lack of relative and non-relative donors for al-
logeneic stem cell transplantation, patients underwent
haploidentical HSCT after premedication. The study
was conducted with the approval of the local ethics
committee: Astana Medical University NJSC, in compli-
ance with the ethical principles of the Declaration of
Helsinki.
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Case No. 1

Patient information: according to the results of a
hemogram, a 37-year-old woman was urgently admit-
ted to the hematology department of the Municipal
Clinical Hospital No. 7 in Almaty (Kazakhstan), where
the B-I variant of ALL with co-expression of the CD7
lymphoid antigen was newly diagnosed (high-risk
group). The patient was hospitalized at the National Re-
search Oncology Center in Nur-Sultan (Kazakhstan) for
treatment and HSCT.

Clinical data: Upon admission, the patient’s gener-
al state was moderate due to the underlying disease.
No clinical signs in the vital organs. Organs of urina-
tion: Visually whole kidney area. Natural urination, yel-
low urine. Adequate diuresis, 1.8-2.0 liters per day.

Diagnosis: Cytological studies of blood and bone
marrow, cytochemical examination of blast cells, im-
munophenotyping by flow cytometry, standard cyto-
genetic analysis, and FISH study was performed to con-
firm the patient’s diagnosis.

Hemogram data: hyperleukocytosis, thrombocyto-
penia, blastemia.

Myelogram data: abundantly cellular bone marrow,
81.6% represented by blast cells and depressed hema-
topoietic lineages.

Bone marrow IPT: a bone marrow sample on a CD
45/SSC cytogram showed an abnormal population of
cells constituting 96% of the total number of nucleat-
ed events.

Cytogenetic examination of the bone marrow: no
chromosomal pathology.

General clinical laboratory and instrumental exam-
inations were carried out to assess the patient’s renal
function. The data are presented in Table 1.

Renal ultrasound, Doppler ultrasound of renal vessels:
stage | nephroptosis on the right. Right kidney cyst. No
focal pathology of the kidneys and adrenal glands. No
hemodynamic disorders of blood flow at the level of
the renal arteries. Indices of peripheral vascular resis-
tance at the level of parenchymal arteries on both sides
are within the normal range.

Table 1 - Laboratory data of the patient with ALL, Case No. 1

Case 1
Variables
Before HSCT | After HSCT

GFR (mL/min) 122 9
Creatinine (umol/L) 46 505
Uric acid (mmol/L) 254 698
CRP (mg/L) 2.0 172
Potassium (mmol/L) 4.1 5.2
LDH (U/L) 144 2800

Treatment: Conditioning therapy included busul-
fan 10 mg/kg + fludarabine 30 mg/m2. Haplo-HSCT was
administered in the volume of 735 mL, 6.24 million/kg

of CD34 adjusted to the recipient’s weight. Immuno-
suppressive therapy prescribed after HSCT to prevent
graft-versus-host disease included tacrolimus 0.03 mg/
kg a day, then 4 mg a day orally with dose adjustment
depending on blood concentration; on Day 3 and Day
5, prophylaxis according to L. Luznik + cyclophospha-
mide 50 mg/kg twice.

Results: On Day 14 after Haplo-HSCT, the patient
had no signs of neutrophil engraftment (0*10/9 L), so
the stimulation with colony-stimulating factor filgras-
tim 300 ug per day s.c. for 14 days was started accord-
ing to the Haplo-HSCT protocol. The patient was admin-
istered meropenem and vancomycin for accompanying
persistent febrile neutropenia (persistent fever, CRP 85
mg/L, procalcitonin 2.04 ng/mL) due to unsuccessful
therapy with piperacillin/tazobactam 4.5 g*QID and
deep agranulocytosis. On Day 28, three blood tests con-
firmed neutrophil engraftment (leukocytes > 1x109L).
On Day 20 after Haplo-HSCT, a biochemical blood test
showed the first renal dysfunction episode (increased
creatinine up to 112 umol/l, decreased diuresis), so the
patient was prescribed hydration therapy with diuresis
stimulation. The treatment was successful, and the cre-
atinine and urea levels returned to normal values. Later,
the patient received glucocorticosteroids and antiviral
therapy for a complication of the liver GVHD and CMV
infection activation.

However, a myelogram (blastemia up to 13%) and
blood IPT confirmed a relapse of the underlying disease
on Day 76 after Haplo-HSCT. Only the monoclonal an-
tibody Inotuzumab provided a positive response, giv-
en the resistance to the conducted anti-relapse che-
motherapy courses, including high-dose cytostatic
therapy. The patient was re-administered with Inotu-
zumab based on the National Comprehensive Cancer
Network® recommendations for patients with recur-
rent/refractory ALL and the Concilium opinion. The
leukocytes went down to myelotoxic agranulocytosis
levels during treatment; the ossalgia events were man-
aged. Against the first course of Inotuzumab, blood bio-
chemistry showed increasing nitrogenous waste (cre-
atinine 505 pmol/L, uric acid 698 mmol/L) and lactate
dehydrogenase (2800 U/L) and a downward leukocyte
trend (0.6*109/L). The glomerular filtration rate was re-
duced from 122 to 9 mL/min/m2. Urination was done
through a urethral catheter due to diuresuria (Table 1).

Ultrasound during the kidney failure showed both
kidneys’ hypertrophy and increased left kidney paren-
chyma compared to the baseline. The renal blood flow
test showed a decreased perfusion in both kidneys.
Further restoration of renal function in this patient was
achieved by prolonged hemodiafiltration.

Time scale: Table 2 presents the time scale of the de-
scribed clinical case.
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Table 2 - Time scale of clinical case No. 1
Period Event
December 2020 Verification of the diagnosis, hospitalization
December 2020 - July 2021 Preparation for HSCT: courses of polychemotherapy, therapy with Inotuzumab
August 2021 Haploidentical HSCT
September 2021 On Day 20 after HSCT — a new episode of decreased renal function
September 2021 Post-HSCT complication: Liver GVHD and activation of CMV infection
November 2021 Relapse of the disease, a course of treatment with Inotuzumab
November 2021 On Day 76 after HSCT - a recurrent episode of decreased renal function
November-December 2021 Hemodiafiltration sessions, recovery of renal function

Case No. 2

Patient information: A 30-year-old man was admit-
ted to the National Research Oncology Center with an
established diagnosis at the place of residence: Ph+
ALL, B2 variant according to EGIL classification, high-
risk group. Given the patient’s young age, the high risk
of the underlying disease, and the presence of a partial-
ly compatible relative donor, the patient was hospital-
ized for HSCT.

Clinical data: Upon admission, the patient’s general
state was moderate due to the underlying disease and
ongoing chemotherapy - no pathological changes in
organs and systems. Adequate urination was 1.5-2 li-
ters per day, free. The patient had peripheral edema in
the legs.

Diagnosis: Hemogram data: hyperleukocytosis,
moderate anemia in terms of hemoglobin level, blas-
temia.

Myelogram: small-celled bone marrow. Blasts -
88%. Total replacement of bone marrow cells with blast
cells. The count is 100 cells - normoblasts type of he-
matopoiesis. MKC lineage is depressed.

Bone marrow IPT: abnormal population of cells, 80%
of the total number of nucleated events. Transformed
cells are weakly positive for CD45 and have a low de-
gree of granularity — co-expression of myeloid antigen
CD13.

FISH study of the bone marrow: 100% of the scanned
nuclei showed a rearrangement of the BCR/ABL gene.

Renal ultrasound, Doppler ultrasound of renal ves-
sels: slight diffuse changes in the parenchyma of both
kidneys; no hemodynamic disturbances in the vessels
of the kidneys.

Treatment: Conditioning therapy included busulfan
10 mg/kg + fludarabine 30 mg/m2. Haplo-HSCT was ad-
ministered in the volume of 408.0 mL, 8.9 million/kg of
CD34 adjusted to the recipient’s weight. Graft-versus-
host disease was prevented by administering tacrolim-
us 0.03 mg/kg a day, then 4 mg a day orally with dose
adjustment depending on blood concentration; on Day
3 and Day 5, prophylaxis according to L. Luznik + cyclo-
phosphamide 50 mg/kg twice.

Results: Neutrophil engraftment was ascer-
tained on Day 21 after HSCT. Regarding compli-

cations, this patient reported febrile neutrope-
nia, and an initial antibiotic therapy was carried
out (piperacillin/tazobactam 4.5 g QID). However,
due to the CRP growth (14151575163 ng/mL over
time), persistent febrile condition, and deep agran-
ulocytosis (leukocytes 0.0 thousand/pL), the thera-
py was supplemented with Meropenem and Vanco-
mycin. Over time, the temperature went down to
subfebrile levels, and no active CRP growth was re-
ported. The patient continued with immunostimu-
lating therapy.

On Day 30 after Haplo-HSCT, the patient present-
ed thrombotic microangiopathy (TMA) confirmed by
increased lactate dehydrogenase level, the appear-
ance of schistocytes in the clinical blood test, increas-
ing thrombocytopenia, a decreased haptoglobin,
increased nitrogenous waste and an increase in creati-
nine to 443 pmol/L. Daily diuresis was reduced to 150-
200 mL a day, and the glomerular filtration rate went
down from 120 to 14 mL/min. C-reactive protein, uric
acid, and potassium levels were increased. Tacrolimus
was discontinued for this complication. The data is pre-
sented in Table 3.

Table 3 - Laboratory data of the patient with ALL, Case No. 2

Case 2
Variables
Before HSCT | After HSCT
GFR (mL/min) 120 14
Creatinine (umol/L) 70 443
Uric acid (mmol/L) 230 502
CRP (mg/L) 7.2 7.8
Potassium (mmol/L) 3.9 4.1
LDH (U/L) 144 2800

The kidney ultrasound during the kidney failure
showed an increased blood flow resistance in renal
vessels, both kidneys’ hypertrophy, and enlarged pa-
renchyma thickness. The patient responded positively
to hemodiafiltration with a gradual withdrawal of im-
munosuppressive therapy. Cyclosporine was reduced
to 100 mg a day. A controlled follow-up a month later
showed a reduced creatinine of 102 umol/L, so cyclo-
sporine was re-administered.

Time scale: Table 4 presents the time scale of the de-
scribed clinical case.
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Table 4 - Time scale of clinical case No. 2

Period Event
November 2018 Verification of the diagnosis, hospitalization
November 2018 - March 2019 Preparation for HSCT: courses of polychemotherapy
March 2019 Haploidentical HSCT
April 2021 Post-HSCT complication: thrombotic microangiopathy
April 2021 Day +30 after HSCT: decreased renal function
April 2021 Dosage adjustments forimmunosuppressive drugs

April-May 2021

Hemodiafiltration sessions, recovery of renal function

November-December 2021

Hemodiafiltration sessions, recovery of renal function

Discussion: In the described clinical cases, patients
with ALL developed renal disorders assessed as acute
renal failure in the first months after HSCT. The glomer-
ular filtration rate estimate by the CKD-EPI equation re-
vealed a sharp decrease in the parameters compared
with the baseline. According to the available data, both
patients underwent haploidentical HSCT, which could
cause kidney injury.

The presented ultrasound results reflect the kidney
size changes in AKl similar to those reported by P.Q. Liu
[12]. A systematic review by S. Ninet et al. showed that
an elevated resistance index could predict persistent
AKl in critical patients [13].

In the presented cases, AKI developed in the first
few months after HSCT. This confirms the statistical
data of foreign studies describing kidney injury in the
first 100 days after HSCT [14, 15].

Post-HSCT complications were the main reason for
AKI development in those patients. Two patients re-
ported post-HSCT complications in the form of acute
tumor lysis syndrome and thrombotic microangiopa-
thy. We believe that the developed complications may
be the basis for AKI development, leading to indirect
renal damage and worsening the underlying disease.
These complications could drive acute renal failure de-
velopment.

Conclusion: The presented case series describes
AKI in patients with ALL after HSCT. These clinical cas-
es demonstrate different kidney injury pathogenesis.
Since post-transplant complications and nephrotoxic
agents could be the risk factors for acute renal failure
development, careful renal function monitoring is re-
quired after HSCT.
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TY/KbBIPBIM

TEMOMOD3]IK JIH )KACYIIAJAPBIH TPAHCILIAHTTAYJIAH KEMIH XKITI
JEMKO3bI BAP HAYKACTAPIA BYHPEKTIH JKITI 3AKBIMJJAHYbI:
FKAFJAWUJIAP CEPUSICHI

A.0. Mypzaxmemosa', B.M. Kemaiikun?, A.M. Aiinaéair'?, 8.M. Meippamosa', b.0O. Aiinadexosa’

I«AcTaHa meauumHa yHueepcuteti» KEAK, Hyp-cyntan, KasakcTaH Pecnybnukach;
2¥NTThIK FBINbIMIA OHKONOTUSNBIK OpTanblk, Hyp-cyntak, KasakctaH Pecnybnmkack

O3zexkminizi: dceden nelikeMuamMen ayblpamoll HAyKacmapoa 2eMono3soik bazananvl sxcacyuiarapost mpancnianmayusanaymen (IJDKT) aywi-
PamolH HayKacmapoa oyupekmiy dHceoel 3aKblMOanybl ayblp acKblHy 601sin mabwiiadsl. Cmamucmukaga calkec, scedel Oyupex (YHKYUsCbIHbIH
oysvLny acuiniei I/PDKT-0an keiiinei anzawkst 100 Kynoe xezdeceoi.

3epmmeyoin marKcamol — 2ermono330iK Oiy HCACyUWanapsli MpaHCRAAHMAYUAIAYOAH KelliH dceder Netiko30eH ayblpamvli HayKacmapoa Oyii-
peK pyHryusiiapel 6azanay.

Qoicmepi: maxaniaoa sxceoen iumpodracmurkanvix reikemusmer ayvipamoit, 1 JDKT-0an keilin srceden Oyiipex dHeemkinikcizoiei 0amuvlean Hay-
Kacmapowiy KIUHUKALLIK dicazoainapel kenmipineen. Biz /DK T-0en ketlin orceden mumpobiacmukanvik j1etukeMusimMer ayblpamsii HayKacmapobly
Oyipexmiy QyHKYUOHANObL HCAROAUBIHBIY OUHAMUKACHL CURATMATRAN.

Homuoicenepi: sepmmencen Haykacmapoa Oyipexmin srceden 3aKblMOanyvinbiy Heeizel cebebi I J[PKT-0an ketiinei ackpinynap xeuieni 6010bi.
b3 orceden icik usuUCt JHcane mpomMoOOMuKaiblK MUKPOAHSUONAMUSL MYPIHOe OYUpeKmiy 3aKbIMOAHYbIHbIH PEHAbObL MYPIH AHBIKMAObIK.

Kopvimuinowi: sceoden numgpoonacmuxanvi netikemuamen ayvipamoin Haykacmapoa I JDKT kesinoe Oyiipexmin sceden 3aKbimoany Kayni oap,
Oy acipece MpaHCNIaHMayusOan Ketiinei epme Keseyoe Oyupex QyHKYusIapvli MyKusim 6axKsliayobl Kadjcem emeoi.

Tyitinoi co30ep: 2emonos30ix Oiy HcAcyuwarapvl MpaHCiaHmMayusLay, Oyupekmiy Jceden 3aKbIMOAnYbl, Hcedel IUMPOONACMUKANBIK JeliKe-
MUSL, 2IOMEPYIAPILIK CY3Y AHCLLIOAMObIRbL, OYUPeK Kbi3Memi.

AHHOTAIIUA

OCTPOE IIOYEYHOE INOBPEXJEHUE Y BOJBHBIX C OCTPBIM JIEMKO30M
ITOCJIE TPAHCIIVIAHTAIIMM TEMOIIOOTUYECKUX CTBOJIOBBIX KJIETOK:
CEPUA KIMHUYECKUX CJIYYAEB

A.0. MYP3AXMETOBA', B.M. KEMAHKHUH?, A.M. AHHABAH", A.M. MEHPAMOBA', b.A. AHHABEKOBA!

'HAO «MepmumHckuit yuneepcutet AcTaHay, Hyp-Cyntah, Pecnybnuka Kasaxcrah;
*HAO HauvoHarnbHblit HayuHblit oHkonordeckuit ueHTp, Hyp-Cyntan, Pecnybnuka KasaxctaH

Axkmyansnocmy: Ocmpoe nospedicoenue NoYex SBNACMCs Cepbe3HbIM OCLONCHEHUeM ) OONbHbIX ¢ OCMPbIM JIeUKO30M, NePeHecuux
mpancnaanmayuio eemonosmuyeckux cmeonosvix kiemok (TI'CK). Ilo cmamucmuxe, ocmpoe napyuienus QynKyuu nouex 4acmo 6cmpeuaemcs 6
nepswie 100 oneu nocie TI'CK.

Lenw uccnedosanusn — oyenxa ynkyuii noex y OONbHbIX ¢ OCMPLIM 1EUKO30M NOCIE MPAHCHAAHMAYUY 2EMONOIMULECKUX CIMBONI0BbIX KIIEMOK.

Memoowi: B cmamve npedcmagienvl Kiunuueckue caydau 001bHbix ¢ ocmpuim aumpooracmuvim nevkozom (OJU), y komopuix pazeunacs
ocmpast noyeunas neoocmamournocms nocie TI'CK. Onucana ounamuxa ghyHkyuonanvnoz2o cocmosnusi nouex bonvruix ¢ OJI/I nocne TI'CK.

Pesynomamor: Ocnognoil npuuuHoU pazeumusi 0Cmpo2o noGpPediCcOeHUsl NOYEK Y UCCLEOVEMbIX OONbHBIX NOCIAYHCUIL KOMNIEKC OCIOICHEHUL
nocne TI'CK. Bvina gvisignena penanvhas gopma nogpedtcoenus noueK 6 6Uuoe 0Cmpo20 UUCA ONYXOnu U mpomMOOMu4eckol MUKpOaH2UONamuil.

3aknwuenue: Fonvnvie ¢ OJIJI umeiom pucku pazeumusi ocmpozo noepedxcoenus: novex 6o epems TI'CK, umo mpebyem muwamenbHo2o
MOHUMOPUHEA PYHKYULL NOYEK, OCOOEHHO 8 PAHHULL NOCIMPAHCHIAHMAYUOHHDIL NEPUOO.

Knwoueesvte cnosa: mpancnianmayus 2emonosmuyeckux cmeonosvix kiemox (TI'CK), ocmpoe nospesxcoenue nouex (OIII), ocmpolit
aumobracmmuwiii netixkos (OJINI), ckopocmsb kiy60uKko6ot hurbmpayuu, GyHKYUs noyex.
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