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Abstract
Objectives: The kidney is a vulnerable organ for acute lymphoblastic leukemia (ALL), by the disease, and various associated clinical
pictures. This retrospective study aims to document renal ultrasound abnormalities in children with newly diagnosed ALL as well
as to investigate the correlation between renal findings and clinical/laboratory/survival data.
Methods: All children (age <18 years) with ALL were included in the study. An increase in size/nephromegaly (NM) or hyperechogenicity (HE) of the kidneys at first admission was accepted as a pathological renal abnormality. The clinical/laboratory findings,
survival, and long-term renal functions were compared between patients with and without NM/HE.
Results: The incidence of NM±HE was 12% in 163 patients. Enlargement of spleen, liver, or both and, hypercreatininemia was independently correlated with the presence of NM/HE. After the induction therapy, ultrasound findings were resolved in all patients,
and NM/HE did not influence ALL prognosis. All survivors had normal renal functions in long term.
Conclusion: The renal ultrasound abnormalities are not uncommon in children with leukemia at admission, without a negative
impact on leukemia prognosis and on long-term renal functions.
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A

cute lymphoblastic leukemia (ALL) is the most common
cancer of childhood.[1,2] Clinical picture reflects bone
marrow infiltration and/or extramedullary disease. Liver,
spleen, lymph nodes, kidney, testicles, central nervous system, and other organs may be involved in decreasing order
of frequency.[3] There are very few imaging studies exclu-

sively dedicated to the prevalence of renal abnormalities at
the time of ALL diagnosis, and the frequency of renal radiological abnormalities was reported as 18-47%.[4-14] The most
common findings are unilateral or bilateral enlargement
of kidneys and/or increased renal echogenicity, of which it
is impossible to reveal the etiology based on radiological
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findings, as renal biopsy is not routinely performed in the
majority of cases, except in the autopsy series. In some reports, bilateral nephromegaly (NM) resolving after successful chemotherapy has been considered as a sign of renal
leukemic involvement.[15] However, those radiological findings might also be observed due to tumor lysis syndrome
(TLS), infection, and renal failure.[16] Whatever the cause,
the impact of renal ultrasound abnormalities on leukemia
prognosis as well as on renal functions still remains undetermined. This study aims to investigate the frequency of,
and factors associated with renal ultrasonographic abnormalities before chemotherapy in children with newly diagnosed ALL, and to assess the prognostic significance of renal imaging findings at diagnosis in children with ALL. The
secondary aim was to document long-term renal functions
in survivors.

Methods
The study recruited all children (0-18 years) diagnosed with
ALL between January 2004 and December 2017 in our center. Data were retrospectively collected from patient’s files.
ALL was diagnosed by the integration of morphological,
immune phenotypical, and genetic studies as described
in the World Health Organization (WHO) criteria.[17] 11q23
rearrangements, i(21)amplification, t(4;11), t(9;22), and hypodiploidy were accepted as unfavorable genetics. Each
patient had abdominal ultrasonography (USG) before initiation of chemotherapy as part of their initial investigation.
Patients with delayed USG (i.e., after the chemotherapy
started), patients with pre-existing renal disease, and patients who were referred to other centers were excluded
from the study. Unilateral or bilateral NM (defined as the
major axis of kidney 2SD longer than the normal age-based
measurements of Turkish children[18]) and/or increase in parenchymal echogenicity by the USG report were accepted
as renal abnormal findings for our study. The presence of
liver and/or spleen enlargement on physical examination
was also documented. Age, gender, initial leukocyte count,
hemoglobin, and platelet count as well as blast immune
phenotype (B or T cell) and genetic/cytogenetic abnormalities were recorded. Kidney biopsy was not performed
in any patient. Initial urine analysis, blood pressure, urea,
creatinine, uric acid, serum electrolytes, and lactate dehydrogenase (LDH) measurements were investigated to
reveal possible clinical and laboratory correlations with renal imaging findings. Biochemical parameters other than
the whole blood count were evaluated according to ageadjusted reference values set for the method of measurement. Progression-free survival and overall survival were
calculated. The renal function tests (urea, creatinine, urine
analysis, estimated glomerular filtration rate calculated by
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Schwartz formula, and urine analysis) and blood pressure
measurements at the last visit were recorded in survivors
of ALL. All possible contributing factors and survival rates
were compared between two categories of patients described by the ultrasonographic status of kidney. All patients were treated with standard BFM backboned protocols according to assigned risk group.
The study was approved by our Sisli Hamidiye Etfal Training and Research Hospital Ethics Committee (Number
1702/2020).

Statistical Analysis
The statistical analyses were performed using the IBM Statistical Package for the Social Sciences for Windows software program version 20.0 (IBM Corp., Armonk, NY, USA).
The variables were initially tested for normal distribution by
Kolmogorov-Smirnov test. Descriptive statistics were presented as mean and standard deviation, median and range
for continuous variables, and number and percentage for
categorical variables. The study group was stratified into
two categories based on presence of NM and/or increased
renal echogenicity. Chi-square test was used for comparisons of categorical variables. One-way ANOVA and MannWhitney U tests were used for comparison of groups with
symmetrical and asymmetrical distribution, respectively.
Logistic regression analysis was employed to evaluate associations with NM and/or increased renal echogenicity.
Survival evaluation was performed using Kaplan-Meier
analysis. P<0.05 was considered statistically significant.

Results
Between January 2004 and December 2017, 185 children
were diagnosed with ALL. Twenty-two patients were excluded due incomplete data. A total of 163 ALL patients (99
boys and 64 girls) with a median age of 4.89 (range 0.1516.55) years were included in the study. Seventy percent of
patients had enlarged spleen or liver or both. B-cell immunophenotype was more frequent (84%). Unfavorable genetics was present in 27 patients (16%). Only four patients
had hypertension in our study, which was not enough to
perform a statistical analysis. The details of study population are presented in Table 1.
The incidence of abnormal findings in renal ultrasound was
17% (28/163). Eight patients had abnormal incidental findings, as presented in Table 2. Remaining 20 patients had
either NM or renal hyperechogenicity (HE) or both. The incidence of any organomegaly, hyperuricemia, and elevated
creatinine levels, and the median leukocyte counts were
significantly higher in NM/HE group. Laboratory or clinical
TLS was observed in six patients and the incidence of TLS
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Table 1: Clinical and laboratory features of study population

Table 2. Renal ultrasound findings in our case series

Parameters		Values/
			frequencies

Renal ultrasound findings

		

n		

%

Age (median-range years)		 4.89 (0.15-16.55)
Gender
Male
99		 60
Female
64		 40
Organomegaly
Hepatomegaly
22		 13.4
Splenomegaly
11		 6.7
Hepatosplenomegaly
82		 50.3
No organomegaly
48		
29.4
Immune phenotype
B-cell
137		 84
T-cell
26		 16
Genetics
Normal
120		 73.6
Favorable
16		 9.8
Unfavorable
27		 16.6
White blood cell count (/mm3)*		19,600
			(900-603,000)
Hemoglobin (g/dl)*		 8.2 (3.2-14.6)
Platelet (/mm3)*		45,000
			(5000-480,000)
*: Median-range

Nephromegaly
Increase in echogenicity
Nephromegaly and increased echogenicity
Incidental findings
Urolithiasis
Pelvicalyceal ectasia
Hypoplastic-dysplastic kidney
Extrarenal pelvis
Normal

n

%

14
2
4
8
1
5
1
1
135

8.5
1.2
2.5
4.9

82.8

between groups was not significant. Age, gender, immunophenotype, cytogenetics, levels of hemoglobin, platelet, serum potassium, serum calcium, urine analysis, and LDH were
not correlated with the presence of NM/HE (Table 3). Only
creatinine elevation and the presence of organomegaly (of
spleen, liver or both) remained as significant parameters for
NM/HE in regression analysis. All patients had resolution
of ultrasound anomalies (other than incidental findings) in
control examination at the end of induction therapy.
Among 143 cases without NM/HE; median survival time was
4.34 years (range 0.1-12.7 years). In 20 cases with NM/HE;
median survival time was 5.89 years (range 0.1-13.4 years)
(Fig. 1). Although 10-year overall survival rate was lower in
NM/HE group (61%) in comparison to that of group without

Table 3. Comparison of the study parameters between groups according to the presence of NM/HE
Parameter		

NM/HE in renal ultrasound		

Positive (20)		
Age (median-range years)
Gender (male-female)
Immune phenotype/B versus T cell
Genetics (favorable/unfavorable)
Leukocyte count (median)
Hemoglobin (median)
Platelet (median)
Any organomegaly/normal
Hypertension
Hyperuricemia*
Creatinine increase* (positive/negative)
Hyperkalemia* (positive/negative)
Hyperphosphatemia* (positive/negative)
Hypocalcemia* (positive/negative)
Laboratory TLS (positive/negative)
Urine analysis (Abnormal/normal)
Clinical TLS (positive/negative)
Lactate dehydrogenase
Number of deceased patients

p

Negative (143)

5.0		
4.89
10/10		
54/89
16/4		
121/22
18/2		
118/25
30,500/mm3		18,000/mm3
7.25 g/dl		
8.2 g/dl
45,500/mm3		48,000/mm3
19/1		
96/47
1/20		3/143
9/11		30/113
11/9		
32/111
0/20		
3/140
4/16		
17/126
0/20		
1/142
1/19		
4/139
2/18		
4/143
0/20		
1/142
1291 U/L		
867 U/L
7/20		
38/143

*: Age adjusted. TLS: Tumor lysis syndrome; NM: Nephromegaly; HE: Hyperechogenicity; TLS: Tumor lysis syndrome

0.83
0.29
0.59
0.39
0.04
0.65
0.88
0.01
1.00
0.01
0.002
1.00
0.31
1.00
0.48
0.38
1.00
0.45
0.29
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Figure 1. Overall survival curves according to the presence of
nephromegaly/hyperechogenicity.

anomalies (65%), the difference was not significant. After a
median follow-up time of 4.47 years (range 0.1-13.4 years),
none of surviving patients had abnormal clinical and laboratory findings in terms of kidney dysfunction.

Discussion
In our study, we documented the incidence of NM/HE as
12% in children with ALL at diagnosis. The real prevalence
of renal ultrasound anomalies in ALL patients in admission
is still unknown. Our study as well as most of the studies
investigating renal USG findings leukemia patients are retrospectively planned. In addition to this, different screening modalities such as intravenous pyelogram, ultrasound,
and computerized tomography have been preferred in
those.[4,9,14] The above circumstances might cause inadequate estimation of the frequency of renal abnormalities
in ALL patients. Most commonly reported renal imaging
abnormalities are bilateral, diffuse enlargement of kidneys,
and/or hyperechoic pattern, and these findings have been
accepted as a sign of renal leukemic involvement in the
previous reports.[11,19] However, it is controversial whether
kidney findings detected on imaging are indeed due to
kidney involvement. Hyperechogenic kidneys presenting
in childhood, particularly, accompanied by increased size
of the kidneys, are more likely from acquired kidney disease, such as glomerular disorders, acute kidney injury due
to various causes, infection, and infiltrative diseases.[16] The
disappearance of imaging findings after therapy points out
to possibility of renal leukemic disease and acute kidney
injury in NM/HE patients. However, this comment remains
speculative without supported by a tissue diagnosis, which

is neither ethical nor necessary. As these findings resolved
after induction therapy in our study group, they were interpreted as disease related.
The median age and gender distribution of our ALL patients, and the percentage of patients with hepatosplenomegaly are similar to findings reported in literature. Leukocyte counts were higher in leukemic children with NM/
HE in our study. Hepatomegaly and/or splenomegaly were
also more common in this group. Similar results were also
documented in Hann et al.’s and Taylor et al. studies.[4,5] As
the elevated leukocyte count correlates with extramedullary leukemia,[20] one might anticipate increased frequency
of NM/HE in patients with higher leukocyte counts and/or
organomegaly.
Parallel to current literature findings, precursor B-cell leukemia was the most frequent type of ALL in our study. The
risk of extramedullary involvement is higher especially in Tcell ALL[20] but the immunophenotype of leukemia did not
correlate with the presence of NM/HE in our study group.
Only 26% of our patients had cytogenetic abnormalities.
At present, we know that 75% of ALL cases have evidence
of molecular rearrangements.[21] The reasons for low rate
of genetic abnormalities found in our study might be the
inclusion of very old cases and the technical deficiencies
at that time. 11q23 rearrangements and Philadelphia chromosome are known risk factors for hyperleukocytosis,[22]
which might consequently increase the incidence of extramedullary involvement. However, there was no correlation
between the presence of cytogenetic aberrations and positive radiological findings in our cohort.
Renal involvement in acute leukemia is generally asymptomatic, although there are a few case reports of renal
failure secondary to renal leukemic involvement. Olgar et
al.[11] studied 334 children with ALL. Renal leukemic infiltration, which was defined by renal ultrasound, was found to
be a significant risk factor for hypertension. However, only
15.6% of such cases suffered from hypertension and the authors suggested that the renal leukemic involvement was
not the only contributing factor for hypertension development. Only four patients had hypertension in our study,
which was not enough to perform a statistical analysis. Hyperphosphatemia and hyperuricemia were also significantly more common in children with presumed renal leukemic
infiltration in Yetgin et al.[23] study. In our study, hyperuricemia and elevated creatinine were more common in the
NM/HE positive group in comparison to patients with normal ultrasound findings. We did not observe renal failure. In
leukemia, deterioration of renal functions may occur due to
various reasons as well as leukemic cell infiltration. Urinary
tract obstruction, dehydration, immune glomerulonephri-
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tis, nephrotoxic agents, TLS, hemorrhage, and sepsis may
be counted among the reasons. In our study, these situations were taken into consideration in the evaluation of the
patients. Laboratory or clinical TLS was observed in only six
patients and relation with the NM/HE was not significant.
The relationship between NM/HE and prognosis in ALL is
still unknown. D’Angelo et al.[10] demonstrated that prognosis of patients with NM at the time of diagnosis was worse
with respect to the patients without NM. Neglia et al., Fujiki
et al., and Taylor et al.[5,8,14] did not consider NM as having
an impact on prognosis in comparison to the presence of
other well-defined prognostic criteria. Hann et al.[4] showed
that the NM was associated with worse survival in cases
with better risk factors defined at the era of the study. The
authors concluded that the patients with low-risk features
were adversely affected as they did not receive augmented
therapy like high-risk patients did. In our study, we did not
observe an association with between NM/HE and survival.
Accordingly, with the use of contemporary risk-adapted
treatment protocols, one might assume that the extramedullary leukemia is no longer a universal unfavorable prognostic factor.
Renal function tests were found within normal limits in
our patients. Long-term nephrotoxicity is relatively rare in
cancer survivors in comparison to other late effects such
as, cardiac, endocrine, and neurological problems.[24] The
most significant risk factors for future nephrotoxicity are
cisplatin, and ifosfamide administration, abdominal irradiation, nephrectomy, and bone marrow transplantation.[25]
Those modalities are not frequently used for the treatment
of ALL, making leukemia a relatively less frequent cause of
renal function loss in survivors. Long-term nephrotoxicity
of high-dose methotrexate still remains controversial, as
most of the patients treated with high-dose methotrexate
schedules might have been exposed to many other nephrotoxic agents and situations such as antibiotics and contrast agents as well as infections.[26] The fact that the majority of our patients were treated with escalating doses of
methotrexate, namely, Capizzi schemes, might be a factor
limiting renal function loss.
The limitation of our study is its retrospective nature. Furthermore, treatment outcome was not categorized according to risk groups in ALL.

Conclusion
Renal ultrasound abnormalities, namely, NM and renal HE,
may be observed in more than 10% of patients with ALL.
Thus, the differential diagnosis of the aforementioned ultrasound abnormalities of the kidney should also include leukemia. The relationship between renal pathologies and ALL
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survival was well evaluated, and no negative effects were
found as reported in our study. There are very few studies
exclusively reporting the long-term impact of renal ultrasound abnormalities on kidney function. Our study showed
that renal functions were not adversely affected in ALL survivors with renal ultrasound abnormalities in admission.
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