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Abstract

Background: Childhood acute lymphoblastic leukemia (ALL) fortunately has high survival rates, and understanding longer-term
implications of therapy is critical. In this study, we aimed to investigate kidney health outcomes by assessing the prevalence
of renal dysfunction and hypertension (HTN) in children with ALL at one to five years after ALL diagnosis. Methods: This
was a single center, cross-sectional study of children with ALL who were 1-5 years post diagnosis. GFR measurements were
calculated, and urine samples were collected to assess for protein/creatinine and albumin/creatinine. Blood pressure (BP)
was determined by standard oscillometric technique, and children >6 years of age were eligible for ambulatory blood pressure
monitoring (ABPM). Results: Forty-five patients enrolled in the study, 21 completed ABPMs. Fifteen patients (33%, 95%
CI: 20-49%) developed AKI at least once. Thirteen (29%, 95% CI: 16-44%) had hyperfiltration, and 11 (24%) had abnormal
proteinuria and/or albuminuria. Prevalence of HTN based on clinic measurements was 42%. In the 21 ABPM patients, 14
had abnormal results (67%, 95% CI: 43-85%) with the majority (11/21) demonstrating abnormal nocturnal dipping pattern.
. Conclusions: Among children with ALL, there is a high prevalence of past AKI. The presence of hyperfiltration, proteinuria
and/or albuminuria at 1-5 years after ALL diagnosis suggest real risk of developing CKD over time. There is a high prevalence
of HTN on casual BP readings and even higher prevalence of abnormal ABPM in this group. The high prevalence of impaired

nocturnal dipping by ABPM indicates an increased risk for future cardiovascular or cerebral ischemic events.
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Abstract
Background:

Childhood acute lymphoblastic leukemia (ALL) fortunately has high survival rates, and understanding
longer-term implications of therapy is critical. In this study, we aimed to investigate kidney health out-
comes by assessing the prevalence of renal dysfunction and hypertension (HTN) in children with ALL at one
to five years after ALL diagnosis.

Methods:

This was a single center, cross-sectional study of children with ALL who were 1-5 years post diagnosis.
GFR measurements were calculated, and urine samples were collected to assess for protein/creatinine and
albumin/creatinine. Blood pressure (BP) was determined by standard oscillometric technique, and children
> 6 years of age were eligible for ambulatory blood pressure monitoring (ABPM).

Results:



Forty-five patients enrolled in the study, 21 completed ABPMs. Fifteen patients (33%, 95% CI: 20-49%)
developed AKI at least once. Thirteen (29%, 95% CI: 16-44%) had hyperfiltration, and 11 (24%) had
abnormal proteinuria and/or albuminuria. Prevalence of HTN based on clinic measurements was 42%.
In the 21 ABPM patients, 14 had abnormal results (67%, 95% CI: 43-85%) with the majority (11/21)
demonstrating abnormal nocturnal dipping pattern. .

Conclusions :

Among children with ALL, there is a high prevalence of past AKI. The presence of hyperfiltration, proteinuria
and/or albuminuria at 1-5 years after ALL diagnosis suggest real risk of developing CKD over time. There
is a high prevalence of HTN on casual BP readings and even higher prevalence of abnormal ABPM in this
group. The high prevalence of impaired nocturnal dipping by ABPM indicates an increased risk for future
cardiovascular or cerebral ischemic events.

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common pediatric cancer with an annual incidence of 30
cases per million persons younger than 20 in the United States.!> The cure rate of ALL has improved from
less than 10% in the 1960’s to around 90% in recent decades with innovations in chemotherapy, bone mar-
row transplantation (BMT), and better supportive care!3. However, with improvement in cure rate, there
has been increased emergence of long-term therapy related complications such as musculoskeletal morbid-
ity, cardiac comorbidities (congestive heart failure, coronary artery disease) and neurological comorbidities
(cranial nerve palsy, cognitive defects)®. While there are several studies that address the prevalence of renal
dysfunction and hypertension in children diagnosed and successfully treated for ALL, most of these studies
investigated subjects with onset of disease prior to 2010.415

Children diagnosed with ALL are at risk for renal injury due to a number of factors including 1) intrinsic renal
injury, secondary to either leukemic cell lysozyme induced direct tubular damage, leukemic infiltration, tumor
lysis syndrome, sepsis, and/or exposure to nephrotoxic medications, 2) prerenal acute kidney injury from
volume depletion, secondary to poor oral intake, vomiting and diarrhea, and 3) thrombotic microangiopathies.
416 Studies from prior decades reported that 10-30% of survivors of childhood ALL have persistent reduced
glomerular filtration rates (GFR).%67

To more thoroughly understand renal injury, beyond assessing kidney function (GFR), presence of persistent
proteinuria and albuminuria can indicate glomerular and/or tubular injury, and persistent proteinuria has
been well documented as a major risk factor for the progression of renal disease!”. To our knowledge, urine
protein/creatinine and urine microalbumin/creatinine have not been previously reported in children with a
history of ALL.

Hypertension (HTN), cardiovascular disease, and metabolic syndrome are known complications in patients
who are long-term survivors of ALL.%121819 This has been attributed to multiple factors, including renal
leukemic infiltration, persistent reduced glomerular filtration rate (GFR), chemotherapy, fluid overload, and
exposure to chronic increased sodium loads from intravenous fluids and especially high dose steroids.%:1:20
Prior studies from the 1990’s and 2000’s show wide variation in incidence of HTN in children with ALL rang-
ing from 5-65%, depending on timing of blood pressure (BP) measurement and definition of HTN.?:10:15:20,21
The latest clinical practice guideline for screening and management of high blood pressure in children and
adolescents recommends obtaining a 24-hour ambulatory BP monitoring (ABPM) study in all children prior
to establishing the diagnosis of hypertension.?> ABPM studies can help uncover “white coat HTN” (related
to anxiety in clinical settings), masked HTN (normal office BP readings with elevated 24 hour mean BP),
nocturnal HTN and abnormal nocturnal BP dipping (incomplete or absent decrease in BP while sleeping
compared to while awake). To date, there has been only one study using ABPM in pediatric patients with
ALL to assess for HTN?3,

The aim of this study was to determine the prevalence of 1) persistent renal dysfunction based on assessments
of GFR, proteinuria, and microalbuminuria and 2) HTN using in-clinic BP values and ABPM in children



with ALL, at one to five years after ALL diagnosis.
METHODS
Study Population

Our study was a single center cross-sectional study conducted at Nationwide Children’s Hospital from July
1, 2018 to February 28, 2019. All patients with ALL between the ages of 2-21 years who were 1-5 years
post ALL diagnoses were eligible. There were no exclusion criteria. Subjects received chemotherapy accord-
ing to various Children’s Oncology Group (COG) protocols, including AALL0031, AALL0434, AALL0932,
AALL1131, and AALL1231. The Institutional Review Board at Nationwide Children’s Hospital approved
this research study.

Data Collection

Demographic and clinical data were collected for each subject, including age at diagnosis, gender, ALL risk
category, number of nephrotoxic agents received prior, number of hospitalizations, need for vasopressors, need
for radiation therapy, obesity, current steroid use, history of AKI, and echocardiograms. Urine samples were
collected at the time of study enrollment to assess for protein to creatinine and albumin to creatinine ratios.
Serum creatinine obtained as standard of care at multiple times throughout ALL treatment was recorded from
time of ALL diagnosis and then at three-month intervals up to time of study enrollment. Serum creatinine
was measured using enzymatic method. Estimated glomerular filtration rate (eGFR) was calculated using
bedside Schwartz and CKD-EPI creatinine equations 2009, depending on age of the subject?42°.

BP was measured by standard oscillometric methods at each clinic visit. Children 6 years and older were
eligible for measurement of BP by ABPM. If they consented /assented to ABPM, a manual BP was obtained in
the upper extremity and the appropriate size ABPM cuff and monitor were placed. The ABPM automatically
measured BP values (systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean arterial blood
pressure (MAP)) every 20-30 minutes for a 24-hour period. If the subject was less than 6 years old or
declined to wear an ABPM, a manual BP was obtained in clinic. If the BP was > 90*"percentile two repeat
BP measuring were obtained at separate follow-up visits.

Definitions

AKI was defined according to the Kidney Disease: Improving Global Outcomes (KDIGO), modified to
include only serum creatinine?®. CKD was defined as GFR < 90ml/min/1.73m?, CKD stage 2 as GFR 60-
89ml/min/1.73m?, CKD stage 3 as GFR 30-59ml/min/1.73m?, CKD stage 4 as GFR 15-29ml/min/1.73m?,
and CKD stage 5 (end stage renal disease) as GFR < 15 ml/min/1.73m? for greater than 3 months
respectively?”. Renal hyperfiltration was defined as GFR > 2 SD above mean GFR for age and gender?®2.
Proteinuria was defined as urine protein/creatinine [?]0.2mg/mg and albuminuria as urine microalbu-
min/creatinine > 30mg/g.

Based on clinic BP measurements, all resting BP values were averaged and compared to age, sex, and height
normal:?? normal BP was defined as BP < 90th percentile, elevated BP as BP [?] 90th percentile to <95th
percentile, stage 1 hypertension as BP [?] 95th percentile to <95th percentile +12mmHg, and stage 2
hypertension as BP [?] 95th percentile +12mmHg.

In patients who completed ABPM, HTN was defined as either mean SBP and/or mean DBP [?] 95th
percentile for age, gender, and height.?? Night-day mean arterial pressure (MAP) ratios were calculated and
dipping pattern was defined as follows: <0% reverse dippers, [?]0 and <10% non-dippers, [?]10 and < 20%
normal dippers, and [?] 20% extreme dippers.3!

ALL risk groups were defined using the subject’s treatment protocol, which is assigned early in treatment,
based on a combination of several factors: age at diagnosis, presenting white blood count, cytogenetics, and
response to therapy. Tumor lysis syndrome (TLS) was defined per Cairo-Bishop definition of laboratory
TLS.32



Statistical analysis

All data were summarized using standard descriptive statistical methods. Prevalence values were reported
with corresponding exact binomial 95% confidence intervals (CI). Comparisons of qualitative variables be-
tween patient groups were completed using chi-square tests, and comparisons between quantitative variables
between patient groups were completed using either t-tests or, in the case of non-normality, Mann-Whitney
U tests. The comparison of SBP and DBP indices at diagnosis and 1-month post-diagnosis was completed
using paired t-tests. Logistic regression models were used to assess risk factors for the occurrence of AKI,
CKD, and HTN. Variables assessed included age at diagnosis, gender, ALL risk category, number of nephro-
toxic agents, number of hospitalizations, need for vasopressors, need for radiation, obesity, current steroid
use, history of AKI. All analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC).

RESULTS
Patient Characteristics

A total of forty-five patients enrolled in the study, of which twenty-one completed ABPMs. Baseline de-
mographic data and specific clinical characteristics are presented in Table 1. Demographics included pre-
dominance of males (71%), Caucasians (96%), B-cell ALL (80%), and high-risk ALL (62%). The median
age at time of diagnosis was 4 years and median age at time of study visit was 7 years. Four patients had
pre-existing renal disease prior to diagnosis of ALL. Twenty-nine patients were receiving active ALL therapy
at time of enrollment in the study, and eighteen patients were receiving steroids at enrollment.

Renal Dysfunction

The overall prevalence of a history of AKI in our cohort was high, with 15 subjects (33%, 95% CI: 20-49%)
developing AKT at least once. The majority of AKI occurred at time of diagnosis (10/15, 66.7%). Of the 15
subjects with AKI, 13 (86.7%) had KDIGO stage 1 AKI, 1 (6.7%) had KDIGO stage 2 AKI, and 1 (6.7%)
had KDIGO stage 3 AKI. In the 28 high-risk ALL patients, 13 had AKI (46%), while in the 17 standard-risk
ALL patients, only 2 had AKI (11.8%). Those treated with high-risk ALL therapy were more likely to have
AKI than those treated with standard-risk ALL therapy (P = 0.017). In univariate analysis, predictors for
AKT included increasing age at time of diagnosis (median age with AKI 9.5yr vs median age with no AKI
4.3yr, P = 0.006) and high-risk ALL (P = 0.026). Interestingly, number of nephrotoxic agents, number
hospitalizations, and need for vasopressors were not found to be significant risk factors for AKI.

No patients in this short period of follow-up demonstrated CKD. However, 13 of 45 patients (28.9%, 95%
CI: 16.4-44.3%) had hyperfiltration, which represents a supraphysiologic elevation in GFR. Last recorded
GFR for patients are shown in figure 1. The mean last GFR was 146.1ml/min/1.73m? (range 74-228
ml/min/1.73m?). The median month that last GFR was calculated was 30 months (range 15-60 months)
post diagnosis. In the 28 high-risk ALL patients, 9 had hyperfiltration (32.1%). In the 17 standard-risk ALL
patients, 4 had hyperfiltration (23.5%). In light of the small sample size, no variable was identified as a risk
factor for developing hyperfiltration.

Urinalysis was completed in 41 patients, as 4 were unable to provide a sample. Eleven of 41 patients (24%)
had abnormal urinalysis. One patient (2%) had proteinuria alone, 6 patients (15%) had albuminuria alone,
and 3 patients (7%) had combined proteinuria and albuminuria. Univariate analysis in the proteinuria group
was not performed due to small sample size. Univariate analysis in the microalbuminuria group did not
result in identification of any significant risk factors.

HTN

The prevalence of HTN in all patients was high, with 19 of 45 having HTN (42.2%, 95% CI: 22.0-63.6%). In
univariate analysis, no variable was significant as a risk factor for HTN. In these 19 HTN patients, one had
left ventricular hypertrophy noted on previous echocardiogram. None of the 26 non-HTN patients had LVH
on previous echocardiograms. However, these echocardiograms were obtained as part of standard of care
prior to initiation of ALL therapy rather than at time of enrollment in this renal outcomes study. Eight of



24 patients were on chronic anti-HTN treatment at some point in time and 2 of these patients were actively
taking anti-HTN medications at the time of study enrollment. All patient who received chronic anti-HTN
treatment were prescribed the calcium channel blocker amlodipine.

In the 21 patients who completed an ABPM study, 14 had an abnormal result (67%, 95% CI: 43-85%).
Of these 21 patients, 13 had normal casual BP values and of this group, 7 (54%) had abnormal ABPM
readings, therefore being designated as having abnormal BP by ABPM even though by casual BP readings
their BP was normal. On ABPM, one patient with known HTN had well-controlled BP on chronic anti-HTN
medication. One patient was noted to have pre-HTN. One patient was noted to have nocturnal HTN. Eleven
patients had abnormal nocturnal dipping pattern: 10 patients were non-dippers, with no physiologic decline
in sleep BPs, and 1 patient was an extreme dipper, with greater than 20% decline in sleep MAP compared
to wake MAP. In univariate analysis, no variable was significant as a risk factor for abnormal ABPM.

DISCUSSION

In this cross-sectional study, we found a high incidence of AKI in children diagnosed with ALL, with 33% of
subjects having at least one AKI episode and the majority of AKI episodes noted at time of ALL diagnosis.
Most patients had mild AKI (KDIGO stage 1). Patients with high-risk ALL had a higher prevalence of AKI
compared to patients with standard-risk ALL. This may have been due to greater likelihood of leukemic
infiltration in the kidneys at diagnosis, greater risk of tumor lysis syndrome with initial chemotherapy,
and/or the more toxic chemotherapy regimens used in high-risk ALL which can be directly nephrotoxic and
increase risk for complications such as sepsis.

No patients were found to have CKD in this early follow-up study, a better short-term outcome than that
reported by studies from previous decades, and perhaps a reflection of better supportive care now available for
children with ALL.*%7 Almost a third of patients were noted to have hyperfiltration, however, and in other
populations this identifies increased risk for subsequent renal injury and progressive CKD.3334 The mean last
recorded GFR of the overall group was supraphysiologic, worrisome for potential future renal complications.
Additionally, 24% of patients who completed a urinalysis were noted to have either proteinuria, albuminuria
or both.

The low prevalence of CKD in our cohort is likely related to short duration of follow-up time. In a recent
Israeli study evaluating the risk of ESRD in childhood cancer survivors with median follow-up time of 30
years, participants with history of malignancy in childhood had adjusted HR of 3.2 of developing ESRD
compared to participants without no history of tumors/malignancy in childhood.?> In the 1990’s, Krawczuk-
Rybak et al. found 5/37 (13.5%) childhood ALL survivors had abnormal creatinine clearance when followed
3.943.7 years after completion of chemotherapy®. Yetgin et al. detected reduced GFR in 22/116 (19%) of
pediatric ALL patients treated mostly in the 1990’s who were assessed 18-96 months after completion of
chemotherapy®. Yetgin also performed urinalysis on all subjects post chemotherapy and found no evidence
of proteinuria in these patients. However, 7/116 (6%) of patients had high urine By-Microglobulin, a marker
of renal tubular proteinuria. Hovi et al. reported GFR < 85ml/min/1.73m?in 6/60 (10%) of children with
ALL followed 1-9 years after completion of chemotherapy, but this study presents data from over 25 years
ago.”

The high prevalence of hyperfiltration, proteinuria, and /or albuminuria noted in our cohort suggests that the-
se children with ALL, treated since 2015, are at risk of developing CKD in the long term. This phenomenon
is well-described in patients with diabetic nephropathy. Glomerular hyperfiltration commonly occurs early in
diabetes secondary to increased glomerular capillary pressure. Over time, sustained elevated GFR can result
in mesangial and podocyte injury and eventually glomerular scarring leading to CKD progression and ESRD.
33,3436 The presence of albuminuria/proteinuria in patients with diabetes or CKD has been strongly asso-
ciated with increased risk of subsequent renal function decline and measures that are successful at reducing
albuminuria/proteinuria have been shown to slow the renal disease progression in these populations.36:37

Our study also found that children with ALL have a high prevalence of HTN.



Almost half of our study patients (42%) fulfilled criteria for outpatient diagnosis of HTN based on clinic
BP measurements, termed casual BP readings. Our findings are consistent with prior ALL survivorship
research, which has reported incidences of HTN in children with ALL ranging from 5-65%, with variations
likely affected by study methodology and HTN definitions.>1%:1%:20:21. The high incidence of HTN is likely
multifactorial, related to past or present corticosteroid therapy, chemotherapy, prior AKI, and/or renal
leukemic infiltration. Prior studies have also proposed metabolic syndrome and obesity as risk factors for
developing chronic HTN in adults who survive childhood leukemia.?89-12-14

In the 21 patients who completed an ABPM study, we found that the percentage of individuals with HTN was
much higher, since 67% had an abnormal high BP value. The majority of patients with abnormal ABPM had
abnormal nocturnal dipping pattern. Ociepa et al. is the only other study to report ABPM results as a method
to diagnose HTN in children with ALL. This study detected a higher prevalence of childhood survivors of
ALL with HTN via ABPM (37%, 30/81), although it is perhaps noteworthy that their study had a longer
mean time of follow-up (60 months) compared to our study (36 months). Similar to our study, Ociepa et al.
found that childhood survivors of ALL were more likely to have abnormal nocturnal dipping pattern (non-
dippers, reverse-dippers, and extreme-dippers) compared to control population. In healthy children during
sleep, a 10-20% physiologic decrease of BP is normally noted. The lack of this physiologic decrease is termed
non-dipping and BP decrease in excess of 20% is considered extreme dipping. Both non-dipping and extreme
dipping have been associated with increased risk of cardiovascular or cerebral ischemic/hemorrhagic events
in adults.3¥42 In pediatric subjects with systemic lupus erythematosus, non-dipping has been associated
with endothelial dysfunction and atherosclerotic changes.*® Similarly, in adolescents with diabetes, non-
dipping pattern has been associated with LVH and increased carotid intimal media thickness***°. Further
studies of these ABPM abnormalities and outcomes in children with ALL will help understand the prognostic
implications and identify opportunities for useful interventions in these children.

Limitations of this study include its single-center design with relatively small sample size and short duration
of follow-up. A multi-center study with larger sample size could usefully confirm the findings of this study
and help determine distinct risk factors for developing renal dysfunction and hypertension. It should also be
noted in this study that urine samples were collected at the time of clinic appointment for convenience and
were not first morning samples. Thus, orthostatic proteinuria (a benign phenomenon occurring in up to 7%
of children and adolescents) could account for some of the proteinuria/albuminuria noted in our findings*®.

In conclusion, our study showed that, among children with ALL, there is a high prevalence of HTN based on
casual BP readings obtained in the clinic setting and a high prevalence of impaired nocturnal dipping based on
ABPM. Both abnormalities are associated with increased risk of cardiovascular disease and cerebrovascular
events later in life. While the prevalence of CKD is very low, children with ALL have a high prevalence of
hyperfiltration and/or proteinuria/albuminuria suggesting increased risk of developing CKD in the future.

Interestingly, screening urinalysis has been removed from the Children’s Oncology Group long-term follow-up
guidelines for children who survive ALL.” The value of a screening urinalysis in detection of early evidence of
renal disease is highlighted by the Prevention of Renal and Vascular End-Stage Disease (PREVEND) study
conducted of over 40,000 adult participants which indicated the usefulness of albuminuria in early detection
of CKD. PREVEND found that of individuals who required renal replacement therapy after 9-years follow-
up, 58% had moderately increased albuminuria ([?]20mg/L) on early screening urine sample. Increased
albuminuria was an independent risk factor for progression to ESRD independent of GFR.*®Based on our
findings and other recent studies,®">we propose that children with ALL should undergo regular (yearly)
renal function testing, urinalysis and BP measurements to screen for early signs of renal abnormalities.
Longer term and larger studies will be needed to confirm our findings and define predictors for these adverse
outcomes in children with ALL.

As the long-term cure rate of ALL has improved to greater than 90%, the challenge now extends to achiev-
ing the same cure rates with reduced short-term and long-term toxicities for these children. One treatment
modality which shows promise in this goal is immunologic therapy. There have been several recent trials
demonstrating the safety and efficacy of antibody-based and T cell-based therapies for ALL.4%%% Our find-



ings demonstrate that current conventional therapies for childhood ALL are accompanied by concerning
frequencies of early renal dysfunction and hypertension. The shift towards targeted immunologic therapies
may mitigate some of these long-term renal consequences of conventional therapy and provide better quality
of life in survivors of childhood ALL.
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