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Abstract

Background—Hyperuricemia is implicated in cardiovascular and cerebrovascular diseases. This
study evaluated associations between uric acid (UA), cardiovascular health and neurocognitive
function in adolescent and adult survivors of childhood acute lymphoblastic leukemia treated with
chemotherapy only.

Methods—126 adolescent (mean[SD] age 14.6[5.0]; 7.8[1.7] years post-diagnosis) and 226 adult
survivors (age 25.4[4.2] years; 18.1[4.4] years post-diagnosis) completed comprehensive
neurocognitive testing. Concurrent UA measurements were conducted for both groups. For adult
survivors, cardiovascular risk factors were assessed; and UA measurements during adolescence
(12.3[4.0] years before neurocognitive testing) were also collected. UA levels were categorized
into quartiles for age- and gender-based ranking, and associations with neurocognitive outcomes
were examined.

Results—Survivors demonstrated worse attention, processing speed and executive functions than
population norms (p'$<0.05). Adolescent survivors with elevated UA had poorer attention
(1p=0.04), visual-processing speed (p=0.03) and cognitive flexibility (p=0.02). UA was not
associated with neurocognitive outcomes in adult survivors. Adult survivors developed
dyslipidemia (46%), hypertension (32%) and abdominal obesity (26%), and high UA during
adolescence was associated with these cardiovascular risk factors as adults (all p's<0.01). Fine-
motor processing speed was slower in adult survivors with dyslipidemia (p=0.04) and abdominal
obesity (p=0.04). Poorer attention was marginally associated with hypertension (p=0.06).
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Conclusions—Elevated UA is associated with neurocognitive performance in adolescent
survivors. In adult survivors, relative elevation of UA during adolescence was predictive of
cardiovascular health, which was associated with poorer neurocognitive outcomes.

Impact—Future studies should evaluate the mediating role of chronic cardiovascular health
conditions between elevated UA and subsequent neurocognitive impairment in survivors.
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Introduction

Contemporary chemotherapy protocols have gradually replaced whole brain irradiation with
intrathecal chemotherapy for prophylactic central nervous system treatment in childhood
acute lymphoblastic leukemia (ALL).[1, 2] Despite excellent survival rates, survivors treated
with only chemotherapy experience chronic health conditions, such as cardiovascular,
pulmonary, neurological and endocrine complications, that can persist into long-term
survival.[3-6] Specific to neurocognitive outcomes, we have recently demonstrated that at
an average of 7.7 years post-diagnosis, ALL survivors treated with only chemotherapy
experienced higher rates of impairment than expected on measures of processing speed,
attention and executive functions.[7]

There is increasing interest in evaluating biomarkers relevant to the pathophysiology of
chemotherapy-based neurotoxicity in long-term survivors.[8, 9] Higher levels of peripheral
inflammation and oxidative stress, reflected through serum tumor necrosis factor-alpha
(TNF-a) and oxidated phosphatidylcholine in the cerebrospinal fluid, have been associated
with cognitive impairment in cancer patients.[9, 10] These biomarkers have been linked to
vascular injury, which may be a key component of the pathophysiology of brain dysfunction.
[11, 12]

Of interest to this study is the unique contribution of uric acid (UA) on neurocognitive
outcomes in cancer survivors. UA can have a direct impact on vascular function by
disrupting the renin-angiotensin system and inducing inflammation and oxidative stress.[13—
15] The enzymatic degradation of xanthine, the precursor for the production of UA,
generates superoxide anions, which are pro-oxidants that can induce extensive vascular
injuries. Our recent work has shown that higher levels of post-methotrexate homocysteine
during active treatment was related to poorer neurocognitive performance in long-term
survivors of ALL.[7] Homocysteine is a physiological by-product of folate metabolism and
its systemic elevation is associated with vascular injuries.[16, 17] Elevations in UA have also
been associated with vascular disease, such as stroke, hypertension and dyslipidemia.[18—
21]. Treatment exposures may lead to neurocognitive impairment through direct or indirect
impacts on vascular function. Existing studies observed a relationship between UA and
neurocognitive problems, even at subclinical levels.[22-25] Higher UA levels are correlated
with brain white matter atrophy and poorer cognitive function.[22] It is proposed that higher
circulating levels of UA at a young age may induce early microvascular injuries that lead to
cognitive dysfunction as survivors age.
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We examined the concurrent and longitudinal associations between UA and neurocognitive
impairment, as well as the effects of UA on subsequent cardiovascular function and resultant
neurocognitive outcomes (see Supplementary Fig. S1 for a summary of the theoretical
framework). Specifically, we examined associations between concurrent UA levels and
neurocognitive performance in adolescent survivors of ALL (5 to 10 years post-diagnosis),
and associations between UA levels during adolescence and future neurocognitive
performance and cardiovascular risk factors in adult survivors (more than 10 years post-
diagnosis). We also explored associations between treatment factors and UA levels in
survivors of ALL. This study is designed to test hypotheses that both adolescent and adult
survivors with UA levels in the top quartile would demonstrate poorer neurocognitive
outcomes than survivors with UA in the bottom quartiles; risk factors for cardiovascular
conditions would be more prevalent in adult survivors with adolescent UA levels in the top
quartile compared to those in the bottom quartiles; and adult survivors with cardiovascular
factors would display poorer neurocognitive outcomes than those without.

Materials and Methods

Patients

This study included two groups of long-term survivors of childhood ALL: adolescent
survivors who were 5-10 years post-diagnosis (N=126) and adult survivors who were > 10
years post diagnosis (N=226). All survivors were treated as children with chemotherapy
without cranial irradiation.

Adolescent survivors were recruited as part of an established study to evaluate
psychopathology and neurocognitive impairment in their early years of survivorship.[7] To
be eligible, survivors had to have completed treatment on an institution-based chemotherapy
protocol for childhood ALL (St. Jude Total Therapy XV)[2], be at least 5 years from
diagnosis and at least 8 years of age. All survivors had routine measurement of serum UA
during their visit to the long-term follow-up clinic.

Adult survivors were recruited as part of a large institutional study, the St. Jude Lifetime
Cohort (SJLIFE) study, which evaluates medical and psychosocial late effects in adult
survivors of childhood cancer.[26] To be eligible, survivors had to have been treated at St
Jude Children's Research Hospital for ALL and be at least 10 years from diagnosis and at
least 18 years of age. Neurocognitive outcomes of a subset of ALL survivors within the
SJLIFE study had previously been reported.[6] However, this study also includes
performance for survivors not previously reported. To be eligible for this current study, adult
survivors must have serum UA measured within 5 to 10 years post-diagnosis, as well as
during their current follow-up visit. Eligible adult survivors were previously treated with
various protocols for ALL,[1, 2, 27-29] with a vast majority of them receiving the Total
Therapy chemotherapy regimens (Supplementary Table S1).

Survivors were excluded from the study if they received cranial irradiation or hematopoietic
cell transplantation, developed relapse or secondary cancer, were not proficient in English,
or had an unrelated neurological disorder associated with cognitive impairment. The
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participation rates for the adolescent and adult survivors are 70.5% and 75.4%, respectively
(Figure 1).

The study was approved by the institutional review board and written informed consent was
obtained from all participants and/or their parents.

Neurocognitive assessment

The primary outcomes of this study were measures of neurocognitive function. The domains
of interest included attention[30, 31], processing speed[32, 33] and executive function[31]
(cognitive flexibility, verbal fluency and working memory). These specific measures were
selected a prioribased on our previous finding that impairments in these measures of
executive function, processing speed and attention measures were found in long-term
survivors of ALL who were treated with chemotherapy only.[6, 7] All neurocognitive tests
were completed with licensed/certified examiners under the general supervision of a board-
certified clinical neuropsychologist.

Treatment exposures

Cumulative chemotherapy doses were abstracted from medical records and are presented in
Table 1. Given a previous association we observed between homocysteine and executive
dysfunction within adolescent survivors[7], an exploratory analysis was conducted to
evaluate the association between homocysteine and UA. For the adolescent survivors,
plasma homocysteine concentrations were measured at baseline before intravenous (1V)
high-dose (HD) methotrexate (MTX) infusion and at 6, 23 and 42 hours post-infusion for a
total of four courses, and values were quantified as area-under-curve (AUC).[34, 35] Plasma
homocysteine was not sampled during prior therapies on which the adult survivors were
treated.

Chronic cardiovascular conditions

For the adult survivors, cardiovascular risk factors were graded using the Common
Terminology Criteria for Adverse Events version 4.03 (criteria outlined in Supplementary
Table S2). Risk factors of interest were hypertension, dyslipidemia, abdominal obesity, high
blood glucose, as well as overall metabolic syndrome, and were selected because
associations between these factors and cognitive impairment in long-term survivors of
childhood cancers had previously been studied (K.R. Krull; unpublished observations).

Statistical analysis

Neurocognitive performance was transformed into age-adjusted Z-scores (mean=0, standard
deviation=1) using national normative data. One-sample t-tests or Wilcoxon signed-rank
tests were used to compare performances between survivors and population norms. We did
not expect clinical hyperuricemia to be prevalent in this population of relatively young
survivors. Based on the assumption that the majority of the survivors were normouricemic,
“high UA” was defined as survivors with UA levels in the top quartile. Survivors were
categorized into 6 strata based on gender and age at UA measurement (<10 years of age; 10
to 18 years; >18 years). Within each stratum, UA levels were rank- ordered and grouped into
quartiles. Neurocognitive scores were compared between survivors falling in the top v. three
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bottom quartiles using generalized linear models (GLM), after adjusting for age at diagnosis
and years from diagnosis. Within adult survivors, Chi-square test was used to compare the
proportion of survivors within the highest quartile of UA level for each cardiovascular risk
factor. Independent t-tests were used to examine differences in neurocognitive test Z-scores
between survivors with or without each cardiovascular risk factor and metabolic syndrome.
Corrections for multiple testing were not made since UA as the predictor, as well as the
specific neurocognitive measures and cardiovascular risk factors, were predetermined.
Exploratory analysis was conducted to identify treatment predictors that are associated with
UA using GLM, adjusting for current age and gender. As this analysis is exploratory in
nature, false discovery rate (FDR) was applied.

Results

Demographics and treatment characteristics of the adolescent and adult survivors are
presented in Table 1. Adolescent survivors had a mean age of 14.6 years at the time of
neurocognitive assessment, while the adult survivors had a mean age of 25.4 years of age at
assessment. Compared to adult survivors, adolescent survivors received higher doses of IV
MTX and vincristine, but lower doses of anthracyclines and cyclophosphamide (p<0.0001).
For adults, the mean time between adolescent and adult UA measurements was 12.3 (4.0)
years. Both adolescent and adult survivors have normal renal function, as reflected by the
estimated glomerular filtration rate. The UA values for each reference group are presented in
Supplementary Table S3; in general, male survivors had higher UA levels than females
across both age groups. For the adult survivors, UA measured during adolescence was
associated with levels collected during adulthood; half of the adult survivors (53%) whose
adolescent UA fell within the top quartile remained in the top quartile during adulthood
while 83% of the survivors who fell within the bottom quartiles remained in those quartiles.

Within adolescent survivors, higher cumulative dose of daunorubicin was marginally
associated with higher UA levels (p=0.06, corrected for FDR) (Supplementary Table S4).
After adjusting for gender and age, higher UA level in survivors was associated with higher
homaocysteine levels following IV HDMTX (0=0.06, corrected for FDR). No association was
identified between UA levels and treatment factors in adult survivors (Supplementary Table
S5).

Adolescent survivors' scored below normative reference for measures of attention (p's=0.004
to 0.05), visual and fine-motor processing speed (0'5<0.0001) and executive function
(cognitive flexibility, fluency and working memory; p's=0.01, <0.0001 and 0.006,
respectively; Table 2). After adjusting for age at diagnosis and years from diagnosis,
adolescent survivors in the top quartile of UA level performed worse than those in the
bottom three quartiles, for attention (signal detection; —0.52 vs. —0.05; p=0.04), visual
processing speed (mean = -0.32 vs. 0.12; p=0.03) and cognitive flexibility (-1.01 vs. —0.37;
p=0.02) (Table 2). Rates of impairment in attention, visual processing speed and cognitive
flexibility were 22%, 19% and 46%, respectively, in survivors in the top UA quartile
(Supplementary Table S6).
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Neurocognitive performances of adult survivors (Table 3) were lower than population norms
on measures of focused attention (0=0.007), impulsivity (p=0.002), motor and visual
processing speed (p<0.0001 and 0.02, respectively) and executive functions (cognitive
flexibility, fluency and working memory; p'5<0.001 and 0.003). There were no differences in
neurocognitive scores between those with high v. low UA levels during adolescence. Higher
UA collected concurrently during adulthood was associated with poorer attention (p=0.05).
The rates of impairment within adult survivors in the top and bottom 3 quartiles are
presented in Supplementary Table S6.

Risk factors for cardiovascular conditions were relatively common in adult survivors;
dyslipidemia (46%), hypertension (32%) and abdominal obesity (26%) were the most
prevalent. Collectively, 17% of adult survivors fulfilled the criteria for metabolic syndrome.
With the exception of hyperglycemia, the proportion of survivors with cardiovascular risk
factors were significantly higher in survivors with high UA level collected during
adolescence (all p’s<0.01) (Figure 2).

Processing speed and sustained attention were associated with cardiovascular risk factors
(Supplementary Table S7). Mildly slower fine motor processing speed was found in
survivors with dyslipidemia (p=0.04) and abdominal obesity (p=0.04). Visual and visual-
motor processing speeds tended to be poorer in survivors with dyslipidemia (p=0.05) and
abdominal obesity (p=0.06), as did poorer attention performance in survivors with
hypertension (p=0.06). Cognitive performance was not related to hyperglycemia or
metabolic syndrome.

Discussion

The results of this study demonstrate an association between UA and neurocognitive
function in long-term survivors of childhood ALL. Adolescent survivors whose UA levels
were at the higher end of the average range during survivorship had poorer neurocognitive
performances compared to those with UA in the low to moderate range. Neurocognitive
performance during adulthood was not globally associated with UA levels during adulthood
or UA levels collected during prior adolescence. However, in these adults, UA during
adolescence was predictive of cardiovascular health during adulthood, and cardiovascular
health during adulthood was associated with neurocognitive performance.

Higher serum UA levels in young ALL survivors, between 5 to 10 years post-diagnosis were
associated with neurocognitive impairment in measures of attention, processing speed and
cognitive flexibility. Although the statistical significance of these associations is modest, it is
worthwhile to highlight that the group differences of half to two-third of a standard deviation
is considered a substantial effect size. Our finding is also consistent with other studies
associating elevated UA with poorer neurocognitive function in non-cancer populations at a
much older age. One study reported in a community sample of 96 older adults (male:
73.7+7.6 years; female: 72.4+7.8 years), those with high to normal serum UA concentrations
were 2.7 to 5.9 times more likely to score in the bottom quartile on measures of processing
speed, verbal memory, and working memory.[23] Likewise in relatively healthy elderly
adults, it has been reported that higher UA levels were associated with poorer global
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cognitive performance on the mini-mental state examination.[25] Another study found
hyperuricemia to be a marker of global vascular brain disease and related to brain white
matter atrophy.[22] Approximately 23% of survivors of childhood ALL developed mild to
moderate leukoencephalopathy (Grade 2 and below) during chemotherapy treatment.[36]
UA levels at long-term follow-up was not related to on-therapy leukoencephalopathy (data
not presented). However, we found associations between UA and neurocognitive function
specifically in the domains of processing speed and attention, which are more closely tied to
white matter integrity.[37, 38] Future studies should investigate the impact of high UA on
microstructural changes in the brain and functional outcomes in survivors.

UA levels during adolescence were not predictive of neurocognitive performance in adult
survivors. However, higher UA levels during adolescence were associated with
cardiovascular risk factors in adult survivors an average of 10 years later, and these
cardiovascular risk factors were related to poor processing speed and attention that are
known to be affected by hypertension and microvascular infarction.[39-41] Existing
literature suggests that hyperuricemia co-exists with other clusters of metabolic and
hemodynamic abnormalities, such as abdominal obesity, glucose intolerance, insulin
resistance, dyslipidemia and hypertension, in patients with metabolic syndromes.[18, 42] A
review of this subject matter also highlights that hyperuricemia carries an increased relative
risk for hypertension developing within 5 to 10 years, independent of other risk factors.[20]
This is a particularly important finding within the population of young cancer survivors who
experience excess risk compared to siblings for chronic health conditions. A previous
Childhood Cancer Survivor Study investigation estimated that by 35 years of age, 47% of
survivors of childhood ALL, as compared to 32% in their healthy siblings, reported more
than one chronic health disorder, of which hypertension was one of the most frequently
reported.[43] Individuals with these collective cardiovascular conditions are also at an
increased risk for neurocognitive decline.[39, 44, 45] As cancer survivors are more
susceptible to experiencing late cardiac, metabolic, and endocrine complications due to the
anti-cancer treatments, the effect of UA on neurocognitive functioning may be mediated
through these cardiovascular and metabolic risk factors. Figure 3 provides our hypothesized
model of the interplay among treatment exposures, UA dysregulation and chronic health
conditions, leading to survivors' progressive decline in their neurocognitive function. During
the early phase of survivorship, the link between mildly elevated UA levels and various
cognitive measures may reflect the presence of subclinical processes such as inflammation
and oxidative stress. These processes may lead to chronic health conditions, reflected
through UA measured in adolescence predicting the development of risk factors for
cardiovascular diseases. The lack of association between UA and neurocognitive function in
the adult survivors may be attributed to added variance from factors related to the
cardiovascular system, as well as the presence of other intrinsic and extrinsic factors, such as
genetic and dietary factors, that contribute to UA dysregulation and neurocognitive
impairment. Studies have demonstrated that genetic predispositions related to oxidative
stress are associated with poorer neurocognitive outcomes and higher risk of hyperuricemia.
[46-48] It can be inferred from our current findings that in survivors of childhood ALL, who
are already at risk for chronic morbidities due to primary treatment exposures,
cardiovascular health may mediate the relationship between elevated UA levels and
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neurocognitive impairment. Longitudinal studies are needed to verify this multifactorial
process.

The molecular and biochemical mechanisms linking UA to neurocognitive function remain
unclear. While some studies suggest neuroprotective properties of UA, acting through
suppression of oxyradical accumulation, stabilization of calcium homeostasis, and
preservation of mitochondrial function,[24, 49, 50] others report that excess UA is
neurotoxic, through inducing systemic inflammation and endothelial dysfunction.[13, 14]
Our study found that higher UA was associated with poorer neurocognitive and
cardiovascular outcomes, which are both known to be associated with vascular injury.[15,
18, 20, 41, 44] Hence our results are suggestive that higher UA may induce cellular
proliferation, inflammation and oxidative stress, and may not function as an antioxidant in
this context. Interestingly, adolescent survivors with UA in the top quartile were treated with
modestly higher doses of daunorubicin than those in the bottom quartiles. Both human and
animal studies have suggested that anthracycline could increase the level of circulating
cytokines, such as TNF-a, which could penetrate the blood-brain-barrier, leading to poorer
neurocognitive outcomes.[10, 51, 52] This observation may suggest that elevated UA level
may be a result of local inflammation and oxidative processes that are induced by primary
treatment exposures. Serum UA is also related to increased cell apoptosis and necrosis, and
implicated in the development of oxidative and nitrosative stress and subsequent
inflammatory diseases.[13-15] This may have an indirect impact on the brain vasculature
and subsequently, neurocognitive dysfunction.

Our research team previously demonstrated that homocysteine levels following HDMTX
administration were predictive of poorer neurocognitive function.[7] The current findings
suggests that higher plasma concentration of homocysteine following HDMTX during active
chemotherapy was positively associated with UA levels in young survivors during the earlier
years of long-term survivorship. Homocysteine is a physiological byproduct of folate
metabolism and its systemic elevation in ALL patients is an acute response to the inhibition
of dihydrofolate reductase by MTX. The prolonged elevation of serum homocysteine, even
in subclinical levels, has been implicated in cardiovascular and cerebrovascular
complications in the general population.[16, 17, 53] Recent literature also demonstrates that
folic acid therapy lowers UA levels in patients with mild to moderate hypertension.[54]
These preliminary findings suggest that the acute response to the anti-cancer treatment may
initiate chronic vascular dysfunction by the disruption of UA homeostasis. However, this
speculation needs to be further explored, as our current study did not examine the
association between concurrent UA and homocysteine levels in the survivors, or associations
with markers of oxidative stress and inflammation.

These findings should be interpreted in the context of potential limitations. Measuring serum
UA level at a single time point may not be predictive of chronic UA levels. However, UA
level is reported to be relatively stable without large biological fluctuations, and the
prognostic value of UA across years prior to the development of chronic health conditions
has been verified in existing literature.[20] Drawing parallel experiences from the clinical
diagnosis of gout, this single UA measurement may still be valid in exploring its association
with neurocognitive function. Our finding of association between UA level during
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adolescent and adult follow-up for our adult sample further supports the notion of UA
stability. Lastly, non-English speaking patients were excluded due to the language dependent
nature of the neurocognitive tests adopted in this study. As the overarching aim of this study
was to look at the pathophysiology behind neurocognitive impairment in cancer survivors,
we believe that the associations observed from our study may still be generalizable to the
non-English speaking populations even though studies have shown that treatment outcomes
may differ across ethnic groups. This study also did not examine other factors such as
physical activity, diet, and genetic vulnerability, all of which might be related to both UA
metabolism and neurocognitive function. Future studies should include prospective UA
assessment with these health behaviors and genetic factors.

Limitations notwithstanding, this study demonstrates an association between concurrent UA
levels and neurocognitive function in adolescent survivors of childhood ALL treated on a
contemporary chemotherapy-only protocol. UA acid during adolescence was not related to
neurocognitive performance in the adult survivors but it was predictive of cardiovascular risk
factors that were associated with those survivors processing speed and attention
impairments. We believe that UA may potentially be an important marker of brain injury and
neurocognitive decline in patients during their early years of cancer survivorship. Future
studies should prospectively evaluate the patterns of change in UA from adolescence to
adulthood, and the mediating role of chronic health conditions between UA and
neurocognitive function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Adolescent Survivors

302 eligible survivors

84 Non-participants
Active Refusal (n=79)
Passive non-participant (n=4)
Lost to follow-up (n=1)

70.5%

|| 218 Agreed to participate

Participation Rate

5 Did not participate in neurocognitive
evaluations

[ 213 Participants with neurocognitive evaluation |

87 Did not have concurrent uric acid
measurement within 7 days of
neurocognitive evaluation

126 Evaluable participants

Figure 1. Consort diagram
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Adult Survivors

426 eligible survivors from SJLIFE

99 SJLIFE Non-participants
Active Refusal (n=34)
Passive non-participant (n=57)
Lostto follow-up (n=8)

{ 327 Agreed to participate.

6 Did not participate in neurocognitive
evaluations

321 Participants with neurocognitive evaluation |

95 Did not have adolescent uric acid
measurement between 5 to 10 years after
diagnosis or concurrent uric acid
measurement within 7 days of
neurocognitive evaluation

226 Evaluable participants

A total of 302 adolescent survivors were eligible and 218 (70.5%) participated in the study.
For adult survivors, there were 426 eligible survivors and 327 (75.4%) participated. Finally,
complete data from 126 adolescent and 226 adult survivors were evaluated.
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Figure 2. Association between Uric Acid and Cardiovascular Risk Factors
The proportion of adult survivors with cardiovascular risk factors was significantly higher in

survivors with high uric acid level collected during adolescence.
CV: Cardiovascular; UA: Uric acid
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Figure 3.
Uric Acid Dysregulation, Chronic Health Conditions and Neurocognitive Function in Cancer

Survivors: A Theoretical model

Solid arrows: Relationships among uric acid dysregulation, chronic health conditions and
neurocognitive function that this study aimed to address

Dashed arrows: Other factors that might contribute to dysregulation in uric acid levels and
neurocognitive impairment in cancer survivors

a. Treatment exposures may affect urate homeostasis. Results from this current study
suggests that higher on-therapy homocysteine exposure and cumulative doses of
methotrexate were associated with elevated uric acid levels in survivors. Chemotherapy
exposure and acute physiological response to the treatments may potentially initiate the
process of urate hemostasis disruption in the early years of cancer survivorship.

b. Uric acid is associated with brain function and neurocognitive performance. Uric acid can
also have a direct impact on brain vascular function by inducing inflammation and oxidative
stress.[13-15] One large study has found that higher uric acid levels were also associated
with white matter atrophy, and poorer cognitive function was found in individuals with
hyperuricemia.[22]

c. Hyperuricemic is commonly observed in patients with hypertension, metabolic,
endocrinal and renal disorders. Studies have shown that metabolic syndrome can occur in
patients with elevated (>10mg/dL) uric acid, even though they have a normal body mass
index.[55] Waist circumference and the level of triglycerides were found to be strongly
correlated with serum uric acid level.[56] In an animal model, inhibiting xanthine oxidase
results in lower uric acid and leads to a partial reduction of metabolic-like syndrome and
hypertension.[57] Elevated uric acid level is an independent predictor of the development of
both microalbuminuria and renal dysfunction in subjects with normal renal function and
lowering levels of uric acid may slow progression of renal disease in patients with
hyperuricemia.[58, 59]

d. Hypertension, metabolic and renal disorders are associated with neurocognitive
impairment. Patients with vascular complications, such as hypertension and microvascular
diseases, are at increased risk for cognitive impairment and dementia.[24, 39, 40, 44]
Among metabolic syndrome components, hypertriglyceridemia and low high-density
lipoprotein cholesterol levels were associated with global cognitive impairment while
diabetes was associated with declines in executive function.[60] Lower estimated glomerular
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filtration rate at baseline was associated with a more rapid rate of cognitive decline,
particularly in memory function.[61] Patients in end-stage renal failure with cognitive
impairment have cortical defects consistent with infarcts.[62]
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Adolescent survivors# (N=126) Adult survivors’ (N=226)

Demographics % Mean (SD) % Mean (SD) P
Gender Male 44.4 48.2 0.49
Race White 76.2 88.5 0.002
Black 12.7 9.3
Others 11.1 2.2
Ethnicity Hispanics 7.9 49 0.24
Current age Years 14.6 (5.0) 254 (4.2) NA
Clinical/Treatment characteristics
Age at diagnosis Years 6.8 (4.8) 7.4 (4.4) 0.067
Time since diagnosis Years 7.8(1.7) 18.1(4.4) NA
Age at adolescent uric acid Years 13.1(4.2) NA
Estimated glomerular filtration rate ml/min 94.6 (17.4) 1074 (20.1) <0.0001
Treatment risk stratum Low 54.0 NA NA
Standard/High 46.0 NA NA
Oral corticosteroid
Dexamethasone 100 38.9 <0.0001
Prednisone 100 99.1 0.28
IV High-dose cytarabine (g/m2) 42.0 8.4 (3.5) 75 15.3 (10.9) 0.008
1V cyclophosphamide (g/m?) 100 2.7(1.9) 56.2 8.3(2.3) <0.0001
1V daunorubicin (mg/m?) 100 49.1 (10.3) 88.0 81.7 (32.1) <0.0001
1V doxorubicin (mg/m?) 99.2 114.6 (58.0) 6.6 155.0 (61.1) 0.034
Methotrexate IV standard-dose (g/m?) 98.4 38(1.2) 72.6 2.4 (1.3) <0.0001
IV high-dose (g/m?) 100 16.0 (7.6) 98.7 15.9 (7.6) 0.17
IT (ml) 100 171.6 (58.6) 100 170.0 (61.6) 0.68
1V vincristine (mg/m?) 99.2 59.1 (12.6) 100 43.5(22.9) <0.0001
Triple IT chemotherapy/\ Number of counts 99.2 15.0 (4.2) NA NA NA

Abbreviation: IQR: interquartile range; IM: intramuscular; IT: intrathecal; IV: intravenous; NA: not applicable; SD: standard deviation

Adolescent survivors (5 to 10 years post-diagnosis) are a subset of the study cited in reference [7]

+
Adult survivors are part of an ongoing, established study cited in references [6, 26]

*
Glomerular filtration rate is estimated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula for survivors above 18
years of age, and the Kidney Disease Improving Global Outcomes (KDIGO) for survivors who are 18 years of age and below

N
Triple IT chemotherapy: combination of methotrexate, hydrocortisone and cytarabine

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Cheung et al.

Table 2

Neurocognitive Outcomes in Adolescent Survivors

Domain Z-scoresMean (SD) | pop P* | Top Quartile (N=37) | Bottom 3 Quartiles(N=89) | Group P"
Attention Adj Mean”(95% C1) | Adj Mean”(95% cl)
Focused -0.21 (1.06) 003 | -0.44(-0.78,-0.10) -0.12 (-0.34, -0.10) 0.12
Sustained -0.24 (1.58) 0.01 -0.21 (-0.72, 0.29) -0.24 (-0.57, 0.08) 0.93
Impulsivity -0.18 (1.25) 005 | -051(-0.91,-0.10) -0.04 (-0.30, 0.22) 0.06
Variability -0.22 (1.28) 006 | -0.41(-0.83, -0.00) -0.14 (-0.41, 0.12) 0.28
Signal detection -0.19 (1.23) 0.004 -0.52 (-0.90, -0.14) -0.05 (-0.30, 0.19) 0.04
Processing Speed
Fine motor -1.35 (1.40) <0.0001 | -1.21(-1.69, -0.73) -1.37 (-1.69, —1.06) 058
Visual -0.01 (1.03) 0.95 -0.32 (-0.65, 0.02) 0.12 (-0.09, 0.34) 0.03
Visual motor -0.36 (0.98) <0.0001 | -0.42 (-0.74,0.10) -0.33 (-0.54, 0.13) 0.64
Executive Function
Cognitive flexibility ~0.56 (1.16) 001 | -1.01(-1.38,-0.64) -0.37 (-0.60, —0.13) 0.02
Cognitive fluency -0.41 (0.90) <0001 | —0.70 (-0.99, -0.41) -0.29 (-0.48, -0.11) 0.14
Working memory -0.27 (1.00) 0.006 -0.44 (-0.77, -0.12) -0.20 (-0.42, 0.01) 0.23

Abbreviation: Cl, confidence interval; CPT, Conners Continuous Performance Test

Adolescent survivors are a subset of the study cited in reference [7]

*
Comparison of Z-scores was conducted with population mean of 0 and standard deviation of 1

#Adjusted for age at diagnosis and years from diagnosis

A
Comparison of Z-scores was conducted between subjects in the top and bottom 3 quartiles
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