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For more than 3 decades, neurocognitive impairment has 
been reported as a long-term outcome in children treated 
for brain tumors or acute lymphoblastic leukemia (ALL) using 
cranial radiation therapy (CRT), with or without chemother-
apy. Impairment has most often been reported in the areas 
of processing speed, working memory, visual-spatial-motor 
speed and accuracy, inattention, and complex activities 
involving executive function. The severity of outcomes has 
been linked to CRT dose, younger age at diagnosis, and, in 
ALL, female gender. Neuroimaging of survivors has most 
often identified changes in white matter, primarily in the 
frontal cortex and connecting structures, with other areas of 
abnormality noted depending on the location of the tumor 
and type of neurosurgery involved.1 Calcifications have also 
been reported in children treated with both methotrexate 
and CRT for ALL.2

In their multicenter evaluation of 149 survivors of pediatric 
brain tumors (110 treated with CRT), Roddy and colleagues3 
identified cerebral microbleeds (CMBs) as another possible 
mechanism for neurocognitive impairment in children treated 
for brain tumors. The reported incidence of CMBs in children 
treated with CRT at 1 year posttreatment was 10.8% and 
increased to 48.8% at 5 years posttreatment. Surprisingly, 
dose of CRT was not associated with an increased rate of CMB 
development, but breadth of exposure (whole-brain vs focal) 
was. Younger age was not a predictor of CMBs, but the inclu-
sion of an anti-angiogenic drug (bevacizumab) resulted in an 
increase of CMB development that was 6.2 times greater than 
in those not exposed to the drug.

Vascular abnormalities have not been considered as con-
tributors to neurocognitive outcomes in adults or children 
treated for brain tumors. However, similar kinds of neurocog-
nitive outcomes have been reported in children and adults 
with sickle cell anemia who have experienced overt stroke, 
silent cerebral infarcts, and localized abnormalities detected 
using segmental analysis on MRI.4,5 In sickle cell anemia, vas-
culopathy, endothelial dysfunction, hypoxia, and poor oxygen 

perfusion are all mechanisms associated with neurocognitive 
impairment independent of evidence of specific white matter 
or other CNS structural injury.6 It is, therefore, not surprising 
that similar patterns of neurocognitive function following CRT 
might be related to CMBs and that the neurocognitive out-
comes observed are similar to those in diseases with primary 
CNS vasculopathy.

Previous models have suggested that the severity and 
specific areas of neurocognitive impairment in children 
treated for brain tumors emerge over time.7 One explanation 
is that this is related to early interference with the normal 
white matter growth trajectory in the developing brain. The 
finding that the incidence of CMBs increased over time sug-
gests that in some children treated with CRT, and perhaps 
even more treated with a specific anti-angiogenic drug, the 
neurocognitive developmental trajectory may be related to 
an increasing accumulation of CMBs over time. This does not 
invalidate a neurodevelopmental model that has focused 
on white matter development, but offers a second possible 
mechanism for exploration.

The presence of CMBs, and the increasing rate of CMBs 
over time, has some meaningful clinical implications and 
consequences. The presence of CMBs in more than 10% 
of the children at 1 year posttreatment may support MRI 
evidence of CMBs as a marker for children who are at 
increased risk for neurocognitive impairment as they age, 
particularly those who have no evidence of other structural 
or white matter abnormality. This offers an opportunity to 
identify these children and evaluate the effectiveness of 
early neurobehavioral intervention as a way to prevent or 
lessen the intensity of long-term impairment. Similarly, the 
nearly 6-fold increase in the incidence of CMBs in children 
treated with anti-angiogenic medications provides strong 
evidence to support an aggressive approach to clinical neu-
rocognitive evaluation of patients and research focused 
on evaluation of best-practice early intervention with this 
high-risk group of children.8
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Proton-beam CRT is believed to result in lower toxicity than 
traditional photon-beam CRT.9,10 The finding that whole-brain 
CRT exposure results in a greater incidence of CMBs than focal 
CRT exposure offers a new measure of outcome in proton ver-
sus photon-beam CRT studies and may provide a robust and 
relatively short-term (1- to 2-y posttreatment) measure of 
treatment toxicity for the 2 approaches. Early identification 
of differences in CMBs can be used to improve decision mak-
ing about type of CRT to use and influence health policy and 
access related to the most effective and least toxic treatment.

As neurocognitive impairment has become recognized as 
a significant late effect of CNS cancer treatment, a number of 
pharmacologic interventions have been proposed, but only a 
few tested. In a randomized clinical trial, methylphenidate has 
been shown to be effective in a number of children treated for 
CNS tumors,11 but increases in side effects have been noted for 
subgroups of patients.12 Other medications used in the treat-
ment of adult cognitive dysfunction (e.g, memory disorders, 
dementia) have been suggested, but these often have contrain-
dications for use in children. These may be elevated in children 
with potential, but undocumented, CNS vascular fragility. The 
Roddy et al3 study provides the first clear evidence that chil-
dren treated with CRT, and those treated with at least one anti-
angiogenic medication, are at substantial risk for microvascular 
injury. Therefore, the use of medications with a known CNS vas-
cular mechanism should be approached with great care when 
used with children treated for brain tumors. Robust animal 
models and phase I/II human trials should be conducted before 
moving into phase III clinical trials or community use. At the 
same time, awareness of vascular injury in this group of children 
opens the door to consideration and evaluation of treatments 
that reduce inflammation or otherwise reduce vasculopathy.

The documentation of CMBs represents a significant contri-
bution to both the science behind pediatric brain tumors and 
outcomes of treatment, but also provides incentive to rethink 
treatment protocols. We can and certainly should take steps to 
identify effective treatment for neurocognitive and CNS effects 
of primary therapy but at the same time remember that some of 
the most significant advances in improved survival and reduced 
toxicity have occurred when primary therapy has been altered 
in the face of toxicity. Roddy and colleagues have provided criti-
cal evidence needed to once again open this conversation.
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