




Mabbott et al.: Neurocognitive function in same-sex twins

462      Neuro-Oncology • october        2 0 0 7

sive language function across both assessments. The 
PLS index of receptive language was significantly higher 
than the expressive language index for both twins. 
The nonaffected twin demonstrated stable low-average 
performance on receptive language tasks across both 
assessments. Consistent with the pattern observed for 
intellectual measures, the affected twin demonstrated 
improvement in expressive and receptive language from 
the first to the second assessment. Both twins demon-
strated average receptive vocabulary (PPVT-III). The 
nonaffected twin’s scores were higher than the affected 
twin’s and showed substantial improvement in relative 
functioning from the first to the second assessment. 
Visual-motor integration (VMI) improved for both 
twins across assessments (Table 1), from low-average to 
average ability. The affected twin demonstrated higher 
test scores compared to her sister at both time points.

Observational measures were videotaped and scored 
by two coders who were blind to the medical status of the 
twins. Consistent with the pattern observed for the stan-
dardized tests, ratings of the affected twin’s behavior in 
the tasks of social interaction and competence improved 
across assessment sessions. Ratings of the quality of 
social play interactions for both parent and affected 
twin increased from the first to second assessment. The 
affected twin was rated as being more responsive to and 
socially engaged with her mother and more engaged with 
the toys she was playing with and her general environ-
ment. Ratings of the mother’s interactions corresponded 
with this pattern, with increased levels of warmth, sup-
portive actions, and responsiveness noted for the second 
assessment relative to the first. Both child and parent 
ratings remained the same for the nonaffected twin: the 
quality of interactions between the nonaffected twin 
and the mother were rated as higher than those with the 
affected twin during the first assessment, but with the 
improvement noted for the affected twin, ratings were 
essentially the same for both twins at the second assess-
ment. The affected twin also showed improved social 
competence across assessments, with increased use and 

developmental assessment, which documented signifi-
cant expressive language delay with significant delay in 
sound production abilities, as well as gross motor delay. 
She had a tongue tie clipped at 30 months of age. Recent 
ophthalmological and hearing examination was normal. 
She was 37 and 49 months at the time of the first and 
second assessments, respectively.

Results

Standardized test scores for each twin are shown in 
Table 1. At the initial assessment, the FSIQ (full-scale 
intelligence quotient), VIQ (verbal intelligence quotient), 
and PIQ (performance intelligence quotient) for both 
twins were within the borderline, low-average, and bor-
derline ranges, respectively (Table 1). Both twins dem-
onstrated better VIQ than PIQ, with a significant dif-
ference between these indices for the nonaffected twin 
(p , 0.05). By the second assessment, the FSIQ for the 
affected twin had increased by 12 points and fell within 
the low average range; this increase was substantially 
greater than the SEM for the WPPSI-R FSIQ (Table 1). 
The VIQ for the affected twin was significantly higher 
than the PIQ (p , 0.05), although both indices were 
improved relative to the first assessment: VIQ was 17 
points higher and fell within the average range, and 
PIQ was 9 points higher and fell within the low-average 
range. Both increases were substantially greater than the 
SEM for the test, indicating that improvement was not 
due to random fluctuations in performance over time. 
All IQ scores for the nonaffected twin remained stable 
at the second assessment, falling within the borderline to 
low-average range; although decreases in IQ scores were 
evident, these were very close to the SEM of the test and 
likely reflected random fluctuation in scores rather than 
true declines (Table 1).

Variable performance in language functioning was 
observed for both twins (Table 1). Based on the PLS, 
the twins demonstrated very poor to borderline expres-

Fig. 1. Planning CT distribution in axial, 
coronal, and sagittal planes for the 
affected twin. The dose values from the 
center to the periphery represent the 
volumes receiving 54, 50, 40, 27, and 10 
Gy, respectively, in all three planes.
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complexity of language and in cooperation and initia-
tive from the first to the second assessment sessions. 
No increases in ratings of social competence were evi-
dent for the nonaffected twin. Finally, for independent 
exploratory play with novel toys, the affected twin and 
the nonaffected twin demonstrated similar frequencies 
of functional play during the first assessment. However, 
at the second assessment, the nonaffected twin showed 
increases in her level of play and engagement, and explo-
ration of toys and her play was more advanced in terms 
of problem solving. In contrast, functional play in the 
affected twin decreased. These results are consistent 
with the parent report that with age the affected twin 
became more cautious and less likely to spontaneously 
engage in new activities without maternal support.

Discussion

This case study is the first to examine serial neurocogni-
tive and behavioral outcome after treatment with focal 
radiation for medulloblastoma in a preschool child, rela-
tive to her twin sister. A striking finding was improvement 
in intelligence, language, and visual-motor functioning 
in the affected twin from 12 months to 24 months after 
treatment with focal radiation. The affected twin, for 
the most part, demonstrated higher standard scores than 
her unaffected sister, who demonstrated a normal rather 
than accelerated pace of development over the same 

time period. Further, improved functioning was also 
evident in ratings of parent–child interaction and social 
competence for the affected twin. The affected twin’s 
improvement likely reflected normalization of function-
ing after illness as her medical condition improved and 
she experienced increased opportunities that stimulated 
her behavioral and cognitive development.

Our findings are notable compared with the very 
poor intellectual outcome typically associated with cra-
niospinal radiation in infants and young children. Focal 
posterior fossa radiation still encompasses substantial 
amounts of the cerebral hemispheres, including occipi-
tal and parietal lobes, thalamus, and diencephalon, and 
has been associated with relatively poor intellectual out-
come.14 In the present case study, the affected twin was 
treated with IMRT, which yielded volumes restricted 
primarily to the tumor bed and involved dose modula-
tion, sparing cerebral tissue from a significant amount 
of radiation. Hence, IMRT may be especially critical 
in preserving cognitive function and may be useful for 
addressing concerns regarding cognitive outcome in this 
vulnerable population.

Further, we found that measures of preschool chil-
dren’s social and behavioral functioning, including 
parent–child interaction, social competence, and goal-
directed play, are useful for demonstrating the social 
consequences of disease and are sensitive to improve-
ment with normalization of function after treatment. 

Table 1. IQ, language function, and visual-motor functioning scores for the affected and nonaffected twin at the 
first and second assessment (normative means 5 100, SD 5 15)

Standardized Test	 First Assessment	 Second Assessment	 Difference	 Test SEM

WPPSI-R FSIQ				    2.82

  Affected twin	 74	 88	 112	 —

  Nonaffected twin	 80	 75	 –5	 —

WPPSI-R VIQ				    3.15

  Affected twin	 80	 97	 117	 —

  Nonaffected twin	 88	 84	 –4	 —

WPPSI-R PIQ				    4.10

  Affected twin	 72	 81	 19	 —

  Nonaffected twin	 76	 70	 –6	 —

PPVT-III—receptive vocabulary				    3.17

  Affected twin	 88	 92	 14	 —

  Nonaffected twin	 97	 111	 114	 —

PLS—receptive language				  

  Affected twin	 81	 98	 117	 —

  Nonaffected twin	 90	 90	 0	 —

PLS—expressive language				  

  Affected twin	 65	 79	 114	 —

  Nonaffected twin	 73	 70	 –3	 —

VMI—visual motor integration				    4

  Affected twin	 90	 99	 19	 —

  Nonaffected twin	 83	 92	 19	 —

Abbreviations: WPPSI-R, Wechsler Preschool and Primary Scale of Intelligence–Revised; FSIQ, full-scale intelligence quotient; VIQ, verbal 

intelligence quotient; PIQ, performance intelligence quotient; PPVT-III, Peabody Picture Vocabulary Test—Third Edition; PLS, Preschool Language 

Scale; VMI, Beery Visual-Motor Integration Test.
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Hence, these measures may be useful in examining out-
come in larger samples of preschool patients. This would 
yield ecologically valid information, may be useful in 
predicting future cognitive and social functioning,19 and 
can provide important information for developing home-
based interventions for young children. Comprehensive 
assessment of multiple areas is important because subtle 
deficits may emerge for patients treated with focal radia-
tion that are not detected using only standardized cogni-
tive tests, despite intact intellectual functioning.

Finally, our findings must be considered in the con-
text of previous slight developmental delays for both 
twins, and their very poor expressive language, which 
may reflect the bilingual language environment in which 
the twins reside or may be a consequence of their birth 

history and low birth weight. However, the twins’ his-
tory reflects the reality that children with a range of pre-
morbid backgrounds are treated for brain tumors, and 
the impact of treatment manifests within the context 
of their broader developmental functioning. Further, 
because of the case study design, we report qualitative 
descriptions of change over time. Certainly, the potential 
benefits of focal radiation require evaluation in larger 
patient series using quantitative analyses. Despite these 
constraints, our preliminary findings of improvement in 
intellectual, language, visual-motor, parent–child inter-
action, and social competence over time after treatment 
with focal posterior fossa IMRT are unique, and this 
study is the first to document minimal deleterious effects 
after treatment, albeit in a single case study.
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