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abstract

Clinical trials frequently include multiple end points that mature at different times. The initial report, typically
based on the primary end point, may be published when key planned co-primary or secondary analyses are not
yet available. Clinical Trial Updates provide an opportunity to disseminate additional results from studies,
published in JCO or elsewhere, for which the primary end point has already been reported.

This multicenter cohort study reports on the long-term effects of prenatal exposure to maternal cancer and its
treatment on cognitive and behavioral outcomes in 9-year-old children. In total, 151 children (mean age, 9.3 years;
range, 7.8-10.6 years) were assessed using a neurocognitive test battery and parent-report behavioral ques-
tionnaires. During pregnancy, 109 children (72.2%) were exposed to chemotherapy (only or in combination with
other treatment modalities), 18 (11.9%) to surgery only, 16 (10.6%) to radiotherapy, one to trastuzumab, and 16
(10.6%) were not exposed to oncologic treatment. Mean cognitive and behavioral outcomes were within normal
ranges. Gestational age at birth showed a positive association with Full Scale Intelligence Quotient (FSIQ),
with the average FSIQ score increasing by 1.6 points for each week increase in gestational age (95% CI, 0.7 to 2.5;
P , .001). No difference in FSIQ was found between treatment types (F[4,140] 5 0.45, P 5 .776). In children
prenatally exposed to chemotherapy, no associations were found between FSIQ and chemotherapeutic agent,
exposure level, or timing during pregnancy. These results indicate a reassuring follow-up during the critical
maturational period of late childhood, when complex functions develop and rely on the integrity of early brain
development. However, associations were observed with preterm birth, maternal death, and maternal education.
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INTRODUCTION

Maternal cancer during pregnancy is an emerging
challenge andmay affect child development throughboth
direct treatment effects and indirect environmental and
psychosocial effects, in both prenatal and postnatal pe-
riods.1 As part of the International Network on Cancer,
Infertility and Pregnancy, our group previously published
reports showing reassuring general outcomes of children
prenatally exposed to maternal cancer and its
treatment.2-7 Nevertheless, specific results highlight a
need for continued follow-up. At a median age of
22 months, prematurity predicted poorer cognitive
outcomes.2,3 At age 6 years, prenatally exposed children
showed lower verbal intelligence and visuospatial long-
term memory scores, and chemotherapy during preg-
nancy was associated with poorer emotional regulation.6,7

Maternal death also represented an important risk factor
for poorer neurocognitive and behavioral outcomes.7-10

The question remains whether children born after a
pregnancy complicated by maternal cancer are at risk of
growing into deficits when complex cognitive and ex-
ecutive functions are developing and relying on brain
structures that developed aberrantly during gestation
and early childhood.11,12 This report describes the
cognitive and behavioral outcomes of 9-year-old children
prenatally exposed to maternal cancer and its treatment.

METHODS

Study Design

The INCIP Child Follow-up study (Protocol, online
only) evaluates the general health and neurocognitive
development after prenatal exposure to maternal
cancer (treatment) using age-adapted standardized
test batteries.7 Children are included longitudinally at
the ages 18 months, 36 months, and subsequently
once every 3 years until age 18 years.
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TABLE 1. Demographic Characteristics of the Children
Characteristic All Children (N 5 151) Children Prenatally Exposed to Chemotherapy (n 5 109)

Cancer treatment during pregnancy, No. (%)

Chemotherapy only 44 (29.1)

Radiotherapy only 2 (1.3)

Surgery only 18 (11.9)

Chemotherapy and radiotherapy 2 (1.3)

Chemotherapy and surgery 56 (37.1)

Radiotherapy and surgery 5 (3.3)

Chemotherapy, radiotherapy, and surgery 7 (4.6)

Trastuzumab 1 (0.7)

No treatment 16 (10.6)

Chemotherapeutic agent type, No. (%)a

Anthracyclines 86 (78.9)

Platinum 20 (18.3)

Taxanes 20 (18.3)

Vinca alkaloids 16 (14.7)

Other 4 (3.7)

Age, years, median (SD) 9.25 (0.39) 9.25 (0.39)

GA, weeks, median (SD) 36.12 (2.64) 35.77 (2.52)

Birth weight, g, mean (SD) 2,651.39 (622.62) 2,576.09 (613.71)

Maternal age at birth, years, mean (SD) 32.90 (4.52) 33.04 (4.16)

Sex, No. (%)

Male 77 (51.0) 54 (49.5)

Female 74 (49.0) 55 (50.5)

Mother deceased, No. (%)

Before age 2 years 16 (10.6) 13 (11.9)

After age 2 years 11 (7.3) 9 (8.3)

Not deceased 124 (82.1) 87 (79.8)

Highest level of education parents, No. (%)b

Mother

Primary school 5 (3.3) 2 (1.8)

Secondary school 58 (38.4) 45 (41.3)

Bachelor’s degree 42 (27.8) 25 (22.9)

Master’s degree or higher 36 (23.8) 27 (24.8)

Unknown 10 (6.6) 10 (9.2)

Father

Primary school 6 (4.0) 3 (2.8)

Secondary school 57 (37.7) 40 (36.7)

Bachelor’s degree 37 (24.5) 24 (22.0)

Master’s degree or higher 33 (21.9) 26 (23.9)

Unknown 18 (11.9) 16 (14.7)

Abbreviations: GA, gestational age; SD, standard deviation.
aSome children were exposed to multiple chemotherapeutic agent types, thus resulting in a total percentage . 100%.
bThe highest level of education is presented according to the International Standard Classification of Education 2011,16 and recorded into four

classes as done byMeekes et al.17 A bachelor’s degree is earned at both traditional universities and nonuniversity institutions of higher education,
and requires between 3 and 4 years of full-time study. A master’s degree is earned at university, and requires 1-2 years of full-time study after a
bachelor’s degree.
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We report a cross-sectional analysis of the 9-year-old
children (Data Supplement, online only). Ethical approval
and written informed consent was obtained for all partici-
pating subjects.

Outcomes

A neuropsychologic examination, assessing intelligence quo-
tient, attention, memory, and behavior, was performed (Data
Supplement). The primary outcome was the Full Scale Intel-
ligence Quotient (FSIQ), derived from theWechsler Intelligence
Scale for Children.13-15 Secondary outcomes included all other
neurocognitive test scores and behavioral questionnaire re-
sults. All children underwent a clinical neurologic and general
pediatric examination, and parents completed a questionnaire
on their child’s general health and educational level. All tests
were conducted in the child’s native language.

Methodologic details are reported in the Data Supplement.

RESULTS

Participants

A total of 151 children (including seven pairs of twins) were
included: 95 from Belgium, 34 from Netherlands, nine from
Italy, six from Czech Republic, and seven from New Jersey
(Table 1). The Data Supplement contains further information
about maternal cancer types, treatment characteristics, sub-
stance use during pregnancy, fertility treatment, bilingualism,
congenitalmalformations, and labor types and deliverymodes.

Cognitive Development and Behavior

Group outcomes for all intelligence outcomes, verbal and
visuospatial memory, attentional function, and behavioral
measures were within normal ranges (Table 2 and Fig 1).

No difference in FSIQ was found between girls and boys
(t[143]5 0.25,P5 .802), treatment types (F[4,140]5 0.45,
P 5 .776), or cancer stages (F[3,140] 5 1.53, P 5 .211).

Children who scored below normal ranges were more likely to
have been born preterm. The average FSIQ score increased
by 1.6 points (95% CI, 0.7 to 2.5; P , .001; Data Supple-
ment) for each week increase in gestational age at birth (GA).
GA also explained verbal intelligence (b 5 1.49 points/wk;
CI, 0.6 to 2.4; P 5 .002), performance intelligence
(b 5 1.39 points/wk; CI, 0.6 to 2.2; P 5 .002), and pro-
cessing speed (b5 1.21 points/wk; CI, 0.3 to 2.1; P5 .009).

We foundaneffect ofmaternal bereavement (F[2, 144]5 3.94,
P 5 .022). FSIQ was lower in children with a deceased
mother before age 2 years (93.136 12.65) than in children
with a surviving mother (104.08 6 14.88). When adjusting
for GA, this association disappeared (P. .3): Children with
a deceased mother before age 2 years were on average
born earlier (33.4 weeks 6 2.7) than children with a de-
ceased mother after age 2 years (37.1 weeks 6 1.7)
and children with a surviving mother (36.4 weeks 6 2.5;
P , .001). No associations were found between maternal
death and cancer type, cancer stage, or treatment type.

Multiple linear regression (Data Supplement) with GA, death
of mother, and parental (maternal and paternal) education
level as explanatory variables shows that GA (P 5 .006) and
maternal education level (P 5 .005) remained to explain
FSIQ. Specifically, this model estimated an increase of 1.27
points (6 0.45) in FSIQ for every week increase in GA.

When looking specifically at the subgroup of children pre-
natally exposed to chemotherapy, a mixed-effect regression
model, with parental education levels as random variables,
found no significant associations with FSIQ (all P . .08).
When parental education levels were separately included as
fixed effects, maternal education level remained a significant
predictor of FSIQ (P 5 .011).

General Health

Data from the parent-reported health questionnaire revealed
no specific problems across the group. An overview of the
reportedmedical problems is enlisted in theData Supplement.

Four children were diagnosed with attention-deficit hyper-
activity disorder, of which three took supportive medication.
One child was diagnosed with autism spectrum disorder.
Thirty-one children (24.4%) received remedial care, in-
cluding speech therapy (17 children), remedial teaching at
school (10), a type of physical or exercise therapy (four), and
neurofeedback therapy (one).

From these children receiving remedial support, eight chil-
dren (25.8%) lost their mother (of which seven before age
2 years), with a chi-squared test showing a significant relation
between maternal bereavement before age 2 years and re-
medial care (x2 [2,127] 5 7.33, P 5 .026, w 5 0.240). An
association was also found between remedial support and

TABLE 2. Means, SDs, and Ranges of Intelligence Scores
Intelligence Score No. Mean SD Range

Full-scale intelligence 145 102.84 14.99 60-141

Verbal intelligence 145 104.77 15.47 62-140

VCI (WISC-III/-IV/-V) 128

VIQ (WISC-III)a 23

Performance intelligence 145 101.72 14.19 62-141

POI (WISC-III) 44

PRI (WISC-IV) 11

VSI (WISC-V) 73

PIQ (WISC-III)a 17

Processing speed 129 101.35 14.21 66-146

Working memory 84 96.89 12.65 67-135

Abbreviations: IQ, intelligence quotient; PIQ, performance IQ; POI,
Perceptual Organization Index; PRI, Perceptual Reasoning Index; VCI,
Verbal Comprehension Index; VIQ, Verbal IQ; VSI, Visuospatial Index;
WISC, Wechsler Intelligence Scale for Children.

aVIQ and PIQ scores (from the WISC-III) were only included if VCI
and POI scores, respectively, were not available.
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prematurity: 24 children (77.4%) who received remedial care
were born preterm (x2 [1,127]5 6.67,P5 .010,w5 0.229).

DISCUSSION

Cognitive and behavioral outcomes of 9-year-old children
born to mothers diagnosed with cancer during pregnancy
did not differ with norms of the general population. We

reported average group scores for all intelligence index
scores, verbal and visuospatial memory outcomes, atten-
tional functioning outcomes, and behavioral questionnaire
measures. We found no impact of sex, treatment type, and
cancer stage.

Children who scored below normal ranges on intelligence
index scores were more likely to have been born preterm.

Task or Subtask Tested Variable No.

Behavior

CBCL Internalizing problems 133

Externalizing problems 133

Total problems 133

BRIEF Behavioral regulation 100

Metacognition

Global executive

99

99

Verbal memory

AVLT Learning 124

Immediate recall 124

Delayed recall 124

Nonverbal memory

CMS Dots Learning 133

Immediate recall 133

Delayed recall 132

Nonverbal memory span

CMS Picture Locations 130

Visuomotor reaction time

ANT Baseline Speed Total reaction time 126

Response inhibition

ANT Go-NoGo Hits reaction time 120

False alarms 120

Misses 120

Selective attention

ANT Focused Attention 4 Letters Total reaction time 119

Distraction time 119

Distraction accuracy 119

Accuracy performance 119

Divided attention

ANT Memory Search Letters Total reaction time 122

Percentage error 122

Memory search rate 122

Memory load accuracy 122

Attention flexibility

ANT Shifting Attentional Set Visual Reaction time contrast 126

Error contrast 126

-2 -1 0 1 2 3

Z-Score

FIG 1. Cognitive (nonintelligence quotient) and behavioral outcomes. ANT, Amsterdam Neuropsychologic Task;
AVLT, Auditory Verbal Learning Test; BRIEF, Behavior Rating Inventory of Executive Function; CBCL, Child Behavior
Checklist; CMS, Children’s Memory Scale.
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We report an increase in Full Scale Intelligence Quotient of
almost 6.5 points for each month increase in GA. Hence,
preterm birth should be avoided as much as possible in the
obstetric management of pregnant women with cancer.

Seventeen percent of the children in this study had lost their
mother (of which almost 58% died before their child turned
2 years old). The results suggest a relationship between
maternal bereavement in the first 1,000 days of life and Full
Scale Intelligence, although a larger sample is necessary to
disentangle effects of maternal loss and often coinciding
premature birth.

A longitudinal study in the general population also dem-
onstrates multicollinearity between the impact of early-life
adversity exposure and prematurity.18 As maternal death
was not associated with cancer type, cancer stage, or
treatment type, it could be possible that maternal stress or
an insecure mother-child attachment may play a role in
determining child cognitive development.

In the subgroup of children prenatally exposed to chemo-
therapy, only maternal education level was associated with
Full Scale Intelligence. In this group, no effect of prematurity
was found in both the current 9-year-old cohort and the
6-year-old cohort.7 Further research is needed to determine
whether the effect of prematurity is hidden by an under-
powered analysis in the smaller chemotherapy group, or
whether administering chemotherapy during pregnancy
perhaps reduces the beneficial effect of delivery at term.

Maternal education level explained part of the outcome on Full
Scale Intelligence. This effect was found in the entire sample

and chemotherapy subgroup. Although both paternal and
maternal education level were associated with Full Scale
Intelligence at the univariate level, only maternal education
remained a significant predictor in fitted models.

Almost a quarter of parents reported a need for remedial
support for their child. As rates of pediatric remedial support in
the general population remain under-reported, disallowing a
comparison of the observed rates and the rates of the general
population, further research is needed to put this percentage in
perspective. The need for remedial support may be related to
prematurity and maternal bereavement, with 77% of the
children who received support born preterm, and 26% of the
children having lost theirmother to cancer. In combinationwith
a recent study showing increased child trauma–related cog-
nitions and emotion regulation difficulties after parental cancer
(bereavement),19 it tentatively supports the need to follow these
families in the long term to determine their psychosocial needs.

In conclusion, children prenatally exposed to maternal
cancer (treatment) showed on average a normal cognitive
and behavioral development at age 9 years. No associations
of cognition and behavior were found with treatment type,
exposure level, cancer stage, and gestational age at the start
of treatment. These results convey a reassuring follow-up of
neurocognitive development during late childhood, which
represents a time of critical maturation when complex
functions are developing. However, these children still re-
quire a close follow-up, as maternal cancer during preg-
nancy is associated with preterm delivery and maternal
death, which are risk factors for developmental problems.
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