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Data on the long-term outcome of children who are exposed to maternal cancer with
or without treatment during pregnancy are lacking.
METHODS

In this multicenter case–control study, we compared children whose mothers received
a diagnosis of cancer during the pregnancy with matched children of women without
a cancer diagnosis. We used a health questionnaire and medical files to collect data
regarding neonatal and general health. All children were prospectively assessed
(by means of a neurologic examination and the Bayley Scales of Infant Development) at 18 months, 36 months, or both. A cardiac assessment was performed at
36 months.
RESULTS

A total of 129 children (median age, 22 months; range, 12 to 42) were included in
the group whose mother had cancer (prenatal-exposure group) with a matching
number in the control group. During pregnancy, 96 children (74.4%) were exposed
to chemotherapy (alone or in combination with other treatments), 11 (8.5%) to
radiotherapy (alone or in combination), 13 (10.1%) to surgery alone, 2 (1.6%) to
other drug treatments, and 14 (10.9%) to no treatment. Birth weight was below
the 10th percentile in 28 of 127 children (22.0%) in the prenatal-exposure group
and in 19 of 125 children (15.2%) in the control group (P = 0.16). There was no
significant between-group difference in cognitive development on the basis of the
Bayley score (P = 0.08) or in subgroup analyses. The gestational age at birth was
correlated with the cognitive outcome in the two study groups. Cardiologic evaluation among 47 children at 36 months of age showed normal cardiac findings.
CONCLUSIONS

Prenatal exposure to maternal cancer with or without treatment did not impair the
cognitive, cardiac, or general development of children in early childhood. Prematurity was correlated with a worse cognitive outcome, but this effect was independent of cancer treatment. (Funded by Research Foundation–Flanters and others;
ClinicalTrials.gov number, NCT00330447.)

1824

n engl j med 373;19

nejm.org

November 5, 2015

The New England Journal of Medicine
Downloaded from nejm.org on April 2, 2021. For personal use only. No other uses without permission.
Copyright © 2015 Massachusetts Medical Society. All rights reserved.

Pediatric Outcome after Maternal Cancer Diagnosis

F

etal development is a complex process. At different stages of development,
different aspects can be influenced by external factors (e.g., teratogenic drugs, alcohol,
smoking, maternal stress, and altered nutrition).
Among women in whom cancer is diagnosed during pregnancy, factors such as maternal illness,
diagnostic tests, cancer treatment, and increased
levels of maternal stress can negatively influence
fetal development. Cancer treatment during pregnancy exposes the fetus to potentially toxic substances that influence cell division. Chemotherapeutic drugs can cross the placenta in varying
amounts.1,2 Data on fetal effects of maternal
cancer treatment are based mainly on retrospective cohort studies.3-6 From our 10-year experience,
it appears that the limited availability of safety
data can influence therapeutic decision making,
which results in a high threshold for initiating
chemotherapy and a low threshold for terminating pregnancy. It can also delay maternal treatment and result in preterm induction of labor.
Limited data are also available on prenatal exposure to radiotherapy.7
Our group published combined prospective
and retrospective data from a multicenter study
involving children who had prenatal exposure to
chemotherapy. Our initial data seemed to suggest that fetal exposure to maternal cancer treatments was not associated with cognitive or cardiac abnormalities.8 The combined retrospective
and prospective design limited the interpretation
of the results, since the findings from different
tests at different ages (16.8 months to 17.6 years
of age) were pooled. Therefore, we enlarged the
prospective cohort to include only those in early
childhood (12 to 42 months) and evaluated the
general health status, growth, cognitive development, and cardiac structure and function and
compared the results with those for children in
a matched control group.

Me thods
Study Participants

This study is based on a collaboration between
national referral centers in Belgium, the Netherlands, Italy, and the Czech Republic, all members
of the International Network on Cancer, Infertility, and Pregnancy. Children in the prenatal-expo-
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sure group had mothers in whom cancer was
diagnosed during pregnancy with or without treatment during pregnancy. Controls were children
born to healthy mothers after uncomplicated
pregnancies and deliveries. The study design and
recruitment are summarized in Figure 1. The
study protocol is available with the full text of
this article at NEJM.org. For the cognitive developmental and general health examinations, control
children were recruited in Belgium (for Belgium
and the Netherlands), Italy, and the Czech Republic and were matched in a 1:1 ratio with respect
to gestational age and age at testing with the
children in the prenatal-exposure group in that
particular country. Control children for the cardiac examinations were recruited in Belgium and
Toronto and were matched in a 1:1 ratio for the
age at testing and sex. Details regarding recruitment are provided in the Methods section in the
Supplementary Appendix, available at NEJM.org.
Written parental informed consent was provided
for each child.
Study Testing

We collected obstetric, perinatal (including congenital malformations), and oncologic data for
each mother–child pair. We calculated birthweight percentiles, considering the gestational age
at birth, birth weight, sex, race or ethnic group,
parity, and maternal height and weight when
available. The fetal radiation dose was calculated
according to the dose program Peridose developed
by van der Giessen.9 From 2005 through 2011,
we invited the children in the fetal-exposure group
and the control group to participate in follow-up
at the age of 18 months. From 2012 through
2015, children in the two groups were invited to
participate at both 18 months and 36 months.
For children who were tested at both 18 months
and 36 months, we included only one result (the
one for which a matched control was available)
in the analysis. Clinical neurologic and general
pediatric examinations were performed in all
study children, and parents completed a health
questionnaire (see the Methods section in the
Supplementary Appendix).
We assessed the cognitive development of the
children in the two groups using the Bayley Scales
of Infant Development. Standard scores on this
test range from 50 to 150, with higher scores
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Children from the general population born to
healthy mothers after uncomplicated pregnancy
and delivery were recruited as controls

Pregnant women with cancer were
registered by the International Network
on Cancer, Infertility, and Pregnancy

211 Children born to mothers with cancer
were included in the study

79 Were excluded
17 Were <18 mo old
56 Were >42 mo old
6 Had incomplete data

132 Were assessed at the age of 18 mo,
36 mo, or both

3 Were excluded
2 Were not matched with
a control
1 Had a syndromal entity

129 Were included in the analysis
75 Were tested at 18 mo (range, 12–25)
54 Were tested at 36 mo (range, 28–42)

129 Control children were included in the
analysis

Figure 1. Study Design and Recruitment.
The 129 children in the prenatal-exposure group who were evaluated in the final analysis included 98 children who
underwent new testing by means of the Bayley Scales of Infant Development and 31 children for whom results were
published previously. All results of cardiac examinations were based on new testing. In addition to being matched
for age at the time of cognitive assessment, children in the control group were also matched with children in the
prenatal-exposure group according to gestational age, country of origin, and the edition of the Bayley Scales of
Infant Development (II or III) that was used in the evaluation. Control children for the cardiac assessment were
matched according to sex. Children were scheduled to be tested at the age of 18 months, 36 months, or both; actual
ranges are listed in parentheses.

indicating more advanced development; the mean
(±SD) score is 100±15, and a score of less than
85 indicates a developmental delay.10,11 The third
edition (cognitive scale) was used in Italy, whereas the second edition (mental scale) was used in
Belgium, the Netherlands, and the Czech Republic, according to the availability of the most recent edition at the start of inclusion. Bayley III
cognitive scores were found to be significantly
higher than Bayley II mental developmental index scores among both children who were born
at term and those who were born preterm.12 We
handled this finding in our study by means of a
1:1 matched comparison of the prenatal-exposure group and the control group as assessed in
the same country with the same Bayley edition
and by calculating correlations and regression
models only on Bayley II scores.
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Cardiac evaluation was performed at 36 months
of age to avoid having to use sedation for the
tests, which consisted of 12-lead electrocardiography and a detailed echocardiographic examination. Standard views and measurements were
performed according to the guidelines of the
American Society of Echocardiography.13,14 Details regarding the echocardiographic protocol are
provided in the Methods section in the Supplementary Appendix.
Statistical Analysis

We used descriptive statistics to describe maternal oncologic data, results of the health questionnaires, and clinical neurologic evaluations. We
compared between-group background variables
(child and maternal age, gestational age, sex, birth
weight, race or ethnic background, maternal
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height and weight, parity, and parental education levels) using the Mann–Whitney U test for
continuous variables and the chi-square or Fisher’s exact test for categorical data, depending on
distribution characteristics, sample size, and
number of categories.
Raw cognitive scores were converted to standardized cognitive scores (not corrected for prematurity) according to normative data for each
country in the Bayley manual. Univariate and
multivariate linear regression models were used
to look at the relationship between gestational
age and cognitive outcome. Pearson correlations
were used to investigate the relationship between
cognitive outcome and parental education levels
or the number of chemotherapy cycles. The relationship between cognitive outcome and the estimated fetal dose of radiation was investigated
by means of Spearman’s rank-correlation coefficient (rho). We used the Wilcoxon signed-rank test
to compare cognitive scores and analysis of variance to adjust for covariates.
Electrocardiographic measurements were interpreted by an experienced cardiologist. All echocardiographic measurements were obtained in
three cardiac cycles and averaged. When appropriate, measurements were corrected for bodysurface area, and z scores were calculated. Independent sample t-tests were used to compare
echocardiographic measurements and z scores
in the two study groups.
A two-sided P value of less than 0.05 was
considered to indicate statistical significance for
all analyses. Up to six significant results could
be expected on the basis of chance alone, given
the plan to perform 110 subgroup analyses.

R e sult s
Characteristics of the Children

A total of 129 children (including four pairs of
twins) were included in the prenatal-exposure
group: 103 from Belgium, 8 from the Netherlands,
10 from Italy, and 8 from the Czech Republic.
These children were matched with 129 control
children: 111 from Belgium, 10 from Italy, and
8 from the Czech Republic. Children in the two
study groups were examined at a median age of
22 months (range, 12 to 42; P = 0.15) and were
equally distributed according to sex (P = 0.32)
(Table 1). Of the 129 children, data were included
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for 75 children and matching controls who were
tested at the age of 18 months and for 54 children and matching controls who were tested at
the age of 36 months; a total of 48 children were
tested at both time points.
At the time of the cancer diagnosis, the median maternal age was 33.4 years (range, 19.6 to
43.5), and the median gestational age was 17.7
weeks (range 1.0 to 37.5). During pregnancy, 96
children (74.4%) were exposed to chemotherapy
(alone or in combination with other treatments),
11 (8.5%) to radiotherapy (alone or in combination), 13 (10.1%) to surgery alone, 2 (1.6%) to
other drug treatments, and 14 (10.9%) to no
treatment (Table 2). A total of 391 cycles of chemotherapy were administered to 93 women (including 3 carrying twins). Additional details regarding the maternal cancer type and specific
treatments are provided in Tables S1 and S2 in
the Supplementary Appendix.
Perinatal Outcome

Children in the prenatal-exposure group were
born at a median gestational age of 36 weeks
(range, 27 to 41). A total of 79 children (61.2%)
were born preterm, as compared with a general
percentage of preterm births of 6.8 to 8.0% in
the participating countries.15 (Gestational age was
not specified for the control group, since children
in the prenatal-exposure group were matched
with controls according to gestational age at
birth.) Eleven children were born between 27.0
and 31.9 weeks (very preterm), 16 between 32.0
and 33.9 weeks (moderately preterm), 52 between
34.0 and 36.9 weeks (late preterm), and 50 at 37
weeks or later (full term). The number and type
of congenital malformations were similar to
those in the general population (Table S8 in the
Supplementary Appendix), and the results of
neonatal neurologic examinations were normal.
Among 127 children for whom data on birth
weight were available, the median birth weight
was 2705 g (range, 720 to 4690). A birth weight
below the 10th percentile (i.e., the definition of
small for gestational age) was reported in 28 of
127 children in the prenatal-exposure group and
in 19 of 125 children in the control group
(22.0% and 15.2%, respectively; P = 0.16). More
specifically, status as small for gestational age
was reported in 24 of 95 children (25%) who
were exposed to chemotherapy and for whom
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Table 1. Characteristics of the Children at Baseline.

Characteristic
Median age (range) — mo
Median gestational age (range) — wk

Prenatal-Exposure
Group
(N = 129)

Control
Group
(N = 129)*

P Value

22 (12–42)

22 (12–42)

0.15

36 (27–41)

36 (27–41)

1.00

Median birth weight (range) — g

2705 (720–4690)

2755 (1100–4905)

0.50

Median maternal age (range) — yr

33.4 (19.6–43.5)

31.0 (20.6–40.2)

0.001

Sex — no. (%)

0.32

Male

60 (46.5)

68 (52.7)

Female

69 (53.5)

61 (47.3)

Race — no. (%)†

0.12

White

108 (83.7)

106 (82.2)

Black

11 (8.5)

3 (2.3)

Other

7 (5.4)

7 (5.4)

Unknown

3 (2.3)

13 (10.1)

Highest level of education of parents — no. (%)‡
Mother

<0.001

No education

0

0

Primary school

3 (2.3)

0

Secondary school

50 (38.8)

18 (14.0)

Bachelor’s degree

29 (22.5)

29 (22.5)

Master’s degree or higher

41 (31.8)

59 (45.7)

6 (4.7)

23 (17.8)

Unknown
Father or female coparent

0.02

No education

1 (0.8)

0

Primary school

3 (2.3)

0

Secondary school

52 (40.3)

29 (22.5)

Bachelor’s degree

30 (23.3)

25 (19.4)

Master’s degree or higher

36 (27.9)

51 (39.5)

7 (5.4)

24 (18.6)

Unknown

*	Control groups for the cognitive and cardiac examinations include many of the same children. However, some controls
are different because of the different matching criteria for cognitive and cardiac results. Listed here are the baseline
characteristics for the control group that was evaluated for cognitive development, general health, and customized
growth curves.
†	Race was self-reported by the parents.
‡	The highest level of education is presented according to the European educational system. A bachelor’s degree is
earned at both traditional universities and nonuniversity institutions of higher education and requires between three
and four years of full-time study. A master’s degree is earned at university and requires 1 to 2 years of full-time study
after a bachelor’s degree.

data were available and in 4 of 11 children (36%) two study groups (Table S10 in the Supplementary
who were exposed to radiotherapy (Table 2).
Appendix). However, one child in the prenatalexposure group was excluded from further analyGrowth and General Health
ses because of the diagnosis of a syndromal
The incidence of medical problems and the need entity. This case has been described in detail
for surgery or medical care were similar in the previously.8
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Registered biometric data showed similar
between-group results for weight, height, and
head circumference (data not shown).16 In the
subgroup of children who were small for gestational age and whose mothers received chemotherapy, we observed a catch-up weight at the
time of testing in 14 of 22 children (63.6%); of
these children, 17 were tested at 18 months and
5 were tested at 36 months, with unknown results in 2 children.

Table 2. Cancer Treatment during Pregnancy for All Children and Those
Categorized as Small for Gestational Age.

Cancer Treatment

We compared the children in the two study
groups for several background variables with respect to cognitive development (Table 1). There
were no significant between-group differences
in gestational age, test age, sex, or race. A significant difference was found for parents’ level
of education, since the parents of children in the
control group were on average more highly educated than those of children in the prenatalexposure group (P<0.001 for mothers and P = 0.02
for fathers or female coparents). Maternal and
paternal education levels were related to the
cognitive outcome on the Bayley II (r = 0.303
[P = 0.001] for mothers and r = 0.211 [P = 0.03] for
fathers) in the prenatal-exposure group but not
in the control group (r = 0.020 [P = 0.84] and
r = 0.009 [P = 0.93], respectively). In further analyses, parental education levels were included as a
covariate.
Sex differences in cognitive outcome were
found on the Bayley II and III scales. A total of
130 girls for whom data were available had a
median score of 104 (range, 58 to 145), which
was significantly higher than that for 128 boys
(median score, 97.5; range, 50 to 145; P = 0.001),
even after adjustment for study group. Gestational age was related to the cognitive score in
the two study groups (Fig. 2A). A univariate
linear regression model showed that for all 238
children who were assessed by means of the
Bayley II scale, the average cognitive score
tended to increase by 2.9 points for each additional week in gestational age at birth (95%
confidence interval [CI], 2.2 to 3.7; P<0.001), as
calculated from an increase of 2.8 points (95%
CI, 1.6 to 3.9) in the prenatal-exposure group
and of 3.1 points (95% CI, 2.0 to 4.1) in the
control group (P<0.001 for both comparisons).
In a regression model with gestational age,
study group, and the interaction between gestan engl j med 373;19

Small for
Gestational Age
(N = 28)*

no. (%)

no. (% of children
with treatment)

Surgery

13 (10.1)†

2 (15.4)

Chemotherapy

41 (31.8)

11 (27.5)

1 (0.8)

0

48 (37.2)†

10 (20.8)

3 (2.3)

1 (33.3)

Chemotherapy and radiotherapy

3 (2.3)†

2 (66.7)

Surgery, chemotherapy, and radiotherapy

4 (3.1)

1 (25.0)

Trastuzumab

1 (0.8)

0

Interferon β

1 (0.8)

1 (100.0)

14 (10.9)

0

Radiotherapy

Cognitive Development

All
Children
(N = 129)

Surgery and chemotherapy
Surgery and radiotherapy

No treatment

*	Data regarding birth weight were available for 127 children in the prenatal-
exposure group; no data were available for 1 child in the chemotherapy subgroup and for 1 child in the no-treatment subgroup. Shown are the percent
ages of children who were small for their gestational age as compared with all
children who were exposed to each cancer treatment.
†	One pair of twins was exposed to surgery alone, two pairs of twins to surgery
and chemotherapy, and one pair of twins to chemotherapy and radiotherapy.

tional age and study group as predictors of cognitive outcome, the interaction term was not
significant (P = 0.68) (P = 0.05 for gestational age
and P = 0.62 for study group). After adjustment
for sex, test age, country, parental education
level, and race, there was an average increase of
2.2 points (95% CI, 1.5 to 3.0; P<0.001) for each
additional week of gestational age. However, sex
and gestational age were not included as covariates in later analyses because they were equally
distributed in the two study groups.
There were no significant between-group differences in cognitive development according to
the children’s country of origin (Fig. S1 in the
Supplementary Appendix). Most of the children
in the two study groups had normal cognitive development (Fig. 2B), with no significant betweengroup differences (P = 0.08). Cognitive outcome
was not significantly different between children
who were exposed to chemotherapy and children
in the control group (P = 0.43) (Fig. 2C). Even
after adjustment for parental education levels,
the between-group difference was not significant (P = 0.52). As compared with matched controls in subanalyses, there were no significant
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Figure 2 (facing page). Cognitive Outcome.
Panel A shows the scores for cognitive outcome on the
Bayley Scales of Infant Development, second edition
(Bayley II), according to gestational age at birth for 119
children in the prenatal-exposure group and a matching number of children in the control group. (A total
of 10 children with Bayley III scores are not included
in this analysis, since pooling of data that were scored
with the two versions was inappropriate because of differences in scoring method.) Standard scores on the
Bayley II range from 50 to 150, with higher scores indicating more advanced development; the mean (±SD)
score is 100±15, and a score of less than 85 indicates
a developmental delay. Mean values (as calculated by
linear regression) are indicated by a solid line for the
prenatal-exposure group and a dashed line for the control group. Panel B shows the distribution of the results
of the last performed Bayley Scales (II or III) for 129
children in the prenatal-exposure group and a matching number of children in the control group. Scores in
the prenatal-exposure group are represented by a solid
line, and scores in the control group by a dashed line.
By definition, the area under the curve of a probability
density function sums to 1. Panel C shows cognitive
outcome (as reported as the median Bayley II or III
score) for subgroups of children according to the cancer treatment received by their mothers. The horizontal
bars indicate the simple range of scores. Each child in
the prenatal-exposure group is matched with a child in
the control group according to gestational age at birth
and test age. Some children had prenatal exposure to
a combination of treatment options (e.g., taxanes plus
platinum derivatives) and therefore are included in
more than one group. Panel D shows Bayley II scores
for 87 children in the prenatal-exposure group in relation to the number of chemotherapy cycles administered during pregnancy. Panel E shows Bayley II scores
for 11 children in relation to the estimated fetal dose
of radiation exposure (expressed in milligrays) during
pregnancy. Two children (twins) had the same score,
which appears as one data point.

sex, country, and maternal disease did not change
the results with respect to cognitive development
(data not shown).
Cardiac Evaluation at 36 Months

Cardiac function was assessed in 50 of 54 children in the prenatal-exposure group at the age
of 36 months with the use of electrocardiography and echocardiography. (Data for 3 children
were excluded owing to a lack of cooperation
during the examinations, so 47 children were
included in the analysis.) Data were compared
with those of 47 children in the control group
who were matched for age and sex. There were
no significant between-group differences in age,
body-surface area, heart rate, or blood pressure.
On echocardiographic examination, no structural
abnormalities were detected in any of the children (Table 3). All measures of cardiac-chamber
dimensions and wall thickness were within
normal ranges, and there were no significant
between-group differences in ejection fraction,
fractional shortening, or values for global longitudinal strain and circumferential strain. There
also were no significant between-group differences in echocardiographic measurements of diastolic function. We observed small but significant between-group differences in tissue Doppler
imaging measurements of the basal segment of
the interventricular septum (with higher mean
peak systolic and early diastolic velocities in the
control group [P=0.003 for both comparisons])
but not in measurements of the left ventricular
lateral wall. These differences in tissue Doppler
velocities were not present in the 26 children
who were exposed to anthracyclines, as compared with the control group (Table S16 in the
differences in cognitive outcome for children who Supplementary Appendix).
were exposed to radiotherapy, surgery alone, or
no treatment during pregnancy and no differDiscussion
ences according to the type of chemotherapy
(anthracyclines, taxanes, and platinum derivatives) In this multicenter, prospective case–control
(Fig. 2C). Cognitive outcome on the Bayley II study involving 129 children and their matched
scale was not related to the number of chemo- controls, we documented the effects of prenatal
therapy cycles that were administered during exposure to maternal cancer and cancer treatpregnancy (r = 0.126, P = 0.24) (Fig. 2D) or to the ment on general health, prenatal and postnatal
estimated fetal dose of radiation (r = 0.110, growth, cognitive development, and cardiac
P = 0.75) (Fig. 2E). The inclusion of the single structure and function. Although the incidence
child with a syndromal entity in the analysis of preterm delivery in the prenatal-exposure group
instead of another child in the prenatal-exposure was high (61.2%), the development of these chilgroup with the same gestational age, test age, dren at a median age of 22 months was normal
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Table 3. Echocardiographic Data and Other Measurements of Cardiac Function at 36 Months.
Children
with Data

Measurement

Prenatal-Exposure
Group
(N = 47)

no.

Control
Group
(N = 47)

P Value

mean (range)

Age

94

3.11 (2.15–3.62)

3.15 (2.00–3.50)

0.59

Body-surface area (m2)

94

0.63 (0.54–0.74)

0.62 (0.50–0.76)

0.35

Systolic

91

99 (81–124)

97 (75–117)

0.23

Diastolic

Blood pressure (mm Hg)
91

62 (47–85)

56 (40–70)

0.001

Heart rate (beats/min)

94

99 (74–145)

98 (76–128)

0.71

Left ventricular shortening fraction (%)

93

35 (30–39)

36 (32–46)

0.15

Left ventricular ejection fraction (%)

93

65 (59–71)

66 (61–79)

0.26

End-diastolic diameter (cm)
Left ventricular

94

3.15 (2.79–3.64)

3.20 (2.74–3.70)

0.30

Right ventricular

94

1.45 (1.05–1.76)

1.39 (0.92–1.70)

0.90

Left ventricular posterior-wall thickness (cm)

94

0.46 (0.39–0.60)

0.47 (0.38–0.66)

0.55

Interventricular septum thickness (cm)

94

0.46 (0.39–0.60)

0.47 (0.38–0.66)

0.55

Basal segment of left ventricular lateral wall (cm/sec)*

85†
6.6 (4.6–9.6)

7.2 (5.0–11.8)

0.09

14.3 (10.3–17.9)

15.1 (11.5–23.2)

0.13

6.4 (5.1–7.8)

7.0 (5.3–9.2)

0.003

12.1 (10.0–15.9)

13.0 (10.4–18.1)

0.003

Peak systolic velocity
Peak early diastolic velocity
Basal segment of interventricular septum (cm/sec)*

89†

Peak systolic velocity
Peak early diastolic velocity
Global left ventricular longitudinal strain (%)

69†

20.9 (15.6–27.5)

21 (16.6–28.8)

0.84

Global left ventricular circumferential strain (%)

42†

21.8 (16.8–24.9)

20.8 (15.8–24.4)

0.20

*	Measurements were obtained with the use of tissue Doppler imaging.
†	Data were not included when tracking could not be performed owing to poor image quality.

for their gestational age at birth. In subgroup
analyses, the development of 96 children who
were exposed to chemotherapy and of the 11
children who were exposed to radiotherapy did
not differ significantly from that of children in
the control group.
Health problems and cognitive outcomes were
similar in the prenatal-exposure group and the
control group, a finding that is consistent with
the results of previous studies.3,5,8,17 Cognitive
outcomes seemed to have no correlation with
the number of chemotherapy cycles. Also, the
negative prognostic effect of prematurity on
cognitive development was confirmed, and the
effect was similar in the two study groups.
Children who were small for their gestational
age were more frequently born to mothers with
cancer during pregnancy than were children in
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the control group (22.0% vs. 15.2%); however, the
difference was not significant. Earlier studies
have highlighted the finding that the proportion
of children who are small for their gestational
age is increased in pregnancies complicated by
maternal cancer.18 Such children are at increased
risk for perinatal complications and death.19
Among these children, factors associated with a
small size at birth include a compromised placental supply of nutrients and oxygen to the fetus
(in 80 to 90% of all cases), altered metabolic
adaptations of pregnancy, and chronic inflammation.20-23 It has been hypothesized that several
of these factors are present in a pregnancy complicated by cancer. (Further information is provided
in Section 3 in the Supplementary Appendix.)
Among children who were evaluated at 36
months by means of electrocardiography and
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echocardiography, cardiac structure and function were normal. This observation is consistent
with previous studies in which cardiac function
was evaluated in fetuses, newborns, and older
children.4,8,24 In our study, conventional measurements of systolic and diastolic function and
tissue Doppler velocities and myocardial strain
measurements were all within normal range,
and no significant between-group differences
were found. A subanalysis of 26 children with
exposure to anthracyclines during pregnancy
also revealed no significant between-group differences. In this subgroup of children, there
were no signs of early cardiac remodeling, with
normal wall thicknesses and chamber dimensions, and all measurements of systolic and diastolic function were within normal ranges. In
the entire study group, we found small differences between the prenatal-exposure group and
the control group in tissue Doppler velocities in
the basal portion of the interventricular septum.
We believe these findings are clinically irrelevant, since the measurements were within the
normal range.
The reassuring outcome may be explained by
the timing of chemotherapy administration and
the role of the placenta. All cycles of chemotherapy in this series were administered after
the first trimester of pregnancy. The period before a gestational age of 10 weeks is the most
vulnerable, since organogenesis is occurring
during this period. Administration of chemotherapy after the first trimester does not result
in an increased rate or additional types of congenital malformations.17,18,25 Both the placental
brush border and the basolateral membrane contain active drug transporters that influence fetal
drug exposure. Apart from the drug-transporter
affinity, transplacental passage depends on lipid
solubility, molecular weight, binding capacity to
plasma proteins, and placental metabolism of
the agents. These regulatory mechanisms result

in plasma drug levels that are lower in the fetus
than in the mother, although variation in transplacental passage ranges from 0% for taxanes to
57% for carboplatin.1,2,26,27
Our study has some limitations. Our results
cannot be extrapolated to all chemotherapeutic
drugs, especially new targeted drugs. In addition, the follow-up period was too short to document long-term cardiotoxicity and neurocognitive problems that may become more apparent
later in life.
In conclusion, children who had prenatal exposure to cancer and the associated stress, imaging studies, and treatments had normal development during testing at 18 months, 36 months,
or both. In particular, chemotherapy had no clear
adverse effects on postnatal growth or on cognitive or cardiac function. Our data suggest that
the diagnosis of cancer during pregnancy is not
necessarily an indication to terminate the pregnancy. Although caution is always indicated,
treatment of the maternal cancer in the second
trimester or later may not be harmful to the fetus.
Pregnant women may be informed that the likelihood of prematurity is higher than that in the
general population, but among preterm babies,
the child is unlikely to have unique problems
more serious than those of preterm babies born
of women without cancer during pregnancy.
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