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Risks of adverse obstetric outcomes among female survivors
of adolescent and young adult cancer in England (TYACSS):
a population-based, retrospective cohort study

Ceren Sunguc, David L Winter, Emma ] Heymer, Gavin Rudge, Angela Polanco, Katherine A Birchenall, Melanie Griffin, Richard A Anderson,
W Hamish B Wallace, Michael M Hawkins, Raoul C Reulen

Summary

Background There are limited data on the risks of obstetric complications among survivors of adolescent and young
adult cancer with most previous studies only reporting risks for all types of cancers combined. The aim of this study
was to quantify deficits in birth rates and risks of obstetric complications for female survivors of 17 specific types of
adolescent and young adult cancer.

Methods The Teenage and Young Adult Cancer Survivor Study (TYACSS)—a retrospective, population-based cohort
0f 200 945 5-year survivors of cancer diagnosed at age 15-39 years from England and Wales—was linked to the English
Hospital Episode Statistics (HES) database from April 1, 1997, to March 31, 2022. The cohort included 17 different
types of adolescent and young adult cancers. We ascertained 27 specific obstetric complications through HES among
96947 women in the TYACSS cohort. Observed and expected numbers for births and obstetric complications were
compared between the study cohort and the general population of England to identify survivors of adolescent and
young adult cancer at a heighted risk of birth deficits and obstetric complications relative to the general population.

Findings Between April 1, 1997, and March 31, 2022, 21437 births were observed among 13886 female survivors of
adolescent and young adult cancer from England, which was lower than expected (observed-to-expected ratio: 0- 68,
95% CI 0-67-0-69). Other survivors of genitourinary, cervical, and breast cancer had under 50% of expected births.
Focusing on more common (observed =100) obstetric complications that were at least moderately in excess (observed-
to-expected ratio =1-25), survivors of cervical cancer were at risk of malpresentation of fetus, obstructed labour, amniotic
fluid and membranes disorders, premature rupture of membranes, preterm birth, placental disorders including
placenta praevia, and antepartum haemorrhage. Survivors of leukaemia were at risk of preterm delivery, obstructed
labour, postpartum haemorrhage, and retained placenta. Survivors of all other specific cancers had no more than two
obstetric complications that exceeded an observed-to-expected ratio of 1- 25 or greater.

Interpretation Survivors of cervical cancer and leukaemia are at risk of several serious obstetric complications;
therefore, any pregnancy should be considered high-risk and would benefit from obstetrician-led antenatal care.
Despite observing deficits in birth rates across all 17 different types of adolescent and young adult cancer, we provide
reassurance for almost all survivors of adolescent and young adult cancer concerning their risk of almost all obstetric
complications. Our results provide evidence for the development of clinical guidelines relating to counselling and
surveillance of obstetrical risk for female survivors of adolescent and young adult cancer.

Funding Children with Cancer UK, The Brain Tumour Charity, and Academy of Medical Sciences.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction originates from studies of childhood survivors of cancer.

The survival of adolescents and young adults (ie, aged
15-39 years) diagnosed with cancer has increased over
the past four decades, with current 5-year survival rates
exceeding 80%." This increase has resulted in an
expanding population of survivors of adolescent and
young adult cancer at risk of long-term complications
following treatment. Fertility and obstetric complications
are concerns for many young female survivors of cancer.?
Birth rates in female survivors of cancer are 30-40%
lower than those in women without a history of cancer.**
However, most of the evidence estimating birth deficits

Cancer treatment given in childhood could affect
reproductive organs differently than treatment given
during reproductive ages. Therefore, it is important to
investigate birth rates of survivors of adolescent and
young adult cancer separately.

Apart from fertility, previous cancer treatment could also
affect pregnancy and labour among women who manage
to conceive. Treatment of childhood cancer involving pelvic
and abdominal irradiation, primarily for Wilms’ tumour,
has been associated with obstetric complications,
particularly preterm birth and low birthweight offspring.*
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Research in context

Evidence before this study

Fertility and obstetric complications are concerns for many young
female survivors of cancer. Treatment of childhood cancer
involving pelvic and abdominal irradiation—primarily for Wilms’
tumour—has been associated with obstetric complications,
particularly preterm birth and low birthweight infants. However,
the risks of obstetric complications for survivors of adolescent
and young adult (diagnosed age 15-39 years) cancer are less well
characterised than that for survivors of childhood cancer
(diagnosed 0-14 years). Some studies have suggested that
survivors of adolescent and young adult cancer are also at risk of
preterm birth and low birthweight infants, but to our knowledge,
no study has ascertained the risks of a wide spectrum of obstetric
complications by specific types of cancer. We searched PubMed
for relevant articles relating to observational studies published up
to Nov 1, 2023, using the search terms (pregnancy outcome) OR
(obstetric complication) OR (birth rate) AND (cancer survivors),
with no language restrictions. A more focused search using each
specific adolescent and young adult cancer as keywords (eg,
breast cancer) was also done. Additionally, we examined the
bibliographies of selected references.

Added value of this study
This study, to our knowledge, is the largest ever cohort study to
comprehensively investigate obstetric outcomes among female

However, the risks of obstetric complications for survivors
of adolescent and young adult cancer are less well
characterised than the risks for survivors of childhood
cancer.”” Some studies have suggested that survivors of
adolescent and young adult cancer are also at risk of
preterm birth and low birthweight offspring,>*"™ but to
our knowledge, no study has ascertained the risks of a
wide spectrum of obstetric complications by specific types
of adolescent and young adult cancer.

In this largest ever study of nearly 100000 women who
survived a cancer diagnosed at age 15-39 years, we
included more than four times the number of births
compared with the next largest comparable study.” This
dataset allowed us to investigate among survivors of each
specific type of cancer a wide spectrum of obstetric
complications that have not been previously explored. The
principal aims of this study were to investigate among
female survivors of adolescent and young adult cancer the
observed birth rate versus that expected from the general
population, and to identify and quantify any excess risks
of specific obstetric complications by specific cancer type.

Methods

Study design and participants

The Teenage and Young Adult Cancer Survivor Study
(TYACSS) is a large-scale, retrospective, population-
based cohort study of 200945 5-year survivors of cancer
diagnosed at age 15-39 years between 1971-2006 in

survivors of adolescent and young adult cancer. We characterise
the risk of 27 different obstetric complications among women
who survived one of 17 different specific types of adolescent
and young adult cancer diagnosed between age 15 and

39 years. We report that survivors of cervical cancer are at risk
for a whole spectrum of serious pregnancy and labour
complications, including malpresentation of fetus, obstructed
labour, disorders of the amniotic fluid and membranes,
premature rupture of membranes, preterm birth, placental
disorders including placenta praevia, and antepartum
haemorrhage. Survivors of leukaemia are at risk of preterm
delivery, obstructed labour, postpartum haemorrhage, and
retained placenta. However, survivors of all other specific
cancers had no more than two obstetric complications that
exceeded an observed-to-expected ratio of 1-25.

Implications of all the available evidence

We provide important evidence to inform the development of
clinical guidelines for the management of pregnancies among
women with a history of adolescent and young adult cancer,
particularly for survivors of cervical cancer and leukaemia,
because current formal guidelines are absent. However, our
results also provide reassurance for other female survivors of
adolescent and young adult cancers concerning their risk of
almost all obstetric complications.

England and Wales. The cohort was based on cancer
registrations obtained through the Office for National
Statistics (ONS) and the Welsh Cancer Registry and
electronically linked by National Health Service-England
(NHS-England) to National Death Registration. When
the TYACSS cohort was established, the most accurate
and complete source of cancer ascertainment for England
and Wales was the ONS. All cancer registrations in
England are sent to ONS centrally. The Welsh Cancer
Intelligence and Surveillance Unit (WCIU) have
responsibility for the sub-cohort of cancers registered in
Wales that is also sent to ONS. Using these two sources
rather than contacting individual cancer registration
sources independently ensured efficient utilisation of
resources and that the ascertainment of cancers was as
complete as possible for England and Wales. Ethical
approval was obtained via the National Research Ethics
Service (21/LO/0133) and legal approval to process
identifiable data without explicit patient consent being
required from the Confidentiality Advisory Group
(21/CAG/0078).

For the current study, birth and obstetric outcomes
data for England were obtained through linking of the
TYACSS cohort with Hospital Episode Statistics (HES)
for England. HES is an electronic database warehouse
managed by NHS-England that captures data relating to
delivered patient care in England, including maternity
services, which are recorded in the Maternity Services
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Data Set of HES.® The purpose of HES is to ensure
hospitals are reimbursed for delivered care, hence a high
accuracy is essential, but it can be used for research
purposes. HES has existed in various forms since the late
1980s, but 1997-98 was the first financial year in which a
dataset was captured that offers a high level of data
quality. Completely private hospitals do not submit data
to HES and private maternity care, although available, is
very rarely used. To our knowledge, information on
sensitivity, specificity, and positive predicted value
associated with maternity-related ICD-10 codes is not
available. However, the HES Maternity Services Data Set
captures most English births and has been shown to be
of high quality.*

Procedures

All individuals diagnosed with a first primary malignant
neoplasm, intracranial or intraspinal CNS tumour, or
bladder tumour of any behaviour (malignant, benign, in
situ, or wuncertain) based on the International
Classification of Diseases for Oncology, third edition
(ICD-0O-3) morphology and topography, were eligible for
inclusion in the TYACSS cohort, except for individuals
with non-melanoma skin cancer.” These first primary
neoplasms were then grouped into 17 main cancer
groups based on a specific classification scheme for
adolescent and young adult tumours.® The group other
genitourinary cancers included all genitourinary cancers
not already classified as cervical, ovarian, bladder, or
kidney cancer. Individuals had to have survived at least 5
years from their primary cancer diagnosis to be included
in the study cohort. Individuals in the TYACSS cohort,
including 96947 female survivors of adolescent and
young adult cancer (appendix p 1), were linked to HES
admission records from April 1, 1997, to March 31, 2022.
The key identifiers for the linkage were: unique NHS
number, date of birth, and postcode. Both the TYACSS
and HES are population based, thereby minimising
potential selection bias. The size of the cohort was
determined by the number of eligible female survivors of
adolescent and young adult cancer in England and Wales
and hence this national population-based cohort provides
the maximum amount of statistical power that is
practically achievable in this setting. A birth was recorded
when an individual had at least one HES maternity
episode that related to care provided as part of a delivery
by a consultant at an NHS hospital. A birth was defined
as any live birth or stillbirth delivered after at least
24 weeks of gestation. Births that occurred before a
cancer diagnosis or in the first 9 months following a
cancer diagnosis were excluded. Obstetric complications
were defined as any complication associated with a
delivery admission that was recorded in the HES
diagnosis field using the ICD-10 chapter O. Obstetric
complications were subdivided into the following
categories: (1) oedema, proteinuria, and hypertensive
disorder in pregnancy, childbirth, and the puerperium

(ICD10: 010-016); (2) other maternal disorders
predominantly related to pregnancy (ICD10: 020-029);
(3) maternal care related to the foetus and amniotic cavity
and possible delivery problems (ICD10: 030-048);
(4) complications of labour and delivery (ICD10:
060-075); and (5) complications predominantly related
to the puerperium (ICD10: 085-092). Obstetric
complications were examined for first-time and
subsequent births. Although we ascertained stillbirths in
our cohort, we decided not to report risks by cancer type
due to the rarity and sensitivity of this data item, thus
avoiding any potential risk of disclosure of individual
identities. Data on parity was based on the number of
births per individual and its order as recorded in HES. A
social deprivation score, divided into deciles based on the
Index of Multiple Deprivation (IMD) ranking (rank 1
most deprived to rank 10 least deprived) as recorded in
HES, was used in multivariable analyses.

Outcomes

The primary study objective was to identify survivors of
specific types of cancer at heighted risk of (1) potential
deficits in births and (2) obstetric complications by
comparing the observed number of births affected to the
expected number based on general population rates.

Statistical analysis

To evaluate potential deficits in births, we compared the
observed number of births in the TYACSS cohort against
the expected number of births based on English national
general population birth rates. Person-years were
accrued until the first occurrence of death, leaving the
NHS (ie, embarkation), study end date (March 31, 2022),
or until survivors were age 50 years. Tabulated data
relating to the number of births recorded in HES for the
general population of England, by financial years
(1997-2021) and maternal age (age 20-24, 25-29, 30-34,
35-39, 40—44, or 45-49 years), were obtained from NHS
Maternity Statistics.” These number of births were then
divided by the female mid-year general population size
of England for each corresponding year and maternal
age stratum. The expected number of births was
estimated by multiplying the estimated birth rate in the
general population within each year and maternal age
stratum by the person-years in each corresponding
stratum in the TYACSS cohort and then summing
across the strata. Absolute excess risks were calculated
as the observed minus expected number of births
divided by the person-years and then multiplied by
10000. This measure provides the deficit in number of
births compared with the general population, indirectly
standardised for maternal age and year. An additional
sensitivity analysis only including births that occurred
after 5 years from cancer diagnosis was performed to
explore any potential bias, because the original analysis
included all births after 9 months from the original
cancer diagnosis.
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For obstetric complications, standardised incidence
ratios (SIRs) were calculated as the observed over
expected number of births affected by the relevant
complication. The expected number was calculated by
multiplying the number of births within the TYACSS
cohort by the proportion of births affected within each
year and maternal age stratum (5-year bands) in the
overall HES population for England.” Only SIRs for
complications that were relatively common (observed
=100 for all cancer types combined; appendix p 2), at least
moderately increased (SIR =1-25), and statistically
significantly in excess were described.

To explore the effect of potential confounding by parity
and social deprivation, we undertook an internal
multivariable analysis using a log-binomial regression
model with a population-averaged generalised estimating
equation modification to account for correlations
between births to the same individual. Using melanoma
survivors as the reference category, relative risks were
calculated with adjustment made for maternal age, HES
year, parity (one, two, or three or more births), and social
deprivation index. The rationale for selecting melanoma
survivors as the reference group was based on the largest
number of births being in this group. Multiple
pregnancies were excluded (n=486) from this internal
analysis because they were so few. Information on social
deprivation index was missing for 105 (0-5%) of the
21547 births contributing to this multivariable analysis.
In our multivariable analyses we used a complete case
approach to deal with missing data.

To ascertain whether there was any variation in the risk
of obstetric outcomes by year of cancer diagnosis, we

Observed ~ Expected Observed-to-expected  p value
ratio (95% Cl)
Melanoma 5009 5289 - 0-95 (0:92-0-97) <0-0001
Hodgkin lymphoma 2852 3626 - 079 (0-76-0-82) <0-0001
Breast 2274 4598 - 0-49 (0-47-0-52) <0-0001
Thyroid 2081 2408 - 0-86 (0-83-0-90) <0-0001
CNS tumour 1957 3057 - 0-64 (0-61-0-67) <0-0001
Cervical 1935 4649 - 0-42 (0-40-0-44) <0-0001
Non-Hodgkin lymphoma 910 1258 - 072 (0-68-0-77) <0-0001
Ovarian 817 1358 - 0-60 (0-56-0-64) <0-0001
Soft-tissue sarcoma 768 994 - 0-77 (0-72-0-83) <0-0001
Leukaemia 527 996 - 0-53 (0-49-0-58) <0-0001
Gastrointestinal 490 776 - 0-63 (0-58-0-69) <0-0001
Head and neck 465 551 —-— 0-84(0-77-0-92) <0-0001
Bone 419 536 - 078 (0-71-0-86) <0-0001
Other 370 508 - 073 (0-66-0-81) <0-0001
Bladder 224 252 — = 089(078-1.01) 0-080
Lung 115 137 — a1 084(0:70-1.01) 0-060
Kidney 112 163 R 0-69 (0-57-0-83) <0-0001
Other genitourinary 112 317 - 0-35(0-29-0-43) <0-0001
Overall 21437 31471 " 0-68 (0-67-0-69) <0-0001
(I) O~I25 0-‘50 O~I75 1.0

Figure: Observed-to-expected ratio of births and corresponding 95% Cl recorded in Hospital Episode
Statistics by cancer type among female survivors of cancer from England

conducted a sensitivity analysis comparing SIRs of
survivors diagnosed between 1971 and 1994 with SIRs of
survivors diagnosed between 1995 and 2006.

The criterion for statistical significance was a two-sided
p value less than 0-05. Stata (version 17.0) was used for all
analyses.

Role of the funding source
The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results

Between April 1, 1997, and March 31, 2022, 21437 births
were observed in HES among 13886 English female
survivors of adolescent and young adult cancer during
the 1140023 person-years of follow-up (median 11-9 years
[IQR 7-7-15-7); figure; appendix p 3). The observed-to-
expected ratio for births in survivors was 0-68 (95% CI
0-67-0-69). Survivors of most types of cancer had fewer
observed births than expected in the general population,
except for survivors of bladder cancer (0-89, 0-78-1-01)
and lung cancer (0-84, 0-70-1-01). Survivors of other
genitourinary cancers (other than cervix, ovary, bladder
or kidney) had the greatest birth deficit (0- 35, 0-29-0-43),
followed by cervical cancer (0-42, 0-40-0-44), breast
cancer (0-49, 0-47-0-52), and leukaemia (0-53,
0-49-0-58). When including births that occurred after
5 years from cancer diagnosis, no appreciable differences
in the observed-to-expected ratio were observed compared
with our original analysis (ie, 9 months from diagnosis;
appendix p 4). When evaluating the observed-to-expected
ratio of births by year of cancer diagnosis, consistent
increases in birth rates in women diagnosed more
recently were seen for cervical cancer, ovarian cancer,
Hodgkin lymphoma, and CNS tumours (appendix p 5),
with no clear pattern of change seen in other diagnoses
(appendix p 6). Particularly among women treated for
cervical cancer there was a substantial increase in the
birth rate (appendix p 5). In terms of absolute deficits in
births, survivors of leukaemia had the largest deficit,
followed by survivors of cervical cancer, survivors of
other genitourinary tumours, and survivors of CNS
tumours; appendix p 3).

For analyses relating to obstetric complications,
22033 births among 14051 female survivors were
available (including Welsh individuals who gave birth in
an English hospital; table 1). Survivors of cancer of the
kidney, bladder, ovary, and CNS were at increased risks of
having pre-existing hypertension that further complicated
their pregnancy. Overall, survivors were not more likely
to develop gestational hypertension compared with the
general population, except for survivors of kidney cancer
and ovary cancer (table 1).

Survivors of bladder cancer and cervical cancer were at
excess risk of malpresentation of the foetus during
labour compared with women in the general population
(table 2). Survivors of cervical cancer were also at
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increased risk of disorders of the amniotic fluid and
membranes, premature rupture of membranes, placental
disorders including placenta praevia, and antepartum
haemorrhage compared with women in the general
population. The risk of antepartum haemorrhage was
also elevated among survivors of other genitourinary
cancers (table 2).

Survivors of several specific cancers were at risk of
preterm labour and delivery, including survivors of
cervical cancer, leukaemia, other cancers (mostly
unspecified malignant neoplasms), gastrointestinal
cancer, non-Hodgkin lymphoma, and CNS tumours
(table 3). Survivors of breast cancer were the only
survivors at excess risk of unsuccessful induction of
labour. Obstructed labour due to malposition and
malpresentation of fetus was more likely than expected
among survivors of cervical cancer and leukaemia
(table 3). Survivors of leukaemia and melanoma were at
increased risk of retained placenta and membranes
without haemorrhage. Although rare, survivors of breast
cancer were atincreased risk of intrapartum haemorrhage
(table 4). Survivors of leukaemia had an elevated risk of
postpartum haemorrhage. Survivors of gastrointestinal
and thyroid cancer showed increased risk of puerperal
infection except sepsis (table 4).

Patterns of relative risks based on the multivariable
analysis were generally consistent with the univariable
analysis indicating that the results from the SIR analysis
are robust to potential confounding from parity and
social deprivation (appendix pp 7-11). Sensitivity analyses
for obstetric outcomes by year of cancer diagnoses did
not reveal any differences except for survivors of cervical
cancer diagnosed more recently (ie, 1995 or later) being
at higher risk of placental disorders and premature
delivery than those diagnosed before 1995 (appendix
p 12). Survivors of other cancers diagnosed before 1995
were at higher risk of premature delivery than those
diagnosed after 1995.

Discussion

This is, to our knowledge, by far the largest study to
comprehensively investigate birth rates and obstetric
complications in female survivors of adolescent and
young adult cancer and to report accurate risk estimates
of a wide spectrum of obstetric outcomes among specific
types of cancer. Overall, survivors had 68% of births
expected in the general population. Survivors of other
genitourinary cancers (other than cervix, ovary, bladder,
or kidney), cervical cancer, and breast cancer had under
50% of expected births of expected, and survivors of
leukaemia had 53% of expected births. We report here
that survivors of cervical cancer are at risk of a spectrum
of obstetric complications, including malpresentation of
foetus, obstructed labour, amniotic fluid and membranes
disorders, premature rupture of membranes, preterm
birth, placental disorders including placenta praevia, and
antepartum haemorrhage. To our knowledge, only the

risks of preterm birth and premature rupture of
membranes have been reported before in smaller scale
studies,**”** but not the risks of the other obstetric
complications discussed in this study. Survivors of
leukaemia were at risk of preterm delivery, obstructed
labour, postpartum haemorrhage, and retained placenta
and membranes. Survivors of all other specific cancers
had no more than two obstetric complications that
exceeded an observed-to-expected ratio of 1-25 or more,
providing reassurance for almost all survivors of
adolescent and young adult cancer concerning their risks
in pregnancy.

Survivors of cervical cancer had one of the lowest birth
rates of all survivors of cancer, and those who gave birth
were at a higher risk relative to the general population of
a whole range of obstetric complications. Evaluation of
obstetric complications among survivors of cervical
cancer has only recently been possible because historical
treatment (ie, before 1990)—including hysterectomy or
pelvic radiation, or both—for cervical cancer would have
typically rendered a woman infertile. This development
is supported by our findings that the observed-to-
expected ratio for births increased substantially over
time, from less than 20% around 1985 to 50% in women
diagnosed in 2006. Currently, 53% of patients diagnosed
with cervical cancer have surgery (including local
resection Dy conisation for early disease), 40% have
radiotherapy, and 33% have chemotherapy as initial
care.” More advanced fertility-sparing surgery for early
stage or localised cervical cancer using radical
trachelectomy could preserve the fertility of young
women with cancer, but carries a high risk of cervical
incompetence or scarring or stenosis of the cervix, which
in all likelihood increases the risk of obstetric
complications, particularly preterm labour** These
increased risks of adverse obstetric outcomes suggest
that survivors of cervical cancer require a high-risk
pregnancy care plan that requires close monitoring and
assessment with input from an obstetric multidisciplinary
team. Our results provide evidence for the potential
development of guidelines for the management of
pregnancies in survivors of cervical cancer to complement
existing guidelines on the management of cervical
cancer” and a benchmark against which the obstetric
risks of future cancer treatment can be compared.

Survivors of leukaemia were also at risk of several
obstetric complications. Treatment for leukaemia could
necessitate a haematopoietic stem-cell transplant (HSCT)
involving total body irradiation as conditioning
treatment, and although infertility is common, a natural
pregnancy or a pregnancy through assisted reproductive
technology is still possible. However, we show in this
Article that there are risks to such pregnancies, including
the risk of preterm delivery, obstructed labour,
postpartum haemorrhage, and retained placenta and
membrane. Although the exact biological mechanism
needs clarification, previous exposure of the uterus to
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total body irradiation given as conditioning treatment as
part of a HSCT might cause fibrosis or affect muscular or
vascular functioning of the uterus analogous to that
observed in survivors of childhood cancer treated with
abdominal radiotherapy.

In our study, survivors of breast cancer were at risk of
unsuccessful induction of labour and intrapartum
haemorrhage, but not more likely to have preterm labour
and birth. This finding is inconsistent with findings
from a meta-analysis published in 2021,” in which a
summary odds ratio of 1-45 (95% CI 1-11-1-88) of
preterm birth was reported. Our study excluded any
births that occurred in the first 9 months after cancer
diagnosis, which would have typically included cancer
treatment. However, when including those births in a
sensitivity analysis, the SIR for preterm birth (data not
shown) was consistent with the risk reported previously.”
Consistent with this finding, Black and colleagues®
reported in a population-based registry study that the
risks of preterm birth was only increased in the first
2 years following diagnosis and no longer after 5 years.
These observations suggest that the increased of risk of
preterm birth might only be present among pregnant
women undergoing or shortly after breast cancer
treatment, but not in subsequent years following
treatment. Risks of other obstetric complications
evaluated in the meta-analysis, including pre-eclampsia
and post-partum haemorrhage, were generally
concordant with our findings in that no excess risk was
observed. However, the risks of unsuccessful induction
of labour and intrapartum haemorrhage have, to our
knowledge, not been reported before although the exact
mechanism for these increased risks is uncertain.

Our study found that survivors of kidney cancer had an
increased risk of gestational hypertension, but not pre-
eclampsia. Although we do not have treatment details
available for the TYACSS cohort, unilateral nephrectomy
might be implicated in the increased risk of gestational
hypertension. In support of this hypothesis, unilateral
nephrectomy in kidney donors has been associated with
gestational hypertension in some studies, although not
all.”? Likewise, previous abdominal and pelvic radiation
exposing one or both kidneys could increase the risk of
gestational hypertension. For example, in the British
Childhood Cancer Survivor Study,® survivors of Wilms’
tumour treated with pelvic and abdominal radiotherapy
were at a greater than three-times risk of developing
hypertension during pregnancy compared to those
treated without abdominal radiotherapy.® Survivors of
ovarian cancer were also at risk of gestational
hypertension and pre-existing hypertension complicating
pregnancy, but no other obstetric complications. There is
evidence that survivors of ovarian germ-cell tumours are
at risk of hypertension not only during pregnancy*—
possibly related to cancer treatment with long-term
platinum-based chemotherapy—and would thus also be
important to monitor during a future pregnancy.

Previous studies among survivors of adolescent and
young adult cancer generally reported similar findings in
relation to observed-versus-expected number of birth
rates with a 2021 meta-analysis” reporting an overall
likelihood of giving birth of 0-65 (95% CI 0-55-0-77)
among all female cancer survivors compared with the
general population, which is very similar to the observed-
to-expected ratio we report in our Article. Survivors of
cervical cancer had the lowest probability of a birth in the
meta-analysis (RR 0-33, 95% CI 0-31-0- 35); although we
reported a slightly more optimistic figure. This finding
might be due to our study including more recently
diagnosed women (ie, up to 2006), and thus including
more survivors of cervical cancer who were offered
fertility sparing surgery.

Potential limitations of our study include, firstly, the
absence of detailed information on cancer therapy, such
as cumulative doses of radiotherapy or chemotherapy for
all individuals in the cohort. However, with nearly
100000 female survivors of cancer in the TYACSS cohort,
collecting details of cancer treatments on such a large-
scale is currently not feasible. However, in the UK,
comprehensive treatment details are being recorded for
individuals treated from 2013 through the Systemic Anti-
cancer Therapy Dataset” and from 2009 through the
National Radiotherapy Dataset.” Furthermore, we are
planning to undertake a study in the foreseeable future
to investigate the risks of obstetric complications by
detailed treatment modalities. Secondly, our results
indicate that adolescent and young adult survivors are
generally not more likely to develop almost all obstetric
complications than expected from the general population,
except for survivors of cervical cancer and leukaemia.
Previous studies have reported increased risks for other
cancer types; however, this inconsistency could be due to
our data relating to 5-year survivors of adolescent and
young adult cancer only. Inevitably, post-5-year survivors
would typically be healthier than individuals who do not
survive to 5 years, which means that our results might
not necessarily be generalisable to individuals who have
not survived 5 years. Moreover, another reason for this
inconsistency could relate to our study being population-
based, thereby largely avoiding selection bias. Non-
population-based studies could have suffered from
selection bias because these would probably include
cancer survivors who attended treatment centres or were
on long-term clinical follow-up; such survivors are
inherently more likely to be at risk of health conditions
that could contribute to obstetric complications. Thirdly,
births that occurred before April 1, 1997, were not
captured; however, because the purpose of our study was
to provide evidence applicable to survivors who are
currently planning a pregnancy or are pregnant, we
believe this should not be of major concern. Another
limitation of our study is that we could not provide cancer
specific risk estimates of adverse obstetric outcomes by
factors such as age at diagnosis and follow-up time due
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Articles

to insufficient numbers of affected pregnancies for most
outcomes, even when focusing only on significant results
with a SIR of at least 1-25. Finally, our analyses should be
considered exploratory due to the large number of
statistical tests performed, hence any findings should be
interpreted with caution and supported by further
studies. Although we found some significant SIRs of less
than 1.00, these are probably due to the multiple
comparisons issue rather than a true protective effect of
previous cancer on adverse obstetric outcomes.

Focusing on obstetric complications that were relatively
common, at least moderately in excess (observed-to-
expected ratio =1-25), and statistically significantly in
excess provides broad reassurance for survivors of most
adolescent and young adult cancers. Only survivors of
cervical cancer and leukaemia had such excess risk for
more than two specific complications from among the
27 complications investigated. Our results provide an
evidence base for providing reassurance to survivors of
almost all specific cancers in relation to almost all
obstetric complications. To our knowledge, clinical
guidelines specifically for the management of pregnancy
and birth amongst adolescent and young adult cancer
survivors do not currently exist and thereby it is not
possible to assess the implications of previous cancer
treatment during adolescence and young adulthood in an
evidence-based way. General population guidelines for
preterm labour and birth, such as those from the National
Institute for Health and Care Excellence, do not explicitly
provide recommendations for management of pregnancy
in women with a history of cancer.” The NHS England
Saving Babies’ Lives care bundle for reducing perinatal
mortality* recognises that women with a history of
trachelectomy for cervical cancer are at high risk for
preterm birth and recommend referral to a preterm-
prevention clinic for further risk assessment. However,
comprehensive guidelines for managing other obstetric
outcomes in cervical cancer survivors are, to our
knowledge, non-existent. Guidelines relating to coun-
selling and surveillance of obstetrical risk for female
childhood cancer survivors have been reported,” but no
equivalent guidelines exist for cancer survivors diagnosed
beyond age 25 years; our results provide evidence for the
development of such clinical guidelines. For the
27 specific obstetric complications with at least
100 observed events, the tabulated excess risks were
provided for 17 specific types of adolescent and young
adult cancer. Such risk stratification provides an evidence
base for survivors, health-care professionals, and the
development of clinical guidelines.

Contributors

RCR and MMH contributed to study design and concept. CS, RCR, and
MMH contributed to the statistical analysis. CS, RCR, and MMH
contributed to the initial drafting of the manuscript. RCR, MMH, DLW,
and GR contributed to data collection and curation. CS, RCR, MMH,
EJH, AP, KAB, MG, RAA, and WHBW contributed to interpretation of

data and critical revision of the manuscript. All authors approved the
final version of the manuscript for publication. All authors had full

access to all the data in the study and had final responsibility for the
decision to submit the manuscript.

Declaration of interests

RAA reports grants from Ferring Pharmaceuticals, UK Research and
Innovation, and Children with Cancer UK, outside the submitted work.
All other authors declare no competing interests.

Data sharing

Further aggregated data relating to this study might be available upon
reasonable request. Individual patient data are not accessible, but special
permission could be granted to accredited researchers through an
honorary contract at the University of Birmingham and with explicit
permission from all data providers involved (Office of National Statistics,
Welsh Cancer Registry, and NHS England). Data can only be used for
the purposes as stated in the original study protocol (available upon
request via corresponding author) that was approved by the National
Ethics Research Committee and the Confidentiality Advisory Group.

Acknowledgments

The study was funded by Children with Cancer UK (grant numbers 20457
and 17247), The Brain Tumour Charity (grant number GN-000624) and the
Academy of Medical Sciences (Springboard—Health of the Public 2040).
CS was funded by a studentship from the Turkish Ministry of National
Education. This study is independent research and the views expressed in
this Article are those of the authors and not necessarily those of funders.z

References

1 Trama A, Botta L, Foschi R, et al. Survival of European adolescents
and young adults diagnosed with cancer in 2000-07: population-
based data from EUROCARE-5. Lancet Oncol 2016; 17: 896-906.

2 van Dorp W, Haupt R, Anderson RA, et al. Reproductive function
and outcomes in female survivors of childhood, adolescent, and
young adult cancer: a review. J Clin Oncol 2018; 36: 2169-80.

3 Anderson RA, Brewster DH, Wood R, et al. The impact of cancer on
subsequent chance of pregnancy: a population-based analysis.

Hum Reprod 2018; 33: 1281-90.

4 Hartman M, Liu ], Czene K, et al. Birth rates among female cancer
survivors: a population-based cohort study in Sweden. Cancer 2013;
119: 1892-99.

5  Reulen RC, Bright CJ, Winter DL, et al. Pregnancy and labor
complications in female survivors of childhood cancer: The British
Childhood Cancer Survivor Study. | Natl Cancer Inst 2017;

109: djx056.

6  van der Kooi ALF, Kelsey TW, van den Heuvel-Eibrink MM,

Laven JSE, Wallace WHB, Anderson RA. Perinatal complications in
female survivors of cancer: a systematic review and meta-analysis.
Eur J Cancer 2019; 111: 126--37.

7 Yasuoka T, Iwama N, Ota K, et al. Pregnancy outcomes in children,
adolescents, and young adults that survived cancer: a nationwide
survey in Japan. J Obstet Gynaecol Res 2021; 47: 3352-61.

8  Desai M, Zhou B, Nalawade V, et al. Maternal comorbidity and
adverse perinatal outcomes in adolescent and young adult cancer
survivors: a Cohort Study. BJOG Int J Obstet Gynaecol 2023;
published online Jan 19. https://doi.org/10.1111/1471-0528.17380.

9  Melin ], Heindvaara S, Malila N, Tiitinen A, Gissler M,
Madanat-Harjuoja L. Adverse obstetric outcomes among early-onset
cancer survivors in Finland. Obstet Gynecol 2015; 126: 803-10.

10 Haggar FA, Pereira G, Preen D, Holman CD, Einarsdottir K.
Adverse obstetric and perinatal outcomes following treatment of
adolescent and young adult cancer: a population-based cohort study.
PLoS One 2014; 9: €113292.

11 Anderson C, Engel SM, Mersereau JE, et al. Birth outcomes among
adolescent and young adult cancer survivors. JAMA Oncol 2017;
3:1078-84.

12 Kao WH, Kuo CF, Chang CC, et al. Cancer survivorship and risk of
pregnancy complications, adverse obstetric outcomes, and maternal
morbidities in female adolescents and young adults: a nationwide
population-based study from Taiwan. Br J Cancer 2023; 129: 503-10.

13 van der Kooi ALF, Brewster DH, Wood R, et al. Perinatal risks in
female cancer survivors: a population-based analysis. PLoS One
2018; 13: €0202805.

14  Farland LV, Stern JE, Hwang SS, et al. Early-life cancer, infertility,
and risk of adverse pregnancy outcomes: a registry linkage study in
Massachusetts. Cancer Causes Control 2021; 32: 169-80.

www.thelancet.com/oncology Published online June 26,2024 https://doi.org/10.1016/51470-2045(24)00269-9



Articles

12

15

16

17

18

19

20

21

22

23

24

25

NHS England. MSDS v1.5 archived guidance documents. 2022.
https://digital.nhs.uk/data-and-information/data-collections-and-
data-sets/data-sets/maternity-services-data-set/archived-guidance-
documents (accessed May 25, 2020).

Ghosh RE, Ashworth DC, Hansell AL, Garwood K, Elliott P,
Toledano MB. Routinely collected English birth data sets:
comparisons and recommendations for reproductive epidemiology.
Arch Dis Child Fetal Neonatal Ed 2016; 101: F451-57.

Bright CJ, Reulen RC, Winter DL, et al. Risk of subsequent primary
neoplasms in survivors of adolescent and young adult cancer
(Teenage and Young Adult Cancer Survivor Study): a population-
based, cohort study. Lancet Oncol 2019; 20: 531-45.

Barr RD, Holowaty EJ, Birch JM. Classification schemes for tumors
diagnosed in adolescents and young adults. Cancer 2006;

106: 1425-30.

NHS England. NHS maternity statistics. https://digital.nhs.uk/
data-and-information/publications/statistical/nhs-maternity-
statistics (accessed Feb 22, 2023).

Hartnett KP, Ward KC, Kramer MR, et al. The risk of preterm birth
and growth restriction in pregnancy after cancer. Int | Cancer 2017;
141: 2187-96.

Zemlickis D, Lishner M, Degendorfer P, Panzarella T, Sutcliffe SB,
Koren G. Maternal and fetal outcome after invasive cervical cancer
in pregnancy. J Clin Oncol 1991; 9: 1956-61.

Rob L, Skapa P, Robova H. Fertility-sparing surgery in patients with
cervical cancer. Lancet Oncol 2011; 12: 192-200.

Cancer Research UK. Cervical cancer statistics. https://www.
cancerresearchuk.org/health-professional /cancer-statistics/
statistics-by-cancer-type/cervical-cancer (accessed Nov 5, 2022).
Bentivegna E, Maulard A, Pautier P, Chargari C, Gouy S, Morice P.
Fertility results and pregnancy outcomes after conservative
treatment of cervical cancer: a systematic review of the literature.
Fertil Steril 2016; 106: 1195-1211.e5.

Terzic M, Makhadiyeva D, Bila J, et al. Reproductive and obstetric
outcomes after fertility-sparing treatments for cervical cancer:
current approach and future directions. J Clin Med 2023; 12: 2614.

26

27

28

29

30

31

32

33

34

35

Reed N, Balega J, Barwick T, et al. British Gynaecological Cancer
Society (BGCS) cervical cancer guidelines: recommendations for
practice. Eur ] Obstet Gynecol Reprod Biol 2021; 256: 433-65.
Lambertini M, Blondeaux E, Bruzzone M, et al. Pregnancy after
breast cancer: a systematic review and meta-analysis. ] Clin Oncol
2021; 39: 3293-305.

Black KZ, Nichols HB, Eng E, Rowley DL. Prevalence of preterm,
low birthweight, and small for gestational age delivery after breast
cancer diagnosis: a population-based study. Breast Cancer Res 2017;
19: 11

Bellos I, Pergialiotis V. Risk of pregnancy complications in living
kidney donors: a systematic review and meta-analysis.

Eur ] Obstet Gynecol Reprod Biol 2022; 270: 35-41.

Matei D, Miller AM, Monahan P, et al. Chronic physical effects and
health care utilization in long-term ovarian germ cell tumor
survivors: a Gynecologic Oncology Group study. J Clin Oncol 2009;
27: 4142-49.

Bright CJ, Lawton S, Benson S, et al. Data Resource Profile:

The Systemic Anti-Cancer Therapy (SACT) dataset. Int ] Epidemiol
2020; 49: 15-151.

Sandhu S, Sharpe M, Findlay U, et al. Cohort profile: radiotherapy
dataset (RTDS) in England. BMJ Open 2023; 13: €070699.

National Institute for Health and Care Excellence. Preterm labour
and birth. 2015. https://www.nice.org.uk/guidance/ng25 (accessed
Sept 1, 2023).

NHS England. Saving babies’ lives version two. 2019. https://www.
england.nhs.uk/wp-content/uploads/2019/03/Saving-Babies-Lives-
Care-Bundle-Version-Two-Updated-Final-Version.pdf (accessed
Sept 1, 2023).

van der Kooi ALF, Mulder RL, Hudson MM, et al. Counseling and
surveillance of obstetrical risks for female childhood, adolescent,
and young adult cancer survivors: recommendations from the
International Late Effects of Childhood Cancer Guideline
Harmonization Group. Am | Obstet Gynecol 2021; 224: 3-15.

www.thelancet.com/oncology Published online June 26,2024 https://doi.org/10.1016/51470-2045(24)00269-9



	Risks of adverse obstetric outcomes among female survivors of adolescent and young adult cancer in England (TYACSS): a population-based, retrospective cohort study
	Introduction
	Methods
	Study design and participants
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


