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Abstract

Background

Acute leukaemias (AL) are aggressive but potentially curable blood cancers that can poten-

tially affect women of childbearing age. When a pregnancy is complicated by a diagnosis of

AL, clinicians face a complex dilemma: to balance risking the mother’s survival through

delayed AL treatment, against the potential harm to the foetus through exposure to anti-can-

cer drugs. Up until now, all guidance and advice regarding the management of AL in preg-

nancy, have been based on expert opinion and small case studies. There is a pressing need

for more studies in the subject to address this evidence gap.

Methods and analysis

This study is a registry-based observational cohort study which aims to monitor and record

the treatment outcomes of patients diagnosed with AL during pregnancy. Additionally, the

study aims to assess pregnancy outcomes in patients who become pregnant following suc-

cessful treatment. Prospective and historical cases from August 2009 onwards will be identi-

fied from AL treating haematology units within the UK. Details of diagnosis, AL treatment

delivered, antenatal and postnatal outcomes for mother and neonate will be collected. This

study will establish a new research database for Leukaemia in Pregnancy.

Trial registration

The study was registered on Clinicaltrials.gov (NCT04182074) on the 2nd December 2019.

Introduction

Acute leukaemias (AL) are rare, life-threatening malignancies with an incidence of 1 per

100,000 in women under the age of 50 [1] therefore potentially affecting women of
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childbearing age. Although estimated to occur in only 1 in 75,000 to 100,000 pregnancies [2],

AL remains one of the most frequent malignant diseases observed during pregnancy [3]. AL

has been described during the antenatal and postnatal periods [3, 4]. When diagnosed during

pregnancy, the treating multidisciplinary team are presented with a series of unique clinical

dilemmas. The risk to the mother through delaying AL treatment needs to be balanced against

the potential harm chemotherapeutic drugs could have on the developing foetus. Evidence

suggests that successful treatment of AL during the second and third trimesters with the foetus

in utero is feasible [4] with AL complete remission rates of up to 80% after standard chemo-

therapy [3, 5]. Additionally, for the AL subtype acute promyelocytic leukaemia (APL), all-

trans-retinoic acid (ATRA) therapy in combination with conventional chemotherapy has been

successfully delivered during the antenatal period [6–8]. Treating AL to achieve disease remis-

sion at delivery has been associated with decreased maternal and foetal morbidity and mortal-

ity compared with untreated or partially treated leukaemia [9]. The current British Committee

for Standards in Haematology (BCSH) guidelines published in 2015 [9] make specific recom-

mendations on diagnostic and management issues associated with acute myeloid leukaemia

(AML) during pregnancy. Although of great value, these were informed by only limited evi-

dence, with many of the recommendations derived from expert opinion. Furthermore, there is

a dearth of evidence pertaining to the treatment of acute lymphoblastic leukaemia (ALL) dur-

ing pregnancy which has so far precluded the establishment of firm recommendations [10].

With the prevalence of cancer during pregnancy expected to rise due to an increase in average

age at pregnancy [11], there is a real and urgent need to establish firm recommendations on

the safe and effective therapeutic management of pregnancy-related AL.

For female cancer survivors of reproductive age the preservation of fertility and the poten-

tial for future parenthood are important quality of life issues [12]. Unfortunately, the various

treatment options available for AL can adversely affect fertility [12–15]. Due to the nature of

AL, lower intensity chemotherapy regimens cannot be considered as these would comprise

clinical outcomes. Additionally, treatment must be started immediately after diagnosis due to

the rapid clinical course of AL. These factors preclude pre-treatment options for pregnant

women with AL for the preservation of fertility, such as oocyte retrieval and storage. Despite

this, there have been reports of successful pregnancies following treatment of AML, APL and

ALL, both with and without the use of assisted reproductive technology [16], and it appears

that the likelihood of ovarian failure (and the chances of subsequent recovery of ovarian func-

tion) depend on a variety of factors including patient age, type of cytotoxic agent used, and the

cumulative chemotherapy dose [14].

There is no standard approach for the treatment of AL during pregnancy and the effects of

such therapy on fertility post treatment are not fully understood. Current therapeutic

approaches to pregnancy related AL may be highly variable, and differ from those used in

non-pregnant patients. Given the rarity of pregnancy-related AL there is a paucity of evidence

concerning diagnosis and management that cannot be addressed either practically or ethically

by randomised clinical trials. There is also a crucial need to gather data on pregnancy-related

outcomes amongst women who previously received treatment for AL. Evidence is currently

limited to individual case reports, small retrospective case series and reviews of a small number

of patients. Whilst there are UK national datasets [17, 18] specific to cancer collecting data

regarding aspects such as diagnosis, treatment response and survival in leukaemia, none spe-

cifically focus on pregnancy outcomes in these patients. The UK Obstetric Surveillance System

(UKOSS), is a unique national reporting system for collecting prospective cases of uncommon

disorders of pregnancy [19], but AL is one of the conditions that has never been reported in

this dataset. The international cancer in pregnancy registry (INCIP) [20] is ongoing with the

majority of cases registered from Belgium, the Netherlands, Italy, and the USA. There have
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been no publications from INCIP regarding the treatment of AL in pregnancy. Such data will

inform future treatment recommendations for the initial care of women of reproductive age

diagnosed with AL, as well as the management of any future pregnancies.

Aims and objectives

The leukaemia in pregnancy research database aims to capture both retrospective and prospec-

tive epidemiological, management and outcome data for women who either received a diagno-

sis of AL or high-risk MDS in pregnancy or subsequently conceived following AL treatment.

The main objectives are to ascertain:

1. Maternal and neonatal outcomes

The maternal and neonatal clinical outcomes following treatment for AL or high-risk MDS

during or prior to pregnancy.

2. Chemotherapuetic management of AL and MDS during pregnancy

The current management approach for women diagnosed with AL or high-risk MDS during

pregnancy or who become pregnant after receiving therapy will be documented so changes

over time can be observed.

3. Treatment safety

The safety of medications used to treat AL and MDS by identification of any maternal or neo-

natal toxicities.

Secondary objective:

This study will establish an ongoing Leukaemia in Pregnancy research database to provide a

source of data for future research and analysis.

Methods and analysis

Study design

This study is a registry-based observational cohort study which will establish the Leukaemia in

Pregnancy research database. Both prospective and historical cases from August 2009 onwards

will be identified and data entered using routinely collected information from NHS hospital

records about AL diagnosis and treatment, pregnancy, delivery and the outcomes of childbirth.

Data will be collected up to four years post-delivery in order to accurately document the subse-

quent outcomes of the mother and obtain details of any further pregnancies within the follow-

up period.

Study setting

UK hospitals with high intensity haematology units treating AML and ALL. The study team

will attempt to engage with all UK centres for case identification.

Eligibility criteria

Eligible cases are defined as women have had a diagnosis of AL or high-risk MDS during preg-

nancy, or who have later conceived after previously being diagnosed and receiving treatment

for either AL or high-risk MDS.
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Cases identification and classification

Two types of cases will be collected within the leukaemia in pregnancy research database:

1. Prospective cases where the woman is currently pregnant whilst receiving treatment or hav-

ing previously had treatment.

2. Historical cases since August 2009, where a patient has had a previous pregnancy and either

received treatment during that pregnancy or became pregnant having previously received

treatment.

Case identification will be completed by clinical staff at participating sites via a retrospective

review of medical notes, clinic appointment lists and hospital databases of patient-level diag-

nostic and mortality data.

Requirements for consent. During the set-up of the study the requirements for obtaining

consent to collect routinely collected data, and the acceptability of different approaches was

explored at a patient and public involvement meeting. There is the potential to cause unneces-

sary emotional distress by contacting patients or their families as in some instances as the

patient and/or their babies will not have survived. It was agreed that written informed consent

taken by the clinical care or site research team should be sought from all identified prospective

cases and any historical cases where the patient is still in active follow up and/or contact with

the clinical care team. Consent can be face-to-face, postal or eConsent. However, it was not

considered reasonable or practicable to contact patients who are either no longer in active clin-

ical follow-up or in contact with the clinical care team, or are known to have died. It is possible

to collect data in these circumstances with approval from the Confidentiality Advisory Group

in England and Wales [21] and the Patient Benefit and Privacy Panel in Scotland [22] provided

checks for previous dissent against the use of their data for the purposes of research are made.

As no directly identifiable data is being collected, this is done according to the participating

sites own local policy but as a minimum must include a check of local records for evidence of

any historic dissent. In addition, for cases in England, processed under the CAG approval,

checks against registration to the NHS Digital National opt-out [23] is required. The procedure

for processing cases with and without consent is outlined in Fig 1.

Data collection

Once an eligible case has been identified, the delegated local study team member will enroll

the case into the leukaemia in pregnancy research database. An initial screening form confirms

patient consent and dissent status. Depending on case type, providing the patient has either

given informed consent or no previous dissent has been recorded, the case is fully enrolled

into the database generating a unique patient ID. To enable completion of a CONSORT dia-

gram, basic information on cases deemed eligible but not enrolled will be captured including

the reason for non-enrolment. Sites will maintain a participant enrolment log linking the pseu-

donymised patient study number in the database to patient identifiable information at site,

allowing the participating sites to obtain further information from clinical records and to com-

plete follow-up data collection forms.

Once a case record is created, electronic case report forms are generated in the database for

the relevant time points according to the patient group. The schedule of data collection is out-

lined in Table 1 with a detailed list of the variables being collected available in S1 File.

For the previous AL case type, the index case is the date of the first pregnancy following

treatment that remains viable over 24 weeks.
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Follow-up timepoints are 2 and 4 years post-delivery and include information regarding

remission status and details of any further pregnancies. If a woman is pregnant at time of the 4

year post-delivery follow-up, information about the pregnancy and delivery will be collected

up to the end of the pregnancy.

Fig 1. Procedure for processing cases with and without consent.

https://doi.org/10.1371/journal.pone.0263195.g001

Table 1. Schedule of events.

AL diagnosis during Pregnancy Pregnancy following AL treatment

Event� Details collected Event� Details collected

Diagnosis event Diagnosis

Full blood count

Biochemical panel

Clotting data

Bone marrow aspirate

Diagnosis and treatment event Diagnosis

Treatment

Post-treatment

Pregnancy event Pregnancy

Treatment

Pregnancy event Pregnancy

Delivery and Outcome event Delivery

Outcomes for mother

Outcomes for infant

Mother and Infants Full Blood Count

Biochemical Panel

Delivery and Outcome event Delivery

Outcomes for mother

Outcomes for infant

Mother and Infants Full Blood Count

Biochemical Panel

2 Year follow-up event Follow-up

Further pregnancies

2 Year follow-up event Follow-up

Further pregnancies

4 Year follow-up event Follow-up

Further pregnancies��
4 Year follow-up event Follow-up

Further pregnancies��

� Events are the points in the patient journey when the data is collected; If there are any further pregnancies the details in the ‘Pregnancy’ and ‘Delivery and Outcome’

events are repeated.

https://doi.org/10.1371/journal.pone.0263195.t001
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Data management

The leukaemia in pregnancy research database is being hosted and managed by the Hull

Health Trials Unit (HHTU) using the secure online data capture system REDCap Cloud1.

Automated checks are built into the database with a dedicated data manager from the HHTU

overseeing and monitoring the conduct of the database. For current cases and historical cases

requiring consent, the patient name and signature will be captured as part of the consent pro-

cess with either scanned copies of the written informed consent uploaded into RCC or eCon-

sent gained via Docusign1. Consent forms will only be visible to designated staff at sites and

the central HHTU team.

At the end of the initial study period and annually thereafter data will be exported from the

data collection database allowing the HHTU based database statistician to make survival calcu-

lations. For any patients who have reached the 4-year follow-up time point, data from the data

collection database will be used to create three new variables: 1) Child age in weeks at death

(up to 30 days post-delivery) and 2) Age (years/months) of mother at death (collected on out-

come, 2 year follow-up or 4 year follow-up as applicable; 3. If still alive, Age at 4-year follow-

up. These will replace child’s date of birth and date of deaths (mother and child). All other

dates (e.g. treatment dates, ultrasound scans) for the patient will also be altered once they have

reached the 4-year follow-up time point according to a random date off set. This dataset will

be added to a second ‘long-term’ database for which all cases will be recorded as a single site

for the whole of the UK. Once the data is in the ‘long-term’ database, the original data will be

deleted from the data collection database making it anonymised. At this point it will be no lon-

ger be possible to identify and therefore remove the data for that case. Other researcher will be

able to request access to the anonymised patient-level data held within the leukaemia in preg-

nancy research database. A data management panel, will review and approve requests.

Sample size and data analysis

This is an observational cohort study with the main aim of summarising management regi-

mens and complications for AL in pregnancy. The study was not powered for formal statistical

comparison or evaluation, but aims to establish the largest dataset of cases of AL in pregnancy

to date. Considering that the number of prospective cases expected in the UK is approximately

10 cases per year, the target number of cases for this study is 30–50 cases. Beyond the duration

of this study, the aim is to continue to add cases to enable further future analyses.

The reporting guideline of observational studies (STROBE) [24] will be followed for analy-

sis and reporting of this study. The statistical analysis will be mostly descriptive, and the result-

ing report will detail current and past management regimens and complications for AL in

pregnancy. Mean (SD) or median (IOR) will be reported for continuous data and raw count

(number, %) will be reported for nominal data. The outcomes of the mother and babies during

or prior to pregnancy, the current management practices for patients with AL or high-risk

MDS during pregnancy or who become pregnant after receiving therapy, and the safety of any

medication used to treat the mothers will be summarised. We will also report the cases before

and after the year 2015 to examine the impact of the introduction of the BCSH guidelines [9].

Providing a satisfactory response rate is achieved, incidence data will be included, calculated

with 95% confidence intervals.

Patient and public involvement

A patient and public involvement session was held with the Trans-Humber Consumer

Research Panel to inform in the design of the leukaemia in pregnancy research database. In
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particular, issues around the consent procedure, the appropriateness of processing certain

cases without consent and future plans for data requests were discussed.

Ethics and dissemination

Regulatory approvals and trial oversight. NHS research database REC approval was

granted on the 2nd August 2019 by the South Central -Oxford B Research Ethics Committee

for the Leukaemia in Pregnancy Research database (19/SC/0356). As a research database, HRA

approval was not required [25]. Research ethical approval for the Leukaemia in Pregnancy

Study was given by Hull York Medical School Research Ethics Committee on the 16th June

2019 (19 23). For the processing of certain cases without consent, support from the Confidenti-

ality Advisory Group (CAG) for England and Wales was obtained on the 18th September 2019

(19/CAG/0136) and from the Patient Benefit and Privacy Panel for Scotland on the 13th Janu-

ary 2021 (14920–0137). The study sponsor is the University of Hull and the database is man-

aged by the HHTU. A Trial Management Group (TMG), comprised of the Chief Investigator,

the local principle investigator and the HHTU staff oversee the study implementation and

progress. An extended TMG, including other representative authors of the BCSH guidelines

[9] will assist with the establishment of the database and interpretation of the data collected.

Amendments. On the basis of certain conditions relating to dissent procedures that were

requested by the CAG and the addition of collecting information regarding any further preg-

nancies, REC Substantial amendment (SA) 1 was approved on the 9th October 2019. The addi-

tion of further pregnancies required an amendment to the CAG support which was gained on

the 10th December 2019. Due the COVID-19 pandemic SA2 adding the option for postal and

e-consent was approved on the 18th May 2020.

Dissemination

The study results will be disseminated through presentations, conferences and peer-reviewed

journals according to the LIPS publication and dissemination policy. Clinicians who contrib-

ute at least one case and fulfil in ICMJE (International Committee of Medical Journal Editors)

recommendations will be offered authorship on the main results paper.

Protocol version

The current protocol version is V2.1 (16.06.2020) which was implemented prior to the first

case being entered on the 23rd July 2020.

Discussion

Despite the presence of a number of ongoing cancer and leukaemia registries [17–19, 26], only

one [20], specifically captures information relating to patients either receiving treatment dur-

ing their pregnancy or the effects of previous treatment on subsequent pregnancies. This data-

set however contains minimal UK data. Through targeting all high intensity haematology

units in the UK as recruitment centres, the leukaemia in pregnancy study will look to establish

a comprehensive UK dataset to better identify past and current treatment regimens and their

effects on maternal and neonatal outcomes. This will enable us to have evidence for the use of

some new treatments including targeted therapy in some patients with specific mutations for

whom these treatments are now available. We can compare and study neonatal toxicity of

these drugs, if any. The dataset will help clinicians to understand how best to treat refractory

cases, with more recent cases potentially avoiding some aspects of a regimen with potential

fetal toxicity without compromising outcomes for the mother. The initial study and research
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database will serve not only as a source of information to support care decisions for pregnan-

cies during AL treatment, but also as a late effects study to report on the feasibility of viable

pregnancies post-treatment.

Supporting information

S1 File. List of data variables.

(DOCX)

S1 Protocol.

(PDF)

S1 Checklist.

(DOC)
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5. Döhner H, Estey EH, Amadori S, Appelbaum FR, Büchner T, Burnett AK, et al. Diagnosis and manage-

ment of acute myeloid leukemia in adults: recommendations from an international expert panel, on

behalf of the European LeukemiaNet. Blood. 2010; 115(3):453–74. https://doi.org/10.1182/blood-2009-

07-235358 PMID: 19880497

PLOS ONE Leukaemia in Pregnancy Study (LIPS)

PLOS ONE | https://doi.org/10.1371/journal.pone.0263195 February 7, 2022 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263195.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263195.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263195.s003
https://hmrn.org/statistics/incidence
http://www.ncbi.nlm.nih.gov/pubmed/12185292
https://doi.org/10.1200/JCO.1987.5.7.1098
https://doi.org/10.1200/JCO.1987.5.7.1098
http://www.ncbi.nlm.nih.gov/pubmed/3474357
https://doi.org/10.1002/cncr.21137
https://doi.org/10.1002/cncr.21137
http://www.ncbi.nlm.nih.gov/pubmed/15912518
https://doi.org/10.1182/blood-2009-07-235358
https://doi.org/10.1182/blood-2009-07-235358
http://www.ncbi.nlm.nih.gov/pubmed/19880497
https://doi.org/10.1371/journal.pone.0263195


6. Carradice D, Austin N, Bayston K, Ganly PS. Successful treatment of acute promyelocytic leukaemia

during pregnancy. Clin Lab Haematol. 2002; 24(5):307–11. https://doi.org/10.1046/j.1365-2257.2002.

00459.x PMID: 12358893

7. Agarwal K, Patel M, Agarwal V. A Complicated Case of Acute Promyelocytic Leukemia in the Second

Trimester of Pregnancy Successfully Treated with All-trans-Retinoic Acid. Case Rep Hematol. 2015;

2015:634252. https://doi.org/10.1155/2015/634252 PMID: 25821608

8. Sanz MA, Montesinos P, Casale MF, Dı́az-Mediavilla J, Jiménez S, Fernández I, et al. Maternal and
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