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Abstract
Background: Thus far, no large-scale clinical study on pregnancy with cancer has been conducted in
China. Therefore, the present study aimed to review the oncological characteristics and treatment of
pregnancy-associated cancers, and analyze the obstetric and neonatal outcomes to provide evidence-
based recommendations for reproductive function preservation, oncological treatment, and obstetric
management in pregnancy-associated cancer.

Methods: We conducted an observational retrospective cohort study among pregnant patients with
cancer in 7 Chinese tertiary A hospitals during 2003–2021. We conducted multiple logistic regression to
determine the in�uence of various factors on preterm birth and small-for-gestational-age infants, log-
binomial regression to analyze temporal changes, and chi-square tests to explore the effects of cancer
type/treatment.

Results: Of 204 women, 17% terminated their pregnancies; 59% received pre-delivery treatment. Every 6
years, the rates of pregnancy termination ([RR]: 0.48, 95% con�dence interval [CI]: 0.35–0.67) and
iatrogenic preterm births (RR: 0.73, 95% CI: 0.54–0.98) reduced, and that of pre-delivery treatment
increased, mainly due to increased rates of surgery (RR: 1.87, 95% CI: 1.31–2.67). Maternal systemic
diseases were related to a higher risk of small-for-gestational-age infants ([OR]: 12.02, 95% CI: 1.82–
79.43). Chemotherapy with taxanes plus platinum-based agents was related to adverse obstetric
outcomes (OR: 1.87, 95% CI: 1.42–2.46, P < 0.05). Thyroid (OR: 0.36, 95% CI: 0.22–0.57) and ovarian
cancer (OR: 0.70, 95% CI: 0.50–0.98) were associated with fewer cesarean sections. Thyroid cancer was
associated with fetal growth restriction (OR: 5.21, 95% CI: 1.21–22.55).

Conclusions: Rates of pregnancy termination in cancer have declined. Taxane plus platinum-based
chemotherapy was associated with adverse obstetric outcomes. Cancer type in�uenced outcomes.

1 Introduction
It has been estimated that one in every one thousand women will be diagnosed with cancer during
pregnancy. 1 In recent years, with the postponement of childbirth to later ages, the adjustment of the
fertility policy in China, and the onset of cancer at younger ages, the incidence of cancer during
pregnancy has increased. 2 The diagnostic work-up for cancer, such as the detection of tumor markers,
may be affected by the physiology of pregnancy. 3 Furthermore, the implementation of diagnostic
surgical procedures during pregnancy is often rendered challenging due to safety concerns.
Approximately 20–30% of cancer cases in women occur prior to the age of 45, which has a severe impact
on future fertility and pregnancy management. 4 The most common malignant tumors during pregnancy
are breast cancer, melanoma, hematological cancers, and cervical cancer; 1 among these, breast cancer
has the highest incidence, 5 and accounts for 39% of all malignant tumors during pregnancy. The type of
cancer can also have an impact on obstetric and neonatal outcomes; for example, patients diagnosed
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with melanoma have a signi�cantly increased risk of death during pregnancy, while patients diagnosed
with breast or ovarian cancer have a signi�cantly increased risk of death during lactation. 6–8

The treatment of cancer in pregnancy complicates clinical decision-making. 2 For instance, pregnant
women with cancer may need to choose between continuing or terminating the pregnancy. In general,
cancer and its treatment are considered to have adverse effects on women’s fertility. Current medical
practice attempts, where possible, to retain reproductive function. 9 Fortunately, the oncological and
obstetric prognoses of patients who receive cancer treatment during pregnancy are relatively good,
though termination of pregnancy is usually recommended for such patients. Up to 44% of gynecologists
tend to terminate the pregnancy, and 37% of women do not undergo chemo- or radiotherapy during
pregnancy. 10 Therefore, iatrogenic preterm birth is the most common obstetric complication of cancer in
pregnancy. 11,12

With advances in research and the optimization of therapeutic regimens for cancer, it is increasingly
becoming possible to treat cancer during pregnancy as well as protect the fetus and the mother from
adverse effects as much as possible. Although life-saving cancer treatments for pregnant women seem
to con�ict with the interests of the developing fetus, termination of pregnancy has not been shown to
improve the prognosis of pregnant women in any type of cancer. 13 Several recent studies have
recommended that cancer treatment during pregnancy should be as similar as possible to the treatment
of non-pregnant women and that preterm birth should be avoided; however, radiotherapy is still
recommended to be postponed until after delivery, and chemotherapy should be postponed until the
second trimester. 14 With the continual improvements in cancer therapy during pregnancy, the rates of
survival and iatrogenic premature births have been observed to improve every 5 years. 15 Currently, it is
accepted that surgery and chemotherapy are relatively safe during pregnancy, while radiotherapy is
relatively contraindicated. The existing research shows that chemotherapy from the second trimester
does not impact the growth and development of newborns or cause obvious long-term complications.
13,16,17 However, other studies have reported that chemotherapy during pregnancy is associated with fetal
adverse events. 15

Many organizations have provided recommendations on conception for women with cancer, but warn
that more evidence is needed, 17 as the precise impact of different tumors and anti-tumor treatment
regimens on the mother and fetus remains to be elucidated. Due to this gap in clinical evidence,
oncological management during pregnancy remains challenging for both patients as well as
gynecologists, oncologists, and obstetricians. Thus far, no large-scale clinical study on pregnancy with
cancer has been conducted in China. Therefore, the present study aimed to review the oncological
characteristics and treatment of pregnancy-associated cancers, and analyze the obstetric and neonatal
outcomes to provide evidence-based recommendations for reproductive function preservation,
oncological treatment, and obstetric management in pregnancy-associated cancer.

2 Patients And Methods
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2.1 Study design and participants
This descriptive retrospective cohort study analyzed data from pregnant women who were diagnosed
with cancer and registered in 11 centers from 7 provinces of China. The core study was registered with
the Chinese Clinical Trial Registry (registration number: ChiCTR2100044292; ongoing), and approved by
the ethics committee of the Obstetrics & Gynecology Hospital of Fudan University (approval number:
2020 − 130). The inclusion criteria were pregnant patients aged 18–45 years with primary invasive cancer
or borderline ovarian cancer who were admitted to one of the 11 centers between 1st January 2003 and
2nd February 2021. All subjects voluntarily participated in the study and provided written informed
consent. All participants were diagnosed on the basis of pathological evidence. Patients with pre-invasive
disease or postpartum diagnosis, those with primary invasive cancer or borderline ovarian cancer
diagnosed after delivery, and those who had received high-dose scatter radiation to the pelvis or brain
before delivery were excluded. We designed a questionnaire to collect detailed oncological, obstetric, and
neonatal data. All participating centers received an online electronic questionnaire, and each center
collected the required data from its electronic medical record system. The data from all centers were then
consolidated and aggregated by the authors.

2.2 De�nitions
Systemic disease was de�ned as maternal hypertensive disorders, cardiac disease, hypothyroidism,
gestational diabetes, and gestational anemia. Pre-delivery surgery was de�ned as any therapeutic or
palliative surgical procedure for cancer performed after the diagnosis of cancer and prior to delivery (or
termination of pregnancy). Similarly, pre-delivery chemotherapy was de�ned as chemotherapy
administered at any time from the cancer diagnosis to the delivery (or termination of pregnancy).
Miscarriage was de�ned as the loss of a baby before the 20th week of gestation, while stillbirth was
de�ned as the loss of a baby at or after 20 weeks of gestation. Preterm pre-labor rupture of membranes
(PPROM) was de�ned as the preterm rupture of membranes without contractions, and was diagnosed by
the local centers. Small for gestational age (SGA) was de�ned as a birth weight less than the 10th
percentile, as calculated according to the Chinese neonatal birth weight curve for different gestational
ages. 18 Preterm birth was de�ned as delivery before 37 completed weeks of gestation. Iatrogenic preterm
birth was de�ned as preterm cesarean delivery without labor. Low birth weight (LBW) and fetal
macrosomia were de�ned as birth weights of < 2500 g or > 4000 g, respectively.

2.3 Statistical analysis
We aggregated the oncological, obstetric, and neonatal data, and provided descriptive statistics for these
data. Age at pregnancy was grouped into 8-year intervals as follows: 21–28, 29–36, and 37–45 years.
Multiple logistic regression models were used to analyze the effects of the following factors on
premature birth and birth of SGA infants: maternal age, year of last menstrual period (LMP), gestational
period (in terms of trimesters) at the time of cancer diagnosis, cancer type, treatment method, and
maternal complications during pregnancy. The results were reported as adjusted odds ratios (ORs) with
95% con�dence intervals (CIs). P values were used to measure the strength of the evidence against the
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null hypothesis of no relationship. The study data spanned an 18-year period, and were divided into the
following three 6-year intervals according to the year in which the LMP occurred: 2003–2008, 2009–
2014, and 2015–2020. Log-binomial regression models were used to analyze the average changes in
patient characteristics, tumor types, treatment before delivery, and maternal complications, with year of
diagnosis as a continuous predictor. The results were presented as relative risks (RRs) and 95% CIs.
Considering the limited sample size, the number of independent variables, and the limited correlation
between independent variables, we chose to use chi-square tests to directly study the relationship
between two variables. Chi-square tests (one-tailed) were performed to assess the in�uence of cancer
type and pre-delivery chemotherapy on maternal complications, and obstetric and neonatal outcomes. All
statistical analyses were performed using IBM SPSS Statistics for Windows, version 26.0 (IBM, Armonk,
NY, USA). P values of less than 0.05 were considered statistically signi�cant.

3 Results

3.1 General information
In all, 204 women (Fig. 1) registered in 7 tertiary A hospitals were eligible for this study. A tertiary A
hospital is the highest classi�cation grade for hospitals in mainland China and represents a large general
hospital. Some tertiary A hospitals have more than 20,000 outpatient visits per day. 19 Of these, 35 (17%)
women chose to terminate their pregnancies by surgery or drugs, and 119 (59%) women received
antenatal treatment for cancer. The baseline characteristics of the patients are shown in Table 1, and the
distribution of cancer types is shown in Fig. 2. Patient characteristics strati�ed by cancer type are shown
in Supplementary Table S1.
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Table 1
Patient characteristics

Patient characteristic n (%)

Age at the time of pregnancy, median (IQR, range), years 28 (28–35, 21–43)

Timing of cancer diagnosis  

Before pregnancy 88/204 (43)

First trimester 20/204 (10)

Second trimester 40/204 (20)

Third trimester 45/204 (22)

Unknown 11/204 (5)

Year of LMP  

2003–2008 15/204 (7)

2009–2014 36/204 (18)

2015–2020 153/204 (75)

Pre-delivery treatment

No treatment 83/202 (41)

Surgery 112/202 (55)

Chemotherapy 28/202 (14)

Taxanes 15/202 (7)

Platinum 12/202 (6)

Anthracyclines 6/202 (3)

Non-platinum alkylating agents 6/202 (3)

Antimetabolites 5/202 (2)

Other 1/202 (0)

Radiotherapy 4/202 (2)

Targeted therapy and hormone therapy 7/202 (3)

Obstetric complications  

Any 118/201 (59)

IQR, interquartile range; LMP, last menstrual period; PPROM, preterm pre-labor rupture of membranes;
NICU, neonatal intensive care unit
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Patient characteristic n (%)

Hypertensive disorders 16/201 (8)

Gestational diabetes 18/201 (9)

Gestational anemia 16/201 (8)

Maternal cardiac disease 6/201 (3)

Intestinal obstruction 3/201 (1)

Liver disease 5/201 (2)

Maternal infection 18/201 (9)

PPROM 18/201 (9)

Fetal distress 6/201 (3)

Fetal growth restriction 7/201 (3)

Oligohydramnios 6/201 (3)

Neonatal outcomes  

Iatrogenic preterm delivery 49/144 (34)

Spontaneous preterm delivery 7/144 (5)

Apgar score < 7 at 5 min 5/137 (4)

Small-for-gestational-age 17/143 (12)

Low birth weight 43/143 (30)

Macrosomia 7/143 (5)

Neonatal complications  

NICU admission 18/143 (13)

Neonatal acidosis 10/143 (7)

Respiratory acidosis 8/143 (6)

Congenital malformations 6/143 (4)

Neonatal respiratory distress syndrome 27/143 (19)

Neonatal infection 7/143 (5)

Neonatal hyperbilirubinemia 28/143 (20)

IQR, interquartile range; LMP, last menstrual period; PPROM, preterm pre-labor rupture of membranes;
NICU, neonatal intensive care unit
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Patient characteristic n (%)

Neonatal hypoglycemia 4/143 (3)

Neonatal hyperglycemia 4/143 (3)

IQR, interquartile range; LMP, last menstrual period; PPROM, preterm pre-labor rupture of membranes;
NICU, neonatal intensive care unit

3.2 Obstetric and neonatal complications and neonatal
outcomes
Of the 204 eligible women, 201 patients had records of pregnancy-related complications. In total, 118
(59%) women developed pregnancy-related complications. The most common complications were
gestational diabetes (9%), gestational maternal infection (9%), and PPROM (9%). The most common
obstetric outcome was preterm birth (39%), and the most common neonatal comorbidity was neonatal
hyperbilirubinemia (19%). Congenital defects were observed in 6 (4%) newborns or aborted fetuses
(Supplementary Table S2).

Of the 204 patients included in the study, the majority (147, 72%) were from the Obstetrics & Gynecology
Hospital of Fudan University. We recorded the total number of pregnant women who received antenatal
care at this hospital between January 1, 2003 and December 31, 2021. We also noted the incidence of
pregnancy-related complications, neonatal complications, and obstetric events, such as caesarean
section, among these patients, as provided by the Information Department of the hospital
(Supplementary Tables S3 and S4). We performed chi-square analyses (one-tailed) of the data of all 204
pregnant women with cancer included in this study and the data of all pregnant women from the
Obstetrics & Gynecology Hospital of Fudan University.

All pregnant women from the Obstetrics & Gynecology Hospital of Fudan University during the study
period were taken as the reference group. Compared with all pregnant women, pregnant women with
cancer had a signi�cantly higher risk of maternal hypertension (OR: 2.18, 95% CI: 1.37–3.46, P < 0.05),
heart disease (OR: 35.72, 95% CI: 14.87–85.81, P < 0.05), intestinal obstruction (OR: 105.68, 95% CI:
32.56–342.99, P < 0.001), and liver damage (OR: 4.19, 95% CI: 1.77–9.92, P < 0.05) during pregnancy as
well as fetal intrauterine growth restriction (OR: 17.23, 95% CI: 8.31–35.71, P < 0.001). Compared to
women without cancer, those with cancer had with a signi�cantly higher incidence of cesarean section
(OR: 4.54, 95% CI: 4.02–5.12, P < 0.001), preterm birth (OR: 8.28, 95% CI: 6.75–10.18, P < 0.001), LBW (OR:
6.39, 95% CI: 4.98–8.19, P < 0.001), and fetal macrosomia (OR: 5.2, 95% CI: 2.54–10.64, P < 0.001).
Cancer in pregnancy was also associated with a signi�cantly increased likelihood of neonatal acidosis
(OR: 2.85, 95% CI: 1.57–5.18, P < 0.05), birth defects (OR: 3.83, 95% CI: 1.75–8.4, P < 0.01), and neonatal
respiratory distress (OR: 10.26, 95% CI: 7.29–14.45, P < 0.001). The results of this chi-square analysis are
shown in Supplementary Table S5. Since only the pregnancy data from the Obstetrics & Gynecology
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Hospital of Fudan University were used instead of data from all centers, these results are for reference
only.

3.3 Cancer treatments
Of the 204 women, 119 (59%) women received treatment for cancer before the termination of pregnancy,
and of these 121 women, 73 (60%) women were treated using a single treatment modality, 53 (42%)
women underwent surgery alone, and 5 (2%) women were treated using chemotherapy alone
(Supplementary Table S6). Among the 28 patients who received a combination of different treatment
modalities, 19 (9%) patients received a combination of surgery and chemotherapy, and 2 (1%) received a
combination of surgery, chemotherapy, and targeted therapy. Twelve patients received paclitaxel plus
platinum-based chemotherapy (TP regimen), and seven patients received epirubicin plus
cyclophosphamide chemotherapy (EC regimen).

3.4 Obstetric outcomes
Among the 35 women who chose to undergo termination of pregnancy, 19 (53%) terminated their
pregnancy in the �rst trimester, 12 (34%) terminated it in the second trimester, and 2 (6%) terminated in
the third trimester; the time of termination of pregnancy was unknown in 2 cases. All 35 women who
chose to terminate the pregnancy were between the ages of 24 and 43 years, and 31 of these women
were aged 28 years or above. In total, 8 of these women had had a previous pregnancy, and 6 of these 8
had had a previous live birth. Among the 169 women who chose to continue the pregnancy, the
pregnancy outcomes of 13 patients were missing. Among the 156 patients with recorded pregnancy
outcomes, 144 live births were reported, of which 3 cases (2%) were twin pregnancies, and the others
were singleton pregnancies. Among these 156 patients, 10 (6%) had a miscarriage before 20 weeks of
gestation, and 2 (1%) patients had a stillbirth after 20 weeks of gestation. The obstetric outcomes
strati�ed by cancer type are shown in Supplementary Table S7.

3.5 Impact of cancer type on complications and outcomes
Univariate analysis using chi-square tests revealed that cancer type signi�cantly affected the obstetric
outcome (Table 2). Compared with pregnant women with cervical cancer, pregnant women with thyroid
cancer (OR: 0.16, 95% CI: 0.06–0.42, P < 0.001), breast cancer (OR: 0.3, 95% CI: 0.13–0.68, P < 0.05), or
other cancer types (OR: 0.64, 95% CI: 0.41–1, P < 0.05) had a signi�cantly lower probability of premature
delivery of the fetus. No signi�cant relationship was found between cancer type and the occurrence of
other obstetric complications. Taking the patients with cervical cancer as the reference group, we found
that signi�cantly fewer proportions of patients with thyroid cancer (OR: 0.36, 95% CI: 0.22–0.57, P < 
0.001) or ovarian cancer (OR: 0.70, 95% CI: 0.50–0.98, P < 0.05) underwent cesarean section. Among
pregnant women with thyroid cancer, the proportion of those who chose fetal preservation was
signi�cantly increased relative to the reference group (OR: 1.28, 95% CI: 1.03–1.58, P < 0.05), but the risk
of fetal intrauterine growth restriction was also signi�cantly increased (OR: 5.21, 95% CI: 1.21–22.55, P < 
0.05). Pregnancy with thyroid cancer (OR: 0.25, 95% CI: 0.09–0.68, P < 0.05), ovarian cancer (OR: 0.33,
95% CI: 0.11–1.02, P < 0.05), or breast cancer (OR: 0.28, 95% CI: 0.09–0.87, P < 0.05) was associated with
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a lower risk of neonatal respiratory distress syndrome than pregnancy with cervical cancer
(Supplementary Table S8).

Table 2
Chi-square tests (one-tailed) of the most common obstetric outcomes.

  Premature delivery Small for gestational age

  OR (95% CI) P OR (95% CI) P

Cervical cancer Reference   Reference  

Thyroid cancer 0.16 (0.06–0.42) 0.000 3.22 (0.38–27.28) 0.252

Ovarian cancer 0.87 (0.56–1.34) 0.364 5.8 (0.7–48.13) 0.082

Breast cancer 0.3 (0.13–0.68) 0.001 3.63 (0.4–32.64) 0.237

Other cancer types 0.64 (0.41–1) 0.042 4.26 (0.53–34.45) 0.139

Cases of pregnancy complicated with cervical cancer were taken as the reference group.

OR, odds ratio; CI, con�dence interval

3.6 Impact of chemotherapy
According to the use of chemotherapy drugs before the end of pregnancy (including delivery, miscarriage,
and stillbirth), the patients were divided into those who did not receive chemotherapy, those who received
treatment with the TP regimen, and those who received treatment with the EC regimen (Table 3). Chi-
square analyses showed that compared with no chemotherapy before delivery (or miscarriage or
stillbirth), the use of the TP regimen during pregnancy was associated with adverse pregnancy outcomes
(i.e., preterm birth, miscarriage, stillbirth, and SGA; OR: 1.87, 95% CI: 1.42–2.46, P < 0.05).
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Table 3
Chi-square tests (one-tailed) of most common obstetric and neonatal complications and obstetric

outcomes.

  TP regimen EC regimen

OR (95% CI) P OR (95% CI) P

Obstetric complications: any 0.66 (0.41–1.07) 0.142 0.74 (0.38–1.44) 0.344

Preterm birth 0.43 (0.3–0.6) 0.007 1.54 (0.78–3.04) 0.252

Cesarean section delivery 0.74 (0.55–0.99) 0.174 1.13 (0.59–2.17) 0.491

Low birth weight 0.32 (0.21–0.47) 0.001 0.48 (0.24–0.98) 0.112

Small for gestational age 1.09 (0.16–7.27) 0.636 2.49 (0.7–8.87) 0.209

Neonatal complications: any 0.61 (0.29–1.28) 0.221 0.71 (0.29–1.75) 0.379

Adverse obstetric outcomesa 1.87 (1.42–2.46) 0.010 1.78 (1.25–2.53) 0.058

Patients who did not receive chemotherapy before termination of pregnancy were taken as the control
group.

TP regimen, paclitaxel + platinum; EC regimen, epirubicin + cyclophosphamide. aAdverse obstetric
outcomes included miscarriage, stillbirth, preterm birth, and small for gestational age.

OR, odds ratio; CI, con�dence interval

3.7 Factors in�uencing obstetric outcomes
The results of the multiple logistic regression models are shown in Table 4. Both the outcome variables
and the covariates in these models were prespeci�ed. The key covariates in the models were as follows:
patient’s age at admission (strati�ed into three 8-year ranges), timing of cancer diagnosis (relative to the
pregnancy), cancer type, pre-delivery surgery or chemotherapy, year in which the LMP occurred, maternal
reproductive system complications (including uterine, placenta, and umbilical cord problems), maternal
digestive system complications, and maternal systemic disease. The regression coe�cients and
standard errors determined using this analysis can be found in Supplementary Table S9. Pregnant
women with cancer as well as systemic diseases (such as hypertension, hyperlipidemia, diabetes, heart
disease, and anemia) were more likely to give birth to SGA infants (OR: 12.02, 95% CI: 1.82–79.43).
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Table 4
Multiple logistic regression analysis of the most common obstetric outcomes

  Premature delivery Small for gestational age

  OR (95% CI) P OR (95% CI) P

Age at admission (per 8 years) 0.83 (0.23–2.99) 0.772 1.18 (0.3–4.59) 0.811

Timing of cancer diagnosis ·· 0.183 ·· 0.784

Before pregnancy Reference ·· Reference ··

First trimester - ·· - ··

Second trimester 0.05 (0–0.65) ·· 0.73 (0.02–23.99) ··

Third trimester 0.08 (0–1.2) ·· 0.27 (0.02–4.39) ··

Unknown - ·· 0.03 (0–7.88) ··

Cancer type ·· 0.184   0.425

Cervical cancer Reference ·· Reference ··

Thyroid cancer 1.75 (0.19–16.57) ·· 0.08 (0–3.04) ··

Ovarian cancer 128.65 (2.6–
6371.76)

·· 2.19 (0.05–105.52) ··

Breast cancer 2.27 (0.15–34.64) ·· 1.02 (0.05–22.18) ··

Other cancer types 5.64 (0.55–57.46) ·· 0.21 (0.01–4.87) ··

Surgery 4.22 (0.4–44.26) 0.230 4.59 (0.5–42.24) 0.179

Chemotherapy 1.13 (0.07–18.11) 0.933 0.08 (0.01–1.23) 0.071

Year of LMP ·· 0.226 ·· 0.741

[2003, 2008] Reference ·· Reference ··

[2009, 2014] - ·· 2.1 (0.02–246.39) ··

[2015, 2020] - ·· 3.52 (0.05–260.03) ··

Reproductive system
complications

0.3 (0.06–1.41) 0.126 1.05 (0.21–5.37) 0.952

Digestive system complications - 0.999 0.06 (0–0.9) 0.042

Systemic disease 0.23 (0.05–1.12) 0.068 12.02 (1.82–79.43) 0.010

LMP, last menstrual period; OR, odds ratio; CI, con�dence interval
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3.8 Changes in cancer treatments and obstetric outcomes
over the study period
This study reviewed data collected over an 18-year period. We divided the patients into the following 3
subgroups according to the year in which they had their LMP: 2003–2008, 2009–2014, and 2015–2020.
The LMP was used as a continuous predictor in the log-binomial regression model. The results are shown
in Supplementary Table S10. Every 6 years, we observed a decrease in the proportion of patients
choosing to terminate the pregnancy (RR: 0.48, 95% CI: 0.35–0.67). The proportions of patients who
chose termination of pregnancy strati�ed by cancer type are shown in Supplementary Table S11. Every 6
years, the likelihood of receiving cancer treatment before delivery was found to increase, mainly due to
the increase in the rate of surgery (RR: 1.87, 95% CI: 1.31–2.67). Every 6 years, we observed fewer
iatrogenic preterm births on average (RR: 0.73, 95% CI: 0.54–0.98) and more term births (RR: 1.46, 95% CI:
1.00–2.13).

4 Discussion
Of the 204 pregnant women with cancer who were eligible for the present study, 35 women decided to
terminate their pregnancy. These 35 women were aged between 24 and 43 years, and 31 (89%) of them
were aged 28 years or older; in addition, 77% of these women had previously been pregnant and given
birth to a live infant. A Chinese population study has reported that the age of Chinese women at �rst
childbirth has gradually increased from 24 years to nearly 28 years between 2006 and 2017. 20 Therefore,
it can be inferred that the age of the patients and the previous live birth were important reasons driving
the decision to terminate the pregnancy.

Preterm birth was the most common obstetric outcome for pregnant women with cancer. Moreover, of the
56 (30%) women who gave birth prematurely in our study, only 7 (12%) gave birth vaginally; the remaining
49 (88%) women underwent cesarean section. This shows that in addition to spontaneous preterm
delivery, iatrogenic preterm delivery and arti�cial early termination of pregnancy are common outcomes
among pregnant women with cancer. Nevertheless, it remains to be determined whether the arti�cial
shortening of pregnancy bene�ts pregnant women or affects the health of their newborns. The timing
and speci�c conditions under which early termination of pregnancy is maximally bene�cial to the
pregnant woman and her newborn remain a thorny problem of clinical decision-making.

In the present study, the incidence of congenital defects among cases of abortions, stillbirths, and live
births was approximately 4%, and among live births, the incidence of congenital malformations was
3.5%. According to the China Birth Defect Prevention Report (2012) issued by the National Health
Commission of the People’s Republic of China, the incidence of birth defects is signi�cantly higher in rural
and remote areas than in urban areas. Compared with the 2012 national report, the present study did not
�nd a high proportion of birth defects among babies born to women with cancer; this is probably because
our patients were all from tertiary A hospitals in capital cities, while the national report included women
from across the country. We used the birth defect data obtained from all cases of pregnancy in the
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Obstetrics & Gynecology Hospital of Fudan University as a reference, and found that pregnant women
with cancer were more likely to have babies with birth defects (OR: 3.83, 95% CI: 1.75–8.4, P < 0.01).
These data may put greater pressure on women with cancer to continue their pregnancies. Further
research is required to determine whether it is the physiological changes caused by the cancer itself or the
treatments that affect the rate of birth defects.

Every 6 years, the proportion of pregnant women with cancer who choose to continue their pregnancy
increased. More patients chose to undergo treatment for cancer before delivery, but this was mainly
attributable to an increase in pre-delivery surgery rather than pre-delivery chemotherapy, which is not
consistent with the results of a European study. 8 The majority of our patients (86%) did not receive
chemotherapy prenatally. This indicates that currently, Chinese clinicians may be relatively conservative
in regards to chemotherapy during pregnancy.

In this study, all of the 10 cervical cancer patients who received chemotherapy before delivery were
treated with the TP regimen. In addition, 63% of the 11 breast cancer patients who received chemotherapy
before delivery were treated with the EC regimen. This suggests that multidrug regimens are used in the
majority of pregnant patients with cancer. However, current studies on the toxicity of chemotherapeutic
drugs during pregnancy focus on single-drug chemotherapy. Thus, more research is required to
investigate the effects of multi-drug chemotherapeutic regimens during pregnancy.

Our study supports the �ndings that adriamycin, cyclophosphamide, and 5-�uorouracil are relatively safe
for fetuses and newborns. 21 We did not �nd any signi�cant impact of the EC regimen on obstetric
outcomes. In previous studies, platinum-based therapy with or without taxanes was recommended for
advanced or high-risk cancer during pregnancy. 22 Taxanes have a low potential for placental transfer 21

and low toxicity, and their use is considered feasible in the second and third trimesters. 23 This may
partially explain the high proportion of patients treated with the TP regimen before delivery in this study.
Our data in this cohort study suggested a relationship between the TP regimen and adverse obstetric
outcomes. Another study has also shown that the use of platinum-based chemotherapy drugs is
statistically associated with the birth of SGA babies, and taxane chemotherapy is associated with NICU
admission. 15 In future studies, increased monitoring may be needed during the use of the TP regimen
during pregnancy, especially monitoring for long-term developmental defects in newborns. Our results
showed that cisplatin is more widely used than carboplatin in China. However, carboplatin is
recommended as a priority drug when using the TP regimen, considering the safety issues. 23,24

A few studies have provided theoretical suggestions for oncological management during pregnancy,
especially for cancer treatment and termination of pregnancy. 25,26 In clinical practice, however, whether
to terminate the pregnancy, when to terminate the pregnancy, whether to carry out surgery and drug
treatment, and which drug to administer at what dosage remain perplexing questions. The existing
research is insu�cient for the formulation of comprehensive oncological management guidelines for
cancer during pregnancy. 27 We suggest strengthening the clinical research and conducting follow-up
assessments of pregnant patients with cancer; we also recommend coordination among the obstetrics,
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oncology, neonatology, and clinical pharmacy departments in clinical practice to balance maternal
bene�ts, fetal bene�ts, and possible risks for the offspring. 28 Careful multidisciplinary management is
required for pregnant women with cancer.
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Figures

Figure 1

Patients included in this study
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Figure 2

Distribution of cancer types

*Ovarian cancers include borderline ovarian tumors. †Other cancers consisted of 6 different cancer types.
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