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Abstract
Objectives: Concurrence of pregnancy and cancer diagnosis is increasingly frequent in Italy. The study aimed to compare 
women with pregnancy-associated cancers (PACs) to those of childbearing age, focusing on fertility, induced abortion, and 
miscarriage.
Methods: The population-based study included women aged 15-49 years, both with and without PAC, who were 
residents in the area covered by the 19 participating Cancer Registries between 2003 and 2015 and identified by individual 
deterministic linkage with the Hospital Discharge Database.
Results: Overall, 2,218,139 obstetrics hospitalizations occurred, covering delivery (75%), induced abortion (14%), and 
miscarriage (11%). Among 2409 women with PAC, 69% gave birth, 16% had an induced abortion and 15% a miscarriage. 
Compared with the reference population, the fertility rate in women with PACs was steadily lower (mean values 25.7/1000 
vs 37.7/1000), while induced abortion (from 359/1000 - SRR 1.99, 95%CI 1.32-3.00 - in 2003 to 147/1000 - SRR 1.11, 95%CI 
0.59-2.09 - in 2015) and miscarriage ratios exhibited a decreasing trend.
Conclusion: These results are consistent with international literature and are probably due to advancements in diagnostic 
and therapeutic opportunities. This is the first Italian population-based study analysing fertility and pregnancy outcomes 
among women with PAC based on a reliable information on cancer diagnosis.
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Introduction

Pregnancy-associated cancer (PAC) refers to cancer iden-
tified either during pregnancy or within one year of child-
birth.1-3 The simultaneous occurrence of cancer and 
pregnancy presents a significant challenge for clinicians, 
who must prioritize the well-being of both the mother and 
fetus, as well as for epidemiologists who aim to accurately 
quantify its frequency.

Although PAC is infrequent, with an incidence of 
approximately 1 in 1000 pregnancies,4,5 accounting for 
0.07%-0.1% of all malignant tumours,6 its occurrence has 
increased in recent decades.7 This rise is partly attributable 
to the global trend of increasing maternal age.2,8 In Italy, 
where the average age at delivery has risen considerably 
over the past 20 years,8 making it one of the European 
countries with the highest maternal age, a recent popula-
tion-based study estimated a PAC incidence rate of 1.24 
per 1000 pregnancies.9

Breast cancer is the most frequently diagnosed malig-
nancy during pregnancy, followed by malignancies of the 
thyroid and other endocrine glands, melanoma, female 
genital organs, and digestive organs.9 The frequency distri-
bution by site mirrors that of the general female population 
of childbearing age.10

Although a cancer diagnosis may affect fertility rates,11 
advancement in early detection, effective therapies, the 
ability to preserve gametes and access to assisted repro-
ductive technologies have become significant aspects for 
couples desiring pregnancy. While systemic chemotherapy 
and some radiotherapies pose a higher risk of miscarriage 
and congenital malformations, other cancer treatments are 
feasible during pregnancy.4,12-13 On the contrary, when the 
oncological condition does not represent an immediate 
threat to life, pregnancy can be ended, and the start of 
chemotherapy postponed. The diagnosis of cancer may 
impact not only the risk of miscarriage but also decisions 
regarding pregnancy termination, which can be influenced 
by social and psychological factors.

Despite this, there is a lack of comprehensive epidemi-
ological studies addressing fecundity and abortion in 
women with PAC and those of reproductive age.

The present study aims to investigate whether the repro-
ductive outcomes (delivery, miscarriage, and induced 
abortion) in women with PAC are comparable to those of 
women of childbearing age. The study also explores how 
these trends may have changed over time alongside 
advancements in the clinical management of tumors dur-
ing pregnancy.

Materials and methods

This longitudinal retrospective population-based study 
collected cases of cancers that occurred between 2003 and 
2015 from 19 Italian Cancer Registries (CRs), located in 
Northern (n=8), Central (n=2), and Southern (n=9) Italy 
and covering about 22.0 % of the Italian population 
(Online Supplementary Table A). Only cancer registries 
capable of providing cases for a continuous period of five 
years were included in the analysis. Benign, uncertain, and 
non-melanoma skin cancers were excluded from the study 
analysis.

Cases of cancer in women aged 15-49 years during the 
study period were identified by the participating CRs, 
according to the ICDO-3 classification. These cases were 
linked to obstetric hospitalization codes, selected through 
the Hospital Discharge Database (HDD), and grouped by 
pregnancy outcomes (Online Supplementary Table B) 
according to the International Classification of Diseases, 
9th revision, Clinical Modification (ICD9-CM)). In the 
present study, we define as PAC the women with a cancer 
diagnosis:

a) � giving birth between nine months before and 12 
months after a cancer diagnosis,

b) � having a miscarriage or an induced abortion between 
three months before and 12 months after.

The reference population included all women aged 15-49 
years, residents in the areas covered by the participating 
CRs and hospitalized for delivery, induced abortion, or 
miscarriage during the study period.9

In case of multiple hospitalizations of the same woman 
occurring within a time interval of less than six months, 
she was counted once. In the case of multiple cancers, the 
earliest diagnosis was used in the analyses. The PAC pro-
portion was calculated by pregnancy outcome (delivery, 
miscarriage, and induced abortion) and stratified by age, 
citizenship, and area of residence. The chi-square test esti-
mated the difference in proportion at 95% level.

To compare the fertility of women with PAC to the ref-
erence population, fertility rates were calculated for both 
groups as the number of deliveries by 1000 resident 
women aged 15-49 years. The rates were standardized 
using the direct method, with the reference population 
being Italian women in five-year age groups based on the 
2011 ISTAT census.14 For calculating the fertility rate, the 
number of live births was estimated based on the number 
of deliveries recorded in the National HDD.
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The induced abortion and miscarriage ratios were calcu-
lated as the number of induced abortions or miscarriages/
deliveries per 1000. These indicators were also standard-
ized using the direct method, with the reference population 
being Italian women who gave birth in Italy in 2015 by four 
age groups (<25, 25-34, 35-39, ⩾40), as reported by Euro-
Peristat.8 The age-standardized relative risks (SRR) of 
induced abortion and miscarriage were estimated by calen-
dar years using the STDRATE Procedure15 of Statistical 
Analysis System Software (SAS version 9.4), the 95% con-
fidence intervals (CIs) were calculated assuming the log-
normal distribution. Sensitivity analyses were run limiting 
the analysis to PAC with reproductive outcomes occurring 
after the cancer diagnosis. The present study was coordi-
nated by the Istituto Superiore di Sanità (Italian National 
Institute of Health – ISS) in collaboration with the Italian 
Society of Gynaecology and Obstetrics (SIGO) and the 
Italian Association of Cancer Registries (AIRTUM).

Results

During the study period in the areas of the participating 
CRs, there were 2,218,139 hospitalizations for deliveries 
(74.9%), induced abortions (14.0%), and miscarriages 
(11.1%) among women aged 15-49 years. Among those 
women, 2409 PAC were identified: 1660 (68.9%) gave 
birth between nine months before and 12 months after a 
cancer diagnosis, 393 (16.3%) and 356 (14.8%) had 
respectively an induced abortion and a miscarriage 
between three months before and 12 months after a cancer 
diagnosis (Table 1).

The PAC proportion was slightly lower in pregnancies 
that ended with a delivery (1.0 per 1000 pregnancies) than 
in pregnancies that ended in induced abortion (1.3/1000) 
or miscarriage (1.4/1000).

For all pregnancy outcomes, the proportion of women 
aged 35 years or older was higher in PAC than in reference 
population (47.9% vs 27.6% for deliveries, 53.9% vs 
30.7% for induced abortion, and 64.9% vs 45.8% for mis-
carriage) (Table 1).

Comparing women’s citizenship, among PAC, the pro-
portion of foreign women who gave birth was less than 
half of those who opted for an induced abortion (2.9% vs 
7.1%).

Looking at the areas of the participating CRs, there 
were no differences in the percentage of deliveries in the 
reference population and PAC between Northern and 
Central Italy and the South and Islands (around 60% vs 
40% in both groups), with a PAC proportion of 1/1000 in 
both areas. In the South, the proportion of induced abor-
tions in PAC was higher compared to the North (54.7% vs 
45.3% p-value<0.001), whereas in the reference popula-
tion, this proportion was reversed (42.3% vs 57.7% 
<0.001).

During the study period, the standardized fertility rate 
in the reference population was higher than that of PAC, 
with an average of 37.7/1000 deliveries and 25.8/1000 
deliveries, respectively (Figure 1). During the examined 
years, the PAC proportion for the three pregnancy out-
comes showed no substantial differences between differ-
ent geographic areas of residence or women’s citizenship 
(data not shown).

Table 1.  Characteristics of women with pregnancy-associated cancer (PAC) compared with the reference population. Women 
aged 15-49 resident in the participating Italian Cancer Registries hospitalized for delivery, induced abortion, or miscarriage between 
2003 and 2015.

Deliveries Induced abortion Miscarriage

 
PAC

Reference 
population

Proportion
PAC

Reference 
population

Proportion
PAC

Reference 
population

Proportion

  n % n % ‰ n % n % ‰ n % n % ‰

Age classes  
15-29 309 18.6 624388 37.6 0.5 85 21.6 144920 46.7 0.6 47 13.2 64582 26.3 0.7
30-34 556 33.5 578253 34.8 1.0 96 24.4 70204 22.6 1.4 78 21.9 68447 27.9 1.1
35-39 585 35.2 372027 22.4 1.6 134 34.1 63787 20.6 2.1 137 38.5 71121 28.9 1.9
40-49 210 12.7 87481 5.3 2.4 78 19.8 31346 10.1 2.5 94 26.4 41583 16.9 2.3
Citizenship*  
Italian 1612 97.1 1400530 84.3 1.2 365 92.9 230730 74.4 1.6 341 95.8 209054 85.1 1.6
Not Italian 48 2.9 256592 15.4 0.2 28 7.1 76639 24.7 0.4 15 4.2 35771 14.6 0.4
Areas of residence  
North and Centre 979 59.0 996512 60.0 1.0 178 45.3 179167 57.7 1.0 216 60.7 147868 60.2 1.5
South and Islands 681 41.0 665637 40.0 1.0 215 54.7 131090 42.3 1.6 140 39.3 97865 39.8 1.4
Total 1660 1662149 1.0 393 310257 1.3 356 245733 1.4

*In the reference population, the missing values were <1%.
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Figure 1.  Standardized fertility rate in the reference population and women with pregnancy-associated cancer. Women aged 15-49 
resident in the participating Italian Cancer Registries between 2003 and 2015. For the calculation of fertility rate, the number of live 
births was approximated using the number of deliveries.
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Figure 2.  Standardized induced abortion ratio in the reference population and women with pregnancy-associated cancer. Women 
aged 15-49 resident in the participating Italian Cancer Registries between 2003 and 2015.
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Between 2003 and 2010, the induced abortion ratio 
among PACs was higher compared to that of the reference 
population (Figure 2). In this period, a fluctuating and 
decreasing trend can be observed in women with cancer. 
From 2011 to 2015, the induced abortion ratio almost 
overlaps with the one of the reference population, with 
SRRs no longer statistically significant confirming this 
trend (Figure 2 and Online Supplementary Table C).

The trend of miscarriage ratio was quite stable over 
time in the reference population while exhibiting variabil-
ity among women with cancer (Figure 3). Except for 2004 
and 2011, it was higher in PAC. The SRRs were never sta-
tistically significant, except for 2014 when the gap between 
the two groups increased considerably (SRR 1.85, 95%CI 
1.33-2.57) (Online Supplementary Table C). Overall, both 
the induced abortion and miscarriage ratios were signifi-
cantly higher, respectively 1.34 (95%CI 1.20-1.49) and 
1.16 (95%CI 1.04-1.30).

Sensitivity analyses

By limiting the analysis to PAC with reproductive out-
comes occurring after the cancer diagnosis, we identified 
1385 cases: 72.0% gave birth, 17.4% had an induced abor-
tion, and 10.6% a miscarriage. The results of the sensitiv-
ity analyses did not differ significantly from those of the 
main analysis.

Discussion

The present study was designed to gather evidence about 
the trend of fertility and abortion in women with PAC. 
Between 2003 and 2015, the standardized fertility rate in 
women with cancer was constantly lower than the one of 
the reference population of women aged 15-49 years 
(mean value of 25.8/1000 deliveries vs 37.7/1000). 
However, deliveries represented the most frequent preg-
nancy outcome (68.9%) among both women with PAC 
(68.9%) and the reference population (74.9%). The 
induced abortion ratio in women with PAC decreased con-
sistently and continuously during the study period until it 
showed a trend comparable to that of the reference 
population.

Compared to the extensive data available for non-preg-
nant cancer patients, there is limited evidence-based infor-
mation concerning diagnostic and treatment strategies for 
pregnant women with cancer.16-17 However, emerging 
insights and evidence-based knowledge, alongside numer-
ous international expert consensus meetings, have facilitated 
the development of a more standardized approach aimed at 
ensuring better outcomes for both mother and child.16-18 As a 
result, nowadays, cancer therapy can be prioritized over the 
termination of pregnancy, leading to an increasing number of 
live births over time.19 Analysing the results of the present 
study, consistent with other papers,12,20-21 it can be speculated 
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Figure 3.  Standardized miscarriage ratio in the reference population (line x) and women with pregnancy-associated cancer (line y). 
Women aged 15-49 resident in the participating Italian Cancer Registries between 2003 and 2015.
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that increased awareness regarding the effectiveness of can-
cer therapy during pregnancy has instilled greater confidence 
in clinicians and couples to proceed with the pregnancy.

Madanat et  al.  studied the probability of parenthood 
after a cancer diagnosis in a Finnish cohort of around 
twenty-five thousand cancer survivors and their siblings.22  
The relative probability of parenthood following early 
onset cancer for women aged 20-34 years was significantly 
reduced by around 60% but increased over calendar years. 
This difference, although to a lesser extent, is confirmed by 
a Norwegian registry-based study,23 in which the first-time 
parenthood probability at the age of 35 years in female 
patients was statistically lower compared to the probability 
in the general population (66% vs 79%).

Although the mean age at delivery has increased in the 
general population, in the present study the proportion of 
women aged ⩾35 was higher among women with PAC 
than in the whole cohort, in line with other studies.1,2 This 
is partly due to the aging of pregnant women and the 
improvement of modern medicine in cancer early diagno-
sis and treatment even during pregnancy.

The association between PAC and induced abortion is 
poorly studied. In our study, the standardized induced abor-
tion ratio in women with cancer was higher than the one of 
the reference population (1.34, 95%CI 1.20-1.49) but 
showed a constant decreasing trend until it converged with 
that of the general population in the final years of observa-
tion. Similar results were obtained from one of the most 
recent population-based studies conducted in Lombardy 
Region (Italy),12 where, between 2010 and 2020, a slight 
increase in the proportion of births among women with 
PAC was observed alongside a reduction in the risk of 
induced abortions among those women compared to the 
general population, from 1.08 (95%CI 0.92-1.26) in 2010-
2012 to 0.87 (95%CI 0.65-1.17) in 2019–2020.

In our study, women with PAC living in Southern Italy 
showed higher proportions of induced abortions compared 
to those in the Central-Northern regions (PAC proportion 
of 1.6 per 100,000 and 1.0 per 100,000, respectively). This 
finding is consistent with those by Esposito et  al.12 
However, no statistically significant differences were 
found when analysing trends between these geographical 
areas. Conversely, in the general population, the trend is 
reversed with the surveillance system for legal induced 
abortions reporting lower rates in the South compared to 
the Central-North. These results may be read as lower 
awareness and access to diagnostic and therapeutic oppor-
tunities that could ensure the continuation of their preg-
nancy among women in the South of the country.

The fluctuating trend of miscarriages is challenging to 
interpret, as many events occur outside hospitals particu-
larly in cases of early miscarriages or when they occur in 
younger women.24 Hospital access for miscarriage man-
agement may differ between the general female popula-
tion and women with cancer, who may adopt a more 

conservative approach and tend to have a higher rate of 
hospitalization compared to the general population, mak-
ing the HDD inadequate for this analysis. However, preg-
nant women with cancer have shown an increased risk of 
miscarriage, with a risk ratio of 1.16 (95%CI 1.04-1.30). 
The timing of the cancer diagnosis, particularly if it 
occurs early in pregnancy, can influence pregnancy out-
comes and may heighten the risk of miscarriage. 
Administering chemotherapy is contraindicated during 
the first trimester because of an increased risk of miscar-
riage and significant teratogenic effect since organ devel-
opment primarily happens during this period.19

To the authors’ knowledge, this is one of the largest 
population-based studies, covering 22% of the Italian pop-
ulation living in the North, Centre, and South of the coun-
try. Moreover, the record linkage between Cancer 
Registries and the Hospital Discharge Database guarantees 
a higher degree of precision and completeness in case 
identification, providing more reliable information com-
pared with studies relying solely on administrative health 
data. Finally, the adopted definition of PAC allows compa-
rability with other studies.

The main limitation of the study is the heterogeneity of 
the data updates sent from the various cancer registries, 
with a delay of approximately three years. Another limita-
tion is the lack of data about maternal characteristics and 
perinatal outcomes, such as malformations that would 
allow a more in-depth analysis of fertility and abortion 
trends to better guide the decisions of couples and clini-
cians. The use of HDD to identify reproductive outcomes 
certainly posed additional limitations: the parity of the 
woman, which could influence pregnancy outcomes, as 
well as the cancer diagnosis, is unknown. For instance, a 
prior breastfeeding experience may have positively 
impacted the prognosis of breast cancer.25 Additionally, 
the lack of data on gestational age prevents us from deter-
mining the timing of conception and the specific preg-
nancy trimesters, making it challenging to accurately 
define the time window for assessing the overlap between 
cancer and pregnancy events.

During the 12-year observation period of the study, 
there was a progressive reduction of induced abortion in 
women with cancer, suggesting a progressive improve-
ment in the management and treatment of PAC. Detection 
of early stage indolent cancers and a better understanding 
of chemotherapy options may have played a role in the 
observed decline.19 Through the linkage with the Birth 
Registry, gestational age at delivery could also be known a 
crucial piece of information in assessing the perinatal care 
provided, given the significant impact of preterm birth, 
even in high-income countries.8,26-28

Given the high variability in cancer management and 
available treatments in different countries, the results of 
the present study cannot be generalized to low-income 
countries.
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Conclusions

The results of the present study are quite novel in the sci-
entific literature, since the topic of fertility in women with 
cancer remains minimally explored. The reduction in 
induced abortions and increase in deliveries among women 
with cancer can be looked upon with optimism by both 
clinicians involved in the childbirth care and couples wish-
ing to have children. More timely and accurate diagnosis, 
along with the availability of treatments that can increas-
ingly be administered during pregnancy, represent signifi-
cant steps forward in improving the quality of life for 
women with PAC.

We hope that this study will stimulate researchers to 
explore this topic further, by integrating reliable informa-
tion from the various health care administrative data such 
as the Birth Registry. This would also allow analysis of 
perinatal outcomes, including mode of delivery, gesta-
tional age at birth, and maternal and neonatal outcomes.
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