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Abstract: Pregnancy-associated cancer—that is diagnosed in pregnancy or within 365 days after
delivery—is increasingly common as cancer therapy evolves and survivorship increases. This study
assessed the incidence and temporal trends of pregnancy-associated cancer in Alberta and Ontario—
together accounting for 50% of Canada’s entire population. Linked data from the two provincial
cancer registries and health administrative data were used to ascertain new diagnoses of cancer,
livebirths, stillbirths and induced abortions among women aged 18-50 years, from 2003 to 2015.
The annual crude incidence rate (IR) was calculated as the number of women with a pregnancy-
associated cancer per 100,000 deliveries. A nonparametric test for trend assessed for any temporal
trends. In Alberta, the crude IR of pregnancy-associated cancer was 156.2 per 100,000 deliveries
(95% CI 145.8-166.7), and in Ontario, the IR was 149.4 per 100,000 deliveries (95% CI 143.3-155.4).
While no statistically significant temporal trend in the IR of pregnancy-associated cancer was seen
in Alberta, there was a rise in Ontario (p = 0.01). Pregnancy-associated cancer is common enough
to warrant more detailed research on maternal, pregnancy and child outcomes, especially as cancer
therapies continue to evolve.

Keywords: cancer incidence rate; pregnancy-associated cancer; temporal trends; epidemiology;
pregnancy; obstetrics; data linkage; novel use of cancer registry

1. Introduction

Cancer is the second leading cause of death among Canadian women aged 25-34 years,
and the leading cause of death in those aged 35—44 years [1]. Young adults with cancer are
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recognized as having special considerations [2]; they face a long period of survivorship,
at a time when they are establishing their careers and potentially considering family
planning [2]. A cancer diagnosis during this period adds further complexity if it occurs
proximal to pregnancy.

Pregnancy-associated cancer includes cancers diagnosed during pregnancy or within
365 days after delivery, spontaneous pregnancy loss or induced abortion [3]. The inclusion
of postpartum cancer diagnoses is important, as many of the initial symptoms of cancer
(e.g., fatigue, weight gain and body aches) may mimic common pregnancy symptoms, and
both women and their care providers may be reluctant to pursue radiological or invasive
diagnostic procedures during pregnancy [3]. The most common types of cancer diagnosed
during pregnancy include breast, cervical, melanoma and lymphoma [4]. The incidence
rate (IR) of pregnancy-associated cancer reported in the literature ranges from 89.6 per
100,000 pregnancies in Denmark between 1977 and 2006 [5], to 137.3 per 100,000 pregnancies
in Australia between 1994 and 2007 [3]; however, these reported IRs may vary by region
and era, especially as cancer therapies evolve [6]. Currently, population-based estimates
of the IR of pregnancy-associated cancer in Canada are lacking. In response, this study
was undertaken to estimate the IR and temporal trends of pregnancy-associated cancer in
Alberta and Ontario—together comprising 50% of Canada’s entire population.

2. Materials and Methods

Data on women aged 18-50 years, and with a primary cancer diagnosed between 2003
and 2015, were obtained from the Alberta Cancer Registry and the Ontario Cancer Registry.
These registries systematically ascertain all cancer cases among children and adults in each
province, where there is universal healthcare for all residents. Cases of nonmelanoma skin
cancers, squamous intraepithelial neoplasia grade III (not invasive and not staged), high
grade squamous intraepithelial lesion (HSIL) of the cervix or any other pre-invasive cases
(Figure 1) were excluded. For women with multiple primary cancers, only the first cancer
diagnosed in the study time period was considered.

Women included in the
Ontario Cancer Registry,

(n=23,635)

Excluded from analysis Excluded from analysis (n=6704)
(n=17,899) * Non-melanoma skin cancer
* Non-melanoma skin cancer (m=1950)
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* Firstcancer diagnosis outside of study period (n =2803)
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* Duplicate entry {n= 155)

v

Data linkage to ascertain
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Figure 1. Study flow diagram.

Deterministic linkage, based on an individual’s universal health insurance number, sex
and date of birth, was used to link data from each cancer registry to other health adminis-
trative databases in their respective province. Specifically, these other health administrative
databases were used to identify livebirths, stillbirths and induced abortions (Appendix A).
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In Ontario, livebirths and stillbirths were ascertained from the ICES MOMBABY database,
which includes data on all hospital-based deliveries in Ontario. Approximately 98% of
births in Canada occur in hospital [7]. A validated algorithm, with >90% sensitivity, was
used to ascertain induced abortions in the Discharge Abstract Database and the Ontario
Health Insurance Plan (OHIP) claims database [8,9]. Ontario data were analyzed at ICES
using a secure remote log-in using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). In
Alberta, livebirths and stillbirths were jointly ascertained from the CIHI Discharge Abstract
Database and the Alberta Perinatal Health Program. The Alberta Perinatal Health Program
captures all livebirths and stillbirths at >20 weeks of gestation, either in hospital or at
home if attended by a registered midwife. The same algorithm that was used in Ontario
was used to ascertain induced abortions in the Discharge Abstract Database and Physician
Claims Database in Alberta. Data analysis was conducted using SAS version 9.4 (SAS
Institute Inc.) on the Alberta Health Services secure network. In both provinces, the date of
a livebirth, stillbirth or induced abortion, and the gestational age at which this occurred,
was used to estimate the date of conception. If gestational age was missing, it was imputed
as nine weeks for an induced abortion, and 39 weeks for a livebirth or stillbirth. Gestational
age was imputed for 98% of induced abortions and 3% of live/stillbirths. Women who had
a cancer diagnosed during pregnancy or within 365 days following a birth or an induced
abortion were considered to have a pregnancy-associated cancer. Cell sizes less than 6 were
suppressed to prevent potential disclosure of subjects.

Descriptive statistics were used to characterize the population. The annual crude IR
was calculated (with exact 95% confidence intervals (CI)) as the number of women with a
pregnancy-associated cancer per 100,000 live or stillborn deliveries. As with estimates of
maternal mortality, induced abortions were not included in the denominator. A sensitivity
analysis was conducted to examine the crude IR excluding induced abortions from the
numerator. Multifetal pregnancies were only counted once for both the numerator and
denominator. In all cases, year was defined as the year that the birth or induced abortion
occurred. For example, a woman diagnosed with a pregnancy-associated cancer in 2005,
but who did not deliver until 2006, would be assigned to the year 2006. Women with a
pregnancy-associated cancer were stratified into five-year age groups, and age standardized
to the 2016 Canadian female population using direct standardization [10]. Women who
were <20 or >49 years of age were excluded from this age-standardized approach, as the
inclusion criteria for this study did not include all pregnancy-associated cancers diagnosed
in women aged 15-19 and 50-54 years. The nonparametric test for trend, an extension
of the Wilcoxon rank-sum test, was used to assess for significant temporal trends [11]. In
Alberta, ethics approval for this study was obtained by the Health Research Ethics Board
of Alberta—Cancer Committee at the University of Calgary; while in Ontario, the use of
data for this study was permitted without review by a research ethics board under section
45 of the Personal Health Information Protection Act.

3. Results

Overall, 859 women in Alberta and 2336 women in Ontario were diagnosed with
a pregnancy-associated cancer. The majority (71.8% in Alberta and 74.8% in Ontario) of
pregnancy-associated cancers were diagnosed within one year postpartum. As seen in
Table 1, while the demographic profile of women diagnosed with a pregnancy-associated
cancer and survival following a pregnancy-associated cancer was comparable across both
provinces, there was a statistically significantly higher proportion of women diagnosed
with Stage 1 cancer in Alberta. Cancer stage was unknown for approximately half of all
women with a pregnancy-associated cancer in Ontario. In both provinces, breast cancer
was the most commonly diagnosed cancer during pregnancy, while thyroid cancer was the
most commonly diagnosed cancer in the one-year postpartum period.
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Table 1. Characteristics of women with pregnancy-associated cancer in Alberta and Ontario,

2004-2015.
Alberta Ontario
Cancer Cancer Cancer Cancer
Characteristic Diagnosed Diagnosed Diagnosed Diagnosed
During within 1 Year During within 1 Year
Pregnancy Postpartum Pregnancy Postpartum
(n =242) (n =617) (n = 588) (n =1748)
Mean (SD) age
at cancer 31.8 (5.4) 31.8 (5.0) 31.8 (5.0) 32.7 (5.0)
diagnosis, years
Mean (SD)
gestational age 37.0 (3.4) 38.6(2.2) 37.0 (3.4) 38.6 (2.2)
at birth, weeks
Preterm delivery
(gestational age 28.9 (23.2-34.6) 8.9 (6.7-11.2) 29.6 (25.9-33.3) 8.8 (7.5-10.1)
< 37 weeks)
Mean (SD)
birthweight 3005.3 (731.8) 3305.0 (588.2) 2966.1 (761.1) 3356.5 (593.8)
(grams)
Rural residence 9.5(5.8-13.2) 13.0 (10.3-15.6) 8.0 (5.8-10.2) 8.1 (6.8-9.3)

Stage at cancer
diagnosis

1

2

3

4
Unknown or
unstageable

31.4 (25.6-37.3)

16.1 (11.5-20.7)
11.6 (7.5-15.6)
7.0 (3.8-10.2)

33.9 (27.9-39.8)

41.2 (37.3-45.1)
12.5 (9.9-15.1)
9.4 (7.1-11.7)

7.1 (5.1-9.2)

30.3 (26.7-33.9)

20.4 (17.2-23.7)

153 (12.4-18.2)

11.1 (8.5-13.6)
2.6 (1.3-3.8)

50.7 (46.6-54.7)

24.9 (22.9-27.0)
10.8 (9.4-12.2)
7.9 (6.6-9.2)
49 (3.9-5.9)

51.4 (49.1-53.8)

Top-four cancer
types
Breast

Thyroid
Melanoma
Cervical

24.0 (18.6-29.3)

18.2 (13.3-23.0)

11.2 (7.2-15.1)
5.8 (2.8-8.7)

17.8 (14.8-20.8)
23.3 (20.0-26.7)
8.3 (6.7-11.2)
13.8 (11.1-16.5)

27.7 (24.1-31.3)

20.2 (17.0-23.5)

13.6 (10.8-16.4)
3.4 (1.9-4.9)

20.5 (18.6-22.4)

34.2 (32.0-36.4)

10.5 (9.1-12.0)
6.1 (4.9-7.2)

Mortality

12.3 (8.2-16.5)

11.7 (9.1-14.2)

14.8 (11.9-17.7)

13.6 (12.0-15.2)

All data are presented as %, 95% confidence interval (CI) unless otherwise indicated.

In Alberta, the crude IR of pregnancy-associated cancer was 156.2 per 100,000 de-
liveries (95% CI 145.8-166.7), and in Ontario, the IR was 149.4 per 100,000 deliveries
(95% CI 143.3-155.4). When data on induced abortions were excluded, the crude IR of
pregnancy-associated cancer resulting in a live or stillbirth was 153.1 per 100,000 deliveries
(95% CI 142.8-163.5) in Alberta and 146.5 per 100,000 deliveries (95% CI 140.6-152.5) in On-
tario. The age-standardized IRs among women aged 2049 years were 189.7 (95% CI 178.0-201.3)
and 223.3 (95% CI 215.8-230.8) per 100,000 deliveries in Alberta and Ontario, respectively.
No temporal trend was seen for pregnancy-associated cancer in Alberta, but a statistically
significant upward trend was seen in Ontario (Figure 2). The latter was largely driven by
an increase in the IR of cancer diagnosed in the postpartum period.
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Figure 2. Temporal trends in the crude incidence rate (IR) of pregnancy-associated cancer in Alberta and Ontario, 2004-2015.

4. Discussion

We observed crude IRs of pregnancy-associated cancer of 156.2 and 149.4 per 100,000 de-
liveries, respectively, in Alberta and Ontario. To our knowledge, these are the highest
IRs of pregnancy-associated cancer reported in the literature [3,5,6,12,13]. We observed a
temporal increase in the IR of pregnancy-associated cancer in Ontario, but not in Alberta.
These results are similar to reports from two regions in Italy; while one region experienced
a temporal increase in pregnancy-associated cancer between 2003 and 2015 [6], another
region did not experience any change in a comparable time period (2001-2012) [13]. Studies
from both Australia [3] and Denmark [5] have reported that the IR of pregnancy-associated
cancer is increasing over time. Increases in pregnancy-associated cancer have been at-
tributed to increasing maternal age [12,14]; however, Lee et al. observed that changes
in maternal age only explained 14% of the increase in pregnancy-associated cancer in
Australia [3]. Additionally, since studies of cancer incidence in the general population
demonstrate increases in some types of cancer in young adults, there is a need to examine
nonobstetrical-related population trends, such as obesity, smoking, and physical inactivity,
as potential contributing factors [15,16].

The use of administrative data is both a strength and limitation of this study. All
Canadian citizens have universal provincial health insurance coverage, meaning that the
administrative and registry data used in this study cover the entire population and are
not subject to selection bias. Additionally, cancer registries have legislated authority to
collect data on cancer cases within their provincial jurisdictions. Moreover, administrative
and registry data sources contain data that are consistently collected from a large number
of subjects over a long time period, allowing researchers to explore temporal trends. A
limitation of using administrative data herein relates to the lack of some clinical details
which precludes a finer breakdown on cancer characteristics, treatments and long-term
aspects of survivorship. We were unable to include spontaneous abortions due to poor
ascertainment in administrative data; thus, our estimates of pregnancy-associated cancer
are under-ascertained. Additionally, while data on women with cancer who had an
abortion were available to the study team, we lacked data on abortions in women without
cancer, and thus were not able to include this information in the denominator of our IR
calculations. We attempted to overcome this limitation by including a sensitivity analysis
that also excluded data on induced abortions in the numerator.
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5. Conclusions

Women with pregnancy-associated cancer remain an under-studied group, yet they
have unique needs and concerns during cancer treatment that persist into a likely long
period of survivorship. The comprehensive and routine surveillance of temporal trends in
the IR of pregnancy-associated cancer is an important first step in identifying the magnitude
of the population impacted, while ongoing surveillance should be used to identify areas
where additional resources are required to meet the health care needs of this population.

Author Contributions: All authors made a substantial contribution to this study. All authors
participated in study design, interpretation of findings, critical appraisal of the manuscript. Z.E.C.
and A.M. conducted the analysis, and A.M. drafted the manuscript. All authors have read and agreed
to the published version of the manuscript.

Funding: This study was funded by an operating grant from the Canadian Institutes of
Health Research (MY2-155363).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Health Research Ethics Board of Alberta—Cancer
Committee (HREBA.CC-17-0588, 24 September 2020).

Informed Consent Statement: Patient consent was waived as this study used de-identified data.

Data Availability Statement: Restrictions apply to the availability of these data. Data were obtained
from the ICES Data Repository, Alberta Health, and Alberta Health Services. Individuals can make
an independent request for data through these agencies.

Acknowledgments: This study made use of de-identified data from the ICES Data Repository, which
is managed by the Institute for Clinical Evaluative Sciences with support from its funders and
partners: Canada’s Strategy for Patient-Oriented Research (SPOR), the Ontario SPOR Support Unit,
the Canadian Institutes of Health Research and the Government of Ontario. The opinions, results
and conclusions reported are those of the authors. No endorsement by the ICES or any of its funders
or partners is intended or should be inferred. Parts of this material are based on data and information
complied and provided by the CIHI. However, the analyses, conclusions, opinions and statements
expressed herein are those of the authors, and not necessarily those of the CIHI.

Conflicts of Interest: None of the authors have any conflict of interest to disclose.

Appendix A

Table Al. Codes Used to Identify Study Population.

Condition Code Used for Alberta Data Code Used for Ontario Data
Curr_morph_cd = “80003” or “80103” or
“80702” or “80703” or “80713” or “80812”
or “80833” or “80903” or “80912” or
Nonmelanoma skin cancer Cancer_site = "Nonmelanoma Skin” “80913” or “80923” or “80933” or “80943”
or “80973” or “80983” or “82473” or
“84073” or “84103” or “88221” or “88323”
or “91331” or “91403”
Cancer_site = “Cervix Uteri” and
High grade squamous intraepithelial behaviour = 2; o .
lesion (HSIL) of cervix Morphology = “8077/2 Squamous Curr_morph_cd = 80772
intraepithelial neoplasia, grade III”
Discharge abstract database:Diagnosis
code = International Classification of
. Disease (ICD) 10 code “O04” OHIP: feesuff= “A” and feecode = “S752”
Abortion .. . “ ”
Physician claims: or “S785

Diagnosis code = ICD 9 codes 635, 636,
637, 638




Int. J. Environ. Res. Public Health 2021, 18, 3100 70f7

References

1.

10.

11.

12.

13.

14.

15.

16.

Statistics Canada. Table 13-10-0394-01 Leading Causes of Death, Total Population, by Age Group; Statistics Canada: Ottawa, ON,
Canada, 2020.

DePauw, S.; Rae, C.; Schacter, B.; Rogers, P; Barr, R.D. Evolution of adolescent and young adult oncology in Canada. Curr. Oncol.
2019, 26, 228-233. [CrossRef] [PubMed]

Lee, Y.Y.; Roberts, C.L.; Dobbins, T.; Stavrou, E.; Black, K.; Morris, J.; Young, J. Incidence and outcomes of pregnancy-associated
cancer in Australia, 1994-2008: A population-based linkage study. BJOG 2012, 119, 1572-1582. [CrossRef] [PubMed]

Boussios, S.; Pavlidis, N. Renal cell carcinoma in pregnancy: A rare coexistence. Clin. Transl. Oncol. 2014, 16, 122-127. [CrossRef]
[PubMed]

Eibye, S.; Kjaer, S.K.; Mellemkjaer, L. Incidence of pregnancy-associated cancer in Denmark, 1977-2006. Obstet. Gynecol. 2013,
122, 608-617. [CrossRef] [PubMed]

Murgia, F.; Marinaccio, M.; Cormio, G.; Loizzi, V.; Cicinelli, R.; Bettocchi, S.; Cicinelli, E. Pregnancy related cancer in Apulia.
A population based linkage study. Eur. J. Obstet. Gynecol. Reprod. Biol. X 2019, 3, 100025. [CrossRef] [PubMed]

Statistics Canada. Table 102-4516-Live Births and Fetal Deaths (Stillbirths), by Place of Birth (Hospital and Non-Hospital), Canada,
Provinces and Territories, Annual, CANSIM (Database); Statistics Canada: Ottawa, ON, Canada, 2017.

Samiedaluie, S.; Peterson, S.; Brant, R.; Kaczorowski, J.; Norman, W.V. Validating abortion procedure coding in Canadian
administrative databases. BMC Health Serv. Res. 2016, 16, 255. [CrossRef] [PubMed]

Urquia, M.L.; Moineddin, R.; Jha, P.; O’Campo, PJ.; McKenzie, K.; Glazier, R.H.; Henry, D.A_; Ray, ].G. Sex ratios at birth after
induced abortion. CMA] 2016, 188, E181-E190. [CrossRef] [PubMed]

Statistics Canada. Table 17-10-006-01 Population Estimates on July 1st, by Age and Sex; Statistics Canada: Ottawa, ON, Canada, 2021.
Cuzick, J. A Wilcoxon-type test for trend. Stat. Med. 1985, 4, 87-90. [CrossRef] [PubMed]

Cottreau, C.M.; Dashevsky, I.; Andrade, S.E.; Li, D.K.; Nekhlyudov, L.; Raebel, M. A ; Ritzwoller, D.P,; Partridge, A.H.; Pawloski,
P.A.; Toh, S. Pregnancy-Associated Cancer: A U.S. Population-Based Study. J. Womens. Health (Larchmt) 2019, 28, 250-257.
[CrossRef] [PubMed]

Parazzini, F; Franchi, M.; Tavani, A.; Negri, E.; Peccatori, F.A. Frequency of Pregnancy Related Cancer: A Population Based
Linkage Study in Lombardy, Italy. Int. ]. Gynecol. Cancer 2017, 27, 613—-619. [CrossRef] [PubMed]

Borges, V.F,; Lyons, T.R.; Germain, D.; Schedin, P. Postpartum Involution and Cancer: An Opportunity for Targeted Breast Cancer
Prevention and Treatments? Cancer Res. 2020, 80, 1790-1798. [CrossRef] [PubMed]

Brenner, D.R.; Ruan, Y.; Shaw, E.; O’Sullivan, D.; Poirier, A.E.; Heer, E.; Villeneuve, PJ.; Walter, S.D.; Friedenreich, C.M.;
Smith, L.; et al. Age-standardized cancer-incidence trends in Canada, 1971-2015. CMA] 2019, 191, E1262-E1273. [CrossRef]
[PubMed]

Boussios, S.; Han, S.N.; Fruscio, R.; Halaska, M.].; Ottevanger, P.B.; Peccatori, F.A.; Koubkov4, L.; Pavlidis, N.; Amant, F. Lung
cancer in pregnancy: Report of nine cases from an international collaborative study. Lung Cancer 2013, 82, 499-505. [CrossRef]
[PubMed]


http://doi.org/10.3747/co.26.4965
http://www.ncbi.nlm.nih.gov/pubmed/31548801
http://doi.org/10.1111/j.1471-0528.2012.03475.x
http://www.ncbi.nlm.nih.gov/pubmed/22947229
http://doi.org/10.1007/s12094-013-1105-2
http://www.ncbi.nlm.nih.gov/pubmed/24002946
http://doi.org/10.1097/AOG.0b013e3182a057a2
http://www.ncbi.nlm.nih.gov/pubmed/23921869
http://doi.org/10.1016/j.eurox.2019.100025
http://www.ncbi.nlm.nih.gov/pubmed/31404420
http://doi.org/10.1186/s12913-016-1485-4
http://www.ncbi.nlm.nih.gov/pubmed/27406214
http://doi.org/10.1503/cmaj.151074
http://www.ncbi.nlm.nih.gov/pubmed/27067818
http://doi.org/10.1002/sim.4780040112
http://www.ncbi.nlm.nih.gov/pubmed/3992076
http://doi.org/10.1089/jwh.2018.6962
http://www.ncbi.nlm.nih.gov/pubmed/30307780
http://doi.org/10.1097/IGC.0000000000000904
http://www.ncbi.nlm.nih.gov/pubmed/28107260
http://doi.org/10.1158/0008-5472.CAN-19-3448
http://www.ncbi.nlm.nih.gov/pubmed/32075799
http://doi.org/10.1503/cmaj.190355
http://www.ncbi.nlm.nih.gov/pubmed/31740536
http://doi.org/10.1016/j.lungcan.2013.09.002
http://www.ncbi.nlm.nih.gov/pubmed/24091171

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	
	References

