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Abstract

Introduction: Cancer currently occurs in about 1 in 1000 pregnancies. Both active
malignancy and pregnancy are individual risk factors for venous thromboembolism
(VTE). The purpose of this systematic review/meta-analysis was to evaluate the rate
of VTE in pregnant patients with active malignancy compared with pregnant patients
without malignancy.

Material and methods: Embase, Medline/PubMed, Cochrane Database, and clinical-
trial.gov were search by a trained librarian from inception until June 2021, and limited
to English and French language human studies using keywords related to pregnancy,
neoplasm, and thrombosis. This study was prospectively registered with PROSPERO
(CRD42021245886). Title, abstract, and full-text review was performed using the
Covidence data management system. Two authors reviewed the studies indepen-
dently. Of the 3821 articles screened, seven cohort studies were included that re-
ported VTE rate in patients with active malignancy in pregnancy.

Results: A total of 5928 individuals had active malignancy and pregnancy. Active ma-
lignancy in pregnancy significantly increased the odds of a VTE (odds ratio [OR] 6.8,
95% confidence interval [Cl] 3.8-12.1). Specifically, patients with thyroid (OR 2.7, 95%
Cl 1.3-6.3), cervix (OR 6.6, 95% Cl 2.4-18.0), or other gynecological (OR 10.6, 95% Cl
4.4-25.8) cancers; Hodgkin's lymphoma (OR 8.7, 95% Cl 3.3-23.4); or acute leukemia
(OR 17.1, 95% CI 10.9-26.8) all had increased odds, whereas those with brain cancer
(OR 6.1, 95% Cl 0.4-98.2), breast cancer (OR 2.5, 95% CI 0.3-17.4), malignant mela-
noma (OR 5.5, 95% Cl 0.3-88.1), or non-Hodgkin's lymphoma (OR 3.2, 95% Cl 0.8-
12.9) malignancies did not have statistically significant increased odds for VTE. No
studies reported whether prophylactic anticoagulation was used during pregnancy
in this population; nor did they report timing in pregnancy of the VTE. The absolute
risk for VTE in those with active malignancy was 0.9% compared with 0.2% in those

without active malignancy in pregnancy.

Abbreviations: Cl, confidence interval; HCUP-NIS, Health Care Cost and Utilization Project—Nationwide Inpatient sample; LMWH, low-molecular-weight heparin; OR, odds ratio; VTE,

venous thromboembolism.
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1 | INTRODUCTION

Venous thromboembolism (VTE), including deep vein thrombosis
and pulmonary embolism, is one of the leading causes of maternal
mortality. Most clinical guidelines recommend thromboprophylaxis
during pregnancy if the patient is deemed high risk; with the Society
of Obstetricians & Gynaecologists of Canada specifically recom-
mending that prophylaxis is indicated if absolute risk for VTE is 1%
or more.>? Approximately 1 in every 1000 individuals have an ac-
tive malignancy during pregnancy and the postpartum period.3'4
Although still rare, the rates are increasing.® The management of
pregnancy and active malignancy is often based on expert opinions
rather than randomized controlled trial evidence.

Both active malignancy and pregnancy are independent risk
factors for VTE. Management strategies for patients with both
active malignancy and pregnancy have not been addressed in
most guidelines for thrombosis in pregnancy.l'z‘"’8 A recent co-
hort study determined the rate of VTE during pregnancy in those
with active malignancy at 75.2 per 10000 pregnancies, compared
with 10.7 per 10000 pregnancies in those without an active ma-
lignancy.” Based on this evidence, some experts have advocated
for thromboprophylaxis in this patient population given the high
incidence of VTE.

The purpose of this systematic review/meta-analysis was to
evaluate the rate of VTE in pregnant patients with active malignancy
compared with pregnant patients without malignancy; and to evalu-

ate the role of thromboprophylaxis within this population.

2 | MATERIAL AND METHODS
2.1 | Search strategy

This review followed MOOSE (Meta-analyses of Observational
Studies in Epidemiology) guidelines. EMBASE, Medline/PubMed,
Cochrane Database and clinicaltrial.gov were searched, with the as-
sistance of a trained librarian, from inception of the databases until
June 2021 using a combination of keywords related to: pregnancy,
neoplasm, and thrombosis/thromboprophylaxis. Before publica-
tion, August 2023, databases were researched to ensure that no

new publications met the inclusion criteria. We limited the search

Conclusions: Pregnancy with active malignancy confers a significant increased risk
for VTE compared with pregnancy alone. Given this finding, prophylactic anticoagula-
tion during pregnancy and postpartum could be considered in this patient population.

Data are underpowered to make firm recommendations per cancer type.

cancer, malignancy, pregnancy, systematic review, thromboprophylaxis, venous

Key message

Active malignancy during pregnancy confers a high risk for
venous thromboembolism and thromboprophylaxis can be

considered in this population.

to English and French language and human participants. Reference
lists from review articles, systematic reviews, and manuscripts were

hand searched to obtain additional articles.

2.2 | Study selection and eligibility criteria

Studies were included if the population had active malignancy in
pregnancy. Exclusion criteria included VTE diagnosed before preg-
nancy, if the only malignancy reported was myeloproliferative disor-
der, and if pathology showed benign tumors. The primary outcome
was the incidence of VTE during pregnancy or 6 weeks postpartum
in women with active malignancy. The secondary outcomes included
use of thromboprophylaxis during pregnancy with active malignancy
and potential adverse pregnancy complications associated with its
use.

Each study was screened by two reviewers in two stages, with
abstract review followed by full-text review of selected articles. A
third independent reviewer and discussion resolved discrepancies.
The Covidence data-management system was used to organize ar-

ticle screening.

2.3 | Data extraction

The data extraction protocol was determined before beginning the
literature search. Data extraction used a modified data form based
on the Cochrane data collection form for non-randomized controlled
trials and was performed by two independent reviewers.'° Data ex-
tracted included type of malignancy, gestation age at malignancy,
rate of deep vein thrombosis, pulmonary embolism, cavernous sinus
thrombosis, other thrombosis, use of prophylactic anticoagulation in

pregnancy and/or postpartum and complications of its use including
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antepartum/postpartum hemorrhage, placental abruption, and hep-

arin-induced thrombocytopenia.

2.4 | Assessment of risk of bias

Methodological quality and risk of bias of the included studies were
assessed using the Newcastle-Ottawa scale.!! Two authors assessed
eligible studies independently with discrepancy resolved by a con-
sensus meeting with a third author. The Newcastle-Ottawa scale
contains eight categories relating to methodological quality and
each study can receive a score up to 9. A score of 0-3 is low quality,

Records identifed

througrj database Duplicates removed (n=24)
searching "

(n=3821)

Records excluded
during title and

Records screened abstract review
(n=3797) —*|(n=3656)

Full-text articles
excluded, with
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@ Wrong study
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Full-text articles
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in quantitative
synthesis
(meta-analysis)
(n=17)

FIGURE 1 PRISMA diagram of the literature review.

4-6is moderate quality, and 7-9 is high quality. Articles scoring high
were deemed low risk for bias.!

2.5 | Statistical analyses

Data analysis was performed using RevMan 5.4 software. Odds ratio
(OR) and 95% confidence interval (Cl) were calculated for the pri-
mary outcome. Statistical heterogeneity was determined using the
Higgins I? statistics. Mantel-Haenszel random effects model was
used to pool and analyze data from the studies.

This review was registered in PROSPERO (CRD42021245886);
no published protocol. Patient consent and institutional review

board approval was not required for this type of study.

3 | RESULTS

The initial literature search identified 3821 studies; 3656 articles
were excluded after review of their titles and abstracts. In all, 141
full texts were assessed, and seven cohort studies met the inclusion
criteria (Figure 1). No randomized control trials or unpublished ab-
stracts were identified. All included studies were retrospective co-
hort studies of individuals with active malignancy in pregnancy.”2-7
Risk of bias using the Newcastle-Ottawa scale found all included
studies were of high quality, and low risk of bias (Table 1).

A total of 5928 individuals with malignancy in pregnancy were
included in this study. Characteristics of the included studies are de-
scribed in Table 2. Studies included a wide range of malignancies in
pregnancy, with breast, hematological, and thyroid being the most
common.

Overall, the odds of a VTE in those with active malignancy
were higher than in those without malignancy in pregnancy (OR
6.8, 95% CI 3.8-12.1) (Figure 2A). The absolute risk for VTE in
those with active malignancy is 0.9%, compared to 0.2% without
malignancy in pregnancy. A funnel plot demonstrated no evidence
of publication bias for the primary outcome (Figure 3). A sensitivity
analysis of our primary outcome was performed as six of the seven
studies used the United States Health Care Cost and Utilization

TABLE 1 Risk of bias scores assessed using the Newcastle-
Ottawa scale for all included trials.

Study
Study Selection Comparability Outcome quality
Al-Halal et al.*? 4 2 3 High
Bleau et al.®® 4 2 3 High
El-Messidietal.’* 4 1 3 High
Greiber et al.’ 4 1 3 High
Nazer et al.’® 4 2 3 High
Nolan et al.* 4 1 3 High
Spiegel et al.'” 4 1 3 High
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Project—Nationwide Inpatient sample database (HCUP-NIS) with
inclusion criteria that contained overlapping years.'?Y” We com-
pleted sequential analyses that included only cohorts that could be
confirmed based on inclusion criteria to be exclusive of other in-
cluded studies. The results of the sensitivity analyses did not differ
from our main result; the OR for those with active malignancy in
pregnancy was significantly increased compared with those with-
out malignancy.

Only two studies provided data specifically for rate of deep vein
thrombosis and pulmonary embolism. The odds of deep vein throm-
bosis were significantly higher in those with malignancy compared
with those without (OR 4.9, 95% Cl 2.4-9.8; Figure 2B), similarly, the

TABLE 2 Characteristics of included studies.

odds of pulmonary embolism were significantly higher as well (OR
7.5,95% Cl 2.1-27.7; Figure 2C). No data were provided in any of the
cohort studies regarding use of prophylactic anticoagulation during
pregnancy or postpartum, timing of VTE, or for any other type of
VTE.

The event rate of VTE was reported for specific malignancy types
in some articles. Table 3 demonstrates the OR for VTE based on ma-
lignancy type. Odds of VTE were increased in pregnancy with active
thyroid (OR 2.7, 95% Cl 1.3-6.3), cervix (OR 6.6, 95% Cl 2.4-18.0),
or gynecological (non-cervical cancer) (OR 10.6, 95% Cl 4.4-25.8)
cancers; Hodgkin's lymphoma (OR 8.7, 95% Cl 3.3-23.4); and acute
leukemia (17.1, 95% CI 10.9-26.8) (Table 3).

Individuals with

Study Study type Type of cancer malignancy Primary outcome

Cervical 294
Breast (567) 2826
Ovarian (119)

Cervical (257)

Hematological (1421)

CNS (113)

Thyroid (223)

Other (126)

Al-Halal et al.*? Retrospective cohort Rate of VTE in pregnancy

Bleau et al.®® Retrospective cohort Rate of VTE in pregnancy

El-Messidi et al.* Hematological non-Hodgkin's 427

lymphoma
Breast (229) 1330
Cervical (196)
CNS (41)
Gastrointestinal (52)

Retrospective cohort Rate of VTE in pregnancy

Greiber et al.? Retrospective cohort Rate of VTE in pregnancy

Hodgkin's lymphoma (32)
Leukemia (38)
Melanoma (362)
Non-Hodgkin's lymphoma (14)
Ovarian (53)
Thyroid (45)
Other (268)
Nazer et al.* Retrospective cohort Ovarian 179 Rate of VTE in pregnancy
Malignant ovarian mass (88)
Fallopian tube (1)
Uterine adnexa (2)

Ovarian tumor of low
malignant potential (88)

Nolan et al.*

Hematological 291
AML (178)

ALL (99)

Acute leukemia NYD (14)

Thyroid 581

Retrospective cohort Rate of VTE in pregnancy

|17

Spiegel et a Retrospective cohort Rate of VTE in pregnancy

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CNS, central nervous system; NYD, not yet diagnosed; VTE, venous
thromboembolism.
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4 | DISCUSSION
The results of this meta-analysis demonstrate a significant increased risk
for VTE during pregnancy with active malignancy. Unfortunately, none
of the included cohort studies reported whether prophylactic antico-
agulation was used during pregnancy within this patient population. In
addition, given the rarity of this patient population, no randomized con-
trolled trials have been or are likely be conducted to address this topic.
Both pregnancy and active malignancy are conditions where
all three components of Virchow's triad for the development of
VTE—venous stasis, hypercoagulable state, and endothelial ves-
sel-wall damage—are present.'® Pregnancy physiology signifi-
cantly increases hypercoagulation and venous stasis and cancer
physiology significantly alters expression of hemostatic proteins,

production of inflammatory cytokines, and adhesion of tumor cells

Gyneg@lBgica

to the endothelium; providing the perfect milieu for the develop-
ment of VTE.1?2°

Most clinical practice guidelines, including the Society of
Obstetricians and Gynaecologists of Canada, American College
of Obstetricians and Gynecologists, and Royal College of
Obstetricians and Gynaecologists identify cancer as a risk factor
for VTE in pregnancy.t”® At present, none of the clinical prac-
tice guidelines recommend thromboprophylaxis if the only risk
factor is active malignancy. The Society of Obstetricians and
Gynaecologists of Canada guideline reports absolute risk for VTE
in this population at less than 0.4%, whereas other guidelines sim-
ply state that active malignancy is a risk factor.»"?! This meta-anal-
ysis of recent cohort studies demonstrates that the risk for VTE is
much higher than previously reported in patients with active ma-

lignancy in pregnancy. Similarly, cancer literature has now shown

(A)
Pregnant cancer Pregnant non-cancer Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Al-Halal etal. 2013 2 294 15006 8825843 99% 4.02[1.00,16.16] -
Bleauetal. 2015 12 2826 5706 7914627 18.4% 5.91(3.35,10.43] B
El-Messidi etal. 2014 1 427 5713 7916388 6.4% 3.25(0.46,23.13] S
Greier et al. 2021 10 1330 3843 3576946 17.8% 7.04[3.78,13.13] —
Nazer etal. 2015 4 179 17085 7765992 136% 10.37 [3.85, 27.93] S —
Nolan et al. 2020 17 29 49345 14513296 192% 18.19([11.14,29.68] —
Spiegel etal. 2019 5 581 46 442 14513006 14.8% 270[1.12,6.52) e
Total (95% CI) 5928 65 026 098 100.0% 6.75[3.76,12.11] <D
Total events 51 143 140
Heterogeneity: Tau®= 0.40; Chi*= 21.55, df= 6 (P = 0.001);/*= 72% '0 01 011 150 100=
Test for overall effect: Z= 6.39 (P < 0.00001) ’ ’
(B)
Pregnant cancer Pregnant Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Al-Halal etal. 2013 1 294 4418 8825843 125% 6.81 [0.96, 48.55] | I —
Bleauetal. 2015 7 2826 4218 7914627 875% 466(2.22,9.79) —.—
Total (95% Cl) 3120 16 740 470 100.0% 4.88 [2.44, 9.78]) ‘
Total events 8 8636
Heterogeneity: Tau®=0.00; Chi*= 0.13,df=1 (P=0.72); I*= 0% k t t {
Test for overall effect: Z=4.48 (P < 0.00001) 0.01 01 10 100
(€)
Pregnant cancer Pregnant Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Al-Halal etal. 2013 1 294 10588 8825843 29.7% 2.84 [0.40,20.24) e
Bleauetal. 2015 7 2826 1727 7914627 70.3% 11.38 [5.41,23.92] ——
Total (95% CI) 3120 16 740 470 100.0% 7.54 [2.05,27.72] ‘.
Total events 8 12315
Heterogeneity: Tau®= 0.48; Chi*=1.84,df =1 (P=0.17), /I*= 46% :0 01 0:1 1:0 100:

Test for overall effect: Z= 3.04 (P =0.002)

FIGURE 2 (A) Forrest plot of venous thromboembolism rate in pregnant individuals with malignancy compared with non-malignancy
pregnant individuals. (B) Forrest plot of deep vein thrombosis rate in pregnant individuals with malignancy compared with non-malignancy
pregnant individuals. (C) Forrest plot of pulmonary embolism rate in pregnant individuals with malignancy compared with non-malignancy

pregnant individuals.
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TABLE 3 0Odds ratio for venous thromboembolism in pregnancy
by malignancy type.

Malignancy type OR (95% Cl)

Brain 6.1(0.4-98.2)%°
Thyroid 2.7 (1.2-6.3)3Y
Breast 2.5(0.3-17.4)%
Cervix 6.6 (2.4-18.0)1*1°
Gynecological, non-cervical 10.6 (4.4-25.8)1313
Malignant melanoma 5.5(0.3-88.1)°
Hodgkin's lymphoma 8.7 (3.3-23.4)1°
Non-Hodgkin's lymphoma 3.2 (0.8-12.9)1314
Leukemia 17.1(10.9-26.8)131¢

that during the first year after a cancer diagnosis the risk for VTE
is elevated over eightfold.??

Prophylactic anticoagulation with low-molecular-weight
heparins (LMWH) has been demonstrated to be safe in preg-
nancy and postpartum. Downfalls of prophylactic anticoagu-
lation in pregnancy include patient discomfort with injections,
the cost of medication, and a potential delay in neuraxial anes-
thesia.! Risk for antepartum hemorrhage is minimally elevated
at 0.4%, skin reaction at 0.9%, and osteoporosis at 0.3%, but
there were no cases of heparin-induced thrombocytopenia.l?®
A recent systematic review found, in the context of pregnancy,
that using LMWH is preferred by pregnant individuals given its
net benefit if they meet the criteria for thromboprophylaxis.?*
Only one prospective hospital-based database trial has been
published; using a scoring system when patients were admitted
to hospital and assessing the role of LMWH in pregnant individ-
uals with malignancy. Principal findings from this study included
that most women scored as high risk for VTE, and prophylaxis
use may reduce maternal morbidity and mortality in pregnant

individuals with malignancy.?®> Given this increased risk for VTE
in this population and the relative safety of prophylactic treat-
ment, thromboprophylaxis during pregnancy and postpartum
should be considered.

When assessing risk for VTE based on cancer type, we found
that not all malignancies were associated with increased odds
for VTE. Not all studies reported data by cancer type and there-
fore these results are based on small numbers. The principal
investigators of these papers were contacted, but unfortu-
nately, due to limitations of the data sets used in their original
papers, they were not able to provide us with individual cancer
types to aid with this subgroup analysis. In addition, several trials
reporting type of cancer used overlapping years of the HCUP-
NIS, and therefore the same patients may have been included
twice in the analysis. Given the limited numbers, we feel we
are unable to make recommendations based on specific cancer
types.

This is the first systematic review/meta-analysis addressing
VTE rate in patients with active malignancy during pregnancy.
Included cohort studies were all of high quality and had low risk
for bias. The funnel plot demonstrated no evidence of publica-
tion bias. Studies included used large population-based data-
bases helping to increase the generalizability of the findings.
Limitations include inherent challenges to a meta-analysis in-
cluding how the data were reported in the original trials. We
attempted to contact the original authors to obtain breakdown
of cancer types with VTE; however, this information was not
available due to limitation of their original data collection. Six
of the included trials used the HCUP-NIS with overlapping
years; we did attempt to adjust for this by performing a sensi-
tivity analysis; however, we may be over-reporting the true risk
for VTE in this population. The heterogeneity between studies
was high, limiting the generalizability of the findings. Similarly,
no included cohort study reported if patients were offered
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prophylactic anticoagulation during pregnancy. It is likely that
some patients in these studies were treated with prophylactic
anticoagulation given that previous papers advocate this ap-
proach, and therefore we may be underreporting the true risk
for VTE in this population. Similarly, we are unable to comment
on the role of prophylactic anticoagulation to reduce the risk
for VTE in this population based on the available published in-
cluded studies. Lastly, whether patients' received surgery and/
or chemotherapy in pregnancy was not reported and therefore
we are unable to assess whether these interventions further
raised the risk for VTE.

Further directions for research in this area should include the
development of a prospective database of individuals with active
malignancy in pregnancy to collect data regarding VTE rate and the
use of prophylactic anticoagulation during pregnancy by difference

cancer types.

5 | CONCLUSION

Pregnancy in individuals with active malignancy confers a signifi-
cant increased risk for VTE; the use of prophylactic anticoagulation
during pregnancy and postpartum can be considered within this
population.
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