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ORIGINAL PAPER
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aDepartment of Surgery, 2nd Medical Faculty, Charles University and Motol University Hospital, Prague, Czech Republic;
bDepartment of Obstetrics and Gynaecology, VU University Medical Centre, Amsterdam, Netherlands; cDepartment of Oncology,
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Belgium; kCentre for Gynaecologic Oncology Amsterdam, Academic Medical Centre, Amsterdam, Netherlands

ABSTRACT
Background: Colorectal cancer in pregnancy is rare, with an incidence of 0.8 per 100,000
pregnancies. Advanced disease (stage III or IV) is diagnosed more frequently in pregnant
patients. We aimed to review all cases of colorectal cancer in pregnancy from the
International Network on Cancer, Infertility and Pregnancy database in order to learn more
about this rare disease and improve its management.
Methods: Data on the demographic features, symptoms, histopathology, diagnostic and
therapeutic interventions and outcomes (obstetric, neonatal and maternal) were analysed.
Results: Twenty-seven colon and 14 rectal cancer cases were identified. Advanced disease
was present in 30 patients (73.2%). During pregnancy, 21 patients (51.2%) received surgery
and 12 patients (29.3%) received chemotherapy. Thirty-three patients (80.5%) delivered live
babies: 21 by caesarean section and 12 vaginally. Prematurity rate was high (78.8%). Eight
babies were small for gestational age (27.6%). Three patients (10.7%) developed recurrence
of disease. Overall 2-year survival was 64.4%.
Conclusion: Despite a more frequent presentation with advanced disease, colorectal cancer
has a similar prognosis in pregnancy when compared with the general population.
Diagnostic interventions and treatment should not be delayed due to the pregnancy but a
balance between maternal and foetal wellbeing must always be kept in mind.
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Introduction

Colorectal cancer (CRC) in pregnancy is rare, with
an incidence of 0.8 per 100,000 pregnancies [1].
The diagnostic and therapeutic management of
pregnant patients with CRC is especially difficult
because it involves two individuals, the mother
and the foetus. Locally advanced or metastatic
CRC is diagnosed more often in pregnant than in
non-pregnant patients because the presenting
signs and symptoms of CRC are easily attributable
to pregnancy [2]. Presentation with advanced CRC
during pregnancy is thought to be a result of
delayed diagnosis [3]. In this study, we analyse all

the cases of CRC during pregnancy from the
International Network on Cancer, Infertility and
Pregnancy (INCIP) database [4] with specific focus
on the treatment modalities given during preg-
nancy and the obstetric, neonatal and maternal
outcomes. Recommendations for clinical practice
are given in order to improve the awareness and
management of CRC during pregnancy.

Materials and methods

For this international observational cohort study, we
identified all patients diagnosed with CRC during
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pregnancy from the INCIP registration study, regis-
tered with ClinicalTrials.gov (NCT00330447). Patients
diagnosed with a recurrence of CRC were excluded.
Data on demographic features, symptoms, histo-
pathological characteristics, diagnostic and thera-
peutic interventions and outcomes (obstetric,
neonatal and maternal) were collected.

The INCIP started in 2005 and collects onco-
logical, obstetric and perinatal data related to the
pregnant patients diagnosed with all types of can-
cer. At the time of case inclusion, it contains infor-
mation reported by 70 doctors from 62 medical
centres in 25 countries. Reporting of patients
occurs on a voluntary basis by the doctors affili-
ated to the INCIP, all of whom work in the special-
ized hospitals where patients with cancer during
pregnancy are treated. For more information see
www.cancerinpregnancy.org.

Birthweight percentiles were calculated accord-
ing to the percentile calculator from www.gesta-
tion.net (v6�7�5�7(NL), 2014). The parameters used
were gestational age (GA) at delivery, birth weight,
gender of offspring and weight, height, ethnicity
and parity of the mother. Birth weight below the
10th percentile was considered as ‘small for gesta-
tional age’ (SGA). The Kaplan–Meier method was
used to calculate the survival rates (one and 2-year
overall and stage specific survival).

Results

Twenty-seven patients diagnosed with colon can-
cer and 14 with rectal cancer were included. Three
patients diagnosed with a recurrence of colon can-
cer during pregnancy were excluded. Patients
were diagnosed between 1988 and 2016 and origi-
nated from eight different countries: USA (n¼ 13),
Netherlands (n¼ 6), Belgium (n¼ 5), France (n¼ 4),
Italy (n¼ 6), Czech Republic (n¼ 3), Denmark
(n¼ 2) and Poland (n¼ 2).

Patient characteristics

Patient characteristics are shown in Table 1. One
patient had Crohn’s disease, one Lynch syndrome
and 12 had a positive family history for CRC. Other
reported risk factors included smoking (n¼ 9) and
obesity (n¼ 3).

Presentation and diagnosis

In ten patients the diagnosis of CRC was made
during acute surgery. Four patients underwent sur-
gery for acute bowel obstruction, three for bowel

perforation, two for suspicion of ovarian torsion
and one for acute appendicitis.

Thirty-one patients presented non-acutely. Their
main presenting symptoms were rectal bleeding
(n¼ 19), abdominal pain (n¼ 7), a change in bowel
habits (n¼ 2), weight loss (n¼ 1), abdominal mass
(n¼ 1) and right shoulder pain (n¼ 1). The diagnosis
of CRC was made by endoscopy with biopsy per-
formed during pregnancy in 27 of these patients.
Four patients did not undergo endoscopy during
pregnancy; the diagnosis was made by MRI in three
patients and by CT in one patient. See Table 2.

Tumour characteristics

See Table 3 for tumour characteristics. Six tumours
were located in the right colon, 21 in the left colon
and 14 in the rectum. Staging was reported in all
patients; thirty (73.2%) had advanced disease

Table 1. Patient characteristics (n¼ 41).
Characteristic Value

Age at diagnosis, years
Median (range) 32 (24–43)

Parity
Nulliparous 12 (30.8)
Multiparous 27 (69.2)
Not reported 2

BMI
Median (range) 23 (19–32)

Smoking
Yes 9 (24.3)
No 28 (75.7)
Not reported 4

Predisposing conditions
Lynch syndrome 1 (2.4)
FAP 0 (0)
IBD 1 (2.4)
CRC in family history 12 (29.3)

Data presented as n (%), unless stated otherwise.
Abbreviations: FAP: familial adenomatous polyposis; IBD: inflammatory
bowel disease; CRC: colorectal cancer.

Table 2. Clinical presentation and diagnosis (n¼ 41).
Characteristic Value

Clinical presentation
Acute 10 (24.4)
Bowel obstruction
Bowel perforation
Suspected ovarian torsion
Acute appendicitis

4 (9.8)
3 (7.3)
2 (4.9)
1 (2.4)

Non-acute* 31 (75.6)
Rectal bleeding
Abdominal pain
Change in bowel habits
Loss of weight
Right shoulder pain
Abdominal mass

19 (46.3)
7 (17.1)
2 (4.9)
1 (2.4)
1 (2.4)
1 (2.4)

Trimester of diagnosis
First trimester 13 (31.7)
Second trimester 19 (46.3)
Third trimester 9 (22.0)

Diagnosis
Endoscopy 27 (65.9)
Surgery 10 (24.4)
Imaging** 4 (9.8)

Data presented as n (%).
*Some patients presented with multiple symptoms.
**Imaging includes MRI (n¼ 3) and CT-scan (n¼ 1).
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(stage III and IV). Tumour histology was reported
in 39 patients; three patients (7.7%) had adverse
histological subtypes. Tumour grade was known in
25 patients; 8 (32.0%) were poorly differentiated.

Treatment

Detailed treatment characteristics are described in
Tables 4–6. Twenty-one patients (51.2%) under-
went surgery during pregnancy. Emergency sur-
geries consisted of four right hemicolectomies,
two left hemicolectomies, one relieving stoma, one
oophorectomy, one diagnostic laparoscopy and
one appendectomy. The appendectomy revealed a
caecal adenocarcinoma and the oophorectomy
revealed metastasis of a colorectal carcinoma.
These two patients further underwent an elective
right hemicolectomy and sigmoid resection during
pregnancy, respectively. An additional eleven
patients underwent elective surgery during preg-
nancy. These procedures included left hemicolec-
tomy (n¼ 5), sigmoid resection (n¼ 3), transanal
tumour resection (n¼ 2) and low anterior resection
(LAR) (n¼ 1).

Twelve patients (29.3%) received chemotherapy
during pregnancy; neoadjuvant (n¼ 4), adjuvant
(n¼ 6) and palliative (n¼ 2). Chemotherapy was
administered in the second (n¼ 7) and third
(n¼ 5) trimester. All patients received multiple
chemotherapy cycles during pregnancy
(range 2–9).

None of the patients were treated with radio-
therapy during pregnancy.

Obstetric and neonatal outcome

Thirty-three patients (80.5%) delivered live babies:
21 by caesarean section and 12 vaginally. Five
patients terminated the pregnancy and two mis-
carried. The pregnancy outcome for one patient
was unknown. Twenty-six babies (78.8%) were
born preterm, in all cases these births were indu-
ces (8 induced vaginal deliveries and 18 caesarean
sections). Median GA at delivery was 35 weeks
(range 27–40). Median birth weight was 2330
grams (range 900–3462). Birth weight percentile
was calculated in 29 patients; eight babies (27.6%)
were SGA. Babies exposed to antenatal chemother-
apy tend to be more likely to be SGA than those
who were not (4/12 (33.3%) vs 4/17 (23.5%). All 33
babies had APGAR scores of 7 or more at
5minutes. Twenty-one babies (63.6%) were admit-
ted to a neonatal intensive care unit. One baby,
who was exposed to antenatal surgery and chemo-
therapy, had a leg length discrepancy. No other
congenital malformations were reported.

Maternal outcome

The median follow-up period was 561 days (range
12–4152), nine patients were lost to follow up by
one year from diagnosis and eleven patients were
lost to follow up by 2 years. One-year overall sur-
vival rate was 78.1% and two-year survival rate
was 64.4% (Figure 1). In total, 13 maternal deaths
were reported, 12 occurring in patients with stage
IV disease within 2 years after diagnosis and one
in a patient with stage III disease in the third year
after diagnosis. Patients with stage IV disease had
a one-year survival rate of 48.6% and a two-year
survival rate of 20.8%. No deaths occurred in
patients with localized disease.

Discussion

Epidemiology

Only 2–8% of CRC patients are under 40 years old,
making CRC rare in pregnancy. A population study
from New South Wales, Australia, reports 10 cases
of CRC during pregnancy from a total of 1,309,501
pregnancies recorded between 1994 and 2007,
corresponding to an incidence of 0.8 per 100,000
pregnancies [1]. Delayed childbearing and an
increasing frequency of CRC in younger patients
may increase CRC incidence in pregnancy [5].

Up to 20–30% cases of CRC have an identifiable
predisposing factor [6]. These factors can be a fam-
ily history of CRC, cancer-predisposing genetic

Table 3. Tumour characteristics (n¼ 41).
Characteristic Value

Tumour site
Colon cancer 27 (65.9)

Right colon
Left colon

6 (14.6)
21 (51.2)

Rectal cancer 14 (34.1)
Stage, TNM
I 4 (9.8)
II 7 (17.1)
III 13 (31.7)
IV 17 (41.5)

Histological subtype
Adenocarcinoma 36 (92.3)
Mucinous adenocarcinoma 1 (2.6)
Signet-ring cell carcinoma 1 (2.6)
Squamous cell carcinoma 1 (2.6)
Not reported 2

Grade
Well differentiated 5 (20.0)
Moderately differentiated 12 (48.0)
Poorly differentiated 8 (32.0)
Undifferentiated 0 (0)
Not reported 16

Lymph nodes
Number removed (median, range)

Colon cancer
Rectal cancer

18 (7–32)
19 (9–52)

Data presented as n (%), unless stated otherwise.
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syndromes and inflammatory bowel disease. The
presence of these risk factors was slightly higher in
our patient cohort than the general population as
a total of fourteen patients (34.1%) had predispos-
ing factors.

Bernstein’s study from 1993 stated that at the
time of publication there had been 205 cases of
CRC reported in the literature, the majority of
which (80%) were located in the rectum [3]. We
observed rectal tumours in 34.1% of our pregnant
patients, a finding more consistent with the gen-
eral population (30%) [7].

Presentation and diagnosis

CRC symptoms such as abdominal pain, rectal
bleeding, constipation, nausea and vomiting are
easily attributed to the physiological changes of
pregnancy. This leads to delayed diagnosis and
presentation with advanced disease. In Bernstein’s
study of CRC during pregnancy, presentation with
advanced disease (stage III and IV) was found in
59% of cases [3]. Advanced disease at presentation
has also been reported in several case reports of
CRC during pregnancy [8–10]. Similarly, in our
study the majority of patients (73.2%) presented
with advanced disease.

Diagnosis of CRC during pregnancy can be com-
plicated by the presumed risks of imaging modal-
ities, and hesitancy to perform such imaging
during pregnancy. Endoscopy is the principal
method of CRC diagnosis. Its use in pregnancy is
believed to carry only a small risk [11]. When stag-
ing of CRC is performed during pregnancy the
maternal benefit should be weighed against the

foetal risk and non-ionizing methods should be
prioritized whenever possible. Abdominal ultra-
sound can detect liver metastases larger than one
cm but has a moderate sensitivity of 50–76%,
often needing additional investigations [12].
Endoscopic rectal ultrasound (ERUS) can be used
for locoregional staging of rectal cancer, detecting
T1 tumours more accurately than CT or MRI, which
then can potentially be resected with transanal
endoscopic microsurgery [13]. This advantage is
limited in pregnant patients because only a small
percentage present with T1 tumours. ERUS can
also detect bulky tumours of the anterior rectal
wall, which can obstruct the vaginal canal, compli-
cating delivery. While CT is the standard staging
method in non-pregnant CRC patients, in preg-
nancy MRI is preferred as it does not expose the
foetus to ionizing radiation and has a similar accur-
acy to CT in the diagnosis of CRC [14]. Recent
guidelines on MRI, during pregnancy, state that
abdominopelvic MRI can be safely used, regardless
of GA [15]. The use of gadolinium is discouraged
during pregnancy [16]. Ionizing techniques are
relatively safe to use in pregnancy providing the
cumulative foetal radiation dose does not exceed
100 miligray (mGy). Thoracic CT has the highest
sensitivity in detecting pulmonary metastases and
exposes the foetus to low doses of radiation
(0.002–0.2 mGy) [17]. Abdominal CT gives higher
foetal doses of radiation (4–60 mGy) and should
be avoided. Serum levels of CEA are not elevated
by pregnancy and may be used to monitor
response to therapy and to detect tumour recur-
rence [18].

Treatment

The management of CRC during pregnancy
depends on the stage and location of the cancer,
elective versus emergency presentation, GA and
the patients’ wishes.

Surgical treatment
The timing of surgery should be discussed in a
multidisciplinary team to optimize the maternal
and foetal outcomes. In order to prevent disease
progression, surgery should be performed without
delay. This means that in case of diagnosis early in
pregnancy, surgery should be performed during
pregnancy, preferably before the 20th week of
gestation when complete resection is still feasible,
since the uterus is still relatively small [19].
Advances in surgical techniques and anaesthesia

Figure 1. Overall 2-year survival, calculated using the
Kaplan-Meier method. Dotted lines represent 95% confi-
dence intervals.
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have dramatically improved foetal outcome, fol-
lowing non-obstetric surgical interventions in
pregnancy [20]. In our study the miscarriage rate
for patients undergoing surgery within the first
twenty weeks of pregnancy was 14.3%, which is
similar to the miscarriage rate of the general popu-
lation (15%), indicating that operating before the
20th week is relatively safe [21]. Radical surgery
after the 20th week of gestation is challenging in
colon cancer and almost impossible in rectal can-
cer due to the enlarged uterus, and postpartum
surgery is then preferred. After vaginal delivery,
surgery is typically performed several weeks later.
If a CS is planned, the decision whether to resect
the tumour during the same procedure or to wait
till the delivery depends on several factors. Colon
cancers can usually be resected during the same
operation as the CS. However, rectal cancers are
more complicated. The enlarged uterus may block
access to the rectum, necessitating a hysterec-
tomy. Waiting several weeks after delivery allows
the uterus to involute, which improves access to
the rectum, making hysterectomy unnecessary.
Furthermore, it gives time for the pelvic vessels to
decongest, decreasing the risk of bleeding [3,19].
Acute CRC complications require emergency lapar-
otomy at any GA. Chen et al. report bowel perfor-
ation and obstruction in 14% of CRC cases in the
general population [22]. We found these acute
complications in 17% of our patients, correlating
with the larger proportion of advanced CRC in our
study.

Chemotherapy
Multi-agent chemotherapy in the first trimester is
highly teratogenic, with a 15–25% miscarriage and
malformation rate [23]. Its use in the first trimester
is only warranted in metastatic high burden dis-
ease, when the mother cannot carry the foetus to
a viable GA. In the second and third trimesters,
chemotherapy is safer, although it is associated
with an increased incidence of SGA, especially for
platinum-based chemotherapy [24]. Chemotherapy
must be stopped two to three weeks before deliv-
ery to decrease the risk of myelosuppression of
the foetus and mother and to give time for the
placenta to clear the drugs from the foetal circula-
tion. CRC chemotherapy is 5-fluorouracil (5-FU)
and oxaliplatin based. 5-FU based regimens are
standard for pregnant patients with breast cancer
and are well studied [25]. Less is known about
these regimens in pregnant CRC patients. The few
case reports on 5-FU and oxaliplatin in pregnant

CRC patients suggests they are relatively safe
[9,10], but a recent study found an association
between platinum-based chemotherapy and SGA
[24]. In our study, 12 patients (eight colon cancer,
four rectal cancer) received 5-FU-based chemother-
apy in the second and third trimester, and five of
these regimens given during pregnancy contained
oxaliplatin. However, only one child born from
these 5 patients was SGA. It is possible that five
patients are too little to observe such an impact
on the foetal growth, or that foetal growth did
decline during pregnancy but did not drop below
the 10th percentile and was therefore not identi-
fied as SGA in this cohort. Due to the possible
negative effect of antenatal chemotherapy on foe-
tal growth, it is important to strictly evaluate foetal
wellbeing, including growth, in these patients. One
baby exposed to chemotherapy had a leg length
discrepancy. The mother of this baby was 39 years
of age, had Sj€ogren syndrome and was multipar-
ous with complications in her previous pregnan-
cies (HELLP syndrome in one case and shoulder
dystocia in another case). In accordance with the
literature, pregnant patients with Sj€ogren syn-
drome are likely to experience more complications
during pregnancy (an increased rate of miscarriage
and stillbirths, intrauterine growth restriction, pre-
maturity, neonatal lupus and congenital heart
block) than patients without an autoimmune dis-
ease [26]. Furthermore, this patient underwent LAR
in the first trimester. Therefore, it is not clear what
role, if any, chemotherapy played in the develop-
ment of the congenital malformation.

Radiotherapy
Radiotherapy is indicated preoperatively in locally
advanced rectal cancer (T3/4Nþ). If indicated in
pregnant CRC patients, it should be applied post-
partum because the radiation doses are lethal to
the foetus [27]. A further consideration is that
radiotherapy of the lesser pelvis may cause ovarian
failure, leading to infertility in these young
women [28].

Maternal and neonatal outcome

The overall 1-year survival of pregnant patients
with CRC was 78.1%, for stage IV 48.6% and for all
other stages 100%. For a comparison, we looked at
age standardized survival data for female colorec-
tal cancer patients aged 15–99 in the UK from the
year 2014 [29]. These patients had overall one-year
survival of 72.6% and stage specific one-year
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survival rates of 35.2%, 84.8%, 91.2% and 98.3%
for stages IV, III, II and I, respectively. We observed
similar stage-by-stage survival, and, despite the
high incidence of advanced disease (73.2%, com-
pared with 52–56% in the general population), our
cohort had a similar overall survival to the females
in the general population. According to the litera-
ture, CRC during pregnancy has a poor prognosis.
However, the literature consists only of case
reports and one case series from 1993 [3]. The bet-
ter prognosis in our study may result from
improvements in treatment and a decreased hesi-
tancy to perform diagnostic and therapeutic inter-
vention during pregnancy.

Besides high numbers of SGA in our population,
compared to the healthy pregnant population, we
observed high numbers of iatrogenic preterm
delivery (78.8%) and CS (63.3%). The majority of
iatrogenic preterm deliveries were induced to
apply treatment as soon as possible without the
risk of harming the foetus. Data from a multicentre
international study show that premature birth is
more harmful to psychomotor development than
in utero chemotherapy exposure [30]. We believe
that certain situations demand premature delivery
in order to start postpartum therapy such as radio-
therapy, or surgery that could not be performed
during pregnancy. However, inducing delivery to
start chemotherapy for fear of adverse fetal effects
may not be in the best interest of the unborn
child, especially when 5-FU based regimens are of
first choice.

Evidence based guidelines on CRC during preg-
nancy are lacking. This study is one of the largest
series that describes the management and out-
come for CRC during pregnancy and adds import-
ant information for this rare patient population. As
a result of the rarity of CRC during pregnancy, our
patient sample size is relatively small. A limitation
of our study is that registration of these cases is
voluntarily based and we cannot estimate the
completeness of the database and it is therefore
likely that not all cases of CRC during pregnancy
are included in this analysis. Since all hospitals
included all their cases, and not just the advanced
stage of disease cases, we do not expect a selec-
tion bias on stage of disease at diagnosis.

In conclusion, CRC during pregnancy presents
with advanced disease more frequently than in the
general population. This may be due to negligence
of CRC symptoms such as rectal bleeding and
abdominal pain, which can be mistaken as the
symptoms of pregnancy. Pregnant patients with

these symptoms should be investigated com-
pletely and without delay. Diagnostic and staging
methods are generally safe in pregnancy and
should not be delayed. Surgery can be performed
without harming the pregnancy, with respect to
the stage of the disease and the timing of the sur-
gery. Chemotherapy in second and third trimester
is relatively safe but increases the risk of SGA.
Chemotherapy must be stopped two or three
weeks before delivery or when foetal growth is
hampered. Induced preterm delivery should be
avoided, as it seems to be more harmful to the
foetus than applying chemotherapy in the third tri-
mester. CRC during pregnancy should be managed
in tertiary hospitals by multidisciplinary teams con-
sisting of obstetricians, gynaecologists, neonatolo-
gists, surgeons, oncologists, gastroenterologists
and radiologists.
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