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Abstract
Introduction: Colon cancer in pregnancy is uncommon. Only a small number of case reports have been published
in the literature on the use of chemotherapeutic drugs during pregnancy. Reports of such cases assist clinicians in
further investigating the use of chemotherapy in pregnancy.
Case presentation: FOLFOX-6 was administered to a pregnant, 33-year-old Saudi woman with metastatic colon
cancer from 22 to 30 weeks of gestation. Her cancer was diagnosed during her pregnancy. She tolerated the
chemotherapy well and delivered a full-term baby girl with no obvious harm, and normal development was
documented at her 2-year follow-up examination.
Conclusion: Colon cancer during pregnancy is not easily detected and is difficult to manage. A detailed
history and high clinical suspicion are needed in patients who present with symptoms and signs suggestive
of malignancy. A multidisciplinary approach with patient involvement is needed to decrease morbidity and
mortality caused by both treatment and the cancer in the mother and to limit side effects for the fetus. Further data
and long-term follow-up are needed to better understand the potential long-term side effects of chemotherapeutic
drugs on offspring.
Keywords: Chemotherapy, Colorectal cancer, FOLFOX, Pregnancy, Saudi Arabia

Introduction
Colorectal cancer (CRC) in pregnancy is uncommon but
not rare [1], estimated to occur in 1 in 13,000 pregnancies [2]. The initial symptoms of CRCs overlap with
expected physiological changes in pregnancy and can
easily be dismissed. The management of cancer in pregnancy raises ethical and medicolegal issues, and limited
literature exists to guide a management approach. Over
300 cases of colon cancer in pregnancy have been
reported to date. Four individual cases of chemotherapy
use during pregnancy have been reported [3–6], with
five additional cases reported by the International
Cancer and Pregnancy Registry (Cooper Medical School,
Rowan University, Camden, NJ, USA) [7]. We report a
case of a 33-year-old pregnant woman with metastatic
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rectal cancer treated with chemotherapy with no apparent
fetal harm.

Case presentation
A 33-year-old Saudi woman (gravida 9, para 8) presented to our emergency department at 11 weeks of
gestation with abdominal pain and increased flatus.
The patient had a history of bleeding per rectum for
2½ years, but she believed it was due to hemorrhoids
and failed to mention it to her primary care physician.
Abdominal ultrasound revealed a complex left ovarian
mass (19×12cm) extending up to the epigastrium with
hyperechoic solid components, and a small amount of
fluid was seen in the pelvis surrounding the appendix.
Her hemoglobin was 7.89g/dl, and her hematocrit was
25.2%. The result of a stool test for occult blood was
positive, and biochemistry showed iron deficiency anemia.
Her cancer antigen 125 (CA-125) level was elevated at
85.4kU/L. She underwent left salpingo-oophorectomy, appendectomy, and partial omentectomy by laparotomy at
13 weeks of gestation. Her pathological examination revealed mucinous adenocarcinoma of the left ovary with
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signet ring component and serosa positive for tumor deposits, but no lymph node invasion.
The patient was counseled regarding termination of
her pregnancy for possible chemotherapy and computed
tomography (CT), and she agreed to undergo these
interventions. However, after a failed abortion with
vaginal administration of methotrexate, she refused further intervention and decided to continue with her pregnancy. Abdominal CT showed a large rectosigmoid
tumor measuring 4.2cm×4.7cm×6.3cm with mildly enlarged regional lymph nodes and four hypodense metastatic liver lesions. The patient presented 2 weeks before
her next appointment with fresh bleeding per rectum. A
colonoscopy revealed a large rectal mass obstructing the
lumen. A pathological examination showed fragments of
adenomatous mucosa with high-grade dysplasia and foci
of possible invasion. Her diagnosis was established as a
case of colonic KRAS-mutant positive adenocarcinoma
with left ovarian and liver metastases. The patient’s case
was discussed with maternal-fetal medicine clinicians,
and a recommendation was made to start a bimonthly
adjuvant FOLFOX-6 chemotherapy regimen consisting
of 2-hour infusion of oxaliplatin 100mg/m2 and leucovorin 200mg/m2, 5-fluorouracil (5-FU) 400mg/m2
bolus, and a 5-FU 2400mg/m2 46-hour infusion.
She was started on her first cycle of FOLFOX-6
chemotherapy at 22 weeks. She developed mild peripheral paresthesia in her upper and lower extremities that
resolved 3 days after chemotherapy. Her CA-125 level
decreased to 29.1kU/L. After five cycles of chemotherapy
were completed, abdominal magnetic resonance imaging
(MRI) showed an interval reduction of approximately
30% in the size of the previously seen four liver metastatic lesions. There was mild interval reduction in
the size of the rectal mass, with almost stable regional lymphadenopathy. The patient completed six
cycles of chemotherapy, and a decision was made to
withhold further chemotherapy until after delivery.
Monthly ultrasound for fetal well-being revealed normal fetal growth and development.
The patient was admitted at 38 weeks of gestation for
induction of labor. She had a vaginal delivery of a
healthy infant girl of birth weight 2400g with Apgar
scores of 9 and 10 at 1 and 5 minutes, respectively. The
patient and her infant had no immediate complications
post-partum. Two weeks following delivery, the patient
received her seventh cycle of FOLFOX-6 chemotherapy.
The patient underwent colostomy and cholecystectomy
with hepatic metastasectomy followed by six cycles of adjuvant FOLFIRI chemotherapy (folinic acid, 5-fluorouracil
and irinotecan). Abdominal and chest CT with intravenous contrast performed at 15 months post-delivery revealed further hepatic lesions, pulmonary nodules and
right hydronephrosis caused by a pelvic mass. A decision
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was made to continue with palliative chemotherapy.
Follow-up at 24 months with repeat scans showed
evidence of stable hepatic and pulmonary lesions with
an interval increase in the size of the patient’s pelvic
mass. The child was assessed in the pediatric clinic at 1
month and again at 24 months and was found to have
met developmental milestones without any recognizable
complications, and annual follow-ups were scheduled.

Discussion
In a review of 205 cases of CRC in pregnancy, the mean
age at diagnosis was 31 years and 85% of these cancers
were below the peritoneal reflection [8], as in our patient. CRC during pregnancy is believed to affect the
chances of the pregnancy’s being carried to full term
with delivery of a live infant [9]. Presenting symptoms of
CRC, such as abdominal pain, constipation, vomiting
and anemia, may be attributed to common gastrointestinal complaints in pregnancy. Rectal bleeding may be
attributed to hemorrhoids, as occurred in our patient. A
diagnosis is often delayed until after the 20th week of
gestation [9], and patient prognosis at presentation is
usually poor [10], with most patients presenting after
metastasis has occurred in Dukes stages C and D [8].
The diagnosis and staging of cancer in pregnancy can
prove to be a challenge for the treating physician.
Carcinoembryonic antigen levels are usually normal or
mildly elevated in pregnancy [11]; therefore, they can be
used in the same manner as they are in non-pregnant
patients. Imaging modalities considered safe in pregnancy include diagnostic X-rays [12], ultrasounds [13],
sigmoidoscopies [14] and MRI [15], whereas others pose
a considerable risk to the fetus, such as CT, barium enemas and radioisotope scans, owing to the higher doses
of ionizing radiation delivered to the fetus.
Radiation effects are dependent largely on both the patient size and the radiation dose; however, gestational
age is not significantly linked to the fetal dose of radiation [16]. Although a single abdominal or pelvic CT
scan delivers a radiation dose of approximately 24 mGy
to the fetus [16], which is considered below the safety
threshold [17], as a general rule, radiation imaging, as
well as chemotherapeutic treatments and primary surgeries, is best delayed if possible until the second trimester, when organogenesis is complete [18, 19] and the size
of the uterus allows proper surgical intervention [20].
Clinical guidelines for the management of cancer in
pregnancy are available in the literature [2, 21]. However,
these guidelines are based mostly on case reports of, and
guidelines for, non-pregnant patients. Treatment is
aimed at starting therapy for the mother as soon as possible, weighing the decision of early delivery of the fetus
against completion of fetal growth and lung maturity. It
is recommended that delivery occur after 32 to 35 weeks
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of gestation when lung maturity and fetal growth are
deemed satisfactory [2]. The decision to deliver by
cesarean section or vaginally depends on the presence
of obstruction of the delivery canal or obstetric indications; cancer per se is not an indication to perform
a cesarean section.
The recommendation for resectable CRC diagnosed
before 20 weeks of gestation is surgical resection to decrease the chance of dissemination occurring later in the
pregnancy [22]. Surgical resection can often be performed without the need for a hysterectomy and without
disturbing the pregnancy [8]. If diagnosis occurs after 20
weeks of gestation, surgery can be postponed, allowing
for fetal lung maturity to be achieved and facilitating
surgical exploration [23]. If cesarean section is the
decided method of delivery, colorectal tumor resection
can be performed during delivery, or it can be delayed
for several weeks post-partum to allow for involution of
the uterus and resolution of vascular engorgement of
pregnancy [23].
In our patient, a decision was made to perform a left
salpingo-oophorectomy at 13 weeks of gestation because
of evidence of ovarian metastases. The incidence of ovarian metastases in pregnant patients with CRC is 25% [24]
and is associated with a poor prognosis [25]. Owing to the
higher frequency of ovarian metastases, it is recommended that bilateral salpingo-oophorectomy be performed at the time of primary tumor resection [26, 27];
however, this approach is associated with a high incidence of spontaneous abortion, particularly in the first
trimester [28], and risks as well as desire for future
pregnancies should be discussed with the patient.
Although radiation therapy can be considered in the
treatment of cancers located remote from the fetus, radiation doses required for treatment of cancers located in
the pelvis carry a serious risk of severe or lethal effects
for the fetus and are recommended to be postponed
until after delivery or pregnancy termination [29].
Decisions to use chemotherapy during pregnancy are
weighed against the risk of teratogenicity and the limited
clinical evidence of late effects. The decision relies on
the analysis of risks and benefits and clearly defined aims
of using chemotherapy, which are often to prolong the
gestational age of the fetus and to improve the mother’s
quality of life. The evidence for selection and use of
chemotherapeutic agents during pregnancy is limited,
owing to the relatively low incidence of this treatment.
However, FOLFOX regimes are often used in the treatment of advanced CRC, as recommended by National
Comprehensive Cancer Network guidelines for patients
with advanced or metastatic disease [30]. The FOLFOX
regime consists of oxaliplatin, leucovorin and 5-FU. The
U.S. Food and Drug Administration safety rating for the
use of oxaliplatin and 5-FU during pregnancy is class D.
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The FOLFOX regimes are considered the gold standard
for treating advanced CRC in non-pregnant patients [31].
In three case studies, authors have reported the use of
FOLFOX regimes to treat CRC during pregnancy [3–5].
Gestational age at initiation of chemotherapy ranged
from 13 weeks [5] to 24 weeks [4], and all reported positive fetal outcomes. The follow-up periods ranged from
11¾ months [4] to 3½ years [3], and all children were
reported to be within the normal limits for height,
weight and neurological development. The mothers were
started on FOLFIRI regimes once delivery had occurred,
and two underwent surgical resection [3, 5]. Maternal
outcomes varied from being disease-free at 1 year [3],
dying 1 year after diagnosis (6 months post-delivery) [4]
and dying 5 months after diagnosis (16 weeks postdelivery) [5]. Only one recent case report [6] included in
our present literature review described use of the
FOLFIRI regime, consisting of irinotecan, leucovorin
and 5-FU, during pregnancy, followed by FOLFOX postdelivery. Oxaliplatin was excluded from first-line therapy
in that patient because of its neurotoxicity side effects.
However, irinotecan was administered for only three
cycles, which limits the results.
The low incidence of cancer during pregnancy and a
patient’s decision to abort her pregnancy limit the establishment of high-level evidence for chemotherapeutic
guidelines during pregnancy [32]. Congenital fetal
abnormalities have been reported in a number of pregnancies in which 5-FU was administered in the first
trimester because of organogenesis taking place at this
point of fetal development [33–35]. This incidence can
range from 14% to 19%, depending on the drug used
[36]. This rate is reduced significantly to 1.3% when administration occurs in the second and third trimesters
[36]. This is evident in past case reports, as well as in
our patient, when chemotherapy was administered from
the second trimester onward and no fetal malformations
were reported [3–5]. This is concurrent with previous
literature reports of healthy neonates born after being
exposed to 5-FU during the second and third trimesters
only [37, 38]. However, follow-up during school years in
such cases would assist in evaluation of any side effects
that may present later in development.
Less positive maternal outcomes were reported in two
cases [4, 5]. Only one study reported the mother to be
disease-free at 1 year [3]. In that patient, CRC was detected during the first trimester (12 weeks of gestation),
giving some evidence of a better maternal outcome with
early detection and before extensive dissemination.
However, suspicion of malignancy during pregnancy remains low among physicians. A recent case report [39]
involved a 37-year-old woman admitted with suspicion
of a ruptured membrane who underwent an emergency
cesarean section. She was discharged and returned post-
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operatively with persistent abdominal pain and anemia
and underwent a colonoscopy that revealed a large tumor
of the transverse colon.

Conclusions
The diagnosis of CRC during pregnancy continues to be
a challenge for clinicians, owing to the overlap of symptoms. A detailed history, judicious clinical suspicion and
patient education cannot be overstated. The diagnostic
workup can be safe for both mother and fetus, and, once
a diagnosis is made, treatment should involve a multidisciplinary team and the mother’s wishes regarding her
pregnancy. Also, the benefits and risks of treatment
should be discussed. Termination of pregnancy is advisable for early and aggressive treatment of CRC when
possible. Available evidence supporting the use of
FOLFOX chemotherapy for CRC from the second term
onward, although limited, shows relatively no to minor
effects on mother and fetus in the short term. However,
the long-term effects of this treatment remain unknown.
Follow-up of infants in later childhood and adolescence, as the central nervous system continues to develop, with additional reporting of cases is needed to
establish the safety of chemotherapeutic treatment of
CRC during pregnancy.
Consent
Written informed consent was obtained from the patient
for publication of this case report and accompanying
images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.
Abbreviations
CA-125: cancer antigen 125; CRC: colorectal cancer; CT: computed
tomography; FOLFIRI: folinic acid 5-fluorouracil and irinotecan;
FOLFOX: folinic acid, 5-fluorouracil and oxaliplatin; FOLFOX-6: 2-hour infusion
of oxaliplatin 100mg/m2 and leucovorin 200mg/m2, 5-fluorouracil 400mg/m2
bolus, and 5-fluorouracil 2400mg/m2 46-hour infusion; 5-FU: 5-fluorouracil;
MRI: magnetic resonance imaging.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
ZM collected patient data and was involved in writing and review of
manuscript. CP was a major contributor in writing of manuscript. KA was
involved in writing and review of manuscript. FA collected patient data and
was involved in review of manuscript. All authors read and approved the
final manuscript.
Author details
1
Department of Surgery, College of Medicine, Prince Sattam Bin Abdulaziz
University, Al-Kharj, Saudi Arabia. 2Division of Neurosurgery, Department of
Surgery, The Ottawa Hospital, Civic Campus, Ottawa, ON, Canada.
3
Southampton School of Medicine, University of Southampton,
Southampton, UK. 4Department of Obstetrics and Gynecology, Women’s
Specialist Hospital, King Fahad Medical City, Riyadh, Saudi Arabia.
5
Department of Pathology, King Khalid University Hospital, Riyadh, Saudi
Arabia.

Page 4 of 5

Received: 28 September 2014 Accepted: 25 May 2015

References
1. Saeed Z, Shafi M. Cancer in pregnancy. Obstet Gynaecol Reprod Med.
2011;21(7):183–9.
2. Pentheroudakis G, Orecchia R, Hoekstra JH, Pavlidis N, ESMO Guidelines
Working Group. Cancer, fertility and pregnancy: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2010;21 Suppl 5:v266–73.
3. Gensheimer M, Jones CA, Graves CR, Merchant NB, Lockhart AC.
Administration of oxaliplatin to a pregnant woman with rectal cancer.
Cancer Chemother Pharmacol. 2009;63(2):371–3.
4. Kanate AS, Auber ML, Higa GM. Priorities and uncertainties of administering
chemotherapy in a pregnant woman with newly diagnosed colorectal
cancer. J Oncol Pharm Pract. 2009;15(1):5–8.
5. Jeppesen JB, Østerlind K. Successful twin pregnancy outcome after in utero
exposure to FOLFOX for metastatic colon cancer: a case report and review
of the literature. Clin Colorectal Cancer. 2011;10(4):348–52.
6. Cirillo M, Musola M, Cassandrini PA, Lunardi G, Venturini M. Irinotecan
during pregnancy in metastatic colon cancer. Tumori. 2012;98(6):155e–7e.
7. Cardonick E, Usmani A, Ghaffar S. Perinatal outcomes of a pregnancy
complicated by cancer, including neonatal follow-up after in utero exposure
to chemotherapy: results of an international registry. Am J Clin Oncol.
2010;33(3):221–8.
8. Bernstein MA, Madoff RD, Caushaj PF. Colon and rectal cancer in pregnancy.
Dis Colon Rectum. 1993;36(2):172–8.
9. Woods JB, Martin Jr JN, Ingram FH, Odom CD, Scott-Conner CE, Rhodes RS.
Pregnancy complicated by carcinoma of the colon above the rectum.
Am J Perinatol. 1992;9(2):102–10.
10. Vitoratos N, Salamalekis E, Makrakis E, Creatsas G. Sigmoid colon cancer
during pregnancy. Eur J Obstet Gynecol Reprod Biol. 2002;104(1):70–2.
11. Lamerz R, Ruider H. Significance of CEA determinations in patients with
cancer of the colon-rectum and the mammary gland in comparison to
physiological states in connection with pregnancy. Bull Cancer.
1976;63(4):575–86.
12. Schulze-Rath R, Hammer GP, Blettner M. Are pre- or postnatal diagnostic X-rays
a risk factor for childhood cancer? A systematic review. Radiat Environ Biophys.
2008;47(3):301–12.
13. Stålberg K, Haglund B, Axelsson O, Cnattingius S, Pfeifer S, Kieler H. Prenatal
ultrasound and the risk of childhood brain tumour and its subtypes.
Br J Cancer. 2008;98(7):1285–7.
14. Cappell MS, Colon VJ, Sidhom OA. A study at 10 medical centers of the
safety and efficacy of 48 flexible sigmoidoscopies and 8 colonoscopies
during pregnancy with follow-up of fetal outcome and with comparison to
control groups. Dig Dis Sci. 1996;41(12):2353–61.
15. Kok RD, de Vries MM, Heerschap A, van den Berg PP. Absence of harmful
effects of magnetic resonance exposure at 1.5 T in utero during the third
trimester of pregnancy: a follow-up study. Magn Reson Imaging.
2004;22(6):851–4.
16. Angel E, Wellnitz CV, Goodsitt MM, Yaghmai N, DeMarco JJ, Cagnon CH,
et al. Radiation dose to the fetus for pregnant patients undergoing
multidetector CT imaging: Monte Carlo simulations estimating fetal dose for
a range of gestational age and patient size. Radiology. 2008;249(1):220–7.
A published erratum appears in Radiology. 2010;255(2):664.
17. De Santis M, Cesari E, Nobili E, Straface G, Cavaliere AF, Caruso A. Radiation
effects on development. Birth Defects Res C Embryo Today.
2007;81(3):177–82.
18. European Commission. Radiation protection 100: guidance for protection of
unborn children and infants irradiated due to parental medical exposures.
Brussels: Publications Office of the European Union; 1998. http://ec.europa.
eu/energy/sites/ener/files/documents/100_en.pdf. Accessed 1 June 2015.
19. Greskovich Jr JF, Macklis RM. Radiation therapy in pregnancy: risk calculation
and risk minimization. Semin Oncol. 2000;27(6):633–45.
20. Voulgaris E, Pentheroudakis G, Pavlidis N. Cancer and pregnancy:
a comprehensive review. Surg Oncol. 2011;20(4):e175–85.
21. Hoellen F, Reibke R, Hornemann K, Thill M, Luedders DW, Kelling K, et al.
Cancer in pregnancy. Part I: basic diagnostic and therapeutic principles and
treatment of gynecological malignancies. Arch Gynecol Obstet.
2012;285(1):195–205.

Makoshi et al. Journal of Medical Case Reports (2015) 9:140

Page 5 of 5

22. Arbman G, Nilsson E, Störgren-Fordell V, Sjödahl R. A short diagnostic delay
is more important for rectal cancer than for colonic cancer. Eur J Surg.
1996;162(11):899–904.
23. Walsh C, Fazio VW. Cancer of the colon, rectum, and anus during
pregnancy: the surgeon’s perspective. Gastroenterol Clin North Am.
1998;27(1):257–67.
24. Matsuyama T, Tsukamoto N, Matsukuma K, Kamura T, Kaku T, Saito T.
Malignant ovarian tumors associated with pregnancy: report of six cases.
Int J Gynaecol Obstet. 1989;28(1):61–6.
25. Mason 3rd MH, Kovalcik PJ. Ovarian metastases from colon carcinoma.
J Surg Oncol. 1981;17(1):33–8.
26. Pitluk H, Poticha SM. Carcinoma of the colon and rectum in patients less
than 40 years of age. Surg Gynecol Obstet. 1983;157(4):335–7.
27. Recalde M, Holyoke ED, Elias EG. Carcinoma of the colon, rectum, and anal
canal in young patients. Surg Gynecol Obstet. 1974;139(6):909–13.
28. Nesbitt JC, Moise KJ, Sawyers JL. Colorectal carcinoma in pregnancy.
Arch Surg. 1985;120(5):636–40.
29. International Commission on Radiological Protection. The 2007
recommendations of the International Commission on Radiological
Protection. Ann ICRP. 103;37(2–4).
30. National Comprehensive Care Network (NCCN). NCCN clinical practice
guidelines in oncology: colon cancer. Fort Washington: NCCN; 2012.
31. Meyerhardt JA, Mayer RJ. Systemic therapy for colorectal cancer. N Engl J
Med. 2005;352(5):476–87.
32. Gwyn K. Children exposed to chemotherapy in utero. J Natl Cancer Inst
Monogr. 2005;34:69–71.
33. Pavlidis NA. Coexistence of pregnancy and malignancy. Oncologist.
2002;7(4):279–87. A published erratum appears in Oncologist 2002;7(6):585.
34. Van Le L, Pizzuti DJ, Greenberg M, Reid R. Accidental use of low-dose
5-fluorouracil in pregnancy. J Reprod Med. 1991;36(12):872–4.
35. Stephens JD, Golbus MS, Miller TR, Wilber RR, Epstein CJ. Multiple
congenital anomalies in a fetus exposed to 5-fluorouracil during the first
trimester. Am J Obstet Gynecol. 1980;137(6):747–9.
36. Doll DC, Ringenberg QS, Yarbro JW. Antineoplastic agents and pregnancy.
Semin Oncol. 1989;16(5):337–46.
37. Schardein JL. Cancer chemotherapeutic agents. In: Chemically induced birth
defects. 2nd ed. New York: Marcel Dekker; 1993. p. 457–507.
38. Dreicer R, Love RR. High total dose 5-fluorouracil treatment during pregnancy.
Wis Med J. 1991;90(10):582–3.
39. Khodaverdi S, Kord Valeshabad A, Khodaverdi M. A case of colorectal cancer
during pregnancy: a brief review of the literature. Case Rep Obstet Gynecol.
2013;2013:626393.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

