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Cancer is diagnosed in approximately 1 in 1,000 pregnancies,1

constituting a major disruption in the life of the pregnant
woman and her family. Advanced disease stages requiring
systemic therapy invariably lead the treating physicians into
an ethical dilemma: two lives are at risk. Administering the
cancer treatment to themothermayharm the unborn child as
it is exposed to cytostatic drugs. On the contrary, omitting
therapy will deny necessary treatment to the mother, but the

unborn child will also carry the risk of prematurity if the
disease progresses rapidly. Once the decision is taken to
accept this risk and to start chemotherapy, the choice of
possible regimens will not only be based on their expected
anticancer activity but also on available experience regarding
fetotoxic effects.

Due to the typical age distribution and standardized
examination protocols in pregnancy, gynecologic cancers
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Abstract Wepresent the case of a 38-year-old woman diagnosedwithmetastatic adenocarcinoma of
the biliary tract in the 18th week of pregnancy. Chemotherapy based on cisplatin and
gemcitabine was administered, reaching disease stabilization until late-preterm delivery at
35 þ 0weeks of gestation. The infant was healthy and showed nomalformations. Her head
circumference was small, yet no neurological and behavioral defects have been detected.
Development was normal during 14 months of follow-up. We discuss the implications of
metastatic cancer in pregnancy with focus on therapeutic options for metastatic adenocar-
cinoma of the biliary tract. In this context, available data for the active regimens in biliary
tract cancers—platinum compounds and gemcitabine—are discussed. This report is the
fourth in the literature detailing the application of gemcitabine during pregnancy and the
first presenting longer term follow-up, complementing available evidence that gemcita-
bine-based regimens are feasible in this situation.
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predominate in the literature. Larger case series and broader
experience with systemic therapy, in some cases even guide-
lines, exist for breast,2,3 cervical and ovarian4 cancer, as well
as lymphoma5 and lung cancer.6An observational studyof the
long-term development of 70 children exposed to chemo-
therapy during fetal development neither showed an increase
in central nervous system, cardiac, or auditory morbidity nor
impairments of general health and growth.7 This study
demonstrates that for a spectrum of anticancer agents, ther-
apy during pregnancy is possible with excellent results for
mother and child.

Biliary tract cancers include gall bladder carcinoma and
cholangiocarcinoma (bile duct carcinoma), the latter compris-
ing intrahepatic, hilar, and extrahepatic bile duct carcinomas.8

These entities form a group of related diseases with diverse
biological properties and molecular characteristics. Due to
their relative rarity, biliary tracts cancers usually are consid-
ered as a combined entity in retrospective analyses and clinical
trials.9 In the United States, approximately 2,500 cases of
cholangiocarcinoma are reported per year.10 The incidence
has been rising over the last decades,11particularly for the case
of intrahepatic cholangiocarcinoma.12 Prognosis is poor, and
even if aggressive resection is possible, 5-year survival rates of
no more than 20 to 40% are reported.8 In case of unresectable
or metastatic disease, median survival of 14 to 15 months is
described in recent large retrospective cohorts.12,13

Multiple studies of advanced biliary tract cancers have
shown a benefit of chemotherapy over best supportive care.14

In a randomized study of gemcitabine/oxaliplatin (Gemox),
5-fluorouracil (5-FU), or best supportive care, the Gemox
regimen was clearly superior regarding overall and progres-
sion-free survival.15 A pooled analysis of over 100 phase II
studies16 and a large Japanese retrospective study17 consis-
tently identified two key compounds showing efficacy in
biliary tract cancer: gemcitabine and platinum. A large British
phase III study,18 later confirmed by a Japanese multicenter
trial,19 could showa significant overall survival benefit for the
combination of gemcitabine and cisplatin versus gemcitabine
alone. Thus, a regimen consisting of a platinum compound
and gemcitabine is currently considered as the appropriate
and evidence-based choice for the treatment of advanced
biliary tract cancer.

Case Report

A 38-year old Caucasian woman, gravida 2 para 1, in the 15th
week of pregnancy, was admitted for treatment of diabetes
mellitus at a regional hospital. She complained of back pain,
saddle anesthesia, and bowel and bladder dysfunction. She
was referred to neurosurgery where an emergency magnetic
resonance imaging (MRI) of the lumbosacral spine revealed a
5 � 3.5 � 3-cm sacral tumor at S1/S2 with resulting spinal
compression (►Fig. 1). Spinal decompression via sacral lam-
inectomy was performed on the same day. Surgery was well
tolerated; the neurological symptoms improved but persisted
to a lesser degree.

Histopathological examination of the resected bone tumor
showed CK7-positive adenocarcinoma. Further immunohis-

tochemistry was negative, including TTF-1, CK20, CDX-2,
estrogen and progesterone receptors, BRST-2, glypican-3,
and hepatocyte-specific antigen. Accordingly, the cancer
was initially classified as carcinoma of unknown primary
(CUP), and a search for the primary tumor via low-dose
thoracic computed tomography (CT), breast ultrasonography,
mammography, and abdominal MRI was conducted. This
revealed a hepatic lesion of 7.4 � 6 cm in segments 2/3 and
4, infiltrating the porta hepatis and resulting in moderate
intrahepatic cholestasis, as well as several satellite nodules in
segment 8 and suspicious locoregional lymphnodes (►Fig. 2).

In view of the complex situation of metastatic adenocarci-
noma and pregnancy, the patient was referred to the West
German Cancer Center.

After review of the immunohistochemical profile, MR
morphology, and detection of a typical pattern at contrast
ultrasonography, which consisted of a hypervascular lesion
with early washout,20 the most likely primary cancer was a
cholangiocellular adenocarcinoma.

Gynecological examination and ultrasound showed an
appropriately developed fetus at gestational age of 17 weeks
and 6 days.

During the following days, we carefully explained to the
patient and her husband the prognosis of metastatic chol-
angiocellular carcinoma, possible aims for palliative treat-
ment, and the available options and expected side effects of
the treatment modalities to both mother and baby. We
offered pregnancy interruption to allowmaximum treatment
of the mother. At the same time, we explained a concept of
reaching the limit of viability by prolonging the gestation to a
minimum of 24 weeks, deliver the child, and give maximum
treatment to the mother at this point.

As the disease, if left untreated, would be expected to
progress and could produce deleterious consequences to the
mother at a pregnancy stagewhen the risks of prematurity for
the fetus still prevailed, we proposed to administer chemo-
therapy to gain the weeks necessary for the child to develop.

The patient and her husband decided to preserve the
pregnancy and to begin chemotherapy.

We initiated systemic treatment with cisplatin 50 mg/m2

on day 1 and gemcitabine 1,000 mg/m2 on days 1 and 8 of a

Fig. 1 Lumbar spine magnetic resonance imaging at initial diagnosis.
Sacral mass (arrow) (a) sagittal T1, also depicting the pregnancy, (b)
transversal T1W TSE, and (c) T2W TSE.
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21-day cycle. Therapy was well tolerated; the patient com-
plained of no side effects, especially no nausea or vomiting.
Application of day 8 gemcitabine of cycle 2 was delayed by
1 week due to leukocytopenia (1.4/nL, common terminology
criteria for adverse events [CTCAE] grade 2).

Restaging was conducted by ultrasound after 7 weeks of
chemotherapy (gestational age 25 þ 1) to minimize prenatal
exposure to radiation. This revealed partial remission of the

hepatic lesion. An additional MRI of the lumbosacral region
detected no signs of recurrent disease in the region of
previous surgery. However, a slight progression of a previ-
ously very small pelvic metastasis was reported. Most impor-
tantly, fetal development at this time proved still appropriate
for gestational age (►Table 1). Due to hematotoxicity it was
decided to continue chemotherapy in prolonged cycles of 11
to 12 days, planning a treatment interruption afterward and

Fig. 2 Abdominal magnetic resonance imaging at initial diagnosis, primary tumor (arrow) (a) transversal T1 FL2D, (b) coronar T2 Haste, (c)
transversal T2 Haste, and (d) T2 TSE.

Table 1 Fetal biometric and Doppler measurements

Weeks of gestation 25 þ 1 29 þ 0 34 þ 6

Head circumference 221.6 mm 261.1 mm 303.2 mm

Abdominal circumference 204.2 mm 224.4 mm 273.0 mm

Femur length 42.8 mm 52.6 mm 60.0 mm

Head to abdomen circumference ratio 1.09 1.16 1.11

Estimated weight (Hadlock formula) 710 g 1,084 g 1,846 g

Umbilical artery (pulsatility index) 1.51 0.93

Middle cerebral artery (pulsatility index) 1.8

Ductus venosus (pulsatility index) 0.64
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cesarean section at 35 þ 0 weeks of gestation. Restaging by
abdominal ultrasonography in week 29 confirmed partial
remission of the hepatic and lymphonodular tumor manifes-
tations. No further imaging was performed at this point, the
mother being in excellent clinical condition. Fetal develop-
ment was also monitored closely. Fetal ultrasound inweek 29
raised the suspicion of beginning growth retardation, re-
flected by a head-to-abdominal circumference asymmetry
and decreasing growth velocity (►Table 1). Doppler sonog-
raphy showed no pathological findings without the signs of
placental insufficiency and normal pulsatility indices of the
umbilical artery, the middle cerebral artery and the Ductus
venosus. After interdisciplinary discussion, it was decided in
agreement with the patient and her husband to withhold
further chemotherapy. In week 33 þ 2, fetal examination
showed normal interval growth and normal Doppler sono-
graphic findings without the signs of placental insufficiency.

No cancer therapy was given until cesarean section was
performed at gestational week 35 þ 0, delivering a healthy
female infant, APGAR 9/10/10, birth weight 1,840 g (20th
percentile), length 41 cm (20th percentile), and head circum-
ference 30 cm (30th percentile). The baby initially showed
labored breathing with retractions but did not require sup-
plemental oxygen, breathing spontaneously at all times.
Examination revealed no evidence of gross malformations,
neurological or cardiocirculatory abnormalities, and infection
or bone marrow suppression (leukocytes 6.85/nL, hemoglo-
bin 14.5 g/dL, and platelets 320/nL). Supplemental enteral
feeding via nasogastric tube was necessary for 10 days. The
baby was discharged from the hospital in very good general
condition 1 month after her birth. Weight was 2,340 g
(< third percentile), height 42 cm (< third percentile), and
head circumference 31 cm (< third percentile).

The mother underwent restaging examinations after
delivery. Confirming our clinical impression during the pre-
vious weeks, bonemetastases of the frontotemporal cranium,
ribs, and iliumwere revealed by bone scintigraphyand cranial
CT. Abdominal MRI confirmed progressive disease in the liver
and bone metastases with large soft tissue components.
Chemotherapy with cisplatin and gemcitabine was resumed,
palliative local radiotherapy administered to the sacrum,
ilium, and femoral neck at a total dose of 20 Gy, and bi-
sphosphonate therapy initiated.

Only 2 weeks after the completion of the radiotherapy,
disease progressed with new vertebral, mediastinal, and
pulmonary metastases. Thus, second-line chemotherapy

with 5-FU, folic acid, and oxaliplatin was initiated. Third-
line therapy with paclitaxel was not tolerated due to severe
polyneuropathy. Hence, weekly epirubicin was administered
as fourth-line therapy. Fourteen months after the initial
diagnosis massive progression of pulmonary, hepatic and
bone metastases occurred. The patient died shortly
afterward.

A pediatric follow-up examination of the infant after a
corrected age of 5 months confirmed normal physical and
neurological development. In a second examination at a
corrected age 12 months, development was found again
appropriate for her age, with length at 1 cm below 3rd
percentile and weight at the 10th percentile. The neuro-
pediatric examination showed no abnormal findings. Biome-
try measurements are presented in ►Table 2.

Discussion

In the case presented here, a pregnant woman with newly
diagnosed metastatic adenocarcinoma required palliative
cancer therapy with the intention of preserving the pregnan-
cy and withholding harm from the child. Formally classified
as CUP, histopathology and imaging workup provided evi-
dence for biliary tract cancer. Recent molecular analyses
placed the tissue of origin of a larger share of CUP in this
region,21 supporting the working diagnosis. Thus, based on
available evidence, platinum compounds and gemcitabine
evolved as appropriate anticancer agents. Biliary tract cancers
during pregnancy have rarely been described in the literature.
None of the five case reports available22–26 mentions the
application of chemotherapy.

Cisplatin can be given during pregnancy based on rela-
tively broad experience, typically with ovarian,4 and lung
cancer.6 A review lists 36 cases with moderate fetomaternal
toxicity and no clear causative link to malformations, albeit
platinum-DNA adducts can be detected in exposed neo-
nates.27 With regard to oxaliplatin, only a single case report
was found in the literature,28 which reports no fetal toxicity.

Gemcitabine is a nucleoside analogue replacing cytidine
during DNA replication and inhibiting ribonucleotide reduc-
tase.29 In the rat, full placental transfer of the drug and high
fetal exposure could be shown.30 Developmental toxicity has
been evaluated in mice.31 Malformations, reduced prenatal
and neonatal survival, and weight changes could be detected,
yet only in those animals receiving the drug in excessive
doses. From preclinical data, it can thus be expected that a

Table 2 Biometric measurements of the infant

Corrected age 30 d 5 mo 12 mo

Head circumference 31 cm 41 cm 45 cm

Body weight 2,340 g 6,410 g 8,250 g

Body length 42 cm 63 cm 69.7 cm
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fetus is exposed to the drug in utero. When gemcitabine is
administered in established therapeutic doses overt develop-
mental toxicities to the fetus may be limited.

Three previous clinical cases describing the administration
of a gemcitabine-containing chemotherapy are found in the
literature (►Table 3).

The first report by Kim et al32 described a 35-year old
Korean woman with metastatic pulmonary adenocarcinoma
and an unrecognized pregnancy who received whole brain
irradiation, four cycles of cisplatin and docetaxel, and second-
line therapy with two cycles of cisplatin and gemcitabine
before the pregnancy was detected on CTscan at a gestational
age of 31 weeks. The infant was delivered at week 33 with no
evidence of malformation, showing normal development.

In a second report, Gurumurthy et al33 administered one
cycle of gemcitabine and carboplatin to a 38-year-old Cauca-
sian woman with advanced non-small-cell lung carcinoma
and poor performance status. The infant was delivered at
28 þ 4 weeks of gestation and suffered from anemia, respi-
ratory distress requiring ventilator support, Staphylococcus
aureus sepsis and pulmonary infection. The child developed
chronic lung disease and required long-term oxygen support.

A third case report by Boyd et al34 described the applica-
tion of two 4-weekly cycles of gemcitabine starting at
week 24 of pregnancy as additive therapy after the resection
of pancreatic adenocarcinoma. A healthy child was born after
induction of labor at week 34. Further follow-up of the infant
is not reported.

In the report by Kim et al, pregnancy was unknown
when treatment was initiated. As early as in the first
trimester, the fetus was exposed to three different chemo-
therapeutics, including a cumulative dose of 5 g/m2 gem-
citabine (approximately gestational weeks 17–22), and
even distant irradiation therapy, resulting in no apparent
toxicity or abnormalities of the infant. Although the long-
term outcome of the child is not known, this report is a good
example that chemotherapy is feasible during pregnancy.

But due to the multimodal exposure, any toxicity which
may still develop during follow-up would not clearly be
attributable to a particular drug.

Only one course of chemotherapy was administered in the
report of Gurumurthy et al (cumulative dose 2 g/m2 gemci-
tabine, week 25). The deteriorating condition of the mother
forced a preterm birth, the child subsequently suffering from
multiple severe complications of prematurity. It is thus
impossible to attribute aspects of the infant’s outcome to
gemcitabine.

In the report of Boyd et al, gemcitabine was administered
in a high-risk, formally adjuvant situation. Nevertheless,
hepatic metastases developed shortly afterward. Within the
limited follow-up, no toxicities to the child were reported.

The present case, to our knowledge the fourth report in the
literature, details the clinical course of the application of a
gemcitabine/cisplatin-based regimen during pregnancy.
Treatment was initiated by deliberate decision of the patient
with the knowledge of the pregnancy. Decision making was
supported by a literature survey and extensive discussion
with the patient and her husband.

We decided to administer chemotherapy with the inten-
tion of achieving the best possible treatment response to
prolong the gestation to at least the limit of viability. Although
relatively broad experience is available for cisplatin treatment
during pregnancy, the decision to initiate gemcitabine-based
chemotherapy was essentially based on preclinical data and
the first two case reports discussed above. Treatment was
well tolerated, and delivery could be successfully postponed
until the late-preterm stage. The head circumference of the
neonate was small, but under ongoing neuropediatric sur-
veillance there has been no evidence of malformations or
neurodevelopmental disorders of the child. In summary, our
report adds to the evidence that administration of gemcita-
bine-based chemotherapy is feasible during pregnancy. We
complement the emerging view that in the complex setting of
cancer diagnosis during pregnancy, chemotherapy can be

Table 3 Case reports of gemcitabine administration during pregnancy

Reference Kim et al32 Gurumurthy
et al33

Boyd et al34 This report

Therapy protocol Gemcitabine 1,250 mg/m2

d1 þ 8, cisplatin 35 mg/m2

d1 þ 8, q3w

Gemcitabine
1,000 mg/
m2 d1 þ 8,
carboplatin
AUC
5 d1, q3w

Gemcitabine weekly
(exact dose not given)

Gemcitabine
1,000 mg/m2

d1 þ 8,
cisplatin 50 mg/m2

d1, q3w, later
prolonged
intervals

Gestational age Approximately 17–22 25 24–32 18 þ 1–27 þ 6

Cumulative
gemcitabine dose

5 g/m2 2 g/m2 � 6 g/m2 5 g/m2

Additional therapy
during pregnancy

Cerebral metastasectomy
Whole brain irradiation (30 Gy)
Docetaxel 40 g/m2 d1 þ 8 and
cisplatin 35 mg/m2 d1 þ 8, q3w

– Pancreaticoduodenectomy Sacral
laminectomy

Abbreviation: AUC, area under curve.
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applied to avoid the possible severe and long-term compli-
cations of prematurity.7 This seems preferable to the induc-
tion of preterm delivery to avoid the hypothetical
consequences and complications of chemotherapy.
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