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lected chemotherapeutic agents can be given in the 2nd 
and 3rd trimester without any major teratogenic risk. All 
9 newborns in our study were free of anomalies, al-
though 1 of them died in the neonatal period.
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Introduction

Cancer is the second most common cause of death among 

women of child-bearing age worldwide. With the increasing par-

ticipation of women in the workforce, childbearing is postponed, 

contributing to the rise in pregnancies associated with cancer [1]. 

Chemotherapy exposure during pregnancy is a great concern for 

both the mother and the physician. Due to their relatively low mo-

lecular weight, chemotherapeutic agents can cross the placenta and 

adversely affect the fetus [2–4]. Teratologic and other adverse fetal 

effects are dependent on dosage and the gestational age [5]. 

Exposure during the 1st trimester, in which organogenesis takes 

place, may result in teratogenesis and spontaneous abortions [3, 6]. 

Some organs and systems, including the eyes and genitalia, the he-

matopoietic system, and the central nervous system, remain vul-

nerable throughout pregnancy [7]. Subsequent trimesters are rela-

tively safe with an increased risk of stillbirth, intrauterine growth 

restriction, prematurity, and low birth weight. A limited number of 

drugs are proven human teratogens and are contraindicated dur-

ing pregnancy. Older-generation alkylators such as procarbazine, 

busulfan, chlorambucil, and nitrogen mustard have high terato-
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Summary
Background: The use of chemotherapeutics during preg-
nancy is a dilemma for both the patient and the clinician. 
We report here our 11 years’ experience with the use of 
chemotherapy during pregnancy. Patients: 13 patients 
undergoing chemotherapy during their current preg-
nancy were evaluated. The medical data of 5 patients 
with hematologic malignancies (2 Hodgkin’s, 2 non-
Hodgkin’s lymphoma, and 1 chronic myeloid leukemia), 
6 patients with breast cancer, 1 patients with naso-
pharyngeal cancer, and 1 patient with choriocarcinoma 
were retrospectively obtained from the ‘perinatal data-
base’ of Hacettepe University for the period of January 
2002 through March 2016. Results: 4 patients had a med-
ical termination due to teratologic effects. 4 patients had 
a vaginal delivery, and 5 patients delivered by caesarean 
section. The 9 newborns who had been exposed to 
chemotherapeutics were free of congenital anomalies. 
However, 1 of them died in the early neonatal period due 
to multi-organ failure (nasopharyngeal cancer). During 
the 2-year follow-up, we encountered 1 maternal mortal-
ity, which was due to multi-organ failure in a non-Hodg-
kin’s lymphoma patient. Conclusion: Physicians must 
pay attention to potential teratologic problems, and 
should carefully balance maternal and fetal risks. Se-
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genicity compared to anthracyclines and vinca alkaloids (vinblas-

tine, vincristine) [4, 8]. Higher doses with multi-drug regimens are 

reported to be more fetotoxic.

We have evaluated our experience with women undergoing 

chemotherapy in the course of their pregnancies in regard to de-

mographics and fetal and maternal outcomes.

Patients and Methods

This retrospective study was carried out at the Division of Perinatology, De-

partment of Obstetrics & Gynecology, Hacettepe University, Ankara. The pe-

riod between January 2002 and March 2016 was screened, and 13 patients who 

received chemotherapy during their pregnancy were enrolled into the study. 

Patients’ data were collected from the ‘perinatology database’ of Hacettepe Uni-

versity, which comprises information recorded during the antenatal visits.

The study group consisted of 5 patients with hematologic malignancies (2 

Hodgkin’s lymphomas (HL), 2 non-Hodgkin’s lymphomas (NHL), and 1 

chronic myeloid leukemia (CML)), 6 breast cancer patients, 1 patient with na-

sopharyngeal cancer, and 1 patient with choriocarcinoma.

The 2 HL patients received the ABVD (adriamycin, bleomycin, vinblastine, 

dacarbazine) regimen. 1 of the 2 NHL patients received R-CHOP (rituximab-

cyclophosphamide, adriamycin, vincristine, prednisone) chemotherapy, while 

the other had a primary nervous system lymphoma and was treated with in-

trathecal methotrexate. The CML patient required a mild dose of hydroxyurea 

to control leukocytosis.

The breast cancer patients were mostly locally advanced cases, requiring 

neoadjuvant CAF (cyclophosphamide, adriamycin, 5-fluorouracil) chemother-

apy. The nasopharyngeal carcinoma patient was successfully treated with cispl-

atin and concurrent radiotherapy. The choriocarcinoma patient was diagnosed 

during pregnancy and received EMA/CO (etoposide, methotrexate, actinomy-

cin D, cyclophosphamide, vincristine) chemotherapy during her 3rd trimester.

Clinical characteristics including demographics, pregnancy outcomes, neo-

natal outcomes, type of cancer, treatment modalities performed (chemother-

apy, radiotherapy, surgery), and obstetrics/perinatal complications were evalu-

ated. Therapeutic abortion is defined as the termination of pregnancy to pre-

serve maternal health before the 22nd completed week of pregnancy. Preterm 

birth is defined as delivery before the 37th week of gestation. 

Statistical analysis was performed using SPSS (IBM Corp., Armonk, NY, 

USA).

The study was approved by the institutional ethics committee (GO/16/217). 

All patients gave written informed consent.

Results

General Characteristics
The characteristics of each patient are outlined in detail in 

table 1. The mean maternal age was 31.7 ± 5.75 years (range 23–43 

years). 5 patients were primiparous and 8 were multiparous. 6 

(46.1%) patients were diagnosed with cancer before their preg-

nancy and 7 (53.9%) during their pregnancy. 1 patient was diag-

nosed during the 1st trimester, 4 patients during the 2nd trimester, 

and 1 patient during the 3rd trimester. The mean gestational age at 

diagnosis in the patients who successfully delivered was 35.6 ± 3.5 

weeks (range 28–40 weeks). 5 patients had hematologic malignan-

cies, 6 patients had breast cancer, 1 patient had choriocarcinoma, 

and 1 patient had nasopharyngeal cancer. The mean gestational 

age at chemotherapeutic exposure was 20.5 ± 7.8 weeks (range 

6–30 weeks). 

A total of 4 patients had a medical termination due to terato-

logic effects (fetal toxicity). 4 patients had vaginal deliveries, and 5 

patients delivered by caesarean section. There were 4 (44.4%) pre-

term deliveries, which is a much higher percentage than seen 

among the general population (10%), with an early and late pre-

term ratio of 1/3. The mean birth weight was 2,684.4 ± 515.8  g 

(range 1,750–3,410 g). 

The 9 newborns who had been exposed to chemotherapeutics 

were free of congenital anomalies. However, 1 of them died in the 

early neonatal period due to multi-organ failure. During the 2-year 

follow-up, we encountered 1 maternal mortality, which was due to 

multi-organ failure in an NHL patient.

Table 1. Patient characteristics

Case,  

n

Type of cancer Age,  

years

Gestational week at  

cancer diagnosis/

chemotheraphy exposure

Gestational 

week of  

delivery

Type of  

delivery

Birth  

weight, g

Newborn’s  

sex

Chemotherapy Perinatal  

outcome

 1 Hodgkin’s lymphoma 30 before pregnancy/18 40 NVD 3,410 male ABVD NVD

 2 Hodgkin’s lymphoma 34 before pregnancy/13 15 TA NA female ABVD terminated

 3 NHL 30 before pregnancy/12 16 TA NA male R-CHOP terminated

 4 NHL 24 24/26 28 NVD 1,750 female methotrexate NVD

 5 CML 26 16/21 35 C/S 2,750 female hydroxyurea NVD

 6 breast cancer 36 29/30 39 NVD 3,200 female CAF NVD

 7 breast cancer 43 24/28 37 NVD 2,870 female CAF NVD

 8 breast cancer 39 before pregnancy/21 21 TA NA NA CAF terminated

 9 breast cancer 23 06.Haz 8 TA NA NA CAF terminated

10 breast cancer 33 before pregnancy/1 38 C/S 2,560 female tamoxifen NVD

11 breast cancer 33 17/25 34 C/S 2,650 female CAF NVD

12 nasopharyngeal cancer 33 before pregnancy/21 35 C/S 2,080 male cisplatin death

13 choriocarcinoma 28 27/30 35 C/S 2,890 female EMA/CO NVD

NHL = Non-Hodgkin’s lymphoma; CML = chronic myeloid leukemia; NVD = normal vaginal delivery; C/S = caesarian section; NA = not applicable; TA = termi-

nated; ABVD = adriamycin, bleomycin, vinblastine, dacarbazine; CAF = cyclophosfamide, adryamicin, 5-fluorouracil; EMA/CO = etoposide, methotrexate, acti-

nomycin D, cyclophosphamide, vincristine; R-CHOP = rituximab- cyclophosfamide, adryamicin, vincristine, prednisone.
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Cases
Among the patients with hematologic malignancies, 2 patients 

had HL, 2 had NHL, and 1 had CML. Both HL patients were diag-

nosed with a nodular sclerosing subtype before their pregnancies, 

and their pregnancies were unplanned. The first patient received 

the ABVD protocol at the 18th gestational week as well as in-

volved-site radiotherapy at a dose of 30 Gy shortly after delivery. 

The other HL patient requested a termination of her pregnancy 

and received ABVD chemotherapy at the 13th gestational week. 

Of the NHL patients, 1 was diagnosed with diffuse large B-cell 

lymphoma before her pregnancy. R-CHOP and involved-field ra-

diotherapy were planned. However, the patient did not accept the 

risk of receiving radiotherapy during pregnancy or of postponing 

treatment until after the pregnancy. Her pregnancy was thus termi-

nated 4 weeks after chemotherapy exposure. The other NHL pa-

tient was diagnosed with primary central nervous system lym-

phoma at the 24th gestational week and received intrathecal meth-

otrexate 2 weeks later. The patient delivered a healthy baby at 28 

weeks gestation but unfortunately died 2 years later due to disease 

progression.

The CML patient was diagnosed at 16 weeks gestation. This pa-

tient required a mild dose of hydroxyurea to control leukocytosis. 

She delivered a healthy baby at 35 weeks. Conventional treatment 

started after delivery.

Of the 6 breast cancer patients, 2 were diagnosed during the 3rd 

trimester. Both presented with large masses in their breasts, and 

Tru-Cut biopsy revealed breast cancer. Since both patients had lo-

cally advanced disease, they received CAF chemotherapy during 

the 3rd trimesters and modified radical mastectomy (MRM) after 

delivery. Neither of them received radiotherapy postnatally. The 

3rd patient was diagnosed during a routine screening mammogra-

phy just before conceiving by chance, and underwent MRM during 

the 1st trimester. Her pregnancy was terminated at approximately 

22 weeks gestation shortly after chemotherapy treatment by re-

quest of the family and due to teratologic reasons. The 4th patient 

was a 23-year-old woman who presented with a palpable mass in 

her breast (in early pregnancy). Ultrasonography and magnetic 

resonance imaging (MRI) revealed a multifocal breast cancer. She 

received neoadjuvant CAF chemotherapy, and again the pregnancy 

was terminated 2 weeks later. Afterwards, the patient underwent 

MRM and radiotherapy. Of the remaining 2 patients, 1 was a 

33-year-old women diagnosed with breast cancer during the 2nd 

trimester. She had locally advanced disease and received neoadju-

vant CAF chemotherapy during her pregnancy. After delivery, she 

underwent MRM and radiotherapy. The last patient had been first 

diagnosed with breast cancer 3 years earlier and was undergoing 

treatment with radiotherapy and tamoxifen. Her pregnancy was 

discovered quite late at 24 weeks gestation. Further radiotherapy 

was postponed, and she received tamoxifen for the rest of her preg-

nancy. She successfully delivered a healthy baby at the 38th gesta-

tional week. Radiotherapy recommenced after delivery.

The nasopharyngeal cancer patient was a 33-year-old woman 

who was diagnosed just prior to her first pregnancy. Her treatment 

was postponed until the 21st gestational week when she received 

cisplatin and concurrent radiotherapy. She delivered at 35 weeks 

by cesarean section. However, the baby died in the early neonatal 

period due to a nosocomial infection and subsequent multi-organ 

failure. This was probably due to immunosuppression secondary to 

radiotherapy.

The choriocarcinoma patient was a multiparous 28-year-old 

woman who was diagnosed during the 3rd trimester. The patient 

received EMA/CO chemotherapy at the 30th gestational week and 

delivered a healthy baby at 35 weeks. She was screened for metasta-

sis after pregnancy and none was detected. 

Discussion

Cancer treatment during pregnancy is an issue of increasing im-

portance since more women become pregnant in their late 30s. 

Here, we are reporting the cases of 11 patients who received chem-

otherapy during their pregnancy.

Hematologic Malignancies
A total of 5 patients had hematologic malignancies and received 

chemotherapy accordingly. The incidence of hematologic malig-

nancies during pregnancy is 0.02% [4]. Hematologic malignancies 

often necessitate prompt therapy, thus creating a situation where 

the effects of treatment on the fetus are to be weighed against the 

welfare of the mother [9].

Of the patients with hematologic malignancies, 3 were diag-

nosed just prior to an unexpected pregnancy and had to undergo 

chemotherapy at the end of the 1st trimester. 2 patients who re-

ceived chemotherapy at week 12 and 13 gestation, had a therapeu-

tic abortion 2 weeks later. The 3rd patient, who received chemo-

therapy at 18 weeks, completed her pregnancy successfully.

HL is reported to be more frequent than NHL in pregnant pa-

tients. In fact, about 3% of HL patients present with concurrent 

pregnancy. These patients are diagnosed with same-stage disease as 

non-pregnant patients [10]. NHL is more problematic in this re-

gard as patients may be diagnosed at later stages because preg-

nancy may masquerade symptoms [11]. An analysis of 121 preg-

nancy-associated NHL cases revealed that 75% of patients had 

stage IV disease with 49% having reproductive organ involvement. 

Fetal involvement was rare [12]. In this study, we had 2 HL and 2 

NHL cases, and our results were similar to those of previous re-

ports. Both HL patients were diagnosed with a nodular sclerosing 

subtype before their pregnancies, and their pregnancies were un-

planned. The 1st patient received the ABVD protocol at 18 weeks 

as well as involved-site radiotherapy at a dose of 30 Gy shortly after 

delivery. The other HL patient requested a termination and re-

ceived ABVD chemotherapy at 13 weeks. 1 of the NHL patients 

was diagnosed with diffuse large B-cell lymphoma before her preg-

nancy. R-CHOP and involved-field radiotherapy were planned for 

this patient. However, she did not accept the risk of receiving radi-

otherapy during pregnancy or of postponing treatment until after 

her pregnancy. The pregnancy was thus terminated 4 weeks after 

chemotherapy exposure. The other NHL patient was diagnosed 
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with primary central nervous system lymphoma at 24 weeks gesta-

tion and received intrathecal methotrexate 2 weeks later. She deliv-

ered a healthy baby at 28 weeks but unfortunately died 2 years later 

due to disease progression.

Radiotherapy is usually used in combination with chemother-

apy for both HL and NHL. Using radiotherapy during pregnancy is 

a difficult choice. Fetal exposure may cause growth retardation, 

malformations, and death. There is even the risk of long-term ad-

verse effects, such as mental retardation, sterility, and childhood 

cancer. Radiotherapy is generally contraindicated during the 1st 

trimester [13] and continues to be dangerous thereafter. Exposure 

to doses  100 mSv (especially  500 mSv) is associated with an 

increased risk of malformation and mental retardation. After 25 

weeks,  1 Sv (1,000 mSv) is considered relatively safe, depending 

on the radiation site [14]. 2 of the 4 HL and NHL patients received 

radiotherapy. However, 1 patient underwent radiotherapy after her 

pregnancy and the other after an induced abortion. There are other 

reports of successful systemic therapy for HL and NHL after the 1st 

trimester [15, 16]. This is explained by the fact that chemotherapy 

is administered after organogenesis and fetal protection is provided 

by the placental barrier [16].

CML occurs in approximately 1 of 100,000 pregnancies [4]. 

Treatment with thyrosine kinase inhibitors (TKI) is the standard of 

care in CML patients. However, TKIs are contraindicated during 

pregnancy. Only few investigators have suggested TKI use despite 

the known teratogenic effects [17, 18]. Other therapeutic ap-

proaches such as leukapheresis and interferon (IFN)-α can be con-

sidered during pregnancy. Leukapheresis can be effective in de-

creasing cell count; however, it must be performed frequently, 2–3 

times per week. Blood counts tend to drop during the 3rd trimester, 

allowing less frequent leukapheresis [19, 20]. IFN-α is a high-mo-

lecular-weight molecule and considered safe for use during preg-

nancy [21]. However, it should be noted that when IFN-α was the 

first-line therapy for CML, it did not always induce good hemato-

logic control and required supplementation with hydroxyurea, 

which is a known teratogenic agent. Hydroxyurea is known to cause 

craniofacial and spinal defects in many species, but seems less dam-

aging in humans [22]. The patient in our series had to receive hy-

droxyurea to control leukocytosis. IFN-α was initially planned for 

the patient, but unfortunately she could not tolerate it. Leukapher-

esis was unavailable at the time, so the patient had to be treated with 

a mild dose of hydoxyurea at the end of the 2nd trimester. 

Breast Cancer
Breast cancer is one of the most common cancers seen in preg-

nant women, and 0.2–3.8% of breast cancers occur during preg-

nancy [23]. Pregnancy-associated breast cancer mostly presents as 

advanced-stage disease, and there can be substantial diagnostic 

delay [24]. Treatment should be tailored to the clinical presenta-

tion and the trimester of pregnancy. Surgery can be performed 

during all trimesters [25]. There is debate about the adjuvant ther-

apy. Much of the literature on the pharmacologic treatment of 

breast cancer during pregnancy is anecdotal. Some authors support 

treatment with CAF chemotherapy during the 2nd and 3rd trimes-

ter and delaying radiotherapy until after delivery [26]. However, 

there is also a consensus report that radiotherapy can be consid-

ered during the 1st and 2nd trimester but should be postponed 

during the 3rd trimester [25]. 2 of the 6 breast cancer patients in 

our series were diagnosed during the 3rd trimester. Both received 

CAF chemotherapy without radiotherapy (neither during nor after 

their pregnancy) and successfully completed their pregnancy with-

out neonatal morbidity and mortality. The 3rd patient was diag-

nosed during a routine screening mammography just before get-

ting pregnant by chance, and received MRM during the 1st trimes-

ter. Her pregnancy was terminated at 22 weeks gestation, just after 

chemotherapy, by request of the family and for teratologic reasons. 

The 4th patient was a 23-year-old patient who presented with a 

palpable mass in her breast (early in pregnancy). Ultrasonography 

and MRI revealed a multifocal breast cancer. She received neoadju-

vant CAF chemotherapy, and again the pregnancy was terminated 

2 weeks later. She received MRM and radiotherapy after the termi-

nation. The 5th patient similarly presented with a palpable mass. 

Cancer was diagnosed through ultrasound-guided biopsy, and she 

received neoadjuvant CAF chemotherapy. The last patient was dif-

ferent in that she presented with cranial metastasis after having un-

dergone surgery for breast cancer 3 years earlier. She was currently 

undergoing radiotherapy and tamoxifen treatment. Amenorrhea 

due to the medication meant that her pregnancy was detected late. 

Despite radiotherapy during the 1st and 2nd trimester and tamox-

ifen treatment, this patient delivered a healthy baby.

CAF is the preferred chemotherapy during pregnancy. In a pro-

spectively designed study by the MD Anderson Cancer Center, 24 

patients were managed with the CAF protocol comprising doxoru-

bicin 50 mg/m2 continuous infusion over a period of 72 h, cyclo-

phosphamide 500 mg/m2 on day 1, and bolus fluorouracil 500 mg/

m2 on days 1 and 4. 2 patients had recurrent disease, and 1 patient 

received chemotherapy during the 1st trimester. No antepartum 

complications attributable to systemic therapy were noted [27]. An-

other study, which consisted of the 18-year experience of 5 centers, 

included 28 patients; 16 patients received CAF and 12 received 

CMF (cyclophosphamide, methotrexate, fluorouracil). 1 patient re-

ceived chemotherapy during the 1st trimester of pregnancy which 

ended in spontaneous abortion. There were no serious adverse con-

sequences for the mothers or the neonates in the other cases [23]. 

Generally speaking, breast cancer patients in our series were lo-

cally advanced cases requiring neoadjuvant chemotherapy and 

MRM mostly after delivery or in conjunction with a termination. 

Nasopharyngeal Carcinoma
Pregnancy-associated nasopharyngeal carcinoma is associated 

with poor survival. Recent advances in radiation technology, imag-

ing techniques, and chemotherapy have improved survival, and 

there are reports of successful pregnancies [28, 29]. The patient in 

our series was diagnosed towards the end of the 2nd trimester and 

received chemotherapy along with concomitant radiotherapy. 

While there was a successful delivery at 35 weeks gestation, the 

newborn died in the early neonatal period, probably due to the ef-

fects of radiotherapy. 
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Choriocarcinoma
Choriocarcinoma is frequently preceded by a complete mole, an 

ectopic pregnancy, a non-molar intrauterine abortion, or, uncom-

monly, by a partial mole. Choriocarcinoma coexisting with or after 

a ‘normal’ pregnancy has an incidence of 1 per 160,000 pregnan-

cies [30]. It is associated with poor prognosis and rapid spreading 

of fatal disease; however, it is curable if diagnosed early and treated 

accordingly [31, 32]. The choriocarcinoma patient in our series 

was diagnosed during the 3rd trimester at an early stage. She re-

ceived chemotherapy without delay, and delivered a healthy baby 

at 35 weeks gestation.

Conclusion

Selected chemotherapeutic agents can be given in the 2nd and 

3rd trimester without major teratogenic risk. All 9 newborns in our 

study were free of anomalies, although 1 of them died in the neo-

natal period. Nonetheless, clinicians should take care to balance the 

maternal and fetal risks. Maternal wellbeing should take priority.

Disclosure Statement

The authors declare no conflict of interest. This study is not financially 

funded. The data was partially presented as a poster at the 11th World Congress 

of Perinatal Medicine. Both newly and previously presented patients are de-

scribed in more detail in this manuscript.
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