Cancer Management and Research Dove

REVIEW

Approaches to the Diagnosis and Management of
Ovarian Cancer in Pregnancy

Kaja Michalczyk
Aneta Cymbaluk-Ptoska

Department of Gynecological Surgery
and Oncology of Adults and Adolescents,
Pomeranian Medical University, Szczecin,
Poland

Correspondence: Kaja Michalczyk
al. Powstancow Wielkopolskich 72,
Szczecin, 70-111, Poland

Tel +48 91 466 1332

Fax +48 91 466 1334

Email kajamichalczyk@wp.pl

This article was published in the following Dove Press journal:
Cancer Management and Research

Abstract: Ovarian cancer is one of the most common gynecological cancers diagnosed in
pregnancy. Its management is often very problematic due to the proximity of the adnexa to
the developing fetus and chemotherapy-related toxicity risk. Tumor markers and imagining
studies play important roles in diagnosis, help differentiate benign masses from malignancy
and allow to plan the treatment. Due to the physiological changes that occur in pregnancy,
levels of tumor markers can be altered and reduce their diagnostic value. We review current
recommendations for the management and treatment of ovarian cancer in pregnant patients
considering gestational age at diagnosis, tumor histology, stage of the disease, risk of
obstetrical complications, and patient’s preferences.
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Introduction

Pregnancy is a special period in every woman’s life. Females often do not follow
gynecological recommendations and skip routine check-up visits. Upon discovering
the pregnancy, females sometimes undergo first gynecological examination and
start routine pregnancy check-up control visits as they care for both themselves
and the baby.

In pregnancy three ultrasound scans, one each trimester, are recommended.
During routine obstetrical ultrasound examinations, adnexal masses are often inci-
dentally discovered with most of them discovered during the first trimester. Only
3-6% of these are malignant and usually discovered at an early stage.' > Most of
the adnexal masses are asymptomatic and regress in a spontaneous manner. If
malignant, more than 50% tend to be symptomatic and present with pain, bleeding,
dystocia, ovarian rupture or torsion.*

Cancer is a relatively rare finding during pregnancy as it occurs approximately
in 0.05% to 1% of all pregnancies. Literature reports good oncologic and fetal
outcomes in women treated for cancer during pregnancy.”® Statistically, ovarian
cancer is the fifth most common cancer diagnosed during pregnancy, following
breast, thyroid, cervical cancer and Hodgkin lymphoma.” Ovarian cancer is often
associated with poor prognosis, with 35% of 10-year survival, while adolescent and
young adults have as much as 85% chances of 10-year survival. This may be
associated with more favorable tumor histology as well as patients often being
diagnosed in lower stage disease.”

Management of pregnant women with adnexal masses is difficult as many compli-
cations may occur causing danger both to the mother and the developing fetus. Ovarian
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cancer during pregnancy carries numerous challenges as it
affects reproductive organs where the fetus develops
A general recommendation is that, if the pelvic peritoneum
and the pouch of Douglas cannot be reliably examined during
surgery because of the enlarged uterus and limited possibility
to manipulate it, restaging surgery should be planned post-
partum. In patients who are considering pregnancy preserva-
tion, a cystectomy or an adnexectomy should be performed,
followed by platinum-based chemotherapy and cytoreductive
surgery after delivery, as surgery to no residual disease
cannot be performed during pregnancy. Cancer treatment
during pregnancy must balance between maternal and fetal
health. There is no evidence suggesting adverse effects of
pregnancy on the survival of women with ovarian cancer.”

In order to obtain the best possible outcome, an ade-
quate and appropriate treatment is required, while consid-
ering its risks to the pregnancy and a developing fetus.
With the use of imagining such as ultrasound and clinical
markers, accurate differentiation between benign and
malignant adnexal masses is crucial to decide on further
actions and management. As demonstrated in Figure 1,
a multidisciplinary approach including a variety of specia-
lists should be proposed to obtain the best model of care of
a pregnant patient diagnosed with cancer.

Although epithelial cancer is the most common cancer
outside of pregnancy and accounts for almost 90% of all
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ovarian cancers, during pregnancy germ cell tumors occur
at a highest frequency.'® Non-epithelial cancers, including
germ cell and stromal cancers, tend to present with bulky
masses, reaching high dimensions. Patients are often
symptomatic and present with pain, abdominal distension
or bleeding. Due to the frequency of ultrasounds in preg-
nancy, approximately 90% of pregnant patients with ovar-
ian cancer are diagnosed with stage I disease.

Treatment of epithelial ovarian cancer should consist of
a combination of surgery and chemotherapy. Surgery can
be performed either via laparotomy or laparoscopy. If
necessary, secondary surgery can be undertaken following
the delivery. Patients with advanced stage disease should
undergo debulking surgery. Complete cytoreduction may
be impossible in presence of the fetus and may cause
unnecessary risks to the mother and the fetus.? Initiation
of chemotherapy treatment during pregnancy is a possible
strategy to improve maternal outcome while preserving the
pregnancy and delaying the delivery.''

In pregnancy, the surgery should include removal of
the ovaries and peritoneal staging with preservation of the
uterus. Only potentially suspicious lymph nodes should be
removed to minimize the risk associated with the surgery.
Depending on the term of pregnancy, after multidisciplin-
ary consultations, patients with peritoneal spread could be
proposed with pregnancy termination, premature delivery
or neoadjuvant chemotherapy and preservation of the
pregnancy. '

This review provides insight into current diagnostic
and treatment methods for pregnant patients diagnosed
with ovarian cancer. For the purpose of our review, we
conducted a literature search on Pubmed, Web of Science,
and Cochrane Library databases including studies up to
October 2020. We evaluated the information provided in
articles published in English using a combination of key-
words relevant to ovarian cancer, chemotherapy, surgical
treatment and pregnancy. It contributes to this research
area by providing evidence-based information on currently
used diagnostic and therapeutic methods. Possible compli-
cations that may occur at different timing of the pregnancy
were evaluated. Even though ovarian cancer diagnosis
during pregnancy is a rare finding, the clinical manage-
ment is difficult as it affects both the mother and the
developing fetus.

Epidemiology
Epithelial ovarian cancer (EOC) is the most aggressive
histology type of ovarian cancer. It is the most common
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form among non-pregnant women. The overall prognosis
of patients with epithelial cancer is worse than that of non-
epithelial cancer. Peritoneal and nodal spread is usually
present and patients require adjuvant chemotherapy (in
early-stage or debulked advanced stage disease) or neoad-
juvant treatment (in advanced stage or unresectable peri-
toneal disease).'? In Table 1 we present the most frequent
histological types of ovarian cancer diagnosed in pregnant
women.

Diagnostics

Radiological Examination
Imaging studies are important tools in diagnostic and
evaluation of acute and chronic medical conditions.
Concerns about the safety of these procedures during
pregnancy sometimes result in fear and avoidance among
patients. Ultrasonography and magnetic resonance ima-
ging are the studies of choice during pregnancy as they
do not carry any associated risks neither to the mother or
fetus; They should be only used when necessary to provide
medical benefit to the patient.'*

Pelvic ultrasound is a primary, cheap and easily avail-
able test for diagnosis and evaluation of an adnexal mass.
Findings that may suggest a malignant potential of an

Table | Most Frequent Histological Types of Borderline and
Malignant Adnexal Masses in Pregnancy and Their Management

Prevalence | Histological Type | Histological Subtype

48.1% Borderline Serous, endometrioid,

mucinous

21.6% Epithelial tumors Clear cell

Endometrioid

Low grade serous

Mucinous

High grade serous cancer

Carcinosarcoma/
undifferentiated/other

24.6% Germ cell tumors Dysgerminoma

Yolk sac

Immature Teratoma

0.5% Sex cord stromal Sertoli, Lydig Tumor

tumors
Granulosa cell tumor

Note: Based on the data puiblished by Aggarwal and Kehoe,* Lockley et al,® and

Cavaco-Gomes et al.'?

adnexal mass are the following: tumor size >10 cm,
speed of growth >0.35 cm/week, presence of solid areas,
multiloculated masses, gross internal septa, papillary pro-
jections, bilateral masses, increased vasculature, presence
of free abdominal-pelvic fluid, or ascites.'®'> In order to
improve the accuracy of ultrasonography and to gain addi-
tional characteristics, color doppler imaging can be used to
obtain a vascular map of the adnexal mass.'®

If ultrasonography is ambiguous or insufficient further
imaging studies may be conducted using magnetic reso-
nance. MRI provides the ability to imagine deep soft tissue
structures without using ionizing radiation, making it safe
during pregnancy. It is especially useful for evaluation of big
masses, their relationship with the surrounding structures
and their infiltration. In patients with an advanced stage
disease, it allows to evaluate the retroperitoneal space and
lymph nodes involvement. The use of gadolinium contrast
with MRI is controversial and should be limited as it is
a water-soluble agent and can potentially cross the placenta
and enter the amniotic fluid and fetal circulation.'” DWI
(diffusion weighted imaging) is recommended.

Current imaging studies such as radiography, computed
tomography scans and nuclear medicine imagining techni-
ques are conducted at a much lower dose from the expo-
sure associated with fetal harm. If necessary, they should
not be withheld from a pregnant patient."* It should be
remembered that imaging studies cannot give a clear
answer, whether the change is malignant or not. The
determination of tumor markers seems to be even more
important during pregnancy than outside of it and enables
to decide on further patient’s management. If necessary,
for example to exclude distant lung metastases, X-ray
imaging can be performed in pregnant women using pelvic
shielding to lower the dose of radiation to the uterus and
the developing fetus.

Tumor Markers

Many serum markers are used to aid the diagnosis of
ovarian cancer. In Table 2 we list the commonly used
markers in patients presenting with adnexal masses. We
also evaluate their changes in pregnancy.

CA-125 is a tumor marker associated with EOC widely
used in non-pregnant patients.

During pregnancy, it is produced by the decidua and
granulosa cells.'” All studies describing Ca 125 levels in
individual trimesters report an increase of about 50% in
the first trimester (median 59.5 U/mL),"® systematic recov-
ery in the second trimester (27.8 U/mL) and minimal
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Table 2 Ovarian Tumor Markers and Their Changes During Pregnancy

Histological Type of Tumor Normal Range | Changes in Pregnancy
Ovarian Tumor Marker
Epithelial tumor CA 125 <35UmL™ Increased in |st trimester, then decreases

CEA <5ngmL"' Not influenced by pregnancy

He 4 <70 U mL™ Lower levels in pregnant women, mildly increased values in 3rd trimester
Mucinous tumor CA 199 <37UmL Mildly increases with increasing gestational age; never exceeds normal range
Mucinous carcinoma Inhibin A <173 pgmL! Increased values in |st trimester; abnormally increased in Down Syndrome
Granulosa cell tumor Inhibin B <255 pg mL"! Not influenced by pregnancy
Germ cell tumors b-HCG <0.5 miU mL™" Physiologically increased in pregnancy

AFP <10 ng mL™"' Physiologically increased in pregnancy; abnormally increased in neural tube

defects; decreased in Down Syndrome

Dysgerminoma LDH <250 U mL™' Increased in severe preeclampsia, HELLP syndrome

Note: Based on the data published by Cavaco-Gomes et al.'?

growth in the third trimester (median 31.3 U/mL).
Nevertheless, this marker seems to be of little use due to
the excessive possibility of false-positive results, which
would result in inappropriate qualification of patients to
the group of high risk of ovarian cancer.

He4 appears to be a marker whose concentration is
more stable throughout the pregnancy. The median of
36.9 pmol/L in the first trimester versus the second trime-
ster - 39.8 pmol/L and third trimesters - 54.6 pmol/L did
not differ significantly. The concentration of HE4 protein
throughout pregnancy remains within the reference values
and is significantly lower than in postmenopausal
women."” The data presented by Lu et al'® showed that
the ROMA algorithm (due to the increased values of the
Ca 125 marker) misclassified patients, respectively: 70.6%
in the first trimester, 4% in the second trimester and 42.9%
in the third trimester. It seems that the usefulness of the
ROMA algorithm has a little use in both the first and third
trimesters. In summary, the most diagnostic epithelial
marker during pregnancy seems to be the He4 marker
and this is what we should suggest when deciding on
a surgical procedure.

The second group of ovarian cancers that affect preg-
nant women is the non-epithelial cancer of the ovary.
Dysgerminoma, being one of them is the most common
cancer diagnosed in pregnancy. The most widely used
marker in the diagnosis of dysgerminoma is lactate dehy-
drogenase (LDH). Its concentration in a normal pregnancy,
as reported by Makonnen et al does not change.’® LDH

activity is increased in women with chronic arterial hyper-
tension, severe pre-eclampsia and during both physiologi-
cal and pathological labor. Lactate dehydrogenase, which
is a glycolytic enzyme, has 5 isoenzymes, of which two
fast LDH-1 and LDH-2 seem to be useful not only for the
diagnosis of dysgerminoma but also for monitoring its
treatment.”'

Another marker is AFP; maternal AFP level in preg-
nancy begins to increase from week 14 of pregnancy to
week 32 of pregnancy. First, it is produced by the yolk sac,
then by the fetal liver and gastrointestinal tract. Maternal
serum AFP level is used to screen for certain fetal abnorm-
alities, particularly neural tube defects and trisomy 21.
Nevertheless, significantly elevated levels of AFP appear
to be always associated with endodermal sinus tumors.
Many reports emphasize the fact that germ-cell tumor,
and above all yolk suck tumor, should be considered as
the cause of elevated serum AFP concentration in pregnant
women in the absence of fetal malformations or maternal
disease.”>>

Beta hCG (chorionic gonadotropin) is a hormone pro-
duced mainly during pregnancy and controls its develop-
ment. Disturbances in beta hCG secretion lead to a number
of complications and indicate abnormalities in the course
of pregnancy. We must remember that beta hCG is one of
the five members of the hCG family. Sulfated hCG and
hCG are hormones produced by placental syncytiotropho-
blast
Hyperglycosylated hCG is an autocrine factor produced

cells and pituitary  gonadotropin  cells.

submit your manuscript

2332

Dove

Cancer Management and Research 2021:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Michalczyk and Cymbaluk-Ptoska

by placental cytotrophoblast cells, which is a sign of

2425 1t seems that the use-

malignancy in placental cancer.
fulness of this marker during pregnancy is highly ques-
tionable and is not used in everyday clinical practice.

The most common gonadal neoplasm in pregnant
women is granulosa cell tumor. The diagnostic sensitivity
of inhibin A in non-pregnant women with granuloma is
67% and the specificity is 100%. In contrast, in the case of
inhibin B, the sensitivity is 89% and the specificity is
100%. Inhibin A is the dominant molecular form of inhi-
bin in maternal circulation from week 4 of pregnancy.
Although the exact biological function of inhibin A in
pregnancy is not fully understood, recent studies suggest
that inhibin A may be a more useful marker of placental
function than beta hCG due to its shorter half-life. It is
currently believed that monitoring inhibin A levels in
early pregnancy may help predict miscarriage, Down
syndrome, pre-eclampsia and IUGR in both the first
and second trimesters of pregnancy. Its use in the diag-
nosis of ovarian tumors is not recommended.” Inhibin
B concentrations, physiologically during pregnancy,
decrease sharply in the first trimester and increase slightly
in the second trimester. The usefulness of inhibin B for
the diagnosis and monitoring of gonadal tumors in preg-
nancy, especially granulosa juvenile, seems to be
justified.”’

The determination of LDH may be used in germinal
tumors, eg, dysgerminoma, to monitor the effectiveness of
the treatment and possible recurrence of the malignancy, in
patients in whom the marker was increased before the
primary diagnosis and surgery. The values of any marker,
not only LDH, should not influence the decision regarding
the extent of surgical treatment. In young patients, in
whom a germinal or rarely gonadal tumor (juvenile folli-
culoma) is suspected based on the results of imaging tests,
a high baseline level of the Ca 125, HE4, AFP, LDH or
Beta HCG could allow monitoring of the treatment process
and early detection of possible recurrence.

In case of germinal tumors, the use of specific markers
is low (with the extent of a marked increase of AFP in
yolk sac tumor) as they only rise in approximately
50-60% of patients.

The decision regarding fertility sparing surgery should
be made only on the basis of the patient’s clinical advance-
ment. Neoadjuvant chemotherapy is mainly used in
patients with high clinical advancement of epithelial ovar-
ian cancer. As for germinal ovarian neoplasms, the prog-
nosis is so good that a sparing treatment with optional

adjuvant chemotherapy is preferred depending on the
patient’s staging.

Currently, there is undergoing clinical research for use
of Anti-Mullerian Hormone (AMH) in the diagnosis of
gonadal tumors in pregnancy. Thanks to reports by
Nelson and La Marca,zg’29 it is known that AMH levels
decline in the second and third trimesters of pregnancy,
with normal levels in the first trimester. Its usefulness
seems to be highly probable. Subsequent publications
will bring us closer to the possibility of using AMH both
in the diagnosis and monitoring of ovarian gonadal
tumors.

Treatment

Surgical Management

In case of a low risk of suspicion of malignancy, the
surgery should be performed in an elective mode, planned
by oncological gynecologists, obstetricians and neonatol-
ogists, while if the possibility of malignancy, based on
clinical imaging features (i.a. solid consistency, papillary
projections) and elevated markers, there is no reason to
delay until second trimester. If both ovaries are removed
prior to 10—12 weeks progesterone should be given to
support corpus luteum. Whenever possible, it should be
performed during the safest period of pregnancy, which is
the second trimester of pregnancy (16—18 weeks of preg-
nancy). It is the time, when the risk of spontaneous mis-
carriage and the hormonal dependence of the corpus
luteum is reduced. Moreover, by this time, most of the

resolve 13,30,31

functional cysts will spontaneously.
Literature suggests elective surgical management of
patients with ovarian cancer as emergency surgical inter-
ventions result in higher rates of adverse effects including
miscarriage, premature rupture of membranes or
delivery.>

If the adnexal mass was noticed in the third trimester
and the suspicion of malignancy is low, waiting for fetal
maturity is recommended; in case of surgical exploration,
there is a risk of premature delivery. Furthermore, the
surgery in a more advanced pregnancy is often technically
more difficult as both the uterus and fetus are larger,
decreasing the surgical field, and the risk of adverse obste-
tric outcomes is higher. “Emergency surgery” should be
performed in symptomatic patients presenting with enlar-
ging tumor size, strong suspicion of malignancy, severe
clinical manifestations including hydronephrosis, and sud-

den events such as vomiting, rupture or hemorrhage.
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Due to an increased risk of preterm labor, steroids
should be administered between 24 and 36 weeks of gesta-
tion to minimize the risk of respiratory distress syndrome,
neonatal death, and intraventricular bleeding.'® Tocolysis
is not recommended and should only be considered in the
event of postoperative uterine contractions.”

Laparoscopy in pregnancy is feasible, but depends on
the gestational age, surgeon’s experience, type of proce-
dure and the organs of interest. The procedure should be
carried in accordance with SAGES (Society of American
Gastrointestinal and Endoscopic Surgeons)
recommendations.®® The benefits of laparoscopic surgery
include lower perioperative pain, less bleeding, early
upright standing, reduced risk of thromboembolism, faster
return of peristalsis, shorter hospitalization time, faster
return to daily activities, less risk of surgical wound infec-
tion, less manipulation of the uterus and minimized risk of
preterm delivery. Laparoscopic management is also asso-
ciated with the following potential problems: placental
perfusion can be impaired due to high abdominal pressure.
Moreover, maternal conversion of carbon dioxide to car-
bonic acid can cause fetal acidosis. Lastly, the pregnant
uterus may be injured when inserting a Veress needle or
trocars. In the management of pregnant patients’ lower
amounts of carbon dioxide can be insufflated and intrao-
perative monitoring including capnography can be used.

On the other hand, the advantages of laparotomy
include better accessibility to the epigastric region and
adnexa, ability to evaluate lymph nodes in palpation,
lack of CO2 inflation resulting in better perfusion and
placental circulation, no need of Trendelenburg position-
ing. Microlaparotomy can be a safe alternative. To
improve placental blood flow, the patient could be posi-
tioned in left lateral tilt during surgery.

The choice of treatment approach should depend on the
tumor size, its morphological appearance (on radiography
and during surgical exploration), histological subtype,
extent of the disease, timing of pregnancy (term) and
patient’s wishes.'?

If performed laparoscopically, the procedure should be
done with standard precautions to avoid the spread of
malignant cells (particularly from tumor rupture). In
patients with suspicion of malignant lesion on imaging,
the procedure should include salpingo-oophorectomy of
the affected side and peritoneal cytology. Intraoperative
histological analysis of frozen-section specimen should
be conducted in order to decide further management of
the patient.'?

Fertility Sparing Surgery

Epithelial Ovarian Cancer

The possibility of fertility sparing surgery is especially
important for young patients diagnosed in early stages of
ovarian cancer. For many years, radical surgery was the
procedure of choice even for patients diagnosed with early
stage of the malignancy. However, approximately 40 years
ago, the fertility sparing surgery was first implemented in
patients with FIGO IA and surgeons started to investigate
the possible risks and advantages of using this type of
surgery.>® Kajiyama et al’> conducted a research on
a large group of patients, they proved that there are no
differences in either DFS or OS of patients with Low
stage, ie, A and IC operated with sparing or radical
surgery. In the follow-up, there was no difference in over-
all survival in patients with IA and IC (ie, with a damaged
capsule or tumor cells in the peritoneal fluid).

In case of clear cell carcinoma, the use of sparing
surgery is only recommended for patients diagnosed with
stage 1A.***7 In the case of patients with FIGO IB, in
whom the disease affects both of the ovaries, the 2018
National Comprehensive Cancer Network (NCCN) guide-
lines recommend sparing only the uterus. Taking into
account the psychological aspect and the young age of
patients, conservative surgery could be offered in patients
wishing to preserve their fertility. However, these young
women need to be aware of the fact that in the case of
fertility sparing surgery, if the clinical staging is advanced
and/or the disease is already disseminated, the procedure
should be radicalized. The decisions regarding patient’s
management are always difficult and should be discussed
with a multidisciplinary team of specialists evolving gyne-
cologists and oncologists. Patients should be always
offered and provided with psychological support.

Non-Epithelial Ovarian Cancer

Germinal ovarian tumors in young patients are usually
highly chemosensitive and sparing surgical treatment is
recommended. In case of dysgerminoma, which is the
most frequent embryonic tumor, as many as 70% of
cases are diagnosed in stage IA and only 5% in stage
IV.*>® The treatment usually consists of unilateral removal
of the appendages without the need for adjuvant che-
motherapy. In only around 10% of patients, the second
ovary is involved, therefore it is not currently recom-
mended to take biopsies from the second ovary if the
macroscopic appearance is normal. If both ovaries are
involved, adnexectomies are performed on the side of the
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larger tumor and cystectomies on the opposite side. The
prognosis for long-term survival is very good, recurrences
occur depending on the clinical stage, up to 25%, but the
possibility of their cure is estimated at 90%.>° Yolk suck
tumor is a germline cancer often associated with a poor
prognosis. Before the BEP protocol era, a 5-year survival
was around 15%. Recently, sparing treatment with the
need (except IA) of subsequent adjuvant chemotherapy is
fully accepted. In 2015, Satoh examined as many as 211
patients and found that after using sparing treatment plus
Il BEP regimens, the 5-year survival was 93.4%.* The
situation is slightly different in case of gonadal tumors.

The greatest incidence of the juvenile form of tumor is
at approximately 20 years of age. These tumors are not as
highly chemosensitive as terminal tumors, however can be
well managed with a radical surgery. In case of relapse,
they are difficult to cure and often appear after many years
from the primary diagnosis. Currently, fertility-preserving
operations are allowed in patients presenting with FIGO
IA and the treatment consists of removal of the adnexa on
the tumor side and staging. There is no need to perform
a biopsy of the other ovary.®” Likewise, sparing treatment
is acceptable in the case of IA development for cords and
genital stromal tumors. There are limited data on the
follow-up of patients undergoing fertility sparing surgeries
due to a low number of cases. There are several publica-
tions in the form of case studies that describe pregnancies
after sparing surgeries.*'**> Summing up, modern medicine
makes it possible to perform fertility-preserving surgery
even in more aggressive types of cancer. Based on the
clinical staging and histopathology of the malignancy,
chemotherapy is often required as a complementary
treatment.

Systematic Treatment

In Western and Central Europe, the age of women decid-
ing to get pregnant has been increasing in recent years.
Due to the more mature age of pregnant women, the
number of non-epithelial and ovarian cancers is still
increasing. Currently, a diagnosis of a malignant tumor
in a pregnant woman does not mean a life sentence.
There are more and more reports on a safe and effective
use of anti-cancer drugs in pregnant women. Below we
present management guidelines for pregnant women with
differentiation into epithelial and non-epithelial ovarian
tumors, with particular emphasis on the safety aspects of
pharmacotherapy.

It should be remembered that the risk of teratogenicity
of anti-cancer drugs depends not only on the type of drug
but also on the time of its administration. The average time
from 8 to 14 days after conception is commonly known as
the “all or nothing” period. If teratogenic drugs act on the
embryo during this time, this exposure may disrupt the
processes that facilitate implantation and lead to miscar-
riage. If implantation occurs, it will be successful without
affecting the proper development of the fetus. This is done
thanks to the totipotent cells of the embryo that allow the
repair and regeneration of damaged tissue.*> Summing up,
the administration of chemotherapy drugs up to 2 weeks
after conception, in the time, when patients usually do not
yet suppose that they are pregnant, does not cause con-
genital malformations. The period of organogenesis from
the 3rd to the 8th week of pregnancy seems to be the most
critical period of exposure to drugs. The period of gastru-
lation from the 3rd to Sth week of pregnancy seems to be
particularly sensitive, as there is the fastest differentiation
of tissues and the most extensive and irreversible damage
may occur. We must also remember that each organ has
a different susceptibility to damage. There are structures in
the body such as the CNS, genitals, eyes, hearing and
hematopoietic system which are sensitive to teratogenic
even after organogenesis is completed. It is recommended
to start chemotherapy only after the end of the 14th week
of pregnancy.** Due to the lack of studies on the pharma-
cokinetics of cytostatics in pregnant women, the same
doses of drugs as in non-pregnant women calculated on
the basis of the body surface are used. Some scientists
have drawn attention to the fact that physiological changes
occur during pregnancy that may affect drug distribution.
For example, the volume of plasma increases, the amount
of albumin decreases, and the elimination of toxins by the
kidneys and liver increases. The use of chemotherapy
during the second and third trimesters of pregnancy
appears to be safe. There are reports that the administra-
tion of cytostatics in these trimesters increases the risk of
intrauterine growth restriction (IUGR) and contributes to
low birth weight in children. Between the last chemother-
apy cycle and the delivery, a 3-week interval is recom-
mended to prevent the hematopoietic suppression in
mother and fetus caused by chemotherapeutic agents.*’
Hematological toxicity can result in an augmented risk
for infections and bleeding complications during
delivery.*® The main message for the use of cytostatics
during pregnancy is that the treatment of a patient with
ovarian cancer is with an optimal treatment regimen
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without harm to the developing fetus. The treatment for
EOC should consist of surgical staging and chemotherapy
(in all patients apart from staging TA, grade 1-2). As in
non-pregnant patients, the recommended chemotherapy
regimen in pregnancy is carboplatin and paclitaxel.
Neoadjuvant chemotherapy (NACT) should be adminis-
tered in the advanced stages of the disease to maintain
pregnancy.'”> Numerous reports on the use of taxanes,
including docetaxel and paclitaxel during pregnancy indi-
cate their low harmfulness to the fetus in the second and
third trimesters. The exceptions were - the described case
of pyloric stenosis and three cases of myelosuppression in
children. Taxanes are substrates for the P-glycoprotein,
which is present in high concentrations in the placenta.
Taxanes are also highly metabolized by cytochrome P-450,
the concentration of which increases in the third trimester
of pregnancy by 50—100%, which enables their relatively
safe use during pregnancy. Complications following the
use of this group of drugs include neurotoxicity as well as
toxic effects on the digestive and respiratory systems. Van
Calsteren et al'' conducted an animal study on the trans-
placental transfer of taxanes and found very low levels of
taxanes in plasma and fetal tissues after administration of
chemotherapy. Tissue concentrations remained detectable
up to 72 hours after infusion. This is explained by the high
solubility of taxanes in fats, their high molecular weight
and the significant binding of taxanes with proteins, which
makes it difficult to pass through the placenta.*’ Only ex
vivo data are available on the transplacental transfer of
taxanes in humans. As demonstrated in a placental perfu-
sion model, the transplacental transfer rate of paclitaxel
was found to be low. Only one report documented
a comparative transplacental transfer of both taxanes, and
failed to demonstrate any significant difference between
paclitaxel and docetaxel.*® Cardonick and Iacobucci®’
reported absence of fetal complications in mothers receiv-
ing platinum-based chemotherapy. In pregnancy, exposure
to carboplatin during the second and third trimesters does
not appear to increase the risk of serious malformations.
The action of platinum compounds is based on the forma-
tion of DNA adducts, which cause DNA cross-linking.
DNA cross-linking inhibits replication, transcription, and
other nuclear functions of cells. The combination of these
events stops cell proliferation and ultimately tumor
growth. Cisplatin and carboplatin are among the most
commonly used platinum compounds. Due to their low
molecular weight, they easily cross the placenta by diffu-
sion. Large amounts are detected in the fetal plasma.

Cisplatin may be more nephrotoxic and ototoxic to the
fetus. In contrast, carboplatin produces greater myelosup-
pression. Multiple studies have reported good oncologic
and fetal outcomes when combination treatment with
paclitaxel and carboplatin was used.**® In the treatment
of non-epithelial cancers, surgical resection of the adnexal
mass and staging are recommended. As in non-pregnant
women, patients in advanced stages should undergo che-
motherapy. The standard protocol is bleomycin, etoposide
and platinum (BEP).'? Bleomycin is a chemotherapeutic
agent also used in treatment for Hodgkin’s Lymphoma. Its
use during pregnancy was found to be associated with
birth defects (ventriculomegaly, plagiocephaly, syndactyly,
pectus excavatum), increased risk of [UGR and neonatal
complications. In the era of coronavirus COVID-19, it is
recommended to abandon the use of bleomycin, which
causes pulmonary fibrosis and to use the EP regimen
based on etoposide and cisplatin.’’ In case of non-
epithelial ovarian tumors in pregnancy, many authors
recommend as well to follow the routine ovarian cancer
regimen which is paclitaxel and carboplatin. There were
no inferior results with this regimen when considering
recurrences and overall survival.>* Carboplatin is preferred
for gynecological malignancies except for germ cell can-
cers, in which a cisplatin-based schedule is standard of
care. Pediatricians should be made aware of possible oto-
toxicity even if newborn hearing screening normal.
Etoposide remains relatively myelotoxic but its use during
pregnancy in combination with cisplatin with or without
bleomycin has been described and appears to be safe,
although numbers of cases are limited.”>>>

The chemotherapy dosage for systematic treatment
should be based on patients’ actual body weight and the
dose/m? or dose/kg” should be used as in nonpregnant
patients.>®

Based on the current ESMO recommendations, the use
of anti VEGF and other antiangiogenic drugs is contra-
indicated during pregnancy. Moreover, until safety clinical
data become available, targeted therapies should be
avoided during pregnancy and breast feeding.’® The side
effects differ based on the term of pregnancy in which they
are administered. The use of immunotherapy in early
pregnancy can increase the risk of miscarriage, while its
administration during the second or third trimester can
increase the risk of stillbirth, premature delivery and infant
mortality.”” The use of angiogenesis inhibitors within the
first weeks from conception can cause “all or none” effect
thus the pregnancy will either continue or fail. In the first
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trimester it could cause an increased risk of miscarriage,
skeletal malformations and abnormal vascular develop-
ment of the fetal organs. From the second trimester
onwards, the use of angiogenesis inhibitors was found to
be associated with an increased risk of intrauterine growth
restriction, preeclampsia and hypertension.®

Follow-Up

The most common complications associated with an adnexal
malignancy during the pregnancy are: ovarian torsion and/or
rupture, abortion and low birth weight and preterm delivery.
The bigger the size of the tumor, the higher the risk of
complications.” One of the major concerns is impact of the
administered chemotherapy on fetal well-being. A parameter
that could potentially be monitored is fetal anemia by measur-
ing peak systolic velocity (PSV). Halaska et al have demon-
strated its potential use in monitoring fetal anemia.*® Using
multiples of the median of PSV authors were able to predict
the severity of fetal anemia. Significant obstetric risk is always
present in emergency situations, eg, ovarian torsion. Rapid
patient management in a referral multidisciplinary center is
crucial for a successful outcome. Both maternal and fetal vital
functions should be monitored. Decisions regarding the treat-
ment should be undertaken after evaluation of term of preg-
nancy, fetal maturation and maternal parameters.

Ethical Considerations
Upon diagnosis, the following aspects should be raised by
a multidisciplinary team and discussed with the patient:

Fetal loss or its prematurity
Worsening maternal oncologic outcomes
Potential effects on the fetus

L=

Future fertility

As the incidence of ovarian cancer in pregnancy is low, still,
there are no guidelines for patient’s management. Pregnant
patients have a similar outcome as non-pregnant women.
Pregnancy should be preserved and continued whenever
possible. A multidisciplinary team consisting of oncologists,
psychologists, gynecologists, obstetricians, perinatologists
and neonatologists should decide on the treatment strategy.
Management of ovarian cancer depends on its histological
subtype, staging, size of the tumor and the term of preg-
nancy. latrogenic prematurity should be avoided due to
associated problems with preterm birth. Cancer treatment
during pregnancy, both surgical and systematic is possible,

and should adhere as much as possible to the standard
protocol of care offered to non-pregnant patients.
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