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Foreword

The European School of Oncology is delighted to 
see that the faculty of its course on cancer and 
pregnancy has succeeded—and in a remarkably 
short time—in producing this greatly stimulat-
ing book.

Very few human and clinical situations en-
compass such opposite extremes as pregnancy 
and cancer, hope and fear, sometimes life and 
death.

Any health professional who has been con-
fronted with this issue knows how difficult it is 
from the clinical viewpoint but also how chal-
lenging it is on the emotional side.

In recent years the success of cancer medicine 
has increased the number of survivors and the 
length of their survival, thus increasing the num-

ber of female former cancer patients expected to 
have a successful pregnancy.

Another group of individuals that deserves 
our attention are women who have survived a 
childhood cancer and who should be managed 
by a multidisciplinary specialist team. Fortu-
nately, many studies are underway and we hope 
to soon have new insights into this extraordi-
narily complex issue.

The European School of Oncology is grateful 
to Dr. A. Surbone for her successful coordina-
tion of our teaching course and for having taken 
the initiative to publish this book. We hope that 
it will contribute to helping many children have 
their mother cured of her cancer and be able to 
love them forever.

Alberto Costa, MD
Director
European School of Oncology
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Cancer during pregnancy represents a philosoph-
ical and biological paradox. To be confronted 
with the diagnosis of cancer during a pregnancy 
is certainly one of the most dramatic events in 
a woman’s life and in the life of her partner and 
family. The diagnostic and therapeutic manage-
ment of the pregnant mother with cancer is es-
pecially difficult because it involves two persons, 
the mother and the fetus. Although treatment 
modalities and timing should be individualized, 
both obstetricians and oncologists should offer 
at the same time optimal maternal therapy and 
fetal well-being. The approach to these particu-
lar patients should be undertaken by a dedicated 
multidisciplinary team.

This book is the result of an advanced course 
that we organized on behalf of the European 
School of Oncology on the different aspects of 
cancer during pregnancy. During the 2 years 
of preparation for the course and through the 
3-day presentations of our outstanding colleagues 
and the interactive discussion with highly quali-
fied participants, we shared knowledge and first-
hand clinical expertise on diagnosing, treating, 
and following women with different cancers dur-
ing pregnancy. This is a field in which the pub-
lished literature is still scanty, and we have de-
cided to prepare this collection of chapters with 
the aim of reviewing the existing medical data on 
cancer during pregnancy and also of providing 
insight into the many ethical and psychosocial 
aspects involved. While each chapter provides 
general suggestions on diagnosis, treatment, and 
follow-up of young women who face the con-
comitance of cancer and pregnancy, this book is 
not intended as a practical guideline. Rather, the 
scope of this book is to present a comprehensive 
overview of the subject in all its complexity. Each 

chapter contains separate references on pub-
lished literature and on online sources, where 
physicians can find additional information on 
referral centers and on ongoing clinical trials and 
registries.

Through the different chapters of this book, 
we see that the exact incidence of cancer in preg-
nancy is yet to be determined, but it is estimated 
that cancer occurs in 1 in 1,000 pregnancies and 
accounts for one-third of maternal deaths during 
gestation. The most common cancers in preg-
nancy are those with a peak incidence during the 
woman’s reproductive period such as cancer of 
the breast and cervix, melanomas, lymphomas, 
and leukemias. As the trend for delaying preg-
nancy into the later reproductive years contin-
ues, this rare association is likely to become more 
common. Special registries are ongoing, and 
more should be established, to identify the real 
epidemiology of this coexistence, as well as the 
outcome of the offspring.

Diagnostic and staging work-up with radio-
logical imaging should limit exposure to ionizing 
radiation and should be restricted to those meth-
ods that do not endanger fetal health. Especially 
during the first trimester of pregnancy, only ab-
solutely necessary radiological investigations are 
justified. Other diagnostic procedures such as 
excisional or incisional biopsies, endoscopies, 
and lumbar puncture or bone marrow biopsies 
can be safely performed with the appropriate 
caution.

The therapeutic management of pregnant 
women with cancer requires specific “optimal 
gold standards”. The medical personnel involved 
should try to benefit the mother’s life, to treat the 
mother’s curable cancers, to protect the fetus and 
the newborn from harmful effects of treatment, 
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and to retain the mother’s reproductive system 
intact, when possible, for future gestations.

Some chemotherapeutic agents can be safely 
administered during the second and third tri-
mesters, whereas radiotherapy is better avoided 
throughout gestation. Surgery under general an-
esthesia is feasible during all trimesters.

Accumulating evidence suggests that preg-
nancy is not an independent poor prognostic 
variable for patients’ survival. Survival appears 
to be similar between pregnant and nonpregnant 
cancer patients.

The mother’s cancer cells can be transmit-
ted vertically to the placenta or fetus—a rare 
phenomenon most commonly described in 
malignant melanoma. Macroscopic and histo-
pathologic examination of the placenta as well 
as cytological examination of the umbilical cord 
blood should be performed routinely.

Cancer diagnosed during pregnancy is a dra-
matic event with profound impact on the life 
of the patient, offspring, family, and physician. 

Several medical, psychological, religious, social, 
and ethical issues contribute to the final decision, 
and establishing a trustful patient–doctor–fam-
ily relationship is essential. The management of 
pregnant cancer patients is also highly emotion-
ally charged for the physicians and all members 
of the oncology team, and support should also be 
offered to them.

As the number of cancer survivors increases 
worldwide and many women tend to postpone 
childbearing until later in their reproductive life, 
the morbidity related to reproductive sequelae 
of oncologic therapies may negatively affect the 
physical, psychological, and social dimensions 
of their lives. Treatment-related reproductive 
dysfunctions, often superimposed on indepen-
dent factors, should be addressed with all young 
cancer patients at the time of diagnosis and 
treatment planning. Adequate information and 
education should be provided about means to 
preserve and enhance fertility in young women 
undergoing therapies for different cancers.



2.1	 Introduction

The discoveries of X-rays and radioactivity at the 
end of the nineteenth century represented major 
events for medicine that have paved the way for 
extraordinary diagnostic and therapeutic tech-
niques whose potential has still not been fully ex-
ploited. Nowadays, radiation is used in medicine 
for diagnosis and treatment of many diseases. It 
has been estimated that each year, worldwide, 
about 2 billion radiological and diagnostic pro-
cedures are performed while about 5.5 million 
patients are treated with radiation therapy for 
cancer.

Shortly after the introduction of different 
types of radiation as techniques for diagnosis 
and therapy, it became clear that there were not 
only beneficial effects derived from the possibil-
ity of imaging the body and its functions, but 
also detrimental biological effects from excessive 
exposure to these extremely powerful forms of 
energy. These hazards and potential damaging 
effects became evident long before the physical 
laws and the biochemical mechanisms underly-
ing radiation-induced biological damage could 
be understood. With the increased use of radia-
tion in diagnostic and therapeutic applications, 
concern for the biological effects continues to 
grow. The need to avoid unwanted radiation 
exposures has led to the development of the 
sciences of radiobiology and health physics. By 
combining knowledge in the fields of physics, bi-
ology, chemistry, statistics and instrumentation, 
sets of rules and guidelines for the protection of 
individuals and populations from the effects of 
radiation in all its forms have been developed.

Radiation is essentially a form of very fast-
moving energy. Types of radiation include elec-
tromagnetic radiation, such as visible light, radio, 

and television waves, ultraviolet (UV) radiation, 
microwaves and X- and gamma rays. These types 
of electromagnetic waves may cause ionisation 
of atoms when they carry enough energy to 
separate molecules or remove tightly bound elec-
trons from their orbits around atoms. Whereas 
electromagnetic non-ionising radiation (radio 
waves, microwaves, radar and low-energy light) 
disperse energy through heat and increased mo-
lecular movement, electromagnetic ionising ra-
diation (X- and gamma rays) can separate mol-
ecules or remove electrons from atoms. Other 
forms of ionising radiation include subatomic 
particles, such as alpha particles, protons and 
beta particles, that is, electrically charged par-
ticles, and neutrons.

Ionisation is only the initial step in the break-
ing of chemical bonds, the production of free 
radicals, biochemical change and molecular 
damage such as mutations, chromosome aber-
rations, protein denaturation and eventually dis-
ruption of biological processes including miss-
ing or abnormal reproductive capacity and cell 
killing.

Radiation can be distinguished on the basis of 
different characteristics including origin, physi-
cal properties and energy. The effects of radia-
tion will also depend on the physical mass of the 
target and on the number and frequency of hits 
on the target. Also, the intrinsic properties of the 
target determine the outcome of the irradiation. 
When an entire organism is hit, the effects vary 
depending on the maturation stage of the com-
ponents of the organism.

Finally, while the biochemical effects due to 
irradiation initiate at the time of the interaction 
of radiation with the biological target, the full 
appearance of the consequent effects may be de-
layed for as much as several years.

2	 Prenatal Irradiation and Pregnancy: 
The Effects of Diagnostic Imaging 
and Radiation Therapy
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Normal exposure to radiation can occur as a 
result of environmental exposure, due to natural 
and man-made background radiation, and after 
medical exposure. It can occur as a result of diag-
nostic procedures, by X-ray or nuclear medicine 
examination, entailing the use of radiopharma-
ceuticals emitting mainly gamma rays, and either 
as a result of radiation therapy with X-rays and 
electron beams produced by accelerators or after 
the administration of radioactive elements emit-
ting mainly beta radiation.

2.2	 Types of Radiation and Interactions 
Between Radiation and Matter

Ionising radiation consists of particles and elec-
tromagnetic radiation. The particles are electrons, 
protons, neutrons and alpha particles (composed 
of 2 protons and 2 neutrons). Electromagnetic 
radiation includes X- and gamma rays. The in-
teraction of radiation with biological matter en-
tails the dispersion of radiation energy by depo-
sition in the matter. The pattern of distribution 
of energy in tissues and cells affects the extent of 
biological damage following the irradiation. The 
quantity of energy which is deposited into the tis-
sue depends on the linear energy transfer (LET), 
that is, the amount of energy deposited per unit 
of path (normally expressed in keV/µm of wa-
ter). Large amounts of energy can be deposited 
along a short track, in a few cells, by high-LET 
radiation, such as the alpha particles (whose LET 
is on the order of 100 keV/µm), which hardly 
penetrate tissues. Conversely, a small amount of 
energy is deposited along the path by low-LET 
(approximately 3.5 keV/µm), highly penetrat-
ing electromagnetic radiation, including X- and 
gamma rays. In the case of low-LET radiation the 
energy deposition occurs in points that are dis-
tant from each other and only a few ionisations 
result from a single X- or gamma ray. In biologi-
cal terms it is concluded that high-LET radiation 
causes more molecular damage per unit of dose 
than low-LET radiation. This appears to be re-
lated to the higher concentration of energy de-
positions from a single particle in a single cell 
and also to so-called bystander effects, namely, 
the response of cells which are not directly hit by 
radiation but in which there is a gene induction 
by adjacent irradiated cells and the production 

of genetic changes which are potentially carcino-
genic.

A very conservative approach assumes no 
dose threshold for the occurrence of biological 
effects of radiation and assumes that even expo-
sure to background radiation can have a biologi-
cal effect. Current radiation risk estimates and 
radiation protection standards and practices are 
based on the “linear no-threshold (LNT) hypoth-
esis” based mainly on epidemiological data of 
human subjects exposed to high doses and dose 
rates, which maintains that any exposure to ra-
diation, even at very low doses, may be harmful 
and extrapolates low-dose effects from known 
high-dose effects. This hypothesis states that risk 
is linearly proportional to dose, without a thresh-
old. It is therefore assumed that every dose, no 
matter how low, carries with it some risk, that risk 
per unit dose is constant, additive and can only 
increase with dose and that biological responses, 
when apparent, are independent of the dose.

There is no complete agreement about the 
validity of the “LNT hypothesis” Alternative 
models in which thresholds do exist have been 
developed. This view maintains that some doses 
of radiation do not produce harmful health ef-
fects. One definition of low dose is a dose below 
which it is not possible to detect adverse health 
effects. This level has been hypothesised to be 
at 100 mSv (10,000 mrem). Others suggest that 
such a level is much too high and a more con-
servative definition of low dose is the level of 
radiation from the natural background, around 
or below 4 mSv. Low-dose studies are currently 
being conducted to investigate the response of 
cells and molecules. Current knowledge seems to 
suggest that health risks are either too small to 
be observed or are nonexistent for doses below 
50–100 mSv and that radiation doses that are of a 
magnitude similar to those received from natural 
sources encompass a range of hypothetical out-
comes, including a lack of adverse health effects. 
Finally, after exposures to low levels of ionising 
radiation it is not possible to detect a change 
in cancer incidence. This is related to the many 
factors which can produce cancer, the high inci-
dence of cancers in the general population, and 
the high variable background levels of radiation 
exposure in the population.

The first physical event for the induction of 
biochemical alterations following radiation ex-
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posure is the ionisation of atoms encountered 
by radiation along their path. The removal of 
the electron by ionising radiation entails the 
formation of ions which tend to react with sur-
rounding atoms and molecules to reach a stable 
state and the formation of free radicals, that is, 
unstable and highly reactive molecules, bearing 
an atom with an unpaired electron, which reacts 
with a variety of organic structures. Free radicals, 
in the form of potent oxidising agents such as 
hydroxyl and hydroperoxyl groups, can originate 
from the interaction of ionising radiation with 
water. Thus ionising radiation acts either directly 
with the biochemical structures in tissue, includ-
ing proteins, DNA and other molecules, or indi-
rectly by causing the formation of free radicals, 
from interaction with water, which in turn break 
the structure of proteins and DNA or any other 
critical part of the cell. DNA damage is the most 
critical event in the case of irradiation of the cell 
and large amounts of DNA damage are caused by 
free radicals soon after single, acute exposures 
to high radiation doses. This damage occurs in 
multiple sites in individual cells. It is not repaired 
easily, may be incorrectly repaired and can in-
duce mutations and cancer.

There are different outcomes following the 
exposure of cells to radiation. First, cells may be 
undamaged by the irradiation. This is the case 
after ionisations which lead to the formation of 
substances that in some cases alter the structure 
of the cells, but such alterations may be the same 
as those which occur naturally in the cell and 
may have no negative effect. Second, cells may be 
damaged but operate normally after the repair of 
the damage. This process occurs when the ionis-
ing event produces abnormal substances not usu-
ally found in the cell which may break down the 
cell components. In this case repair is possible if 
the damage is limited. Chromosome damage is 
usually repaired constantly by effective mecha-
nisms. Third, cells may be damaged and oper-
ate abnormally after failure to repair or defective 
repair of the damage. This means that they will 
be unable to perform their function correctly or 
completely. This may result in a limited damage 
to cell performance or in damage to other cells. 
Cell damage may result in a defective reproduc-
tion, including uncontrolled reproduction rate 
and cancer. Fourth, cells may die as a result of the 
damage. If a cell is extensively damaged by radia-

tion, or damaged in such a way that reproduction 
is affected, the cell may die.

Radiation damage to cells may depend on 
how sensitive the cells are to radiation. Cells are 
not equally sensitive to radiation. In general, cell 
populations which divide rapidly and/or are rela-
tively non-specialised tend to produce effects at 
lower doses of radiation than those which are 
less rapidly dividing and more specialised. Ex-
amples of the more sensitive cells are those of the 
haematopoietic system; in fact, the most sensi-
tive biological indicator of radiation exposure is 
the effect of radiation on this system.

As is well known, the exposure of human be-
ings to ionising radiation can produce two types 
of biological effects, depending on the dose: de-
terministic and stochastic effects. The determin-
istic effects are those produced by the reduction 
or the loss of functionality of an organ or a tis-
sue. They are caused by severe cellular damage or 
even by the death of the cells and are character-
ised by a “threshold dose” and by a severity which 
increases with increasing dosage. The stochastic 
effects, on the other hand, are those caused by 
radiation-induced modifications of cells, which 
maintain their capability for replication. In the 
course of time, these modified cells can undergo 
a transformation into malignant cells. These sto-
chastic effects do not have a threshold dose, but 
the probability of their appearance—though not 
their severity—depends on the dose, according to 
a simple model recognised by ICRP (ICRP Pub-
lication 60, 1991). A no-threshold linear relation 
between the dose and the probability of appear-
ance of the effects is assumed. This means that 
even very small doses can give rise to very severe 
effects, both somatic and genetic, although the 
probability is very small (Fig. 2.1).

Fig. 2.1  LNT (linear no-threshold) model for stochastic 
effects
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2.3	 Radiation Effects 
on the Embryo/Foetus

The irradiation of the embryo/foetus during 
pregnancy can, in principle, cause the death of 
the embryo or increase the risk of somatic effects 
in the newborn child, such as an increase of leu-
kaemia in children irradiated in the uterus. These 
possible effects were demonstrated by some pio-
neering epidemiological studies (Stewart 1956; 
Mac Mahon 1962). In recent years, however, 
a study performed in Sweden, comparing 652 
children exposed to diagnostic X-ray examina-
tions during their mother’s pregnancy and di-
agnosed with leukaemia between 1973 and 1989 
with an equivalent group of healthy children, 
did not reveal a statistically significant risk of 
childhood leukaemia in the irradiated children 
(Helmrot et al. 2007).

Depending on the damage produced by the 
irradiation on the cell components—DNA versus 
non-DNA, type of cell irradiated (i.e., somatic 
versus germinal) and timing of exposure (i.e., 
before or after conception)—the following effects 
can occur: somatic, genetic, and teratogenic. So-
matic effects are those produced in the individual 
who undergoes the irradiation. Genetic effects 
are those produced in the offspring of the indi-
viduals who have undergone the irradiation be-
fore the conception of the offspring. Teratogenic 
effects are those produced in the offspring of the 
individual who has undergone irradiation after 
conception, that is, during the gestation period.

While no diagnostic procedure based on the 
use of low-dose ionising radiation is threatening 
to the well-being of the embryo and foetus, pos-
sible adverse effects on the embryo and foetus 
may derive from high doses of ionising radiation 
delivered to women being treated with radia-
tion therapy for cancer. However, these doses are 
much higher than those used for diagnostic pur-
poses. Congenital birth defects all seem to have a 
threshold dose of about 100 mGy (equivalent to 
100 mSv) below which there are no measurable 
effects.

Almost always, if a diagnostic radiology ex-
amination is medically justified, the risk to the 
mother of not undergoing the procedure is 
greater than the risk of potential harm to the 
foetus. Foetal doses below 100 mGy should not 

be considered a reason for terminating a preg-
nancy. At foetal doses above this level, informed 
decisions should be made based upon individ-
ual circumstances. Termination of pregnancy 
is an individual’s decision, affected by many fac-
tors.

As the sensitivity of a tissue to radiation is 
broadly proportional to its rate of proliferation, 
the human embryo/foetus which is in the stage 
of fast growth rate is more sensitive to radia-
tion than the completely formed organism. Any 
type of diagnostic and therapeutic irradiation 
requires a careful evaluation of the risks and 
also extremely careful planning. It is possible to 
examine the effects of the exposure to ionising 
radiation of the foetus and embryo according to 
the type of procedure, either diagnostic or thera-
peutic, based on the classification of the effects of 
radiation as deterministic or stochastic.

Doses reached with properly executed diag-
nostic procedures (i.e. below 100 mGy) do not 
entail increased risk of deterministic effects, in-
cluding either prenatal death or malformation or 
mental retardation compared to the background 
incidence of these entities (Naumburg 2001). 
However, with doses below 100 mGy stochastic 
effects are possible, though improbable.

Therapeutic doses instead may result in deter-
ministic and stochastic effects. It is therefore im-
portant to ascertain whether a patient is pregnant 
before radiotherapy, and in case of pregnancy 
the risk of radiotherapy for the foetus must then 
be assessed based on gestational age and dose 
to the foetus. The latter largely depends on the 
region being irradiated by an external beam or 
by the biodistribution of the radiotracer when 
the irradiation occurs after the administration 
of a radiopharmaceutical for radio-metabolic 
therapy.

In human subjects, the main deleterious ef-
fects of embryonic and foetal irradiation at 
therapeutic doses consist of deterministic ef-
fects—foetal wastage (miscarriage), teratogenic-
ity, mental retardation, intra-uterine growth re-
tardation—and stochastic effects—the induction 
of cancers (such as leukaemia) which appear in 
childhood. The risk of occurrence of the above 
varies in relation to the timing of exposure dur-
ing gestation.

During the early stages of foetal development 
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radiation exposure results in the death of cells 
which are critical to normal development. Loss 
of these cells results in the death of the foetus. 
Thus exposure during early foetal development 
does not result in defects but causes an increase 
in early spontaneous abortions. Between the 8th 
and the 25th week of gestation, the most con-
cerning risk of foetal irradiation is the damage 
of the central nervous system and foetal doses 
higher than 100 mGy may result in mental retar-
dation. The central nervous system is most sensi-
tive between the 8th and the 15th week of gesta-
tion; during this time a foetal dose of 1,000 mGy 
entails the risk of severe mental retardation, that 
is, an IQ reduction of 30 points, or approximately 
40%. Mental retardation may also occur between 
the 16th and 25th weeks with doses higher than 
1,000 mGy, since below this threshold this risk is 
very low.

Stochastic effects, including the risks of de-
veloping various types of cancers, may follow 
the exposure of the embryo/foetus. It has been 
estimated that the absolute risk for fatal cancer 
in the age range 0–15 years after intra-uterine 
irradiation could be 0.006%/mGy, and for the 
entire life span the risk could be approximately 
0.015%/mGy.

2.4	 Diagnostic Imaging: 
Radiology and Nuclear Medicine

The problem of the newborn’s risk due to diag-
nostic X-ray and nuclear medicine examinations 
during pregnancy was thoroughly examined by 
Directive MED 100 of the European Commission 
(European Commission 1999). Article 3 of this 
Directive states that all medical exposure of in-
dividuals must be justified, in view of the specific 
diagnostic objectives, taking into account the 
availability of previous diagnostic information 
and the possible use of alternatives to exposure 
of the patient to ionising radiation. In the case 
of the use of ionising radiation, the examination 
must be optimised, so as to obtain the requested 
diagnostic information with a dose “as low as 
reasonably achievable”. In cases where pregnancy 
cannot be excluded, particular attention must be 
given to the justification, with particular regard 
to its urgency. After an estimate of the dose and 

of the corresponding risk by a medical physicist, 
the mother must be carefully informed about 
benefits and risk and she must decide whether or 
not to undergo the examination.

2.4.1	 “Rules of Behaviour” 
for Patients of Fertile Age

In most radiological examinations in which the 
uterus and the pelvis are not exposed directly 
to the X-ray beam the dose to the uterus, and to 
the foetus in case of pregnancy, due partly to the 
leakage radiation from the X-ray tube housing 
and partly to the internally scattered radiation, 
is lower than 1 mSv (Wachsmann and Drexler 
1976). In these situations no specific procedure 
for radiological protection is generally neces-
sary. However, shielding of the abdomen with a 
lead-rubber apron, having an equivalent thick-
ness of 0.5 mm Pb, can significantly reduce the 
dose received due to leakage radiation from the 
X-ray tube housing, but not the dose due to 
the scattered radiation inside the patient’s body 
(Fig. 2.2). Use of the apron is not recommended 
for dental examination, where the tube is far 
from the abdomen.

In the case of radiological examinations in 
which the uterus is exposed to the primary 
beam or in which the uterus itself can receive 
a dose higher than 1 mSv, it is mandatory for a 
female patient aged between 12 and 50 years to 
be explicitly asked whether she is pregnant or is 
not sure she is not pregnant. It is advisable, for 
medico-legal purposes, to register the result of 
this enquiry and to ask the patient to sign it. If 
the patient is not sure of not being pregnant a 
pregnancy test could be prescribed or, if the ex-
amination is not urgent and can be deferred, the 
examination could be postponed until immedi-
ately after the subsequent menstruation. In gen-
eral, only in the case of examinations delivering 
a high dose to the uterus can it be recommended 
to apply the so-called “10 days rule” according 
to which these examinations can be performed 
within the first 10 days after the beginning of 
menstruation, when pregnancy, in most cases, 
can be excluded. In very rare cases, however, 
there is the possibility of a “false menstruation” 
or an initial pregnancy.
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Irradiation of the foetus from maternal intake 
of radiopharmaceuticals may be due to radio-
pharmaceuticals that do not cross the placenta 
and remain in the mother’s circulation. Under 
this circumstance irradiation of the foetus occurs 
if the radiation penetrates through tissues, as is 
the case for most commonly used diagnostic ra-
diopharmaceuticals. Alternatively, the foetus can 
be irradiated by radiopharmaceuticals that cross 
the placenta and enter into the foetal circulation. 
In this case they may either distribute uniformly 
or concentrate in the foetal organs according to 
their kinetics and to the state of maturation of 
the different organs.

Among the radiopharmaceuticals that cross 
the placenta are radiostrontium, radioiodine, 
radioiron, inert gases, gallium and technetium 
pertechnetate, whereas many other technetium-
labelled compounds may or may not cross the 
placenta.

Nuclear medicine procedure entails an ab-
sorbed dose which derives from the external ir-
radiation from the radiotracer in the circulation 
of the mother’s body plus the dose due to the 
foetal uptake of radiotracer. Depending upon 
the timing and route of excretion (urinary sys-
tem, gallbladder and intestine, lungs, etc.), ir-
radiation from these sources may vary a great 
deal, being highest for radiotracers which are 
cleared via the urinary system mostly because 
of accumulation of radioactivity in the bladder. 

One particular case is represented by the irra-
diation by radioactive iodine; in fact, this ele-
ment crosses the placenta and accumulates in 
the foetal thyroid after the 12th week of gesta-
tion. Therapeutic doses of radioiodine entail a 
significant risk of foetal thyroid damage after 
the 12th week of gestation. Hydration and void-
ing along with the administration of potassium 
iodide may keep the total foetal absorbed dose 
below 100 mGy.

2.4.2	 “Rules of Behaviour” 
for Pregnant Patients

If a radiological examination involving the direct 
irradiation of the embryo or of the foetus is re-
quested, it is recommended that the radiologist 
follow the procedures listed below:
–	 Evaluate the possibility of obtaining the re-

quired diagnostic information by means of 
other techniques not involving the use of io-
nising radiation, such as ultrasonography or 
MR.

–	 If other techniques are not able to give the 
requested information and if the diagnosis is 
not immediately and urgently indispensable, 
put off the execution of the examination until 
after birth.

–	 In the case when immediate examination is 
indispensable (such as in case of a suspected 

Fig. 2.2  Source of dose to the foetus during radiological examinations during pregnancy
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malignant tumour or after a serious car crash) 
proceed as follows:
–	 Take all possible technical measures to re-

duce the dose.
–	 Ask a medical physicist to make a prelimi-

nary evaluation of the dose to the foetus.
–	 Give the mother exhaustive and convinc-

ing information about the dose and the 
corresponding risk.

–	 If the mother is unable to decide because 
of her clinical condition but requires im-
mediate action, follow the recommenda-
tions of the responsible physician. In these 
cases, an accurate evaluation of the dose 
and a consequent estimation of the risk are 
highly recommended.

–	 If possible, measure the dose during the 
examination and register its value on the 
report.

2.4.3	 Radiological Protection 
of the Unborn Child

When an examination or an interventional pro-
cedure directly involving the abdomen/the foe-
tus, which is exposed both to the primary beam 
and to the internally scattered radiation, is in-
dispensable, the following measures can signifi-
cantly reduce the dose.

2.4.3.1	 Fluoroscopy

–	 Reduce, as much as possible, the duration of 
observation.

–	 Use equipment able to deliver pulsed fluoros-
copy.

–	 Reduce the X-ray tube current (mA) to the 
minimum value able to give an acceptable im-
age contrast.

–	 Reduce the beam’s cross section to the mini-
mum value compatible with effective imaging 
of the region.

2.4.3.2	 Radiography

–	 Use, if available, digital systems, setting the 
milliampere values at the minimum level.

–	 Reduce the beam’s cross section, as in the case 
of fluoroscopy.

–	 Select radiographic projections able, if pos-
sible, to avoid the greatest part of the body of 
the foetus.

–	 Take the minimum number of radiographic 
images.

2.4.3.3	 Computed Tomography

Computed tomography (CT) is a high-dose X-ray 
procedure. It is possible to reduce the dose:
–	 By avoiding, if possible, the acquisition of im-

ages after the injection of contrast medium.
–	 By using, with MSCT equipment, low-dose 

protocols, based on “dose modulation”.
–	 By reducing as much as possible the number 

of acquired slices, that is, the extension of the 
acquired volume in the cranial-caudal direc-
tion.

2.4.3.4	 Nuclear Medicine Procedures

The absorbed dose derives from the irradiation 
due to the radiotracer in the circulation of the 
mother’s body plus the dose due to the foetal 
uptake of radiotracer. It is possible to reduce the 
dose:
–	 By avoiding radiopharmaceuticals that con-

centrate in the pelvis, abdomen and bladder.
–	 By choosing the radionuclide that results in 

the lowest dose.
–	 For tracers that are eliminated via the kidneys, 

by forcing fluids and inducing bladder empty-
ing.

–	 By avoiding radiopharmaceuticals that cross 
the placental barrier.

–	 By distinguishing between indicated, elective, 
urgent and unwarranted studies, in particular 
in the case of pulmonary thromboembolism.

2.4.3.5	 Radiological Examination Accidentally 
Performed on a Pregnant Woman

Cases of radiological examinations performed on 
women whose pregnancy was unknown are not 
rare. In this situation, the patient, upon becom-
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ing aware of her pregnancy, is frequently very 
anxious for her child and reverts immediately to 
the physician (the gynaecologist more frequently 
than the radiologist) for advice. The gynaeco-
logist (or any other physician consulted by the 
patient) should ask the radiologist together with 
a medical physicist to immediately evaluate the 
dose to the foetus. If the uterus was not in the 
primary X-ray beam, or if the evaluated dose was 
less than 1 mSv, no particular measure must be 
taken regardless of the period of pregnancy, and 
the patient should be completely reassured.

On the other hand, if the dose is higher than 
1 mSv but less than 50 mSv, the patient should be 
informed that the radiation risk is as low as the 
“natural” risk of having a child with some minor 
or major abnormality (approximately equal to 
3%).

For doses between 50 and 100 mSv the risk is 
small, but not negligible, while for doses to the 
foetus higher than 100 mSv, particularly if re-
ceived during the first 3 months of pregnancy, a 
deterministic effect can take place. In any case, 
this situation is extremely rare (an exception is 
CT of the abdominal-pelvic region with and 
without contrast medium), and the decision on 
abortion should be left to the patient and taken 
only in extreme cases.

2.4.3.6	 Dosimetric Quantities

The most important dosimetric quantity used in 
the radiological protection is the absorbed dose 
(D), defined as the mean energy dε imparted by 
an ionising radiation to a quantity of matter of 
mass dm.

D = dε / dm

In the SI, its unit is joules per kilogram (J/kg). 
The special name of this unit is gray (Gy):

1 Gy = 1 J/kg

The biological effects produced in tissues and or-
gans by exposure to ionising radiation are linked 
not only to the absorbed dose (which is a mere 
physical quantity) but also to the type of radia-
tion: In other words, some radiation is more ef-

fective than others, at equal dose, in producing 
biological effects. For this reason, another dosi-
metric quantity has been introduced, named the 
equivalent dose (HT) and defined as the mean en-
ergy absorbed in a tissue or in an organ T, mul-
tiplied by a dimensionless weighting factor wR, 
whose value depends on the type and energy of 
the radiation:

HT = WR × D

The unit of equivalent dose is named the sievert 
(Sv):

1 Sv = 1 Gy × WR = 1 J/kg × WR

For the X-rays employed in diagnostic radiology, 
the weighting factor wR is equal to 1. Therefore, 
the numerical values of the absorbed dose and 
the equivalent dose are the same. However, in 
the field of radiological protection, in order to 
have the possibility of comparing and, if neces-
sary, of adding the doses due to different sources 
of exposure, it is usual to express all the doses in 
sieverts (Sv).

In modern radiological equipment a “dosi-
metric device” to measure a “dose descriptor” is 
installed as shown in Fig. 2.3, allowing easy eval-
uation of the dose to the patient and, if necessary, 
to the foetus.

The dose-area product (DAP) is defined as the 
product of the dose by the cross-sectional area of 
the beam along its path at the distance of mea-
surement and is usually expressed in grays times 
square centimeter. The value of this “dose de-
scriptor”, measured by a transmission ionisation 
chamber transparent to the light, does not depend 
on the distance between the chamber and the fo-
cus of the X-ray tube. In fact, the dose at a point 
at a given distance d from the focus is inversely 
proportional to the square of the distance, while 
the cross-sectional area of the beam is directly 
proportional to the square of the distance itself. 
The product of the two quantities therefore re-
mains constant along the whole beam’s path. For 
practical reasons, the DAP camera, which is able 
to integrate the DAP during a whole radiological 
examination, is mounted after the diaphragms, 
in correspondence with the exit window of the 
beam from the X-ray tube housing.



2  Prenatal Irradiation and Pregnancy 11

This quantity is a very good and reliable “dose 
descriptor” since it takes into account both the 
dose and the area of the beam.

In CT, in order to allow the evaluation of the 
dose to the patient, a specific “dose descriptor” 
has been defined. It is called the computed to-
mography dose index (CTDI) and is defined as:

( )50 mm

50 mm

D zCTDI  dz
N T

+

−

=
 ×∫

that is, as the integral of the dose profile, from 
–50 mm to +50 mm, produced in a single axial 
scanning, along a line perpendicular to the to-
mographic plane, divided by the product of 
the number of tomographic sections N by the 
nominal slice thickness. The unit of CTDI is the 
gray (Gy). According to the IEC standards (IEC 
2004), the value of the CTDI for each protocol of 
CT acquisitions must be displayed on the control 
panel of the equipment.

Many computer programs are available (CT 
Expo V.1.5 2001–2005), allowing the evaluation 
of the dose to the uterus and/ or foetus, starting 
from the value of the CTDI and from other tech-
nical parameters of the CT examination.

The output of the X-ray tubes, or the “amount 
of radiation” produced by an X-ray tube, sub-
stantially depends on the following parameters:

–	 X-ray tube voltage (kV);
–	 X-ray tube current (mA);
–	 Duration of exposure (s);
–	 Filtration of the X-ray beam (mm Al).

Because of the divergence of the beam, the inten-
sity of the X-ray beam at a given distance d from 
the focus of the tube (expressed for instance in 
mGy/min) is inversely proportional to the square 
of the distance. In Table 2.1, the corresponding 
values at two different distances (SSD = 50 and 
100 cm) are reported. Starting from these data 
and taking into account the exposure data used 
for the examination, the dose to the uterus/foe-
tus can be easily calculated (see, for instance, 
NCPRP Report No. 54 1977).

In modern radiological equipment, where a 
DAP meter is installed, it is very easy to evaluate 
the dose to the foetus Df by using an appropriate 
conversion factor Cconv, according to the follow-
ing relation:

Df = Cconv × DAP

Table 2.2 shows the dose to the uterus/foetus 
evaluated starting from the DAP value (Helmrot 
et al. 2007).

In Table 2.3 an estimate of the dose to the foe-
tus in the more common radiological examina-
tion is reported (De Maria et al. 1999).

Fig. 2.3  DAP meter
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In nuclear medicine procedures the dose de-
pends on biological factors, including biological 
half-life and fraction of total taken up by each 
organ, and physical factors, including amount, 

type and physical half-life. Each organ (including 
the foetus) is irradiated by the radioactive source 
inside the organ itself plus the dose from the sur-
rounding irradiating organs.

Table 2.1  Output of X-ray tubes as a function of the following parameters: X-ray tube voltage, total filtration, distance 
from focus

SSD (cm) Total Dose rate in air (cGy/mA.min)

Filtration X-ray tube voltage (kV)

(mm Al) 60 80 100 120 150

  50 2.0 0.92 1.92 2.98 5.08 9.86

2.5 0.76 1.68 2.67 4.54 8.45

3.0 0.64 1.42 2.40 4.02 7.04

100 2.0 0.23 0.48 0.74 1.27 2.46

2.5 0.19 0.42 0.67 1.13 2.11

3.0 0.16 0.36 0.60 1.00 1.76

Table 2.2  Dose to the uterus/foetus evaluated starting from the DAP value

Examination  
 
 
DAP

 
Calculated 
uterus dose 
(PCXMC)

 
Calculated 
uterus dose 
(WinDOS)

 
 
Measured 
uterus dose

Conversion 
factor, Cconv 
(foetus age 
<3 months)

Conversion 
factor, Cconv 
(foetus age 
<9 months)

(Gy cm2) (mGy) (mGy) (mGy) [mGy/
(Gycm2)]

[mGy/
(Gycm2)]

Abdomen   0.79   0.40   0.38   0.44   0.56 1.1

Abdomen lower 
frontal single view

  0.254   0.25   0.31   0.31   1.22 1.2

Abdomen   1.28   0.84   0.92   0.63   0.49 1.6

Chest bed side (AP)   0.028 <0.001 <0.001 <0.001 <0.04 0.4

Chest (PA + LAT)   0.086 <0.001 <0.001   0.001   0.01 1.0

Hip frontal   0.43   0.02   0.3   0.12   0.28 0.6

Lumbar spine   2.71   1.49   2.08/1.38 (a)   1.38   0.51 1.5

L5 frontal single 
view

  0.682   0.54   1.01/0.31(a)   0.91   1.33 3.8

Lumbar spine   4.15   2.01   1.51   1.75   0.42 1.2

Pelvis   1.22   0.67   0.9   0.72   0.59 0.8

Pelvis   1.28   0.85   1.06   0.66   0.52 1.2

Urography   6.01   4.0   4.6   2.8   0.47 2.5

Barium enema 20.2 12.3 (b) 13.0 (b)   7.8 0.39 1.3
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The radiation absorbed by a region, organ 
or foetus is the sum of the contributions from 
all sources around it and not only from the 
target organ. Foetal whole body doses from 

common nuclear medicine examinations in 
early pregnancy and at term are reported in 
Table 2.4.

Table 2.3  Dose to the foetus in the more common radiological examinations

Dose to the foetus (mSv)

Type of examination Mean value/probability of 
induction of a lethal tumour

Max value

Skull <0.01/−

Lungs <0.01/− <0.01

Abdomen (only AP)   1.40/7.1 × 10−5 <0.01

Barium enema   6.80/3.4 × 10−4   4.2

Thoracic spine <0.01/− 24

Lumbar spine   1.70/8.3 × 10−5 <0.01

Digestive tract   1.10/5.5 × 10−5   5.8

Pelvis   1.10/5.5 × 10−5   4.0

Urography enhanced nephrographic/pielographic   1.70/8.3 × 10−5 10

CT 15.00/7.5 × 10−4 50

Brain and skull <0.005/− <0.005

Lung and thorax   0.06/−   0.96

Pelvis 25/1.25 × 10−3 79

Abdomen   8/4×10−4 49

Table 2.4.  Fetal whole body dose from common nuclear medicine examinations in early pregnancy and at term

Radiopharma‑ 
ceutical

Procedure Administered 
activity (MBq)

Early  
(mGy)

9 months 
(mGy)

99mTc Bone scan (phosphate) 750 4.6–4.7   1.8
99mTc Lung perfusion (MAA) 200 0.4–0.6   0.8
99mTc Lung ventilation (aerosol)   40 0.1–0.3   0.1
99mTc Thyroid scan (pertechnetate) 400 3.2–4.4   3.7
99mTc Red blood cell 930 3.6–6.0   2.5
99mTc Liver colloid 300 0.5–0.6   1.1
99mTc Renal DTPA 750 5.9–9.0   3.5
67Ga Abscess/tumour 190 14–18 25
123I Thyroid uptake   30 0.4–0.6   0.3
131I Thyroid uptake     0.55 0.03–0.04   0.15
131I Metastases imaging   40 2.0–2.9 11.0

DTPA, diethylenetriamine pentaacetic acid; MAA, macroaggregated albumin
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2.5	 Radiotherapy

During pregnancy, cancers which are remote 
from the pelvis usually can be adequately treated 
with radiotherapy, based on careful planning. 
This is not the case for cancers located in the pel-
vis, which cannot be irradiated without severe 
or, more probably, lethal consequences for the 
foetus.

2.5.1	 Before Treatment

Since foetal doses in radiotherapy can be high, 
it is important to ascertain whether a female pa-
tient is pregnant before radiotherapy.

Pregnancy status may be ascertained on the 
basis of history, patient age and prior surgery 
(such as a hysterectomy or tubal ligation) or 
through the use of a pregnancy test. Even if a 
radiotherapy patient is not pregnant, she should 
be counselled to avoid pregnancy until the po-
tentially harmful radiotherapeutical treatment 
or other treatment modalities are concluded and 
the tumour is cured or adequately controlled. If 
a patient is found to be pregnant, the decision 
relative to the treatment course should be an in-
formed one made by the patient, her partner, or 
other appropriate person(s), the treating oncolo-
gist and other team members (e.g. surgeons, ob-
stetricians, pharmacologists and others such as 
psychologists). The factors to be considered are 
many but include at least:
–	 Stage and aggressiveness of the tumour;
–	 Potential hormonal effects of pregnancy on 

the tumour;
–	 Various therapies and their length, efficacy 

and complications;
–	 Impact of delaying therapy;
–	 Expected effects of maternal ill-health on the 

foetus;
–	 Stage of pregnancy;
–	 Foetal assessment and monitoring;
–	 How and when the baby could be safely deliv-

ered;
–	 Whether the pregnancy should be termi-

nated;
–	 Legal, ethical and moral issues.

While it is difficult to generalise about the ad-
verse effects of chemotherapy agents adminis-

tered during the first trimester of pregnancy, 
with some drugs up to 10% of exposed foetuses 
exhibit major malformations. After the first tri-
mester, chemotherapy is not usually associated 
with teratogenesis or adverse developmental out-
come. There is some suggestion that in utero ex-
posure to chemotherapeutic agents may cause an 
increase in the risk of pancytopaenia at birth and 
possibly subsequent neoplasms in the offspring.

The risks of surgery and anaesthesia during 
pregnancy are well known and the major prob-
lems are associated with hypotension, hypoxia 
and infection. Maternal well-being should also 
be considered. Many cancer patients have fever 
or infections as a result of the tumour or immu-
nosuppression. There may be an association be-
tween hyperthermia and teratogenic effects such 
as neural tube defects and microphthalmia. The 
other additional maternal problem that can af-
fect the foetus is malnutrition.

2.5.2	 During Radiotherapy

Radiotherapy to non-pelvic fields during preg-
nancy can be performed, but it requires careful 
estimation of foetal dose and may require addi-
tional shielding. A number of cancers occur dur-
ing pregnancy in locations other than the pelvis 
or abdomen. Breast cancers complicate about 
one out of 3,000 pregnancies. This may be treated 
in a number of ways, including with radiother-
apy. Fortunately, the radiotherapy is delivered to 
sites quite distant from the foetus. Usually during 
radiotherapy a high-risk obstetrical unit follows 
such women.

Lymphomas are also relatively common dur-
ing the reproductive years. Literature in the early 
1980s suggested the need for a therapeutic abor-
tion if these diseases appeared early in pregnancy. 
Now lymphomas can be effectively treated with 
chemotherapy, and radiotherapy may not be 
needed at all or may possibly be delayed until late 
in pregnancy or until after pregnancy.

If radiotherapy is used, it is important to 
calculate the dose to the foetus before the treat-
ments are given. When external radiotherapy is 
utilised for treatment of tumours at some dis-
tance from the foetus, the most important factor 
in foetal dose is the distance from the edge of the 
radiation field. The dose decreases approximately 



2  Prenatal Irradiation and Pregnancy 15

exponentially with distance. Foetal doses below 
100 mGy should not be considered a reason for 
terminating a pregnancy. At foetal doses above 
this level, informed decisions should be made 
based upon individual circumstances. Foetal 
doses for a typical photon treatment regimen 
for brain cancer are in the range of 30 mGy. For 
anterior and posterior mantle treatments of the 
chest for Hodgkin disease, the dose to portions 
of an unshielded foetus can be 400–500 mGy. 
With 60Co, at distances greater than 10 cm from 
the field the dose is higher than with X-ray beams 
produced by linear accelerators, because of the 
leakage from the machine head, the side-scatter-
ing and the size of the source (1.5–2.5 cm). The 
dose distribution outside of the primary radia-
tion beam may vary among therapy units, such 
as linear accelerators, of the same nominal type 
and energy, as well as with field size. As a result, 
therapy unit-specific measurements should be 
made.

Usually, treatment planning software pro-
grams are very accurate for estimation of tissue 
dose in the primary treatment field, but uncer-
tainties are much greater at distances outside the 
field (for example, at 1 m). In these cases, when 
dose estimation to peripheral tissues is impor-
tant, phantom measurements and in vivo dosim-
etry are usually used.

Additional shielding can reduce the foetal 
dose by 50%. However, effective shielding often 
weighs on the order of 200 kg. It can exceed the 
design limits for many treatment tables and may 
cause injury to the patient or technician if not 
properly constructed and handled.

The American Association of Physicists in 
Medicine (AAPM) has made a series of recom-
mendations (Stovall et al. 1995), which provide 
points to be considered. Complete all planning 
as though the patient was not pregnant and as if 
the foetus is near the treatment beam and do not 
take portal localisation films with open collima-
tion and blocks removed.

Further recommendations include:
–	 Medical professionals using radiation should 

be familiar with the effects of radiation on the 
embryo and foetus. At most diagnostic levels 
this would include risk of childhood cancer, 
while at doses in excess of 100–200 mGy risks 
related to nervous system abnormalities, mal-
formations, growth retardation and foetal 

death should be considered. The magnitude 
of these latter risks differs quite considerably 
between the various stages of pregnancy.

–	 All medical practices (both occupational and 
patient related) involving radiation exposure 
should be justified (i.e. result in more benefit 
than risk). Medical exposures should also be 
justified on an individual basis. This includes 
considerations balancing medical needs 
against potential radiation risks. This is done 
by using judgement rather than numerical 
calculations. Medical exposure of pregnant 
women poses a different benefit/risk situation 
than most other medical exposures. In most 
medical exposures the benefit and risk are 
to the same individual. In the situation of in 
utero medical exposure there are two different 
entities (the mother and the foetus) who must 
be considered.

–	 Before radiation exposure, female patients in 
the childbearing age group should be evalu-
ated and an attempt should be made to deter-
mine who is or could be pregnant.

–	 Medical radiation applications should be op-
timised to achieve the clinical purposes with 
no more radiation than is necessary, given the 
available resources and technology. If possible, 
for pregnant patients, the medical procedures 
should be tailored to reduce foetus dose.

–	 After medical procedures involving high 
doses of radiation have been performed on 
pregnant patients, foetus dose and potential 
foetus risk should be estimated.

–	 Pregnant medical radiation workers may work 
in a radiation environment as long as there is 
reasonable assurance that the foetal dose can 
be kept below 100 mGy during the course of 
pregnancy.

–	 Radiation research involving pregnant pa-
tients should be discouraged.

–	 Termination of pregnancy at foetal doses of 
less than 100 mGy is not justified based upon 
radiation risk. At higher foetal doses, in-
formed decisions should be made based upon 
individual circumstances.

–	 Modifications to the treatment plan which 
would reduce the radiation dose to the foetus 
by changing field size, angle, radiation energy 
and field trimmers on the edge nearest the 
foetus should be considered. If possible use 
photon energies of less than 25 MV.
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–	 Estimate the dose to the foetus without spe-
cial shielding, using out-of-beam phantom 
measurements at the symphysis pubis, fundus 
and a midpoint.

–	 If foetal dose is above 50–100 mGy, a shield 
may be constructed with 4–5 half-value layers 
of lead. Measure dose to the foetus in a phan-
tom for simulated treatment with the shield-
ing in place, adjusting radiation amount and 
location.

–	 Document the treatment plan and discuss it 
with the staff involved in patient set-up. Doc-
ument the shielding (perhaps with a photo-
graph).

–	 Check weight and load-bearing specifica-
tions of the treatment couch or other aspects 
of shielding support. Be present during initial 
treatment to ensure that shielding is correctly 
placed. Monitor the foetal size and growth 
throughout the course of treatment and reas-
sess foetal dose if necessary.

–	 At completion of treatment, document total 
dose including range of dose to the foetus 
during therapy.

–	 Consider referring the patient to another in-
stitution if equipment and personnel are not 
available for reducing and estimating the foe-
tal dose.

The radiation risk for fatal cancer is conserva-
tively assumed to be 0.6% per 100-mGy foetal 
dose, corresponding to about 1/17,000 per mGy 
and a linear dose-response relationship, but 
many epidemiological studies suggest that the 
risk may be lower than that assumed here.

Although the exact risk in humans is uncer-
tain, animal data suggest that malformations 
due to radiation are not likely at doses less than 
100–200 mGy. Moreover, these malformations 
would only be observed if exposure were be-
tween the 3rd and 25th weeks of gestation. The 
risk of malformation is low at 100–200 mGy but 
will increase with increasing dose. Decreased 
IQ and possible retardation are only detectable 
when foetal doses exceed 100 mGy during the 
8th to 25th weeks of gestation.

If the foetal absorbed dose is high, for exam-
ple, in excess of 500 mGy, and it was absorbed 
during the 3rd to 16th weeks after conception, 
there is a substantial chance of growth retardation 
and central nervous system damage. Although it 

is possible that the foetus may survive doses in 
this range, the parents should be informed of the 
high risks involved.

In the intermediate dose range, 100–500 mGy, 
the situation is less clear-cut, although such cir-
cumstances arise relatively infrequently. In this 
absorbed dose range the risk of a measurable re-
duction in IQ must be seriously considered if the 
foetus was exposed between 8 and 15 weeks of 
gestational age. In such instances, a qualified bio-
medical or health physicist should calculate the 
absorbed foetal dose as accurately as possible, 
and the physician should ascertain the individual 
and personal situation of the parents. For ex-
ample, if the dose to the foetus was estimated to 
be just above 100 mGy and the parents had been 
trying to have a child for several years, they may 
not wish to terminate the pregnancy. This should 
be a personal decision made by the parents after 
having been appropriately informed.

Regardless of protective measures, radiother-
apy involving the pelvis of a pregnant woman 
almost always results in severe consequences for 
the foetus, most likely foetal death. Carcinoma of 
the cervix is the most common malignancy asso-
ciated with pregnancy. Cervical cancer compli-
cates about one out of 1,250–2,200 pregnancies. 
This rate, however, varies significantly by coun-
try. Cervical cancer is often treated by surgery 
and/or radiotherapy and the doses required with 
both forms of radiotherapy will cause termina-
tion of pregnancy. If the tumour is infiltrative 
and is diagnosed late in pregnancy an alternative 
is to delay treatment until the baby can be safely 
delivered. Ovarian cancer is quite rare during 
pregnancy, complicating less than one in 10,000 
pregnancies. Exploratory surgery is usually em-
ployed to make the diagnosis. Most patients with 
ovarian carcinoma are treated with chemother-
apy. Radiotherapy is rarely used to treat this tu-
mour during pregnancy.

A brachytherapy patient is often kept in the 
hospital until the sources are removed. While 
such a patient can occasionally be a source of ra-
diation to a pregnant visiting family member, the 
potential dose to the family member’s foetus is 
very low, irrespective of the type of brachyther-
apy. Prostate brachytherapy can be done with 
permanent implantation of radioactive 198Au or 
125I seeds, and the patient is discharged from the 
hospital with these in place. The short range of 
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the emissions from these radionuclides allows 
the patient to be discharged since they pose no 
danger to pregnant family members.

2.5.3	 After Radiotherapy

After radiotherapy involving a pregnant patient, 
careful records of the treatment and of the foe-
tal dose estimation should be maintained. Since 
there may be foetal consequences, careful coun-
selling and follow-up is recommended.

Since radiotherapy usually involves treatment 
over several weeks, pregnancy is usually identi-
fied before or during treatment. It is extremely 
rare for a patient to receive a full treatment course 
of radiotherapy or brachytherapy and then be 
discovered to be pregnant afterwards. Even with 
prior counselling and appropriate shielding dur-
ing treatment, the patient will often want addi-
tional information.

The final estimates of the foetal dose should 
be calculated and registered. This should include 
details about the technical factors discussed 
above. An appropriately trained medical physi-
cist should do such calculations and the mother 
should be informed about the potential risks. 
Although local regulations vary, it is often nec-
essary to keep these records for many years and 
usually until the child becomes an adult.

Occasionally, patients who are not pregnant 
ask when they can become pregnant after radio-
therapy. Most radiation oncologists request that 
their patients not become pregnant for 1–2 years 
after completion of therapy. This is not primarily 
related to concerns about potential radiation ef-
fects, but rather to considerations about the risk 
of relapse of the tumour that would require treat-
ment with radiation, surgery or chemotherapy.

2.5.4	 Foetal Dose from Radiotherapy

The most common tumours in pregnant women 
are lymphomas, leukaemias, melanomas and tu-
mours located in the breast, uterine cervix and 
thyroid. Radiation therapy is often a treatment of 
choice for these patients. Each pregnant patient 
presents a unique set of circumstances which the 
physician must evaluate before deciding whether 
and how to treat her. Ideally, the chosen treat-

ment should control the tumour and give the 
foetus the best chance for a normal life. The chal-
lenge is to achieve the optimum balance between 
the risk and the benefit.

The severity and frequency of adverse effects 
increase with total dose. Therefore, reduction of 
foetal dose to a level which as is as low as reason-
ably achievable is of course advisable to reduce 
the potential risks to the foetus.

The proper treatment of pregnant women 
with radiation requires advanced consultation 
between the radiation oncologist, medical oncol-
ogist, obstetrician and medical physicist. Special 
devices to shield the foetus are often only avail-
able at large medical institutions, where only a few 
such patients may be treated annually. As such, 
technical resources must be allocated to prepare 
for these patients or they should be referred to 
those institutions best equipped to manage their 
treatment. Peripheral dose directly depends 
upon beam energy, distance from the treatment 
volume, field size and, to a much lesser extent, 
depth. Out-of-beam, patient internal and colli-
mator scatter represent the major contribution 
to the absorbed dose within 10 cm of the field 
edge. Patient internal scatter dominates from 10 
to 20 cm from the field. Head leakage dominates 
at approximately 30 cm, with patient internal 
scatter and head leakage approximately equiva-
lent. The use of blocks and wedges may increase 
the dose near the field edge by a factor of 2–5. 
It is imperative that the physicist realise that the 
shielding can only reduce the components of pe-
ripheral dose due to collimator scatter and head 
leakage.

2.5.4.1	 Radiation Dose Outside of Treatment Field

A radiation dose outside of a treatment field is 
the result of photon leakage from the head of the 
treatment machine, radiation scattered from the 
collimators and beam modifiers and radiation 
scattered from within the patient’s treatment 
volume. Collimator scatter accounts for approxi-
mately one-third of the dose and predominates 
near the field edge, while at greater distances 
treatment unit head leakage predominates. Near 
the field edge, peripheral dose increases with in-
creasing field size because of internal scatter. The 
magnitude of this effect is greatest in the first 
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10 cm from the edge (factor of 10), then decreases 
with distance (factor of 2). Collimator scatter 
plus leakage is approximately equal to patient in-
ternal scatter. Head leakage can vary by a factor 
of two, depending upon vendor design, and the 
peripheral dose can be reduced by placing a lead 
shield over the critical area. The use of wedges 
and other beam modifiers can increase the pe-
ripheral dose by a factor of 2–4. As with head 
leakage and collimator scatter, these components 
can be reduced by shielding the critical area.

Linear accelerators with photon energies 
greater than 10 MeV produce neutrons in the 
accelerating guide, the X-ray target, filters, col-
limators, and the patient. Near the treatment 
field the neutron dose is less than 5% of the total 
peripheral dose. The contribution from neutrons 
may be up to 40% of the total peripheral dose at 
a distance of 30 cm from the treatment volume. 
The contribution of neutrons to total dose in-
creases as the megavoltage is increased from 10 
to 20 MV and then remains approximately con-
stant. Specific biological data concerning the risk 
of neutron exposure to the foetus do not exist. 
The National Council on Radiation Protection 
(1980) suggests that a negligible biological risk 
exists from the exposure to incidental neutrons 
from linear accelerators. The conservative choice 
is to treat a pregnant patient with photon ener-
gies less than 10 MeV, as long as patient care is 
not compromised.

Electron beam therapy is conceptually similar 
to photon beam treatment. Because of lower beam 
currents, head leakage is a smaller fraction of total 
dose for electron beams; however, other sources 
of scatter (collimators, blocks, patient) continue 
to contribute to the overall total dose. The same 
type of measurements and shields utilised for 
photon treatments can be used for electron treat-
ments. Use of the photon shielding for electron 
treatments will reduce foetal dose by more than 
50%, partially due to the electron Bremsstrahlung 
spectrum having a lower mean energy.

2.5.5	 Techniques to Estimate 
and Reduce Foetal Dose

Gestational age is of primary importance to the 
treating physician, as discussed in Sect. 2.3. Typi-
cal anatomical points utilised for foetal dose es-

timation are the uterine fundus, symphysis pubis 
and patient umbilicus. The fundus and pubis de-
lineate the limits of the foetal position and the 
umbilicus represents a generalised mid-foetal 
position. It should be remembered that foetal 
orientation changes frequently and no single 
point can adequately describe the location of 
the foetal brain, etc. Treatment modification and 
shielding devices are the primary methods to re-
duce foetal dose.

Treatment modification usually consists of a 
combination of many factors, such as change of 
the field angles, reduction of the field size, choice 
of a different beam energy and the use of second-
ary collimators to define the field edge nearest 
the foetus. The medical physicist must review 
all treatment parameters to minimise the risk of 
injury, to the patient or personnel, when using 
special shielding. Shielding design must allow 
for treatment with anterior, posterior and lateral 
fields, above the diaphragm and the extremities. 
Two types of shielding arrangements described 
below. Additional details may be found in the 
scientific literature.

2.5.5.1	 Bridge over Patient

A basic shield design consists of a bridge over the 
patient’s abdomen supporting a block of lead or 
other shielding material with a thickness of five 
half-value layers (5HVL), allowing the patient 
to lie in either a supine or prone position. The 
superior edge of the block must be positioned 
as near as possible to the inferior edge of the 
treatment field. This position easily attenuates 
much of the dose contribution due to head 
leakage and collimator scatter. For the treatment 
of a posterior field, the patient may lie prone on 
a false table top, with the shielding bridge placed 
over her back.

2.5.5.2	 Mobile Shields

Treatment versatility can be increased by cou-
pling the basic bridge over patient design with 
a frame which supports the lead block such that 
it does not rest upon the treatment couch. Ad-
ditionally, a vertical adjustment motor is added 
to allow for treatment at source-to-skin distance 
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of 80−125 cm and appropriate wheels are at-
tached to allow for easy movement by the treat-
ment staff. The addition of side shielding allows 
for the treatment of lateral fields. The weight of 
such a unit may approach 200 kg; it is therefore 
indispensable to plan appropriate safety proce-
dures both for the patient and the personnel. For 
posterior fields, a shield fits between the treat-
ment couch and head of the treatment machine. 
Although the shield is attached to the treatment 
couch, the contribution of shield and patient 
weight typically will not exceed the limits de-
fined by the manufacturer.

2.5.5.3	 Dosimetry with Shields

The medical physicist is responsible for estimat-
ing the dose to the foetus. Dose estimates often 
require measurements, either in water, solid 
phantom or anthropomorphic phantom utilising 
ionisation chambers, diodes or thermolumines-
cent dosimeters (TLD). The physicist should first 
estimate/measure the dose to the foetus without 
special shielding. Additional dose measurement 
should then be repeated, using special shields as 
appropriate. Typical measurement points are the 
fundus, symphysis pubis and umbilicus. The fun-
dus position moves superiorly, with regard to the 
pubis, as the pregnancy progresses. This position 
should be carefully monitored during patient 
treatment and taken into account when deter-
mining the total expected foetal radiation dose. 
Dosimeters may be placed at these three points 
on the surface of the patient, on a daily basis, as a 
method of verifying the phantom dose estimates. 
However, because the daily doses are quite small, 
statistical variations may result in a wide range of 
daily dose measurements. The medical physicist 
should carefully review these results.

2.6	 Recommendations

Specific requirements will vary for individual 
patient treatments. However, the medical physi-
cist in conjunction with the radiation oncologist 
should carefully review all aspects of the preg-
nant patient’s treatment. The following are mini-
mal requirements to consider before and during 
the patient’s treatment.

–	 Plan the treatment normally (as if the patient 
were not pregnant). Modify the treatment 
plan as appropriate.

–	 Possible modifications are: changing the field 
size and angle, selecting a different radiation 
energy, etc.

–	 Estimate foetal dose without shielding. Use 
out-of-beam data measured on the specific 
treatment unit to be utilised. Typical points of 
interest are the uterine fundus, the symphysis 
pubis and a midpoint (umbilicus).

–	 If dose estimates in item 2 above are not ac-
ceptable, design and construct special shield-
ing. Typically five half-value layers of lead or 
equivalent will be appropriate.

–	 Final Treatment Plan. Measure out-of-field 
dose in phantom utilising treatment param-
eters and shielding (if applicable). Document 
the results and treatment set-up instructions 
(including photographs) in the treatment 
plan. Discuss the set-up with the involved 
personnel.

–	 Verify safety, including load-bearing limits of 
the treatment couch, structural integrity and 
movement of the shields, etc.

–	 The physicist should be present at the time of 
the first session of irradiation and be available 
for consultation during subsequent sessions.

–	 Monitor foetal size and location throughout 
the course of treatment, repeating dose es-
timates as appropriate. Document the com-
pletion of treatment by estimating the total 
dose to the foetus during the whole course of 
therapy.

–	 Refer the patient to another institution for 
treatment, if appropriate.
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3.1	 Introduction

The diagnosis of cancer and the need to admin-
ister chemotherapy during pregnancy pose chal-
lenges to the woman, her family, and the medical 
team. The great challenge is to treat the mother 
without adversely affecting fetal outcome. The 
relative rarity of pregnancy-associated cancer 
precludes conducting large prospective studies 
to examine the safety of the different chemo-
therapeutic drugs, and the literature is largely 
composed of small retrospective studies and case 
reports. In this chapter we critically review avail-
able data, controversies, and unresolved issues 
regarding the administration of chemotherapy 
during pregnancy and lactation.

3.2	 Pharmacokinetics 
of Chemotherapeutic Drugs 	
During Pregnancy

When treating pregnant patients with chemo-
therapy, it is important to consider the normal 
physiological changes that occur during preg-
nancy, including an increased plasma volume 
(by up to 50%) and renal clearance of drugs, the 
third space created by the amniotic fluid, and a 
faster hepatic oxidation (Cardonick and Iaco-
bucci 2004; Weisz et al. 2004). These changes 
may decrease active drug concentrations com-
pared with women who are not pregnant and 
have the same weight. However, since no phar-
macokinetic studies have been conducted in 
pregnant women receiving chemotherapy, it is 
still unknown whether pregnant women should 
be treated with different doses of chemotherapy.

3.3	 The Effect of Chemotherapy 
on the Fetus

Most drugs with a molecular mass of less than 
600 kDa are able to cross the placenta (Pacifici 
and Nottoli 1995). Since the various cytotoxic 
agents have a molecular mass of between 250 
and 400 kDa, virtually all of them can cross the 
placenta and reach the fetus (Pacifici and Not-
toli 1995). However, only few small transplacen-
tal studies have been conducted to assess drug 
concentrations in the amniotic fluid, cord blood, 
and placental and fetal tissues—with conflicting 
results.

There are no sufficient data regarding the 
teratogenicity of most cytotoxic drugs. Almost 
all chemotherapeutic agents were found to be 
teratogenic in animals, and for some drugs only 
experimental data exist (Cardonick and Iaco-
bucci 2004; Koren et al. 2005). However, the che-
motherapy doses used in humans are often lower 
than the minimum teratogenic doses applied in 
animals. Therefore, it is difficult to extrapolate 
data from animal models to humans. Further-
more, since cytotoxic drugs are usually not used 
separately as monotherapy, most human reports 
arise from exposure to multidrug regimens, 
making it difficult to estimate the exact effect of 
each drug. It seems possible that genetic predis-
position may explain the differing susceptibility 
to teratogenicity among patients given the same 
drugs.

The potential teratogenic effect of any che-
motherapeutic agent used during pregnancy 
depends on the total dose and on the fetal de-
velopmental stage at the time of exposure. 
Chemotherapy during the first trimester may 
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increase the risk of spontaneous abortions, fe-
tal death, and major malformations (Leslie et 
al. 2005; Zemlickis et al. 1992). Malformations 
reflect the gestational age at exposure, and the 
fetus is extremely vulnerable during weeks 2–8, 
at which organogenesis occurs (Cardonick and 
Iacobucci 2004; Weisz et al. 2004). During this 
period, damage to any developing organ may 
lead to major malformations. After organogen-
esis, several organs including the eyes, genitalia, 
the hematopoietic system, and the central ner-
vous system (CNS) remain vulnerable to chemo-
therapy (Cardonick and Iacobucci 2004, Weisz 
et al. 2004). Overall, the risk of teratogenesis 
following cancer treatment appears to be lower 
than is commonly estimated from animal data. 
First-trimester exposure to chemotherapy has 
been associated with 10%–20% risk of major 
malformations (Weisz et al. 2004). A review of 
139 cases of first-trimester exposure to chemo-
therapy has demonstrated a 17% risk for mal-
formations after single-agent exposure and 25% 
after exposure to combination chemotherapy 
(Doll et al. 1998). When folate antagonists were 
excluded, the incidence of fetal malformations 
with single-agent chemotherapy during the first 
trimester declined to 6%. Another study of 210 
cases demonstrated 29 fetal abnormalities, of 
which 27 were associated with first-trimester 
exposure (Randall 1993). However, these stud-
ies included pregnant women who were treated 
with different chemotherapeutic regimens and 
covered long periods of time during which the 
treatment of cancer had changed. Furthermore, 
these evaluations were based on a collection of 
case reports, and there may be a reporting bias 
whereby malformed infants are more likely to 
be reported after drug exposure than healthy 
infants. Therefore, it is recommended that when 
any multidrug chemotherapy is given during the 
first trimester, pregnancy termination should be 
strongly recommended.

Besides their direct potential teratogenicity, 
anticancer chemotherapy agents can adversely 
affect pregnancy in several other ways and cause 
spontaneous abortions, intrauterine growth re-
tardation (IUGR), and low birth weight. Che-
motherapy is associated with maternal complica-
tions such as nausea and vomiting, or cytopenias 

including neutropenia with an increased suscep-
tibility for infections that can all indirectly affect 
the fetus. Therefore, proper supportive treatment 
with antiemetics, growth factors, blood products, 
and antibiotics is essential and should be ad-
ministered promptly (the supportive treatment 
for pregnant patients with cancer is detailed in 
several chapters in this volume). Furthermore, 
evidence exists suggesting that anticancer drugs 
may adversely affect the placenta (Matalon et al. 
2004, 2005; DeLoia et al. 1998). For example, the 
adverse effects of 6-mercaptopurine on the pla-
centa has been documented with inhibition of 
both migration and proliferation of trophoblast 
cells in first-trimester human placental explants 
(Matalon et al. 2005).

Second- and third-trimester exposure are not 
associated with teratogenic effects but increase 
the risk for IUGR and low birth weight (Zem-
lickis et al. 1992). However, the IUGR and low 
birth weight are not associated with long-term 
complications, and death rate is relatively low in 
these circumstances. Therefore, it seems that the 
advantage of treatment is clear and that multi-
drug regimens can be administered during this 
period.

There are several situations that warrant spe-
cial consideration since the administration of 
chemotherapy can be more flexible and individ-
ualized according to the circumstances. For ex-
ample, when an early-stage cancer is diagnosed 
late in the first trimester, it may be possible to 
consider chemotherapy postponement while 
keeping the patient under close observation for 
any sign of disease progression. At the end of the 
first trimester, proper multidrug chemotherapy 
should be administered promptly. In rare cases 
such as in stage I Hodgkin lymphoma restricted 
to the neck lymph nodes, treatment with local 
radiotherapy can be considered as a proper yet 
safe therapy and can replace chemotherapy with-
out adverse fetal outcomes. When pregnancy ter-
mination is unacceptable to the patient, a single-
agent treatment with anthracycline antibiotics or 
vinca alkaloids followed by multiagent therapy at 
the end of the first trimester can be considered. 
The experience with the different chemothera-
peutic drugs is detailed in a subsequent para-
graph.
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The principles of treatment with anticancer 
chemotherapy during pregnancy are summa-
rized in Fig. 3.1.

Delivery postponement should be considered 
for 2–3 weeks after treatment to allow bone mar-
row recovery. Furthermore, neonates, especially 
preterm babies, have limited capacity to metabo-
lize and eliminate drugs because of liver and re-
nal immaturity. The delay of delivery after che-
motherapy will allow fetal drug excretion via the 
placenta (Sorosky et al. 1997).

3.4	 Long-Term Effects of In Utero 
Exposure to Chemotherapy

The fact that the CNS continues to develop 
throughout gestation has raised concerns regard-
ing long-term neurodevelopmental outcome 
of children exposed to in utero chemotherapy. 

Other concerns are childhood malignancy and 
long-term fertility. Information regarding these 
issues is limited because of the difficulties in 
long-term follow-up and the relative rarity of 
such cases. A long-term (up to age 6–29, aver-
age 18.7 years) follow-up of 84 children born to 
mothers with hematological malignancies who 
were treated with chemotherapy during preg-
nancy (38 of them during the first trimester) has 
reported normal physical, neurological, and psy-
chological development (Aviles and Neri 2001). 
Furthermore, this study has partially addressed 
the issue of reproduction in that all offspring 
have shown normal sexual development and 12 
of them had become parents to normally devel-
oped children. Finally, unlike in utero exposure 
to radiotherapy, the exposure to chemotherapy 
during pregnancy was not associated with an in-
creased risk of developing childhood malignan-
cies compared to the general population. This 

Fig. 3.1  A suggested algorithm for the treatment of pregnant patients with chemotherapy
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report was supported by a review summarizing 
111 cases of children born to mothers treated 
with chemotherapy during pregnancy (Nulman 
et al. 2001). These children, who were followed 
up for different periods of time (1–19 years) had 
normal late neurodevelopment based on for-
mal developmental and cognitive tests. In sum-
mary, the available data regarding late effect of 
chemotherapy on children’s neurodevelopment 
are limited, and most reports used a retrospec-
tive design in order to recruit a sufficient number 
of cases. However, the general impression based 
on the available data suggests that chemotherapy 
does not have a major impact on later neurode-
velopment.

3.5	 Breastfeeding and Chemotherapy

The concentration of chemotherapy in breast 
milk varies among the various agents and is also 
related to the dose and timing of therapy. Expe-
rience regarding chemotherapy during lactation 
is limited and based only on case reports. While 
a single case of neonatal neutropenia has been 
reported after breastfeeding exposure to cyclo-
phosphamide (Durodola 1979), for most che-
motherapeutic agents no breastfeeding data are 
available. However, dose-dependent as well as 
dose-independent effects of these drugs cannot 
be ruled out. Although it is unclear how much 
toxicity can be attributed to these drugs during 
lactation, most authorities consider breastfeed-
ing as contraindicated while undergoing chemo-
therapy.

3.6	 Chemotherapeutic Agents

We have categorized the different chemothera-
peutic drugs according to the classification pre-
sented in Harrison’s Principles of Internal Medi-
cine (16th edition).

3.6.1	 Alkylating Agents

Alkylating agents are among the most com-
monly used chemotherapeutic drugs. The differ-

ent drugs have antitumor activity against a wide 
spectrum of malignancies including breast, ovar-
ian, and bladder carcinomas, Hodgkin disease, 
and non-Hodgkin lymphoma. This chemother-
apy group is considered slightly less teratogenic 
than the antimetabolites. However, first-trimes-
ter exposure is associated with an increased risk 
for malformations, most commonly renal and 
gastrointestinal, and with limb deformities. Un-
like with adult exposure, there are no reports of 
increased risk for childhood cancer after intra-
uterine exposure to alkylating agents. The avail-
able data regarding treatment with the different 
alkylating agents during pregnancy are presented 
in Table 3.1.

3.6.2	 Anticancer Antibiotics

3.6.2.1	 Anthracyclines

Anthracyclines are an integral part of regimens 
used for the treatment of different types of can-
cer including lymphomas, leukemias, and breast, 
lung, bladder, and gastric carcinomas. The expe-
rience with the treatment of anthracyclines dur-
ing pregnancy is limited mostly to doxorubicin 
and daunorubicin. Idarubicin, which is more 
lipophilic compared to other anthracyclines, 
has an increased placenta transfer and affinity to 
the DNA, and therefore may be associated with 
higher rates of adverse fetal outcomes and should 
be avoided during pregnancy. When doxorubi-
cin is as effective as the other anthracyclines in 
selected types of cancer, it is the preferred drug 
during pregnancy. It may also be used as mono-
therapy during the first trimester, in the rare 
cases in which postponement of treatment with 
full multidrug chemotherapy regimens can be 
considered. Besides their potential teratogenic-
ity, another concern about the administration of 
anthracyclines during pregnancy is whether they 
are cardiotoxic to the developing fetus. While 
most reports have shown no myocardial damage 
in both gestational and postnatal echocardio-
gram, a few case reports have demonstrated both 
transient and permanent cardiomyopathy. The 
experience with antracyclines during pregnancy 
is presented in Table 3.2.
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3.6.2.2	 Other Anticancer Antibiotics

Experience with mitomycin C and actinomycin D 
and with the topoisomerase inhibitors etoposide 
and teniposide is extremely limited, and there-
fore their administration during pregnancy can-
not be recommended. Most of the experience 
with bleomycin during pregnancy arises from 
the treatment of pregnant patients with lym-
phoma (Table 3.2). Unlike adults, there are no 
reports of pulmonary damage after intrauterine 
exposure to bleomycin.

3.6.3	 Antimitotic Agents

3.6.3.1	 Vinca Alkaloids

This group of chemotherapeutic drugs is com-
monly used as part of multidrug protocols for 
treating various malignancies. Vincristine and 
vinblastine are relatively less teratogenic com-
pared to the other chemotherapeutic drugs, pos-
sibly because of their high binding to plasma 
proteins. Therefore, in the rare cases in which 
postponement of treatment with full multidrug 
chemotherapy regimens until the end of the first 
trimester can be considered, vinca alkaloids may 
be a safe option for monotherapy. While in adults 
the treatment with the vinca alkaloids may cause 
neuropathy, there is no evidence regarding such 
an effect on fetuses exposed in-utero. Table 3.3 
summarizes the main available data regarding 
the treatment with vinca alkaloids during preg-
nancy.

3.6.3.2	 Taxanes

The experience with paclitaxel during pregnancy 
is extremely limited, and only a few cases have 
been reported (Table 3.3). Therefore, taxanes 
should be avoided throughout pregnancy.

3.6.4	 Antimetabolites

Antimetabolites inhibit different biochemical 
cycles by acting as false substrates, usually as 

nucleoside analogs that interfere with DNA and 
RNA synthesis. Among the different anticancer 
drugs, antimetabolites seem to be associated with 
a higher risk for adverse fetal outcomes. This was 
especially true regarding aminopterin, which is 
an antimetabolite that is no longer in use, and 
its administration during the first trimester has 
been associated with high risk for developing the 
aminopterin syndrome (cranial dysostosis with 
delayed ossification, hypertelorism, wide nasal 
bridge micrognatia, and ear anomalies) (Weizz et 
al. 2004). A very similar pattern of malformation 
has been described after first-trimester expo-
sure to high-dose methotrexate (>10 mg/week). 
Furthermore, methotrexate, which is used as an 
abortifacient in the treatment of ectopic preg-
nancy, increases the risk for miscarriage when 
administered early in pregnancy. Table 3.4 sum-
marizes the main available data regarding treat-
ment with antimetabolites during pregnancy.

3.6.5	 Miscellaneous Drugs Used 
for Anticancer Treatment

3.6.5.1	 Rituximab

In recent years rituximab has become an inte-
gral part of the treatment of intermediate-grade 
non-Hodgkin lymphomas. Only few cases of 
rituximab administered during pregnancy have 
been reported, most of them for the treatment 
of various autoimmune diseases (Table 3.5). In 
these reports the administration of rituximab in 
pregnancy, including during the first trimester, 
was not associated with an increased risk for ad-
verse fetal outcome.

3.6.5.2	 Interferon Alpha

Interferon alpha is used in patients with node-
positive malignant melanoma. Most of the 
experience with interferon arises from its ad-
ministration to patients with hepatitis and my-
eloproliferative disorders. To date, there is no 
evidence regarding any teratogenic effect of in-
terferon (Table 3.5), and it is considered a safe 
drug to be administered during pregnancy.
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3.6.5.3	 Imatinib Mesylate

This novel tyrosine kinase inhibitor has a major 
role in the treatment of chronic myeloid leukemia 
(CML) and of gastrointestinal stromal tumors 
(GIST). The experience with imatinib during hu-
man pregnancy is still limited (Table 3.5). How-
ever, animal models suggest that this agent may 
be teratogenic. Therefore, at this time, imatinib 
cannot be recommended for treating pregnant 
patients.

3.6.5.4	 Trastuzumab (Herceptin)

This is a monoclonal antibody that blocks the 
human epidermal growth factor receptor 2 pro-
tein and is administered to patients with breast 
cancer. Currently there are only two reports of 
treatment with trastuzumab during pregnancy. 
(Table 3.5)

3.6.5.5	 Tamoxifen

Tamoxifen is used to treat patients with hormone 
receptor-positive breast cancer. The experience 
with this drug during pregnancy is limited (Ta-
ble 3.5), and therefore its administration to preg-
nant patients cannot be recommended.

3.6.5.6	 All-trans Retinoic Acid 

This drug is used for the treatment of patients 
with promyelocytic leukemia. As with all vita-
min A derivatives, its exposure during the first 
trimester is associated with an extremely high 
rate (up to 85%) of teratogenicity, including fatal 
neurological and cardiovascular malformations. 
Therefore, there is a consensus that any admin-
istration of all-trans retinoic acid (ATRA) during 
the first trimester should follow pregnancy ter-
mination. Furthermore, it is recommended that 
women treated with ATRA should be aware of its 
potential teratogenicity and effective contracep-
tion should be used to prevent pregnancy. There 
are several reports regarding the treatment with 
ATRA during the second and third trimesters 
without congenital malformations (Table 3.5)

3.6.6	 New Anticancer Agents

The treatment of cancer continues to advance, 
and new anticancer drugs, many of which are 
still experimental, are being introduced more 
rapidly than the accumulation of safety data in 
pregnancy. Caution is therefore warranted before 
new agents are administered to pregnant women, 
even if other drugs from the same class are con-
sidered safe. Recently there has been an increas-
ing interest in the development and use of dif-
ferent biological anticancer therapies, the most 
popular being bevacizumab (Avastin) and cetux-
imab (Erbitux), which are used most commonly 
in metastatic colorectal cancer. The fact that be-
vacizumab is an antiangiogenic factor suggests 
that it may be associated with severe adverse ef-
fects during pregnancy. To our best knowledge, 
there are no reports regarding treatment with 
these drugs during pregnancy, and therefore they 
should not be given to pregnant women.
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4.1	 Definition and Epidemiology

Historically, pregnancy-associated breast cancer 
was defined as breast cancer diagnosed during 
pregnancy and within 1 year of delivery. The 
present chapter deals with the situation of coin-
cident breast cancer and pregnancy, which rep-
resents the real challenge for physicians. In fact, 
breast cancer diagnosed during lactation does 
not pose specific therapeutic problems compared 
to all other breast cancer and therefore is not dis-
cussed here. Moreover, the term “pregnancy-as-
sociated” somehow implies that cancer might be 
induced or stimulated by the presence of preg-
nancy, while it seems more a coincidence rather 
than an association. From this standpoint, we 
think that it might be more appropriate to define 
this clinical scenario simply as breast cancer dur-
ing pregnancy (BCdP).

The age of the mother at delivery has been in-
creasing in the last 30 years (Fig. 4.1) and is about 
30 years on average in most European countries 
and a few years younger in the US. Breast can-
cer is rare in young patients: women below the 
age of 40 represent less than 10% of patients who 
develop breast cancer; still, breast cancer is not 
uncommon in young women. In Western coun-
tries, breast cancer is the most common cause of 
cancer deaths in women aged 30 years and older, 
and its incidence is much higher than those of 
Hodgkin disease and other neoplasias commonly 
associated with young age (Fig. 4.2) (Ries 2006). 
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Fig. 4.1  United States of America. The average age of the 
mothers at delivery increased by 2.9 years between 1974 
and 2001

Fig. 4.2  Incidence and mortality of common malignant 
neoplasias in women of childbearing age
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Presently, 1 in 3,000 to 1 in 10,000 pregnancies is 
complicated by breast cancer (Berry et al. 1999), 
but with the trend for postponing pregnancy un-
til the thirties and forties it is likely that an in-
creased rate of BCdP will occur.

A Swedish study in women diagnosed with 
breast cancer before the age of 40 suggested that 
BRCA1/2 mutation carriers were at increased 
risk of developing the disease during pregnancy, 
indicating a role for circulating estrogens in ac-
celerating malignant transformation (Johansson 
et al. 1998). However, this suggestive hypothesis 
needs to be confirmed.

4.2	 Presentation and Diagnosis

The diagnosis of breast cancer is difficult in preg-
nancy because of the physiological modifications 
of the breast in pregnancy. Nevertheless, a pain-
less lump is the most frequent presentation. The 
diagnostic procedures follow a pattern similar to 
that in nonpregnant patients, with only slight dif-
ferences. The diagnosis can often be made with 
ultrasound alone, which in our opinion should 
be the first choice as imaging procedure in the 
presence of a lump. In fact, ultrasound is highly 
diagnostic in patients with a dense pattern of the 
breast, as usually happens in young women. Sec-
ond, the presence of the fetus dictates that the use 
of ionizing radiation should be limited as much 
as possible. Therefore, in the presence of a lump, 
which cannot be diagnosed as certainly benign 
by ultrasound, histopathologic diagnosis must 
be performed. Fine-needle aspiration (FNA) or 
core-needle biopsy can establish the diagnosis. 
Microhistology is preferable to cytology because 
FNA has been associated with both false-posi-
tive and false-negative results (Mitre et al. 1997; 
Shannon et al. 2001), the rate of which, how-
ever, is very low in expert hands. Microhistology 
mostly allows diagnosis of invasive cancer and 
determination of biological features of the tumor 
that might be important in the decision-making 
process. It is also important that the pathologist 
is informed of the presence of pregnancy.

Mammography is possible with proper shield-
ing of the abdomen with minimal exposure of 
the fetus to ionizing radiation. In fact, with a 
two-view mammogram the uterine-fetal dose is 

4 mGy, well below the threshold for deterministic 
effects of 100 mGy (Pentheroudakis and Pavlidis 
2006). The dense, proliferating mammary glands 
of young pregnant women may make mammo-
graphic diagnosis difficult (sensitivity less than 
70%) (Pavlidis and Pentheroudakis 2005; Moore 
and Foster 2000). Even important masses can be 
obscured by the normal reaction of the breast to 
pregnancy, and therefore it is difficult for mam-
mography to be useful to achieve diagnosis in this 
special setting. However, mammography should 
be recommended before surgery in order to rule 
out diffuse microcalcifications in case conserva-
tive surgery is planned. From this standpoint, a 
single projection can be considered to reduce ra-
diation exposure.

The use of MRI to diagnose breast cancer in 
pregnancy has not been investigated adequately. 
However, the use of gadolinium contrast media 
is discouraged, as the contrast media cross the 
placenta and induce malformations in animal 
models (Garel et al. 1998). Thus the routine use 
of breast MRI during pregnancy is discouraged.

4.3	 Surgical Treatment 
of Breast Cancer During Pregnancy

4.3.1	 Mastectomy Versus 
Breast-Conserving Therapy

The occurrence of BCdP poses an acute and 
dramatic dilemma for the patient, her family, 
and her physician. The management of BCdP 
requires a collaborative team effort to provide 
the best medical options and most effective psy-
chosocial support. Women with BCdP are often 
influenced by various opinions, which are often 
radical and difficult to argue against. However, 
probably more than any other medical condi-
tion, BCdP requires a thorough discussion. Ob-
viously, the patient is looking for the physician’s 
recommendation, but it is the physician’s role to 
ensure that the patient is fully aware that she has 
a variety of treatment options to consider.

Historically, mastectomy was considered to 
be the standard surgical procedure in pregnant 
patients with breast cancer (Woo et al. 2003). 
There are two possible reasons for this: first, pa-
tients frequently presented with large tumors as a 
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result of diagnostic delay, and second, there was 
a concern about the delay before administration 
of radiotherapy, which is contraindicated during 
pregnancy.

In our opinion, it is important to inform the 
patient that mastectomy is not mandatory for the 
treatment of BCdP (Schwartz et al. 2006). In the 
experience of the European Institute of Oncology 
of Milan (Gentilini et al. 2005), tumor size and rate 
of axillary metastases in patients with BCdP were 
lower than in previous reports (Berry et al. 1999), 
probably because of the increased awareness 
among both patients and physicians. This earlier 
stage of presentation (median tumor size 2.4 cm) 
enabled a higher rate of breast-conserving 
procedures (15 of 21 patients) even though it 
must be pointed out that all six patients who 
were diagnosed during the first trimester decided 
for termination of pregnancy. After a short-term 
median follow-up (24 months), there were no 
intrabreast tumor recurrences, and we believe 
that conservative surgery is a suitable option to 
discuss with such patients whenever possible. 
Kuerer et al. reported similar survival rates 
between patients treated with breast-conserving 
surgery and those treated with mastectomy 
(Kuerer et al. 2002). In women diagnosed 
during the third or the late second trimester, 
it was suggested that radiotherapy might be 
postponed until after delivery. Unfortunately, 
there is limited and retrospective experience 
published on delayed radiotherapy after breast 
conservation and its effect on outcome. In a 
study evaluating 568 patients with T1–T2 N0 
breast cancer who underwent lumpectomy and 
radiotherapy without systemic treatment, a 
similar rate of recurrence was reported in node-
negative patients when radiotherapy started 
up to 16 weeks after definitive surgery after a 
median follow-up of 11.2 years (Vujovic et al. 
2006). Another retrospective study reported on 
13,907 patients aged 65 years or older with stage 
I–II breast cancer who underwent lumpectomy 
and radiotherapy taken from the Surveillance, 
Epidemiology, and End Results (SEER)–Medicare 
database. The authors concluded that delays of 
>3 months were associated with poor survival, 
even though older age, black race, advanced 
stage, more comorbidities, and unmarried 
status were associated with longer time intervals 

between surgery and radiotherapy, and therefore 
it is not clear whether the association is causal 
or due to confounding factors (Hershman et al. 
2006).

Basically, we suggest that in patients at the 
second or third trimester, the surgical approach 
applied to women with BCdP should not signifi-
cantly differ from that applied to nonpregnant 
women. The concurrent diagnosis of breast can-
cer and an unexpected early pregnancy repre-
sents the most challenging treatment scenario. It 
is considered that abortion is not a therapeutic 
procedure in these cases (Berry et al. 1999), but 
termination of pregnancy can be considered in 
order to facilitate completion of treatment. For 
patients who desire to continue the pregnancy, 
treatment is possible, but there is a limited num-
ber of options during the first weeks of gesta-
tion. In fact, chemotherapy is prohibited during 
the first trimester (Berry et al. 1999; Cardonick 
and Iacubucci 2004). Surgery is safe at any time 
(Duncan et al. 1986), but breast conservation 
performed during the first trimester is probably 
associated with an excessively long delay in post-
operative radiotherapy. Therefore, in a patient 
at the first trimester who wants to continue the 
pregnancy and also wishes to conserve the breast 
all these issues have to be carefully discussed, 
and the patient has to be informed that a possible 
increased risk of local recurrence should be con-
sidered, even though this is difficult to quantify 
because of the lack of data.

4.4	 Sentinel Node Biopsy

In a review on BCdP, it was stated that axillary 
dissection is preferred because nodal metasta-
ses are commonly found, nodal status affects the 
choice of adjuvant chemotherapy, and sentinel 
lymph node biopsy (SLNB) poses an unknown 
risk to the fetus from the radioisotope (Woo 
et al. 2003). Patients with BCdP are excluded 
from the randomized studies on SLNB, and at 
the Consensus Conference on the role of SLNB 
in breast carcinoma the panel advised against 
SLNB in pregnant women until more data are 
available (Schwartz et al. 2002) More recently, a 
panel of the American Society of Clinical Oncol-
ogy concluded that there are insufficient data to 
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recommend the use of SNB in pregnant women 
with breast cancer (Lyman et al. 2005).

Indeed, when breast cancer is diagnosed 
during pregnancy, axillary lymph nodes are 
frequently positive, but when the tumor is diag-
nosed at an early stage, a considerable proportion 
of patients have node-negative disease and might 
therefore benefit from SLNB (Table 4.1).

The decision-making process regarding ad-
juvant treatment in pregnancy provides limited 
options. Tamoxifen and other endocrine agents 
are generally not recommended (Halakivi-Clarke 
et al. 2000), and other drugs, such as methotrex-
ate (MTX), are strongly contraindicated during 
pregnancy; in contrast, anthracyclines can be 
administered during the second and third tri-
mesters (Berry et al. 1999). From this standpoint, 
axillary staging gives important prognostic in-
formation and allows better local control, but 
should not influence the type of systemic treat-
ment administered during pregnancy.

To evaluate the safety of lymphoscintigraphy 
and SLNB in pregnant patients, a simulation 
study was performed in 26 premenopausal non-
pregnant women diagnosed with breast cancer. 
Patients underwent peritumoral injection of ap-
proximately 12 MBq of 99m-technetium (99mTc)-
human serum albumin nanocolloids (Gentilini 
et al. 2004). Static [15 min and 16 h postinjection 
(p.i.)] and whole body (16 h p.i.) scintigraphic 
images were acquired. Activity concentration 
in the urine (0–2 h, 2–4 h, 4–8 h, 8–16 h p.i.) 
was evaluated by a gamma counter. Activity in 
the bloodstream was measured at 4 and 16 h p.i. 
Thermoluminescent dosimeters were placed on 
the injection site before tracer injection at the 
epigastrium, umbilicus, and hypogastrum and 
were removed before surgery.

Scintigraphic imaging showed no diffusion of 
the radiotracer, except at the injection site and in 
the sentinel node. Pharmacokinetic data showed 
that a small amount of the injected radioactivity 
circulates in the bloodstream and is excreted by 
the urinary system (<2%). Considering the phys-
ical decay of the radiotracer, we can confirm that 
the level of radioactivity in the body is negligible 
after each administration of the tracer, posing no 
significant risk to the fetus. In 23 of 26 patients, 
all absorbed dose measurements were lower than 
the sensitivity of the thermoluminescent dosim-
eters [<10 μgray (μGy)]; in the remaining three 
patients, the absorbed doses to the epigastrium, 
umbilicus, and hypogastrium were found to be 
100- to 1,000-fold lower than the threshold for 
deterministic effect. We concluded that, accord-
ing to our protocol at least, lymphoscintigraphy 
and SLNB can be safely performed during preg-
nancy, without any significant risks to the fetus at 
any phase of pregnancy.

However, there are some practical recom-
mendations that can be followed to further mini-
mize the exposure of the fetus, such as avoiding 
contact with other patients who might be poten-
tial sources of radioactivity (e.g., by scheduling 
a pregnant patient as the first procedure of the 
day and keeping the patient in a single-bedded 
room) and reducing the time interval between 
lymphoscintigraphy and surgery, with a subse-
quent possible reduction in the administered 
radioactivity. Thus, in pregnant patients, SLNB 
can be performed within 2–3 h after injection of 
3–5 MBq of 99mTc-radiocolloids.

Similar results were reported by Keleher 
et al. (Keleher et al. 2004). The maximum ab-
sorbed dose to the embryo/fetus in pregnant 
women undergoing breast lymphoscintigraphy 

Table 4.1  Rate of node-positive disease in published papers

Author Accrual Patients Tumor size (cm) Node positive (%)

Berry 1989–1997   26 4.5 67

Middleton 1986–2001   29 4.5 79

Ishida 1978–1988   72 2.8 58

Bonnier 1960–1993 154 2.5 65

Gentilini 1996–2003   21 2.4 48
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with 92.5 MBq (2.5 mCi) of 99mTc-sulfur col-
loid was found to be 0.0043 Gy under the most 
adverse conditions in the theoretical model (in 
which all of the injected radiopharmaceutical 
travels immediately to the bladder and is elimi-
nated through the process of physical decay). 
The potentially largest absorbed dose with lym-
phoscintigraphy remained approximately 12–23 
times lower than the threshold associated with 
reported risk of fetal adverse effects associated 
with radiation exposure. The authors concluded 
that the use of 99mTc-sulfur colloid for pregnant 
patients with a clinically negative axilla is theo-
retically safe for the developing embryo/fetus.

4.5	 Staging of Patients 
with Breast Cancer in Pregnancy

The diagnostic work-up of the pregnant woman 
with cancer should limit exposure to ionizing ra-
diation and be restricted to procedures that do 
not endanger fetal health. The developing human 
embryo and fetus are extremely sensitive to ion-
izing radiation, which might cause pregnancy 
loss, malformations, growth retardation, and 
neurobehavioral defects. Most such anomalies 
appear at fetal doses in excess of 200 mGy, al-
though avoidance of exposure to doses higher 
than 100 mGy is advised because of the non-
deterministic nature of radiobiological events 
(International Commission on Radiological Pro-
tection 2003; Kal and Struikmans 2005).

During the first trimester of pregnancy, only 
absolutely necessary radiological work-up is 
justified. When needed, staging of the pregnant 
woman with cancer should be done by means 
of chest X-ray and abdominal ultrasound. Chest 
X-ray seems safe with appropriate radioprotec-
tion (lead apron). Radionuclide isotope scans and 
computerized tomography (CT) scans should be 
avoided (Nicklas and Baker 2000).

For imaging of the brain, liver, or bones in 
the context of clinical suspicion for metastases, 
magnetic resonance imaging (MRI) has been ad-
vocated, although the examination was not with-
out drawbacks for the safety of animal embryos. 
Gadolinium crosses the placenta and causes fetal 
abnormalities in rats, while the high-energy ra-
dio wave-stimulated magnetic fields used carry 

the risks of fetal heating and cavitation (Garel 
et al. 1998).
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5.1	 Biological Characteristics 
of Breast Cancer in Pregnancy

The pathological features of breast cancer diag-
nosed during pregnancy have been analyzed in 
numerous studies. Because of the retrospective 
nature of such studies and the paucity of case-
control studies it is impossible to directly com-
pare the biological properties of breast cancer in 
pregnant and nonpregnant patients of similar age. 
The vast majority of breast cancers are invasive 
ductal (Woo et al. 2003). It is likely that, in addi-
tion to larger tumor diameters and more frequent 
involvement of the regional lymph nodes, breast 

cancers in pregnancy are characterized by poor 
differentiation and low expression of estrogen 
and progesterone receptors (Fig. 5.1) (Bonnier 
et al. 1997; Gentilini et al. 2004; Middleton et al. 
2003; Miller et al. 2005; Reed et al. 2003; Ring et 
al. 2005); a recent review identified 13 studies re-
porting estrogen receptors in breast cancers diag-
nosed during pregnancy; estrogen receptors were 
negative in 138 of 235 patients (59%, 95% confi-
dence interval 52%–65%) (Woo et al. 2003). The 
proportion of breast cancers with overexpression 
of HER-2 protein was similar in pregnant and 
in young nonpregnant patients (Aziz et al. 2003; 
Colleoni et al. 2002; Middleton et al. 2003).

5	 Breast Cancer During Pregnancy: 
Medical Therapy and Prognosis
S. Aebi, S. Loibl

Recent Results in Cancer Research, Vol. 178 
© Springer-Verlag Berlin Heidelberg 2008

Fig. 5.1  Proportion of patients 
with intermediate or poorly 
differentiated and with estrogen 
receptor-negative tumors in 
nonpregnant patients aged 35 years 
(Colleoni et al. 2002) and in preg-
nant patients (Bonnier et al. 1997; 
Gentilini et al. 2004; Middleton et 
al. 2003; Miller et al. 2005; Reed 
et al. 2003; Ring et al. 2005). Areas 
represent the sample size, 95% 
confidence intervals
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5.2	 Adjuvant Therapies

5.2.1	 Indications

The indications for adjuvant chemotherapy in 
pregnant patients are identical to those in non-
pregnant patients. However, adjuvant hormonal 
therapy and radiation therapy are not indicated 
in pregnancy, as the initiation of hormonal and 
radiation therapy is rarely an emergency. Thus 
preoperative (neoadjuvant) chemotherapy may 
be indicated for the therapy of locally advanced 
breast cancer according to recent consensus 
guidelines (Kaufmann et al. 2006). Recom-
mendations such as those resulting from the 
St. Gallen consensus conference (Goldhirsch 
et al. 2005), from national health services, for 
example, Cancer Care Ontario (Cancer Care On-
tario, 2006), or from cancer center networks, for 
example, the National Comprehensive Cancer 
Network (Carlson et al. 2006), may be used to 
determine the appropriateness of postoperative 
adjuvant chemotherapy.

The timing of chemotherapy is crucial: While 
it is obviously preferable to postpone chemother-
apy until after delivery, this is not always possible. 
For instance, locally advanced tumors may need 
to be treated in a neoadjuvant manner. In addi-
tion, for patients whose tumors do not express 
estrogen receptors, a late start of chemotherapy, 
that is, >3 weeks after surgery, may worsen the 
prognosis dramatically as compared to an early 
start of chemotherapy (Colleoni et al. 2000). The 
efficacy of very late adjuvant chemotherapies, for 
example, starting later than 8 weeks after surgery, 
is unknown; thus chemotherapy may need to be 
started during pregnancy even in patients with 
estrogen receptor-positive tumors.

5.2.2	 Chemotherapy

Chemotherapy is contraindicated in the first tri-
mester of pregnancy as the fetus is undergoing 
organogenesis and is vulnerable to the terato-
genic effects of chemotherapy (Cardonick and 
Iacobucci, 2004). If chemotherapy cannot be 
postponed to the second trimester of pregnancy, 
abortion is indicated. Abortion by itself has never 

been proven to have a beneficial therapeutic ef-
fect in breast cancer (Barthelmes et al. 2005).

In the second and third trimesters chemo-
therapy is relatively safe, as illustrated by the 
most recent series of patients reported by inves-
tigators from the M.D. Anderson Cancer Center 
(Hahn et al. 2006) and from the Royal Marsden 
Hospital (Ring et al. 2005).

The Royal Marsden retrospective series con-
sists of 28 women. The patient and tumor char-
acteristics are summarized in Table 5.1 (Ring 
et al. 2005). This series is characterized by a 
nonuniform use of chemotherapy; as in other 
case series, the use of chemotherapy in the sec-
ond and third trimesters was safe. Methotrexate 
is used to induce abortions (Say et al. 2005) and 
is not of particular importance in the contempo-
rary management of breast cancer. We therefore 
recommend that methotrexate be avoided dur-
ing pregnancy.

The largest well-characterized prospective 
case series of patients with breast cancer in preg-
nancy was updated recently by investigators 
from the M.D. Anderson Cancer Center (Hahn 
et al. 2006). This series is characterized by a stan-
dardized approach to the management of breast 
cancer in pregnancy; the patient and tumor char-
acteristics are summarized in Table 5.1. All pa-
tients were treated with FAC during the second 
and third trimesters of pregnancy. In this series, 
some patients received postpartum adjuvant 
therapy consisting of taxanes and tamoxifen.

Both case series report favorable fetal out-
comes with no reason to suspect an increased 
risk of malformations. Similar results have been 
reported in a case collection of Canadian patients 
reported by the Toronto group (Zemlickis et al. 
1996) and in a systematic review of the literature 
(Woo et al. 2003).

In recent years taxanes (paclitaxel and 
docetaxel) have become important components 
of adjuvant therapy (Henderson et al. 2003; Ma-
mounas et al. 2005; Martin et al. 2005). Their use 
in pregnancy has been reported in a small num-
ber of patients with breast (De Santis et al. 2000; 
Gadducci et al. 2003; Nieto et al. 2006; Potluri 
et al. 2006) and other neoplasias. So far, there 
is no evidence of a detrimental effect of taxane 
use after the first trimester. However, given the 
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proven efficacy of the sequential use of taxanes 
(Henderson et al. 2003; Mamounas et al. 2005; 
Roché et al. 2004), taxanes may be candidate 
drugs for use after delivery.

In summary, doxorubicin, cyclophosphamide, 
and fluorouracil have been used in a reasonably 

large number of patients and may be considered 
safe for use after the first trimester of pregnancy. 
To date, while no definite and consistent adverse 
fetal effects have been observed with taxanes, 
their safety record is very limited.

Table 5.1  Recent studies of chemotherapy for early breast cancer during pregnancy

MD Anderson Cancer Center 
[Hahn et al. 2006]

Royal Marsden and London 
Hospitals [Ring et al. 2005]

Number of patients 57 24 [+ 4 stage IV]

Age at diagnosis 33.5 (24–45) 33 (28–42)

Median gestational age at diagnosis 17.4 (2–33) 17 weeks (4–33)

Stage at diagnosis

I   3   2

II 28 11

III 26 11

[IV]   0   [4]

Histology

Invasive ductal 45 19

Other   8   5

Unknown   4   0

Histologic grade

1   1   0

2   9   6

3 45 17

Unknown   2   1

Estrogen receptor

Positive 11 11

Negative 25   8

Unknown 21   5

HER-2

Positive 10   5

Negative 25   7

Unknown 22 12

AC: doxorubicin (50–60 mg/m2), cyclophosphamide (600 mg/m2), q 3 weeks
EC: epirubicin (60–100 mg/m2), cyclophosphamide (600 mg/m2), q 3 weeks
CMF: cyclophosphamide 100–150 mg orally days 1–14, methotrexate 40 mg/m2 days 1 and 8, fluorouracil 600 mg/m2 
days 1 and 8, q 4 weeks
FAC, fluorouracil 500 mg/m2, doxorubicin 50 mg/m2, fluorouracil 500 mg/m2, q 3 weeks
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Table 5.1  (continued) Recent studies of chemotherapy for early breast cancer during pregnancy

MD Anderson Cancer Center 
[Hahn et al. 2006]

Royal Marsden and London 
Hospitals [Ring et al. 2005]

Local therapy

Mastectomy 42 17

Breast-conserving surgery 15 10

Postpartum radiation therapy Not reported 17

Gestational age at start of 
chemotherapy

23 weeks (11–34) 20 weeks (15–33)

Chemotherapy

Neoadjuvant 25   7

Adjuvant 32 17

[Palliative]  [4]

AC 11

EC   5

CMF 12

FAC 57

Gestational age at delivery 37 weeks (29–42) 37 weeks (30–40)

Cesarean section 21   6

Birth weight   2.89 kg (1.4–4.0)   3.0 kg (1.4–3.5)

None <10th percentile for gestational 
age

Fetal/infant follow-up 2–157 months Not reported

Fetal outcomes 4 required neonatal ventilation 1 abortion after inadvertent first-
trimester chemotherapy with CMF

1 subarachnoid hemorrhage 2 neonatal respiratory distress

1 Down syndome 1 hemangioma on the abdomen.

18 school-age children; 2 special 
attention schooling

Median maternal follow-up 38.5 months 40.5 months

Maternal outcomes (stages I–III)

OS 77% 67%

DFS 70% 63%

AC: doxorubicin (50–60 mg/m2), cyclophosphamide (600 mg/m2), q 3 weeks
EC: epirubicin (60–100 mg/m2), cyclophosphamide (600 mg/m2), q 3 weeks
CMF: cyclophosphamide 100–150 mg orally days 1–14, methotrexate 40 mg/m2 days 1 and 8, fluorouracil 600 mg/m2 
days 1 and 8, q 4 weeks
FAC, fluorouracil 500 mg/m2, doxorubicin 50 mg/m2, fluorouracil 500 mg/m2, q 3 weeks
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5.2.3	 Supportive Care

Antiemetics such as short-term glucocorticoste-
roids and most serotonin receptor III antagonists 
are considered safe in pregnancy. Ondansetron 
has the longest safety record, and no increased 
frequency of untoward effects has been reported 
in connection with treating pregnant patients 
(Einarson et al. 2004). Currently, ondansetron 
is considered a pregnancy class B drug in the 
United States. Tropisetron, an antiemetic in fre-
quent use in Europe, has been classified as a class 
C drug based on malformations observed follow-
ing in utero exposure in laboratory rodents; in 
our view, there is no indication for tropisetron in 
pregnancy. Granisetron and palonosetron have 
rarely been used in pregnancy. To date, therefore, 
the serotonin receptor III antagonist of choice is 
ondansetron.

Granulocyte colony-stimulating factor (GCSF, 
e.g., filgrastim) is known to cross the placenta 
and has been used occasionally in pregnant pa-
tients; as of December 3, 2006, Medline contains 
fewer than five reports about the use of filgras-
tim in pregnancy. Filgrastim and pegfilgrastim 
are category C drugs because of the induction of 
abortion and malformations in rodents.

Erythropoietin and darbepoietin have been 
used in a small number of pregnant patients 
undergoing dialysis treatment for renal failure; 
so far, no malformations could be attributed to 
the use of erythropoietins. Both drugs belong to 
pregnancy category C. In the context of cancer 
chemotherapy, dose adaptations and transfu-
sions may be preferable to the use of G-CSFs and 
erythropoietins.

5.2.4	 Trastuzumab

Trastuzumab is effective adjuvant therapy in pa-
tients with HER-2-amplified breast cancer. It has 
been investigated in randomized trials in paral-
lel to sequential taxanes (Romond et al. 2005; 
Slamon et al. 2005) and after the completion of 
chemotherapy (Piccart-Gebhart et al. 2005) with 
similar efficacy at 1–2 years of follow-up. Trastu-
zumab is known to cross the placenta in primate 
models; it is labeled as a category B drug in the 

United States, because no harm has been ob-
served in monkeys. It has been used in very few 
pregnant patients to treat early (Waterston and 
Graham, 2006) and metastatic (Fanale et al. 2005; 
Watson 2005) breast cancer. Whereas no malfor-
mations or fetal deaths were described, one fetus 
developed reversible oligohydramnios (Watson 
2005); whether or not this was the consequence 
of intrauterine heart failure is not known.

At the present time, it seems prudent to con-
sider the efficacy of the sequential use of che-
motherapy and trastuzumab and to defer the 
adjuvant therapy with trastuzumab to the post-
partum period.

5.2.5	 Hormonal Therapy

Tamoxifen has been reported to cause malfor-
mations of the genital tract and of the skeleton 
in rodents; in addition, the development of the 
uterus was impaired after exposure to tamoxifen, 
resembling the changes induced by diethylstil-
bestrol, a known carcinogen (Barthelmes and 
Gateley 2004). The effect of tamoxifen on the 
human fetus is less well known: Whereas cases 
with malformations have been reported (Cullins 
et al. 1994; Tewari et al. 1997), others had favor-
able outcomes of pregnancy (Isaacs et al. 2001; 
Oksuzoglu and Guler 2002), and a recent review 
of tamoxifen during pregnancy revealed that 
at least 100 women became pregnant while on 
tamoxifen or used tamoxifen during pregnancy. 
Only one case of ambiguous genitalia was ob-
served; other congenital defects were observed, 
with no typical pattern appearing (Barthelmes 
and Gateley 2004). At present, therefore, adju-
vant therapy with tamoxifen should be started 
after pregnancy. Adjuvant aromatase inhibitors 
have been used during early pregnancy in at least 
one patient without any manifest adverse fetal 
effects (Smith et al. 2006). Aromatase inhibitors 
such as letrozole are being used for the induction 
of ovulation in survivors of breast cancer without 
any evidence of harm to the fetus (Oktay et al. 
2005). Nevertheless, the efficacy of aromatase in-
hibitors in premenopausal women is unproven, 
and the use of such agents during pregnancy is 
discouraged.
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5.2.6	 Radiation Therapy

Adjuvant radiation therapy exposes the fetus to 
ionizing radiation. The absorbed dose depends 
on the gestational age and the position of the fe-
tus (Bradley et al. 2006). Whether or not detri-
mental effects of adjuvant radiation therapy are 
to be anticipated is still a matter of debate (Kal 
and Struikmans 2005; Mazonakis et al. 2003). 
However, the start of adjuvant radiation ther-
apy is never urgent; delays of radiation therapy 
of up to 3–4 months result in outcomes similar 
to those with earlier initiation (Hebert-Croteau 
et al. 2004; Hershman et al. 2006; Vujovic et al. 
2006). In most cases, therefore, the initiation of 
radiation therapy can be safely delayed until after 
delivery.

5.2.7	 Systemic Palliative Therapy

For patients with metastatic breast cancer, the 
same principles apply as for patients with early 
breast cancer. Generally speaking, chemotherapy 
is possible in the second and third trimesters, 
and radiation therapy and hormonal therapies 
should preferably be deferred until after deliv-
ery. The choice of chemotherapy is identical 
to the adjuvant situation. The use of cytotoxic 
drugs during pregnancy has been reported, for 
example vinorelbine (Cuvier et al. 1997; Fanale 
et al. 2005) or docetaxel (De Santis et al. 2000; 
Nieto et al. 2006; Potluri et al. 2006). Although 
no adverse outcomes of pregnancy have been re-
ported, the low number of patients precludes any 
useful conclusion.

Lapatinib, an inhibitor of EGF receptor and 
HER-2 kinase activity, was used inadvertently in 
one pregnant patient: No adverse outcome was 
observed (Kelly et al. 2006). For trastuzumab the 
same considerations apply in advanced and early 
breast cancer. We are not aware of any report of 
bevacizumab during pregnancy; based on the 
experience of thalidomide, however, it is obvi-
ous that antiangiogenic agents may have cata-
strophic consequences when used during early 
pregnancy.

5.2.8	 Bisphosphonates

At present, bisphosphonates are effective and 
licensed for the treatment of hypercalcemia, 
prevention of fractures, and skeletal pain due to 
metastatic involvement of bones (Pavlakis et al. 
2005). They have not been approved for the ad-
juvant treatment of breast cancer, although ran-
domized studies have shown them to reduce the 
occurrence of bone metastases (Diel et al. 1998; 
Powles et al. 2006). Bisphosphonates have been 
used in a small number of patients during preg-
nancy without any reported negative fetal effects. 
However, one must be aware of potential unde-
sired effects of bisphosphonates. First, they can 
induce hypocalcemia, which in turn can reduce 
the contractility of the uterus; this was associated 
with neonatal deaths, and hypocalcemia should 
be treated with intravenous calcium supple-
mentation (Culbert and Schfirin 2006). Second, 
bisphosphonates cross the placenta; the fetal os-
teoclast activity could be inhibited, giving rise to 
skeletal abnormalities. So far, none have been re-
ported, however. Given the small numbers of pa-
tients who have been treated during pregnancy, 
adverse effects cannot be excluded (Illidge et al. 
1996). Therefore, the use of bisphosphonates is 
not recommended during pregnancy.

5.3	 Maternal Prognosis 
and Fetal Outcomes

5.3.1	 Maternal Prognosis

The prognosis of breast cancer depends on the 
involvement of axillary lymph nodes, tumor size, 
and differentiation; sex hormone receptors are 
important predictors of the response to adjuvant 
therapy. Whether or not the maternal prognosis 
for breast cancer during pregnancy is worse has 
been a matter of debate. Given the known unfa-
vorable biological characteristics, breast cancer 
in pregnancy has been regarded as particularly 
aggressive. However, in the majority of retrospec-
tive case-control studies with multivariate statis-
tical analysis of prognostic and predictive fac-
tors, the prognosis of women with breast cancer 
during pregnancy did not appear to differ from 
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that of nonpregnant patients of the same age and 
stage of disease (Table 5.2). Thus the conven-
tional belief of an inferior prognosis is probably 
based on a higher proportion of patients with ad-
verse prognostic factors such as more advanced 
stage at diagnosis; nonstandardized and subopti-

mal therapies may have contributed to this clini-
cal impression. At present, therefore, standard 
prognostic and predictive factors should be used 
to estimate the risk of recurrence and death from 
breast cancer as well as the likely effectiveness of 
medical therapies.

Table 5.2  Selected studies comparing the prognosis of patients with pregnancy-associated breast cancer and nonpreg-
nant controls [modified from Loibl et al. 2006]

Author Number 
of patients

Survival type Subgroup Survival rate 
PABC %

Survival rate 
non-PABC %

P value

Nugent and 
O’Connell 1985

19 PABC
157 controls

5 y OAS All 56 56 n.s.

Petrek et al. 
1991

63 PABC 5 y OAS All 61 73 n.s.

N0 82 82 n.s.

N+ 47 59 n.s.

10 y OAS all 45 62 n.s.

N0 77 75 n.s.

N+ 25 41 n.s.

Ishida et al. 
1992

192 PABC
191 controls

10 y OAS All 55 79 0.001

N0 85 93 0.05

N+ 37 62 0.01

Zemlickis et al. 
1992

118/102 PABC
269 controls

10 y OAS All 40 48 0.6

Chang et al. 
1994

21 PABC
199 controls

5 y OAS All 57 70 n.s.

Guinee et al. 
1994

26 pregnant
(66 PABC)

5 y OAS All 40 70 <0.0001

Anderson et al. 
1996

22 PABC
205 controls

10 y OAS I-IIA 73 74 n.s.

IIB-IIIA 17 47

Bonnier et al. 
1997

154 PABC
(62 pregnant)
308 controls

5 y RFS All 69 81 0.01

5 y MFS all 45 68 0.0009

N0 63 77 n.s.

N+ 31 63 0.0001

5 y OAS all 61 75 0.001

Ibrahim et al. 
2000

72 PABC
216 controls

5 y OAS All 55* 51* n.s.

Zhang et al. 
2003

88 PABC
(33 pregnant)
176 controls

5 y OAS All 40% 57% 0.05

10 y OAS 36% 55%

PABC, pregnancy associated breast cancer; OAS, overall survival; RFS, recurrent free survival; MFS, metastasis-free 
survival; N0: nodal negative; N+: nodal positive; *estimate from published figure
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5.3.2	 Children with In Utero Exposure 
to Chemotherapy

Early toxicities of cytotoxic treatment on the fe-
tus include anemia, neutropenia, and alopecia 
depending on the timing of the therapy in rela-
tion to delivery (Giacalone et al. 1999). Usually, 
newborns will recover from these side effects. 
However, the neonatologist should be aware of 
these possible complications and monitor the 
newborn adequately.

Little is known about the possible delayed 
effects of exposure to antineoplastic agents in 
utero. Major concerns include physical and 
mental development, heart function, secondary 
malignancies, and infertility. A large study with 
a median follow-up of 18.7 years on 84 children 
who were born to mothers who received che-
motherapy during pregnancy for hematologic 
malignancies, did not reveal any congenital neu-
rological and psychological abnormalities and, 
indeed, showed normal learning and educational 
behavior (Aviles and Neri 2001).

Some data can be extrapolated from children 
who have received chemotherapy for acute leu-
kemia. However, the amount of drugs given in 
children is comparatively high, the type of drugs 
used differs between leukemia and breast cancer, 
and in the pregnant breast cancer patient only a 
percentage of the delivered drug will reach the 
fetus. A study by Kremer et al. (Kremer et al. 
2001) reported a 5% cumulative rate of anthra-
cycline-induced clinical heart failure 15 years 
after therapy in a cohort of 607 children. The 
incidence increased with the cumulative dose of 
anthracyclines and with the time of follow-up. In 
two reviews by the same authors the incidence of 
subclinical cardiotoxicity and heart failure after 
anthracycline-containing chemotherapy ranged 
from 0% to 57% and 0%–16%, respectively (Kre-
mer et al. 2002a, 2002b). However, most of the 
trials had limitations and the authors recom-
mended new studies with well-defined patient 
groups. A case report of fetal echocardiography 
sequences during maternal anthracycline-con-
taining chemotherapy revealed no changes of 
the shortening fraction as well as the biom-
etry of the ventricular cavities (Meyer-Wittkopf 
et al. 2001).

5.3.3	 In Utero Exposure 
to Hormonal Therapy

Neonatal defects produced by tamoxifen have 
been described in the genital tract in female 
mice (Cunha et al. 1987). Although tamoxifen 
has been given safely in patients with metastatic 
breast cancer without damage to the child (Isaacs 
et al. 2001; Oksuzoglu and Guler 2002), there are 
other reports of birth defects such as Goldenhar 
syndrome (Cullins et al. 1994) and ambiguous 
genitalia (Tewari et al. 1997) in human embryos 
(Woo et al. 2003). Hormone treatment, if indi-
cated, should start after delivery and after com-
pletion of chemotherapy.

5.3.4	 In Utero Exposure to Trastuzumab

A small number of case reports have been pub-
lished describing the use of trastuzumab in preg-
nant patients. In one of those cases a reversible 
anhydramnios was reported (Watson 2005). In 
two cases there was no detrimental effect on the 
pregnancy (Fanale et al. 2005; Waterston and 
Graham 2006). The United States Food and Drug 
Administration has labeled trastuzumab as a 
pregnancy category B drug. Studies in monkeys 
showed placental transfer, but no harm to the fe-
tuses was observed. Nevertheless, at present, we 
discourage the use of trastuzumab in pregnant 
patients.

5.4	 Role of Cancer Registries 
in the Improvement of Care 
for Patients with Breast Cancer 
in Pregnancy

In the treatment of the pregnant breast cancer 
patient, the evidence upon which we base deci-
sions has been largely limited to case reports, 
case-control studies, and retrospective cohorts. 
The German Breast Group has launched a pro-
spective registry for women with breast cancer 
during pregnancy. So far, data on 72 patients 
have been collected. All women with a diagnosis 
of breast cancer during pregnancy can be reg-
istered independently of the therapy used. The 
primary end point of the registry is the outcome 
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of the baby 4 weeks after delivery. Secondary end 
points are the outcome of the mother, the preg-
nancy, the outcome of the child after 5 years, the 
biological and histologic properties of the cancer, 
the stage at the time of diagnosis, the therapies 
used, and the methods used during pregnancy to 
diagnose cancer. Randomized controlled studies 
are unlikely to succeed because of the rarity of 
the condition. Thus it is critical that collection 
of prospective data such as those collected in the 
database of the German Breast Group/Breast In-
ternational Group be continued.
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6.1	 Introduction

Approximately 213,000 new cases of breast cancer 
were diagnosed in the US during 2006. Of these, 
25% and 10% occurred in women younger than 
50 and 40 years, respectively (Howe et al. 2006).

As women are delaying childbearing for per-
sonal reasons, including cultural, educational, 
and professional reasons (Ventura 1989), there 
has been an increasing number of patients in 
whom breast cancer occurs before the comple-
tion of their reproductive project.

Breast cancer is a potentially curable disease 
when diagnosed early and if appropriate local 
and systemic treatment is delivered.

Even very young women with breast cancer, 
who have a notably worse prognosis than older 
patients (Aebi et al. 2006), can now live longer 
and healthier: More effective and tailored thera-
pies have become available as adjuvant treatment 
for early breast cancer, including dose-dense che-
motherapy and trastuzumab (Smith et al. 2007). 
Moreover, the role of endocrine responsiveness 
in very young patients has been elucidated (Col-
leoni et al. 2006), and innovative trials exploring 
the combination of LH-RH analogs and aro-
matase inhibitors versus LH-RH analogs and 
tamoxifen are ongoing (Goldhirsch et al. 2006). 
As a result of earlier diagnosis and better care, in 
the US and in most European countries, breast 
cancer mortality has been decreasing in all age 
cohorts since the beginning of the 1980s (Levi 
et al. 2007).

Estrogens are causally linked to the develop-
ment of breast cancer: Age at menarche, age at 
first full-term pregnancy, parity, breast feeding, 
and oral contraceptive use are some of the rec-

ognized factors that influence breast cancer inci-
dence in young women (Russo and Russo 2006). 
Moreover, endocrine manipulation has been 
used as an effective treatment for advanced and 
early breast cancer, as recently confirmed by the 
EBCTG meta-analysis (Clarke 2006).

For these reasons, the possible promotional 
effect of gestational estrogens on micrometasta-
ses has raised concern about the safety of a sub-
sequent pregnancy in breast cancer patients.

In this chapter the different aspects of preg-
nancies subsequent to breast cancer diagnosis 
and treatment are elucidated and illustrated.

6.2	 Breast Changes During 
Pregnancy and Lactation

During intrauterine life the mammary ducts de-
velop in cellular sheets arising from the nipple 
epithelium. Around puberty in the female ado-
lescent, the gradual rise of ovarian estrogens and 
insulin-like growth factor-1 (IGF-1) induces duc-
tal proliferation and lobular formation. During 
the fertile years, the process of cellular prolifera-
tion, differentiation, and apoptosis is related to 
the different phases of the ovarian cycle, reflect-
ing the different hormonal levels of the follicular 
and the luteinic phase. Estrogens prevail during 
the follicular-proliferative phase, peaking during 
ovulation, while progesterone is the main hor-
mone secreted by the corpus luteum during the 
luteinic-secretory phase. However, it is only dur-
ing pregnancy and lactation that the mammary 
gland fully develops (Russo and Russo 2004).

During pregnancy the mammary gland is 
exposed to very high levels of ovarian estrogens 
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and progestins, pituitary prolactin, and placental 
lactogens. Early pregnancy is typically character-
ized by steady estrogen and human chorionic 
gonadotrophin increase and by placental estrone 
and human placental lactogen production dur-
ing the second and third trimesters (Numan 
1994). These increased levels of hormones in-
duce ductal proliferation and alveolar formation, 
with typical histopathologic changes.

During lactation the mammary glands un-
dergo terminal differentiation of the lobuloalve-
olar structures (Fig 6.1) and produce a lactescent 
fluid rich in water, proteins, carbohydrates, and 
lipids: the milk.

Milk production can exceed 800 ml per day 
and is finely regulated by the pituitary hormones 
prolactin and oxitocin, which induce milk pro-
duction and ejection, respectively. The lactating 
breast is also capable of downregulating milk 
production by FIL (factor inhibiting lactation) 
when the amount of milk exceeds the baby’s 
needs (Riordan 2005).

After the weaning of the baby, the differenti-
ated lobuloalveolar structures undergo apoptosis 
with an active role of extracellular matrix-de-
grading proteinases and inflammatory cytokines 
of the TNF family. This leads to basement mem-
brane degradation, epithelial cell detachment, 
and subsequent apoptosis of the unwanted secre-
tory mammary epithelium (Schedin 2006).

6.3	 Effects of Pregnancy 	
After Breast Cancer on Survival 	
and Risk of Recurrence

6.3.1	 Published Clinical Data 
on Subsequent Pregnancies: Survival

Most of the published evidence about the effect 
on survival of subsequent pregnancy in breast 
cancer patients comes from case series or case-
control studies, and thorough reviews and com-
mentaries have been published (Upponi et al. 
2003; Surbone 2002; Surbone and Petrek 1997, 
1998). Cases are defined as patients affected by 
breast cancer who eventually became pregnant, 
while controls are defined as patients with breast 
cancer who did not became pregnant. There is 
also a number of population-based studies, some 
of which report results as relative risk of death 
compared to controls.

Overall, the large majority of the published 
studies report that subsequent pregnancy is not 
detrimental for survival. On the contrary, sur-
vival of women who had given birth or had a 
pregnancy after breast cancer was better than 
controls in most studies. In population-based 
studies, where the matching is usually more pre-
cise and includes age, stage of disease, and year 
of breast cancer diagnosis, relative risk of death 
was always inferior for cases than for controls. In 
three of seven studies, results were statistically 
significant (Ives et al. 2004, Mueller et al. 2003; 
Sankila et al. 1994). The study by Kroman (Kro-
man et al. 1997) and that by Mueller (Mueller 
et al. 2003), which are the ones with the higher 
number of cases, are analyzed here in more detail. 
Kroman et al. reported results obtained from the 
Danish registry, which retained data about diag-
nosis and follow-up of 5,725 women with breast 
cancer aged 45 or younger at the time of diagno-
sis. Of these, 173 women (3%) became pregnant 
after breast cancer. Women with full-term preg-
nancy had a nonsignificant reduction of the risk 
of dying (RR 0.55, 95% CI 0.28–1.06) compared 
to controls. The control choice was very meticu-
lous, including age at diagnosis, disease stage, 
and reproductive history before diagnosis. Re-
sults were not influenced by age, tumor charac-
teristics at diagnosis (including tumor size, nodal Fig. 6.1  Human lactating breast. (H&E, ×200)
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status, or grade), or pregnancy outcome. In the 
study by Mueller et al., the authors conducted a 
cohort study using data from three population-
based cancer registries in United States, linked to 
birth certificate data in each state (Seattle, Wash-
ington; Detroit, Michigan; Los Angeles, Cali-
fornia). Four hundred thirty-eight women were 
identified as having births after breast cancer and 
matched with 2,775 women without births. Af-
ter adjustment for stage, age, year of diagnosis, 
and race, women with birth after 10 months or 
more after diagnosis had a statistically significant 
decrease in the risk of dying (RR 0.54, 95% CI 
0.41–0.71). In subgroup analysis, cases with lo-
cal disease or regional disease at diagnosis had 
a decreased risk (RR 0.59 and 0.54, respectively) 
compared to controls. The same holds true for 
cases with node-positive (RR 0.65), tumors 
smaller or larger than 2 cm (RR 0.70 and 0.52, re-

spectively), or among women who had received 
chemotherapy or other treatments including 
hormone manipulation or radiation therapy (RR 
0.54, 0.36, and 0.44, respectively). Also in case-
control studies and case series, 5-year and in 
some instances 10-year overall survival of cases 
was consistently better than controls, regardless 
of node involvement, when assessed. Tables 6.1, 
6.2, and 6.3 summarize the results of case series, 
case-control studies, and population-based stud-
ies.

In conclusion, women treated for breast can-
cer who wish to become pregnant should be in-
formed that pregnancy is possible and does not 
seem to be associated with a worse prognosis 
for their breast cancer. However, they should 
be made aware that the evidence remains rather 
scanty and that the issue is still controversial (see 
also Sect. 6.4).

Table 6.1  Case series studies: survival data

Author Publication year No. of cases % 10y OS (n−/n+)

Aerial 1989   46 77/56

Clark 1989 136 76/63

Ribeiro 1986   57 64/26

Harvey 1981   41 80/79

Cheek 1973   10 50*/NS

Rissanen 1969   53 70°

Holleb 1962   52 64/38*

White 1955 269 51/34.6

White 1954 208 49/16.8*

10y OS, 10-years overall survival; n–, node negative; n+, node positive; *5-year survival; ° n− and n+; NS, not stated

Table 6.2  Case-control studies: survival data

Author Publication year No. of cases % 5y OS cases % 5y OS controls

Gelber 2001 94   92 85

Lethaby 1996 14 100 80

Sankila 1994 91   87.5 63

Cooper 1970 32   94 71

5y OS, 5-years overall survival
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6.3.2	 Published Clinical Data on Subsequent 
Pregnancies: Local Recurrences 
and Distant Metastases

In some published studies, survival is not the 
only outcome measure. Recurrence and distant 
metastases are analyzed, too. For example, Mala-
mos (Malamos et al. 1996) reported that patients 
with subsequent pregnancies have a local recur-
rence rate of 14% compared to 39% for the non-
pregnant group. Sutton (Sutton et al. 1990) re-
ported similar results, with 28% recurrence rate 
in the pregnant group compared to 46% in the 
nonpregnant group. On the other hand, in the 
study from von Shoultz (von Schoultz et al. 1995) 
the relapse rate was 24% in the pregnant group 
compared to 8% in the nonpregnant group.

Even if data are not conclusive, pregnancy af-
ter breast cancer does not seem to increase the 
rate of local recurrence or of distant metastases.

6.3.3	 Interval Between Diagnosis 
and Pregnancy

There has been debate about how long a woman 
should wait after breast cancer diagnosis or treat-
ment to plan a pregnancy. Few studies have in-
vestigated the subject. In three series no differ-
ences in survival were found, according to time 
from diagnosis to pregnancy (Harvey et al. 1981; 
Mignot et al. 1986; Sankila et al. 1994). In an-
other report (Clark and Chua 1989), 5-year sur-
vival was worse for patients becoming pregnant 
within 6 months of diagnosis (53.8%), compared 

to those who became pregnant after 6 months 
but before 2 years (78%) and those who became 
pregnant after 5 years (100%). A recent popula-
tion-based study (Mueller et al. 2003) reported 
an increased risk of mortality if pregnancy oc-
curred within 3 months of diagnosis (RR 1.7; 
95% CI 1.2–2.6), while no differences were found 
in the other cohorts (Table 6.4).

In another population study (Ives et al. 2006), 
outcome was analyzed with a Cox’s proportional 
hazard model with time-dependent variables 
stratified by time from diagnosis. Authors re-
ported a non-statistically significant better out-
come for women who waited at least 6 months 
after diagnosis (RR 0.45, 95% CI 0.16–1.28), 
while subsequent pregnancy after 2 years from 
diagnosis significantly improved survival (RR 
0.48, 95% CI 0.27–0.83, p = 0.009). The authors 
concluded that in women with localized disease, 
conception after 6 months from diagnosis is un-
likely to affect survival (Ives et al. 2006).

In common clinical practice, though, it is still 
suggested to wait at least 2 years from diagnosis 

Table 6.3  Population-based studies: survival data

Author Publication year No. of cases RR of death (95% CI)

Ives 2006 123 0.59 (0.37–0.95)

Blakely 2004   47 0.71 (0.25–1.95)

Mueller 2003 438 0.54 (0.41–0.71)

Velentgas 1999   53 0.80 (0.30–2.30)

Kroman 1997 173 0.55 (0.28–1.06)

Von Schoulz 1995   50 0.48 (0.18–1.29)

Sankila 1994   91 0.20 (0.10–0.50)

RR, risk ratio, CI, confidence interval

Table 6.4  Risk of mortality according to the time interval 
from diagnosis to pregnancy (modified from Mueller et 
al. 2003)

Time to pregnancy 
(years)

RR (95% CI)

2–2.9 0.49 (0.27–0.86)

3–3.9 0.30 (0.12–0.71)

4–4.9 0.19 (0.05–0.81)
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before attempting conception, to allow early re-
currences to manifest.

Other factors like risk at diagnosis, adjuvant 
treatment length, residual fertility, and age at 
conception should be taken into consideration 
when counseling young patients about interval 
time between diagnosis and pregnancy.

6.4	 Concerns About Published Data: 
Methodological Issues

One of the major concerns about the published 
studies is that they might not be representative 
of the entire population who became pregnant 
after breast cancer diagnosis and treatment. In 
the different studies the percentage of pregnan-
cies varies from 3% to 8%, so that some of the 
studies could be biased or underpowered to re-
ally describe the reported events (Gemignani 
and Petrek 1999). Only a dedicated register that 
thoroughly analyzes reproductive events after 
breast cancer could help in having meaning-
ful figures. The second concern is the so-called 
“healthy mother effect” (Sankila 1994). Women 
who became pregnant after breast cancer could 
have more favorable characteristics than women 
who did not become pregnant. Those who feel 
well have children, while women who have had 
a recurrence after diagnosis do not. This could 
represent a bias even if cases and controls were 
well matched at diagnosis. In some studies the 
healthy mother effect has been taken into con-
sideration for the control choice. For example, 
in the study by Gelber (Gelber et al. 2001) cases 
who had a pregnancy after breast cancer were 
matched with controls who had at least a dis-
ease-free interval equal to or longer than the 
time from diagnosis to pregnancy completion. 
In this study survival was more favorable in the 
pregnancy group (RR 0.44, 95% CI 0.21–0.96). 
Another issue is the difficulty in controlling for 
biological factors and risk determinants in the 
statistical model used, as data are often incom-
plete in retrospective studies and also in popu-
lation-based studies. For example, the effects of 
pregnancy according to estrogen receptor status 
at diagnosis is still an unresolved issue, and no 
study so far has had the statistical power to assess 
any difference in survival for women with endo-

crine-responsive tumors versus endocrine-non-
responsive tumors. Another major concern is the 
methodology of many studies. In case series or 
retrospective case-control studies, the denomi-
nator of the population is often unknown. Also, 
the definition of pregnancy varies in many stud-
ies: Some consider only “full-term pregnancies,” 
others “any pregnancy,” including those that end 
in miscarriage or induced abortion. Again, only 
a prospective registry would help in making this 
issue unequivocal.

6.5	 Is Pregnancy Protective? Possible 
Immunologic and Endocrine 
Explanations

Regardless of the concerns about methodology 
that have been raised in the previous paragraph, 
if we assume that the reported data are true and 
that pregnancy after breast cancer improves sur-
vival, we should try to find a plausible biological 
explanation. Unfortunately, we do not have an 
experimental model that helps us in testing the 
different hypotheses that have been made, and 
we have to rely on speculation alone.

The first hypothesis postulates that in preg-
nancies subsequent to breast cancer diagnosis, an 
alloimmunization against breast cancer occurs 
(Janerich 2001). According to this hypothesis, 
breast cancer and fetal cells share common anti-
gens. During pregnancy, the mother’s immunity 
is boosted against breast cancer cells by circulat-
ing fetal cells, whose presence has been recently 
confirmed (Mavrou et al. 2006). The activated 
immune system would then eliminate quiescent 
tumor cells, thus accounting for the better sur-
vival of patients with subsequent pregnancies 
(Botelho and Clark 1998).

The second hypothesis is endocrine. As al-
ready described, pregnancy is characterized by 
conspicuous changes in the endocrinologic mi-
lieu of the pregnant mother. If the combination 
of high estrogen levels, progesterone, and HCG 
has the capability to induce apoptosis in endo-
crine-responsive breast tumor cells (Guzman 
et al. 1999), then pregnancy could act as another 
endocrine treatment, whose mechanism of ac-
tion is not fully understood. Clearly, further re-
search is needed to clarify this issue.
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6.6	 Birth Outcome After 
Chemo-Endocrine Treatment 
for Breast Cancer

One of the major concerns of patients who re-
ceive adjuvant chemotherapy or hormonal ther-
apy after surgery for breast cancer is the potential 
delayed teratogenicity of such treatments. Even if 
many years have elapsed since the administration 
of cytotoxic agents or hormones, the concern 
that permanent damage of the oocyte has oc-
curred is not unfounded. Some cytotoxic agents 
bind to the DNA of resting cells, others interfere 
with specific metabolic pathways; hormones can 
have a long half-life and remain in tissues for 
years. Cytotoxic chemotherapy can indeed per-
manently damage the primordial oocytes, reduc-
ing their amount and inducing amenorrhea or 
early premature menopause (Warne et al. 1973). 
A comprehensive review of amenorrhea after ad-
juvant chemotherapy for breast cancer has been 
recently published (Walshe et al. 2006). The pro-
cess of oocyte maturation and selection is very 
well regulated, and only a very few primordial 
oocytes reach the stage of mature oocytes; dam-
aged oocytes are usually eliminated. Taking into 
account the time of oocyte maturation, the prac-
tical advice is to wait at least 6 months from the 
end of chemotherapy, to be sure that any dam-
aged oocyte will be replaced by a normal one.

For hormonal therapy, data are less conclu-
sive. Tamoxifen is the drug that has been stud-
ied in the most detail. The half-life of long-term 
tamoxifen is highly variable and ranges from 3 to 
21 days. However, tamoxifen and its metabolites 
have been detected in various concentrations 
in several tissues more than 1 year following 
withdrawal after chronic use (Lien et al. 1991). 
Even if tamoxifen is known to increase the in-
cidence of endometrial cancer in long-term us-
ers, no data are available regarding a direct go-
nadotoxicity or genotoxicity of this drug. On the 
contrary, tamoxifen has been used to improve 
oocyte pickup during assisted reproduction and 
is licensed in UK for this purpose. Therefore, 
the practical advice is to wait 3–6 months after 
tamoxifen withdrawal before attempting concep-
tion.

Aromatase inhibitors have a definite role in 
the adjuvant treatment of postmenopausal breast 

cancer patients. Trials to address the role of the 
combination of LHRH analog and aromatase in-
hibitors in premenopausal breast cancer patients 
are ongoing. Also, aromatase inhibitors, and in 
particular letrozole, have been used to induce 
ovulation (Oktay et al. 2005). A warning about 
the risk of congenital cardiac and bone malfor-
mation after letrozole use for infertility has been 
recently denied. In a survey of 911 newborns 
prenatally exposed to letrozole, malformations 
were not increased in the treated group (Tulandi 
et al. 2006).

Few papers have analyzed birth outcome af-
ter breast cancer. In all papers the induced abor-
tion rate is quite high, ranging from 20% to 44% 
(Kroman et al. 1997; Velentgas et al. 1999; Gelber 
et al. 2001; Blakely et al. 2004). This high rate of 
induced abortion probably reflects the uncertain-
ties of patients and physicians about the safety of 
pregnancy after breast cancer. In one paper (Gel-
ber et al. 2001), 23 of 33 “therapeutic” abortions 
(69%) were recorded as recommended by the 
doctors. The miscarriage rate in the different re-
ports varies from 9% to 28% (Kroman et al. 1997; 
Velentgas et al. 1999; Gelber et al. 2001; Blakely 
et al. 2004) and is influenced by the proportion of 
induced abortions. In one report (Velentgas et al. 
1999) patients with previous breast cancer diag-
nosis had a miscarriage rate of 24% compared 
to 18% in age-matched women without cancer. 
No differences were found among women who 
received adjuvant chemotherapy or radiation 
compared to women who did not receive any ad-
juvant treatment.

In another well-conducted population-based 
cohort study (Langagergaard et al. 2005), among 
216 births occurring after breast cancer diagnosis, 
the offspring sex ratio was 50% male and 50% fe-
male, with a gestational age at birth of 39.2 weeks 
(± 2.4 weeks). These data were similar to those 
of the comparison cohort of 10,453 births occur-
ring in women without previous breast cancer. 
Moreover, the crude and adjusted prevalence of 
preterm birth, low birth weight, stillbirth, and 
abnormalities were not different from the com-
parison cohort. The authors suggest that a pre-
vious breast cancer diagnosis does not influence 
periconceptional life events, as demonstrated by 
the equal proportion of male and females in the 
offspring. A higher miscarriage rate would have 
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resulted in a lower proportion of males, partly 
because male embryos have a higher abortion 
rate (Hansen et al. 1999). In conclusion, birth 
outcome after breast cancer is not different from 
that of the normal population. A careful moni-
toring of pregnancy is needed to ensure proper 
care in the first weeks of gestation.

6.7	 Breast-Feeding in Women with 
Pregnancies After Breast Cancer

Breast-feeding is considered by many women an 
integral part of pregnancy.

While there is no doubt that breast-feeding 
is valuable for the newborn, reducing neonatal 
infections, autoimmune diseases, allergies, and 
subsequent risk of childhood obesity (Zembo 
2002), the safety and feasibility of breast-feeding 
after breast cancer remains an open issue.

No reports specifically address the safety of 
breast-feeding in women who become pregnant 
after breast cancer. No prospective or retrospec-
tive case-control studies have been reported, 
with relative risks or matching and comparison 
of women who nursed and women who bottle-
fed their babies. The numbers are simply too low, 
and in some cohort-studies the information is 
missing. However, in some series lactation has 
been described in approximately 30% of cases 
(Gelber et al. 2001), and overall survival of the 
cases, including women who nursed, was better 
compared to that of women who did not have a 
child (RR 0.44, 95% CI 0.21–0.96). In the general 
population, breast-feeding can effectively reduce 
breast cancer incidence. Each year of breast-
feeding is associated with a 4.3% reduction (Col-
laborative Group on Hormonal Factors in Breast 
Cancer 2002). Moreover, lactation delays ovula-
tion, reduces intramammary estrogens and car-
cinogens, and induces a protective lobuloalveolar 
differentiation of the mammary gland, as already 
described (Riordan 2005).

The concern that long-term lactation could 
delay breast examination or radiological evalu-
ation is unrealistic. Ultrasound can be safely 
and effectively performed during lactation, and 
mammogram or breast magnetic resonance can 
be done after having drained the lactating breasts 
(Obenauer and Dammert 2007).

There have been reports of women who have 
had a unilateral mastectomy and breast-fed their 
babies after a subsequent pregnancy (Gelber et al. 
2001). The notion that one breast is enough is re-
inforced by the historical practice of wet nurses, 
who could breast-feed more than three babies at 
the same time, and by the common experience 
of twin lactation and of babies whose choice is 
to nurse from one breast only (Riordan 2005). 
The mother should be also reassured about the 
adequacy of milk production by a single breast 
and encouraged to seek early advice if latching 
problems occur. If pain and nipple abrasion oc-
cur, the mother should improve the baby’s latch-
on, trying to cover the entire nipple-areola com-
plex with the baby’s mouth. She should also try 
to alter the baby’s position frequently, to provide 
optimal drainage to all portions of the breast and 
optimal breast stimulation.

Some common features are reported in women 
who underwent conservative surgery and breast 
irradiation for breast cancer and subsequently 
tried to nurse (Higgins and Haffty 1994; Tralins 
1995; Moran et al. 2005):
–	 There is little or no enlargement of the treated 

breast during pregnancy in more than 80% of 
patients. This observation was also made by 
our group and is probably related to radio-
therapy-induced fibrosis (Fig. 6.2).

–	 The treated breast has less likelihood of hav-
ing a full milk supply; lactation can be absent 
in approximately 40% of cases.

–	 Difficulty with latch-on sometimes occurs be-
cause the nipple on the breast may not extend 
as completely as might be expected.

–	 The ability to lactate and breast-feed from the 
untreated breast is normal.

In a report of 53 patients who became pregnant 
and delivered after radiation, 18 (34%) were able 
to lactate. Although all 18 patients were able to 
exhibit some level of lactation, only 13 women 
chose to breast-feed. Of the five who did not 
breast-feed, three reported insufficient milk 
as a reason (Tralins 1995). In the SOGC clini-
cal practice guidelines on breast cancer, preg-
nancy, and breast-feeding (Helewa et al. 2002) is 
stated: “There is no evidence that breast feeding 
increases the risk of breast cancer recurring or 
of a second breast cancer developing, nor that 
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it carries any health risk for the child. Women 
previously treated for breast cancer who do not 
show any evidence of residual tumor should be 
encouraged to breast-feed their children.”

6.8	 Pregnancy After Breast Cancer 
in Women with BRCA1 and BRCA2 
Mutations

There are no data that specifically address the is-
sue of pregnancy after breast cancer occurring 
in women with BRCA1 or BRCA2 mutation. 
BRCA1 and -2 genes are located on chromo-
some 17 q12–21 and 13 q12–13, respectively, 
and their mutation is genetically transmitted, 
with an autosomal dominant pattern at variable 
penetrance. Families with BRCA1 mutation have 
an increased risk of breast and ovarian cancer, 
which can be estimated around 65% (95% CI 
51–75%) and 39% (95% CI 22–51%), respectively, 

by age 70 (Antoniou et al. 2003). In families with 
BRCA2 mutation, breast cancer risk at age 70 
was 45% (95% CI 33–54%) and ovarian cancer 
risk 11% (95% CI 4.1–18%), and there was also 
a higher colon and pancreatic cancer incidence 
(Antoniou et al. 2003). Typically, breast cancer 
occurs at a younger age (mean age at diagnosis 
34.1) (Jernstrom et al. 2004) and in BRCA1 car-
riers tends to be endocrine nonresponsive, with 
non-overexpressed or amplified HER-2 (Turner 
and Reis-Filho 2006).

Reproductive factors have been studied in 
BRCA1 and -2 carriers, with controversial re-
sults. An early report suggested that parity could 
increase breast cancer risk in BRCA1 carriers 
(Narod 2002), but a larger retrospective study of 
1,260 carriers did not confirm this finding and 
even observed decreased breast cancer risk in 
BRCA1 carriers with more than four children 
(OR = 0.62, 95% CI 0.41–0.94,) versus nulliparous 
carriers (Cullinane et al. 2005). In BRCA2 carri-
ers, parity caused a borderline increase in risk for 
breast cancer before age 50 years (OR = 1.17 for 
each pregnancy, 95% CI 1.01–1.36) (Cullinane 
et al. 2005). In a case-only study, young age at 
first pregnancy delayed onset of breast cancer 
in carriers (King et al. 2003), and a retrospective 
study of 1,601 carriers found that in women over 
40 years of age each full-term pregnancy reduced 
breast cancer risk by 14% (95% CI 6–22%).

In a case-control study of 965 BRCA1 and 280 
BRCA2 carriers, BRCA1 carriers who breast-
fed for over 1 year were less likely to have had 
breast cancer than those who never breast-fed 
(OR = 0.55, 95% CI 0.38–0.80). No effect was 
observed in BRCA2 carriers (Jernstrom et al. 
2004). In another cohort study of 1.601 carriers, 
though, the effect was less striking (HR = 0.89, 
95% CI 0.62–1.27) (Andrieu et al. 2006).

In conclusion, pregnancy after breast can-
cer in BRCA1 or BRCA2 carriers should not be 
discouraged because of the concern that it may 
increase breast cancer incidence. Breast-feed-
ing could be protective in BRCA1 carriers and 
should be encouraged. A comprehensive genetic 
counseling, inclusive of risk reduction strategies, 
prenatal diagnosis options, and psychological 
support is warranted (Friedman and Kramer 
2005).

Fig. 6.2  Pregnant breasts after right breast quadran-
tectomy and axillary clearance+ radiotherapy (45 Gy + 
10 Gy boost) 6 years earlier. Note right breast hypotro-
phia compared to the normal left breast. Twenty weeks of 
pregnancy
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7.1	 Introduction

Though cancer is a rare event during pregnancy, 
of those which are recorded, cervical cancer is 
one of the commonest encountered. As the age 
group who embark on starting a family corre-
lates with a higher incidence of cervical cancer, 
the coincidental finding of this association is 
understandable. This contrasts with endometrial 
cancer—a disease primarily developing after the 
menopause, when of course, pregnancy is not 
feasible. Therefore, in pregnancy-related cancers, 
these two form either end of the spectrum of dis-
eases. As with all such situations, care is compli-
cated because of the desire (or not) to continue 
with a pregnancy and the endeavour to balance 
the probabilities of achieving a live baby without 
compromising the mother’s survival prospects.

7.2	 Cervical Carcinoma

The incidence of cervical cancer detected during 
pregnancy or in the early post-partum period 
is similar to the expected incidence in that age 
population, which is not surprising considering 
that sexual intercourse and parity are recognised 
risk factors (Munoz et al. 2002). Equally, the im-
munosuppressive impact of pregnancy should, if 
anything, encourage an increased incidence of 
cervical cancer.

7.2.1	 HPV in Pregnancy

HPV 16 and 18 are two of the human papilloma-
virus family most commonly found in cervical 
cancer and are known risk factors for developing 
this malignancy (Khan et al. 2005). It is estimated 

that up to 80% of women will have been carriers 
of this virus at sometime during their sexually ac-
tive life (www.cdc.gov/std/HPV/STDFact 2006). 
There are conflicting reports as to the impact of 
pregnancy on the viral presence or load. Smith 
et al. (1991) were one of the first to examine the 
prevalence of HPV in pregnancy, comparing 
69 pregnant women with a control population. 
HPV 16/18/31/33 and 35 were found equally in 
both groups, though HPV6/11 were not detected 
in the pregnant women. However, the research-
ers did note an increased detection rate of HPV 
from 8% in the first trimester to 23% in the third 
trimester, an increase presumed due to activa-
tion of latent HPV. A more recent study, again 
using a control population, found HPV preva-
lence in pregnancy at 10.1% and 11.4% in the 
control group, which was a non-significant dif-
ference, and the prevalence did not alter accord-
ing to gestational age (Chan et al. 2002). Another 
study agreed with this when examining women 
with ASCUS smears in pregnancy, whereby the 
prevalence of HPV infection and their subtypes 
were the same as in the non-pregnant population 
(Lu et al. 2003).

The actual viral load could be more pertinent. 
A small series involving 25 pregnant women, 
24 controls and 40 women with cervical cancer 
noted a high viral load in cervical cancer patients, 
a low load in non-pregnant women and a mid-
range load in pregnant women (Bandyopadhyay 
and Chatterjee 2006). In the same study the inci-
dence of HPV prevalence was 68% in pregnant 
and only 25% in non-pregnant women.

Therefore, regarding HPV in pregnancy, it 
seems at least as prevalent compared to the non-
pregnant population, and might be increased. 
Another important fact to note is that in HPV-
positive women, increased parity is recognised as 
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an independent increase risk factor for cervical 
squamous carcinomas (Munoz 2002)

7.2.2	 Incidence of Cervical Cancer

The reported incidence of cervical cancer in 
pregnancy ranges from 1/1,200 to 1/10,000 preg-
nancies, though the latter rate seems most repre-
sentational (Nguyen et al. 2000). Of all the types 
of cancers reported in pregnancy, cervical cancer 
is one of the commonest and accounts for up to 
50% of pregnancy-related cancers.

7.2.3		  Clinical Presentation

The clinical presentation of cervical cancer can 
be confusing because of the other pregnancy-
related symptoms, such as occasional bleed-
ing—be it a threatened miscarriage or ante-par-
tum haemorrhage. In such cases the cervix does 
require an examination at some stage, but be-

cause of rarity of this disease, often the physician 
will omit to perform such an examination, and 
on some occasions the disease is detected dur-
ing vaginal examination in labour. The potential 
ways in cases can be encountered in pregnancy 
are shown in Table 7.1. As compared with cer-
vical cancer outside pregnancy, the disease stage 
tends to be earlier, with a three-fold increased 
chance of having stage I disease (Zemlickis et al. 
1991), as compared to non-pregnant women. 
There is no evidence that histopathologies differ 
greatly from those outside pregnancy, with the 
vast majority having squamous cell carcinomas. 
The timing of presentation seems mainly to be in 
the first trimester of pregnancy, though notably 
in the studies reported by Sood et al. (2000) and 
van der Vange (1995) a large cohort of patients 
were diagnosed during the post-partum period 
(up to 6 months after delivery) (Table 7.2).

Histological proof of cancer is mandatory 
before embarking on any form of therapy. This 
can be obtained by with punch biopsy, loop 
cone biopsy or knife wedge biopsy. In all cases, 
the enhanced vasculature of the pregnant cervix 
will increase the possibility of significant haem-
orrhage after a biopsy. The timing of the biopsy 
may also be relevant to the mother. For example, 
a punch biopsy alone would probably not incur 
an increased risk of spontaneous miscarriage, 
but there may be a case to wait until after 8 weeks 
so that the majority of naturally spontaneous 
miscarriages have already occurred. Such mat-
ters require careful discussion with the patient.

Table 7.2  Presentation, stage and survival in cervical cancer

 
Reference

 
Cases

 
Presentation

 
Disease Stage

5-Year 
survival

Trimester PP I II/III/IV

Ist Other

Germann   21 13     7   1   15   6 82%

Tarushim   28 20     5   3   22   6 72%

Van der 
Vange

  44 23*   21 32   12 80%

Sood   93 13   43 27   69 24 —

Jones 161 50 111 118 43 82%

PP = Post-partum

Table 7.1  Presentation of cervical cancer in pregnancy

Abnormal smear

Post-coital bleeding

Frank malignancy noted on examination

Abnormal vaginal bleeding during pregnancy

Detection at examination in labour

Abnormal post-partum bleeding
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7.2.4		  Management

Besides the disease stage influencing care, the 
patient’s views need to be respected. Her choice 
with regarding to continuation of the pregnancy 
requires careful counselling, and indeed the care 
of the patient in some cases will require a multi-
disciplinary team, which includes obstetrical and 
neo-natal experts. A frame of potential care is 
shown in Fig. 7.1.

7.2.4.1	 Staging

The decision as to the optimum therapy for a 
women with cervical carcinoma requires ap-
propriate staging procedures. These are deter-
mined by the FIGO criteria and include the use 
of imaging, clinical examination, cystoscopy and 
sigmoidoscopy. Naturally, not all of these proce-
dures may be deemed safe or wise in pregnancy—
particularly if the women wishes her pregnancy 
to continue. Nevertheless, MRI scanning, though 
not for general use, would seem to be safe (Hand 

et al. 2006), with the fetus having reduced ab-
sorption rates of 50% that of the mother. Also, it 
is possible to reduce the exposure of the fetus by 
using various radiation protective methods. On 
balance, the possible risk of imaging exposure, 
whilst to be avoided before 12 weeks of gestation, 
is less than the risk of not ensuring, as much as 
possible, accurate information regarding the dis-
ease stage. Most, therefore, would deem an MRI 
of the pelvis and a clinical examination a mini-
mal requirement in this situation.

There is also the possibility—in particular if 
the pregnancy has been prolonged to consider 
laparoscopic evaluation of the pelvic nodes—to 
ensure they are negative for disease (Stan 2005).

There are certain clinical situations in which 
the decisions are clear. In stage Ia1 completely 
excised at conisation, the pregnancy can con-
tinue. Also, when the pregnancy is at a stage 
where fetal maturity is sufficient, prolongation of 
the pregnancy is unnecessary. Delivery should be 
expedited and appropriate therapy commenced, 
which in many cases will be a Caesarean section 
combined with a Wertheim hysterectomy.

Fig. 7.1  Cervical cancer in pregnancy
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In the first trimester, when the mother ex-
presses a desire for treatment, a termination of 
pregnancy can be undertaken and appropriate 
care administered. The difficult area is when the 
pregnancy is going to be prolonged and what ef-
fect this may have on the mother’s survival. There 
are no specific or correct recommendations in 
the latter situation, except careful counselling 
and respecting the individual’s views.

7.2.5		  Mode of Delivery

The mode of delivery may be important. It would 
be difficult to justify proceeding with a vaginal 
delivery considering the implications of cervical 
tears and haemorrhage. There is some evidence 
that vaginal delivery impacts on survival. A ret-
rospective study examined 57 women who had 
cervical cancer diagnosed during pregnancy, 
with 27 diagnosed post-partum. (Sood et al. 
2000). A matched control population (no preg-
nancy within the preceding 5 years of cervical 
cancer diagnosis) was used as the comparator. In 
7 women who had caesarean section 1 developed 
a recurrence, compared with 10 of 17 who had 
vaginal deliveries (p = 0.04). Multivariate analysis 
revealed vaginal delivery to be the most impor-
tant prognosticator for recurrence (OR 6.9, 95% 
CI 1.45–32.8). The wide confidence intervals 
reflect the small numbers in this series, and are 
contrary to those reported in a smaller study of 
44 women (van der Vange et al. 1995) but they do 
support intuition, in that presumably the forces 
on the cervix during vaginal delivery increase 
the probabilities of disseminating tumour cells, 
or altering local growth or other factors render-
ing tumour growth more likely.

7.2.6		  Survival

The survival for women with cervical cancer 
in pregnancy is excellent overall, due to the 
fact that the disease is mainly early at presenta-
tion (Table 7.3). Therapeutic interventions can 
be introduced quickly in many cases, and even 
chemotherapy can by utilised whilst permitting 
the pregnancy to proceed (Caluwaerts 2006). 

Prognosis for women with cervical cancer I preg-
nancy seems equal to non-pregnant women with 
similar-stage disease (Jones et al. 1996; Zemlickis 
et al. 1991).

7.3	 Endometrial Cancer

As pregnancy itself is dependent on a suitable 
endometrial environment to be successful, and 
with endometrial cancer a disease predomi-
nantly of the post-menopausal woman, co-exis-
tence of endometrial cancer and pregnancy is a 
very rare event.

The vast majority of reports on this condition 
are case reports only; a selection of cases over 
the recent years is given in Table 7.3. The largest 
series reported consists of five cases (Schammel 
et al. 1998) and only those cases with de novo 
endometrial carcinoma and diagnosed within 
6 months post-partum are included. There is 
a supposed larger group in the California Can-
cer Study (Smith et al. 2003), with 22 cases di-
agnosed pre-pregnancy, 11 during pregnancy 
and 44 post-partum. The post partum period 
was longer, and importantly, the registry linked 
“other”/unknown gynaecological cancers with 

Table 7.3  Cases reporting endometrial cancer and preg-
nancy (up to 6 months PP)

Ref Cases Detection

Itoh [2004] 1 6 months PP

Vaccarello [1999] 3 1–D/C, 2 PP (4 months)

Kovacs [1996] 1 D/C 7 weeks

Ichikawa [2001] 1 6 months PP

Schammel [1998] 5 4–D/C, I at LSCS

Foersterling [1999] 1 PP

Ayhun [1999] 1 D/C

Ojomo [1993] 1 PP (with ovarian cancer)

Schneller [1994] 1 D/C (elective TOP)

Leunen [2003] 1 PP

Stead [1997] 1 With ectopic

Victoriano [1998] 1 D/C
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uterine cancers. Further work would be required 
to elicit more definitive outcomes on this group.

7.3.1	 Clinical Presentation

From the 18 cases in Table 7.2, 50% of cases were 
diagnosed in the post-partum period.

This was primarily due to persisting irregular 
and abnormal bleeding, and hence in such clini-
cal situations it can be recommended that some 
sampling of the endometrium be considered 
when found.

The second commonest clinical scenario 
was evacuation of the uterus for miscarriage, 
persistent bleeding or elective termination of 
pregnancy during the first trimester. In all these 
cases, endometrial carcinoma cannot have been 
anticipated. The only pertinent point would be 
that consideration be given to histological evalu-
ation of all specimens, appreciating that this 
would have to be judged against the cost efficacy 
of introducing such a recommendation.

In two cases, the disease was detected in con-
junction with ovarian malignancy. This is a high 
rate, 2 of 18 cases, but the synchronous occur-
rence of these malignancies is well known.

7.3.2	 Management

In all cases, the management of endometrial can-
cer is comparable with that of the non-pregnant 
women. Unlike cervical cancer, the issue of pro-
longing pregnancy does not exist, because of the 
time at which these cancers are detected. Staging 
according to FIGO (www.figo.org/content/PDF/
staging-booklet) should be undertaken, and sur-
gery considered as the optimum therapy where 
feasible.

7.3.3	 Survival

As the reported cases are so few, there is little to 
discuss regarding outcomes, though there would 
not seemingly be any indication that the out-
comes differ greatly.
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8.1	 Introduction

Pregnancy and its associated hormonal changes 
are inversely related to the risk of developing 
ovarian adenocarcinoma. Ovarian cancer is, 
however, the second most frequent gynecologic 
cancer in pregnancy. The incidence of ovarian 
masses in pregnancy is between 1% and 4% (Goff 
et al. 2000; Bernhard et al. 1999; Marino and 
Craigo 2000).

The majority of these masses are corpus lu-
teum or other functional cysts that usually re-
solve by 16 weeks of gestation. Some adnexal 
masses, however, persist, and 1–8% of these 
masses are of malignant origin. The average esti-
mated incidence of ovarian tumors in pregnancy 
is approximately 1 in 1,000 deliveries. (Creasman 
et al. 1971; Whitecar et al. 1999; Sherard et al. 
2003; Schmeler et al. 2005).

Adnexal masses are usually asymptomatic 
and are found during routine ultrasound or at 
the time of cesarean section. The first symptoms 
occur at about 16 weeks, when the uterus is en-
larged; the most frequent symptoms are torsion 
(15%), pelvic pain, hemorrhage, rupture, and in-
fection.

Ultrasound examination is the ideal method 
for detection and surveillance since it is sensi-
tive enough to detect adnexal masses; it can 
also evaluate their structural characteristics and 
distinguish between simple cysts and complex 
masses with characteristics of either low malig-
nant potential (LMP) tumors or ovarian cancers 
(Boulay and Podczaski 1998). It is best used in 
combination with a high-frequency transvagi-
nal transducer applied transabdominally (Sherer 
et al. 1999). In addition, the use of color Doppler 
imaging has been shown to significantly improve 

the ability to distinguish between benign and 
malignant disease (Cohen and Fishman 2002).

There is general agreement that observa-
tion and repeated ultrasound between 14 and 
16 weeks of pregnancy are appropriate for those 
masses less than 6 cm, unilateral, unilocular, mo-
bile, and asymptomatic. For an adnexal mass ex-
ceeding 6 cm, with complex structure or ascites 
or persisting after 16 weeks of gestation, surgical 
intervention is important to obtain a final histo-
logic diagnosis and rule out malignancy. Lapa-
rotomy or laparoscopy is warranted and should 
not be delayed (Dudkiewicz et al. 2002). The 
incidence of spontaneous abortus after surgery 
in the first trimester was reported as 10%, and 
elective surgery for lesions with low suspicion of 
malignancy should be delayed until the second 
trimester (16–18 weeks of gestation) to decrease 
the risk of fetal complications. A mass that is first 
diagnosed in the third trimester is best managed 
by awaiting fetal maturity only if the clinical sus-
picion of malignancy is low (Zanotti et al. 2000).

Staging is primarily surgical, and laparoscopy 
may be an initial approach to assess adnexal 
masses in patients who do not have evidence of 
extraovarian pathology (Parulaker 2005).

At diagnosis the majority of adnexal masses 
are benign and confined to the ovaries. Among 
malignant ovarian tumors in pregnancy, epithe-
lial tumor is the most frequent histotype (35%), 
followed by germ cell/sex cord stromal tumors 
(mostly dysgerminomas; 35%) and borderline 
malignant tumors (30%). The metastatic in-
volvement of the ovary by another primary site 
(Krukenberg tumor) has rarely been reported.

Ovarian germ cell and borderline malignant 
tumors are most often diagnosed at an early stage 
(80% FIGO stage I–II). Granulosa, Sertoli-Ley-
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dig, and „unclassified“ sex cord stromal tumor 
types have been reported as well. Other benign 
conditions of sex cord stromal tissues can mimic 
malignancy like luteoma of pregnancy, luteinized 
follicular cysts, granulosa cell proliferations, hi-
lus cell hyperplasia, and ectopic deciduas.

Several authors have recently published ret-
rospective analyses on clinicopathological char-
acterization of ovarian cancer in pregnancy. 
Leiserowitz (Leiserowitz et al. 2006) reported a 
population-based study of 4,846,505 obstetrical 
patients; 9,375 women had a hospital diagnosis 
of an ovarian mass associated with pregnancy, 
of whom 87 had ovarian cancers and 115 LMP 
tumors. The occurrence rate was 0.93% ovarian 
cancers over the total number of ovarian masses 
diagnosed during pregnancy. In summary, ovar-
ian cancers and LMP tumors were: FIGO stages 
IA–IB in 65% and 81%, respectively, of cases, 
FIGO stage IC in 6.9% and 7.8%, FIGO stages III 
and IV in 23%, and 4.4%, 4.6%, and 6.1% cases 
were of unknown stages.

Zhao and co-workers (Zhao et al. 2006) have 
summarized their experience on ovarian cancer 
in pregnancy, analyzing data on treatment, fol-
low-up, and outcome. The incidence of ovarian 
carcinoma in pregnancy in their series was 0.073 
of 1,000 pregnancies; 41% were germ cell tumors, 
27.3% LMP tumors, 23% invasive epithelial tu-
mors, and 9% sex cord stromal tumors. More 
than 70% of patients were diagnosed at stage I. 
The presence of ascites at diagnosis seemed to be 
a negative prognostic factor.

CA125 levels are elevated with wide sponta-
neous fluctuations in pregnancy, mainly during 
the first trimester and immediately after delivery 
because of chorionic invasion (Aslam et al. 2000; 
Schmeler et al. 2005). CA125 peaks at about the 
10th week of gestation and then at delivery. In 
the second and third trimesters CA125 levels are 
low in maternal serum (Kobayashi et al. 1989) 
but high in the amniotic fluid. High maternal 
CA125 levels are caused by chorionic invasion 
or placental separation (Moore et al. 1992). In 
addition, CA125 can be elevated in many of the 
benign conditions frequent in this population, 
particularly in endometriosis.

For all the above-mentioned reasons, CA125 
is not a “good” biomarker for diagnosis and fol-
low-up of ovarian cancer during pregnancy.

8.2	 Treatment

The clinical characteristics and prognosis of 
ovarian cancer in pregnant women are similar 
to those of nonpregnant women. Management of 
these cases depends on tumor histology, stage of 
disease, and term of pregnancy (Table 8.1).

8.3	 Surgery

Surgery is the cornerstone of treatment (Ta-
ble 8.2). Laparotomy with midline incision at 
16–18 weeks of gestation is recommended, with 
unilateral oophorectomy or adnexectomy to-
gether with careful examination of the contralat-
eral ovary to complete the staging.

The subsequent surgical treatment depends 
on the results of frozen sections. For advanced 
disease, an adequate staging with debulking sur-
gery must be pursued, similarly to what is rec-
ommended in nonpregnant women. This may 
include omental biopsy/sampling, peritoneal 
biopsies, and pelvic washing for cytology. In 
case of ovarian dysgerminoma, pelvic/paraaortic 
node biopsy is mandatory to reduce the risk of 
understaging. Biopsy of the contralateral ovary is 
warranted only if it is macroscopically involved. 
Pregnancy can be continued after a conservative 
surgery.

The majority of malignant ovarian germ cell 
tumors could be treated by conservative surgery 
without compromising survival because of their 

Table 8.1  Management of ovarian cancer in pregnancy

Diagnostic laparotomy mandatory if adnexal masses

 Symptomatic

 >5 cm by 16 weeks

 Increasing size and/or complex structure

Frozen section analysis

Intraoperative decision-making based on

 Histology

 Extent of disease

 Gestational age

 Patient desires
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sensitivity to the standard combination regimen 
(cisplatin, bleomycin, etoposide/vinblastine) 
(Tewari et al. 2000; Zhao et al. 2006).

The same conservative management (mono-
lateral salpingo-oophorectomy) could be used 
for stage IA, low-grade epithelial ovarian cancer. 
All higher-stage tumors should undergo more 
aggressive surgery with TAHBSO, omentectomy, 
nodal sampling, biopsies of the liver and dia-
phragm, and peritoneal cytology visualization.

In patients with advanced disease, the deci-
sion for such an aggressive surgical approach 
should take into account fetal viability and pa-
tient health and preference. If a patient wishes to 
continue pregnancy, hysterectomy is not done, 
unless it might contribute significantly to tumor 
debulking (Zanotti et al. 2000; Boulay and Pod-
czaski 1998; Zhao et al. 2006); after the 7th week 
of gestation bilateral salpingo-oophorectomy is 
compatible with continuation of pregnancy since 
the hormonal production is taken up by the tro-
phoblast. During the third trimester a long delay 

is not justified; in case of delivery of a viable fe-
tus, cesarean section and radical surgical hyster-
ectomy should be performed.

Jackisch and co-workers (Jackisch et al. 2003) 
reported a vertical transmission of malignant 
cells to the placenta or fetus. For this reason 
macroscopic and histopathologic examination of 
the placenta, with study of the intravillous spaces 
and villi and cytological examination of umbili-
cal cord blood should be routinely done in every 
case of malignancy in pregnancy. Fetal metasta-
ses occur in no less than 25% of cases.

8.4	 Chemotherapy

Chemotherapy is contraindicated during the first 
trimester of pregnancy because of the high rate of 
abortion and abnormal fetus development (10% 
for single agent, 25% for combination regimens), 
whereas it is compatible in the second or third 
trimester when the risk of congenital malforma-
tion for fetuses is no greater than in the general 
population. Some oncologists have recently em-
ployed neoadjuvant chemotherapy during the 
last two trimesters to postpone radical surgery 
after delivery by cesarean section.

However, the nonteratogenic effects of che-
motherapy such as intrauterine growth restric-
tion (low birth weight) or effects on the central 
nervous system should also be taken into ac-
count. At time of delivery, the expected bone 
marrow depression and potential complications 
such as bleeding or infections should be taken 
into account. Self-limiting fetal hematopoietic 
depression has also been described, and the 
neonate should be monitored for that. No stud-
ies so far have evaluated the long-term conse-
quences for children exposed to intrauterine 
chemotherapy for gynecologic malignancies; 
there are, however, limited data suggesting that, 
in patients with hematologic or other solid tu-
mors, long-term consequences might be absent. 
Different regimens have been used such as vinca 
alkaloids, actinomycin-D, cyclophosphamide, 
bleomycin, cisplatin, and etoposide, and more 
recently carboplatin, anthracycline, and pacli-
taxel with good fetal outcome and significant tu-
mor response (Mendez et al. 2003; Sood et al. 
2001).

Table 8.2  Surgery in the management of ovarian cancer 
in pregnancy

Main features

 Laparotomy with midline incision

 Pelvic washing, peritoneal biopsies

 Omentectomy, nodal sampling

 Delivery by cesarean section

Germ cell tumors

 Unilateral salpingo-oophorectomy

 Routine biopsy of “normal” contralateral ovary no 
longer recommended

 Systematic lymphadenectomy only for dysgerminoma

 Debulking if advanced stage

Epithelial tumors

 LMP, invasive early stage

 Conservative surgery

 Invasive advanced stage

 Debulking according to

 Extent of disease

 Gestational age

 Hysterectomy not mandatory
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8.5	 Conclusions

Some preliminary conclusions can be drawn on 
the clinical management of ovarian neoplasia in 
pregnancy.

The first main decision to be taken refers to 
time of treatment, immediate or delayed up to 
postpartum; in this process of decision making, 
stage of disease, histologic type, and gestational 
age should be the driving key factors.

Open questions, still a matter of discussion 
and evaluation, are the maximum acceptable 
delay of treatment, the long-term effects of che-
motherapies, and the safety and increasing role 
of conservative surgery.
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Gynecologic cancer is a particularly distress-
ing type of cancer because it affects women not 
only in terms of physical ability and social life, 
but also in sexual responsiveness, body image, 
and, particularly important, future reproductive 
capabilities. The majority of these cancers are 
diagnosed at postmenopausal age. This is why 
preservation of fertility has not been a common 
problem in gynecologic oncology. However, 21% 
of patients are women in the reproductive age 
group, yet to complete or commence a family 
[Makar and Trope 2001]. For a young women, 
the fact that she will not be able to have children 
is often more disastrous than having a malignant 
disease. Women with a history of gynecologic 
cancer, who have lost their fertility as a result of 
their cancer treatment, experience pronounced 
feelings of depression, grief, stress, and sexual 
dysfunction [Carter et al. 2005].

From 1970 to 2000, the mean age of women 
giving birth for the first time increased by 

3.5 years (from 21.4 to 24.9 years) [Mathews and 
Hamilton 2002]. In the US, between 1990 and 
2002, the birth rate increased by 31% in women 
aged 35–39 and by 51% in women in the age 
group of 40–45 [Seli and Tangir 2005]. The inci-
dence of cervical, ovarian, and even endometrial 
cancer in these age groups should not be disre-
garded (Table 9.1).

Because of both increasing survival rates 
and delayed childbearing, especially in Western 
countries, preservation of fertility in female pa-
tients diagnosed with cancer has become an im-
portant health issue.

Recent advances in staging and understand-
ing of the natural history of gynecologic cancers 
have led to new approaches to treatment. More 
conservative methods have emerged as the alter-
native treatment modalities for these women, as 
they may allow for future fertility without com-
promising long-term survival. The treatment can 
now often be tailored to the extent of the disease. 

9	 Fertility After the Treatment 
of Gynecologic Tumors
V. Kesic
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Table 9.1  Surveillance, epidemiology, and end results data: age-specific incidence of gynecologic cancers, 1997–2001

Age (years) Uterine corpus a Ovarian a Cervical a

<20   0   0.7–1.4   0

  20–24   0   1.6   1.5

  25–29   1.2   1.9   6.6

  30–34   2.9   2.9 11.3

  35–39   6.4   5.4 12.7

  40–44 12.9   9.2 14.6

  45–49 24.0 16.6 14.9

a Rates per 100,000 people
From Reis et al. [2004]
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Today, in a young patient with gynecologic 
cancer preservation of fertility is possible and 
depends primarily on the stage of the disease and 
the type of cancer.

9.1	 Cervical Cancer

9.1.1	 Epidemiology

Cervical cancer is the second most common 
cancer among women worldwide, with almost 
half a million new cases each year, comprising 
about 12% of all cancers in women. There are 
great variations in cervical cancer incidence rates 
throughout the world, with the average age-stan-
dardized rate for the world population being 15.0 
per 100,000 women. The majority of these cases 
(75%) occur in less developed regions, where the 
average age-standardized rate per 100,000 is 19.1 
compared to 10.3 in more developed countries 
[Ferlay 2004].

The age distribution of cervical cancer shows 
a typical increase from the age of 30, with a peak 
in incidence in women aged 45–49 and 70–74. 
Although cervical screening has reduced the 
incidence of cervical cancer, overall the incidence 
is increasing in younger women. Forty-three per-
cent of women diagnosed with cervical cancer 
are younger than 45 [Seli and Tangir 2005].

9.1.2	 Risk Factors

Cervical squamous carcinoma and its precur-
sor cervical intraepithelial neoplasia (CIN) have 
multifactorial etiology. Nowadays, human papil-
lomavirus (HPV) infection, easily transmitted 
during sexual intercourse, is considered the most 
important risk factor for cervical cancer [Bosch 
et al. 2002]. HPV infection alone is necessary, but 
not sufficient, to induce carcinoma in an immu-
nocompetent host. Factors that determine which 
HPV infections will develop into squamous in-
traepithelial lesions have been poorly identified. 
Cigarette smoking, infection by other microbial 
agents, specific vitamin deficiency, hormonal 
influences, and, most of all, a compromised im-
mune system are believed to be cofactors in cervi-
cal carcinogenesis [Schiffman and Brinton 1995].

The natural history of cervical cancer is still 
not completely understood. It has been looked 
upon as a sequential multistep process: from a 
normal cervical epithelium through HPV infec-
tion to CIN to invasive cancer. The duration of 
the progress from precancerous stage to invasive 
cancer is supposed to exceed 10 years. CIN can 
be detected easily and treated effectively by local 
excision.

9.1.3	 Staging and Treatment

Treatment of invasive cervical cancer is affected 
by the stage of the disease. The currently used 
International Federation of Gynecology and Ob-
stetrics system of staging (FIGO staging) is based 
on anatomical extent of the disease and on clini-
cal evaluation. Surgery is the mainstay of treat-
ment for early-stage disease, while radiotherapy 
is used for more advanced stages.

However, certain early phases of invasive car-
cinoma have limited metastatic potential and 
therefore are most likely curable by nonradi-
cal treatment. Interest in defining this substage 
of cervical cancer is motivated by the desire to 
preserve fertility and prevent the potential com-
plications of radical treatment. The concept of 
conservative treatment for early cervical cancer 
is not new. In 1951, Franz Novak from Ljubljana 
proposed trachelectomy as a reliable treatment 
approach for carcinoma in situ of the cervix and 
published the first paper on this subject in Acta 
Cytologica Yugoslavica. The first conservative 
surgical approach to early invasive cancer was 
proposed by Aburel in 1954 as subfundic radical 
hysterectomy, but until the introduction of lapa-
roscopy this technique did not become widely 
accepted [Aburel 1981].

Today, the options for conservative (fertility 
preserving) surgical treatment of early cervical 
cancer include:
–	 Excisional cone biopsy (conization)
–	 Radical vaginal trachelectomy
–	 Radical abdominal trachelectomy

Excisional cone biopsy (conization) is the stan-
dard treatment for almost all CIN lesions and for 
carefully selected cases of microinvasive cervical 
cancer. Cone-shaped local excision, if the lesion 
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is removed in its entirety, is sufficient treatment 
for these cases.

Radical vaginal trachelectomy (RVT) in-
volves a two-step procedure consisting of lapa-
roscopic pelvic (with or without paraaortic) 
lymphadenectomy and, if node-negative, radical 
vaginal trachelectomy (removal of the entire cer-
vix and paracervical tissues). This operation was 
introduced by Daniel Dargent, who published 
the results of the first successful conservative ap-
proach for invasive cervical cancer in 1994 [Dar-
gent et al. 1994]. Since Dargent’s first reports on 
RTV the technique has not changed much, and 
today it is known as Dargent’s operation.

Abdominal radical trachelectomy is another 
surgical technique for conservative management 
of cervical carcinoma [Smith et al. 1997]. The 
technique is similar to a standard radical hyster-
ectomy and lymphadenectomy. The ovarian ves-
sels are not ligated and after the lymphadenec-
tomy and skeletonization of the uterine arteries, 
only the cervix, parametrium, and vaginal cuff 
are excised. Recently, this procedure has been 
performed even during pregnancy [Ungar et al. 
2006].

It should be emphasized that all these options 
can only be used in a highly selected group of pa-
tients. The choice of each option is based on the 
stage of the disease and histological prognostic 
factors. If distant spread is very unlikely, simple 
but complete excision of the lesion suffices. If it 
is likely that the cancer has spread, then an ex-
tended operation should be performed.

9.1.4	 Stage Ia—Microinvasive Disease

The category of microinvasive carcinoma of the 
cervix (FIGO stage Ia) applies to a tumor less 
than 5 mm in depth and less than 7 mm in width. 
Generally, this stage has limited metastatic po-
tential. Unfavorable prognostic criteria are based 
on histological findings of:
–	 Deeper stromal invasion
–	 Capillary-like space involvement
–	 Poor differentiation
–	 Confluent growth pattern

The diagnosis of Stage Ia cervical squamous cell 
carcinoma should be based on cone biopsy, pref-

erably using a technique that does not result in 
cauterized margins. Ideally, each patient with 
microinvasive cancer should be evaluated indi-
vidually and management should be planned in 
cooperation with an experienced pathologist.

The choice of operation in microinvasive dis-
ease depends on the risk for nodal involvement, 
which is generally low. The patients most at risk 
of nodal metastases or central pelvic recurrence 
are those with definitive evidence of tumor em-
boli in lymph-vascular spaces.

9.1.4.1	 Stage Ia1 Cervical Cancer

Several studies have suggested that FIGO stage 
Ia1 disease, defined as minimal microscopic in-
vasion (depth <3 mm, width <7 mm), can be 
managed conservatively [Nam et al. 2002]. The 
treatment options for stage Ia1 cervical cancer, in 
the absence of lymphovascular invasion, are:
–	 Conization, in women wishing to retain their 

reproductive potential, assuming complete 
excision of the lesion is possible, or

–	 Simple hysterectomy, in women who do not 
wish to retain fertility

Lymph node metastases are extremely rare in 
this group of patients, and lymphadenectomy is 
not necessary.

In the largest series published, no recurrence 
was reported all 200 patients with stage Ia1 cervi-
cal cancer and no lymphovascular space involve-
ment (LVSI) treated by laser conization and fol-
lowed for a median time of 117 months (range 
72–240 months) [Ueki et al. 2004].

Although lymphovascular invasion is gener-
ally considered a poor prognostic factor in cer-
vical cancer, the prognostic significance of lym-
phovascular space involvement in stage Ia1 is not 
clearly defined. Therefore, some authors think 
that in the presence of lymphovascular space in-
volvement, even stage Ia1 requires radical treat-
ment [Lu and Burke 2000].

Treatment options for stage Ia1 with lympho-
vascular invasion include
–	 Modified radical hysterectomy with pelvic 

node dissection
–	 Radical trachelectomy with laparoscopic pel-

vic node dissection if fertility is desired
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9.1.4.2	 Stage Ia2 Cervical Cancer

The incidence of lymphovascular space invasion 
and the risk of pelvic node metastases increase 
with depth of invasion.

Patients with stage Ia2 (depth 3–5 mm, width 
<7 mm) have a risk of nodal disease of approxi-
mately 8% [Benedet and Anderson 1996]. Ac-
cordingly, unless there are strong reasons for con-
servative treatment, the patient can be treated by 
primary radical hysterectomy, modified radical 
hysterectomy with pelvic lymphadenectomy, or 
primary radiotherapy. Radical vaginal trachelec-
tomy and laparoscopic pelvic lymphadenectomy 
may be an option where preservation of fertility 
is desired.

More recent studies have suggested that the 
rate of lymph node involvement in this group of 
patients (Ia2) who do not have lymphovascular 
invasion may be much lower and have questioned 
whether conservative therapy might be adequate 
for patients believed to have no residual disease 
following conization [Creasman et al. 1998]. 
Stage Ia2 with no lymphovascular invasion can 
be treated effectively by complete excision (con-
ization or extrafascial hysterectomy), although 
radical trachelectomy/hysterectomy may be war-
ranted. Pelvic node dissection is of questionable 
value in this group of patients.

Recommended treatment for Stage Ia2 cases 
with unfavorable pathological characteristics 
(lymphovascular invasion) is:
–	 Radical hysterectomy with pelvic node dissec-

tion
–	 Radical trachelectomy with laparoscopic pel-

vic node dissection, in young women if preg-
nancy is desired

9.1.5	 Stage Ib (Invasive) Disease

Most patients with early-stage cervical cancer are 
treated by either radical surgery or radical radio-
therapy. Both treatment modalities have proven 
to be equally effective, and there is no high level 
of evidence to support the choice of either radi-
cal surgery or radiation therapy in the treatment 
of early-stage invasive cervical cancer.

The standard surgical procedure in an early-
stage cervical cancer (FIGO stage Ib) is radi-

cal hysterectomy (RH) with pelvic lymphad-
enectomy. The operation involves removal of the 
uterus and the paracervical tissues surrounding 
cervix and the upper vagina. With radical sur-
gery ovarian function can be preserved and vagi-
nal stenosis avoided, which is of great advantage 
over irradiation, especially for younger patients. 
Both modalities, however, permanently destroy 
fertility. It was estimated that nearly half of all 
patients younger than 40 years of age who might 
otherwise undergo a radical hysterectomy may 
be candidates for a fertility-sparing procedure 
[Sonoda et al. 2004]

Radical vaginal trachelectomy and laparo-
scopic pelvic lymphadenectomy may be an op-
tion in small (<2 cm) cervical cancer where 
preservation of fertility is desired. Before the 
option of RVT is considered, a thorough gyne-
cologic and colposcopic examination should be 
performed. Any specimen for histological ex-
amination (biopsy or cone) must be extensively 
reviewed and all histological prognostic factors 
must be assessed (tumor size, depth of invasion, 
histology type, differentiation, and presence of 
lymphovascular invasion/LVSI)

Over the more than 10 years since this op-
eration was introduced into the practice, the re-
quirements for performing trachelectomy have 
been well defined. The eligibility criteria for radi-
cal trachelectomy include:
–	 Strong desire to preserve fertility
–	 Patient <40
–	 Stage Ia1 with positive LVSI
–	 Ia2, Ib1; tumor <2 cm, or <3 cm if exophytic
–	 No evidence of lymph node and/or distant 

metastases
–	 Limited endocervical involvement on colpos-

copy
–	 Exclusion of unfavorable histology
–	 Adequate cervical length (>2 cm)

Treatment of bulky stage Ib tumors (primary 
tumor >4 cm, FIGO stage Ib2) is difficult, and 
whatever primary treatment is chosen, the re-
currence rate is higher compared to stage Ib1 
disease. Neoadjuvant chemotherapy followed by 
radical surgery, instead of conventional chemo-
radiation, has been suggested as an option that 
may improve survival in patients with stage Ib2 
disease [Benedetti-Panici et al. 2002]. It offers 
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the advantages of surgery, and the neoadjuvant 
chemotherapy will keep to a minimum the risk 
of extracervical spread of the tumor without 
combining surgery and radiotherapy. Similarly, 
neoadjuvant chemotherapy followed by fertil-
ity-sparing surgery has emerged as a possible 
alternative to conventional treatment in locally 
advanced cervical cancer [Plante and Roy 2006].

9.1.6	 Oncological Outcome

Patient selection is the most critical part of the 
decision to perform conservative surgical treat-
ment for early cervical cancer. Based on the 
published studies, in carefully selected cases on-
cological outcome does not differ between stan-
dard treatment (RH) and RVH. The summarized 
data from the literature on 319 RTV confirm an 
overall recurrence rate of 4.1% and a death rate 
of 2.5% [Plante et al. 2004]. The most significant 
predictor of tumor recurrence is tumor size. In 
six of eight patients from Leitao’s analysis of pre-
viously published studies, the tumor size was 
>2 cm [Leitao and Chi 2005]. Adenocarcinoma 
histology and lymphovascular space involve-
ment are relative contraindications for RVT. De-
spite the favorable oncological outcome reported 
in studies published up to now, the long-term 
results of this procedure are still to be evaluated. 
Therefore, patients should always be fully in-
formed and aware of the possible risks of choos-
ing the conservative treatment option.

9.1.7	 Obstetrical Outcome

Pregnancies have been documented after RVT. 
Recently, Plante and colleagues reported on 
pregnancy outcomes for 72 patients who had 
undergone a vaginal radical trachelectomy. 
Thirty-one women (43%) had a total of 50 preg-
nancies. There were eight (16%) first-trimester 
miscarriages and two (4%) second-trimester mis-
carriages, and two women (4%) had therapeutic 
abortions. Thirty-six of these pregnancies (72%) 
resulted in third-trimester deliveries. Twenty-
eight of them were term deliveries. Two patients 
were pregnant at the time of publication [Plante 
et al., 2005].

The most recent review of 16 published stud-
ies (1998–2005) identified 355 cases of RVT in 
total [Boss et al. 2005]: 153 (43%) of these pa-
tients attempted to conceive, and 70% of those 
who attempted actually become pregnant. These 
107 women had 161 pregnancies resulting in 
first-trimester abortion in 22%, second-trimester 
abortion in 8%, and premature delivery in 21% 
patients. The rate of early abortion is similar to 
that in the general population. However, the rates 
of late pregnancy losses (>14 weeks) and prema-
ture deliveries are higher. Possible explanations 
include loss of cervical substance and strength to 
hold pregnancy, loss of the natural cervical bar-
rier to infection, and subclinical infection due to 
the presence of cerclage. The total 161 pregnan-
cies resulted in term delivery (>36 gestational 
weeks) in 49% of patients.

Successful pregnancies and deliveries have 
also been reported after abdominal trachelecto-
mies [Palfalvi et al. 2003; Rodriguez et al. 2001].

9.2	 Endometrial Cancer

9.2.1	 Epidemiology

Endometrial cancer is the most common gyne-
cologic malignancy in the developed world. One 
to three percent of postmenopausal women will 
develop endometrial cancer by the age of 75. 
Worldwide, endometrial cancer is uncommon 
before the age of 40. It is primarily a postmeno-
pausal disease. However, 25% of cases occur in 
premenopausal patients, with 3%–14% occur-
ring in patients younger than 40.

9.2.2	 Risk Factors

The etiology of endometrial cancer is not fully 
understood. Most cases appear sporadically, 
whereas about 10% are hereditary. Hereditary 
endometrial cancers are developed in women 
carrying the autosomally dominant inheritance 
for nonpolyposis colorectal cancer (HNPCC). 
These women have 10 times higher risk for 
endometrial cancer compared to the general 
population [Munstedt et al. 2004]. For the ma-
jority of endometrial cancers that are nonhe-
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reditary, the risk is increased by any factor that 
increases exposure to unopposed estrogen (e.g., 
hormone replacement therapy, obesity, anovula-
tory cycles, estrogen-secreting tumors). Young 
patients who develop endometrial cancer often 
have some degree of hyperestrogenism, anovula-
tion, obesity, and lipid and carbohydrate imbal-
ance. Nearly half of these patients are nulliparous 
[Leitao and Chi 2005].

9.2.3	 Staging and Treatment

Stage of disease is the most important prognostic 
factor for endometrial cancer. Other prognostic 
factors within the same stage correlating with 
survival have been identified:
–	 Tumor grade
–	 Tumor size (depth of myometrial invasion)
–	 Lymphovascular space involvement
–	 Histotype (papillary-serous, clear cell)

Staging and standard treatment of endometrial 
cancer include:
–	 Adequate incision
–	 Peritoneal washings
–	 Careful inspection with excision of all suspi-

cious lesions
–	 TAH + BSO
–	 Immediate resection of the uterus
–	 Pelvic and para-aortic lymph node sampling

Approximately 90% of endometrial cancers in 
very young women (<30 years of age) are well-
differentiated lesions limited to the endometrium 
[Farhi et al. 1986]. After surgery alone in this 
stage (FIGO stage Ia) 5-year survival has been 
shown to be nearly 100%. Thus hormonal ther-
apy emerged as an alternative for young patients 
with an early-stage endometrial cancer wishing 
to retain their fertility. High remission rates are 
seen in well-selected stage 1, grade 1 endometrial 
cancer of young women using hormone therapy 
as fertility-preserving treatment.

If conservative treatment of early endometrial 
cancer is considered, pretreatment evaluation 
must be done thoroughly and should include:
–	 Comprehensive gynecologic and family his-

tory

–	 Complete physical evaluation
–	 Routine blood and urine studies
–	 Serum levels of Ca 125
–	 D&C
–	 Radiologic imaging (preferably contrast-en-

hanced MRI)

Imaging methods are of particular importance, 
since in the absence of surgical staging it is dif-
ficult to assess the depth of myometrial invasion. 
Comparison of transvaginal ultrasound (TVS), 
computed tomography (CT), and MRI demon-
strated no statistical difference among the three 
modalities in overall performance, but assess-
ment of myometrial invasion was best achieved 
with contrast-enhanced MRI [Kinkel et al. 
1999].

Currently used conservative hormonal treat-
ment for early endometrial cancer is progestin 
therapy (200–500 mg/day MPA or 160–320 mg/
day megestrol acetate orally). Many other hor-
mones such as gonadotropin releasing hormone 
analogs (GnRHa), selective receptor modulators, 
and others were investigated as alternative op-
tions for conservative treatment of endometrial 
hyperplasia and endometrial cancer. Tamoxifen 
may be a valuable adjunct to progestin therapy. 
GnRHa have been used adjunctively to tamoxi-
fen as second-line hormone therapy for fertil-
ity sparing after progestin failed. Aromatase 
inhibitors have shown their potential in treat-
ing endometrial cancer and endometrial hyper-
plasia as a single agent or in combination with 
progestins. Intrauterine progestins seem effica-
cious in treating endometrial hyperplasia; their 
application to endometrial cancer patients, 
however, have been limited to postmenopausal 
women with poor surgical risk [Lai and Huang 
2006].

During follow-up, patients treated con-
servatively for endometrial cancer should be 
closely monitored, including D&C (or at least 
endometrial office sampling) every 3–6 months 
or sooner if necessary. If the disease is persist-
ing the options would be to continue therapy, 
to increase the therapy, or to advise hysterec-
tomy. Hysterectomy should be offered if patient 
complies poorly with medication or follow-up, 
if there is evidence of progressive disease, if the 
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patient is unable or no longer desires to continue 
with medical therapy, or if childbearing is com-
plete [Leitao and Chi 2005].

9.2.4	 Oncological Outcome

The first report on conservative treatment for en-
dometrial carcinoma dates from 1985. Bokhman 
and colleagues reported on 19 patients under 
the age of 37 with localized well or moderately 
differentiated endometrial carcinoma treated by 
curettage and progestin alone. Fifteen patients 
were without evidence of disease at 3–9 years of 
follow-up [Bokhman et al. 1985]. Gotlieb has the 
same concept of conservative treatment of endo-
metrial cancer. In 2003, he published reports on 
conservative management and follow-up of 13 
patients over a period of 30 years. The mean fol-
low-up was 82 months. All patients responded to 
conservative treatment within a mean period of 
3.5 months. Six patients (46%) recurred within 
a median of 40 months (range 19–358 months). 
During the median duration of treatment of 
9–29 months, response rates of 58%–75% have 
been achieved.

The largest published review paper to date on 
conservative treatment for endometrial cancer, 
based on a MEDLINE 1966–2003 search, found 
among 79 papers 27 articles that included 81 pa-
tients suitable for the study. Hormonal treatment 
induced response in 62 patients (76%) with a 
median time to response of 12 weeks (range 
4–60 weeks). The disease recurred in 15 (24%) 
of these patients with a median time to recur-
rence of 19 months (range 6–44 months). Re-
treatment with progestagens resulted in second 
response in five (71%) patients. In total, 52 (4%) 
of 81 patients responded to at least one course of 
hormonal therapy and were disease free. Nine-
teen (24%) patients did not respond to therapy at 
all [Ramirez et al. 2004].

Investigating the prediction of response to the 
therapy, Amant [Amant et al. 2006] recently con-
cluded that conservative hormonal treatment for 
endometrial cancer may be acceptable for:
–	 Young women
–	 Well-differentiated endometrioid adenocarci-

noma

–	 No myometrial invasion
–	 No evidence of LVSI or extrauterine disease 

9.2.5	 Obstetrical Outcome

After conservative management and follow-up of 
13 patients over a period of 30 years, as of the time 
of Gotlieb’s report, 3 patients delivered 9 healthy 
babies, 2 more patients were pregnant, and 1 had 
a first-trimester abortion [Gotlieb et al. 2003].

Analyzing the group of 81 patients conserva-
tively treated for endometrial cancer, Ramirez 
found out that 20 patients (24%) conceived at 
least once. However, it is not known how many 
patients actually attempted to become pregnant. 
Sixteen patients had 31 live births [Ramirez et al. 
2004].

As the number of young women diagnosed 
with endometrial cancer is increasing, it is 
very likely that hormonal treatment will be a 
more accepted fertility-sparing approach in the 
future. The potential of both fatal and nonfatal 
recurrences, however, should not be underesti-
mated.

In patients conservatively treated for early en-
dometrial cancer, pregnancy should be achieved 
as soon as possible. Because of the high incidence 
of recurrent disease, it is reasonable to recom-
mend hysterectomy once childbearing has been 
completed.

9.3	 Ovarian Cancer

Up to 90% of ovarian tumors originate from epi-
thelium, and about 10% are germ cell (OGCT) 
and sex cord stromal tumors (OSCST). The clas-
sification of ovarian epithelial tumors differen-
tiates them into benign, borderline (BOT) and 
malignant tumors and according to whether ade-
nomatous or fibrous elements are dominant. Ap-
proximately 10% of all epithelial ovarian tumors 
are malignant. Germinal cell tumors are more 
frequent among young women and adolescents. 
OGCT account for 20–25% of ovarian tumors, 
and only 3% of those are malignant.
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9.3.1	 Epithelial Ovarian Cancer

9.3.1.1	 Epidemiology

More women die from ovarian cancer than 
from carcinoma of the cervix and endometrium 
combined. It is the second most common gy-
necologic cancer accounting for 26% of tumors 
but 52% of the total mortality. Although the 
incidence of epithelial ovarian cancer increases 
with age and is most common in women 
aged 55–59 years, it does occur in women of 
childbearing age as well. Several reports have 
estimated that 3%–17% of all epithelial ovarian 
cancer occurs in women younger than 40 years of 
age [Schilder et al. 2002]. According to the 25th 
FIGO Annual Report, 14.4% of epithelial ovarian 
cancer patients were younger than 40 [Pecorelli 
et al. 2003]. Borderline and early-stage invasive 
disease seem to be more frequent in women of 
childbearing age.

9.3.1.2	 Risk Factors

A number of epidemiological risk factors are 
associated with ovarian cancer. Early menarche 
and late menopause increase the risk of ovarian 
cancer. Ovarian cancer has been associated with 
low parity and infertility. Oral contraceptive use, 
pregnancy, and lactation are associated with a re-
duced risk. All these factors, taken together, have 
led to the hypothesis that „incessant“ ovulation 
(through repeated stimulation of the epithelium 
of the ovarian surface) may be an important fac-
tor in pathogenesis of ovarian cancer, predispos-
ing the epithelium to malignant transformation 
[Fathalla 1971]. Other factors such as talc use, 
galactose consumption, smoking, or childhood 
viruses have not been strongly correlated with 
epithelial ovarian cancer.

There is a family history in between 5% and 
10% of women with epithelial ovarian cancers. 
These women have a higher risk of ovarian can-
cer than the general population. A woman with 
two first-degree relatives with breast or ovarian 
cancer has a lifetime risk of 30%–40%.

A strong family history of breast cancer, ovar-
ian cancer, or both—sometimes occurring at an 

early age and in the same woman—may be re-
lated to the presence of an inherited mutation in 
one of two genes, known as BRCA1 and BRCA2. 
A second familial disorder that carries with it an 
increased risk of ovarian cancer is referred to as 
Lynch syndrome II. Lynch syndrome II is caused 
by inherited germ line mutations in DNA mis-
match repair genes, such as MSH 2 (mutS homo-
log 2) or MLH1 (mutL homolog 1) [Chung and 
Rustgi 2003]. Affected families have a predomi-
nance of hereditary nonpolyposis colon cancer, 
often on the right side of the colon and some-
times in association with other cancers, such as 
those of the endometrium, ovaries, or genitouri-
nary tract. Hereditary ovarian cancers generally 
occur in women about 10 years younger than 
nonhereditary tumors [King et al. 2003]

9.3.1.3	 Staging and Treatment

Many young women with an early-stage ovarian 
cancer wish to maintain reproductive capability. 
Fertility-sparing surgery is possible in borderline 
and early ovarian cancer, providing adequate 
staging has been accomplished.

Clinical staging is an important prognostic 
factor for ovarian cancer. It is based on find-
ings at clinical examination and surgical explo-
ration [Heinz et al. 2001]. Without careful and 
thorough surgical exploration, occult metastasis 
may be missed. Subclinical metastases are pres-
ent in 5%–20% of suspected ovarian cancer, and 
if not detected by adequate staging, recurrence 
can be expected in up to 31% of patients [Young 
et al. 1986; DiSaia and Creasman 2002]. Recur-
rence rate for optimally staged patients is three 
times lower.

Surgical staging should include the following:
–	 Vertical incision is required for an adequate 

exploration of the upper abdomen.
–	 Any free fluid should be sent for cytologic 

evaluation.
–	 If no free fluid is present, peritoneal washings 

should be performed.
–	 Exploration of all peritoneal surfaces includ-

ing the diaphragm, bowel serosa, and pouch 
of Douglas.



9  Fertility After the Treatment of Gynecologic Tumors 87

–	 Total abdominal hysterectomy and bilateral 
salpingo-oophorectomy or unilateral oopho-
rectomy with biopsy of contralateral ovary.

–	 Biopsy of any suspicious areas or adhesions. If 
these is no macroscopic evidence of the dis-
ease, random peritoneal biopsies should be 
performed.

–	 Infracolic omentectomy.
–	 Adequate sampling of pelvic and para-aortic 

lymph nodes.

A truly localized disease is curable by surgery. 
The optimal surgical procedure for all epithelial 
ovarian carcinomas is total abdominal hysterec-
tomy with bilateral salpingo-oophorectomy (ad-
nexectomy) and surgical staging.

In the younger patient, when fertility is de-
sired unilateral salpingo-oophorectomy with 
wedge biopsy of the other ovary, omentectomy, 
and ipsilateral lymph node sampling may be an 
appropriate solution, if the tumor is localized 
with favorable low-risk pathology.

9.3.2	 Low-Malignant-Potential Ovarian 
Tumors

Low-malignant-potential (LMP) ovarian tumors 
(synonyms: atypically proliferating tumors, 
borderline ovarian tumors) constitute about 
10%–15% of epithelial ovarian tumors. They are 
defined as those tumors that lack stromal inva-
sion and are characterized by a less aggressive 
behavior than invasive epithelial tumors. Five-
year survival exceeds 90.4% compared with inva-
sive epithelial ovarian cancer (all stages), which 
accounts 46.4% [Pecorelli et al. 2003].

LMP tumors have been traditionally treated 
by hysterectomy with bilateral adnexectomy.

These tumors occur predominantly in pre-
menopausal women, tend to remain confined 
to the ovary, and are associated with a very 
good prognosis. Patients with LMP tumors are 
usually 10–15 years younger than those with 
invasive ovarian cancer. LMP ovarian tumors 
are often diagnosed incidentally after ovar-
ian cystectomies or unilateral oophorectomies 
in young women. The less aggressive nature of 
LMP tumors and their good prognosis have al-

lowed fertility-sparing surgery for these young 
patients.

9.3.2.1	 Oncological Outcome

One of the largest reported series of patients with 
LMP tumors treated conservatively was pub-
lished in 2001 by Morice and colleagues [Morice 
et al. 2001]. Of 174 patients with LMP tumors 
treated at the Institute Gustave Roussy during 
the period of 32 years, radical treatment was per-
formed in 125 patients (72%), while 49 patients 
(28%) underwent conservative treatment. The 
mean duration of follow-up was 109 ± 70 months 
(range 24–300 months). Five patients tretaed 
conservatively and eight treated with radical 
treatment were lost to follow-up. Nine of 44 pa-
tients (20.5%) who had conservative surgery and 
6 of 105 patients (5.7%) who had radical sur-
gery experienced tumor recurrence. No patients 
treated conservatively had recurrence in the 
form of invasive ovarian cancer. In all cases re-
currences were diagnosed during routine follow-
up and treated surgically. All these patients were 
alive and free of disease at the time of report.

Other reports have also shown that recur-
rence of LMP tumors is more frequent after 
conservative surgery (19%) compared to defini-
tive surgery (5%) [Zanetta et al. 2001]. Recur-
rence rate reported in the literature after cystec-
tomy was 12%–37.5% (up to 58%) and 0%–23% 
after unilateral oophorectomy [Morice et al. 
2001]. However, overall survival is not signifi-
cantly altered [Morris et al. 2000]). More recent 
data confirm that salpingo-oophorectomy and 
ovarian cystectomy are the procedures of choice, 
with recurrence rates of 2%–3% and up to 20% 
if a simple cystectomy is performed. Preserva-
tion of the contralateral ovary increases the risk 
of recurrence, but surgical resection is usually 
curative. Cystectomy should be reserved for pa-
tients with bilateral LMP tumors or for a recur-
rent LMP tumor in patients who have a history 
of adnexectomy and wish to preserve their fer-
tility [Dexeus et al. 2006]. Type of surgical ap-
proach, laparoscopic versus laparotomic, does 
not seem to influence the outcome [Romagnolo 
et al. 2006].
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One of the most recent studies conducted by 
Rao and co-workers confirmed that fertility-spar-
ing surgery is an option for patients with LMP tu-
mors. In that study 38 of 249 women (15%) with 
LMP tumors underwent fertility-sparing surgery. 
Thirty-three of these women (87%) had salpingo-
oophorectomy and five patients (13%) had cys-
tectomy. Six patients (16%) recurred after median 
follow-up of 26 months, and these patients were 
surgically retreated. No patient died from recur-
rent tumor [Rao et al. 2005]. Thus, even if con-
servative surgery increases the risk of recurrence 
of LMP tumors, recurrent disease is amenable to 
surgical treatment and patient survival is not af-
fected by this conservative approach. Conserva-
tive surgery should therefore be considered safe 
only for treatment of young patients with LMP 
tumors who will comply with routine follow-up.

A much lower recurrence rate was reported in 
Boran’s study of 142 patients surgically managed 
for LMP tumors. Sixty-two patients were treated 
by fertility-sparing procedures. The observed re-
currence rates after radical and fertility-sparing 
surgery were 0.0% and 6.5%, respectively. Four 
patients from the conservative surgery group 
developed recurrence, in contrast to none of 
the patients from the nonconservative surgery 
group. No disease-related deaths occurred in 
any group. The mean duration of follow-up for 
the conservative surgery group was 44.3 months 
(range 3–128 months) Although much lower 
than in many other studies, the recurrence de-
tected in this study was significantly higher af-
ter conservative surgical treatment compared to 
radical surgical approach, and thus close follow-
up is recommended to detect recurrent disease 
[Boran et al. 2005].

9.3.2.2	 Obstetrical Outcome

The first two studies evaluating obstetrical out-
come of patients with LMP tumors treated with 
fertility-sparing surgery were published by Got-
lieb and colleagues and Morice and colleagues 
[Gotlieb et al. 2003; Morice et al. 2001]. Gotlieb 
reported on 22 pregnancies in 15 patients treated 
conservatively, and Morice described 17 preg-
nancies occurring in 14 patients (11 pregnancies 

occurred in patients with stage Ia and 4 preg-
nancies in stage III disease). A few years later, in 
the conservatively managed group of 62 patients 
with LMP, Boran reported 10 women who had 
successful pregnancies, with a total of 10 live 
births and 3 abortions [Boran et al. 2005].

A French multicentric study included group 
of 360 women diagnosed with LMP tumors. One 
hundred and sixty patients from this group were 
conservatively treated. Out of all women wishing 
to conceive after the treatment, 32.3% became 
pregnant. Thirty conceptions resulted in 5 mis-
carriages, 8 elective terminations, 17 term deliv-
eries, and 18 live births [Fauvet et al. 2005].

In an Italian multicentric study, 53 patients 
were conservatively treated for early ovarian can-
cer. Eight pregnancies obtained from this group 
of patients resulted in 7 healthy newborns [Rom-
agnolo et al. 2006].

Eighteen patients (10%) in Morice’s study 
were infertile before treatment and 4 patients had 
infertility after treatment. The question arises of 
how to treat infertility after conservative surgery, 
particularly by induction of ovulation. Induction 
of ovulation was attempted in a few patients with 
a history of LMP tumors, even stage III, and no 
recurrent disease was reported [Mantzavinos 
et al. 1992; Nijman et al. 1992; Chan et al. 2003]. 
Although there is a concern that high estrogen 
levels induced by superovulation might have a 
negative impact on oncological outcome, the ex-
perience of 16 patients who had undergone in-
fertility procedures shows that ovulation induc-
tion is possible after conservative treatment of 
LMP tumors. In this group of patients, five preg-
nancies were achieved and no recurrence was de-
tected [Madelenat et al. 1999]. Induction of ovu-
lation can be discussed in patients with history 
of LMP, but only in patients with stage I disease 
and using a limited number of cycles. In patients 
with a history of adnexectomy for LMP tumors, 
cryopreservation of part of the ovary could be 
discussed if the disease recurs [Lobo 2005].

9.3.3	 Early Epithelial Ovarian Cancer

Average survival time for epithelial ovarian can-
cer is 1.4 years, and overall total 5-year survival 
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is 35%–40%. More than two-thirds of patients 
present with advanced disease, and in these 
stages 5-year survival is even lower (less than 
30%) [Pecorelli et al. 2003]. Early ovarian can-
cer signifies localized disease and is equivalent 
to FIGO stage I, sometimes also including stage 
IIa disease. After a comprehensive laparotomy, 
only 10%–15% of all patients with epithelial 
ovarian cancer are diagnosed with an early-stage 
disease. The survival in an early-stage ovarian 
cancer reaches 90%, highlighting the importance 
of early diagnosis and adequate management of 
the disease (FIGO). Twenty percent of all malig-
nant stage I epithelial tumors of the ovary occur 
in women under 40 years of age (FIGO). Many 
young women with early-stage ovarian cancer 
wish to maintain reproductive capability.

Standard treatment for ovarian cancer is bilat-
eral salpingo-oophorectomy with hysterectomy 
and omentectomy. During the last decades, be-
cause of the improvement in molecular pathology, 
surgery, and randomized chemotherapy trials, 
low risk groups of patients were identified among 
those with gynecologic cancers. Low-risk patients 
have an excellent prognosis, can be primarily 
treated by surgery, and do not need any kind of 
postoperative chemo- or radiotherapy. This is the 
group of patients who could benefit from conser-
vative surgery when family planning has not yet 
been completed [Makar and Trope 2001].

Conservative (fertility sparing) surgery is 
defined as the preservation of ovarian tissue in 
one or both adnexa and/or the uterus. The goal 
of conservative surgery in early ovarian malig-
nant disease is preservation of reproductive and 
endocrine function with the cure of the disease. 
No definitive data exist to support traditional 
surgery over conservative surgery in young 
women with early epithelial ovarian cancers. 
Several studies have suggested that fertility-spar-
ing surgery may be a viable option for selected 
patients of childbearing age with stage I ovarian 
carcinoma, after comprehensive surgical staging 
[Schilder et al. 2002; Gonzales-Lira et al. 1997; 
Monk and DiSaia 2005].

The fact that 15% with apparent stage I at the 
time of surgery have occult lymph node metasta-
ses warrants the complete surgical staging [Cass 
et al. 2001]. Also, coexisting endometrioid can-

cer of the endometrium was shown to be pres-
ent in 14% of patients with endometrioid ovarian 
carcinoma. In patients with early endometrioid 
cell-type ovarian cancer wishing to retain their 
fertility, uterine curettage is recommended as a 
part of staging.

Multiple risk factors have been evaluated as to 
prognosis, and multivariate analyses have shown 
that only grade of differentiation, presence of 
ascites, and ovarian surface tumor were signifi-
cant for relapse, but did not have an impact on 
survival. Therefore, the treatment approach is 
based on the presence of prognostic criteria (Ta-
ble 9.2).

In the younger patient, when fertility is de-
sired unilateral salpingo-oophorectomy with 
wedge biopsy of the other ovary, omentectomy, 
and ipsilateral lymph node sampling may be the 
appropriate solution, if the tumor is localized 
with favorable low-risk pathology.

Indications for adjuvant chemotherapy in pa-
tients with epithelial ovarian cancer treated with 
unilateral salpingo-oophorectomy should be 
based on these risk factors. A number of studies 
have concluded that the use of adjuvant chemo-
therapy offers no survival advantage to patients 
with well-differentiated stage Ia epithelial ovar-
ian cancer.

Table 9.2  Early ovarian cancer risk groups

Low risk High risk

Stage Ia or Ib All stage Ic G 3

Grade 1 or grade 2 Grade 3

Non-clear cell histologic 
type

Clear cell histologic type

Intact capsule Tumor growth through 
capsule

No tumor on external 
surface

Tumor on external surface

No ascites Ascites

Negative washings Positive washings

Unruptured capsule Ruptured capsule

No dense adherence Dense adherence

Diploid tumor Aneuploid tumor
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All incompletely staged patients with apparent 
early ovarian cancer should be considered high-
risk patients. Patients with incompletely staged 
early ovarian cancer could be either surgically 
restaged or treated by adjuvant chemotherapy. 
The conclusion from ACTION/ICON1 studies 
was that in optimally staged patients adjuvant 
chemotherapy did not improve relapse-free or 
overall survival. In suboptimally staged patients 
adjuvant chemotherapy significantly improves 
both recurrence-free survival by 11% and overall 
survival by 7% at 5 years [ICON 1 and EORTC-
ACTION Collaborators 2001].

Diagnosis of ovarian cancer in young women 
is often accidental at the time of laparotomy for 
an adnexal mass preoperatively misdiagnosed 
as endometriosis or benign tumor. Sometimes 
an acute abdomen due to torsion of pelvic mass 
requires immediate surgery. Unfortunately, it is 
not always a surgeon experienced in oncology 
who performs the initial operation. Therefore, it 
is important to stress that in all cases with sus-
picious findings, a two-step procedure is prefer-
able: The first step should be cytologic washing 
with extirpation of ovarian tumor in toto, and if 
the definitive histopathology confirms the pres-
ence of malignancy a second surgery can be per-
formed to obtain optimal staging before conser-
vative treatment is allowed.

When evaluating a patient for fertility-spar-
ing surgery, several requirements should be 
considered. The criteria for an ideal candidate 
include FIGO stage Ia disease, a patient of young 
age with low parity, an encapsulated tumor with 
no adhesions, and the ability for close follow-up. 
Such patients need no further therapy after sur-
gery and comprehensive staging. In addition, a 
similar approach may be acceptable for women 
with stage Ia, grade 2 cancers, but experience in 
this area is limited. Finally, women with stage Ic 
disease, grade 3 tumors, or clear cell histology 
may still be candidates for conservative surgery, 
but adjuvant chemotherapy is generally recom-
mended [Monk and DiSaia 2005].

9.3.3.1	 Oncological Outcome

One of the most important conclusions of stud-
ies investigating fertility-sparing surgery in early 

ovarian cancer is that the patients with stage I 
ovarian cancer have excellent prognosis. The 
estimated survival was 98% at 5 years and 93% 
at 10 years [Schilder et al. 2002]. These rates 
compare favorably to the reported survival of 
patients with stage I ovarian cancer treated with 
more radical surgery [Pecorelli et al. 2003].

In one of the first studies of conservative 
surgical treatment in early invasive ovarian 
cancer, published in 1997, Colombo and her 
colleagues reported the results of conservative 
surgery in 56 of 99 patients with stage I ovarian 
cancer. In all these patients, careful staging was 
performed preoperatively. After a median fol-
low-up of 75 months, no difference was observed 
between the patients treated conservatively and 
the group who underwent ablative surgery. The 
recurrence rate was similar: 3 of 56 in the con-
servative surgery group and 5 of 43 in the pa-
tients treated with ablative surgery [Colombo 
et al. 1997].

One of the largest studies evaluating the con-
servative approach was a multi-institutional ret-
rospective investigation undertaken in the US to 
identify patients with stage Ia and Ic epithelial 
ovarian cancer who were treated with fertility-
sparing surgery [Schilder et al. 2002]. Recur-
rence rate, survival, and reproductive outcome 
were evaluated. Fifty-two patients, at a mean age 
of 26 years (range 11–40 years) with stage I epi-
thelial ovarian cancer, were treated by unilateral 
oophorectomy. Nineteen patients received adju-
vant chemotherapy: 11 patients with stage Ia and 
8 patients with stage Ic disease. The most com-
mon chemotherapy regimens were either cispla-
tin/taxol or carboplatin and oral melphalan. Du-
ration of follow-up ranged from 6 to 426 months 
(median 68 months) Five patients developed 
tumor recurrence 8–78 months after initial sur-
gery. Four of these patients had stage Ia and one 
had stage Ic disease.

It should be noted that two of the three pa-
tients who developed pelvic recurrence did so 
within 1 year of treatment and both had masses 
in the contralateral ovary detected on ultrasound. 
Therefore, all patients treated with conservative 
surgery for stage I ovarian cancer should be fol-
lowed every 3 months with serum Ca 125 de-
terminations and transvaginal sonography for a 
minimum of 2 years.
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9.3.3.2	 Obstetrical Outcome

Colombo’s study was one of the first reported se-
ries of conservatively treated patients with early 
ovarian cancer. All patients who postoperatively 
received platinum-based chemotherapy main-
tained their menstrual function during treat-
ment. All patients wishing to conceive succeeded 
without problems, and 25 conceptions yielded 4 
miscarriages, 4 elective terminations, 2 ectopic 
pregnancies, and 15 term deliveries [Colombo 
et al. 1997].

After treatment 24 patients (22 stage Ia and 2 
Stage Ic) from Schilder’s study attempted preg-
nancy and 17 (71%) conceived. Six of these 17 
patients had prior chemotherapy. These pregnan-
cies resulted in 26 term deliveries and 5 sponta-
neous abortions. No congenital anomalies were 
noted in these or in the other term pregnancies 
reported in the literature. The findings of this 
investigation indicate that selected patients with 
completely staged stage I epithelial ovarian can-
cer who desire childbearing can be treated safely 
with unilateral salpingo-oophorectomy [Schilder 
et al. 2002].

In conclusion, the findings of the studies in-
vestigating the outcome of reproductive age 
women with stage I epithelial ovarian cancer 
who desire childbearing indicate that these pa-
tients can be treated safely with conservative sur-
gery (unilateral adnexectomy). It is important to 
emphasize that complete surgical staging should 
be accomplished before fertility-sparing surgery 
is performed.

9.3.4	 Malignant Nonepithelial 
Ovarian Tumors

Malignant ovarian germ cell tumors (OGCT) 
and sex cord stromal tumors (OSCST) are much 
less common than epithelial ovarian cancer. They 
account for less than 5% of all ovarian malignan-
cies. OGCT and OSCST are:
–	 More frequent among young women
–	 Frequently limited to the ovary
–	 Extremely sensitive to chemotherapy

Today, the availability of effective chemothera-
peutic agents has changed the option of tradi-

tional radical surgery to conservative surgery 
in the management of germ cell tumors. Such 
conservative surgery in early stages of the disease 
has been reported to result in 5-year survival of 
90% or more [Gerhenson 1993].

One of the first reports of menstrual func-
tion and reproductive function after treatment 
with combination chemotherapy for malignant 
OGCR was Gershenson’s study, which showed 
that 11 of 15 patients attempting pregnancy 
achieved pregnancy after combination VAC che-
motherapy and delivered 22 healthy children 
[Gershenson 1988].

Several studies reported that conservative 
surgical approach in management of OGCT is 
equally effective when compared with more radi-
cal surgery. Tangir and colleagues published re-
sults of 122-month (24–384 months) follow-up 
of 86 patients with OGCT. All but five patients 
received chemotherapy postoperatively. Fertility-
sparing surgery was performed in 64 patients. 
Thirty-eight of these patients have attempted 
conception and 29 (76%) of them, stages I–III, 
have achieved at least one pregnancy. Among the 
patients who conceived 20 patients were FIGO 
stage I, 1 was stage II, and 8 were stage III. A to-
tal of 38 children were born to these women. So, 
conservative surgery followed by chemotherapy 
became a standard care for early stages and se-
lected advanced malignant OGCT [Tangir et al. 
2003].

Zanetta and colleagues reported the largest 
series of young women with malignant germ cell 
tumors treated by conservative surgery [Zanetta 
et al. 2001]. Exploring the survival and repro-
ductive function after treatment of 169 patients 
with malignant germ cell tumors, 138 (81%) of 
whom had conservative surgery, the survival rate 
of patients treated conservatively was exceeding 
90%–100%, which did not differ from the sur-
vival rate of the entire group (89%–100%)

Thirty-two conservatively treated patients at-
tempted to become pregnant, and 28 (88%) of 
them became pregnant. The total number of con-
ceptions was 55, and in 38 (69%) of those full-
term normal infants were born.

For all OGCT patients, except those with 
well-documented stage Ia pure dysgerminoma, 
postoperative chemotherapy is recommended.

Preservation of ovarian function, reproduc-
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tive ability, and emotional attitudes in patients 
with malignant ovarian tumors were studied by 
Zanagnolo et al. [Zanagnolo et al. 2005]. The 
study included 75 women conservatively treated 
for stage I epithelial, BOT, OGCT, OSCST. Thirty 
patients from this group received adjuvant che-
motherapy. Four patients (5.2%) had recurrence 
(35 months). Twenty patients attempted preg-
nancy, and 15 (75%) of them conceived. Twenty-
three pregnancies resulted in 19 healthy new-
borns.

In conclusion, the results from several studies 
confirm that fertility-saving surgery is a safe ap-
proach in management of:
–	 Stage I (grade 1 and 2) epithelial ovarian can-

cer
–	 Any stage LMP tumor
–	 Malignant germ cell ovarian tumors
–	 Stage I sex cord stromal tumor

9.4	 Summary

In a young woman with gynecologic cancer, pres-
ervation of fertility is possible. Fertility-sparing 
surgery may be safe in early ovarian cancer of 
certain histological subtypes such as ovarian tu-
mors of low malignant potential, malignant ovar-
ian germ cell tumors, and ovarian sex cord stro-
mal tumors. For women with invasive epithelial 
ovarian cancer who have early-stage disease, fer-
tility-sparing surgery may be an option. In some 
cases, fertility-sparing surgery may be followed 
by postoperative chemotherapy. The concept of 
fertility-preserving surgery in early cervical can-
cer has been adopted by several leading centers 
worldwide as an option for stage Ia and small Ib 
disease without the presence of lymphovascular 
involvement. Nonsurgical options such as hor-
monal therapy may be considered for women 
with early-stage, low-grade endometrial cancer.

Improvements in cancer cure rates and the de-
velopment of conservative treatments mean that 
many young women with early gynecologic can-
cer can hope to start a new pregnancy after the 
treatment. Patients are generally advised to wait 
2 years after treatment for any malignancy before 
attempting pregnancy, but the optimal interval 
between cure and conception must be carefully 
determined by a multidisciplinary team includ-

ing oncologist and obstetrician. Gynecologic 
surgery and hemotherapy can have an impact 
not only on fertility, but also on the course of a 
next pregnancy (increased risk of miscarriage 
and premature delivery, etc.) These risks must be 
taken into account by the obstetrician.

Management of young women diagnosed 
with gynecologic cancer should be individual-
ized, with the risk of conservative therapy bal-
anced against the disadvantages of more radical 
treatment. The patient and the family should be 
extensively counseled. The alternatives to the tra-
ditional and standard radical procedures should 
be discussed, and the limitation of data regarding 
many conservative treatment options should be 
explained. The patients should be aware that by 
accepting fertility-sparing treatment they are as-
suming a small but undefined risk for recurrence 
of the disease. They need to know that these con-
servative therapeutic approaches are yet not con-
sidered “standard.”

Furthermore, patients need to be assessed for 
the realistic probabilities of achieving conception 
on the basis on their age, history, and infertility 
evaluation. Some of them will require assisted re-
production technology (ARTS) to help achieve a 
pregnancy, especially in vitro fertilization (IVF). 
They may also consider ovarian tissue, oocyte, or 
embryo cryopreservation before definitive can-
cer therapies. And, finally, patients also need to 
understand the risk of premature delivery and 
the consequences of prematurity.

The care of the young patient with gyne-
cologic malignancy is extremely complex and 
challenging. It necessarily requires a multidisci-
plinary approach with the close collaboration of 
gynecologist-oncologist, reproductive endocri-
nologist, and perinatologist.
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10.1	 Strategy of Literature Research

A PubMed search was undertaken using the 
grouped key words “leukaemia; pregnancy”: 
3,067 references were found, with the earliest (a 
case report in a Dutch journal) published in 1949 
[1]. Only papers with clinical data were consid-
ered for this review, with the selection arbitrarily 
focussing on more recent papers; the majority 
of these were single case reports. Special con-
sideration was given to case series (all of them 
retrospective in design). For obvious reasons, 
in this particular field no prospective series or 
randomised trials are reported in the literature. 
More recent literature was deliberately given 
preference over articles published before the 
1980s, since some of the major advances in diag-
nosis and therapy of leukaemia were achieved as 
of the early 1990s.

10.2	 Epidemiology and Biology 
of Human Leukaemia

Leukaemias are cancers of the haematopoietic 
system, derived from transformed haematopoi-
etic stem cells within the bone marrow. They 
may occur within any age group, hence also in 
younger women of child-bearing age. In the gen-
eral population, chronic lymphocytic B-cell leu-
kaemia (CLL) is by far the most frequent type, 
with an incidence of about 15–20 cases/100,000 
per year. Next in line are the myelodysplastic 
syndromes (MDS), which are characterised by 
profound disturbances of haematopoietic matu-
ration often affecting many lineages. Acute my-
eloblastic leukaemia (AML) occurs at an inci-
dence of 2–4 cases/100,000/year, followed down 

the line by chronic myelogenous leukaemia 
(CML), acute lymphoblastic leukaemia (ALL), 
which is much rarer in adults than in children, 
and a few other types of either myeloid or lym-
phoid neoplasms (Table 10.1).

In pregnancy, leukaemia occurs very rarely, 
at about a rate of 1 case in 75,000 pregnancies 
[2–7]. The frequency of the different types of 
leukaemias in pregnancy differs much from the 
distribution in the general population, but it 
corresponds to the age-specific incidence of the 
various types of leukaemia. AML and ALL are 
the most frequent types of haematological can-
cers diagnosed in younger adults aged between 
20 and 40 years of age. Accordingly, the most 
frequent types of leukaemia found in pregnant 
women are acute leukaemias (two thirds of them 
AML), followed by CML, and CLL is very rare.

The aetiology of leukaemia in many cases re-
mains unclear, but some AML may be linked to 
previous exposure to toxic substances, or ionis-
ing radiation. Patients cured for tumours who 
received alkylating agents and radiotherapy (for 
example, survivors of Hodgkin disease) are at in-
creased risk of developing secondary AML.

Although rare families with hereditary pre-
disposition to leukaemia (for example, CLL or 
AML) have been described [8, 9], the vast major-
ity of cases are sporadic.

The molecular pathology of leukaemia follows 
a few basic rules:
a	 Acquired chromosomal abnormalities occur 

in haematopoietic stem cells that are pluripo-
tent or committed to a particular lineage (my-
eloid or lymphoid);

b	 Chromosomal alterations in leukaemic cells 
are mostly reciprocal translocations in which 
genes residing on different chromosomes 

10	 Leukaemia and Pregnancy
M. F. Fey, D. Surbek

Recent Results in Cancer Research, Vol. 178 
© Springer-Verlag Berlin Heidelberg 2008



M. F. Fey, D. Surbek98

Ta
bl

e 
10

.1
 Th

e 
sa

lie
nt

 fe
at

ur
es

 o
f m

os
t f

re
qu

en
t t

yp
es

 o
f h

um
an

 le
uk

ae
m

ia
s

D
ia

gn
os

is
In

ci
de

nc
e 

(×
/1

00
,0

00
/y

ea
r)

C
la

ss
if

ic
at

io
n 

m
or

ph
ol

og
y,

 k
ar

yo
ty

pe
 

an
d 

m
ol

ec
ul

ar
 fe

at
ur

es

C
lin

ic
al

 fe
at

ur
es

Ty
pi

ca
l t

re
at

m
en

t
Pr

og
no

si
s

C
om

m
en

ts

M
ed

ia
n 

ag
e 

at
 

pr
es

en
ta

ti
on

 
(y

ea
rs

)

A
cu

te
 m

ye
lo

id
 

le
uk

ae
m

ia
 (A

M
L)

2–
4

60
 y

ea
rs

H
et

er
og

en
eo

us

W
H

O
 cl

as
sifi

ca
tio

n 
in

co
rp

or
at

in
g 

vi
rt

ua
lly

 
al

l m
od

er
n 

di
ag

no
st

ic
 

te
ch

ni
qu

es
– 

�A
M

L 
w

ith
 re

cu
rr

en
t 

ch
ro

m
os

om
al

 
al

te
ra

tio
ns

 t[
8;

21
], 

in
v[

16
], 

t[1
5;

17
] s

ee
 

be
lo

w
– 

�A
M

L 
w

ith
 m

ul
til

in
ea

ge
 

dy
sp

la
sia

– 
�A

M
L 

w
ith

 M
D

S
– 

�50
%

 A
M

L 
w

ith
 n

or
m

al
 

ka
ry

ot
yp

e

M
os

t f
re

qu
en

t 
m

ol
ec

ul
ar

 fe
at

ur
es

 
(a

pa
rt

 fr
om

 fu
sio

n 
ge

ne
s/

ch
ro

m
os

om
al

 
tr

an
slo

ca
tio

ns
) a

re
 

FL
T3

 g
en

e 
ta

nd
em

 
du

pl
ic

at
io

ns
, o

r 
m

ut
at

io
ns

 in
 th

e 
nu

cl
eo

ph
os

m
in

 g
en

e 
or

 
in

 th
e 

C
/E

BP
α 

ge
ne

C
ha

nc
e 

fin
di

ng
 o

r n
on

-
sp

ec
ifi

c c
om

pl
ai

nt
s s

uc
h 

as
 fa

tig
ue

, p
al

lo
r, 

fe
ve

r, 
bl

ee
di

ng
 o

r, 
ra

re
ly,

 o
rg

an
 

in
fil

tr
at

io
n 

(c
hl

or
om

a)

In
du

ct
io

n 
th

er
ap

y 
w

ith
 

an
th

ra
cy

cl
in

es
 a

nd
 

cy
ta

ra
bi

ne
 (A

PL
, s

ee
 

be
lo

w
);

Fo
llo

w
ed

 b
y 

po
st

re
m

iss
io

n 
th

er
ap

y 
(g

en
er

al
ly

 p
os

tp
on

ed
 

in
 p

re
gn

an
cy

 u
nt

il 
aft

er
 

de
liv

er
y)

– 
�In

te
ns

iv
e 

co
ns

ol
id

at
io

n 
ch

em
ot

he
ra

py
– 

�H
ig

h-
do

se
 

ch
em

ot
he

ra
py

 a
nd

 
au

to
lo

go
us

 st
em

 ce
ll 

tr
an

sp
la

nt
at

io
n

– 
�A

llo
ge

ne
ic

 st
em

 ce
ll 

tr
an

sp
la

nt
at

io
n 

w
ith

 
H

LA
-id

en
tic

al
 d

on
or

 
(p

re
fe

ra
bl

y 
fa

m
ily

, i
f 

no
t u

nr
el

at
ed

)

Pa
lli

at
iv

e 
tr

ea
tm

en
t 

in
 p

at
ie

nt
s u

nfi
t f

or
 

in
te

ns
iv

e 
ch

em
ot

he
ra

py

5-
ye

ar
 o

ve
ra

ll 
su

rv
iv

al
– 

�70
%

–8
0%

 in
 g

oo
d-

ris
k 

A
M

L
– 

�40
%

–5
0%

 in
 

in
te

rm
ed

ia
te

-r
isk

 A
M

L
– 

�0%
–1

0%
 in

 p
oo

r r
isk

 
an

d 
in

 p
at

ie
nt

s u
nd

er
 

pa
lli

at
iv

e 
tr

ea
tm

en
t

– 
�50

%
 in

 p
at

ie
nt

s 
un

de
rg

oi
ng

 
al

lo
ge

ne
ic

 st
em

 ce
ll 

tr
an

sp
la

nt
at

io
n

M
os

t f
re

qu
en

t t
yp

e 
of

 le
uk

ae
m

ia
 in

 
pr

eg
na

nc
y



10  Leukaemia and Pregnancy 99

Ta
bl

e 
10

.1
 (

co
nt

in
ue

d)
 Th

e 
sa

lie
nt

 fe
at

ur
es

 o
f m

os
t f

re
qu

en
t t

yp
es

 o
f h

um
an

 le
uk

ae
m

ia
s

D
ia

gn
os

is
In

ci
de

nc
e 

(×
/1

00
,0

00
/y

ea
r)

C
la

ss
if

ic
at

io
n 

m
or

ph
ol

og
y,

 k
ar

yo
ty

pe
 

an
d 

m
ol

ec
ul

ar
 fe

at
ur

es

C
lin

ic
al

 fe
at

ur
es

Ty
pi

ca
l t

re
at

m
en

t
Pr

og
no

si
s

C
om

m
en

ts

M
ed

ia
n 

ag
e 

at
 

pr
es

en
ta

ti
on

 
(y

ea
rs

)

A
cu

te
 

pr
om

ye
lo

cy
tic

 
le

uk
ae

m
ia

 (A
PL

)

0.
2–

0.
5

30
–4

0 
ye

ar
s

Bl
as

ts
 e

xh
ib

iti
ng

 
m

or
ph

ol
og

y 
of

 
pr

om
ye

lo
cy

te
s w

ith
 

he
av

y 
gr

an
ul

es
 a

nd
 A

ue
r 

ro
ds

t[1
5;

17
]

A
s i

n 
A

M
L,

 w
ith

 a
 

pr
op

en
sit

y 
to

 b
le

ed
in

g 
(c

oa
gu

lo
pa

th
y)

M
os

tly
 p

an
cy

to
pe

ni
c a

t 
pr

es
en

ta
tio

n

In
te

ns
iv

e 
ch

em
ot

he
ra

py
 a

s 
in

 o
th

er
 ty

pe
s o

f A
M

L

+ 
al

l-t
ra

ns
 re

tin
oi

c a
ci

d 
(A

TR
A

; d
iff

er
en

tia
tin

g 
ag

en
t)

5-
ye

ar
 su

rv
iv

al
 7

5%
O

ne
 o

f t
he

 m
or

e 
fr

eq
ue

nt
 le

uk
ae

m
ia

s 
in

 p
re

gn
an

t w
om

en
. 

Ra
pi

dl
y 

pr
og

re
ss

iv
e 

an
d 

fa
ta

l i
f 

un
tr

ea
te

d,
 m

os
tly

 
du

e 
to

 co
ag

ul
op

at
hy

 
an

d 
bl

ee
di

ng

M
ye

lo
dy

sp
la

st
ic

 
sy

nd
ro

m
es

 (M
D

S)

M
D

S 
in

cl
ud

e 
re

fr
ac

to
ry

 a
na

em
ia

s 
an

d 
cy

to
pe

ni
as

, 
w

ith
 o

r w
ith

ou
t 

ex
ce

ss
 o

f b
la

st
s, 

as
 w

el
l a

s c
hr

on
ic

 
m

ye
lo

-m
on

oc
yt

ic
 

le
uk

ae
m

ia

4–
12

M
os

tly
 el

de
rly

 
pa

tie
nt

s (
70

 y
ea

rs
)

St
em

 ce
ll 

di
so

rd
er

s w
ith

 
m

ul
til

in
ea

ge
 in

vo
lv

em
en

t

W
H

O
 cl

as
sifi

ca
tio

n 
de

sc
rib

es
 v

ar
io

us
 

ca
te

go
rie

s o
f M

D
S 

w
ith

 a
 

w
id

e 
ra

ng
e 

of
 p

ro
gn

os
tic

 
im

pl
ic

at
io

ns

O
fte

n 
pr

es
en

tin
g 

w
ith

 
re

fr
ac

to
ry

 a
na

em
ia

, 
ev

en
tu

al
ly

 p
an

cy
to

pe
ni

a,
 

m
ay

 p
ro

gr
es

s t
o 

A
M

L

M
os

tly
 ch

ro
m

os
om

al
 

de
le

tio
ns

, e
.g

. 5
q-

 o
r 7

-
C

om
pl

ex
 k

ar
yo

ty
pe

 
ab

er
ra

tio
ns

 si
gn

al
 

ad
ve

rs
e 

pr
og

no
sis

In
sid

io
us

 o
ns

et
 o

f c
lin

ic
al

 
sy

m
pt

om
s o

fte
n 

ve
ry

 
gr

ad
ua

l, 
in

 p
ar

al
le

l t
o 

slo
w

 p
ro

gr
es

sio
n 

of
 

m
ar

ro
w

 fa
ilu

re

M
os

tly
 m

an
ag

ed
 

w
ith

 su
pp

or
tiv

e 
ca

re
 

(t
ra

ns
fu

sio
ns

, t
re

at
m

en
t 

of
 in

fe
ct

io
ns

); 
in

te
ns

iv
e 

ch
em

ot
he

ra
py

 a
nd

 
al

lo
ge

ne
ic

 st
em

 ce
ll 

tr
an

sp
la

nt
at

io
n 

fo
r 

yo
un

ge
r a

ge
 g

ro
up

 o
nl

y

So
m

e 
ne

w
er

 a
ge

nt
s s

uc
h 

as
 d

ec
ita

bi
ne

 u
nd

er
 

cl
in

ic
al

 in
ve

st
ig

at
io

n

N
o 

cu
ra

tiv
e 

tr
ea

tm
en

t 
ex

ce
pt

 fo
r a

llo
ge

ne
ic

 
st

em
 ce

ll 
tr

an
sp

la
nt

at
io

n.
 

M
ed

ia
n 

su
rv

iv
al

 h
ig

hl
y 

va
ria

bl
e, 

ra
ng

in
g 

fr
om

 
m

an
y 

ye
ar

s i
n 

pa
tie

nt
s w

ith
 

re
fr

ac
to

ry
 a

na
em

ia
 to

 a
 fe

w
 

m
on

th
s o

nl
y 

in
 p

at
ie

nt
s 

pr
og

re
ss

in
g 

to
 A

M
L

A
bo

ut
 4

0%
–5

0%
 o

f 
se

le
ct

ed
 y

ou
ng

er
 p

at
ie

nt
s 

m
ay

 e
nj

oy
 lo

ng
-t

er
m

 
su

rv
iv

al
 a

fte
r a

llo
ge

ne
ic

 
st

em
 ce

ll 
tr

an
sp

la
nt

at
io

n

Tr
an

sit
io

n 
in

to
 

fr
an

k 
A

M
L



M. F. Fey, D. Surbek100

Ta
bl

e 
10

.1
 (

co
nt

in
ue

d)
 Th

e 
sa

lie
nt

 fe
at

ur
es

 o
f m

os
t f

re
qu

en
t t

yp
es

 o
f h

um
an

 le
uk

ae
m

ia
s

D
ia

gn
os

is
In

ci
de

nc
e 

(×
/1

00
,0

00
/y

ea
r)

C
la

ss
if

ic
at

io
n 

m
or

ph
ol

og
y,

 k
ar

yo
ty

pe
 

an
d 

m
ol

ec
ul

ar
 fe

at
ur

es

C
lin

ic
al

 fe
at

ur
es

Ty
pi

ca
l t

re
at

m
en

t
Pr

og
no

si
s

C
om

m
en

ts

M
ed

ia
n 

ag
e 

at
 

pr
es

en
ta

ti
on

 
(y

ea
rs

)

C
hr

on
ic

 
m

ye
lo

ge
no

us
 

le
uk

ae
m

ia
 (C

M
L)

1 55
–6

5 
ye

ar
s

t[9
;2

2]
= 

Ph
ila

de
lp

hi
a 

ch
ro

m
os

om
e

M
as

siv
e 

le
uk

oc
yt

os
is 

in
cl

ud
in

g 
m

at
ur

e 
ne

ut
ro

ph
ils

 a
nd

 o
th

er
 

ty
pe

s o
f b

lo
od

 ce
lls

In
iti

al
ly

 ch
ro

ni
c p

ha
se

, 
m

or
ph

ol
og

ic
al

ly
 w

ith
 

m
ai

nt
ai

ne
d 

m
at

ur
at

io
n,

 
Pr

og
re

ss
io

n 
to

 
ac

ce
le

ra
te

d 
an

d 
th

en
 b

la
st

 
ph

as
e 

(r
es

em
bl

in
g 

A
M

L 
or

 A
LL

) a
fte

r s
ev

er
al

 to
 

m
an

y 
ye

ar
s

In
sid

io
us

 o
ns

et
 

Sp
le

no
m

eg
al

y. 
In

iti
al

ly
 

oft
en

 fe
w

 sy
m

pt
om

s. 
G

en
er

al
 sy

m
pt

om
s 

su
ch

 a
s w

ea
kn

es
s, 

fe
ve

r 
et

c p
ar

tic
ul

ar
ly

 in
 la

te
r 

ph
as

es

Im
at

in
ib

 m
es

yl
at

e 
(s

m
al

l 
m

ol
ec

ul
e 

in
hi

bi
tin

g 
th

e 
A

BL
 k

in
as

e 
in

 th
e 

BC
R-

A
BL

 fu
sio

n 
pr

ot
ei

n)

A
llo

ge
ne

ic
 st

em
 ce

ll 
tr

an
sp

la
nt

at
io

n 
in

 
se

le
ct

ed
 y

ou
ng

er
 p

at
ie

nt
s

Su
rv

iv
al

 u
nd

er
 im

at
in

ib
 

m
es

yl
at

e 
ap

pr
oa

ch
in

g 
85

%
–9

5%
 at

 5
 y

ea
rs

M
ol

ec
ul

ar
 m

od
el

 
di

so
rd

er



10  Leukaemia and Pregnancy 101

Ta
bl

e 
10

.1
 (

co
nt

in
ue

d)
 Th

e 
sa

lie
nt

 fe
at

ur
es

 o
f m

os
t f

re
qu

en
t t

yp
es

 o
f h

um
an

 le
uk

ae
m

ia
s

D
ia

gn
os

is
In

ci
de

nc
e 

(×
/1

00
,0

00
/y

ea
r)

C
la

ss
if

ic
at

io
n 

m
or

ph
ol

og
y,

 k
ar

yo
ty

pe
 

an
d 

m
ol

ec
ul

ar
 fe

at
ur

es

C
lin

ic
al

 fe
at

ur
es

Ty
pi

ca
l t

re
at

m
en

t
Pr

og
no

si
s

C
om

m
en

ts

M
ed

ia
n 

ag
e 

at
 

pr
es

en
ta

ti
on

 
(y

ea
rs

)

A
cu

te
 a

du
lt 

ly
m

ph
ob

la
st

ic
 

le
uk

ae
m

ia
 (A

LL
)

1.
5

50
 y

ea
rs

 in
 a

du
lts

(4
 >

 5 
ye

ar
s i

n 
ch

ild
re

n)

M
os

tly
 B

-c
el

l n
eo

pl
as

m
s, 

su
bd

iv
id

ed
 b

y 
im

m
un

op
he

no
ty

pe
, a

nd
 

m
ol

ec
ul

ar
 g

en
et

ic
s

C
A

LL
A

+ 
A

LL
 (C

D
10

+)
Pr

og
en

ito
r B

- A
LL

 
(C

D
10

−)
Ph

i+
 A

LL
 m

os
t f

re
qu

en
t 

su
bt

yp
e 

in
 a

du
lts

Sy
m

pt
om

s a
s i

n 
A

M
L.

 
Ly

m
ph

ad
en

op
at

hy
, 

sp
le

no
- a

nd
 

he
pa

to
m

eg
al

y 
m

or
e 

co
m

m
on

 th
an

 in
 A

M
L

In
du

ct
io

n 
ba

se
d 

on
 

cy
cl

op
ho

sp
ha

m
id

e, 
da

un
or

ub
ic

in
, v

in
cr

ist
in

e 
an

d 
no

ta
bl

y 
pr

ed
ni

so
ne

 
as

 w
el

l a
s L

-a
sp

ar
ag

in
as

e;
 

le
ss

 in
te

ns
iv

e 
th

an
 in

 
A

M
L

La
te

r t
he

ra
py

 
ph

as
es

 in
cl

ud
e 

ea
rly

 in
te

ns
ifi

ca
tio

n 
ch

em
ot

he
ra

py
, l

at
e 

in
te

ns
ifi

ca
tio

n 
an

d 
fin

al
ly

 
m

ai
nt

en
an

ce
 (o

ut
-

pa
tie

nt
) c

he
m

ot
he

ra
py

In
 co

nt
ra

st
 to

 A
M

L,
 A

LL
 

tr
ea

tm
en

t p
ro

gr
am

m
es

 
oft

en
 la

st
 u

p 
to

 2
 y

ea
rs

. 
C

N
S 

pr
op

hy
la

xi
s i

s 
re

qu
ire

d 
(in

 co
nt

ra
st

 to
 

A
M

L)
Ph

i+
A

LL
 a

lso
 re

ce
iv

e 
im

at
in

ib
 m

es
yl

at
e

A
llo

ge
ne

ic
 st

em
 ce

ll 
tr

an
sp

la
nt

at
io

n 
is 

es
ta

bl
ish

ed
 in

 1
st

 
re

m
iss

io
n 

in
 p

at
ie

nt
s 

<6
0 

ye
ar

s

Su
rv

iv
al

 at
 5

 y
ea

rs
– 

T-
ce

ll 
A

LL
 6

0%
– 

�Pr
ec

ur
so

r B
-c

el
l A

LL
 

30
%

– 
�Ph

i+
 A

LL
 0

–1
0%

– 
El

de
rly

 1
0%

Pr
og

no
sis

 in
 a

du
lts

 
m

uc
h 

w
or

se
 th

an
 in

 
ch

ild
ho

od
A

bo
ut

 8
0%

 o
f 

ch
ild

re
n 

m
ay

 e
xp

ec
t 

cu
re



M. F. Fey, D. Surbek102

Ta
bl

e 
10

.1
 (

co
nt

in
ue

d)
 Th

e 
sa

lie
nt

 fe
at

ur
es

 o
f m

os
t f

re
qu

en
t t

yp
es

 o
f h

um
an

 le
uk

ae
m

ia
s

D
ia

gn
os

is
In

ci
de

nc
e 

(×
/1

00
,0

00
/y

ea
r)

C
la

ss
if

ic
at

io
n 

m
or

ph
ol

og
y,

 k
ar

yo
ty

pe
 

an
d 

m
ol

ec
ul

ar
 fe

at
ur

es

C
lin

ic
al

 fe
at

ur
es

Ty
pi

ca
l t

re
at

m
en

t
Pr

og
no

si
s

C
om

m
en

ts

M
ed

ia
n 

ag
e 

at
 

pr
es

en
ta

ti
on

 
(y

ea
rs

)

C
hr

on
ic

 
ly

m
ph

oc
yt

ic
 B

-c
el

l 
le

uk
ae

m
ia

 (B
-C

LL
)

12
–1

5
70

 y
ea

rs
H

et
er

og
en

eo
us

 at
 

m
ol

ec
ul

ar
 a

nd
 cl

in
ic

al
 

le
ve

l
M

os
tly

 ch
ro

m
os

om
al

 
de

le
tio

ns
, s

om
e 

un
de

te
ct

ab
le

 in
 th

e 
ka

ry
ot

yp
e

O
fte

n 
ch

an
ce

 fi
nd

in
g 

up
on

 e
xa

m
in

at
io

n 
of

 p
er

ip
he

ra
l b

lo
od

 
sm

ea
rs

. S
pl

en
om

eg
al

y 
an

d 
ly

m
ph

ad
en

op
at

hy
. 

C
lin

ic
al

 o
ut

co
m

e 
hi

gh
ly

 
va

ria
bl

e

Ea
rly

 st
ag

e 
C

LL
 re

qu
ire

s 
no

 tr
ea

tm
en

t (
oft

en
 

fo
r m

an
y 

ye
ar

s)
 u

nt
il 

pr
og

re
ss

io
n

La
te

 st
ag

e 
C

LL
 

tr
ea

te
d 

w
ith

 v
ar

io
us

 
ch

em
ot

he
ra

py
 re

gi
m

es
, 

an
d/

or
 a

nt
ib

od
ie

s 
(r

itu
xi

m
ab

 ta
rg

et
in

g 
th

e 
C

D
20

 a
nt

ig
en

, a
nd

 
al

em
tu

zu
m

ab
 ta

rg
et

in
g 

C
D

52
)

Tr
ea

tm
en

t p
al

lia
tiv

e 
ex

ce
pt

 p
er

ha
ps

 fo
r 

se
le

ct
ed

 y
ou

ng
er

 p
at

ie
nt

s 
un

de
rg

oi
ng

 a
llo

ge
ne

ic
 

st
em

 ce
ll 

tr
an

sp
la

nt
at

io
n

H
ig

hl
y 

va
ria

bl
e 

w
ith

 
m

ed
ia

n 
su

rv
iv

al
 b

et
w

ee
n 

a 
fe

w
 y

ea
rs

 a
nd

 d
ec

ad
es

M
aj

or
 e

ffo
rt

s 
un

de
rt

ak
en

 b
y 

co
op

er
at

iv
e 

gr
ou

ps
 

to
 d

efi
ne

 ri
sk

-
ad

ap
te

d 
tr

ea
tm

en
t 

st
ra

te
gi

es

H
ai

ry
 ce

ll 
le

uk
ae

m
ia

 (H
C

L)
0.

1–
0.

2
Pe

ak
 in

 6
th

 to
 7

th
 

de
ca

de
; m

os
tly

 
el

de
rly

 m
al

es

Se
ve

re
 p

an
cy

to
pe

ni
a,

 
ty

pi
ca

lly
 w

ith
 m

ar
ke

d 
m

on
oc

yt
op

en
ia

. 
Ty

pi
ca

l m
or

ph
ol

og
y 

of
 ly

m
ph

oi
d 

ce
lls

 w
ith

 
fil

am
en

to
us

 c
yt

op
la

sm
ic

 
pr

oj
ec

tio
ns

, s
ta

in
in

g 
+ 

fo
r t

ar
tr

at
e-

re
sis

ta
nt

 a
ci

d 
ph

os
ph

at
as

e
B-

ce
lls

 e
xp

re
ss

in
g 

C
D

19
 

an
d 

C
D

20
, a

s w
el

l a
s 

th
e 

m
on

oc
yt

ic
 a

nt
ig

en
 

C
D

 1
1c

O
fte

n 
in

sid
io

us
. 

Sp
le

no
m

eg
al

y
Cu

rr
en

t s
ta

nd
ar

d 
tr

ea
tm

en
t c

on
sis

ts
 

of
 p

ur
in

e 
an

al
og

ue
s 

(o
fte

n 
no

 m
or

e 
th

an
 a

 
sin

gl
e 

cy
cl

e)
; f

or
m

er
ly

 
in

te
rf

er
on

In
do

le
nt

, w
ith

 a
bo

ut
 

10
%

 o
f p

at
ie

nt
s n

ev
er

 
re

qu
iri

ng
 th

er
ap

y

Re
sp

on
se

s d
ur

ab
le

 e
ve

n 
aft

er
 a

 si
ng

le
 co

ur
se

 
of

 th
er

ap
y 

in
 th

e 
gr

ea
t 

m
aj

or
ity

 o
f p

at
ie

nt
s, 

w
ith

 
m

ed
ia

n 
su

rv
iv

al
 o

f m
an

y 
ye

ar
s



10  Leukaemia and Pregnancy 103

or parts thereof are fused to form abnormal 
chromosomes, and in turn fusion genes, 
which are not present in any normal cells. 
CLL is an exception in that it harbours mostly 
chromosomal deletions rather than transloca-
tions;

c	 Additional gene mutations may comprise 
gene point mutations or gene deletions at the 
submicroscopical level that are not detected 
through cytogenetics;

d	 Genes involved in typical chromosomal alter-
ations and genes otherwise mutated in leukae-
mia are often involved in molecular pathways 
which govern cell cycle control, apoptosis 
programmes (programmed cell death) and 
particularly cellular differentiation;

e	 These cytogenetic or molecular alterations in 
transformed leukaemic stem cells provide the 
molecular spark initiating, and the molecular 
drive maintaining, their clonal expansion.

Having acquired such chromosomal and mo-
lecular alterations, transformed haematopoietic 
stem cells show altered programmes of cellular 
proliferation, or differentiation, or both. As a 
rule of thumb, cellular differentiation is main-
tained in chronic leukaemias. For example, CML 
is characterised by massive expansion over time 
of the progeny of a transformed pluripotent hae-
matopoietic progenitor cell, which has acquired 
a characteristic chromosomal aberration, the 
Philadelphia chromosome (i.e. the translocation 
t[9, 22]). Acute leukaemias are chiefly character-
ised by a block in either myeloid (AML) or lym-
phoid differentiation (ALL) which occurs at early 
stages of normal cellular maturation.

Given its systemic nature, not only does 
leukaemia involve the bone marrow (where it 
originates), but in most cases, leukaemic cells are 
spilled all over the body. One would therefore 
assume that, in contrast to solid tumours, there 
would be a particularly high risk of placental and 
hence fetal involvement if maternal leukaemia is 
present. Very few cases have been published in 
which the baby was found to harbour leukaemic 
cells in its organs or blood, or where leukaemic 
cells were detected in the placenta [10]. Thus, 
the placenta seems to be offering very efficient 
protection from spill-over of leukaemic cells into 
the fetus [11, 12], which is surprising, because 

bidirectional transplacental traffic of white 
blood cells has meanwhile been recognised to 
occur in most normal pregnancies [13]. Vertical 
transmission of maternal AML to the baby was 
demonstrated in a single case of acute monocytic 
leukaemia [14], where the boy was diagnosed 
with acute monocytic leukaemia at the age of 
20 months. Interestingly, his leukaemic cells 
showed a female karyotype and their HLA type 
was consistent with that of the mother. HLA 
homozygosity of the mother might have played 
a role in inducing immunologic tolerance to 
maternal leukaemic cells present in the baby’s 
system. No other such cases have been reported 
in the literature collected for the present 
article. However, most reports on leukaemia in 
pregnancy do not give any information on this 
particular issue.

10.3	 Presentation and Diagnosis

Clinically the onset of leukaemia is often insidi-
ous. It may be a chance finding on a blood film 
requested for another reason, or patients may 
report non-specific complaints such as fatigue, 
pallor or dyspnoea and exhibit reduced perfor-
mance status. Frequent presenting symptoms 
may be infections or bleeding. Occasionally, leu-
kaemia is diagnosed as a chance finding on clini-
cal examination when a large spleen or liver or 
enlarged lymph nodes are found and further in-
vestigated. The symptoms of leukaemia therefore 
often mimick frequent complaints in pregnancy, 
and thus the diagnosis of leukaemia is not sus-
pected right away.

Table 10.1 provides a summary of the salient 
features of human acute and chronic leukae-
mias.

10.4	 Treatment

Patients with leukaemia may be promised rea-
sonable chances of cure, or at least worthwhile 
palliation with possible prolongation of survival 
over years rather than months only. The hall-
marks of treatment are intensive chemotherapy 
programmes in acute leukaemias, targeted ther-
apy in CML, and a variety of chemotherapies as 
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well as antibody options for patients with CLL. 
In pregnancy-associated leukaemia, the same 
therapy principles apply as in non-pregnant pa-
tients [2–7].

10.5	 Myeloid Neoplasms

10.5.1	 Acute Myeloid Leukaemia

If left untreated, AML leads to death within a few 
months of the diagnosis. In pregnant women, it 
is therefore often not possible to postpone treat-
ment until after delivery, except if the diagnosis is 
made very late in pregnancy, close to term. Even 
then, patients often present with profound cyto-
penia, and therefore the risk of caesarean section 
in a pregnant woman with the full haematologi-
cal picture of AML must be weighed against the 
risks of treatment with the fetus still in utero.

Patients with newly diagnosed AML require 
intensive induction chemotherapy, usually com-
bining anthracyclines and cytarabine given over 
several days [15]. In patients with excessive leu-
kocytosis, particularly those with monocytic 
types of AML, leukapheresis may initially be 
necessary to prevent leukostasis. Chemotherapy 
leads to clearance of blasts from blood and bone 
marrow in the majority of cases, but also induces 
transient severe damage to the residual normal 
haematopoiesis. As a result patients suffer from 
treatment-induced severe pancytopoenia typi-
cally lasting for about 2–3 weeks. During this 
period they require supportive care. Neutropenia 
entails a considerable risk of infection, both bac-
terial and fungal, and hence intravenous broad-
spectrum antibiotics are required in virtually 
all patients. Patients not responding to antibiot-
ics may require antifungal treatment. In AML, 
granulocyte-colony stimulating factor is not rou-
tinely given during chemotherapy-induced bone 
marrow aplasia, since clinical trials have failed to 
demonstrate its unequivocal advantage over an-
tibiotic treatment alone. Anaemia requires trans-
fusions, as does thrombocytopenia to prevent or 
treat bleeding. Conditions such as neutropenic 
enterocolitis may call for parenteral intravenous 
nutrition. Once blast clearance has been achieved 
in a first induction cycle, subsequent treatment 
can be postponed for a week or two to allow for 
haematological recovery.

In case series where AML was diagnosed in 
the first trimester, many pregnancies were de-
liberately terminated or resulted in spontaneous 
abortion [5, 16]. In practice, chemotherapy dur-
ing pregnancy is an option restricted to the sec-
ond and third trimesters [5, 16, 17]. In a French 
series of cases, none of the babies exposed che-
motherapy in utero during the second and third 
trimesters showed any malformations [16]. One 
case was reported in which the baby showed 
short digits and limbs as well as macrognathia, 
allegedly related to its exposure to chemotherapy 
in utero in the second trimester. Since every 
pregnancy carries a certain risk of the fetus suf-
fering from developmental problems, notably 
malformations, it is difficult to establish firm 
links between exposure to potentially harmful 
substances and disturbed development in indi-
vidual cases. Therefore, AML chemotherapy can 
and often must be initiated during the second or 
third trimester of pregnancy.

Depending on the stage of pregnancy, and the 
recovery of bone marrow function after initial 
treatment, caesarean section may be performed 
once the mother has obtained haematological 
remission, and her treatment can subsequently 
be resumed after her postoperative recovery. 
It is prudent to avoid periods of chemother-
apy-induced cytopenias and infection during 
delivery [5].

In patients not responding to the initial in-
duction, treatment must be continued with the 
fetus still in utero, since blast clearance is a pre-
requisite for normal bone marrow reconstitution. 
In such women, outcome is worse and delivery 
often must be postponed until remission is ob-
tained. Ten to fifteen percent of all patients with 
AML are completely treatment-refractory, with a 
dismal outcome.

Patients achieving remission need consolida-
tion treatment, which (depending on the AML 
risk profile) may consist of allogeneic stem cell 
transplantation with an HLA-identical donor, 
or high-dose chemotherapy with reinfusion of 
autologous stem cells harvested at the time of 
recovery from induction therapy, or intensive 
chemotherapy. Consolidation treatment can and 
should be postponed until after delivery.

The outcome and prognosis of AML much 
depends on patient age. The younger age groups 
enjoy a better prognosis, and pregnant women 
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obviously belong to this subgroup of AML pa-
tients. Forty to fifty percent of patients under 
40 years of age may enjoy long-term leukaemia-
free survival, and such data have indeed been 
published for pregnant women with AML [16].

10.5.2	 Acute Promyelocytic Leukaemia

Acute promyelocytic leukaemia (APL) is a spe-
cial subtype of AML with specific clinical and 
haematological features, and special options for 
therapy (Table 10.1). Malignant blasts in APL 
are arrested at the promyelocyte stage of matura-
tion. The molecular hallmark is the translocation 
t[15;17] (with a few rare variants described in the 
literature). Its fusion protein includes a part of 
the retinoic receptor α protein, partly responsible 
for the myeloid differentiation block. This block 
can be overcome by pharmacological doses of 
all-trans retinoic acid (ATRA), which has be-
come essential in APL treatment. Induction with 
ATRA also greatly alleviates the risk of bleeding 
due to the typical coagulopathy often seen in this 
leukaemia, which can be rapidly progressive, and 
hence life-threatening. Retinoids are reportedly 
teratogenic, and therefore ATRA may not be con-
sidered safe in the first trimester (retinoid em-
bryopathy) [19]. However, ATRA has been used 
in pregnancy as of the third week of gestation, 
with no malformation or any other teratogenic 
effects reported. In other cases, however, side 
effects ranged from fetal cardiac arrhythmias to 
premature induction of labour ]19]. Thus, ATRA 
can safely be given as of the second trimester of 
pregnancy, but probably not before. In a single 
case in which ATRA levels were monitored in 
umbilical and neonatal serum, no serum levels 
were detectable [20]. Unfortunately, early hopes 
that ATRA in APL would obviate the need for in-
tensive chemotherapy have been shattered, and 
current regimes foresee a combination of ATRA 
and chemotherapy based on anthracyclines as 
well as cytarabine which lead to transient, albeit 
severe, bone marrow damage. The prognosis of 
APL is on the whole good, with chances of leu-
kaemia-free survival at 5 years in the range of 
75% or higher. These treatment principles also 
apply to pregnant women with this particular 
leukaemia [21–24]. In pregnancy ATRA-chemo 
combination therapy can be administered as of 

the second trimester. If APL is diagnosed late in 
pregnancy and caesarean section is considered 
prior to starting anti-leukaemic treatment, hae-
mostasis should be investigated very carefully. It 
may not be safe to undertake such surgical inter-
ventions in untreated maternal APL, since APL-
triggered coagulopathy with severe bleeding may 
start very suddenly. In rare cases the diagnosis 
of maternal APL became apparent at the time of 
spontaneous full-term delivery, when the mother 
developed severe postpartum haemorrhage due 
to APL-related coagulopathy [25].

10.5.3	 Chronic Myelogenous Leukaemia

CML often does not evolve very rapidly at the 
clinical and haematological levels. In historic 
series the median survival of patients with un-
treated CML was in the range of 30 months. 
Therefore, in pregnant women, careful monitor-
ing of the clinical course may be an option, until 
a stage of pregnancy is reached at which delivery 
of the baby is feasible without too much risk for 
mother and child. In patients presenting with ex-
cessive leukocytosis and clinical signs of leukosta-
sis, leukapheresis may be performed [26, 27], fol-
lowed by systemic treatment. CML has become 
a paradigm for the success of targeted therapy 
in oncology. Since the fusion protein generated 
by the BCR-ABL fusion gene (an oncogenic ty-
rosine kinase) is the key molecular driving force 
behind the development and maintenance of the 
leukaemic clone, its specific blockade by a small 
molecule, the tyrosine kinase inhibitor imatinib 
mesylate (Gleevec), has turned out to be very 
effective. Imatinib mesylate is given orally, with 
few side effects, and virtually no suppression of 
normal haematopoiesis (unlike chemotherapy in 
the acute leukaemias). Imatinib mesylate is there-
fore the current treatment of choice in patients 
with CML, including pregnant women [28–33]. 
Whilst it is considered safe as of the second tri-
mester, its risks in early pregnancy are uncertain. 
Interestingly, a cohort of women with CML have 
been reported who were taking imatinib mesyl-
ate when they conceived a child [29, 32–34]. In 
all of these cases exposure to imatinib mesylate 
had taken place during and after conception for 
a period of 4–9 weeks, until pregnancy was diag-
nosed. Imatinib mesylate was stopped in virtually 
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all these pregnancies, and treatment was with-
held until later in pregnancy, unless the women 
opted for therapeutic abortion. About two-thirds 
of these pregnancies were terminated early, but 
one-third were allowed to come to term. All but 
one of the babies born were healthy. One showed 
malformations (hypospadia). Although these 
cases might suggest that imatinib mesylate treat-
ment during early pregnancy carries little risk 
of fetal damage, a decision to continue a preg-
nancy should be carefully discussed with the 
woman, since no firm guarantee for the safety of 
this drug during the first trimester can be given 
[29]. As the success of modern cancer treatments 
increases, and since newer targeted anti-cancer 
treatments (antibodies or small molecules such 
as imatinib mesylate) may be given over pro-
longed periods of time, pregnancies under such 
treatments may increasingly become an issue in 
young cancer patients.

Over time CML cells may become resistant 
to imatinib mesylate, but it is unlikely that this 
problem would occur during the relatively short 
time of pregnancy. More intensive treatment op-
tions such as allogeneic stem cell transplantation 
are not an issue during pregnancy.

10.5.4	 Myelodysplastic Syndromes

 Myelodysplastic syndromes (MDS) typically oc-
cur in elderly patients and are therefore very rare 
in pregnant women [35]. The diagnosis should 
be made by experienced haematologists, since it 
is not always easy to differentiate patients with 
refractory anaemia (one possible type of MDS 
according to the current WHO classification) 
from those with other types of anaemia or bone 
marrow dysfunction. The detection of clonal 
karyotype abnormalities may help greatly; MDS 
patients show typical chromosomal alterations 
such as the 5q- syndrome, loss of chromosome 7, 
or complex abnormalities. It has been suggested 
that MDS in pregnancy is more likely to evolve 
into frank AML [36], but the number of cases re-
ported in the literature is too small to draw such 
conclusions.

Treatment of MDS is somewhat frustrating 
as there are no drugs which would easily induce 
a return to normal polyclonal haematopoiesis. 
Intensive chemotherapy is sometimes an option 

in younger patients, and its problems are much 
the same as in AML (see above), whilst the clini-
cal efficacy is unfortunately less. In pregnancy, 
supportive care with transfusions and therapy 
of neutropenic infections is a firm recommenda-
tion, entailing little risk for the fetus and often 
allowing obstetricians to await a point in time 
at which the baby can be delivered by caesarean 
section [37].

10.6	 Lymphoid Neoplasms

10.6.1	 Acute Adult Lymphoblastic Leukaemia

Treatment protocols in adult ALL are typically 
risk-adapted, since ALL are a heterogeneous 
group of lymphoid leukaemias. In general their 
prognosis in adults is much less favourable than 
in children (where the majority of cases can now-
adays be cured), and this holds true for pregnant 
women with these disorders. Philadelphia-posi-
tive ALL carries a particularly gloomy prognosis. 
It is not appropriate to describe the many compli-
cated treatment protocols published for ALL sub-
types here, but for pregnant women with ALL, a 
few rules can be outlined [7, 16]. Classical induc-
tion in ALL can be managed by relatively simple 
combinations of drugs, for example, combining 
vinca alkaloids and corticosteroids, topped up 
with anthracyclines [38]. These combinations 
may therefore be suitable to induce improvement 
of bone marrow function without too many side 
effects, and with relatively mild transient myelo-
suppression, and permit the pregnancy to reach 
a point at which delivery (mostly via caesarean 
section) can be envisaged. The more intensive 
consolidation and maintenance therapies in ALL 
can in most cases be postponed until after the 
baby is born. As in all types of oncological thera-
pies, chemotherapy can be given relatively safely 
as of the second trimester, but not before. In pa-
tients with Philadelphia-positive ALL, imatinib 
mesylate is added to chemotherapy, although its 
ideal timing is currently unknown.

10.6.2	 Hairy Cell Leukaemia

A few cases of hairy cell leukaemia (HCL) diag-
nosed in pregnancy have been reported [39–41]. 
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HCL is an indolent B-cell neoplasm characterised 
by pancytopenia (notably monocytopenia) and 
splenomegaly, and a chronic course. Depending 
on the severity of pancytopenia, therapy may of-
ten be postponed. The standard treatment nowa-
days consists of purine analogues, for example 
cladribine, where a single cycle often suffices to 
induce remission. Safety is a concern in the first 
trimester, but the few case reports published sug-
gest that in later pregnancy this type of treatment 
carries an acceptable risk.

10.6.3	 Chronic Lymphocytic B-Cell 
Leukaemia

B-cell CLL is extremely rare in pregnancy. A 
handful of cases have been described [42–46], 
and in none of these was any cytostatic treat-
ment necessary until delivery. Patients may need 
transfusions if anaemic. Autoimmune cytopenias 
(autoimmune haemolytic anaemia, or immune 
thrombocytopenia), which are more often seen 
in CLL than in other types of leukaemia, can be 
managed with corticosteroids. Although CLL is 
often marked by excessive leukocytosis, leuka-
pheresis is rarely necessary, since the clinical fea-
tures of hyperleukocytosis are often absent. Like-
wise, involvement of placenta or cord blood has 
not been found despite marked lymphocytosis in 
the maternal peripheral blood [44].

10.7	 Outcome of Children Born 
to Mothers with Leukaemia 
Treated During Pregnancy

Leukaemia therapy during pregnancy implies 
a number of specific risks. Leukaemia as such 
may imply adverse pregnancy outcome includ-
ing miscarriage, intrauterine growth retardation, 
prematurity and fetal death. Treatment of leu-
kaemia imposes additional risks [2, 7]. Therapy 
in early pregnancy (whether given inadvertently 
or deliberately) carries a risk of fetal damage, 
including spontaneous abortion, intrauterine 
death and malformations [4]. Treatment during 
the second and third trimesters puts the fetus at 
risk of early premature birth, intrauterine death 
and disturbances of intrauterine growth and de-
velopment. However, an outcome analysis of ex-

posure to anthracyclines in utero indicated that 
during this period of pregnancy, the risk of fetal 
death, spontaneous abortion, or prematurity is 
consistently less than 10% [47]. Exposure to an-
thracyclines in utero may in rare instances lead 
to transient fetal heart toxicity, which shortly af-
ter birth may present as right ventricular failure, 
if the transition from fetal to postpartum circula-
tion has not been completed [48, 49]. For these 
reasons, close monitoring of fetal growth and 
cardiac function by ultrasound including Dop-
pler studies of fetal haemodynamics and fetal 
echocardiography is mandatory during chemo-
therapy [50]. In pregnancy there may be a risk for 
chemotherapy-induced bone marrow failure of 
the fetus. However, case reports in which umbili-
cal cord blood samples were monitored during 
pregnancy failed to demonstrate any significant 
chemotherapy-induced fetal cytopenias [51, 52]. 
Nevertheless, if chemotherapy is administered 
near delivery, the newborn might be neutrope-
nic or thrombocytopenic [16]. If premature de-
livery is planned by caesarean section, it may be 
necessary to promote fetal lung maturation with 
glucocorticoids. In women between 24 and 34 
gestational weeks, betamethasone is advisable to 
induce fetal pulmonary maturation prior to leu-
kemia treatment. If in such cases emergency de-
livery becomes necessary, for example, because 
of placental bleeding or infection, severe respi-
ratory distress and intraventricular haemorrhage 
in the newborn would be prevented. Although 
women with leukaemia are at increased risk of 
infection, bolus injections of betamethasone do 
not unduly exaggerate this risk, and the advan-
tages to the fetus largely overrule any small in-
crease in the risk of maternal infection. After 34 
gestational weeks, delivery of the baby might be 
indicated before starting leukaemia treatment, or 
after a first treatment course at the point of hae-
matological recovery, because severe complica-
tions in the newborn are rare at this gestational 
age. After birth, breastfeeding should be avoided, 
if chemotherapy is to be initiated or continued, as 
significant haematological changes in breastfed 
newborns from women receiving chemotherapy 
have been reported.

In later childhood and in adolescence, off-
spring born to mothers who had received leukae-
mia treatment during pregnancy may perhaps 
develop late organ failure or secondary neoplasia 
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[53]. However, none of the children exposed to 
anthracyclines in utero were found to exhibit any 
signs of cardiac dysfunction on echocardiogra-
phy performed at a median age of 17 years [54, 
55]. Full-term children born to leukaemic moth-
ers treated during pregnancy mostly show no 
long-term complications [5, 53]. However, these 
encouraging data do not account for the out-
come of infants born prematurely or with a low 
birth weight, which may be much less favour-
able. Unfortunately, many of the case reports on 
leukaemia in pregnancy do not provide any such 
long-term data, and a valid systematic survey is 
not available in the literature [2].

10.8	 Summary

In summary, the management of women diag-
nosed with leukaemia in pregnancy needs an 
interdisciplinary approach, including a careful 
oncological work-up as well as close monitor-
ing of the pregnancy until delivery and beyond 
[56–58]. Patients with acute leukaemias nor-
mally must receive anti-leukaemic treatment at 
full dosage prior to delivery, except for selected 
women diagnosed very close to term. Treatment 
should be avoided in the first trimester. The prog-
nosis of pregnant women with acute leukaemia 
corresponds to that of an age-matched and diag-
nosis-matched non-pregnant cohort of patients, 
provided appropriate treatment is given. If given 
as of the second trimester, the typical chemo-
therapy regimes used for acute leukaemias im-
ply acceptable acute toxicities to the fetus, with 
a somewhat increased risk of premature birth or 
developmental retardation, but no clear evidence 
of late sequelae in children and adolescents who 
were exposed to cytostatic agents whilst in utero. 
In chronic leukaemias and MDS, treatment may 
often be delayed until after delivery. In CML tar-
geted therapy with imatinib mesylate is safe as of 
the second trimester, and possibly even before. 
Obstetric care and monitoring of women with 
leukaemia are essential throughout the preg-
nancy to ensure the best possible outcome for 
mother and child.
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11.1	 Epidemiology

Malignant lymphomas are classified into Hodg-
kin (HL) and non-Hodgkin lymphoma (NHL), 
which comprise 15%–30% and 70%–85% of all 
lymphomas, respectively.

HL accounts for less than 1% of all cancers. It 
is a disease of young adults, with a median age 
at diagnosis around 20–25 years, but in some 
countries another peak in the age-specific in-
cidence of HL is described in older adults over 
60 years. Although HL represents around 0.5% 
of all cancers, it is the second most commonly 
diagnosed cancer in people aged 15–29 years and 
the seventh most commonly diagnosed cancer in 
children under 15. The incidence has remained 
unchanged over the last 20 years, at about 3 per 
100,000 males and 2 per 100,000 females [1]. 
The annually estimated incidence in the United 
States (US) is around 7,350–7,800 new patients 
(men and women) [2]. The disease is clinically 
characterised by painless, enlarged lymph nodes 
mainly in cervical areas, being detected as early 
stage in about 60% of cases, according to the 
modified Ann Arbor classification [3], and it 
does not seem to be affected by pregnancy, as we 
discuss below. Systemic symptoms (fever, weight 
loss, night sweats) can be described in one-third 
of patients at time of diagnosis. Because of im-
provements in therapy over the last 30 years, HL 
is today a highly treatable disease, with long-
term survival rates above 80%–90%, especially in 
younger people [4].

NHLs account for 4%–5% of all cancers in 
western countries and represent the sixth most 
frequent tumour in men (after prostate, lung, 
colon and rectum, bladder and melanoma) and 
the fifth in women (after breast, lung, colon and 

rectum and uterine corpus) [5]. In western coun-
tries the incidence increased in the last 20 years 
of the previous century, only partly because of 
association with HIV infection. The frequency of 
NHL increases with age and around two-thirds 
of cases are diagnosed in people over 60 years 
[6]. However, from the mid-1990s the incidence 
of NHL in western countries appears somehow 
stabilised and no longer increasing. According 
to the American Cancer Society, since 1991 the 
increase in the incidence of NHL has only been 
in women, but this is more clearly evident in 
women older than 50 [7, 8]. Overall, in the US 
an estimated 71,380 new cases of lymphoma will 
occur in 2007, including 8,190 cases of HL and 
63,190 cases of NHL, with an estimated 19,730 
deaths (HL 1070 and NHL 18660 deaths) [9].

In contrast to HL, there is a high variability 
of clinical presentation and prognosis in patients 
with NHL; however, only a very few histological 
subtypes are commonly described in the lym-
phoma cases arising during pregnancy.

The coexistence of HL or NHL and pregnancy 
is a rare event, although lymphomas represent 
the fourth most frequent cancer diagnosis among 
pregnant women, behind cancers of the breast, 
cervix and ovary [10]. Taking into account data 
from the US Census Bureau and the age-adjusted 
lymphoma incidence statistics from the Ameri-
can Cancer Society, Pohlman et al. estimated 
that pregnancy-associated lymphoma incidence 
ranges from 1:1,000 to 1:3,000 deliveries for HL 
and up to 1:5,000 deliveries for NHL [11]. De-
spite the rarity of lymphoma in pregnancy, its 
management is a challenge for physicians. The 
harmful effects of lymphoma diagnostic and 
treatment procedures on foetal development 
and on pregnancy outcome should be taken into 
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account, as well as the fact that lymphomas are 
most often curable diseases, although they can 
be rapidly fatal if not properly treated. Hence, 
best management needs a multidisciplinary ap-
proach which is ideally aimed to optimise the 
mother’s chances of cure and yet allow deliver of 
a healthy child.

11.2	 Impact of Pregnancy on HL

For a long time it was believed that HL was ex-
acerbated by pregnancy and that HL itself can 
adversely affect the course of gestation and de-
livery. Since 1960, it has become clear that this is 
not the case; the actual prognosis of HL in preg-
nant women is similar to that of nonpregnant 
patients of childbearing age [12]. For instance, 
some reports found no difference in survival 
among women who had therapeutic abortion in 
comparison to those who did not [13–15], and 
only in a few studies was a higher incidence of 
advanced cases during pregnancy found [16–18]. 
In 1984, Gobbi et al. confirmed that survival of 21 
pregnant women was comparable to that of 155 
non-pregnant patients with HL despite a slightly 
higher incidence of advanced stage in pregnant 
patients [16]. The authors speculated that diag-
nosis may be delayed during pregnancy probably 
because early signs of HL may mimic pregnancy 
discomfort (fatigue, vomiting, loss of weight, ab-
dominal pain). Interestingly, Lambe and Ekbom 
reported in 1995 a greater than expected HL in-
cidence in the 6 months postpartum in a large 
population-based study from Sweden [18], most 
likely because the disease is sometimes first diag-
nosed after delivery.

11.3	 Impact of HL on Pregnancy 
and Foetal Outcome

Maternal cells can reach the foetus; however, 
vertical transmission of HL from the mother to 
the product of conception is exceedingly uncom-
mon. Foetal and placental involvement by HL 
are very rare, and only one case of placenta in-
volvement with delivery of a normal foetus and 
another case of probable transmission from the 
mother to the foetus have been reported [13].

There are many studies about maternal and 
foetal outcome following HL in pregnancy, but 
there is no consensus on the impact of the dis-
ease on gestation course, incidence of spontane-
ous abortion, prematurity and foetal outcome.

11.3.1	 Maternal Effects

Lishner et al. studied the effects of HL on the 
course and survival of 48 women who had HL 
and who were pregnant and compared their 
outcome with non-pregnant matched controls 
of similar disease stage and age at diagnosis and 
treatment in the same epoch [19]. Twenty-year 
survival of pregnant women with HL was not dif-
ferent from that of their matched controls [19].

11.3.2	 Foetal Effects

Ebert et al. [20] identified 24 cases in the literature 
between 1983 and 1995 of women who received 
chemotherapy during pregnancy. Two women 
had spontaneous abortions after chemotherapy 
(MOPP, vinblastine and procarbazine) begin-
ning in the first trimester; one foetus had mul-
tiple anomalies. Three women had therapeutic 
abortions; all received chemotherapy in the first 
trimester (MOPP, MOP, ABVD or cyclophos-
phamide plus radiotherapy in 1), and all three 
foetuses had multiple anomalies. One woman 
received MOPP during the first trimester, and 
the child was born with hydrocephalus and died 
4 hours after birth. Another mother received 
single-agent cyclophosphamide beginning in the 
first trimester, and the infant was born with mul-
tiple anomalies, like the child of another woman 
who received vinblastine, vincristine and procar-
bazine beginning in gestational week 25 and died 
2 days after delivery with atrial septum defect.

In contrast, 15 infants of mothers receiv-
ing chemotherapy (7 ABVD, 4 MOPP, 1 COPP, 
3 MOPP/ABVD), 5 in the first trimester, were 
normal and remained healthy for a median of 9 
(range 0–17) years after delivery [20].

In the retrospective study (median follow-
up 18 years) of Aviles and Neri all 84 children 
who received chemotherapy in utero because of 
haematological malignancy of the mothers (in-
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cluding 26 women with HD treated with ABVD, 
ABD, EBVD or MOPP, 10 of them during first 
trimester) were born healthy and had normal 
growth without haematological, cardiac, renal, 
hepatic, neurological or psychological abnor-
malities [21].

Recently, Cardonick and Iacobucci wrote a 
review on the safety and efficacy of chemothera-
peutic regimens in pregnancy by disease and 
trimester of exposure [22]. The ABVD regimen 
used for the 18 cases of HD was reported to be 
safe. Dacarbazine is the drug in the ABVD regi-
men with the least investigated safety profile in 
pregnancy, and some authors suggest omitting it 
because of the scarcity of studies [23]. However, 
the only patient in the series of Cardonick and 
Iacobucci with advanced-stage Hodgkin disease 
who was treated with ABVD without dacarba-
zine had recurrent disease within 1 year of deliv-
ery [22].

11.4	 Impact of Pregnancy on NHL

Most women with non-Hodgkin Lymphoma 
(NHL) in association with pregnancy have an 
aggressive histological subtype and a dissemi-
nated disease, often with extra-nodal involve-
ment at diagnosis; approximately two-thirds of 
cases present with stage IV disease [24, 25]. This 
may reflect the biology of lymphoma in young 
women of childbearing age, or may it be due to 
a delay in diagnosis and /or fear of radiological 
investigation during pregnancy.

The impact of pregnancy on lymphoma growth 
is unclear. During pregnancy the hormonal and 
increased blood flow changes may contribute 
to disseminate highly aggressive diseases (e.g. 
Burkitt lymphomas), with high incidence of 
breast, uterine and ovarian involvement. On the 
other hand, hormonal and immunologic changes 
occurring during pregnancy could stabilise the 
lymphoma’s proliferation until delivery.

Years ago, a poor outcome was common be-
cause patients were not treated properly. For in-
stance, in 1989 Ward and Weiss reported a series 
of 42 patients with only 13 survivors, but only 6 
received multi-agent chemotherapy, 14 received 
a single agent and 22 received no treatment [26]. 
In another retrospective review of 96 patients, 47 

died at a median of 6 months post-delivery [11]. 
In addition, as reported by Moore and Taslimi in 
1992, delayed diagnosis in pregnant patients is 
frequent: From the 37 patients considered, 40% 
were diagnosed with more than 3 weeks’ and 
20% with even more than 3 months’ delay [25].

In fact, if modern treatments were applied 
early in the course of the disease, responses and 
progression rates would be quite similar to those 
of non-pregnant women [23].

Although exceedingly rare, the haematoge-
nous dissemination of leukemias and lymphomas 
to the placenta and foetus has been described as 
the second most common type of neoplasm in-
volving the products of conception (placenta and 
foetus), with 11 documented cases among the 58 
reported from 1866 to 1999 [10]. It is difficult 
to understand how the allogeneic foetus thrives 
and does not promote an immune rejection. One 
possibility is that the mother is homozygous for 
one of the foetus’s HLA haplotypes (and in this 
situation the foetus would not recognise as for-
eign the major histocompatibility complex anti-
gens on the mother’s lymphoma cells). Another 
explanation is that maternal lymphoma cells 
might pass to the foetus early in gestation, when 
the foetus is immunologically immature. A third 
possibility is the presence of a congenital immu-
nodeficiency [27]. The five cases with placental 
involvement by NHL published in the 1990s had 
very aggressive histological subtypes, and three 
of them were of T/NK cell origin. Only in one 
case (NK cell lymphoma) the maternal NHL dis-
semination involved the foetus [27].

11.5	 Impact of NHL on Pregnancy 
and Foetal Outcome

In the study of Aviles and Neri all 29 mothers 
with diagnosis of NHL during pregnancy be-
tween 1970 and 1995 who received CHOP or a 
CHOP-like regimen (17 during first trimester) 
delivered babies without congenital malforma-
tions [21]. The birth weight, learning and educa-
tional performance were normal, and no congen-
ital, neurological or psychological abnormalities 
were observed [21]. Similarly, Cardonick and Ia-
cobucci reviewed 35 patients with non-Hodgkin 
lymphoma who were treated during pregnancy 
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with multiple regimens, most of which included 
doxorubicin, cyclophosphamide and vincristine, 
and no malformations occurred, even with first-
trimester treatment in 11 cases [22].

11.6	 Management of Lymphoma in 
Pregnancy: General Considerations

The most common histologic subtypes during 
pregnancy are HL and aggressive NHL (diffuse 
large B cell and Burkitt). In women of childbear-
ing age these conditions are most often curable. 
The management and the treatment must be in-
dividualised, and a multidisciplinary approach 
is needed. Whenever possible, treatment should 
be delayed until the end of the first trimester. A 
multi-disciplinary approach is mandatory and 
should involve a haemato-oncologist, a radia-
tion oncologist, an obstetrician, a neonatologist, 
a paediatrician and a mental health professional. 
Treatment may be delayed in women with an in-
dolent NHL until after delivery. Early delivery, 
when feasible, may minimise or avoid exposure 
to chemotherapy or radiation therapy.

Most common histological NHL subtypes 
during pregnancy are aggressive, and the de-
lay of therapy until delivery appears to result in 
poor outcomes [26, 28, 29]. Consequently, many 
investigators favour immediate therapy despite 
pregnancy [30], but pregnancy termination in 
the first trimester might be an option to allow 
proper therapy for women with aggressive NHL 
[31, 25, 32].

11.7	 Staging of Lymphoma 
During Pregnancy

Lymphoma staging in pregnancy must always 
include a history, a physical examination with 
routine blood tests, bone marrow biopsy and/or 
lumbar puncture.

The effects of ionising radiation on the em-
bryo or foetus depend on the radiation dose and 
the gestational age at the time of exposure. Ef-
fects of ionising radiation on the embryo or foe-
tus include miscarriage, foetal growth restriction, 
congenital malformation, mental retardation and 
increased cancer risk. This should be taken into 

account when planning the staging procedures 
in a pregnant woman with lymphoma. In gen-
eral, radiation-induced health effects are not de-
tectable for foetal doses below 50 mGy (= 5 rad). 
The estimated foetal doses during some common 
diagnostic imaging studies are reported in Table 
11.1 [33, 34]. For non-ionising imaging modali-
ties, there are at present no confirmed biologic 
effects associated with diagnostic ultrasound at 
standard power levels and there are no known 
risks to the foetus from an MR examination. In 
conclusion, chest X-ray (with adequate abdomi-
nal shielding) may be used. Abdominal ultra-
sound may identify gross disease in the abdomen 
or pelvis. Magnetic resonance imaging (without 
gadolinium) is the preferred tool for staging 
evaluation to avoid exposure to ionising radia-
tion [35]. Tomographic and isotope scans (gal-
lium scanning, PET scan, bone scan) are usually 
contraindicated. Echocardiography may be used 
to assess left ventricular function.

11.8	 Outline of Lymphoma 
Treatment Effects on Pregnancy

Standard treatments for HL and NHL comprise 
radiotherapy and chemotherapy (together with 
anti CD-20 monoclonal antibodies for B cell 

Table 11.1  Imaging procedures and associated average 
uterine/foetal doses 

Procedure Uterine/foetal dose 
(mGy)

Chest X-ray 0.0007–0.005

Pelvic-lumbar spine X-ray 0.45–3.6

Mammogram 0.2–4

Chest CT scan* <1

Abdominal-pelvic CT 
scan*

18–26

Intravenous urography 14–45

Barium enema 36–40

99mTc-MDP bone scan 1.8–5

*10 slices with slice thickness  = 10mm. Derived from 
Toppenberg et al. 1999 [33] and Pentheroudakis and 
Pavlidis 2006 [34]
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neoplasms). Recent reviews have addressed in 
detail the problems posed by radiotherapy and 
chemotherapy during pregnancy [22, 36]; here 
we just summarise the main issues related to 
lymphoma therapy.

11.8.1	 Radiotherapy

The adverse effects of radiotherapy during preg-
nancy are well described, mainly in the critical 
phase of organogenesis. High incidence of de-
velopmental malformations and increased risk 
of lethality or intrauterine growth restriction are 
seen even with low doses of radiotherapy during 
these phases [37, 38]. However, with careful plan-
ning and supplemental shielding, radiotherapy 
can be a treatment option for specific tumours 
during pregnancy, with minimum risks to the 
foetus [36]. In pregnancy most cancers that are 
remote from the pelvis can be safely treated with 
radiotherapy. The effectiveness of radiotherapy 
during pregnancy in the treatment of supradia-
phragmatic lymphoma lesions has been reported 
by many investigators [39]. Hodgkin disease 
most commonly presents as supradiaphragmatic 
lymphadenopathy. Patients with HL stage I and 
II are treated mainly with polychemotherapy fol-
lowed by radiotherapy given only to the originally 
involved sites (involved-field radiotherapy). Ter-
mination of pregnancy is the individual’s deci-
sion, and for foetal doses of less than 200 mGy in 
clinical practice there is no medical justification 
for termination (increased risk for foetal malfor-
mations begins at 100–150 mGy and is very high 
at 2,500 mGy) [10]. Foetal doses in excess of 
200 mGy are rare for cancers which are remote 
from the pelvis and for which proper shielding 
has been applied.

11.8.2	 Chemotherapy

Data regarding long-term effects on children in 
uterus exposed to most chemotherapeutic agents 
are incomplete. The toxic effects of chemother-
apy depend on the timing of exposure, the dose 
and the characteristics of the drug to cross the 
placental barrier and affect the foetus. Generally, 
chemotherapy during the first 2 weeks after con-

ception causes spontaneous abortion; from the 
2nd to the 8th week of gestation (organogenesis) 
there is a high probability of congenital malfor-
mations and after the 3rd month an increased 
risk of growth retardation and low birth weight.

Bleomycin, doxorubicin, daunorubicin, vin-
blastine and vincristine have not been reported 
to cause adverse foetal outcome, whereas anti-
metabolites (methotrexate) and alkylating agents 
(cyclophosphamide), an integral part of regimens 
for treatment of NHL, should be avoided during 
the first trimester because of their properties of 
rapidly crossing the placenta and then carrying a 
high risk of malformations (absent toes, eye ab-
normalities, low-set ears, cleft palate).

During the second and third trimesters safe 
use of alkylating agents has been reported, with 
the exception of dacarbazine, which was not suf-
ficiently investigated [22].

11.9	 Treatment of HL in Pregnancy

HL has become one of the most curable human 
cancers, and overall about 80% of patients expe-
rience long-term disease-free survival. There-
fore, current treatment strategies aim at further 
improving treatment outcome, while trying to 
minimise therapy-induced complications, such 
as infertility, cardiopulmonary toxicity and 
secondary malignancies. ABVD [doxorubicin 
(Adriamycin), bleomycin, vinblastine, and da-
carbazine] [40] remains in most countries the 
standard therapy for patients with advanced HL, 
with eight cycles being the standard in Europe. 
Standard- or increased-dose BEACOPP (the lat-
ter known as BEACOPP-escalated, containing 
bleomycin, etoposide, doxorubicin, cyclophos-
phamide, vincristine, procarbazine, prednisone) 
[41] and Stanford V [42] are other commonly 
used treatments. Increased-dose BEACOPP may 
be particularly useful in patients with high-risk 
disease. However, increased-dose BEACOPP 
treatment is associated with higher rates of tox-
icity, including infertility and a higher risk of 
MDS/AML when compared to ABVD, and it is 
not the best choice if the patient wants to safely 
conclude her pregnancy.

The management of HL during pregnancy has 
been based on reports sometimes controversial 
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about successful use of a variety of different ther-
apies (Table 11.2). Furthermore, several contro-
versies, for example about therapeutic abortion 
and better treatment for subdiaphragmatic or 
clinically advanced disease, still remain.

11.9.1	 HL treatment During First Trimester

Therapeutic abortion must usually be avoided and 
is not justified except in inadvertent foetal expo-
sure to teratogenic chemotherapeutic agents or to 
>10 cGy RT during the first 10 weeks. In case of 
low-intermediate risk (stage I–IIB) it should be 
delayed until the end of the first trimester.

If this is not possible a watch-and-wait ap-
proach until the second trimester, because of 
progressive disease or high-risk patients (bulky 
disease, B symptoms, visceral involvement, sub-
diaphragmatic disease), of vinblastine alone or 

ABVD without dacarbazine may be used (mech-
lorethamine, vincristine, procarbazine, predni-
sone).

11.9.2	 HL treatment During 
Second and Third Trimesters

In localised or stable disease, treatment must be 
delayed as long as possible. In advanced cases 
with bulky disease, B symptoms, visceral involve-
ment and/or subdiaphragmatic disease and rapid 
disease progression, ABVD (without dacarba-
zine) is the standard regimen because it is less 
toxic for the foetus while still maintaining a very 
good efficacy compared to other regimens. On 
the other hand, RT must normally be postponed 
after delivery except for localised low-dose irra-
diation (20 Gy) with proper shielding in stage I 
non-bulky supradiaphragmatic disease.

Table 11.2  Treatment recommendation for Hodgkin lymphoma during pregnancy

Jacobs, 1981 
[13]

Ward, 1989 
[26]

Sutcliffe, 
1986 [43]

Dhedin, 
1993 [24]

Pohlman, 
2000 [44]

Pereg, 2007 [53]

First trimester TAB Watch and 
wait if SD

TAB or no 
treatment 
until 2nd 
trimester

If possible, 
watch and 
wait, TAB 
in case of 
symptomatic 
disease

Wait until 2nd 
trimester

RT with abdominal 
shelding for stage I 
supradiaphragmatic

IFRT for stage 
IA non-bulky 
(neck or 
axilla)

TAB for 
symptomatic 
and bulky 
disease. CT 
if abortion 
refused or PD 
(vinblastine 
alone)

if CT: 
vinblastine 
alone

TAB for 
symptomatic 
PD

TAB for high risk/ 
advanced stage

if CT: 
vinblastine 
alone or ABV

Wait until 2nd 
trimester or treat 
with single-agent if 
low risk / early stage

Second 
and third 
trimesters

- Stages I and 
II, watch and 
wait until 
delivery

Watch and 
wait if SD

CT for all 
patients

Watch and 
wait for 
localised 
disease until 
delivery

If possible, 
wait for 
delivery 
without 
therapy

ABVD

- Stages 
III and IV, 
symptomatic, 
vinblastine 
alone, or, 
MOPP

Therapy 
for PD 
(vinblastine 
alone or 
combination 
CT)

ABV or 
CHOP-
like for 
progressive 
disease

ABVD Delay delivery to 
non-cytopenic 
period

TAB, therapeutic abortion; IFRT, involved field radiotherapy; SD, stable disease; PD, progressive disease; CT, chemo-
therapy; RT, radiotherapy
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11.10	 Treatment of NHL in Pregnancy

Many considerations presented above about HL 
obviously apply to the treatment of NHL in preg-
nant women.

11.10.1	 Indolent NHL

Generally patients with indolent lymphoma 
can be just observed (wait and see) until after 
or at least until the end of first trimester, when 
appropriate treatment can be instituted.

11.10.2	 Aggressive NHL

This group is represented by diffuse large B cell 
lymphomas (DLBCL), which comprise around 
31% of all lymphomas, Burkitt and lymphoblas-
tic lymphomas. Treatment should be based on 
the identified prognostic factors, according to 
the International Prognostic Index (IPI) [45]. 
Patients with early-stage disease (stage I or II 
non-bulky without adverse prognostic factors) 
have much better outcomes than those with 
advanced-stage disease. CHOP (cyclophospha-
mide, doxorubicin, vincristine, prednisone) has 
for long time been the standard treatment for 
NHL. Current standard practice is represented by 
a chemo-immunotherapy approach with CHOP 

in combination with the anti-CD20 monoclonal 
antibody, Rituximab (R-CHOP). This combina-
tion has been associated with higher response 
rates and prolonged overall survival for young 
and old patients [46, 47]. The therapy of early-
stage disease usually consists of three cycles of 
R-CHOP followed by loco-regional RT. Alterna-
tively, six to eight cycles of R-CHOP without RT 
may be an equally valid alternative [46].

For advanced-stage disease, although more 
complex regimens have been proposed, a sig-
nificant treatment advantage over CHOP was 
not found. Increased dose CHOP-like regimens, 
shortening of the interval between courses to 
2 weeks and combination with Rituximab have 
changed the modern therapeutic options. In gen-
eral, the R-CHOP regimen given every 21 days is 
the current standard.

Most NHLs complicating pregnancy are ag-
gressive and disseminated. Aggressive histology 
inevitably results in poor maternal outcome if 
proper treatment is not given as early as pos-
sible. Although prognosis had been reported to 
be poor, there is recent evidence to suggest that, 
when properly treated, pregnancy does not affect 
the course of lymphoma. The risk to the foetus 
can also be reduced by an appropriate therapeutic 
approach. A few recommendations are available 
[22, 24, 44], mostly derived from experiences of 
the pre-Rituximab era (Table 11.3).

Table 11.3  Treatment recommendation for aggressive non-Hodgkin’ lymphoma during pregnancy

Ward, 1989  
[26]

Dhedin, 1998 [24] Pohlman 2000 [44] Pereg, 2007 [53]

First trimester TAB during the first 
8–12 weeks, followed 
by CT

TAB and systemic CT TAB and systemic CT TAB and standard CT

IFRT for patients who 
refuse abortion

IFRT for selected 
cases stage IA

IFRT for selected cases 
stage IA

Short treatment delay 
for selected cases 
diagnosed near the 
end of first trimester

Second and third 
trimesters

Combination 
chemotherapy when 
early delivery is not 
possible

Full-dose 
chemotherapy

Full-dose 
chemotherapy (CHOP)

IFRT for selected 
cases stage IA

High-dose CT 
for Burkitt’ and 
lymphoblastic 
lymphoma

Full-dose standard 
chemotherapy

TAB, therapeutic abortion; CT, chemotherapy; IFRT, involved- field radiotherapy
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11.10.3	 NHL Treatment During First Trimester

During the first trimester the approach should 
be based on disease stage. In women with stage 
IA disease, an involved irradiation with proper 
shielding could be proposed, or a “watch and 
wait” attitude until the second trimester. In ad-
vanced-stage disease, therapeutic abortion must 
be discussed, to allow immediate initiation of a 
multidrug regimen. When therapeutic abortion 
is refused, a decision regarding treatment must 
be made which balances the prognosis of the 
mother and the hazard to the foetus.

11.10.4	 NHL Treatment During 
Second and Third Trimesters

During the second and third trimesters the rec-
ommendations are to treat with full doses of the 
multidrug CHOP regimen. In the third trimes-
ter, if close to delivery, consider delivery before 
therapeutic intervention if foetal maturity has 
been established.

For localised disease Pohlman and Macklis 
[44] recommend three to eight cycles of CHOP, 
followed by involved-field radiotherapy (delayed 
until after delivery but no more than 9 weeks af-
ter the last cycle of chemotherapy). According to 
the GELA Group, radiotherapy is not indicated 
in the treatment [23].

CHOP is thought to be safe during the second 
and third trimesters of pregnancy. Data about 
R-CHOP are, however, quite scarce. Rituximab 
is a humanised IgG that passes the placental 
barrier and may interact with foetal B cells. Thus 
far, only a few case reports have been published 
on its use during pregnancy, all with short-
term information regarding the clinical and 
immunological follow-up. In general, it seems 
that Rituximab can be safely given in pregnant 
women. Herold et al. [48] report a case of a 29-
year-old pregnant woman with DLCL (CD20+), 
stage IIA bulky, treated with four R-CHOP cycles 
(full dose, without cyclophosphamide) in the 
second trimester. The patient achieved a very 
good partial remission and delivered a healthy 
girl. After delivery, two more cycles were given 
with complete remission. The child had a normal 

development, with a normal B cell population at 
4 months.

Kimby et al. [49] report the case of a 37-year-
old pregnant woman with relapsed indolent fol-
licular NHL who was treated with Rituximab 
(unintentionally) during the first trimester. The 
treatment stabilised the disease. After an uncom-
plicated pregnancy, a healthy child was delivered 
and careful haematological and immunological 
monitoring revealed no adverse effects result-
ing from exposure to Rituximab. Friedrichs et 
al. [50] reported a case of a 35-year-old woman 
with Burkitt lymphoma who was treated with 
Rituximab and CHOP therapy early during 
pregnancy. Monitoring of Rituximab concen-
trations and B-cell counts in the child revealed 
a transient complete B-cell depletion associated 
with high Rituximab cord blood concentrations. 
B-cell recovery was fast, showing a regular im-
munophenotype without loss of CD20 antigen, 
no functional deficits and adequate vaccination 
IgG titer.

Decker et al. [51] reported a case of a 
31-year-old woman who was diagnosed with 
a stage IIA diffuse large B-cell NHL (IPI low 
risk) at 15 weeks gestation. MRI showed an en-
larged mediastinum and enlarged left supracla-
vicular nodes. The patient was given six cycles of 
R-CHOP-14. A complete response confirmed by 
MRI was achieved after the second cycle of treat-
ment. In the 33rd week of pregnancy, the patient 
spontaneously delivered a healthy baby girl. The 
child’s B cells were severely diminished (1% of 
normal) at birth but started to recover 6 weeks 
later, reaching the normal range after 12 weeks.

Very aggressive histological types (Burkitt 
lymphoma and lymphoblastic lymphoma) usu-
ally need a more aggressive therapeutic ap-
proach than R-CHOP and are best treated with 
high-intensity chemotherapy regimens including 
HD-MTX, which cannot be safely administered 
in pregnancy. The decision about treatment in 
these cases, especially if diagnosed during the 
first trimester, will necessarily involve a discus-
sion of therapeutic abortion, and any treatment 
decision must be personalised, balancing the 
prognosis of the mother and the hazard to the 
foetus. No general guidelines can therefore be 
provided.
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11.11	 Conclusions

Although rare, HL and NHL during pregnancy 
require special consideration. It is a difficult situ-
ation in which the physicians need to provide the 
best approach to optimise the outcome for both 
mother and baby. Multidisciplinary care should 
always involve the mother, the foetus, and the 
family during the pregnancy, and long-term strict 
follow-up is advisable. In general, if possible, 
chemotherapy should be avoided during the first 
trimester, and whenever possible the pregnancy 
should be carried to term. Therapeutic abortion 
represents a complex issue with religious, ethical, 
psychological, social and cultural implications, 
which could not be addressed in this chapter. It 
does not appear to change the evolution of the 
disease and should be strictly reserved only for 
women who need urgent intervention. In fact, the 
published case reports with both maternal and 
foetal outcome support a pregnancy-conserving 
approach [52]. It is, however, likely that the use 
of therapeutic abortion is underreported. When 
treatment is necessary, mainly in the second and 
third trimesters, full doses of a properly chosen 
chemotherapy regimen can be administered, 
with curative intent. This rarely seems to carry 
consequences for the foetus. The same seems to 
be true for Rituximab with, however, still limited 
clinical experience. Radiotherapy should be de-
layed until delivery or, in selected cases, can be 
used with appropriate shielding to reduce the 
foetal exposure. Moreover, some authors suggest 
storing cord blood as a source of HLA-compat-
ible stem cells that can be valuable for future 
therapy [52]. With the current management ap-
proach, most pregnant women with lymphoma 
can successfully carry the foetus to term and be 
successfully cured as well, often without fertility 
impairment.
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12.1	 Introduction

Thyroid cancer is the most common endocrine 
malignancy. More frequently diagnosed in 
women, it is a disease often detected in young 
patients. Therefore, about 10% of thyroid cancers 
occurring during the reproductive years are di-
agnosed during pregnancy or in the early post-
partum period.

Thyroid cancer during pregnancy causes con-
siderable anxiety about the optimal timing of 
recommended treatments and about both ma-
ternal and neonatal morbidity. However, thyroid 
cancer in young people generally has an excel-
lent prognosis, and survival among women with 
thyroid cancer diagnosed during pregnancy may 
not differ from that in age-matched non-preg-
nant women with similar cancer.

Pregnancy faced after a carcinoma of the 
thyroid gland obviously needs both maternal 
and foetal controls. The main problems are: (1) 
to reach an adequate balance of maternal thy-
roid hormones which is absolutely required by 
the foetal central nervous system for a normal 
maturation, (2) to maintain the maternal levels 
of l-thyroxine in order to avoid possible recur-
rence or spread of the disease, and (3) to perform 
safe follow-up controls for the mother and plan 
further therapy when needed.

12.2	 Maternal and Foetal 
Thyroid Physiology

The thyroid gland is the first endocrine gland 
to appear in embryonic development. At 10–
12 weeks of embryo development, follicles con-
taining colloid become visible, and the thyroid is 

able to incorporate iodine into thyroid hormones. 
The ultimobranchial body, arising from the infe-
rior part of the fourth pharyngeal pouch, supplies 
follicular cells and C cells (parafollicular cells) to 
the lateral lobes of the thyroid, and the thyroglos-
sal duct derives from the thyroid diverticulum. 
The post-embryonic persisting remnants of the 
ultimobranchial body and thyroid diverticulum, 
such as thyroglossal duct cysts and lingual thy-
roids, have for a long time been suspected to be 
rich in stem cells, contributing to both follicular 
cells and C cell tumours (Santisteban 2005).

Thyroid hormones are major factors for the 
normal development of the foetal brain, and 
until the end of the first trimester, when the 
hypothalamic-pituitary-thyroid axis becomes 
functional, the foetal brain is strictly dependent 
on local deiodination of maternal thyroxine 
(Pop et al. 2003; Morreale de Escobar et al. 
2000; Glinoer et al. 2003; Shah et al. 2003; Al-
exander et al. 2004). Thyroid hormone defi-
ciency may cause severe neurologic disorders, 
resulting from defects in neuronal cell differen-
tiation and migration, axonal and dendritic out-
growth, myelin formation and synaptogenesis. 
The offspring of women with serum free thyrox-
ine (fT4) concentration in the lowest decile of 
the reference range at 12 weeks of gestation may 
have significant delays in neurodevelopment. 
The mother is the sole source of the foetal supply 
of thyroid hormones from conception to approx-
imately 13 weeks of gestation, when foetal thy-
roid function has developed. (Lazarus 2005; Lao 
2005; Obregon et al. 1998).

Hypothyroidism must be absolutely avoided 
in every pregnant woman, especially in thyroid 
cancer patients; therefore, correct supplementa-
tion of thyroxine is of extreme importance.
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During pregnancy the woman’s thyroid physi-
ology undergoes many well-defined changes, 
leading to an increase in the thyroid volume 
which is often associated with higher urinary io-
dine excretion. Also, such changes are related to 
the formation of new thyroid nodules with the 
histological features of nodular hyperplasia, and 
to an approximate doubling in thyroxine-bind-
ing globulin (TBG) concentrations due to an in-
crease in oestrogen levels. The increased concen-
tration of TBG as well as the increased capability 
to bind thyroxine (T4) can lead to augmented 
total T4 concentrations and reduced free fraction 
(see Table 12.1; Figs. 12.1 and 12.2). In healthy 
women, these changes lead to an increased TSH 
production with consequent increased produc-
tion of total thyroid hormones (Glinoer 2005; 
Burrow et al. 1994; Neale and Burrow 2004). The 
final effect consists of a significant increase in the 
total thyroxine pool, mainly in the first trimester. 
This increment may be brought about largely by 
thyroid stimulation induced by human chorionic 
gonadotropin (HCG), thanks to its structural af-
finity with thyrotropin (TSH). It can be observed 
that a slight increase in fT4 and a reduction in 
TSH occur between the 9th and 12th weeks of 
gestation (see Fig. 12.1); subsequently, HCG 

level decreases and TSH reaches normal non-
pregnant levels. The TSH concentration gener-
ally lies within the normal range after the 16th 
to 18th weeks (Santisteban 2005; Burrow et al. 
1994; Shah et al. 2003) (see Figs. 12.1 and 12.2). 
In hypothyroid or thyroidectomised pregnant 
women, these physiological assessments obvi-
ously cannot happen and l-T4 requirement in-
creases very early during pregnancy, reaching 
a plateau after the 16th to 20th weeks of gesta-
tion, with a required l-T4 dosage approximately 
30%–50% higher than that administered before 
pregnancy.

Besides the well-known association between 
gestational hypothyroidism and impaired intel-

Fig. 12.1  Thyroid hormones in pregnancy: physiologic 
adaptation. (1) TBG (thyroid binding globulin) increases 
due to stimulation from placental E2 and E3 (oestradiol 
and oestriol) and to reduced hepatic clearance. (2) HCG 
(human chorionic gonadotrophin) has thyrotropin-like 
activity and stimulates total T4 secretion. (3) TSH may 
decrease between weeks 8 and 14 of gestation, inhibited 
by increased T4

Fig. 12.2  Thyroid hormones in pregnancy: physiologic 
adaptation during gestational period

Table 12.1  Physiological changes in thyroid function dur-
ing pregnancy

↑ TBG ↑ Serum total T4 and 
T3

↑ HCG (TSH effect) ↑ T3 and T4 pool size

↑ III 5-deiodinase ↑ T3 and T4 
degradation

↑ Thyroid volume ↑ HTG (thyroglobulin)

↑ Iodine clearance TSH ↓
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lectual and cognitive development in the off-
spring, untreated or inadequately treated and 
subclinical hypothyroidism is associated with 
foetal loss, anaemia, gestational hypertension 
and pre-eclampsia, abruptio placentae, increased 
risk of miscarriage, foetal growth retardation, 
perinatal mortality and neonatal morbidity 
(Blazer et al. 2003; Glinoer 2005; Haddow et al. 
1999; Krassas 2000; Lao 2005; Morreale de Esco-
bar et al. 2000; Obregon et al. 1998).

12.3	 Thyroid Cancer

Thyroid cancer is the most common endocrine 
malignancy and is approximately 2.5 times more 
common in females than in males. Its incidence 
presents wide differences in various populations, 
ranging from 2 to 11 per 100.000 per year in de-
veloped countries. Those differences may be due 
to not only genetic but also environmental fac-
tors, mainly iodine deficiency. In the majority of 
autopsy studies no significant difference in the 
prevalence of occult microcarcinoma has been 
demonstrated between sexes, in contrast with 
clinically apparent papillary carcinoma, which is 
more common in women. These data could sug-
gest the importance of growth factors (mainly 
TSH but also HCG) in growth, progression 
and spread of papillary tumours. In vitro oes-
trogens have been shown to down-regulate the 
NIS (sodium iodide symporter) gene and pro-
mote the production of HTG, increasing HTG 
gene expression via oestrogen receptors pres-
ent in thyroid tissue, without stimulating rapid 
cell proliferation (Furlanetto et al. 1999; Bradley 
and Raghavan 2004; O’Connell and O’Doherty 
2000). This could support the hypothesis that sex 
hormones and, therefore, menstrual and repro-
ductive events may modify thyroid cancer risk in 
women (Truong et al. 2005), although these as-
sociations—which could indicate either a causal 
link or a surveillance bias—may reflect an aetiol-
ogy shared by both the above-mentioned factors 
and thyroid cancer. This relation has not yet been 
confirmed.

The median age at diagnosis is low, below 
40 years in most populations. For these reasons, 
differentiated thyroid cancer (DTC) is one of the 
most common cancers in women of reproduc-

tive age. Hence, thyroid cancer ranks among the 
most common cancers during pregnancy, with a 
prevalence of 3.6−14 per 100,000 live births, mir-
roring the population’s incidence (Bradley and 
Raghavan 2004; Yasmeen et al. 2005; O’Connell 
and O’Doherty 2000; Hay 1999).

12.3.1	 Differentiated Thyroid Cancer: Cancer 
Arising from Follicular Thyroid Cells

Mostly in young people, differentiated thyroid 
cancer (DTC) usually has a good prognosis, with 
an overall 90%–95% long-term disease-free sur-
vival for early-stage or low-risk tumours, repre-
senting the great majority of tumours diagnosed 
before 40–45 years of age. According to the cur-
rent staging score (see Tables 12.2 and 12.3), 
DTCs of any dimension, even with nodal inva-
sion, for patients below 45 years of age are classi-
fied as Stage I tumours, and pregnant patients are 
usually below 45 years of age.

Recent advances have improved our under-
standing of the pathogenesis of follicular-cell 
tumours as a classical model of multi-step car-
cinogenesis, in which cancer cells are produced 
from well-differentiated benign cells by transfor-
mation caused by accumulating damage to their 
genome. Some of these alterations have been 
clearly associated with radiation exposure.

Genetic alterations activating a common 
pathway of the RET-RAS-BRAF signalling cas-
cade and other chromosomal rearrangements 
have been identified in most DTC (see Fig. 12.3), 
mainly in radioinduced tumours. The existence 
of common genomic changes between DTC and 
anaplastic carcinoma may provide convincing 
proof of the multi-step carcinogenesis hypoth-
esis (see Fig. 12.3). Defects in transcriptional 
and post-transcriptional regulation of adhesion 
molecules and cell cycle control elements seem 
to affect tumour progression; thus mutations in 
the p53 gene do not seem necessarily responsible 
for the aggressive feature of anaplastic carcinoma 
(Kondo et al. 2006).

Although gene expression in thyroid can-
cer reveals highly consistent profiles, a second 
hypothesis has been proposed, which could 
possibly explain other “non-genetic non-RET” 
tumours: the hypothesis of foetal cell carcino-
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Table 12.3  Stage grouping for DTC

≤45 years >45 years

Papillary, follicular Papillary, follicular, medullary

Stage I Any T, any N, M0 T1 N0 M0

Stage II Any T, any N, M1 T2 N0 M0

Stage III — T1–T2 N1a M0

T3 N0-N1a M0

Stage IVa — T1–T2–T3 N1b M0

T4a N0–N1 M0

Stage IVb — T4b  M0 any N M0

Stage IVc — Any T any N M1

Table 12.2  TNM classification (UICC, AJCC 2002)

T (primary tumour)

Tx Primary tumour cannot be assessed

T0 No evidence of primary tumour

T1 Tumour 2 cm or less in greatest dimension limited to the thyroid

T2 Tumour more than 2 cm but not more than 4 cm in greatest dimension limited to the thyroid

T3 Tumour more than 4 cm in greatest dimension limited to the thyroid or any tumour with 
minimal extra-thyroid extension (e.g. extension to sternothyroid muscle or perithyroid soft 
tissues)

T4a Tumour of any size extending beyond the thyroid capsule to invade subcutaneous soft tissues, 
larynx, trachea, oesophagus or recurrent laryngeal nerve

T4b Tumour invades prevertebral fascia or encases carotid artery or mediastinal vessels

All categories may be subdivided in solitary tumour and multifocal tumour (m) (the largest determines  
the classification)

All anaplastic carcinomas are considered T4 tumours

T4a Intra-thyroid anaplastic carcinoma—surgically resectable

T4b Extra-thyroidal anaplastic carcinoma—surgically unresectable

N (regional lymph nodes)

Regional lymph nodes are the central compartment, lateral cervical and upper mediastinal lymph nodes

Nx Regional lymph nodes cannot be assessed.

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

N1a metastasis to level VI (pretracheal, paratracheal and prelaryngeal/Delphian lymph 
nodes)

N1b Metastasis to unilateral, bilateral or contra-lateral cervical or superior mediastinal lymph 
nodes

M (distant metastasis)

Mx Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis
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Fig. 12.3  Model of multi-step carcinogenesis of follicular cells thyroid tumours. TSH receptor gene: Activating muta-
tions in part of the TSH-R gene have been demonstrated to result in increased amounts of cAMP stimulating prolifera-
tion and differentiation. Frequently found in hyperfunctioning adenomas, they are not found in thyroid cancers. RAS 
signalling pathway Point mutations in RAS activate the RAS molecule. Mutations in RAS have been shown in 50% of 
both benign and malignant thyroid tumours, indicating that RAS mutations are early events in thyroid tumourigenesis. 
Interaction between mutated RAS and other molecules such as IGF-I, PAX-8 and TTF1 have been postulated in differ-
entiated thyroid cancers. TP53 gene: The p53 protein has a central role in cell cycle regulation. When genetic disruptions 
are recognised at the G/S checkpoint, p53 induces cell cycle arrest. The DNA repair systems are activated and, if repaired, 
the cell will proceed into the S phase and mitosis. However, if a cell is seriously damaged, p53 induces apoptosis. p53 
mutations inhibit these protective mechanisms

genesis, according to which cancer cells are de-
rived from the remnants of foetal thyroid cells 
rather than normal follicular cells (Takano and 
Amino 2005; Zhang et al. 2006; Thomas et al. 
2006). Both hypotheses can be true and coexist; 
the second hypothesis (foetal cell carcinogen-
esis) could explain some cases of unusual rapidly 
growing DTC. Both hypotheses would suggest a 
higher thyroid neoplasm proliferation in stimu-
lated thyroid tissue during pregnancy or adoles-
cence, though even in growing tissues these can-
cers show a very good prognosis.

The best treatment for nearly all identified 
malignant thyroid neoplasm is surgery. Excep-
tions include some patients with anaplastic thy-
roid cancer or lymphoma. The aim of the primary 
treatment is an adequate excision of the primary 
tumour and any loco-regional extension. Con-
siderable controversy exists as to the optimal 

extent of primary surgical resection. According 
to the extent of the disease, hemithyroidectomy 
or radical thyroidectomy is performed. As nodal 
spread is relatively common, initial surgical ex-
ploration should include careful examination of 
the central compartment nodes (paratracheal 
and tracheoesophageal) as well as dissection of 
clinically suspicious nodes for frozen section ex-
amination. Nodes in the jugular chains should 
also be carefully examined with ultrasound 
(US) before surgery and, when suspicious, fine-
needle aspiration biopsy (FNAB) should be ob-
tained. If nodal involvement is confirmed, total 
thyroidectomy and modified radical neck dis-
section are indicated. No convincing evidence 
justifies prophylactic multi-compartmental 
neck dissection in patients with PTC, especially 
in the absence of palpable metastatic lymphade-
nopathy.
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12.3.1.1	 Adjuvant Therapies

Thyroid Hormones

For endocrine therapy, post-operative oral ad-
ministration of supraphysiologic oral doses of 
levothyroxine is used, assuming that the suppres-
sion of endogenous production of TSH deprives 
TSH-dependent DTC cells of an important 
growth-promoting influence and the goal for 
basal serum TSH should be in the 0.1–0.4 mIU/l 
range.

Radioactive Jodine

When radical thyroidectomy is performed, the 
second most frequently used post-operative ad-
juvant therapy for patients with DTC is radio-
active iodine (RAI) therapy, with doses of I-131 
administered in an attempt to destroy persistent 
neck disease or distant metastatic lesions. This 
adjunctive therapy is supposed to destroy occult 
microscopic carcinoma within the thyroid rem-
nant by being actively trapped both by normal 
and pathological thyroid cells, and to facilitate 
follow-up because serum thyroglobulin (Tg) 
measurements are more reliable after the de-
struction of residual normal thyroid tissue.

External Irradiation

External irradiation is rarely used as adjunctive 
therapy in the initial management of patients 
with DTC, which is known to be poorly radio-
sensitive. It may be useful, however, in patients 
with poorly differentiated (higher histologic 
grade) tumours that do not concentrate RAI.

Chemotherapy

In patients with DTC, chemotherapy is restricted 
to those tumours that are surgically unresectable, 
are unresponsive to RAI and have been treated 
with external irradiation.

Unfortunately, no actual treatment protocol 
has yet resulted in constant tumour regression or 
stabilisation.

12.3.1.2	 Follow-Up

Follow-up is planned according to the stage of 
the disease and the extent of the surgery per-
formed.

Every patient undergoes neck ultrasound and 
serum assay for thyroglobulin, HTG antibodies, 
fT4 and TSH. For thyroidectomised high-risk 
patients, I-131 scan is also indicated, and serum 
HTG measurement—performed either with thy-
roxine therapy deprivation or under recombi-
nant human TSH (rTSH) stimulation—has been 
proven to be a useful and reliable marker of dis-
ease progression or persistence.

In our own experience, the best follow-up 
method to detect loco-regional recurrences is, 
without doubt, neck sonography followed by a 
meticulous physical examination by experienced 
personnel and, if indicated, ultrasound-guided 
FNA to confirm clinical suspicion of neck recur-
rence.

12.3.2	 Medullary Thyroid Cancer: 
Cancer Arising from Parafollicular 
Thyroid Cells

Medullary carcinoma of the thyroid (MTC) con-
stitutes approximately 5%–10% of thyroid can-
cers, though there are no precise figures available 
for both incidence and survival rates because of 
the great geographic variations mainly due to its 
familial pattern. Although uncommon, MTC is 
interesting because of its biochemical and ge-
netic features and clinical association, both in 
the autosomal-dominant inherited syndromes 
with incomplete penetrance (MEN IIA and IIB) 
and in the non-MEN forms.

Familial cases account for about 30% of 
MTCs (see Fig. 12.4). Sporadic or non-familial 
forms, which usually occur after the age of 40, 
are more malignant than follicular carcinoma. 
The occurrence of MTC in both sporadic and fa-
milial forms makes the clinical approach to this 
tumour different from that for other thyroid tu-
mours. First, patients with MTC should always 
be suspected of carrying the genetic form of the 
disease. Secondly, the possible presence of asso-
ciated conditions, such as pheochromocytoma, 
should be recognised before submitting patients 
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to thyroidectomy. Finally, since MTC clinical be-
haviour is extremely variable, this type of tumour 
represents a true therapeutic challenge.

MTC arises from C cells secreting calcitonin, 
a 32-amino acid peptide. Calcitonin is the most 
clinically useful biochemical marker for these 
tumours, and C cell hyperplasia represents a 
pre-cancerous stage. These neuroendocrine cells 
are believed to be of neural crest origin, thus 
having a separate lineage from the endoderm-
derived follicular thyroid cells. For this reason, 
in addition to calcitonin gene products, such as 
calcitonin CGRP (calcitonin-gene-related-pep-
tide) and C-CAP (katacalcin), MTC cells express 
several other biochemical markers that reflect 
the APUD features of those cells present in the 
diffuse neuroendocrine system (see Table 12.4), 
implicated in the pathogenesis of the symptoms 
that may occur in patients with advanced disease. 
Such symptoms include flushing, diarrhoea, car-
cinoid syndrome or Cushing syndrome. These 
cells can also produce prostaglandins and other 
neuroendocrine markers such as chromogranin 
A, now used with calcitonin and CEA in MTC 
patient follow-up.

When dealing with MTC, we should always 
bear in mind that these patients may be the index 
case for one of the familial forms of the disease: 
Pre-symptomatic screening of relatives of MTC 
patients enables early diagnosis of this malig-
nancy. Early diagnosis rather than more exten-
sive surgery may improve survival and reduce re-
currences, mostly in the MEN IIB form of MTC, 
which is highly aggressive. In MEN IIB carriers, 

routine thyroidectomy is justified in childhood, 
regardless of serum calcitonin level.

Biochemical screening of familial disease 
consists of serum calcitonin evaluation both in 
the basal state and after pentagastrin stimulation. 
After the identification of a mutation in the RET 
proto-oncogene, both in MEN IIA and B and 
in non-MEN forms, genetic screening of indi-
viduals with a RET mutation may be performed. 
Screening studies should begin shortly after birth 
in infants at risk for MEN IIB, and by 1 year of 
age in children at risk for MEN IIA.

In inherited forms, the initial germline mu-
tation produces multiple foci of cells—the so-
called C-cell hyperplasia—that are susceptible to 
tumour formation, and each MTC is the result 
of a second cell transformation in one of these 
susceptible clones (see Fig 12.4).

Fig. 12.4  Model of multi-step carcinogenesis of medullary thyroid cancer

Table 12.4  Medullary thyroid cancer

Secretion products and tumour markers

Calcitonin

Katacalcin (= C-pro-calc) pro-calcitonin

CGRP (calcitonin-gene-related peptide)

CEA,

Chromogranin A, amyloid, melanin, NSE

Catecholamines, dopa-decarboxylase, histaminase, 
serotonin, prostaglandins, kallikreins, kinins

ACTH and CRF, MSH , nerve growth factor, 
somatostatin, β-endorphin, substance P, VIP, prolactin-
releasing hormone, neurotensin, gastrin-release peptide
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Primary MTC lesions become visible at 
echography as solid masses; dense calcifications 
may appear on plain film radiography. Fine nee-
dle aspiration shows a mixture of round, polyhe-
dral and spindle-shaped cells which may seem 
undifferentiated and look like a variable amount 
of extra-cellular amyloid.

The cells of C-cell hyperplasia are rich in 
mature neurosecretory granules containing 
calcitonin; the foetal marker CEA is expressed 
only at low levels. In microscopic MTC, however, 
CEA levels are increased and the pattern of stain-
ing for calcitonin is homogeneous. Very aggres-
sive tumours stain for calcitonin less intensely, 
and with a heterogeneous pattern. Calcitonin 
immunostaining and circulating CEA levels are 
now used as prognostic factors. Somatostatin, 
secreted by thyroid C cells, seems to play an im-
portant role in the regulation of normal calcito-
nin secretion. MTCs, like other neuroendocrine 
tumours, usually express somatostatin receptors. 
Follow-up of MTC patients can therefore be 
performed by using the somatostatin analogue 
octreotide scintigraphy (octreoscan) also. Imag-
ing of recurrent MTC with an octreotide scan 
should be employed to determine the presence 
of somatostatin receptors: The presence of these 
receptors provides the basis for treatment with 
long-acting analogues of somatostatin or with 
Y-octreotide (DOTATOC).

Another useful marker is chromogranin A, a 
glycoprotein present in a variety of polypeptide-
secreting endocrine cells including cells from 
the adrenal medulla, parathyroids and thyroid C 
cells. Tumours staining for chromogranin A can 
be subsequently monitored with chromogranin 
assay.

MTC is somewhat more aggressive than 
papillary or follicular carcinoma, but not as ag-
gressive as undifferentiated thyroid cancer. It 
locally extends into lymph nodes and into the 
surrounding muscles and trachea. It may invade 
lymphatic and blood vessels and metastasizes in 
lungs, bones and liver.

Sporadic MTC tumours are often monolateral 
with a single localisation, while familial forms are 
mostly bilateral and often multifocal or diffuse. 
For these reasons, total thyroidectomy appears 
to be the appropriate approach to MTC, even in 
paediatric and adolescent patients. Central neck 
and upper mediastinum clearance and, in addi-

tion, mono- or bilateral node dissection (depend-
ing on the extent of nodal involvement) would be 
also advisable. The most appropriate treatment 
for clinical N0 tumours is still a matter of debate, 
but most surgeons prefer performing prophylac-
tic node dissection because MTC metastasizes in 
regional lymph nodes at a very early stage.

Surgery is the only treatment which is consid-
ered potentially curative for metastatic or recur-
rent medullary carcinoma. The role of radiother-
apy is controversial, as MTC is generally thought 
not to be radio-sensitive, but only few studies 
have reported a favourable response with external 
radiotherapy in patients with inoperable or re-
current disease. Therapy with octreotide (a long-
acting somatostatin analogue) has been tested in 
metastatic disease, without consistent effects in 
most patients, perhaps owing to the low density 
of somatostatin receptors in advanced disease. 
Radioactive iodine is ineffective because I-131 
uptake by MTC cells is negligible. Radiometabolic 
therapy with Y-DOTATOC, radioactive yttrium 
linked to octreotide, has shown favourable effects 
in less than 20% of metastatic patients. No reli-
ably effective chemotherapeutic regimen has yet 
been identified. Various agents have been tested, 
but none appears to be able to lead to long-last-
ing remission. The administration of dacarbazine 
plus 5-FU has been proposed: these drugs seem 
to have acceptable activity and are well-tolerated, 
though the natural history of MTC is so variable 
that these results should be considered provi-
sional. Moreover, new drugs with anti-angioge-
netic, anti-tyrosine kinase and anti-VEGF effects 
are currently under observation.

In conclusion, there are several new ways to 
expedite the diagnosis of MTC and to follow 
up patients after surgery: biochemical markers 
(CEA, calcitonin, katacalcin, cromogranin-A, 
etc. according to tumour staining) and scanning 
with specific ligands such as octreotide. Further-
more, there are new therapeutic approaches un-
der validation for advanced or recurrent disease 
(Gagel et al. 2005; Raue and Raue 2005; Gimm 
and Dralle 2005).

12.3.3	 Other Tumours in the Thyroid Gland

Less common histological types such as insular, 
poorly differentiated or undifferentiated thyroid 



12  Pregnancy and Thyroid Cancer 131

cancers are extremely uncommon in young peo-
ple. They are very aggressive, poor-prognosis tu-
mours and deserve different treatment, from de-
bulking to demolitive surgery according to stage, 
local spread and histology.

Lymphomas, sarcomas and angiosarcomas or 
metastasis from distant tumours are sometimes 
found in the thyroid gland, but prognosis and 
therapy are the same as for these tumours with 
different localisation.

12.4	 Thyroid Cancer and Pregnancy

Pregnant women with malignant thyroid nod-
ules are twice as likely to be asymptomatic as 
non-pregnant women, because of physiological 
thyroid increase during pregnancy. For this rea-
son, thyroid cancers found in pregnant women 
are often larger than in non-pregnant patients. 
Clinical and ultrasound findings are often 
enough to suspect a malignancy. Skilled exam-
iners and good-quality images with grey-scale 
and power Doppler US seem more reliable than 
any other technique in detecting and differenti-
ating malignant and benign solid thyroid nod-
ules, especially for small lesions. This is crucial 
if we have to give up other control methods such 
as I-131 scan or CT scan because of pregnancy. 
Even during pregnancy, US-guided FNAB is the 
investigation of choice, thanks to its reliability 
and safety.

Papillary thyroid cancer is the most common 
histological type detected in pregnant women, 
and in most series 90%–95% of thyroid carci-
nomas diagnosed are Stage I disease, most of 
them found in the first trimester of pregnancy 
at the first antenatal visit. The predominance 
of papillary cancer may be an important fac-
tor favouring localised disease, as these cancers 
metastasizes slowly and mostly in the lymphatic 
system, whereas less common follicular cancers 
tend to spread via angioinvasion with a higher 
frequency of distant metastasis. Although thy-
roid cancer during pregnancy may have a faster 
growth (Rosen et al. 1997; Kobayashi et al. 1994) 
since hormonal factors (mainly HCG) could ac-
celerate tumour progression, the real impact of 
pregnancy seems to be minimal. As a matter of 
fact, the rates of recurrence or the disease-free 
period do not differ between pregnant and non-

pregnant women affected by the same disease 
(Hod et al. 1989; Yasmeen et al. 2005; Chloe and 
McDougall 1994; Rosen et al. 1997; Mestman et 
al. 1995). Hod et al. did report one single case 
of accelerated tumour growth during pregnancy, 
but this would appear to be an exception rather 
than the rule (Hod et al. 1989).

In a large retrospective study on 595 preg-
nancy-associated thyroid cancers, Yasmeen et al. 
detected no difference in outcome, disease-free 
survival and morbidity when compared to age-
matched non-pregnant women (Yasmeen et al. 
2005). In contrast to what is observed in other 
pregnancy-associated cancers, no metastasis of 
DTC to placenta or foetus has yet been reported. 
An association between thyroid cancer and par-
ity or full-term pregnancy has been investigated 
in many studies without significant or conclusive 
results (Truong et al. 2005).

In a large study conducted by Truong et al., 
a history of miscarriage was associated with a 
slightly increased risk of DTC (odds ratio 1.4) 
while voluntary abortion was associated with an 
odds ratio of 3.1. Voluntary abortion was more 
strongly associated with papillary microcarci-
noma than with larger tumours. The mechanism 
linking miscarriage to thyroid cancer has not 
been explained yet, though, besides HCG stimu-
lating effect, it is likely that miscarriage may be 
induced by thyroid disorders (mainly autoim-
munity often associated with thyroid cancer) 
or hormonal dysfunction such as hypothyroid-
ism. The study of Truong et al. demonstrated a 
stronger association between voluntary abortion 
and thyroid cancer. However, this may reflect a 
surveillance bias, since these women may also 
be more actively screened for thyroid disorders. 
This hypothesis is supported by the strong asso-
ciation with microcarcinomas and by the short 
time span between abortion and cancer diagno-
sis (Truong et al. 2005; Krassas 2000).

During pregnancy, cellular immunity changes, 
as reflected by a decrease in the T-cell number. 
Pregnancy-associated immune tolerance, de-
signed for foetal survival, could enhance disease 
progression, though, according to bibliographic 
searches and our own experience, pregnancy 
after thyroid cancer has shown no significant ef-
fect on morbidity, disease-free period or survival 
time, and pregnant women with thyroid cancer 
had favourable outcomes regardless of the timing 
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of diagnosis (Moosa and Mazzaferri 1997; Brad-
ley and Raghavan 2004).

Guidelines for the evaluation and treatment of 
thyroid cancer must consider the gestational age 
but also the individual patient’s wishes. Detection 
of a thyroid cancer during pregnancy should not 
be the reason for termination of pregnancy, and 
in the large majority of cases it does not require 
urgent surgery.

The problem of thyroid cancer and pregnancy 
can affect three groups of patients:
1.	 Patients with no prior history of cancer in 

whom a malignant thyroid nodule is sus-
pected or diagnosed during pregnancy. For 
these patients, surgery could be safely per-
formed during the middle trimester or de-
layed until delivery without worsening the 
prognosis (Chloe and McDougall 1994; Tan 
et al. 1996). Thyroidectomy during pregnancy 
has not been associated with adverse maternal 
or neonatal outcomes (Harmer and McCready 
1996; Vini et al. 1999) There are no indications 
for termination of pregnancy (O’Connell and 
O’Doherty 2000). When surgery is planned 
during pregnancy, it is important to consider 
both gestational age and the type of general 
anaesthesia. Whenever possible, the opera-
tion should be performed during the second 
trimester or after delivery. During the first 
trimester, that is the organogenesis period, 
general anaesthetic agents may have some 
teratogenic potential or may rise the risk of 
miscarriage. In the third trimester, surgery 
may induce premature labour. Physiological 
changes of pregnancy, such as increased heart 
rate and blood volume, may complicate gen-
eral anaesthesia, and hypotension caused by 
vena cava compression of the uterus during 
a prolonged supine position may cause foetal 
hypoperfusion (Bradley and Raghavan 2004). 
Postponing surgery to at least 6–7 months af-
ter diagnosis of DTC in the first trimester has 
not adversely affected prognosis; on the other 
hand, thyroidectomy can be safely performed 
in the second trimester of pregnancy or af-
ter delivery (Lao 2005). Thyroxine therapy 
should be started immediately after surgery 
because untreated hypothyroidism may ex-
pose the mother to a higher risk of disease 
recurrences as well as having an adverse ef-

fect on cognitive functions and on the regular 
growth of the offspring. Regular assessments 
of TSH and fT4 level every 6/8 weeks during 
pregnancy and breast-feeding are indicated to 
ensure an adequate dose of l-thyroxine. Fol-
low-up may be carried out on a regular basis 
with ultrasound techniques and thyroglobu-
lin assay, as in non-pregnant women. Radio-
iodine therapy, when needed, can be safely 
postponed until after breast-feeding.

2.	 Pregnant patients with a history of previ-
ously treated DTC with no evidence of re-
current or persistent disease by imaging and 
by thyroglobulin measurement (“cured” pa-
tients). Whether women treated for thyroid 
cancer should become pregnant is a matter 
of concern, but current evidence suggests 
that DTC should not discourage intended 
pregnancy, with the usual recommenda-
tion to postpone it to at least 6 months after 
radioiodine therapy. Despite the theoretical 
proliferative stimulation caused by HCG and 
placental growth factors, published data show 
that there is no evidence that thyroid cancer 
can be influenced by pregnancy. Also, follow-
up studies have shown no significant increase 
in risk. Usually, patients are recommended 
to postpone pregnancy to 6–12 months after 
radioiodine (I-131) treatment, to avoid a pos-
sible higher risk of miscarriage noted in the 
first few months after radioiodine therapy 
and to allow time enough to exclude residual 
disease requiring further treatment (Lazarus 
2005; Schlumberger et al. 1996; O’Connell 
and O’Doherty 2000). The mutagenic effect of 
radiation and the theoretical possibility that it 
may affect germ cells, thereby causing genetic 
damage, congenital abnormalities and malig-
nancy in the offspring, miscarriages or pre-
mature birth, have raised concerns about the 
use of radioactive iodine during childbearing 
age. Virtually any person treated with any 
dosage of I-131 is at potential risk, but current 
information based on experimental evidence 
in animals and follow-up studies on humans 
failed to reveal statistically significant effects 
of I-131 on chromosomal abnormalities, con-
genital malformation and childhood cancers. 
In a large retrospective study, Dottorini et al. 
evaluated fertility and long-term effects of 
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I-131 therapy in 815 women. Among children 
born from I-131-treated women, the authors 
found only one case of ventricular septal de-
fect and patent ductus arteriosus (Bal et al. 
2005; Dottorini et al. 1995; Krassas 2000). A 
possible increase in the rate of miscarriages 
has been reported to occur in the early pe-
riod after therapy, but it remains uncertain 
whether abortion can be caused by I-131 per 
se or by the thyroid autoimmunity often asso-
ciated with the disease, or by the hypothyroid-
hyperprolactinemic status accompanying I-
131 therapy. At present, a consensus has been 
reached on the fact that radioiodine treatment 
of DTC does not affect pregnancy outcome 
and does not appear to be associated with 
any genetic risk, with the usual recommenda-
tion to delay pregnancy for 6–12 months after 
radioiodine exposure, even if there is no evi-
dence that pregnancy before this period could 
lead to a less favourable outcome (Krassas 
2005).

3.	 Pregnant patients with evidence of persistent 
disease despite therapy. Management of these 
patients and providing evidence-based advice 
are obviously extremely difficult tasks. Pa-
tients with active DTC can be reassured that, 
as mentioned above, pregnancy itself does not 
appear to increase disease progression; there-
fore a gap in treatment during pregnancy is 
not contraindicated. When simple increase 
in serum HTG levels are observed, further 
therapy is not necessary. For patients with 
local recurrent disease, ultrasound examina-
tion by skilled hands is of utmost importance, 
both to help surgeons in selecting tissues to be 
removed and to perform local therapy, such 
as alcoholisation of small lesions. For patients 
with advanced disease, ultrasound control of 
tissue growth can help in therapeutic deci-
sions such as timing of surgery. As mentioned 
above for the first diagnosis of thyroid cancer, 
whenever possible, surgery should be car-
ried out during the second trimester or after 
delivery.

For any patient, both with first diagnosis or re-
current disease, post-operative therapy for DTC 
is based on the administration of supraphysio-
logic “suppressive” oral doses of l-thyroxine. This 

treatment has been widely used for more than 
40 years, with the assumption that suppression 
of endogenous TSH deprives TSH-dependent 
DTC cells of the most important growth factor. 
Therefore, thyroxine therapy aims at suppressing 
pituitary secretion of TSH, as indicated by serum 
TSH levels below 0.05 mIU/l. In univariate anal-
yses, thyroxine therapy apparently helps decrease 
cancer-related death rates among patients with 
PTC. Many series have reported reduced rates 
of tumour recurrence both in PTC and in FTC. 
Doses of l-thyroxine greater than 150/200 μg (at 
least 2 μg/kg/day) are usually needed to maintain 
the maternal serum free thyroxine concentra-
tion within the upper third of the reference range 
and to suppress TSH levels. Usually, the dosage 
needs to be increased as early as during the fifth 
week of gestation, and fT4 TSH control is recom-
mended every 6 weeks for adequate adjustment 
of the dosage. After delivery, thyroxine dose can 
be gradually reduced to the pre-pregnancy level, 
while TSH concentration should be constantly 
monitored (Glinoer 2003; Lao 2005).

Patients with MTC, whose tumours deriving 
from C cells are not TSH-dependent, do not re-
quire suppressive therapy but only thyroxine re-
placement therapy after surgery, and the dosages 
are those used for hypothyroidism.

The pregnancy status requires much more ac-
curacy in assessing l-thyroxine dosage to protect 
the foetus from maternal hypothyroidism be-
cause, as mentioned above, the mother is the sole 
source of thyroid hormones for the embryo in 
the first trimester of pregnancy. As regards phar-
macokinetics, oral dosing produces therapeutic 
effects within 3–5 days. Approximately 40%–
80% of oral doses is absorbed, with peak serum 
levels measured within 2–4 h, the half-life of an 
administered dose being approximately 1 week. 
The extent of absorption is increased in fasting 
status and decreased in inadequate intestinal ab-
sorptions, often caused by other drugs, such as 
ferrous sulphate. Therefore, during pregnancy, 
thyroxine and ferrous sulphate dosages should be 
spaced at least 4 hours apart. There is limited but 
still important placental transfer of maternal T4 
to the foetus (Burrow et al. 1994), while placen-
tal type III deiodinase catalyses the conversion 
of T4 to the more active form reverse-T3, which 
crosses the placental barrier, and to less active 
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3,3’-diiodothyronine (T2). This represents a ho-
meostatic mechanism for maintaining T3 pro-
duction in the placenta when maternal serum T4 
concentrations are modified (Burrow et al. 1994; 
Dussault et al. 1969; Fisher et al. 1964). Frequent 
monitoring and adjustment of l-T4 dosage are 
then important because of large fluctuation of T4 
metabolism during pregnancy.

12.5	 Concluding Remarks

When treating thyroid cancer in pregnancy, three 
factors should be considered:
1.	 The effect of cancer on pregnancy: → no me-

tastasis to placenta or foetus; no IUGR.
	 Pregnancy seems not to be compromised by 

thyroid cancer.
2.	 The effect of pregnancy on cancer: → in vitro 

accelerated cell growth; no effect seen in vivo
	 Survival and disease-free interval seem iden-

tical in pregnant and non-pregnant women.
3.	 The effects of management modalities on 

pregnancy outcome: → no I-131 l-T4 require-
ment. Critical monthly adjustment of l-thy-
roxine therapy.
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13.1	 Introduction

As postponing childbearing to later reproduc-
tive ages constitutes a trend in developed societ-
ies and cancer incidence increases with age, the 
occurrence of malignancy during pregnancy is 
likely to become an increasingly common phe-
nomenon [1]. Still, gastrointestinal (GI), renal 
and pulmonary malignancies usually affect pa-
tients of older age, making their association with 
pregnancy rare. The experience accumulated 
suffices for the formulation of clinical guidelines 
only in the case of colorectal cancer, while in the 
case of other GI, renal and pulmonary tumours 
one must resort to application of standard clini-
cal practice adapted to the peculiarities of preg-
nancy. In any case, the clinical expertise of the 
multidisciplinary management team, the extent 
of disease and the prognosis, coupled to feedback 
from the patient and family, will define the thera-
peutic approach.

13.2	 Gastrointestinal Cancer

13.2.1	 Colorectal Cancer

13.2.1.1	 Epidemiology

Colorectal cancer (CRC) is the third leading 
cause of cancer death in women, though it is un-
common in women aged less than 40 years. The 
cumulative risk of developing colorectal cancer 
in women before their forties is 1:2,000 [2]. The 
incidence of colorectal cancer during gestation 
appears to be 1 in 13,000 pregnancies, with a me-
dian patient age of 31. Up to the year 2003 three 
hundred cases of gestational colorectal cancer 
have been reported in the medical literature [3].

Colorectal cancer in young patients is occasion-
ally associated with genetic syndromes or chronic 
inflammation. Familial adenomatous polyposis, 
Lynch syndromes, familial colorectal cancer syn-
drome and long-standing inflammatory disease 
of the bowel are present in young patients with 
CRC more often than in those older than 50 years. 
Still, in a series of 19 pregnant women with CRC, 
only 4 had recognisable genetic syndromes or in-
flammatory bowel disease [4]. It appears that ex-
isting data for geographic variation of CRC inci-
dence in the general population are no different 
in pregnant women. A higher incidence is seen 
in industrialised societies of Western Europe and 
North America, while it is 15 times lower in Af-
rica, South America and Asia [5].

An intriguing finding is the high incidence of 
rectal cancers in pregnant women. Only 20%–
25% of large intestine tumours are located in the 
rectum in the general population, as opposed 
to 80% of tumours in 205 pregnant patients re-
ported by Bernstein et al. [6]. This phenomenon 
may reflect a different biology of the malignancy 
or could simply be due to easier diagnosis of the 
occasional rectal tumours because of exacerba-
tion of rectal symptoms from uterine pressure or 
frequent gynaecological examinations.

Adenocarcinoma is by far the most frequent 
histologic type of cancer of the colon and rec-
tum. Several case reports and patient series pro-
vide hints for predominance of poorly differen-
tiated mucinous tumours in pregnant women. 
However, other published reports lack such data 
and the relative proportion of high-grade adeno-
carcinomas during pregnancy cannot be safely 
estimated [7, 8]. Data on lymphatic/vascular 
invasion, perineural invasion, aneuploidy, mic-
rosatellite instability and thymidylate synthase 
levels are lacking as well.
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13.2.1.2	 Presentation

Symptoms and signs such as abdominal cramps, 
rectal bleeding, diarrhoea, constipation, weight 
loss, nausea-vomiting, abdominal mass and 
anaemia make up a clinical picture common to 
both the general population and pregnant CRC 
patients [9]. However, the co-existence of preg-
nancy may mask some of these or prompt the 
patient and physician to attribute them to gesta-
tion. Nausea is often misdiagnosed as a normal 
manifestation of pregnancy, though it should 
wane after the first trimester. Anaemia may be 
attributed to pregnancy-associated iron/folate 
deficiency and haemodilution, while weight loss 
and abdominal masses are masked by the foetus. 
Haemorrhoids, often present in pregnancy, are 
taken as the sole source of rectal bleeding and 
hormonal changes with pressure from the gravid 
uterus as the cause of altered bowel habits.

Laboratory investigations reveal microcytic 
anaemia, hypoalbuminaemia and deranged 
liver function tests in the presence of hepatic 
metastases. Ironically, the first two along with 
elevated serum alkaline phosphatase levels are 
seen in normal pregnancies, because of iron/fo-
late deficiency, increase of plasma volume and 
enhanced placental synthesis of alkaline phos-
phatase. Overall, symptoms and signs commonly 
associated with pregnancy are unlikely to worry 
patient and physician enough to embark on a di-

agnostic work-up which is potentially hazardous 
for the embryo. Therefore, pregnant women are 
diagnosed with locally advanced or metastatic 
colorectal tumours more often than their non-
pregnant counterparts [10]. Epidemiological and 
clinicopathological differences between colorec-
tal tumours affecting pregnant and non-pregnant 
patients are shown in Table 13.1.

13.2.1.3	 Diagnosis and Staging

Diagnosis and staging of a solid tumour require 
its imaging, histological documentation and 
study for invasion of surrounding tissues/organs 
and distant spread. Computerised tomography 
(CT) readily detects the latter two and has there-
fore become standard in the diagnostic approach 
of patients with colorectal cancer. However, plain 
abdominopelvic radiographs and CT are con-
traindicated in pregnant women because of the 
relative increase in the risk of abortion, growth 
defects and teratogenesis [11]. Ultrasound of the 
abdomen/pelvis is cheap and safe for the foetus 
and can detect hepatic metastases larger than 
1 cm with 75% sensitivity. Transrectal ultra-
sound is also safe and more sensitive than physi-
cal examination for the study of intestinal wall 
infiltration and regional lymphadenopathy (sen-
sitivity 75%–85%) [12]. In addition, transrectal 
ultrasound may identify those cases of bulky 

Table 13.1  Epidemiological and clinicopathological differences between CRC of pregnant and non-pregnant women

Parameter General population Pregnancy

Age >45 Usually <40

Incidence Cumulative risk 1:17 1 in 13,000 gestations

Risk factors Very rare association with genetic 
syndromes or known predisposing 
conditions

Occasional association with genetic 
syndromes and strong predisposing 
conditions

Symptom duration Variable Often prolonged because of late 
diagnosis

Primary site Large intestine in >75% of cases Rectum in 60%–80% of cases

Pathologic stage Variable Usually locally advanced or 
metastatic stage

Mucinous histology Rare More common

Ovarian metastases Rare, 3%–8% of cases More common, 25%–30% of cases
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rectal tumours of the anterior wall which cause 
stenosis of the vaginal canal and will, therefore, 
be problematic for vaginal delivery.

Magnetic resonance imaging (MRI) of the 
abdomen seems to be safe, as foetal exposure to 
powerful electromagnetic fields has not been as-
sociated with abortion or congenital malforma-
tions. Still, many authors advocate against the 
use of paramagnetic enhancing agents during 
gestation and advise avoiding abdominopelvic 
MRI altogether during the first trimester of preg-
nancy, a period crucial for organogenesis [13]. 
Non-contrast-enhanced MRI is equally effective 
to CT in depicting pelvic and hepatic lesions, 
with a reported sensitivity of 80%.

Colonoscopy is probably the most definite 
diagnostic modality which provides tumour im-
aging as well as biopsy material in patients with 
CRC. It also picks up the 5% of patients who have 
a synchronous second tumour of the large intes-
tine. In theory, colonoscopy in pregnant women 
carries the risks of uterine pressure and placen-
tal detachment, intestinal perforation and foetal 
injury from maternal hypotension/hypoxia or 
diazepam or midazolam administration. These 
risks are probably quite low: In 28 colonoscopies 
performed, Cappell et al. reported no adverse 
events for mother or foetus. Rectosigmoidoscopy 
or partial colonoscopy is even safer, as shown 
by a series of 59 cases [14]. Overall, only partial 
colonoscopy and rectosigmoidoscopy for left-
sided tumours should be considered routine in 
pregnant women in view of the more abundant 
cumulative experience in the literature. When 
colonoscopy is necessary for the diagnosis/biopsy 
of right-sided tumours, avoidance of abdominal 

pressure, positioning in a left lateral decubitus 
position to avoid the supine hypotensive syn-
drome, gentleness of manipulations, suppression 
with meperidine instead of benzodiazepines, ad-
ministration of nasal oxygen to the mother and 
vital sign monitoring by means of cardiac moni-
toring/oxymetry and sphygmomanometry are 
necessary to minimise associated risks.

Serum carcinoembryonic antigen (CEA) lev-
els are not elevated by pregnancy; accordingly, 
CEA monitoring may be used after diagnosis 
of CRC for follow-up of pregnant women with 
resected early tumours as well as for evaluation 
of response to therapy of pregnant women with 
advanced disease [15]. Either the AJCC-TNM 
or the modified Astler-Coller Dukes staging 
classification may be used. In one of the larger 
reported series of 39 pregnant patients, none 
had Dukes A disease, 41% had malignant infil-
tration of the whole thickness of the bowel wall 
without nodal involvement (Dukes B disease), 
whereas 59% of patients had either locoregional 
nodal involvement or distant metastases [6]. As 
mentioned above, this advanced stage of CRC in 
pregnant women has been attributed to late diag-
nosis rather than aggressive biology. An intrigu-
ing clinical feature of pregnancy-associated CRC 
has been the relatively high frequency of ovarian 
deposits (25% of cases), in contrast to their rar-
ity (3%–8%) in women older than 40 years [16]. 
Metastases to the placenta or embryo are exceed-
ingly rare (one reported case only). Guidelines 
for the diagnosis, staging and non-surgical man-
agement of the pregnant woman with colorectal 
cancer are shown in Table 13.2.

Table 13.2  Guidelines for diagnosis, staging and non-surgical management of pregnant patients with colorectal cancer 
in comparison to general population

Diagnostic/
therapeutic modality

General population Pregnancy

Serum CEA Pre-surgical level evaluation for definition 
of prognosis and post-surgical monitoring 
for diagnosis of relapse

Similar use as CEA serum levels are not 
falsely elevated in gestation

CT of abdomen/pelvis Indicated for imaging of extracolonic spread 
and intra-abdominal metastases

Contra-indicated because of increased risk 
for abortion, mutagenesis and teratogenesis

Abdominal ultrasound Less sensitive than CT, with the exception of 
transrectal ultrasound

Sensitive for the imaging of hepatic 
metastases and lympadenopathy >1–2 cm
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13.2.1.4	 Surgical Management

Surgical resection of the intestinal tumour with 
adequate clear margins and locoregional lymph-
adenectomy is the mainstay of therapy for tu-
mour control and provides significant prognostic 
information for the risk of malignant relapse. 
When distant metastases are present, a pallia-
tive by-pass operation for prevention or relief of 
obstruction/perforation is sometimes indicated. 
In pregnant women, the timing and type of sur-
gery depend on the gestational stage, extent of 
disease, prognosis and wishes of the patient. Any 
surgical operation of a pregnant woman beyond 
the 20th week of gestation should take into con-
sideration the “supine hypotensive” syndrome, 
caused by compression of the inferior vena cava 
by the enlarged uterus and resulting in reduction 
of cardiac preload, hypotension and sympathetic 
activation. A left lateral tilt position of the patient 
may be used to minimise this risk.

When CRC is diagnosed during the first 
20 weeks of gestation, surgical resection is indi-
cated so as to minimise the risk of locoregional 
tumour progression and metastases [17]. Older 

surgical series from the 1970s had reported an 
unacceptably high risk of foetal loss (as high as 
23%), but advances in surgical techniques and 
supportive care resulted in superior outcomes in 
the 1990s: The rate of embryonal mortality has 
been reported as low as 3.8%, with the incidence 
of premature delivery and low birth weight re-
maining double that of the general population 
[18, 19]. Hysterectomy is required only for im-
proved access to the rectum in difficult cases, 
upon uterine infiltration by tumour or when 
maternal life expectancy is shorter than the time 
needed for birth of a viable foetus [20].

When CRC is diagnosed during the second 
half of gestation (weeks 21–40), the operation 
is delayed until a viable foetus can be delivered. 
Ninety-five percent of embryos are viable by the 
32nd–34th weeks; accordingly, induction of vag-
inal delivery is indicated at that time point [21]. 
After an intervening period of 1–2 weeks, neces-
sary for the involution of the uterus and resolu-
tion of vascular congestion of pelvic structures, 
surgical resection of the intestinal tumour and 
lymph nodes takes place [3].

An emergency laparotomy may be necessary 

Table 13.2  (continued) Guidelines for diagnosis, staging and non-surgical management of pregnant patients with 
colorectal cancer in comparison to general population

Diagnostic/
therapeutic modality

General population Pregnancy

MRT of abdomen/pelvis As effective as CT, more expensive May replace CT. Its use in the 1st trimester 
and gadolinium administration are 
relatively contra-indicated

Rectosigmoidoscopy Total colonoscopy preferred Safe during gestation

Colonoscopy Routinely indicated for diagnosis of 
primary and synchronous cancers and 
biopsy

Probably quite safe, though experience is 
limited. Performed with special precautions 
for right-sided tumours

Adjuvant 5-FU-based 
chemotherapy

Routinely indicated for Dukes C and 
high-risk B2–B3 tumours

Contra-indicated during the 1st trimester, 
may be administered during the 2nd, 3rd 
trimesters or post-partum for Dukes C 
tumours

Adjuvant pelvic 
radiotherapy

Indicated for Dukes B2–B3, C rectal 
tumours either before or after surgery

Contra-indicated during pregnancy. May 
be administered for Dukes B2–B3, C 
rectal tumours either post-partum or after 
pregnancy termination. Causes permanent 
ovarian ablation
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upon occurrence of acute intestinal bleeding, 
perforation or obstruction for resection of tu-
mour and management of the acute complica-
tion: This should take place immediately at any 
gestational stage. Visual inspection and biopsy 
of the ovaries has been advocated by some au-
thors, in view of the high frequency of ovarian 
deposits. If the uterus is to be left in situ and the 
ovaries look normal, ovariectomy should not be 
performed [22]. The indications for delivery by 
means of caesarean section are identical to those 
of the general population, with two additional 
indications: the presence of a bulky rectal cancer 
which compromises the birth canal and the risk 
for extension of the perineotomy wound into a 
large anterior rectal carcinoma. When a caesar-
ean section is planned, tumour resection may 
take place during the same operative procedure 
[22].

13.2.1.5	 Chemotherapy and Radiotherapy

Metastatic colorectal cancer is an incurable dis-
ease, with a median survival of 14–20 months 
and a 5-year survival rate of 2%–5%. The preg-
nant woman with metastatic CRC should be in-
formed of the perspectives for long-term disease 
control and the realistic aims of therapy, which 
are symptom control and modest survival pro-
longation. A primary decision which must be 
reached is whether continuation of pregnancy is 
feasible and/or desirable. Factors such as gesta-
tional stage, tumour burden and rate of disease 
progression as well as the patient’s cultural, reli-
gious, ethical and personal beliefs will define the 
decision made. If the diagnosis is set during the 
1st trimester and immediate institution of che-
motherapy is warranted because of symptomatic, 
high-volume or rapidly progressing malignancy, 
pregnancy termination should be implemented. 
Foetal exposure to cytotoxic agents during the 
first trimester carries a high risk of malforma-
tions and abortion (15%–25%) [23]. If metastatic 
CRC is diagnosed during the 2nd trimester che-
motherapy administration is relatively safe, as 
stillbirth or congenital defects are seldom seen 
(2%–3% of pregnancies). Premature delivery, 
growth retardation and low birth weight are seen 

in 15%–20% of such cases, though they are usu-
ally mild and reversible. A retrospective review 
of 355 pregnancies in 205 women concurrently 
receiving 5-fluorouracil (5-FU)-based chemo-
therapy reported delivery of healthy infants in 
all cases [24]. Advanced CRC diagnosed during 
the third trimester may be managed either with 
immediate chemotherapy or by withholding 
treatment until after the birth of a viable foetus 
(34th week of gestation). Chemotherapy should 
not be administered after the 35th week so as to 
avoid occurrence of spontaneous delivery when 
the mother is myelosuppressed [25].

Adjuvant 5-FU-based chemotherapy reduces 
the risk of locoregional or distant malignant 
relapse and improves survival of patients with 
resected Dukes C colorectal cancer (absolute 
survival benefit at 5 years of 10%–20%). Patients 
with resected high-risk Dukes B2 or B3 tumours 
(perforation, obstruction, T4 disease, grade 3, 
lymphatic/vascular invasion) probably derive a 
survival benefit, though a smaller one. Any cy-
totoxic agent should not be administered dur-
ing the first trimester of pregnancy (period of 
organogenesis). After that period, the pregnant 
patient who had her Dukes C CRC resected dur-
ing the first 20 weeks of gestation may be com-
menced on adjuvant 5-FU-based chemotherapy, 
provided she accepts a low risk of adverse effect 
to the foetus (probably lower than 5%–6%) [25]. 
Diagnosis of CRC during the latter 20 weeks of 
pregnancy is usually managed by follow-up, de-
livery in the 32nd–34th weeks and institution of 
adjuvant chemotherapy afterwards.

5-FU combined with calcium folinate (leucov-
orin) is the most widely prescribed chemothera-
peutic regimen for the management of patients 
with advanced or early colorectal cancer. No mu-
tagenic or teratogenic effects have been found in 
humans or animals for leucovorin; consequently, 
the 5-FU-leucovorin regimen is the safer choice 
when chemotherapy is administered to pregnant 
women within the first trimester [26]. Data on 
the effects and safety of DNA-topoisomerase I 
inhibitors (irinotecan), platinum analogues (ox-
aliplatin) and biological modifiers (bevacizumab, 
cetuximab) are either absent or scant. Their use 
is contraindicated during pregnancy.

Pelvic radiotherapy, before or after surgery, 
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reduces the risk of locoregional relapse of rec-
tal tumours with extracolonic spread. Pregnant 
women with rectal cancer are deprived of this 
therapeutic modality as pelvic radiotherapy to a 
cumulative dose of 40–45 Gy will invariably lead 
to abortion, stillbirth, congenital malformations 
or severe growth retardation, depending on gesta-
tional stage. Any pregnant patient with localised 
rectal cancer requiring adjuvant radiotherapy to 
the pelvis should either discontinue pregnancy 
or defer radiotherapy until after delivery. Some 
surgical groups with high expertise in total me-
sorectal excision have reported locoregional re-
lapse rates of 5% or less when the circumferential 
resection margins are clear, making radiotherapy 
unnecessary. In any case, pelvic radiotherapy 
administered either during or after delivery will 
cause permanent ovarian ablation and infertility, 
an effect quite devastating in young patients [27]. 
The pregnant patient with locally advanced, ir-
resectable rectal cancer should terminate gesta-
tion in order to be managed immediately with 
induction pelvic radiotherapy with or without 
chemotherapy.

13.2.1.6	 Prognosis

Retrospective data on the outcome of pregnant 
patients with colorectal cancer from the 1960s and 
1970s created the impression that the carcinoma 
follows an aggressive course characterised by fre-
quent relapse, early dissemination and fulminant 
progression. Several investigators have reported 
the presence of oestrogen and/or progesterone 
receptors in 5%–27% of colorectal tumours [28]. 
These hormones stimulated cellular proliferation 
in neoplastic cell cultures in vitro, an observation 
which created fears for accelerated cellular turn-
over in CRC of pregnant women under the influ-
ence of high serum oestrogen levels. More recent 
experimental data, however, with more sound 
methodological backgrounds reported a lack of 
oestrogen/progesterone receptors in colorectal 
cancer [29]. Oestrogens and progestogens do not 
seem to modify the risk of CRC development, as 
its incidence is not influenced by number of ges-
tations or contraceptive use [30].

The initial conclusions from older series have 
been challenged by findings of more recent pa-

tient series. The most important prognostic factor 
which defines patient outcome seems to be the 
TNM tumour stage, in accordance with CRC in 
the general population. Other clinicopathologic 
factors that affect prognosis in both pregnant and 
non-pregnant women with CRC are presentation 
with obstruction or perforation, initial CEA se-
rum levels, clear resection margins, histological 
grade and mucinous differentiation. Both young 
non-pregnant patients and pregnant women aged 
less than 40 share a modest to poor prognosis, 
a fact attributed to diagnostic delays leading to 
advanced cancer stage at presentation [31]. Sev-
eral investigators have published relatively small 
patient series with 5-year survival rates around 
40%. The common presence of ovarian metasta-
ses, the frequent mucinous histology associated 
with chemoresistance, the rapid cell turnover of 
the malignant clone due to gestational hormones 
and a fulminant biologic behaviour of the tu-
mour, characteristic of young patients, have been 
proposed as alternative explanations for the ad-
verse prognosis associated with pregnancy. Still, 
the 5-year survival of pregnant women with CRC 
is no different from that of general population pa-
tients with CRC of matched TNM or Dukes stage 
and number of involved lymph nodes (Table 13.3) 
[6, 31, 32]. Delayed diagnosis seems to be the 
most probable cause of pregnant patient presen-
tation with advanced stage, high-volume CRC, 
while aggressive disease behaviour in young ages 
may be a minor contributor.

Table 13.3  Outcome of pregnancy-associated CRC by 
stage

Stage 5-year overall survival rate

Rectal cancer

Dukes B 83%

Dukes C 27%

Dukes D   0%

Colon cancer

Dukes B 75%

Dukes C 33%

Dukes D   0%

Number of patients 41
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13.2.2	 Other Gastrointestinal Tract 
Carcinomas

13.2.2.1	 Gastric Cancer

Only 1% of gastric cancers are diagnosed in pa-
tients aged less than 30 years, and 3.5%–6.5% in 
those aged less than 40 years [33]. Based on the 
incidence of pregnancy in these age groups in 
Western societies, the expected annual incidence 
of gastric adenocarcinoma in pregnant women 
is nine new cases in the US and one to two in 
Germany, the UK, and France [34]. Despite these 
calculated figures, only 131 cases of gestational 
stomach cancer have been reported over the last 
50 years.

Presenting symptoms consist of nausea, 
vomiting, anorexia, weight loss and epigastric 
pain, with common signs being chronic iron-
deficiency anaemia, haematemesis and melena. 
Attribution of symptoms to the pregnancy or 
peptic ulcer disease is the rule, resulting in diag-
nostic delays. Commonly, the diagnosis of ma-
lignancy is made post-partum, when symptoms 
and signs persist. The median symptom duration 
has been found to exceed 6 months in pregnant 
patients, in comparison to less than 4 months in 
non-pregnant women with gastric cancer [35]. 
In two large reviews of reported cases, 65%–80% 
of gastric tumours had been diagnosed after 
the 30th gestational week. As a result, most pa-
tients are diagnosed with locally advanced or 
metastatic gastric cancer. Women with gastric 
tumours confined to the mucosa or submucosa 
made up only 3% of the Japanese review of 103 
pregnant patients and 0% of the Western review 
of 31 pregnant patients. The rest of the patients 
harboured tumours infiltrating through the se-
rosa (T3–4), involving locoregional lymph nodes 
(N1–3) or metastasising in distant sites (M1) in 
more than three-quarters of cases [36, 37].

In contrast to the general population, the ma-
jority (74%–95%) of gastric cancer cases associ-
ated with pregnancy are high-grade tumours, 
diffuse type according to the Lauren classifica-
tion. Tumour growth follows a diffuse scirrhous 
pattern (Borrmann type III or IV). The histologi-
cal features carry adverse prognostic information 
but characterise young, rather than pregnant, pa-
tients. Young women (<35–40 years of age) with 

gastric cancer develop ovarian, mesenteric-para-
aortic nodal and peritoneal deposits in 20%–40% 
of cases, but rarely do so in the liver (<10% of 
cases, in contrast to 55% of gastric cancer cases 
diagnosed in patients older than 40). This meta-
static behaviour has been reported as character-
istic of diffuse-type gastric carcinomas [35, 38].

The reported survival of pregnant patients 
with adenocarcinoma of the stomach has been 
rather poor. Barely 30% of women survive longer 
than 6 months and 4% are alive 5 years after the 
diagnosis. In the Japanese review, a laparotomy 
was done in 77% of women and a potentially cu-
rative resection in 48%. The overall survival rates 
of operated women at 1, 3 and 4 years were 32%, 
21% and 5%, while no woman with inoperable 
tumour survived longer than 6 months. In the 
much smaller Western review, laparotomy and 
gastrectomy were carried out in 93% and 60% of 
pregnant women, respectively. Overall survival 
rates at 1 and 3 years were 33% and 8%, respec-
tively. The poor prognosis of pregnant gastric 
cancer patients is attributed to the diagnostic 
delay which results in disease presentation at ad-
vanced stages. An aggressive biologic behaviour 
of the tumour in younger patients cannot be 
ruled out, though no consensus exists regard-
ing the latter in published retrospective series 
and case-control studies: Younger patients with 
gastric cancer have been reported to fare better 
than older patients in some series, while their 
outcome was similar to that of older patients in 
other series [33, 35, 38, 39].

Oestrogen and progesterone receptors have 
been found in 23% of gastric adenocarcinomas 
and in vitro experiments established the stimu-
latory effect of oestrogens/progestogens in neo-
plastic cell cultures and gastric tumour xenografts 
implanted in mice [37, 40]. As a consequence, 
the hypothesis of enhanced tumour cell prolif-
eration in pregnant women due to the favour-
able hormonal milieu was put forward several 
decades ago. To test this hypothesis, Furukawa 
et al. analysed the clinical course of 20 young 
women with gastric cancer and a history of preg-
nancy during the previous 2 years in comparison 
to 44 young women diagnosed with the same 
tumour but without a history of gestation and 
57 young male patients with gastric cancer [41]. 
Tumour stage was more advanced and survival 
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was poorer in the group of patients with a history 
of pregnancy, a finding which was attributed to 
hormonal influences and immunosuppression. 
Those findings have not been confirmed by other 
investigators; in fact, several reported absence of 
hormonal receptors in 80%–90% of gastric tu-
mours and identical clinical outcome of patients 
with and without a gestational history [37]. To 
conclude, only the delay of diagnosis and result-
ing presence of high-volume disease upon insti-
tution of therapy are convincingly responsible 
for the dismal prognosis of patients harbouring 
gastric cancer during pregnancy.

Early diagnosis of gastric cancer upon ap-
pearance of symptoms or signs is mandatory and 
the definite diagnostic modality is oesophago-
gastroscopy with biopsies. The safety of oesopha-
gogastroscopy in pregnant women has been 
established by cumulative clinical experience. 
Cappell et al. conducted a large case-control 
study comparing 83 pregnant women undergo-
ing upper GI endoscopy with matched pregnant 
(not undergoing the procedure) and non-preg-
nant (undergoing the same procedure) women as 
control subjects [42]. With appropriate monitor-
ing of vital signs, avoidance of excessive doses of 
sedatives (meperidine and low or no midazolam 
doses safer) and expertise, the study reported no 
increase in adverse events in the pregnant patient 
group. Barium upper GI studies and CT of the 
abdomen are contraindicated because of the risks 
to the embryo. Unfortunately, the endoscopic 
study of the most common symptoms associated 
with gastric cancer would result in performance 
of 1,000,000 gastroscopies for the diagnosis of 
the nine malignant cases that occur annually in 
the United States [43]. The reason is the normal 
manifestation of these symptoms in 50%–70% of 
healthy pregnant women. Pregnancy-associated 
nausea and vomiting usually subside after the 
12th to 16th gestational weeks; accordingly, its 
persistence during the second or third trimesters 
combined with other suspicious signs and symp-
toms should be investigated.

The management of the pregnant patient with 
gastric cancer is defined by the stage of malig-
nancy, the stage of gestation and the patient’s 
wishes. The general principle that the patient’s 
life takes precedence over the embryo’s life, when 
both cannot be preserved, should be discussed 

with the patient and family. Upon acute gastric 
bleeding, perforation or obstruction, surgical 
correction of the complication along with tu-
mour resection according to oncologic principles 
should be carried out immediately, irrespective 
of the gestational stage. If the malignancy is di-
agnosed during the first 24 weeks of pregnancy, 
surgical resection of the tumour with parallel 
avoidance of disruption of the gravid uterus is 
advised. When diagnosis of malignancy occurs 
after the 24th week, the therapeutic choices are 
(a) observation until a viable foetus can be de-
livered (32nd–34th weeks) and then gastrec-
tomy, (b) pregnancy termination and immediate 
gastrectomy and (c) attempt at gastectomy and 
continuation of pregnancy. The latter choice in-
curs risks for embryonal integrity and surgical 
as well as anesthesiological expertise are manda-
tory. When birth takes place via vaginal delivery 
or caesarean section, the surgical management of 
gastric cancer may take place immediately after 
birth or a few days later [36].

Adjuvant chemotherapy is of no clear survival 
benefit and should not be administered during 
pregnancy. Recent clinical trials demonstrated 
a statistically significant survival benefit with ei-
ther three courses of pre-operative chemotherapy 
followed by surgery and three courses of post-
operative chemotherapy or by post-operative 
administration of combined chemoradiotherapy. 
Of course, adjuvant post-operative chemoradio-
therapy is only an option for pregnant women 
diagnosed with gastric cancer during the third 
trimester and can only be administered post-
partum. Pre- and post-operative adjuvant che-
motherapy can theoretically be given in pregnant 
patients after the first trimester, though the nar-
row risk-benefit ratio of such a therapy renders it 
unlikely to be implemented in clinical practice.

Metastatic gastric cancer is an incurable dis-
ease and chemotherapy only has a palliative in-
tent. Its diagnosis during pregnancy should lead 
to pregnancy termination if it is estimated that 
the mother’s life expectancy is shorter than the 
time required for foetal maturation and delivery. 
When birth of a viable infant is possible, the ma-
ternal prognosis and the prospects for therapeu-
tic interventions of the metastatic malignancy 
should be discussed with the patient and her 
family. Only then should she be able to take some 
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crucial decisions jointly with the family and treat-
ing physician regarding the fate of the pregnancy 
and the timing of initiation of chemotherapy. As 
discussed in earlier chapters, administration of 
the most active compounds (5-FU, cisplatin) is 
relatively safe for the mother and embryo (risk of 
congenital malformations less than 5%, growth 
retardation, low birth weight, premature delivery 
15%–35%), provided it starts after the first tri-
mester (organogenesis) [23].

When pregnancy is not terminated, the foetal 
prognosis is good. Of 134 pregnant patients with 
gastric cancer, 72% gave birth to healthy infants. 
When the diagnosis of cancer was established af-
ter the 30th week, viable foetuses were delivered 
in 88% of Japanese cases and 100% of Western 
cases [36, 37]. The baby is safe from malignant 
deposits, as only two cases of placental metasta-
ses and none of embryonal metastases have been 
reported in the literature to date [44]. Among 
curatively resected women, abstinence from fur-
ther child-bearing for 3 years is advised, as more 
than 75% of malignant relapses occur during 
that time period.

13.2.2.2	 Pancreatic Cancer

Adenocarcinoma of the pancreas usually affects 
elderly patients, while endocrine pancreatic neo-
plasms may affect younger patients. The vast 
majority of patients are older than 50 years and 
as a result its coexistence with pregnancy is very 
rare. To date, only seven cases of pancreatic ad-
enocarcinoma and 19 of pancreatic insulinoma 
diagnosed antepartum have been published [45]. 
Tumour symptoms are often masked by preg-
nancy or falsely attributed to it (nausea, vomit-
ing, weight loss, epigastric discomfort). More-
over, pancreatic cancer quite often has minimal 
symptoms and signs until late in its natural his-
tory. As a consequence, diagnosis of cancer at 
advanced stages was usually seen. Cancer of the 
pancreas has been linked to obstructive jaundice, 
pre-eclampsia, HELLP syndrome (haemolysis, 
elevated liver enzymes, low platelets) and intrac-
table hypoglycaemia during the first trimester 
(insulinoma) in pregnant patients. Such a clini-
cal picture or pregnancy-associated symptoms 
of excessive intensity should be investigated with 

a high degree of suspicion, especially in women 
older than 35 years. Of note, the patient age in 
the seven reported cases of gestational pancreatic 
cancer ranged from 37 to 45 years [6, 45, 46]. The 
biological behaviour of exocrine pancreatic can-
cer is similar to that affecting the general popula-
tion, as Targarona et al. did not find expression 
of hormone receptors in a series of 15 biopsied 
pancreatic adenocarcinomas [47]. Moreover, 
large series evaluating the association of endo-
crine factors with pancreatic cancer mortality in 
387,981 patients failed to find any, apart from a 
reduced relative risk of death (0.80) in women 
with five or more births [48].

The diagnostic approach consists of physi-
cal examination, full serum biochemistry, full 
blood counts, an ultrasound of the abdomen and 
a chest X-ray. Cytologic/biopsy diagnosis should 
be pursued by means of endoscopic retrograde 
cholangiopancreatography (ERCP), guided fine-
needle aspiration or open biopsy. This is particu-
larly important as space-occupying lesions of 
the pancreas may be benign cystadenomas, solid 
pseudopapillary tumours, lymphomas, neuroen-
docrine tumours or insulinomas, all of which are 
commoner than pancreatic adenocarcinoma in 
young pregnant women. In the case of diagnosis 
of malignancy, serum CEA and CA 19-9 levels 
may be used for follow-up and for monitoring 
response to therapy, as they are not influenced 
by pregnancy. On the contrary, serum alkaline 
phosphatase may normally increase two- to 
fourfold during gestation because of placental 
synthesis [15]. Instead of a CT, a non-enhanced 
MRI scan of the abdomen/pelvis may be used for 
tumour imaging and staging after the first tri-
mester of pregnancy [13].

The management of the occasional pregnant 
woman with pancreatic cancer should be based 
on the same oncological principles which apply 
to the general population. In most cases, the ma-
lignancy is inoperable (80%–90% of the patient 
population) and the only realistic aim is symp-
tom palliation. If the life expectancy of the af-
fected patient is likely to be shorter than the time 
needed for delivery of a viable infant, pregnancy 
should be terminated. If the woman feels strongly 
in favour of pregnancy continuation, bile drain-
age for relief of obstructive jaundice and dietetic 
support should be implemented until delivery. 
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The few available data show that ERCP stenting 
or percutaneous transhepatic cholangiography 
and drainage are feasible and safe in pregnant 
women. The radiation dose to which mother and 
foetus are exposed during an ERCP procedure 
(contrast agent and serial X-rays) is 1–1.2 cGy, 
but increases sharply to 30–50 cGy when pro-
longed fluoroscopy is used. Although doses in 
excess of 100 cGy are needed to cause abortion, 
doses as low as 10–15 cGy in the first trimes-
ter may cause teratogenesis. Accordingly, bile 
stenting or drainage procedures under real-time 
fluoroscopic guidance are safe only during the 
second and third trimesters of pregnancy. Dur-
ing the first trimester, ultrasonic guidance and 
serial X-rays may be used instead. Alternatively, 
a palliative surgical procedure allows relief of ob-
structive jaundice and gastrointestinal obstruc-
tion and is safe for the embryo [49].

In the rare instances in which an operable 
pancreatic tumour is diagnosed during the first 
24 weeks of gestation, a potentially curative surgi-
cal resection should be carried out. Accumulating 
experience with gastric and colorectal cancer 
cases shows that such an operation is compat-
ible with continuation of pregnancy. Two case 
reports of successful outcome of distal pancre-
atectomy and of pancreaticoduodenectomy in 
pregnant women have been published [50, 51]. If 
pregnancy is more advanced, the choice of strat-
egy must be individualised: Termination of preg-
nancy and surgery, attempt at surgical tumour re-
section with pregnancy continuation, observation 
until the 32nd–34th week for delivery and sur-
gery post-partum are choices that carry risks and 
benefits. These need to be thoroughly discussed 
by the patient, family and managing team. The 
future mother should understand, though, that 
withholding surgical treatment until delivery of 
a viable foetus is not safe, as it may allow tumour 
progression and inability for subsequent surgical 
extirpation. On the other hand, she should also 
be aware of the low chances for long-term remis-
sion even in the face of a curative tumour resec-
tion. When pregnancy proceeds to delivery, the 
infant does not seem to be endangered by malig-
nant deposits, as the experience with other, more 
common gestational tumours has shown. The 
first case of placental metastases from pancreatic 
cancer was reported as late as in 2006 [52].

In most cases, pancreatic cancer causes severe 
pain. The analgesic management of a pregnant 
patient is important for her quality of life, though 
difficult. Almost all medicinal agents should be 
avoided during the first trimester of pregnancy, 
a period crucial for organogenesis. When preg-
nancy is continued, paracetamol is safe during 
the second and third trimesters, though usually 
inadequate for pain control. Non-steroidal an-
tiinflammatory agents and opioids, such as the 
safer agents pethidine and fentanyl, are relatively 
contraindicated during gestation as they have 
been linked to developmental disorders and em-
bryonal respiratory depression [53]. Neurolytic 
blocks of the coeliac plexus and epidural anal-
gesia are safer for the embryo and may dimin-
ish the patient’s need for pain-killers, but experi-
ence is lacking. The need for aggressive analgesic 
management of the patient may well necessitate 
termination of pregnancy.

13.2.2.3	 Hepatocellular Cancer

Hepatoma is seldom diagnosed in pregnant 
women. Up to 2005, 40 cases were published 
in the medical literature [54, 55]. This tumour 
more commonly affects men (male-to-female 
ratio 7:1 in Asia and 5:1 in Western countries) 
and ages older than 45 years, parameters that 
explain its rare association with pregnancy. In 
large patient series from Hong Kong and the 
United Kingdom, only 12%–17% of the patients 
were women and 2%–4% were of child-bear-
ing age [56]. The most common risk factors in-
criminated for development of hepatocellular 
cancer are chronic viral hepatitis B or C: HCV 
infections make up 60%–70% of Western hepa-
toma cases, while HBV infection is widespread 
in Africa and Southeast Asia (60%–80% of cases 
of hepatoma). Alcoholic cirrhosis is responsible 
for 20% of hepatomas, while haemochromatosis, 
Wilson disease, primary biliary cirrhosis, auto-
immune hepatitis, prolonged contraceptive use 
and chronic aflatoxin exposure make up the mi-
nority of remaining cases. It must be emphasised 
that women with hepatic cirrhosis due to chronic 
viral HBV or HCV infections or alcoholism usu-
ally have impaired fertility [57]. This epidemio-
logical observation constitutes one additional 
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reason for the rare coexistence of hepatoma with 
pregnancy. Other hepatic tumours that are oc-
casionally diagnosed in pregnant women are 
hemangiomas, focal nodular hyperplasia, liver 
cell adenomas and an indolent variant of hepa-
toma, fibrolamellar carcinoma [58]. Imaging 
with ultrasound or MRI of the abdomen, serum 
AFP level determination and guided fine-needle 
aspiration biopsy of these lesions will establish 
the diagnosis, with the exception of hemangio-
mas, which should not be biopsied because of the 
risk of bleeding.

From a total of 40 reported hepatoma cases, 
more than half of the patients were of African 
or Far East descent. The median patient age at 
diagnosis was 31 years, 80% of patients had a 
history of two or more gestations while chronic 
hepatitis B or C was present in half of them. In 
10% of women, a history of prolonged (more 
than 5 years) contraceptive use was present. 
Fatigue, ascites, nausea/vomiting, right upper 
quadrant dull pain and hypoglycaemia (prob-
ably via secretion of insulin-like growth factor) 
were the most common presenting symptoms. 
Occasionally, the tumour manifests itself as a 
medical emergency, when it causes intrahepatic 
or peritoneal bleeding or when it ruptures into 
the peritoneal cavity, or instead it may be an 
incidental finding during serum AFP level 
determination as part of routine screening for 
neural tube defects and Down syndrome. The 
diagnosis of hepatoma was established after 
the 20th gestational week in three-quarters of 
reported cases, in the vast majority of which the 
disease was either metastatic or locally advanced. 
The median tumour diameter exceeded 3 cm. 
Only four women had normal AFP levels, eight 
had serum AFP between 80 and 400 ng/ml while 
26 had a serum AFP in excess of 400 ng/ml. In 
40% of cases pregnancy was terminated either 
because of the poor maternal life expectancy or 
in order to allow immediate institution of hepatic 
resection, hepatic arterial chemoembolisation or 
palliative management. In 60% of cases a viable 
foetus was born, as the diagnosis had been set 
in advanced stages of pregnancy. In those cases, 
treatment was withheld for a few weeks until de-
livery; however, the patient’s prognosis remained 
poor. Only four mothers were alive 6 months 
after diagnosis [59, 60].

A study of the epidemiological characteris-
tics of the 40 reported cases leads to interesting 
insights into the disease and its natural course. 
The lag time from HBV/HCV infection until the 
development of hepatoma may be quite short in 
young pregnant women (5–15 years), in contrast 
to the prolonged time period (20–30 years) seen 
in the general population [57]. Young patients 
with HBV/HCV cirrhosis often have near-nor-
mal fertility, with infertility being restricted to 
those patients with long-standing, advanced cir-
rhosis. The prolonged use of contraceptives in-
creases the risk of fibrolamellar carcinoma, a he-
patocellular cancer with indolent behaviour and 
no association with chronic viral hepatitis [58, 
61]. In five reported cases, earlier diagnosis and 
slow tumour progression allowed curative surgi-
cal resection resulting in superior prognosis for 
the patients.

The impact of the hormonal milieu in the 
pathogenesis and course of hepatoma has been 
debated for a long time. Mucci et al. conducted a 
case-control study of 50 hepatoma cases and 62 
female controls and reported that women with 
hepatoma had a lower mean age at menarche 
and a higher mean age at menopause, with the 
risk of development of hepatocellular cancer in-
creasing by 24% for each later year of menopause 
[62]. Other investigators calculated the relative 
risk for hepatoma as 3.5 in women with four or 
more previous pregnancies [63]. Oestrogen and 
progesterone receptors are commonly seen in 
hepatocellular carcinoma cells (20%–40%). De-
spite these hypothesis-generating data, the effect 
of pregnancy and its hormones in hepatoma is 
still not clear. Patient immunosuppression from 
placental steroids and cell cycle stimulation by 
high levels of gestational oestrogen/progester-
ones may contribute to rapid tumour growth [64, 
65]. However, the delayed diagnosis due to the 
low-grade nature of symptoms and the masking 
of symptoms from pregnancy suffices in order 
to interpret the dismal prognosis of pregnant 
women with hepatoma. Moreover, a meta-analy-
sis of 7 trials randomising 689 patients with un-
resectable hepatoma to best supportive care or 
treatment with tamoxifen failed to show any sur-
vival benefit for the anti-oestrogen [66].

A localised hepatocellular cancer diagnosed 
during the first half of pregnancy should be man-
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aged surgically (hepatic segmental resection) 
with a concurrent attempt at pregnancy con-
tinuation, provided surgical/anaesthesiological 
expertise and patient hepatic reserves are satis-
factory. Quite often, though, these conditions are 
not met and pregnancy is terminated. Pregnancy 
termination is also advised when more radical 
treatment modalities are contemplated, such as 
liver resection and orthotopic liver transplanta-
tion. When hepatoma is diagnosed during the 
third trimester of pregnancy, the patient to-
gether with her physician may opt for withhold-
ing treatment until the 32nd–34th gestational 
weeks, when delivery of a viable foetus is feasible, 
provided her general condition, the hepatic re-
serves and the rate of progression of the tumour 
allow such a strategy [60, 67]. Locally advanced 
tumours may be palliated by locoregional non-
surgical therapies, such as percutaneous ethanol 
injection, radiofrequency ablation, chemoem-
bolisation via the hepatic artery or systemic che-
motherapy. The safety of these approaches for the 
foetus is not known. Consequently, when they 
have to be implemented before delivery, termi-
nation of pregnancy is advised. The time of insti-
tution of therapy, the options for terminating or 
continuing pregnancy and the life expectancy of 
a pregnant woman with unresectable liver cancer 
should be discussed with the patient and family 
so as to reach joint, informed decisions.

13.3	 Urologic Malignancies

13.3.1	 Renal Cancer

13.3.1.1	 Epidemiology

The most common tumours affecting pregnant 
women are cancer of the cervix uteri, breast 
cancer, melanoma, lymphomas and leukaemias. 
Urologic cancer is extremely rare in gestation, 
despite the current tendency of women to bear 
children at more advanced ages. Renal cancer 
constitutes 3% of all malignancies seen in adults, 
with an annual incidence of 8.7:100,000 in the 
general population. A slight male predominance 
has been observed (male-to-female ratio 3:2) 
[68–70]. The environmental factor which in-
creases the risk of renal cancer is smoking, while 

other factors such as chronic diuretic use, diet 
rich in animal fat, hypertension, diabetes and a 
female body mass index (BMI) higher than 35 
in the age group 35–50 carry weak associations 
with development of renal carcinoma [71–73].

No clear picture on the association of renal 
cancer with female sex hormones has emerged to 
date from available epidemiological studies. The 
use of contraceptives or hormone replacement 
therapy does not seem to increase the risk of re-
nal tumours. Women with delayed puberty and 
first pregnancy were reported to be at a lower 
risk of renal cancer, while another study found 
an inverse relationship between the number of 
pregnancies and this risk [73]. Still other inves-
tigators reported that the risk of renal cancer in 
women increases as the number of gestations 
increases [74]. Experimental animal models 
showed development of renal adenocarcinoma 
after ostrogen administration and tumour regres-
sion with progestogens or testosterone. Mundy 
et al. evaluated immunohistochemically the pro-
liferation indexes Ki67 and PCNA, the apoptotic 
markers p53 and BCL2 and oestrogen/progester-
one receptors in renal tumours and normal tis-
sues of two pregnant patients with renal adeno-
carcinoma and five healthy pregnant women. No 
differential expression of PCNA, BCL2 or hor-
monal receptors was found between tumour and 
normal tissues, or between patients and healthy 
women. In normal tissues, increased expression 
of p53 was seen in the patient group, and of Ki67 
in healthy women [75].

Older publications reported the incidence of 
gestation-associated urologic malignancies to be 
as high as 1 in 1,000 pregnancies, a figure which 
seems to be exaggerated and has not been con-
firmed [76]. Genetic factors, such as loss of ge-
netic material in the 3p chromosome, carry an 
increased risk of tumorigenesis in the kidney. The 
tumour suppressor gene VHL in 3p25–26 is lost 
in the von Hippel–Lindau syndrome, resulting in 
overexpression of the vascular endothelial growth 
factor (VEGF) and dysregulation of the cell cycle. 
The net effect is the development of clear cell re-
nal adenocarcinomas with abundant neovascula-
ture [77–79]. The incidence of Von Hippel-Lin-
dau syndrome in pregnant patients with renal 
cancer has not been studied, but a hypothesis has 
been postulated: Pregnancy is normally charac-
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terised by intense new tissue and vascular struc-
ture formation. This hormonal, cytokine and vas-
cular milieu may contribute to the development 
and rapid growth of angiogenic tumours. More-
over, pregnancy incurs a natural “immunosup-
pressive” state, in order to protect the foetus from 
immune rejection by the maternal organism, an 
environment which could protect maternal tu-
mours from immune surveillance. Still, this rel-
ative immune suppression is directed towards 
avoidance of rejection of the embryo only and 
pregnant women were shown to elicit normal im-
mune responses against viral, bacterial and neo-
plastic antigens. The low number of cases of ges-
tational urologic malignancies does not allow any 
safe conclusions to be drawn on the impact of 
pregnancy on the course of cancer.

13.3.1.2	 Presentation

The first review of the literature on co-existence 
of renal neoplasms with gestation was reported 

in 1986 by Walker and Knight [80]. In total, 70 
cases were reported, in 35 of whom a diagnosis of 
renal adenocarcinoma was established. In 16 pa-
tients an angiomyolipoma was found. Although 
these tumours are benign, their growth along 
with rich perfusion and increased intra-abdomi-
nal pressure during pregnancy occasionally lead 
to rupture and massive bleeding. The histological 
diagnosis was nephroblastoma in five patients, 
adenoma in three, angiosarcoma in two and car-
cinoid tumour, fibroma, renal pelvis carcinoma, 
paraglomerular apparatus tumour and capsular 
osteoadenocarcinoma in one patient each. Four 
patients did not have a biopsy. An online search 
identified 69 cases of renal cancer in pregnant 
women from 1984 to 2004 (Table 13.4) [81–141]. 
Thirty-one pregnant women harboured renal 
adenocarcinomas, 27 angiomyolipomas, three 
nephroblastomas, three lymphomas and the rest 
oncocytomas, angiomas and paraglomerular ap-
paratus tumours.

The classical triad of pain, haematuria and 
palpable mass was not present in any of the 

Table 13.4  Primary renal neoplasms in pregnancy

Tumour type 1980–1986 [80] 1984–2004 [81–141]

Benign

Angiomyolipoma 16 27

Adenoma   3     -

Paraglomerular apparatus tumour   1   1

Fibroma   1   2

Lymphoma     -   2

Oncocytoma     -   1

Angioma     -   1

Unbiopsied   4     -

Malignant

Renal adenocarcinoma 35 31

Nephroblastoma   5   3

Angiosarcoma   2     -

Carcinoid   1     -

Capsular osteoadenocarcinoma   1     -

Renal pelvis carcinoma   1     -

Lymphoma     -   1
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1984–2004 cases. In two patients, the diagnosis 
was incidental upon routine ultrasonographic 
follow-up of the embryonal formation. Flank/ab-
dominal pain was the main symptom in half of 
the cases, while haematuria was present in 22%. 
Other symptoms and signs present in the clini-
cal picture at diagnosis were anaemia, haemoly-
sis, palpable abdominal mass, hypertension with 
proteinuria, recurrent urinary tract infections, 
suprapubic pain and dry cough in a patient with 
pulmonary metastases. In sharp contrast, the 
Walker review reported that a palpable mass was 
the presenting sign in 88% of cases with presence 
of haematuria in 47%. In a quarter of cases, the 
diagnosis of renal tumour was set after delivery. 
These differences between older and more recent 
patient series reflect the impact of high-precision 
modern imaging modalities (real-time ultra-
sound and magnetic resonance scans). Almost 
all cases in the 1984–2004 era were diagnosed by 
means of abdominal ultrasound. A supplemen-
tal MRI scan was done in 76% of cases. In 58% 
of cases the left kidney was affected by tumour, 
the diagnosis being established in the second and 
third trimesters in most cases.

13.3.1.3	 Diagnosis and Staging

Older series suggested that the radiation expo-
sure of the embryo should not exceed 5–10 cGy 
during the first trimester or 50–100 cGy during 
the second and third trimesters. However, the 
relationship between radiation exposure and risk 
of foetal mutagenesis/teratogenesis is not de-
terministic but statistic, meaning that no radia-
tion dose carries a zero risk of foetal injury [142, 
143]. Nowadays, a chest X-ray with appropriate 
abdominal lead shielding exposes the uterus/em-
bryo to an extremely low dose of 0.0004 mGy 
and is considered safe. On the contrary, intrave-
nous urography is not cost-effective, as the foe-
tal radiation exposure is 10–45 mGy and small 
tumours may not be visualised, as they do not 
distort the pelvic/calyceal contour or draining 
structures [144].

Ultrasonography of the abdomen/pelvis is a 
routine staging procedure, frequently performed 
during pregnancy. It carries no risk for the foetus 

and has a sensitivity of 82% in the diagnosis of 
renal space-occupying lesions. Computerised to-
mography of abdomen/pelvis exposes the uterus 
to 18–25 mGy and should be avoided, unless a 
medical emergency warrants it (massive rupture 
and bleeding of renal tumours). MR imaging 
should be considered the radiologic procedure 
of choice when ultrasonography is not adequate 
for diagnosis or design of surgical approach. 
The method provides valuable information on 
tumour size, site, extension to adjacent tissues, 
cystic or solid appearance of tumours, lymph 
nodal status, vascular invasion and peritoneal/
abdominal tumour spread. However, widespread 
use and repeated and prolonged scans should be 
avoided, as the absence of deleterious effects on 
the embryonal development cannot be firmly 
established. Several investigators recommend its 
avoidance during the period of organogenesis 
(1st trimester). Gadolinium, the paramagnetic 
contrast agent used, is taken up by the embryo, 
excreted via its urinary tract and swallowed with 
the amniotic fluid, and thus is absorbed again in 
the embryonal systemic circulation. In animal 
models, its administration in high doses caused 
embryonal defects and growth retardation. The 
drug is also secreted in maternal milk in low 
concentrations. Consequently, though gadolin-
ium-enhanced MR scans provide valuable imag-
ing details of tumour vasculature as well as of the 
urinary draining tract, its administration should 
be avoided either throughout pregnancy or at 
least during the first 24 weeks [145–147].

Urinary cytologic examination is advised, 
though its sensitivity is low and false-negative 
results are common. Cystoscopy and ultrasound-
guided fine-needle aspiration biopsy of renal 
neoplasms are relatively safe and should be per-
formed when indicated. Angiomyolipomas have 
a characteristic radiological appearance and may 
bleed when biopsied [76, 80].

13.3.1.4	 Treatment and Prognosis

The proposed therapy of pregnant women with 
localised resectable renal carcinoma is radi-
cal nephrectomy. The decision on the timing of 
operation should be individualised according to 
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the gestational period, the cancer stage and the 
patient’s wishes. From a surgeon’s and anaesthe-
tist’s point of view, pregnancy is not a contrain-
dication for operation [148, 149]. Of course, the 
subtle adaptations of the cardiovascular, nervous, 
respiratory and metabolic systems of mother and 
embryo should be taken into consideration. Re-
spiratory support and avoidance of hypotension/
intravascular volume depletion are pivotal for 
preventing foetal hypoxia. The risks of suppres-
sion of the embryonal cardiovascular and ner-
vous systems from excessive anaesthesia should 
be kept in mind. When the operative positioning 
of the mother is supine, especially in the second 
and third trimesters of pregnancy, the enlarged 
uterus may compress the aorta and inferior vena 
cava with adverse effects for the foetus and the 
mother; appropriate measures should be taken, 
such as adequate hydration and lateral position-
ing of the mother. The postoperative period may 
be complicated by premature uterine contrac-
tions when there is intense pain. Adequate anal-
gesia is important and paracetamol, codeine with 
sparse administration of meperidine or fentanyl 
for severe pain is safe on a short-term basis. If the 
patient is diagnosed with localised non-bulky 
renal cancer after the 24th gestational week, fol-
low-up until delivery of a viable foetus via cae-
sarean section in the 32nd–34th weeks followed 
by radical nephrectomy either during the same 
operation or 2–3 weeks later is also an option 
which would minimise the risks of disturbing 
pregnancy at the cost of some delay in therapeu-
tic intervention.

When the tumour is not resectable because 
of development of metastases, the mother’s life 
expectancy and wishes should determine the 
proper course of action. Termination of preg-
nancy is advised, though some patients may feel 
strongly about having their child. Though not 
harmful to the foetus, hormonal therapy with 
progestogens has been abandoned as ineffec-
tive. Interferon therapy has been administered in 
pregnant women with hepatitis C, chronic my-
eloid leukaemia and hairy cell leukaemia without 
reported untoward effects for the embryo and 
seems to be safe for use during pregnancy [150, 
151]. Interleukin-2 has been shown to cause 
placental detachment in pregnant rats and in-

creased serum levels have been found in women 
with recurrent spontaneous abortions [152, 153]. 
As no experience of its safety exists in pregnant 
women, it should not be administered during 
gestation. Thalidomide is teratogenic and is ab-
solutely contraindicated. There are no data what-
soever regarding the use of multi-targeted kinase 
inhibitors (sunitinib, sorafenib) in human preg-
nancy; accordingly they should not be admin-
istered. Radiotherapy cannot be administered 
during gestation; in addition, renal cancer is a 
radioresistant tumour. Palliative radiotherapy to 
bony metastatic deposits distant from the uterus 
(thoracic spine, skull, arms) may in theory be ad-
ministered in pregnant patients in experienced 
centres with appropriate dosimetry and shield-
ing, as successful outcomes have been reported 
by some centres treating pregnant women with 
lymphomas [154]. However, the lack of such ex-
pertise, the fear of litigation and the dismal ma-
ternal prognosis would in most instances neces-
sitate termination of pregnancy.

In the cases reported from 1984 to 2004, the 
tumour was diagnosed at operable stages in the 
majority of women. In one case only, termination 
of pregnancy was chosen because of presence of 
pulmonary metastases. In one other case, an abor-
tion occurred. After radical nephrectomy, at least 
13 women continued their pregnancies and gave 
birth to healthy children via vaginal delivery. A 
caesarean section occurred in five patients, result-
ing in delivery of healthy infants. In two of those 
cases, caesarean section and radical nephrectomy 
were performed simultaneously while in another 
case nephrectomy was performed metachro-
nously. One patient with locally advanced disease 
underwent tumour regional embolisation, while 
another had a partial nephrectomy, in both cases 
the pregnancy continuing normally. Overall, the 
accumulating evidence suggests that thanks to 
frequent ultrasonographic screening renal can-
cer is diagnosed without delay during pregnancy 
and radical nephrectomy is safely performed 
with good curative potential. Maternal and foetal 
prognosis is excellent, no different from that of 
non-pregnant patients with renal cancer. In fact, 
in a published series patients with renal cancer 
diagnosed during pregnancy had a better than 
expected survival [80].
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13.3.2	 Urothelial Cancer

13.3.2.1	 Epidemiology

From 1966 to 2001, 24 cases of non-bilharzial 
bladder cancer were reported in the English 
medical literature and reviewed by Wax et al. 
[155]. Since 2001, seven more cases have been 
published [156–159]. Bladder cancer is the eighth 
most common cancer in women and most such 
tumours affect elderly patients in the sixth and 
seven decades. Urothelial tumours in women 
aged under 40 are typically low-grade superfi-
cial, non-invasive transitional cell tumours. One-
third of these malignancies are associated with 
cigarette smoking, additional risk factors being 
frequent urinary tract infections, phenacetin use 
and exposure to naphthylamines, benzidine, ni-
trosamines, dyes, petroleum derivatives, alumi-
num. Squamous cell bladder cancer is related to 
urinary calculi, catheters and schistosomiasis. In 
pregnancy, the average age of affected patients 
was 30 years. Histological features of urologic 
gestational cancers are similar to those of tu-
mours affecting the general population: 90% are 
transitional cell cancers, three-quarters of which 
represent papillary superficial disease, mostly 
grade 1–2 [155]. Squamous cancer is associated 
with schistosomiasis, while adenocarcinomas are 
rare (<1%). Transitional urothelial tumours af-
fecting young patients should urge clinicians to 
study their family history and, in the presence 
of suspicion for a genetic background, to check 
the tumour for microsatellite instability (MSI). 
Presence of MSI would establish the diagnosis 
of hereditary non-polyposis colorectal cancer 
syndrome (HNPCC, Lynch syndrome). If this is 
the case, screening of the patient and family for 
MLH1, MSH2 and MSH6 mutations is manda-
tory [158].

13.3.2.2	 Presentation, Diagnosis and Staging

The most common presenting complaint of preg-
nant and non-pregnant women is total gross 
painless haematuria and attention is needed so 
as not to confuse it with vaginal bleeding. If the 
source of bleeding is uncertain, a urine speci-

men obtained by catheterisation should be sent 
for analysis. Initial confusion of haematuria with 
obstetrical haemorrhage was reported in 7 of 24 
pregnant women with bladder cancer. Irritative 
symptoms such as frequency, urgency and dys-
uria do not eliminate the possibility of malig-
nancy. Urine cultures, microscopic analysis and 
cytology should supplement the diagnostic work-
up. Most pregnant patients with bladder cancer 
present in the second and third trimesters.

Imaging studies are helpful in detecting blad-
der tumours and nodal and distant metastases. 
Ultrasound is safe and visualises bladder filling 
defects larger than 2 cm, hydronephrosis/hydro-
ureter, renal calculi, renal solid and cystic masses 
and hepatic deposits >1–2 cm. Despite the diag-
nostic difficulty created by the physiologic hydro-
nephrosis of pregnancy, most recently reported 
bladder tumours in pregnancy were detected by 
ultrasound [155]. Intravenous urography is usu-
ally avoided during pregnancy because of the 
high ionising radiation doses delivered to the 
foetus. Cystoscopy is considered the most use-
ful test, as it can be performed in the office with 
a flexible endoscope under local anaesthesia. In 
the pregnant cancer patients reported, the entire 
urethral/bladder mucosa was inspected without 
complications. When needed, cystoscopic biopsy 
or resection of tumour with underlying muscle 
is performed under regional or general anaes-
thesia [76]. A chest X-ray with abdominal lead 
shielding is safe and can show or rule out lung 
metastases>2 cm. Radioisotope bone scans and 
CT scans should be avoided during pregnancy. 
MRI avoids foetal X-ray exposure and is not con-
traindicated after the first trimester. MRI may be 
used for the detection of gross nodal metastases 
and local extension to muscle wall/perivesical fat 
or surrounding organs.

13.3.2.3	 Management and Prognosis

Superficial tumours are resected cystoscopically 
with safety during pregnancy. Such an approach 
was implemented in 18 of 24 pregnant women 
with bladder cancer, with excellent tumour con-
trol [155]. Alternatively, such treatment of low-
grade superficial tumours may be deferred until 
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after delivery. The risk of non-invasive recurrence 
is related to the number and size of primary tu-
mours, grade, lymphatic invasion and carcinoma 
in situ. However, follow-up approaches and adju-
vant intravesical chemotherapy or immunother-
apy may preoccupy the patient and her physician 
after delivery. Only one report described the use 
of adjuvant bacille Calmette-Guerin (BCG) im-
munotherapy during pregnancy (2nd trimes-
ter), without any problems encountered for the 
mother or foetus [159].

Radical cystectomy with pelvic lymph node 
dissection is the standard therapy for patients 
with muscle-invasive bladder cancer localised 
to the pelvis. In women, this procedure includes 
en bloc removal of the bladder, urethra, anterior 
vaginal wall, uterus, ovaries and pelvic perito-
neum. Few such cases of invasive bladder can-
cer have been described in the literature [160, 
161]. Some investigators suggest termination of 
pregnancy if invasive cancer is diagnosed dur-
ing the first or early second trimester, followed 
by definitive treatment. If tumour is detected in 
the late second or third trimester, caesarean de-
livery at or beyond 32 weeks of gestation should 
be followed by radical cystectomy immediately. 
Hendry suggested early pregnancy termination 
and definitive therapy if the tumour was poorly 
differentiated and invaded the muscle wall [162]. 
Clearly, no consensus exists and few data are 
available to support any specific action plan. The 
managing team should individualise care for the 
patient, while respecting the woman’s wishes 
with respect to the foetus. Adjuvant pelvic radio-
therapy or systemic chemotherapy may improve 
locoregional tumour control and survival of pa-
tients with node-positive or perivesical fat-ex-
tending tumours, but in view of the toxicity and 
their marginal benefit, they should be adminis-
tered post-partum.

Overall, the outcome of pregnant women with 
bladder cancer published in the literature does 
not seem to be worse than reported survival rates 
for non-pregnant patients with age- and stage-
matched tumours. Accordingly, when diagnosis 
is set after the 24th gestational week, the urgency 
to definitively treat pregnant patients as soon as 
invasive bladder carcinoma is established is not 
supported by the available evidence.

13.4	 Lung Cancer

13.4.1	 Epidemiology

Lung cancer constitutes the first cause of cancer 
death in both sexes in developed societies [163]. 
The incidence of lung cancer increases with age 
and peaks in the sixth and seven decades of 
life. Only 1%–6% of patients are younger than 
40 years, while 7%–12% are aged 40–50 [164–
168]. The proportion of female lung cancer pa-
tients in the less than 40 age group is 24%–46%, 
clearly higher than the ratio of women in ages 
more than 40 years (12%–30%) [169–172]. The 
most common histologic type in younger ages in 
both sexes is adenocarcinoma, a type of tumour 
that is only weakly associated to smoking his-
tory [173, 174]. Studies in US colleges showed 
that smoking increased in frequency by 31% 
in females compared to a 23% increase seen in 
males over the last decade of the twentieth cen-
tury [175]. This tendency, along with the delayed 
child-bearing in later reproductive ages, may 
lead to commoner diagnosis of lung cancer in 
pregnant women. Lung cancer ranked second in 
the causes of cancer death affecting women of re-
productive age [176].

Smoking is the main risk factor incriminated 
for development of lung cancer. Tobacco smoke 
contains 500 volatile substances, such as aro-
matic hydrocarbons, aromatic amines, nitrosa-
mines and more than 3,500 corpuscles. The risk 
of lung cancer increases with the tar content of 
the cigarette, the number of cigarettes consumed 
daily and the number of smoking years. Passive 
smoking also increases this risk (odds ratio 1.6) 
in a dose-dependent manner. Other risk factors 
with a weaker association are asbestos exposure, 
environmental pollution from SO2, ozone, radon 
and wood or coal smoke.

The coexistence of lung cancer with preg-
nancy is exceedingly rare: only 25 cases have 
been described in the literature from 1953 until 
2006 [177–201]. Affected women were aged 25 
to 46 years (median 36 years). Only 56% of preg-
nant patients were smokers, a fact that emphasise 
the predominance of non smoking-related tu-
mours in this patient group, as well as the impor-
tance of passive smoking. Non-small cell lung 
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carcinomas (NSCLC) were diagnosed in 72% of 
patients, the rest harbouring small cell lung can-
cer (SCLC). The most common NSCLC histo-
logical types encountered were adenocarcinoma 
and large cell undifferentiated carcinoma. The 
median gestational age at diagnosis was 29 weeks 
(range 16–37 weeks).

13.4.2	 Presentation

The clinical picture in pregnant women seem 
to be no different than those of the sex and age-
matched patients of the general population. 
Signs and symptoms may be due to the primary 
tumour, locoregional extension, distant metasta-
ses and paraneoplastic syndromes.

Cough, haemoptysis, thoracic pain and dys-
pnoea are among the most common present-
ing symptoms related to the primary tumour. 
In occasional cases, the diagnosis is made by an 
incidental finding seen on a chest x-ray of an 
asymptomatic patient. Hoarseness of voice due 
to infiltration of the retrograde laryngeal nerve, 
dysphagia and superior vena cava syndrome due 
to esophageal and vena caval compression are 
seen, the latter mostly in small cell lung cancer. 
Horner`s syndrome is caused by involvement 
of the cervical sympathetic plexus by tumour. 
Pericardial and pleural effusion, infiltration of 
the upper ribs leading to pain (Pancoast`s syn-
drome) have been reported in pregnant patients 
as well. The presence of distant metastases may 
cause hepatic capsular pain, headaches, vom-
iting, seizures and bone pain. Paraneoplastic 
syndromes in the form of Cushing`s syndrome 
(ectopic ACTH production by tumour), hyper-
calcemia ( secretion of PTHrP by squamous cell 
lung cancer), inappropriate antidiuretic hormone 
secretion (small cell lung cancer) and neurologic 
syndromes have not been described in pregnant 
women to date.

13.4.3	 Diagnosis and Staging

The diagnosis/staging of lung cancer in a preg-
nant woman necessitates imaging of the tumour, 
definition of its locoregional and distant extent 

and biopsy. Physical examination, medical his-
tory and full serum biochemistry as well as blood 
counts are the sine qua non first steps. Serum 
alkaline phosphatase, LDH and beta-chorionic 
gonadotropin may be physiologically elevated by 
pregnancy, while anaemia and erythrocyte sedi-
mentation rate (ESR) will be affected as well. A 
chest x-ray is associated with exceptionally low 
ionising radiation doses to the foetus and can 
be safely performed, whereas a CT of the chest 
should be avoided. Ultrasonography or MRI of 
the abdomen/pelvis will provide the necessary 
information regarding presence of distant depos-
its. Radioisotope bone scans should be avoided 
and work up of painful bony sites should be re-
stricted to plain x-rays. Tissue diagnosis should 
be obtained by means of ultrasound-guided fine 
needle aspiration or bronchoscopy.

The current published knowledge about flex-
ible bronchoscopy (FB) in pregnant patients is 
limited to a few case reports and one review ar-
ticle [202]. Maternal respiratory function adapts 
to gestation by an increased central respiratory 
drive, a decrease in functional residual capacity 
of the lungs, an increase of tidal volume, in-
creased arterial oxygen levels and tissue oxygen 
consumption, increased airway mucosal oedema 
and limited diaphragmatic mobility. Available ev-
idence shows that FB and endobronchial/trans-
bronchial biopsy can safely be performed during 
pregnancy, provided certain conditions are met: 
It is always preferable to defer it until after deliv-
ery or after the 28th gestational week (when a vi-
able foetus can be delivered if urgently required). 
When medically indicated, bronchoscopy should 
be performed by an experienced bronchoscopist 
with the patient in the left lateral decubitus or 
seated position. The patient`s medical history and 
physical condition should be assessed carefully. 
The procedure should be as brief as possible and 
done under maternal cardiac monitoring/oxyme-
try/sphygmomanometry in a well-equipped hos-
pital with ready access to anesthesia, obstetric 
and neonatology services. Nasal oxygen should 
be given to keep maternal oxygen saturation 
at 97–100% levels. For conscious sedation, low 
doses of meperidine with or without midazolam 
is used judiciously, though benzodiazepine use is 
safer under foetal heart monitoring.
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13.4.4	 Management and Prognosis

Twenty-five cases of pregnancy-associated lung 
cancer have been published during the last 
50 years [177–201]. Characteristics of these cases 
are shown in Table 13.5. All cases were diag-
nosed during the second and third trimesters, 
the median gestational week at diagnosis being 
29 weeks. This fact probably allowed deferral of 
any antineoplastic therapy until after delivery of 
a viable foetus in the 32nd week and beyond, in 
those cases in which continuation of pregnancy 
was selected. In 21 of 25 cases, lung cancer was 
either locally advanced or metastatic at the time 
of diagnosis (stage IIIB/IV). Only two women 
received therapy during gestation, one radiother-
apy and another cisplatin/vinorelbine chemo-
therapy after the 26th gestational week. No foetal 
toxicity was reported.

Fourteen women received therapy after de-
livery. Three underwent thoracotomy for surgi-
cal extirpation of malignancy; one of them also 
received adjuvant radiotherapy. Three patients 
were managed with definitive radiotherapy only, 
while one received concurrent chemoradiother-
apy. Seven patients were managed with pallia-
tive chemotherapy only. Six patients received no 
treatment, while information regarding antineo-
plastic management is lacking in three cases.

Data on patient outcome were available 
in 22 cases. As expected, given the diagnosis 
of lung cancer at advanced stages (IIIB/IV in 
84%), median survival was 4.5 months (range 1–
42 months). The woman surviving for 42 months 
after diagnosis had a stage II squamous lung 
carcinoma at the third trimester and underwent 
pneumonectomy after delivery of a healthy in-
fant. Data on foetal outcome were available in 23 
cases. All 23 infants were born healthy and were 
doing well at a median follow-up of 14 months 
(range 2–60 months). Three of them were born 
premature. Of note, two infants presented ma-
lignant scalp deposits which were curatively re-
sected: Both of them are alive and free from dis-
ease 5 years later. One infant born to a mother 
with small cell lung cancer presented visceral 
metastases, received intravenous cytotoxic che-
motherapy and was in complete remission 1 year 
later.

Table 13.5  Characteristics of 25 reported cases of gesta-
tional lung carcinoma

N = 25

Median age (range) 36 years (28–46)

Median gestational week 
(range)

29 (16–37)

Smoking history

Yes 14

No   4

Histology

NSCLC 18

SCLC   7

Stage

I-II   4

III/IV 21

Therapy

During pregnancy   2

Post-partum 14

No therapy   6

Chemotherapy   9

Radiotherapy   6

Surgery   3

Distant metastases

Patient 16

Placenta   9

Foetus   3

Delivery of healthy infant

Yes 25

 No   0

Median survival (range)   4.5 months (1–42)

Placental involvement was present in 10 of 18 
cases in which the placenta was examined at pa-
thology. Lung cancer is the third most common 
gestational tumour spreading to the placenta, af-
ter melanomas and haematologic malignancies. 
The placenta should always be sent for patho-
logic evaluation after delivery and if it is found 
to be infiltrated by malignant cells, the infant 
should be screened and followed up for the pos-
sible development of metastases.
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Overall, the available evidence does not estab-
lish a distinct biologic behaviour of lung cancer 
during pregnancy. Most tumours are diagnosed 
at advanced stages, a fact attributable to the 
masking of symptoms/signs from pregnancy, the 
avoidance of imaging studies utilising ionising 
radiation, the postponement of invasive diagnos-
tic procedures and the low level of suspicion of 
managing physicians. Of course, a contribution 
to late diagnosis by fulminant disease course be-
cause of the gestational hormonal, immunosup-
pressive and perfusional environment cannot 
be ruled out. However, the outcome of pregnant 
patients does not seem to be different from that 
of non-pregnant patients with stage-matched tu-
mours. Moreover, therapy of pregnant women 
is often deferred until after delivery, the delay 
in instituting treatment further compromising 
patient outcome. The rare patients with stage 
I/II NSCLC diagnosed in the first half of preg-
nancy should undergo surgical resection of the 
tumour, while patients in the late second/third 
trimester may opt for deferral until after deliv-
ery [203]. Stage IIIA patients should be treated 
with induction chemotherapy after the first tri-
mester with relative safety, followed by defini-
tive surgery or radiotherapy. Continuation of 
pregnancy may not be advised if radiotherapy is 
planned, although women with supradiaphrag-
matic Hodgkin lymphomas have been treated 
with carefully planned, restricted radiotherapy 
fields with appropriate abdominal shielding after 
the 17th gestational week without untoward ef-
fects for the embryo [204]. Intravenous cytotoxic 
chemotherapy has been administered with safety 
in pregnant patients after the first trimester, but 
experience with platinum salts, vinca alkaloids 
and taxanes, the most commonly used drugs in 
lung cancer, is restricted to a few case reports 
[205]. These show that the drugs are probably 
safe beyond the period of organogenesis. If the 
pregnant woman with stage IIIB/IV lung cancer 
is not willing to accept the low risk of congenital 
malformations (3%–5%), abortion and growth 
retardation (5%–10%) associated with chemo-
therapy in the second and third trimesters of 
pregnancy, the pregnancy should be terminated 
or treatment deferred until after delivery. For 
small cell lung cancer, intravenous cisplatin/eto-

poside may be administered after the first tri-
mester and radiotherapy post-partum [206].
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14.1	 Introduction

Since the incidence of cutaneous melanoma is 
continuing to increase among all fair-skinned 
populations, the coexistence of melanoma and 
pregnancy or desire to conceive is increasing 
as well. Cutaneous melanoma may be the most 
frequently encountered malignancy during preg-
nancy. The influence of pregnancy on the devel-
opment and prognosis of melanoma has been a 
matter of intense research for years. For many 
years, there has been controversy in the medical 
community regarding the correlation of female 
reproductive factors and hormones with the 
development and outcome of malignant mela-
noma.

This paper addresses epidemiological aspects 
of melanoma during pregnancy and the current 
evidence on the effect of hormonal and repro-
ductive factors on incidence and prognosis of 
melanoma. Results from epidemiological studies 
assessing effect of pregnancy on melanoma have 
been analysed in detail. Diagnostic aspects of cu-
taneous melanoma during pregnancy are evalu-
ated. Staging and clinical presentation of cutane-
ous melanoma during pregnancy are discussed.

14.2	 Epidemiology

Cutaneous melanoma (CM) represents a signifi-
cant and growing public health burden since the 
number of melanoma cases worldwide is increas-
ing faster than any other cancer. During the past 
several decades, there has been a steady increase 
in the incidence of cutaneous melanoma among 
all fair-skinned populations [1]. The annual in-
crease in incidence rate varies between popula-

tions, but in general has been on the order of 3%–
7% per year for fair-skinned populations [2].

CM is now the fourth most common cancer 
in Australia and New Zealand, the seventh most 
common in the USA and Canada, and the tenth 
most common in Scandinavia [3]. In the UK, 
melanoma is the 11th most common cancer in 
women and the 12th most common cancer in 
men [4].

Most of the increased incidence is owed to in-
creased numbers of superficial spreading mela-
noma. Many epidemiologists are attributing the 
increase of melanoma incidence to improved 
surveillance techniques with early diagnosis and 
changes in lifestyle in terms of excessive expo-
sure to sunlight [5].

In the US general population, the age-ad-
justed incidence rates of melanoma are higher 
in males than females [6]. However, melanoma 
incidence rates are higher for females than males 
during the reproductive years (first four decades 
of life except childhood). In Western and North-
ern Europe the incidence of melanoma is higher 
in women at all ages (Fig. 14.1).

In the United Kingdom around a third of all 
cases occur in people aged less than 50 years 
and in the age group of 20–39 years cutaneous 
melanoma is the second most common cancer 
[7]. About 30%–35% of all CM in women occur 
during their childbearing years. Thus, the coex-
istence of melanoma and pregnancy or desire to 
conceive is increasing and melanoma may be the 
most frequently encountered malignancy during 
pregnancy. The real incidence of malignant mel-
anoma during pregnancy is unknown. Smith and 
Randall, in 1969, reported an incidence of 2.8 
per 1,000 deliveries [8]. The estimated incidence 
of melanoma in pregnancy is from 2.8 to 5 cases 
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per 100,000 pregnancies [9]. The Registry of the 
German Dermatological Society revealed that 
1% of female melanoma patients were pregnant 
and 40.5% were found to be in premenopausal 
status [10].

In Sweden, in the period 1973–1984, mela-
noma was the most common cancer type ap-
pearing during pregnancy, and it accounted for 
24.5% of all cases of malignancies in pregnant 
women [11]. Data from the largest cohort study 
examining the association between pregnancy 
and melanoma using the data from the Swed-
ish National and Regional Registries showed 
that among all women (n = 19,337) diagnosed 
with primary cutaneous melanoma in the period 
from 1958 until December 1999, 28.6% were 
diagnosed with melanoma during childbearing 
age, while 0.9% were diagnosed with melanoma 
during pregnancy [12].

Melanoma mortality rates have been rising in 
most fair-skinned populations throughout the 

world in the past few decades [13]. Although 
there were contrasting trends in melanoma mor-
tality between different countries, an increase in 
mortality rate from melanoma has been on the 
order of 2% annually [14]. The lower increase in 
melanoma mortality compared with the increase 
in melanoma incidence has been explained by 
improvements in early diagnosis and manage-
ment of cutaneous melanoma. However, recent 
statistics from many countries show that mortal-
ity appears to be levelling off, indicating that sec-
ondary prevention has been more effective [15]. 
Data from the WHO database show that in West-
ern Europe, mortality rates have recently levelled 
off [estimated annual percentage change (EAPC) 
from −13.6% (n.s.) to 3.3%], whereas in Eastern 
and Southern Europe mortality rates are still in-
creasing [EAPC −1.8% (n.s.) to 7.2%] [16].

Despite the rising melanoma incidence, for-
tunately, there has been a marked concomitant 
improvement in survival [17]. Recent data dem-

Fig. 14.1  World age-stan-
dardised incidence rates, 
malignant melanoma, by 
sex, 2002 estimates (rate per 
100,000 population)
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onstrating a strong trend towards prognostically 
more favourable CM are most likely due to ear-
lier diagnosis. Some epidemiologists consider 
that survival is on the rise also because of the 
change in the behaviour of CM: It tends to be 
thinner, less aggressive and more curable than in 
the past [18].

Although the long-term survival rate for pa-
tients with metastatic melanoma is only 5%, 
early detection of CM carries in general an excel-
lent prognosis [19]. However, survival is strongly 
associated with Breslow thickness of the mela-
noma. Five-year relative survival varies from 
over 90% for patients with thin tumours to about 
40% for those with thick tumours [15].

The influence of pregnancy on the develop-
ment and prognosis of melanoma has been a 
matter of intense research for years. Over the 
past 50 years, the data from epidemiological 
studies evaluating the influence of pregnancy on 
the prognosis in women with melanoma have 
been conflicting. Since 1951, when Pack and 
Scharnagel reported that women diagnosed with 
melanoma during pregnancy have extremely 
poor prognosis because of the rapid develop-
ment of metastases [20], several other studies 
have suggested that melanoma diagnosed dur-
ing pregnancy is associated with a high risk of 
disease progression and increased mortality 
risk [21, 22]. Other studies failed to document 
an adverse effect of pregnancy on melanoma 
prognosis [23]. However, the majority of these 
studies were case reports and uncontrolled stud-
ies. There are five controlled studies which have 
examined the effect of pregnancy on outcome in 
women with melanoma [24–28], and all of them 
fail to demonstrate a statistically significant dif-
ference in survival rate when comparing women 
diagnosed with melanoma (AJCC stage I and II) 
during pregnancy with women of the same age 
diagnosed with melanoma while non-pregnant. 
However, these studies contained considerable 
methodological flaws, and thus their results 
should be interpreted with caution.

Recent large population-based studies showed 
that pregnancy does not appear to have an ad-
verse effect on survival in women with clini-
cally localised melanoma [12, 29]. The results 
from the population-based study of 412 women 
with malignant melanoma diagnosed during or 
within 1 year after pregnancy in California from 

1991 to 1999 found no data to support a more 
advanced stage, thicker tumors, increased metas-
tases to lymph nodes, or a worsened survival in 
women with localised melanoma associated with 
pregnancy [29].

Analysis of survival data from the Swed-
ish cohort study showed that among 5,535 
women diagnosed with melanoma during 
childbearing age in the period between 1958 
and 1999 the overall survival rate from cutane-
ous melanoma was 82.1% [12]. The incidence 
mortality rate in pregnant and non-pregnant 
women was 1,315/100,000 person-years and 
1,102/100,000 person-years of follow-up, respec-
tively.

At the end of follow-up (median follow-up 
11.5 years), the survival of pregnant women with 
melanoma was not worse than the survival of 
non-pregnant women with melanoma (85% and 
82%, respectively). Log rank test did not detect 
a statistically significant difference in overall 
survival in women with melanoma diagnosed 
during pregnancy when compared with women 
with melanoma diagnosed while non-pregnant 
(χ2 = 0.84, df = 1, p = 0.36) (Fig. 14.2).

Fig. 14.2  Kaplan-Meier curves of the probability of sur-
vival for women with pregnancy-associated melanoma 
compared with women with non-pregnancy associated 
melanoma (Swedish cohort study). Red line, women 
with melanoma diagnosed during pregnancy. Black line, 
women with melanoma diagnosed while non-pregnant. 
S_time1, survival time in years
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After adjustment for potential confounders 
(Breslow thickness, tumour site, Clark level 
and age) in a multivariable Cox model in 2,101 
women, pregnancy status at the time of diagnosis 
of melanoma was not related to survival (hazard 
ratio for death in the pregnant group was 1.08; 
95% CI: 0.60–1.93). However, Breslow thickness 
and tumour site were highly significant indepen-
dent prognostic factors of overall survival in these 
female melanoma patients. Women with a higher 
Breslow tumour thickness category had a signifi-
cantly higher risk of death than those with a lower 
Breslow category (HR = 2.16, 95% CI: 1.80–2.58). 
Also, women with axial tumours (head and neck 
and trunk melanomas) had a poorer prognosis 
than those with tumours localised on the extrem-
ities (HR = 2.51, 95% CI: 1.78–3.56).

Some other studies confirmed that the prog-
nosis for women with melanoma during preg-
nancy is dependent on tumour thickness, which 
is the major single determinant of overall sur-
vival [30].

Sun exposure, particularly recreational or in-
termittent sun exposure, is the major known eti-
ologic factor for melanoma, and it may interact 
with other important risk factors [31]. Intensive 
efforts were devoted to identify other risk factors 
for melanoma in addition to the well-known cu-
taneous factors and those variables related to UV 
exposure.

The roles of endogenous sex hormones, ex-
ogenous sex hormones and reproductive factors 
in the causation of cutaneous melanoma of the 
skin in women were extensively examined and 
debated in several studies with inconsistent find-
ings. Many studies showed that neither repro-
ductive factors nor exogenous and endogenous 
hormones contribute significantly to an in-
creased risk of melanoma [32, 33]. Results from 
the Nurses’ Health Study showed that the risk of 
pre-menopausal melanoma may be increased 
among women who are current oral contracep-
tive users, particularly among those with longer 
durations of use [34].

Currently there is no evidence that exogenous 
oestrogens, either oral contraceptives or hor-
mone replacement therapy, have a role in the ae-
tiology of melanoma.

A pooled analysis of 10 case-control studies 
examining the effect of oral contraceptive use 

on women’s risk of melanoma indicated a lack of 
effect of oral contraceptives on cutaneous mela-
noma risk in women [35]. The pooled odds ratio 
(pOR) for the association between oral contra-
ceptive use for 1 year or longer compared to no 
use at any time or use for less than 1 year was 
0.86 (95% CI: 0.74–1.01). A systematic review of 
18 case-control studies revealed no evidence for 
an aetiological role of oral contraceptives in the 
development of cutaneous melanoma [36]. The 
summary ORs estimated from both fixed-effects 
and random-effects models were each 0.95; the 
95% CI were 0.87–1.04 and 0.87–1.05, respec-
tively, indicating no association.

The use of hormone replacement therapy in 
post-menopausal women who had melanoma 
was seriously criticised in the past. At present, 
there appears to be no justification for with-
holding this potentially beneficial therapy from 
menopausal women who have undergone treat-
ment for melanoma [37].

There are insufficient data to understand the 
role of hormones in outcome from melanoma. Re-
sults from epidemiological studies demonstrated 
that women have more favourable prognosis than 
men [38]. This sex-specific difference in progno-
sis of cutaneous melanoma may be explained by 
the hypothesis that oestrogens may be responsi-
ble for the inhibition of melanoma growth.

Several studies suggested that endogenous 
17-β-estradiol metabolite 2-methoxyoestradiol 
(2-ME) formed by granulosa cells inhibits angio-
genesis and suppresses tumour growth in many 
malignant tumours [39]. Although various mo-
lecular targets have been proposed for 2-ME, the 
actual mechanism of its anti-proliferative and 
apoptotic activities is still undefined.

Some studies suggested that pregnancy af-
ter melanoma might have a protective role. The 
results from the Swedish cohort study showed 
that parity status after diagnosis of primary mel-
anoma is not an important prognostic factor in 
the multivariate analysis: There was no statisti-
cally significant difference in overall survival in 
women with no pregnancies subsequent to the 
diagnosis of primary melanoma when compared 
with women who had pregnancies after the 
diagnosis and treatment of the primary cutane-
ous melanoma (hazard ratio for death in women 
who had pregnancy subsequent to the diagnosis 



14  Melanoma During Pregnancy: Epidemiology, Diagnosis, Staging, Clinical Picture 169

of melanoma was 0.58; 95% CI: 0.32–1.05) [12]. 
However, this issue needs further research.

For many years epidemiologists also tried 
to address the question of whether a previous 
pregnancy is associated with a more favourable 
outcome for women subsequently diagnosed 
with melanoma. Some studies found that women 
with pregnancies before the development of 
melanoma had a better five-year survival rate 
from melanoma than women without previous 
pregnancies (77% and 68%, respectively) [40]. In 
contrast, some other studies found no difference 
for nulliparous versus parous women in five-year 
melanoma survival rates (63% vs. 61%) [41].

However, there is clinical evidence that preg-
nancy history may play a role in risk of cutaneous 
melanoma in women. The results from a collabor-
ative analysis of original data from 10 completed 
case-control studies including 2,391 cases and 
3,199 controls found a reduced risk of melanoma 
among women with higher parity (≥5 vs. no live 
births pOR 0.76, 95% CI 0.49–1.18, each live birth 
pOR 0.95, 95% CI 0.91–0.99, p trend = 0.05) [42].

Another important epidemiological aspect 
of melanoma during the pregnancy is the pos-
sibility of transplacental metastases. Although 
metastases to the foetus via the placenta are rare, 
melanoma is the most common culprit [43]. 
With placental involvement, foetal risk of mela-
noma metastasis is approximately 22%. Mater-
nally derived melanoma metastasis in the infant 
is almost invariably fatal.

14.3	 Diagnosis

The diagnosis of melanoma is always made by 
clinical examination, tumour excision and path-
ological examination. Classically, the “ABCD” 
mnemonic method developed by the American 
Cancer Society in 1985 to facilitate evaluation of 
pigmented lesions and improve early diagnosis 
of malignant melanoma is used to describe the 
most common characteristics of a melanoma 
[44]. The ABCD mnemonic analyses four clinical 
features: A = asymmetry; B = border irregularity; 
C = colour variegation; D = diameter greater than 
6 mm. Recently, in light of recent data regarding 
the existence of small-diameter (≤6 mm) mela-
nomas, it has been suggested that the ABCD cri-

teria for the gross inspection of pigmented skin 
lesions and early diagnosis of cutaneous mela-
noma should be expanded to ABCDE (to include 
“evolving”) [45].

Differential diagnosis includes seborrhoic 
keratosis, traumatised or irritated naevus, len-
tigo, hemangioma, pigmented basal cell carci-
noma, pigmented actinic keratosis, angiokera-
toma, dermatofibroma and blue naevus.

The final diagnosis of melanoma is made on 
the basis of an excisional biopsy and histologi-
cal examination. Any lesion suspected of being 
a melanoma should be removed entirely with 
free margins. The pathologist should be given 
all clinical information regarding the patient 
and specimen, including any personal or family 
history of melanoma, the site and size of the le-
sion and its morphologic characteristics. A com-
plete histopathology report should include type 
of melanoma (superficial spreading, nodular, 
etc.), dimensions, margin status, tumour thick-
ness according to Breslow, the level of invasion 
(Clark’s level), presence or absence of ulceration, 
mitotic index, presence or absence of vascular 
and lymphatic invasion, lymphocytic infiltration 
(tumour-infiltrating lymphocyte host response), 
growth phase (radial or vertical) and presence or 
absence of regression.

Several studies have suggested that women 
diagnosed with melanoma during pregnancy are 
more likely to have thicker tumours because of 
delays in diagnosis or hormonal or growth fac-
tor stimulation [12]. Although it is known that 
naevi change during pregnancy (become darker 
and larger) and that the increased pigmentation 
occurs during pregnancy together with general 
physiological changes, physicians caring for 
pregnant women must be always alert to the po-
tential of melanoma and not routinely dismiss 
these changes as being secondary effects of preg-
nancy. Thus, careful examination of naevi is re-
quired during pregnancy.

It is often stated that naevi may darken and 
enlarge during pregnancy and that the increased 
pigmentation during pregnancy combined with 
the general physiological changes which take 
place in pregnancy could make the detection of 
a slight change in a mole more difficult, or the 
woman less concerned than she would be other-
wise [17].
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In the diagnosis of cutaneous melanoma, 
various stage-dependent diagnostic procedures 
are widely performed. However, the situation 
becomes more complicated in pregnant women 
because of the potential hazardous side effects 
to the foetus. Thus, the diagnosis of melanoma 
during pregnancy presents some unique and 
difficult challenges for both patients and pro-
viders. One of the open questions is whether or 
not to perform lymphatic mapping and sentinel 
lymph node biopsy in pregnant women. Lym-
phatic mapping and sentinel lymph node biopsy 
are an essential part of the diagnosis and stag-
ing of patients with melanoma. This technique 
provides important prognostic data in patients 
with early-stage melanoma and identifies pa-
tients with nodal metastases whose survival can 
be prolonged by immediate lymphadenectomy. 
Sentinel node mapping has been adopted as a 
standard staging procedure in many melanoma 
units. However, currently there are no data on 
the safety of sentinel node mapping in pregnant 
patients. Although there is limited experience 
that lymphatic mapping and sentinel node bi-
opsy are feasible in pregnant women, there is still 
no general endorsement of such procedures dur-
ing pregnancy [46]. It is suggested that potential 
risks of radioactive tracers used during the pro-
cedure should be clearly explained to the patient 
and well balanced against the risk of omitting 
nodal staging by sentinel biopsy. Furthermore, 
in pregnant women other staging imaging tests 
should be limited to those associated with the 
lowest exposure to ionising radiation. Abdomi-
nal plain films, isotope scans and computerised 
tomography should be avoided [47].

Another important aspect of diagnosis of 
melanoma during pregnancy is a careful gross 
and histological examination of the placenta by 
pathologists in women with known or suspected 
metastatic melanoma.

14.4	 Staging

Accurate stratification of patients into prognostic 
categories and meaningful comparisons across 
patient populations are achieved by means of 
a standardised and uniformly accepted cancer 
staging system.

Currently the staging of disease in melanoma 
patients is carried out based upon Union In-
ternationale Contre le Cancer/American Joint 
Committee on Cancer staging (UICC/AJCC) 
system. Upon critical review of the accuracy of 
the previous AJCC staging system for cutane-
ous melanoma, a more useful staging system was 
proposed. Changes were suggested after retro-
spective evaluation of the published data as well 
as a reanalysis of the University of Alabama and 
Sydney Melanoma Unit databases (n = 4,568) for 
patients with primary melanoma using an over-
lay graphic technique to compare the Kaplan-
Meier survival curves of patients with melanoma 
and examine the impact of powerful prognostic 
factors (level of invasion, presence of ulceration, 
local recurrences, satellite metastases, in-transit 
metastases and extent of nodal metastasis) on 
survival [48] This final version of the new mela-
noma AJCC staging system became official with 
publication of the sixth edition of the AJCC Can-
cer Staging Manual on January 1, 2003 [49, 50] 
(Table 14.1). Results from the prognostic factors 
analysis from the pooled data from 13 prospec-
tive databases were used to validate the proposed 
staging system [51]).

To improve the accuracy of the previous AJCC 
staging system the following modifications were 
made in the new staging system:
1.	 Clark’s level of invasion was eliminated from 

the T category (except for T1 melanomas), 
since it adds little to prognosis and tends to 
be less accurate and less reproducible than tu-
mour thickness (Breslow).

2.	 Tumour thickness stratification cut-offs were 
changed to 1, 2 and 4 mm since these num-
bers provided a better prediction of progno-
sis and were easier to use than the previously 
used cutoffs of 0.75, 1.5 and 4 mm.

3.	 Ulceration as an independent prognostic 
pathologic feature was incorporated into the 
T category.

4.	 All patients with stage I, II and III disease are 
staged up when a primary melanoma is ulcer-
ated.

5.	 The number of metastatic lymph nodes and 
the delineation of microscopic versus macro-
scopic lymph node metastases are used in the 
N classification.



14  Melanoma During Pregnancy: Epidemiology, Diagnosis, Staging, Clinical Picture 171

6.	 The site of distant metastases and the pres-
ence of elevated serum LDH are incorporated 
in the M category.

7.	 Satellite metastases around a primary mela-
noma and in-transit metastases are now 
grouped into a single staging entity and classi-
fied as stage III disease.

8.	 A new convention is added for defining clini-
cal and pathologic staging so as to take into 
account the new staging information gained 
from intraoperative lymphatic mapping and 
sentinel lymph node biopsy.

14.5	 Clinical Picture

Cutaneous melanoma has been classified, on the 
basis of distinctive clinical and histopathological 
characteristics, into four major types:
1.	 Superficial spreading melanoma;
2.	 Nodular melanoma;
3.	 Acral lentiginous melanoma;
4.	 Lentigo maligna melanoma.

Table 14.1  The new AJCC staging system

Stage Primary tumour (pT) Lymph node (N) Distant metastases (M)

0 In situ tumours No nodes None

IA <1.0 mm, no ulceration No nodes None

IB <1.0 mm with ulceration No nodes None

1.01–2.0 mm, no ulceration No nodes None

IIA 1.01–2.0 mm with ulceration No nodes None

2.01–4.0 mm, no ulceration No nodes None

IIB 2.01–4.0 mm with ulceration No nodes None

>4.0 mm, no ulceration No nodes None

IIC >4.0 mm with ulceration No nodes None

IIIA Any Breslow thickness, no 
ulceration

Micrometastases in nodes None

IIIB Any Breslow thickness, with 
ulceration

Micrometastases in nodes None

Any Breslow thickness, no 
ulceration

Up to three palpable nodes None

Any Breslow thickness ± 
ulceration

No nodes but in-transit metastases 
or satellites

None

IIIC Any Breslow thickness with 
ulceration

Up to three palpable nodes None

Any Breslow thickness ± 
ulceration

Four or more palpable nodes 
or matted nodes or in-transit 
metastases with nodes

None

IV M1: skin, subcutaneous or distant 
lymph nodes

M2: lung

M3: all other sites or any site with 
raised LDH
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14.5.1	 Superficial Spreading Melanoma

Superficial spreading melanoma (SSM) is the 
most common type of cutaneous melanoma. It 
accounts for approximately 70% of all primary 
melanomas in Caucasian populations [52]. 
This type of melanoma has peak incidence in 
the fourth and fifth decades of life. Superficial 
spreading melanoma can be located on any ana-
tomic site of the body, but the most common 
sites are the areas of the body intermittently ex-
posed to the sun, such as the lower extremities 
in females and the back in males. This type of 
melanoma has a tendency for slow growth. SSM 
usually originates in a pre-existing naevus. The 
number and size of naevi are more strongly as-
sociated with the risk for superficial spreading 
melanoma [53].

14.5.2	 Nodular Melanoma

Nodular melanoma (NM) is the second most 
widespread type of melanoma, comprising 
around 10%–15% of all melanomas. It has a peak 
incidence in middle age. The most frequent ana-
tomic sites for the development of NM are the 
trunk, head and neck. It is thought that NM usu-
ally develops on normal skin and not from a pre-
existing naevus. The main characteristic of NM 
is a rapid growth.

14.5.3	 Lentigo Maligna Melanoma

Lentigo maligna melanoma (LMM) accounts for 
approximately 5%–10% of all melanomas. It is 
mostly seen in an older population, with a peak 
incidence in the seventh decade of life. Typical 
sites for the development of LMM are the face 
(particularly cheeks and nose) and the neck. The 
risk for the development of LMM is associated 
with a long-term cumulative sun exposure.

LMM has a prolonged intraepidermal radial 
growth phase that often lasts 10–20 years, known 
as lentigo maligna or Hutchinson freckle. Some 
authors have considered LMM to be a precur-
sor of malignant melanoma, whereas others 
have considered it to be melanoma in situ [54]. 
Recently, a hypothesis has been proposed that 

lesions termed lentigo maligna represent a spec-
trum of lesions ranging from atypical melano-
cytic proliferation with a low risk of progression 
to melanoma to lesions that are already mela-
noma in situ [55].

14.5.4	 Acral Lentiginous Melanoma

Acral lentiginous melanoma (ALM) represents 
approximately 2%–8% of all melanomas in cau-
casian populations. This variant of melanoma 
is the most common expression of melanoma 
among populations with a relatively low inci-
dence of melanoma (African-Americans, Asians 
and Hispanics), where it may account for more 
than half of all melanomas [56]. ALM appears on 
the palms, soles and subungual sites, with a peak 
incidence in the seventh decade.

Two most common types of melanoma during 
pregnancy are superficial spreading melanoma 
and nodular melanoma. In the Swedish cohort 
study 68% of patients were diagnosed with SSM 
during pregnancy, while 15% had nodular mela-
noma. Similar results were achieved in other 
studies evaluating melanoma during pregnancy.

References

Parkin DM, Bray F, Ferlay J, Pisani P (2005) 
Global cancer statistics, 2002. CA Cancer J Clin 
55(2): 74–108
Diepgen TL, Mahler V (2002) The epidemiology 
of skin cancer. Br J Dermatol146(Suppl. 61): 1–6
Marks R (2000) Epidemiology of melanoma. Clin 
Exp Dermatol 25: 459–463
Lens MB, Dawes M (2004) Global perspectives of 
contemporary epidemiological trends of cutane-
ous malignant melanoma. Br J Dermatol 150(2): 
179–185
MacKie RM (1998) Incidence, risk factors and 
prevention of melanoma. Eur J Cancer 34 (suppl. 
2): S3–S6
Anonymous (2003) Stat bite: incidence of and 
mortality from melanoma of the skin, 1975–2000. 
J Natl Cancer Inst 95(13): 933
Cancer Research UK (2006) Malignant melanoma 
factsheet May 2006. Available at: www. info.can-
cerresearchuk.org. Accessed November 9, 2006

1.

2.

3.

4.

5.

6.

7.



14  Melanoma During Pregnancy: Epidemiology, Diagnosis, Staging, Clinical Picture 173

Smith RS, Randall P (1969) Melanoma during 
pregnancy. Obstet Gynecol 34: 825–829
Dillman RO, Vandermolen LA, Barth NM, Brans-
ford KJ (1996) Malignant melanoma and preg-
nancy. West J Med 164: 156–161
Garbe C (1993) [Pregnancy, hormone prepara-
tions and malignant melanoma]. Hautarzt 44: 
347–352
Matthiasen L, Berg G (1989) Malignant mela-
noma, the most common cancer type, first ap-
pearing during pregnancy. Läkartidningen 86: 
2845–2848
Lens MB, Rosdahl I, Ahlbom A, Farahmand BY, 
Synnerstad I, Boeryd B, Newton Bishop JA (2004) 
Effect of pregnancy on survival in women with 
cutaneous malignant melanoma. J Clin Oncol 
22(21): 4369–4375
Brochez L, Naeyaert JM (2000) Understanding 
the trends in melanoma incidence and mortality: 
where do we stand? Eur J Dermatol10(1): 71–75
Severi G, Gilles GG, Robertson C et al. (2000) 
Mortality from cutaneous melanoma: evidence 
for contrasting trends between populations. Br J 
Cancer 82(11): 1887–1891
Downing A, Newton-Bishop JA, Forman D (2006) 
Recent trends in cutaneous malignant melanoma 
in the Yorkshire region of England; incidence, 
mortality and survival in relation to stage of dis-
ease, 1993–2003. Br J Cancer 95(1): 91–95
de Vries E, Bray FI, Coebergh JW, Parkin DM 
(2003) Changing epidemiology of malignant 
cutaneous melanoma in Europe 1953–1997: ris-
ing trends in incidence and mortality but recent 
stabilizations in western Europe and decreases in 
Scandinavia. Int J Cancer 107(1): 119–126
Rigel DS, Friedman RJ, Kopf AW et al. (1996) 
The incidence of malignant melanoma in the 
United States: Issues as we approach the 21st cen-
tury. J Am Acad Dermatol 34: 839–847
Burton RC, Armstrong BK (1995) Current mela-
noma epidemic: a nonmetastasizing form of mel-
anoma? World J Surg 19(3): 330–333
Cummins DL, Cummins JM, Pantle H, Silverman 
MA, Leonard AL, Chanmugam A (2006) Cutane-
ous malignant melanoma. Mayo Clin Proc 81(4): 
500–507
Pack GT, Scharnagel IM (1951) Prognosis of ma-
lignant melanoma in pregnant women. Cancer 4: 
324–334

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sutherland CM, Loutfi A, Mather FJ, Carter RD, 
Krementz ET (1983) Effect of pregnancy upon 
malignant melanoma. Surg Gynecol Obstet 157: 
443–446
Trapeznikov NN, Khasanov SR, Iavorskii VV 
(1987) Melanoma of the skin and pregnancy. Vo-
proxy Onkologii 33: 40–46
Holly EA (1986) Melanoma and pregnancy. Re-
cent Results Cancer Res 102: 118–126
Reintgen DS, McCarty KS Jr, Vollmer R, Cox 
E, Seigler HF (1985) Malignant melanoma and 
pregnancy. Cancer 55: 1340–1344
McManamny DS, Moss ALH, Pocock PV, Briggs 
JC (1989) Melanoma and pregnancy: a long-term 
follow-up. Br J Obstet Gynaecol 96: 1419–1423
Wong JH, Sterns EE, Kopald KH, Nizze JA, 
Morton DL (1989) Prognostic significance of 
pregnancy in stage I melanoma. Arch Surg 124: 
1227–1231
Slingluff CL Jr, Reintgen DS, Volmer RT, Seigler 
HF (1990) Malignant melanoma arising during 
pregnancy—a study of 100 patients. Ann Surg 
211: 552–559
MacKie RM, Bufalino R, Morabito A, Sutherland 
C, Cascinelli N (1991) Lack of effect of pregnancy 
on outcome of melanoma—The World Health 
Organisation Melanoma Programme. Lancet 337: 
653–655
O’Meara AT, Cress R, Xing G, Danielsen B, Smith 
LH (2005) Malignant melanoma in pregnancy. 
A population-based evaluation. Cancer 103(6): 
1217–1226
Daryanani D, Plukker JT, De Hullu JA, Kuiper 
H, Nap RE, Hoekstra HJ (2003) Pregnancy and 
early-stage melanoma. Cancer 97(9): 2248–2253
Berwick M, Armstrong BK, Ben-Porat L, Fine J, 
Kricker A, Eberle C, Barnhill R (2005) Sun expo-
sure and mortality from melanoma. J Natl Cancer 
Inst 97(3): 195–199
Osterlind A, Tucker MA, Stone BJ, Jensen OM 
(1988) The Danish case-control study of cutane-
ous malignant melanoma. III. Hormonal and re-
productive factors in women. Int J Cancer 42(6): 
821–824
Smith MA, Fine JA, Barnhill RL, Berwick M 
(1998) Hormonal and reproductive influences 
and risk of melanoma in women. Int J Epidemiol 
27(5): 751–757
Feskanich D, Hunter DJ, Willett WC, Spiegelman 
D, Stampfer MJ, Speizer FE et al. (1999) Oral con-
traceptive use and risk of melanoma in premeno-
pausal women. Br J Cancer 81(5): 918–923

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.



M. Lens174

Karagas MR, Stukel TA, Dykes J, Miglionico 
J, Greene MA, Carey M et al. (2002) A pooled 
analysis of 10 case-control studies of melanoma 
and oral contraceptive use. Br J Cancer 86(7): 
1085–1092
Pfahlberg A, Hassan K, Wille L, Lausen B, Ge-
feller O (1997) Systematic review of case-control 
studies: oral contraceptives show no effect on 
melanoma risk. Publ Health Rev 25: 309–315
Durvasula R, Ahmed SM, Vashisht A, Studd JW 
(2002) Hormone replacement therapy and malig-
nant melanoma: to prescribe or not to prescribe? 
Climacteric 5(2): 197–200
Thörn M, Adam HO, Ringborg U, Bergrström R, 
Krusemo UB (1987) Long-term survival in ma-
lignant melanoma with special reference to age 
and sex as prognostic factors. J Natl Cancer Inst 
79: 969–974
Fotsis T, Zhang Y, Pepper MS, Adlercreutz 
H, Montesano R, Nawroth PP, Schweigerer L 
(1994) The endogenous oestrogen metabolite 
2-methoxyoestradiol inhibits angiogenesis and 
suppresses tumour growth. Nature 368(6468): 
237–239
Hersey P, Morgan G, Stone DE, McCarthy WH, 
Milton GW (1977) Previous pregnancy as a pro-
tective factor against death from melanoma. Lan-
cet 1(8009): 451–452
Elwood JM, Coldman AJ (1978) Previous preg-
nancy and melanoma prognosis. Lancet 2(8097): 
1000–1001
Karagas MR, Zens MS, Stukel TA, Swerdlow AJ, 
Rosso S, Osterlind A et al. (2006) Pregnancy his-
tory and incidence of melanoma in women: a 
pooled analysis. Cancer Causes Control 17(1): 
11–19
Alexander A, Samlowski WE, Grossman D, 
Bruggers CS, Harris RM, Zone JJ et al. (2003) 
Metastatic melanoma in pregnancy: risk of trans-
placental metastases in the infant. J Clin Oncol 
21(11): 2179–2186
Friedman RJ, Rigel DS, Kopf AW (1985) Early de-
tection of malignant melanoma: the role of phy-
sician examination and self-examination of the 
skin. CA Cancer J Clin 35: 130–151
Abbasi NR, Shaw HM, Rigel DS, Friedman RJ, 
McCarthy WH, Osman I et al. (2004) Early di-
agnosis of cutaneous melanoma: revisiting the 
ABCD criteria. JAMA 292(22): 2771–2776

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Mondi MM, Cuenca RE, Ollila DW, Iv JH, Levine 
EA (2007) Sentinel lymph node biopsy during 
pregnancy: initial clinical experience. Ann Surg 
Oncol 14: 218–221
Pavlidis NA (2002) Coexistence of pregnancy and 
malignancy. Oncologist 7(4): 279–287
Buzaid AC, Ross MI, Balch CM, Soong S, McCar-
thy WH, Benjamin RS et al. (1997) Critical analy-
sis of the current American Joint Committee on 
Cancer staging system for cutaneous melanoma 
and proposal of a new staging system. J Clin On-
col 15: 1039–1051
Balch CM, Buzaid AC, Soong SJ, Atkins MB, Cas-
cinelli N, Coit DG et al. (2001) Final version of 
the American Joint Committee on Cancer stag-
ing system for cutaneous melanoma. J Clin Oncol 
19(16): 3635–3648
American Joint Committee on Cancer (2002) 
Melanoma of the skin. Greene FL, Page DL, Flem-
ing ID, Fritz A, Balch CM, Haller DG, et al., eds. 
AJCC Cancer Staging Manual. 6th ed. New York: 
Springer Verlag
Balch CM, Soong SJ, Gershenwald JE, Thompson 
JF, Reintgen DS, Cascinelli N et al. (2001) Prog-
nostic factors analysis of 17600 melanoma pa-
tients: validation of the American Joint Commit-
tee on Cancer melanoma staging system. J Clin 
Oncol 19(16): 3622–3634
MacKie RM (2000) Malignant melanoma: clinical 
variants and prognostic indicators. Clin Derma-
tol 25: 471–475
Holly EA, Kelly JW, Shpall SN, Chiu SH (1987) 
Number of melanocytic nevi as a risk factor for 
malignant melanoma. J Am Acad Dermatol 17: 
459–468
Cohen LM (1995) Lentigo maligna and lentigo 
maligna melanoma. J Am Acad Dermatol 33: 923
Crowson AN, Magro CM, Sanchez-Carpintero 
I, Mihm MC Jr. (2002) The precursors of malig-
nant melanoma. Recent Results Cancer Res 160: 
75–84
Halder RM, Ara CJ (2003) Skin cancer and pho-
toaging in ethnic skin. Dermatol Clin 21(4): 
725–732

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.



15.1	 Introduction

The epidemiology, diagnosis, staging, and clini-
cal picture of melanoma during pregnancy are 
described in Chap. 14. The real incidence of 
melanoma during pregnancy is still unknown. 
Pregnancy-related risk factors might play a role 
in melanoma as in breast cancer (Karagas et al. 
2006). The prognosis of cutaneous melanoma is 
based on the Breslow thickness, the presence or 
absence of ulceration, and the mitotic rate of the 
tumor (Balch et al. 2001; Francken et al. 2004). In 
general the clinical outcome of solid cancer treat-
ment, disease-free and overall survival, is based 
on the stage of the disease, that is, the lower the 
stage, the better the outcome. The behavior of 
melanoma is, unfortunately, unpredictable.

The influence of pregnancy on the prognosis 
of women with a history of melanoma or preg-
nant women in whom a melanoma is diagnosed 
has been controversial since the first publication 
of Pack and Scharnagel in 1951, in which they 
described 10 pregnant patients diagnosed with 
melanoma and a mortality rate of 50% (Pack and 
Scharnagel 1951). It has been hypothesized that 
hormonal, reproductive, and/or growth factors 
influence prognosis during pregnancy. There are 
no clear indications that exogenous hormonal 
stimulation or hormonal changes during preg-
nancy stimulate the growth of the primary tumor 
or of potential micrometastases, that is, affect 
disease outcome (Neifeld and Lippman 1980; 
Flowers et al. 1987; Lecavalier et al. 1990). Fur-
thermore, there is also no relation between the 
use of oral contraceptives and prognosis (Pfahl-
berg et al. 1997; Grin et al. 1998; Gefeller et al. 
1998). As yet, there is no conclusive evidence that 
the timing of melanoma during or near the time 

of pregnancy adversely affects the clinical course 
or prognosis of the disease (George et al. 1960; 
Reintgen et al. 1985; Slingluff et al. 1990; MacKie 
et al. 1991; Antonelli et al. 1996; Teplitzky et al. 
1998; Pavlidis 2002; Daryanani et al. 2003). In 
vitro fertilization in a woman previously diag-
nosed with melanoma also does not affect sur-
vival (Venn et al. 1995).

When a skin lesion becomes suspicious during 
pregnancy and the diagnosis of melanoma is 
considered, an excisional biopsy should be 
performed, followed by appropriate staging 
and treatment. Several well-controlled studies 
showed that the survival in pregnant woman with 
stage I and II melanoma did not show any overall 
and disease-free survival difference if they were 
adequately treated (George et al. 1960; Reintgen 
et al. 1985; Slingluff et al. 1990; MacKie et al. 
1991; Antonelli et al.1996; Teplitzky et al. 1998; 
Pavlidis 2002; Daryanani et al. 2003). Recent 
studies indicated that melanomas detected 
during pregnancy were in general thicker than 
those in nonpregnant women (George et al. 
1960; Reintgen et al. 1985; Slingluff et al. 1990; 
MacKie et al. 1991; Travers et al. 1995; Antonelli 
et al. 1996; Teplitzky et al. 1998; Pavlidis 2002; 
Daryanani et al. 2003). The prognosis is therefore 
related to the tumor thickness and not related 
to the pregnancy. Presumably diagnosis of 
melanoma is delayed during pregnancy and 
therefore thicker lesions are diagnosed (Wrone 
et al. 1999). Two recent population-based studies 
did not support a more advanced stage, thicker 
tumors, increased lymphatic metastatic disease, 
or worsened survival (Lens et al. 2004; O’Meara 
et al. 2005).

When a recurrence of a previously treated 
melanoma or an unknown primary melanoma 
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is encountered during pregnancy, appropriate 
treatment is indicated after optimal staging.

In both described situations, recurrent mel-
anoma or melanoma first diagnosed during 
pregnancy, the specific (surgical) treatment is 
extensively discussed by the surgical oncolo-
gist, dermatologist, and/or obstetrician with the 
patient and her partner. Consultation with a 
radiation oncologist and/or medical oncologist 
may sometimes be indicated. In certain circum-
stances there might be even an indication for ter-
mination of the pregnancy.

This chapter focuses on the diagnostic and 
therapeutic management of primary and recur-
rent melanoma during pregnancy.

15.2	 Diagnostic Biopsy

Only a small proportion of nevi (6%) show a 
change during pregnancy (Pennoyer et al. 1997). 
When a suspicious skin lesion is encountered, 
digital dermatoscopy has the potential to increase 
the diagnostic accuracy for such a lesion (Kittler 
et al. 2002). A suspicious lesion with change in 
size, shape, or color, or one that itches, diagnosed 
during pregnancy should always be excised, and 
this should not be deferred until after delivery 
(MacKie 1999). The excisional biopsy involves 
complete removal of skin with a 1- to 2-mm 
clinical margin and a deep margin in the subcu-
taneous fat underneath all epithelial appendant 
structures and can be safely performed during 
pregnancy. A narrow diagnostic excision pre-
serves the normal lymphatic flow and will lead 
to a minimal scar in case the lesion turns out to 
be benign. When an excisional biopsy is not pos-
sible, a full-thickness, incisional biopsy should 
be obtained. The prognosis of melanoma patients 

may be worse after incisional biopsy (Rampen et 
al. 1980). The diagnostic excision or incision can 
be safely performed under local anesthesia. It is 
important to inform the pathologist with respect 
to the pregnancy when a mole is excised, since 
pregnancy-related changes might lead to a mis-
interpretation of the microscopic picture of the 
mole (MacKie 1999).

15.3	 Local Excision

The reason for a wide local excision of a melanoma 
is based on the fact that a melanoma might be 
surrounded by “centripetal lymphatic spread.” 
The risk of the presence of satellites is increased 
with the Breslow thickness of the melanoma. 
Five completed prospective randomized trials 
addressed the surgical excision margin for 
primary melanoma of the skin as summarized in 
Table 15.1 (Veronesi and Cascinelli 1991; Cohn-
Cedermark et al. 2000; Balch et al. 2001; Khayat 
et al. 2003; Thomas et al. 2004). For melanoma 
in situ an excision margin of 0.5 cm is adequate. 
The currently advised resection margins for 
melanoma Breslow thickness ≤2.0 mm is 1 cm, 
for Breslow thickness 2.0–4 mm is 2 cm, and 
for >4 mm is at least 2 cm, as summarized in 
Table 15.2. Reexcision is preferably performed 
under general or regional anesthesia with 
primary closure of the skin. When this is im-
possible a split skin graft might be used. Tissue 
transfers are generally not recommended, since 
they might preclude the early detection of a 
local recurrence. Small excisions can also be 
performed under local anesthesia. If excision 
needs to be performed under general anesthesia, 
fetal heart rate monitoring can be performed, if 
indicated.

Table 15.1  Prospective randomized surgical excision trials in cutaneous melanoma

Author Year N Tumor thickness (mm) Randomized surgical arms (cm)

Veronesi 1991 612 ≤2 1 vs. 3

Balch 2001 486 1–4 2 vs. 4 

Cohn-Cedermark 2002 989 ≤2 2 vs. 5

Khayat 2003 362 ≤2 2 vs. 5

Thomas 2004 900 >2 1 vs. 3
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Table 15.2  Recommended excision margin in cutaneous 
melanoma

Tumor thickness (mm) Excision margin (cm)

In situ 0.5–1

0–1 1

1–2 1

2–4 2

>4 At least 2

15.4	 Lymphatic Mapping

In most patients with localized melanoma of 
less than 4-mm Breslow thickness, wide local 
excision is a curative treatment, although 15%–
20% will develop locoregional disease. Various 
prospective and retrospective studies have not 
shown any benefit of an elective lymph node 
dissection (ELND) in improving the disease 
and/or overall survival of melanoma patients 
(Sim et al. 1986; Balch et al. 1996; Cascinelli et 
al. 1998). Therefore, Morton developed the tech-
nique of sentinel lymph node biopsy (SLNB) in 
the early nineties in order to achieve a better 
staging of patients with clinical stage I and II 
melanoma (Morton et al. 1992). SLNB is one of 
the most significant advances in the treatment 
of melanoma during the last decade. Research 
has shown that SLNB does indeed lead to bet-
ter staging and is the most powerful prognostic 
factor related to recurrence and survival for lo-
calized melanoma (Gershenwald et al. 1999; de 
Vries et al. 2005). When metastases are found 
in the sentinel lymph node, completion lymph 
node dissection (CLND) is recommended. The 
technique of the SLNB is well defined. Lympho-
scintigraphy with 99mtechnetium-labeled colloids 
is used in combination with intraoperative blue 
dye. The SLNB in itself seems to be a minimally 
invasive procedure, although there is a minimal 
treatment-related short- and long-term mor-
bidity after CLND, wound infection and slight 
edema (Morton et al. 2005; de Vries et al. 2005, 
2006). Whether SLNB and CLND influence sur-
vival is being investigated in the multicenter se-
lective lymphadenectomy trial (MSLT I). It will 
take a number of years before the final results of 
the MSLT I become available. A recent interim 

analysis reported that for intermediate thick-
ness (1.2–3.5 mm) the results of sentinel node 
biopsy showed that the 5-year survival rate was 
higher among those who underwent immediate 
lymphadenectomy than among those in whom 
lymphadenectomy was delayed (72.3 ± 4.6% vs. 
52.4 ± 5.9% with a p value of .004) (Morton et al. 
2006).

The use of sentinel node mapping in mela-
noma during pregnancy is controversial for two 
reasons. The rate of allergic reactions to blue dye 
is as high as 2%. The incidence of life-threaten-
ing anaphylactic reaction requiring resuscitation 
is ±1% (Cimmino et al. 2001; Albo et al. 2001). 
Lymphoscintigraphy cannot be combined with 
blue dye, since vital blue dye is contraindicated 
in pregnant patients. Radioactive colloid alone 
can be used in the SLN mapping, since the lym-
phoscintigraphy leads to a negligible dose to the 
fetus of 0.014 mGy or less, a radiation dose not 
increasing the incidence of fetal malformation. 
This is much less than the National Council on 
Radiation Protection and Measurements limit for 
a pregnant woman (Pandit-Taskar et al. 2006). 
Although lymphoscintigraphy without blue dye 
does not harm the fetus, we do not recommend 
SLNB with lymphoscintigraphy in pregnant 
women, since the MSLT I trial still has not proven 
any benefit in overall survival, the primary end-
point of the trial (Morton et al. 2006).

If a lymphatic mapping is considered it is ad-
vised that no more than 10 MBq be injected and 
that surgical excision of the lesion site be per-
formed within 6 h. The fetus will then be receiv-
ing approximately 33 μSv, equivalent to 6 days’ 
natural background radiation. For women who 
are in the middle or end stage of pregnancy and 
had undergone a diagnostic excision with unin-
volved margins, the definitive treatment, wide 
local excision and SLNB, might be postponed 
until delivery.

15.5	 Therapeutic Lymph Node 
Dissection

When a patient is diagnosed with clinical palpa-
ble lymph nodes of a melanoma there is an indi-
cation for an optimal staging for further dissemi-
nated disease. Whole body positron emission 
tomography (PET), computer tomography (CT), 
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and even magnetic resonance imaging (MRI) 
are widely used in the staging of stage III mela-
noma. In general PET will lead to staging up in 
20%–25% of clinical stage III patients (Bastiaan-
net et al. 2006). Staging procedures in pregnant 
women must avoid ionizing radiation. The ex-
posure of the fetus to lymphoscintigraphy or CT 
scan does not significantly increase the risk of 
prenatal death or malformation when performed 
correctly. The use of CT scanning is based on the 
duration of the gestation period. PET, however, 
is contraindicated during pregnancy. Pregnant 
women should not undergo MRI in the first 
3 months of pregnancy, unless the only reason-
able alternative imaging involves the use of X-ray 
procedures (Campbell and Campbell 2006).

The majority of these patients still require a 
therapeutic lymph node dissection (TLND). 
When there are no contraindications for a surgi-
cal intervention, the TLND should not be delayed 
because the woman is pregnant. It is known that 
pregnancy in women with occult metastases may 
promote earlier appearance of metastatic disease. 
Since the doubling time of metastatic disease is 
unknown, delay might result in a more advanced 
disease.

The surgical techniques for TLND for mela-
noma are well described (Coit 1992). Lateral or 
posterolateral neck dissection, axillary dissection 
including level III, and superficial groin dissec-
tion can easily be performed during pregnancy. 
In contrast, the deep part of the groin dissection 
might be difficult during pregnancy. However, in 
late stages of pregnancy it might be advisable to 
delay surgery to allow the pregnancy to be com-
pleted or to initiate early delivery to allow the 
surgical procedure.

Extensive nodal disease, extranodal disease, 
angioinvasion, and/or microscopic involvement 
of the resection margins might be an indication 
for adjuvant radiation treatment (Bastiaannet 
et al. 2005). The radiation treatment is postponed 
until the end of the pregnancy.

15.6	 Local Recurrence 
and/or In-Transit Metastases 
and Disseminated Disease

The treatment of local recurrence and/or in-tran-
sit metastases is primarily a curative local treat-

ment that might consist of surgical resection, 
cryosurgery, or laser ablation. The techniques of 
hyperthermic isolated limb perfusion or isolated 
limb infusion with melphalan for local disease 
confined to the limbs are contraindicated during 
pregnancy.

In case of disseminated disease during preg-
nancy, the available treatment options are lim-
ited. Since no proven effective chemotherapy 
regimen for melanoma is yet available, it is rec-
ommended that pregnant woman who have 
systemic disease should not be offered any che-
motherapy. Vaccine therapy is also excluded in 
pregnant woman. In case of disseminated disease 
with regional disease, a therapeutic lymph node 
dissection is seldom indicated and palliative 
resection of the involved node(s) is sufficient. 
In-transit metastases can easily be treated by 
cryosurgery or laser ablation, which can be per-
formed on an outpatient basis. If the recurrences 
are too large for local treatment, palliative surgi-
cal resections can be performed under general, 
regional, or even local anesthesia. Surgery is the 
only curative treatment option for disseminated 
disease. If surgery can render a nonpregnant pa-
tient NED, 5-year survival rates up to 20%–39% 
can be achieved (Hsueh et al. 2002). Therefore, 
an aggressive surgical approach seems also war-
ranted in pregnant women.

In pregnant patients with disseminated dis-
ease termination of the pregnancy will not alter 
the prognosis of the mother. In women with stage 
III and IV during pregnancy it is important to 
examine the placenta histologically for evidence 
of metastatic disease. Placental and fetal metas-
tasis from maternal melanoma is exceptionally 
rare (Altman et al. 2003; Alexander et al. 2003). 
Melanoma is the most common type of cancer to 
metastasize to the placenta and the fetus. If me-
tastases are found in the placenta, there is a 20% 
risk of metastatic disease to the fetus. The baby 
should be carefully monitored for metastatic dis-
ease during the first year.

15.7	 Pregnancy and Melanoma History

The incidence of melanoma is increasing also 
in women of childbearing age. Those women 
may desire to become pregnant. There are no 
data that pregnancy or hormone use adversely 
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affects prognosis (George et al. 1960; Reintgen 
et al. 1985; Slingluff et al. 1990; MacKie et al. 
1991; Antonelli et al. 1996; Pfahlberg et al. 1997; 
Grin et al. 1998; Gefeller et al. 1998; Teplitzky 
et al. 1998; Pavlidis 2002; Daryanani et al. 2003). 
The risk of recurrence of a melanoma increases 
with Breslow thickness, and the majority of 
the patients will develop a recurrence within 
24 months (Francken et al. 2005). Therefore, 
pregnancy is not advisable for at least 2 years in 
patients with melanoma >1.5 mm and at least 
5 years in women with stage III melanoma. The 
idea behind this advice is to avoid the tragedy 
that a healthy newborn loses his mother (Merkus 
and Teepen 1998). If recurrences develop dur-
ing pregnancy it is disastrous for the patient, 
not only emotionally but also medically. Beside 
the options for surgical treatment, radiation and 
chemotherapy treatment might harm the fetus. 
Although the risk for placental and fetal metas-
tasis is minimal, they may develop. The placentas 
of women with known or suspected melanoma 
should be carefully examined by the pathologist. 
When placenta involvement occurs, the fetal risk 
of melanoma metastasis is approximately 22%.

15.8	 Conclusion

Pregnancy or hormone use has no adverse, long-
term effect on survival in patients with clinically 
localized melanoma. An alternative to oral con-
traceptives is nonhormonal contraception. Preg-
nant patients may present with thicker mela-
noma. The surgical resection margins in women 
with melanoma diagnosed during pregnancy are 
well defined, and customized sentinel node bi-
opsy procedure in stage I and II patients might 
be discussed. The indication for therapeutic 
lymph node dissection in stage III is not differ-
ent from that in nonpregnant patients, although 
systemic or vaccine treatment is contraindicated. 
The treatment of recurrences diagnosed during 
pregnancy is “tailored” to the type of recurrence 
and the pregnancy. The prognosis of women 
with primary or recurrent melanoma diagnosed 
during pregnancy, overall and disease-free sur-
vival, is related to tumor thickness, ulceration, 
and stage of disease. Pregnant patients should 
therefore be counseled regarding these factors. 
The surgical principles of melanoma treatment 
during pregnancy are summarized in Table 15.3.

Table 15.3  Surgical principles of melanoma treatment during pregnancy

Suspicious skin lesion

Suspicious lesions should be examined with digital dermatoscopy

Diagnostic excision of a suspicious lesion under local anesthesia with 5-mm margin

Melanoma stage I and II

Staging of melanoma stage I and II: chest X-ray and no sentinel lymph node biopsy

�Treatment of stage I and II melanoma: Breslow 0–2 mm, excision under with 1-cm margin, Breslow 2–4 mm with 
2-cm margin, and Breslow>4 mm with at least 2-cm margin

Melanoma stage III

Staging of melanoma stage III: chest X-ray, no further staging with PET, CT, or MRI

Treatment of stage III nodal disease: therapeutic lymph node dissection

Treatment of stage III disease: in-transit metastases or satellitosis, tailored to the extent of the disease, excision, 
cryosurgery, laser ablation

Melanoma stage IV

Staging of stage IV disease: tailored to the gestation period

�Treatment of stage IV disease: tailored to the patient, gestation period, and extent of the disease; local treatment 
(surgery, cryosurgery, laser ablation, radiation treatment) or systemic treatment. Termination of pregnancy based 
on the extent of the disease and/or gestation period. Inspection of the placenta and histopathology of the placenta 
after delivery
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16.1	 Introduction

The coexistence of cancer with pregnancy is a 
rare event. The estimated frequency is around 1 
case of cancer every 1,000 gestations. During the 
last decades and especially in developed coun-
tries the incidence is probably increasing because 
of delay of pregnancy into the late reproductive 
years [1, 2].

The management of these patients is unique 
since it involves two persons: the mother and 
the foetus. Because of the absence of strict diag-
nostic or therapeutic guidelines, both gynaeco-
logists and oncologists should try to benefit the 
mother’s life, to treat curable cancers, to protect 
the foetus from toxic treatments and to retain the 
mother’s reproductive system intact. Every deci-
sion should always be taken after a thorough dis-
cussion among the doctor, the pregnant mother 
and her partner.

The most common malignant tumours aris-
ing in pregnancy are breast cancer, cervical can-
cer, haematological malignancies and melanoma, 
followed by lung cancer, thyroid cancer, gastro-
intestinal and gynecological cancer as well as by 
sarcomas [1].

The diagnosis and staging work-up of preg-
nant mothers with cancer should always be 
limited to those associated with the smallest 
hazardous effect on the mother and the foetus. 
Radiation therapy should be avoided, whereas 
chemotherapy can safely be provided during the 
second or third trimester of pregnancy [2].

16.2	 Incidence

Reliable epidemiological data on metastatic in-
volvement of the products of conception are 

lacking since: (a) routine histological examina-
tion of the placenta is not always performed, (b) 
most newborns do not have a proper follow-up, 
(c) cancer could be expected to induce abortion 
and eliminate the possibility of such metastasis 
or (d) many pregnant women have only localised 
disease without metastatic spread.

During the last decades four reviews have ap-
peared in the medical literature, in which approx-
imately 100 cases were reported (Table 16.1). The 
first review was published in 1970 with 24 cases 
and the second in 1989 with 52 patients, and in 
2003 two reports with 62 and 87 cases have seen 
the light of publication [3–6].

Although placental invasion is a rare phenom-
enon, it seems that foetal involvement is even 
more uncommon accounting for the one fourth 
of those cases with affected placentas [1].

Metastatic transmission to placenta or foetus 
is most frequently seen in melanoma (30%), 
leukemias and lymphomas (15%), breast cancer 
(14%) and lung cancer (13%), followed by 
bone or soft tissue sarcomas, gynaecological 
malignancies, gastric cancer or other tumours 
[1, 2, 5, 6].

16.3	 Histopathological Findings

Maternal blood circulation in the placenta drains 
into the intervillous space, where the anchor-
ing villous projections are located. Foetal tro-
phoblasts consisting of the syncytiotrophoblasts 
(outer layer) and the cytotrophoblasts (inner 
layer of Langhans) line the villous projections. 
Maternal and foetal circulation are separated by 
three components: the trophoblast, the villous 
connective tissue and the capillary wall [7, 8] 
(Fig. 16.1).
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Probably the trophoblast plays the role of a 
physical barrier in recognising and rejecting for-
eign maternal antigens expressed by the cancer 
cells. Phagocytosis of maternal cells by the syn-
cytiotrophoblast is a normal function during the 
implantation phase [9]. However, phagocytosis 
and destruction of tumour cells by the villous 
syncytiotrophoblasts and the villous trophoblasts 
have also been reported [10, 11].

Vertical transmission of cancer cells to pla-
centa or foetus is exceptionally uncommon. Most 
malignant tumours involving the products of 
conception metastasise through the haematog-
enous route, whereas lymphatic dissemination or 
contiguous invasion are less common metastatic 
pathways [5]. Lymphatic spread has been mostly 
observed in cervical cancer associated with preg-
nancy [12].

Histologically, tumour cell sequestration in 
the intervillous spaces intermixed with the ma-
ternal blood has been observed in all cases of 
placental metastatic deposits suggesting hae-
matogenous spread of tumour [13] (Fig. 16.2). 
On the other hand, foetal metastases are always 
preceded by invasion of the chorionic villous by 
cancer cells [3, 7, 13].

16.4	 Review by Tumour Type

16.4.1	 Melanoma

It is important to note that the incidence of mela-
noma has been increasing lately, representing the 
main cause of cancer death in women of child-
bearing age.

Melanoma constitutes 8% of all cancers oc-
curring with pregnancy, with an estimated in-
cidence of 0.1 to 2.8 per 1,000 pregnancies [14, 
15]. Despite the fact that melanoma is not the 
most common cancer during pregnancy, it is 
most likely to metastasise to the products of 
conception. Melanoma accounts for 58% of all 
gestational cancer affecting the embryo. The like-
lihood of embryonal metastasis in a pregnant 
patient with melanoma has been estimated to be 
about 17% [6, 16].

Several explanations have been postulated 
for this “melanoma tropism” to trophoblastic 
tissue, such as (a) placental overexpression of 
melanocytes, (b) release of adhesion molecules, 
growth factors such as PGF and HGF or angio-
genic molecules such as VEGF by melanoma 
cells favouring placental seeding or (c) inad-

Table 16.1  Metastatic involvement of products of conception

Tumor type No. of cases
Involvement Reference

Placenta Foetus

Melanoma 28 25/28   6/28 17–43

Breast cancer 14 14/14   0/14 49–61

Lung cancer 13 11/13   3/13 5, 16, 63–78

Leukaemias 10   7/10   3/10 89–97

Lymphomas   7   7/7   3/7 83–88

Gastrointestinal cancer   9   9/9   1/9 13, 57, 102–108

Sarcomas   8   8/8   0/8 17, 109–115

Head-neck cancer   3   3/3   1/3 101, 114, 115

Ovarian cancer   2   2/2   0/2 47, 48

CUP   2   2/2   0/2 106, 118

Cervical cancer   1   1/1   0/1 12

Adrenal cancer   1   1/1   0/1 119

Total 98 90/98 17/98

CUP, carcinoma of unknown primary
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Fig. 16.1  Uterine insertion of the human 
placenta. AV, anchoring villi; CCC, cytotro-
phoblast cell column; CL, villous cytotro-
phoblast, Langhans layer; CTS, cytotropho-
blast shell; DC, cells of the maternal decidua 
basalis; IAC, intra-arterial trophoblast cell 
in the walls and lumen of the maternal 
spiral artery; ICT, interstitial cytotropho-
blast at the insertion of the basal plate; IVS, 
intervillous space; Sb, syncytiotrophoblast 
bud; SEm, syncytiotrophoblast embolus 
carried by the venous blood returning from 
the placenta to the maternal circulation; 
SpA, maternal uteroplacental spiral artery; 
TGC, trophoblast multinucleate giant cell; 
UVL, uterine vein lumen; VST, syncytio-
trophoblast of the chorionic villous tissue. 
(Reprinted from [5] with permission)

Fig. 16.2  The tumour cells in the intervil-
lous space with discrete infiltration of 
chorionic villi. (Reprinted from [5] with 
permission)

Fig. 16.3  Sections of placenta show multiple aggregates of 
atypical epithelioid cells in the intervillous space. (H&E; 
original magnification ×100). (Reprinted from [43] with 
permission)

Fig. 16.4  Atypical epithelioid cells show nuclear and cy-
toplasmic staining with S100 protein, a finding consistent 
with metastatic melanoma. (S100 stain; original magnifi-
cation ×400). (Reprinted from [43] with permission)
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equate immune response due to immaturity [6] 
(Figs. 16.3, 16.4).

During the period 1918 to 2006, 28 pregnant 
patients with melanoma have been reported 
(MEDLINE database after 1966) (Table 16.2). 
After microscopic evaluation 25 of these patients 
had placental involvement, and in six foetal me-
tastases were found. In another three cases with 

foetal invasion, there was no report on corre-
sponding placental involvement [6, 17–43].

From the extensive review of Alexander et al. 
several useful findings can be elicited. Mean age 
at delivery was 29.5 weeks (range 18–43) and the 
melanoma stages were as follows: stage I 23%, 
stage II 18%, stage III 18% and stage IV 41%. 
Eleven percent of the placentas did not undergo 

Table 16.2.  Maternal and foetal characteristics of 28 melanoma cases involving the products of conception

Reference/year Site of presentation 
or metastatic sites

Maternal 
survival

Gestational 
age at birth

Foetal 
metastasis

Infant outcome

Markus 1918 [17] Brain   5 h Premature - Death 12 hours

Weber 1930 [18] Left thigh 55 days 38 weeks In 5 organs Death 10.5 months 

Gottron 1940 [19] Right back   2 months Term Presumed Death 5 months

Dargeon 1950 [20] Right leg   4 days 8 months In 8 organs Death 10.5 months

Byrd 1954 [21] Left thigh   3 weeks 3rd trimester - Death 24 hours

Reynolds 1955 [22] Right foot 38 days Term - NED 10 months

Freedman 1960 [23] Right chest wall 42 days 36 weeks Skin (resolved) NED 2 years

Aronsson 1963 [24] Diffuse at autopsy   4 days 34 weeks Soft tissue, lung 
(resolved) 

NED 2 years

Brodsky 1965 [25] Mid-interscapular 17 days 38 weeks In 13 organs Death 48 days

Stephenson 1971 [26] Back   3 months Term NED 2 years

Holcomb 1975 [27] Left scapula 18 days 6 months NED 47 days

Sokol 1976 [28] Mid-back 54 days 31 weeks Death 2 days

Smythe 1976 [29] Left breast 20 days 8 months - NED 9 months

Gillis 1976 [30] Right arm   7.5 months 32 weeks - NED 2 years

Russel 1977 [31] Back   2 weeks 36 weeks - NED 5 months

Looi 1979 [32] Right shoulder   6 weeks 33 weeks - NED 1 month

Moller 1986 [33] Right calf   1 month 31 weeks - NED 6 months

Anderson 1989 [34] Left scapula   6 months 38 weeks - NED 1 year

Brossard 1994 [35] Right buttock   4 days 34 weeks - NED 1 year

Marsh 1996 [36] Choroid   3 weeks 36 weeks - NED ?

Dillman 1996 [37] Brain, liver, lung   5 months 34 weeks - NED ?

Baergen 1997 [38] Right shoulder   7 days 31 weeks - NED 7 months

Dipaola 1997 [39] Left shoulder   1 month 30 weeks - NED 17 months

Johnston 1998 [40] Back   4 days 31 weeks - NED 1 year

Ferreira 1998 [41] Left shoulder   2 days 28 weeks Skin Stillborn

Merkus 1998 [42] Right medial thigh   8 weeks 35 weeks - NED 4 years

Alexander 2003 [6] Right labia majora 56 days 38 weeks - NED 10 months

Altman 2003 [43] Left arm 19 months 31 weeks - NED 19 months

M, male; F, female; NED, no evidence of disease
Table modified from [6]
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microscopic examination, 55% showed micro-
scopic metastases and 33% showed both gross 
and microscopic metastatic sites. Concerning 
foetal characteristics, 55% were males and 45% 
females, with a mean birth weight of 2.240 g, 
while 50% of them were delivered by a caesar-
ean section. The clinical manifestations of foetal 
metastases in the newborn were mainly char-
acterised by skin lesions (brown nodules) or 
abdominal swelling. The mean follow-up was 
14.2 months. Survival data indicated that 26% of 
the foetuses died with disease in a median dura-
tion of 48 days, 70% were alive without disease 
with a median follow-up of 12 months and only 
4% were stillbirths [6].

The clinical course of pregnant patients with 
advanced melanoma is often followed by serious 
complications, with prematurity the most com-
mon complication especially if the placenta is 
involved. The mean gestational age is estimated 
to be 34 weeks [6].

Infant disease-free survival up to 1 year may 
be translated to an absence of risk of metastatic 
involvement. There is no report of development 
of metastasis after 11 months of age [34]. Two 
of the six cases reported with skin and/or lung 
metastases had spontaneous resolution of the 
metastatic lesions and are alive without evidence 
of disease at 2 years [22, 23].

Various maternal or foetal prognostic fac-
tors have been implicated such as maternal age, 
primiparity, disease onset, number of maternal 
metastatic sites, primary site or foetal age at birth. 
From the results of Alexander et al., however, 
none of these factors were related to prognosis 
except one, that of foetal gender. Males com-
prised 80% of all infants with metastatic mela-
noma and 75% with metastasis of all cancers [6].

16.4.2	 Breast and Gynaecological Cancers

Breast cancer and cervical cancer are the most 
frequent malignant tumours associated with 
pregnancy. The incidence is approximately 
1:2,000–1:10,000 pregnancies [44, 45]. Ovarian 
cancer is much more rare, with 40% being germ 
cell tumours [46].

Despite the fact that cervical cancer is a com-
mon tumour in pregnancy, only one case with 
placental involvement has been reported [12]. 

Also, two other cases with ovarian cancer were 
found to have placental invasion [47, 48]. How-
ever, in none of these three cases have metastases 
to the foetuses been described.

In addition, 14 cases of pregnant women with 
breast cancer have been diagnosed with meta-
static spread to the placenta but none to the foe-
tuses [49–61].

16.4.3	 Lung Cancer

Lung cancer is not a common pregnancy-associ-
ated tumour, ranking far beyond breast cancer, 
cervical cancer, leukaemias and lymphomas as 
well as melanoma.

Smoking during the female reproductive 
age is the main cause of cancer death. Almost 
30% of young women smoke, and 20%–30% 
of this population continue to smoke during 
pregnancy [62].

Since 1953 almost 20 cases of lung cancer as-
sociated with pregnancy have been published. 
Thirteen of these cases showed involvement of 
the products of conception. Eleven had placental 
and three had foetal metastatic spread, while no 
information on placental status was available in 
two patients with foetal involvement.

Maternal characteristics of the entire popu-
lation of pregnant mothers with lung cancer 
showed a mean age of 35 years and a positive 
smoking history in 60%. The most common 
histologic type was non-small-cell lung cancer 
(60%–70%), the rest being small-cell lung cancer. 
Maternal distant metastases in visceral organs at 
the time of diagnosis were found in half of the 
patients. In most cases systemic chemotherapy 
was postponed to the postpartum period. Prog-
nosis was poor, with a mean survival of 8 months 
[5]. All three reported infants with metastatic in-
volvement showed skin lesions to the scalp with 
intracranial metastases [69, 71, 73].

16.4.4	 Leukaemias and Lymphomas

The incidence of the coexistence of lympho-
mas and leukaemias with pregnancy is 1:1,000–
1:6,000 and 1:75,000–1:100,000, respectively. 
Hodgkin lymphoma is more common than non-
Hodgkin lymphomas [1, 2].
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Hodgkin lymphoma is predominantly pre-
sented at earlier stages I–II (70%), while non-
Hodgkin lymphomas at more advanced stages 
III–IV (70%–80%) [79]. From a review of 37 
cases of lymphomas during pregnancy, a site 
predilection for mediastinum and a tendency to 
involve breast, ovary and uterus were observed 
[80]. The most common histologic types are 
nodular sclerosis for Hodgkin lymphoma and 
high-grade B-cell lymphomas for non-Hodgkin 
lymphomas. Acute leukaemias and especially 
myelomonocytic leukaemias are more frequently 
associated with pregnancy, whereas chronic leu-
kaemias are rarely seen since they occur at older 
ages [81].

Among all malignancies affecting the placenta 
and foetus, leukaemias and lymphomas represent 
15% of all tumours [5].

The first report of a lymphosarcoma involv-
ing the product of conception was in 1900 [82]. 
Since then, 7 cases of lymphomas [83–88] and 10 
cases of leukemias [89–97] have been described, 
6 of which had also foetal involvement. There is 
only one, not well-documented case of Hodgkin 
lymphoma in 1926 affecting both the placenta 
and the foetus [83]. All the rest were aggressive 

non-Hodgkin lymphomas. In most cases of non-
Hodgkin lymphomas with placental involvement 
the tumour invasion was grossly visible, while 
microscopic tumour cells were found in the in-
tervillous space (Figs. 16.5, 16.6).

Transmission of maternal leukaemic cells to 
the infants is very rare. Only three cases have 
been reported. In two cases mothers were suffer-
ing from acute lymphocytic leukaemias and both 
infants died in the first year of life [98]. In the 
third case, the mother was diagnosed with acute 
monocytic leukaemia and her infant was also di-
agnosed with an identical type of leukaemia at 
20 months of age [97].

16.4.5	 Gastrointestinal Cancers

Cancers of the gastrointestinal tract associated 
with pregnancy are rare tumours, since the popu-
lation affected by these diseases are seen after the 
fifth decade of life. So far 300 cases of colorectal 
cancers, 131 cases of gastric cancer, 40 cases of 
hepatoma and 5 cases of pancreatic cancers have 
been described during gestation [2, 99–101].

There are four cases of gastric carcinoma with 

Fig. 16.5  Sections of the placenta showing numerous whitish lym-
phoma nodules of various size. (Reprinted from [86] with permission)
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placental metastases without foetal involvement 
in one, no information in two and detection of 
tumour cells in the amniotic fluid in the last 
with no evidence of foetal metastases [102–105]. 
Also, three cases of pancreatic cancer involving 
the placenta are available in the literature. None 
of these cases had foetal involvement [57, 106, 
107]. In addition, there is one reported case of 
hepatoma metastatic to the foetus and one case 
of rectal cancer with placental metastases [13, 
108].

16.4.6	 Other Tumours

Other malignant tumours have also been spo-
radically reported to involve the products of con-
ception.

Although sarcomas are extremely rare tu-
mours in association with pregnancy, there are 
eight reported cases of sarcomas metastatic to 
the products of conception [17,109–115]. None 
of these invaded the foetuses. Almost all were 
soft-tissue sarcomas (myxoid sarcoma, angiosar-
coma, myeloblastoma or PNET tumours), and 
only one was skeletal Ewing sarcoma.

Other rare cancers such as squamous head and 
neck tumours (3 cases reported) [103, 116, 117], 
carcinomas of unknown primary site (2 cases) 
[106, 118] and adrenal adenocarcinoma (1 case) 

[119] with placental involvement have also been 
published.

16.5	 Patient Registrations 
and Doctor Recommendations

Since the first report in 1866 [108] of metastatic 
involvement of the products of conception, there 
are in total no more than 100 cases reported in 
the literature. Therefore, both the real incidence 
as well as the biological properties of this phe-
nomenon are still poorly understood. More ex-
tensive and accurate data are desperately needed 
in order to clarify them further.

It has been suggested that all identifiable cases 
of metastatic disease to the placenta or foetus 
should be included in Cancer Registry Data as 
well as reported in the literature. In the United 
States there are two registries available, one for 
“Pregnancies Exposed to Cancer Chemotherapy” 
at the University of Oklahoma Medical Center 
Section of Genetics (940 NE 13th Street, Room 
B2418, Oklahoma City, OK 73104, USA; tele-
phone: 405-271-8697; e-mail: john.mulvihill@
ouhsc.edu) [120] and one for “Long-term Fol-
low-up of High-Risk Infantile Melanoma Popu-
lation” at the University of Utah within the Tom 
C. Mathews, Jr Familial Melanoma Research 
Clinic at Huntsman Cancer Institute.

Fig. 16.6  a Low-power 
view showing the intervil-
lous space massively 
infiltrated by anaplastic 
large cell lymphoma cells. 
The villous stroma is not 
involved. b Morpho-
logic characteristics of 
malignant cells which are 
of varying size and show a 
striking nuclear pleomor-
phism with binucleated 
cells and some crown-like 
nuclei. The cytoplasm is 
abundant with some tiny 
vacuoles. (Reprinted from 
[86] with permission)
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Another source is the Consortium of Cancer 
in Pregnancy Evidence (CCoPE) and the de-
velopment of the On-line Cancer in Pregnancy 
Consultative Forum, which has been in opera-
tion since 2000, providing clinicians with access 
to expert guidance. In addition, it serves as a data 
collection centre. The Forum can be visited at 
www.motherisk.org/cforum.

A number of recommendations concerning 
the safety of the mother and the foetus directed 
to both obstetricians and the pediatricians are 
important to be followed: [2, 3, 6, 34, 38, 44]:
1.	 The placenta should be submitted to macro-

scopic and histopathologic examination in or-
der to rule out microscopic tumour deposits.

2.	 Cytologic examination should be performed 
in both maternal and umbilical cord blood. 
“Buffy coat” preparations are also advised.

3.	 If metastases are found in both the placenta 
and the embryo, especially in melanomas, 
further immunohistochemical, karyotypic 
and cytogenetic studies as well as HLA typing 
contribute to the accurate identification of the 
malignant clone.

4.	 Neonates should be clinically examined for 
palpable skin lesions, organomegaly or other 
masses. If no metastases are present, a close 
follow-up of the healthy baby every 6 months 
for 2 years with physical examination, chest 
X-ray and liver function tests (including lac-
tate dehydrogenase) is recommended.
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17.1	 Introduction

The care of the pregnant woman with cancer rep-
resents an immense challenge for doctors and 
other health professionals because of the com-
plex ethical and therapeutic dilemmas raised. 
Appropriate and timely investigation and treat-
ment may be lifesaving for the mother, but may 
have devastating effects on the developing fetus. 
Cancer occurs rarely in pregnancy, complicating 
approximately 1 in 1,000 live births. As women 
delay their first pregnancy to their third and 
fourth decades, the number of women suffer-
ing malignancy in pregnancy is expected to rise. 
Women with malignancy should be managed by 
a specialist multidisciplinary team including ob-
stetricians, medical and surgical oncologists, ra-
diologists, oncology nurses and midwives.

This chapter covers the physiological changes 
in pregnancy, the obstetric care of a pregnant 
woman affected by cancer, fetal consequences of 
maternal disease and treatment, and timing and 
mode of delivery.

17.2	 Physiological Changes 
in Pregnancy

Pregnancy does not usually affect the natural his-
tory of cancer, but the physiological changes of 
pregnancy can simulate symptoms suggestive of 
spread of disease, alter drug metabolism and in-
crease risks of thromboses and infection.

17.2.1	 Cardiovascular System

Peripheral vascular resistance falls by up to 40% 
in pregnancy because of relaxation of arterial 

smooth muscle. This results in a 5- to 15-mmHg 
fall in the diastolic blood pressure by the end of 
the first trimester, which then returns to pre-
pregnancy levels. Heart rate, stroke volume and 
myocardial contractility increase, resulting in 
a 50% rise in the cardiac output by 24 weeks of 
gestation which is sustained until term, except 
in the supine position, when the gravid uterus 
causes aorto-caval compression. Cardiac output 
increases by a further 30%–50% during labour. 
After delivery there is an autotransfusion of up 
to 1 l of blood, which further increases cardiac 
output. Cardiac output returns to pre-pregnancy 
levels within 2 weeks of delivery.

17.2.2	 Respiratory System

Pregnant women often complain of a sensation 
of breathlessness, which in cancer patients may 
raise concern of lung metastases. However, in 
pregnancy there is a progressive increase in oxy-
gen demands. Progesterone increases the sensi-
tivity of the respiratory centres to CO2, result-
ing in an increased tidal volume and respiratory 
alkalosis. The respiratory rate, PEFR, FEV1 and 
vital capacity (VC) remain unchanged and the 
residual volume (RV) decreases by 20%.

17.2.3	 Urinary System

In pregnancy the kidneys increase by 1 cm in 
size and the ureters become physiologically di-
lated because of the muscle-relaxing effects of 
progesterone and the pressure effect of the grow-
ing uterus. An increase in renal blood flow and 
glomerular filtration results in lower urea and 
creatinine levels.
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17.2.4	 Haematology

Anaemia is not uncommon in pregnancy and 
is partly dilutional because of a greater rise 
in plasma volume compared to red blood cell 
mass and partly related to iron deficiency. Iron 
absorption from the gut, total serum iron-bind-
ing capacity and transferrin increase because of 
the increased demand; however, serum iron and 
ferritin still tend to decrease. Haemoglobin over 
10.5 g/dl does not require further investigations 
in pregnancy. The reticulocyte and white cell 
count increase whilst a gestational thrombo-
cytopenia may result in platelet levels as low as 
100 × 109/l.

17.2.5	 Drug Metabolism During  
Pregnancy

Changes occurring in pregnancy influence the 
therapeutic effectiveness of chemotherapeutic 
agents. Gastric motility and small bowel tran-
sit are slowed, especially in the third trimester, 
which may alter absorption and bioavailability 
of oral drugs. By 32 weeks of gestation, there is a 
40% increase in plasma volume which can result 
in drug dilution. Albumin levels fall substantially 
as pregnancy advances, increasing the bioavail-
ability of protein-bound drugs. Clearance of 
drugs excreted by the kidney increases as renal 
blood flow increases in pregnancy, resulting in a 
50% rise in glomerular filtration rate. The activity 
of some hepatic metabolic pathways is enhanced, 
which may reduce the plasma concentration of 
some drugs cleared by the liver.

17.2.6	 Increased Thrombotic Risk 
During Pregnancy

Pregnancy is a hypercoagulable state with a sig-
nificantly increased risk of thromboembolism 
up to 6 weeks postnatally. The concentration of 
clotting factors is increased and there is reduced 
fibrinolysis. Obstruction of venous return by the 
enlarging uterus results in venous stasis which 
affects the left leg more than the right. Delivery 
may cause trauma to the pelvic veins, further in-
creasing the thrombotic risk.

As malignancy itself is prothrombotic, seri-
ous consideration should be given to thrombo-
prophylaxis in pregnancy. Additional risk factors 
such as a maternal age over 35 years, increased 
body mass index (BMI), thrombophilia and 
grandmultiparity may warrant thromboprophy-
laxis with low-molecular-weight heparin ante-
natally and in the puerperium. Temporary risk 
factors including dehydration from hyperemesis, 
surgery, long-haul air travel and infection may 
require thromboprophylaxis for the duration of 
the risk factor.

17.3	 Antenatal Care

17.3.1	 Maternal Issues

Pregnant women with co-existing malignancy 
should be looked after by a multidisciplinary 
team of specialists and mothers-to-be should ac-
tively take part in the decision making process 
at all times. Although the current trend is to re-
duce the antenatal visits of pregnant women, the 
need for closer surveillance of cancer patients 
is a sine qua non. Despite the lack of evidence-
based guidance regarding the antenatal manage-
ment of cancer patients or survivors, a senior 
obstetrician should be involved in their care in 
collaboration with oncologists and other health 
professionals [1].

The diagnosis of cancer makes a woman re-
evaluate her life and it is unusual for women with 
a current malignancy to wish to conceive before 
treatment is complete. Chemotherapeutic agents 
and pelvic radiotherapy can render a woman in-
fertile. She may therefore request freezing of eggs 
or in vitro fertilisation and freezing of embryos 
before such treatment. Those with a previous 
hormonally responsive tumour such as breast 
cancer or melanoma are advised to wait at least 
2 years after treatment before conceiving [2]. 
These women should be provided with effective 
contraception. If an unexpected pregnancy oc-
curs in a woman who is undergoing treatment, 
or who has been advised to delay pregnancy, 
she should be carefully counselled regarding the 
maternal and fetal risks of continuing with the 
pregnancy. Termination of pregnancy should be 
offered if appropriate.
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Most cases of malignancy in pregnancy pres-
ent as a de novo diagnosis. Diagnosis is often de-
layed because of non-specific symptoms which 
may occur in malignancy and in pregnancy. It is 
imperative to institute appropriate investigations 
of suspicious symptoms or biopsy lesions so that 
an early diagnosis can be made. Fetal risks of 
treatment may make health professionals reluc-
tant to treat the mother aggressively at the time 
of diagnosis. The mother’s decision may also be 
to put the unborn fetus first and delay treatment. 
Unfortunately, this could result in the mother not 
surviving the disease. Careful in-depth counsel-
ling should occur and informed decisions should 
be respected. Social workers may need to be in-
volved if the mother is not expected to survive 
after the birth of her child.

17.3.1.1	 First Trimester

The booking visit at the antenatal clinic allows 
a detailed history to be taken and a full general 
examination to be performed. In addition to rou-
tine booking blood tests, blood should be taken 
for renal, liver and bone studies. Depending on 
the site of the malignancy further tests may be 
necessary, such as ultrasound scanning, echo-
cardiography, and lung function tests [1]. Folic 
acid 400 mcg daily reduces the incidence of neu-
ral tube defects if taken from pre-conception to 
12 weeks of gestation [3]. Risk factors for throm-
bosis can be assessed and thromboprophylaxis 
commenced if appropriate. An ultrasound scan 
will confirm fetal viability and stage of gestation 
and inform regarding multiple pregnancy. Fetal 
screening tests for chromosomal abnormalities 
should be offered. Plans should be made for fur-
ther multidisciplinary care. Women who have 
had a malignancy in the past and who are in re-
mission should be treated as normal and should 
have regular follow-up visits with their oncolo-
gist. If they present with symptoms of a recur-
rence, this should be investigated urgently.

17.3.1.2	 Second and Third Trimesters

Abdominal examination of the uterus is per-
formed routinely at every visit. Further physi-

cal examination should be guided by presenting 
symptoms. Although breast and pelvic examina-
tions are not carried out routinely in an otherwise 
uncomplicated pregnancy, this may be required 
in women with previous breast or gynaecological 
cancer. Tumour markers in pregnancy are often 
elevated and should be interpreted with cau-
tion [4].

Imaging techniques using ultrasound are safe 
at any stage of gestation. Magnetic resonance 
imaging (MRI) can be performed safely in the 
second and third trimesters. There are few safety 
data on the use of MRI in the first trimester, 
although there have been no reports of adverse 
effects. MRI should not be withheld in the first 
trimester if clinically necessary. X-rays can be 
performed safely with appropriate shielding. CT 
of chest and V/Q scan carry negligible radiation 
risk when shielding is used; hence they are com-
monly used for the diagnosis of pulmonary em-
bolism. However, multiple testing with such scans 
in pregnancy may reach the total dose of 1 cGy, 
which is the threshold for safe fetal exposure [5].

17.3.1.3	 Symptom Control

Analgesics
Paracetamol is safe in pregnancy and is a first-
line analgesic. Non-steroidal anti-inflammatory 
drugs (NSAIDs) are generally avoided because 
of premature closure of the ductus arteriosus via 
their inhibition of prostaglandin E2 production. 
However, ductal flow impairment is rare before 
27 weeks and resolves within 24 hours of NSAID 
discontinuation, and indomethacin (used in the 
short term at later stages of gestation for the arrest 
of pre-term labour) appears to be safe. NSAIDs 
also affect the fetal kidney, causing reversible 
oligohydramnios. There have been recent con-
cerns over the use of aspirin and NSAIDs before 
pregnancy and in the first trimester. Analgesic 
doses of NSAIDs have been associated with mis-
carriage, and some data are emerging of an as-
sociation between NSAIDs, cardiac defects and 
orofacial clefts [6]. Opiates are suitable for more 
severe pain. If used close to delivery, they can 
result in neonatal withdrawal effects. Paediatri-
cians should be warned so that they can arrange 
to wean the neonates off the medication.
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Nausea and Vomiting
Nausea and vomiting may result from the preg-
nancy in the first trimester, the malignancy or the 
use of chemotherapy. First-line agents are meto-
clopromide, cyclizine, promethazine, prochlor-
perazine and domperidone, which may be used 
in combination. These have all been used widely 
in hyperemesis gravidarum and have not been 
found to be teratogenic. Ondansetron is widely 
used in patients on chemotherapy. Its use in 
pregnancy has been limited to those with severe 
hyperemesis gravidarum as a second-line agent; 
however, reassuring safety profiles are emerging. 
Prednisolone is an alternative effective second-
line agent. It should only be used after failure of 
combination first-line agents as there is a weak 
association between oral cleft in the newborn 
and maternal first trimester corticosteroid use.

Constipation
Bulk-forming laxatives, lactulose and senna can 
be used safely in the management of constipa-
tion.

Infections
Pregnancy results in an increased susceptibil-
ity to infections normally dealt with by the cell-
mediated immune system. Infections combated 
mainly by the humoral immune system are not 
increased. Infections in immunosuppressed can-
cer patients can be aggressive and need early ef-
fective treatment. Clinicians should have a very 
low threshold in prescribing antibiotics if an 
infection is suspected. Asymptomatic bacteri-
uria and urinary tract infections are common 
in pregnancy and can lead to pyelonephritis, 
septicaemia and pre-term labour. They should 
both be actively sought at each antenatal visit 
and treated. Premature rupture of membranes 
can lead to chorioamnionitis, which can cause 
life-threatening maternal and foetal infection. 
The altered drug metabolism in pregnancy often 
lowers the maternal serum levels of drugs such as 
antibiotics and may lead to subtherapeutic levels, 
particularly if lower doses are used.

Penicillins freely cross the placenta, but with 
no harmful effects to the fetus. During preg-
nancy, their dose needs to be increased. The 
combination of amoxicillin and clavulanic acid 
(Augmentin) is an effective agent against aerobic 

and anaerobic infections but is used with some 
caution in pregnancy as it has been shown to be 
associated with an increased rate of necrotising 
enterocolitis in the newborn. Cephalosporins 
and metronidazole are safe in pregnancy and 
are commonly used as broad-spectrum agents 
in combination. The macrolide erythromycin 
is safe and commonly used in penicillin allergy 
and community-acquired pneumonia and as 
prophylaxis in preterm pre-labour rupture of 
membranes. Clarithromycin appears to be safe 
and has fewer maternal gastric side effects than 
erythromycin [7]. Nitrofurantoin can be safely 
used in urinary infections, but may cause neo-
natal haemolysis if used at term. Trimethoprim 
should be avoided in the first trimester as it is 
a folate antagonist. Gentamicin can be used in 
gram-negative sepsis or as prophylaxis against 
infective endocarditis, but maintenance of gen-
tamicin levels is essential as subtherapeutic levels 
occur with standard doses in pregnancy. Amino-
glycosides can cause damage to the fetal eighth 
cranial nerve, but this risk is mainly with strep-
tomycin rather than gentamicin or tobramycin. 
Imipenem and meropenem have been used in 
pregnancy, but few safety data are available. Qui-
nolones such as ciprofloxacin have been found 
to cause congenital arthropathy in animal stud-
ies and are therefore avoided in pregnancy. Tet-
racyclines are contraindicated in pregnancy as 
high parenteral doses can be hepatotoxic to the 
mother and cause tooth discoloration and inhi-
bition of fetal bone growth [8].

17.3.2	 Fetal Issues

17.3.2.1	 Fetal Malformations

The detection of structural abnormalities is im-
portant particularly if a fetus has been exposed 
to radiation or chemotherapy in the first tri-
mester. Second-trimester biochemical screening 
alone is used to identify chromosomal abnor-
malities but has poor sensitivities. Interpretation 
could be difficult in the presence of an AFP- or 
HCG-producing tumour. Nuchal translucency 
is more sensitive and can also give an indication 
of fetal cardiac abnormalities. Definitive tests for 
chromosomal abnormalities (chorionic villus 
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sampling or amniocentesis) should be carried 
out only if indicated. First-trimester ultrasound 
(transabdominal and transvaginal combined) 
may be able to pick up gross abnormalities such 
as neural tube defects, gastroschisis and multi-
dysplastic kidneys. Most malformations can be 
detected by ultrasound scanning between 18 and 
20 weeks and fetal echocardiography at 23 weeks 
can be employed if cardiac defects are suspected. 
Fetal MRI scanning is available in some tertiary 
centres, allowing more detailed studies of foetal 
anatomy [1, 9, 10].

Any patient requiring chemotherapy in preg-
nancy should have regular fetal growth ultra-
sound scans, with assessment of liquor volume 
and umbilical Doppler studies which will con-
firm fetal well-being [1].

17.4	 Delivery

One of the milestones in the management of 
pregnant women with cancer is the decision to 
deliver in order to introduce or continue cancer 
treatment.

17.4.1	 Timing of Delivery

The decision to end the pregnancy and deliver 
the fetus depends mainly on the urgency of the 
requirement to treat the mother with potentially 
fetotoxic agents. If maternal outcome or survival 
is reduced by delaying treatment, serious con-
sideration should be given to either terminating 
the pregnancy or delivering a pre-term baby, de-
pending on gestational age.

The lower limit of fetal viability is gener-
ally agreed to be 24 weeks of gestation or a fetal 
weight of 500 g. Survival figures from the UK 
EPICure study in 1995 showed that 39% of babies 
delivered before 26 weeks of gestation survived 
to discharge. Gestation specific survival rates 
were 11%, 26% and 44% at 23, 24 and 25 weeks, 
respectively. Of the survivors, by 6 years of age, 
between 25% and 46% (depending on addition 
of cognitive measures to physical disability) were 
not functioning within the normal range, or had 
a disability which would prevent them from be-
ing independent [11, 12]. More current popula-

tion-based data suggest that survival is increas-
ing at these very pre-term stages of gestation. In 
a recent report from Belgium, survival increased 
from 49% at 24 weeks to 72% at 26 weeks. How-
ever, it is as yet unknown whether the proportion 
of these surviving children with disability is also 
improving. In the Belgian study, those without 
neurological sequelae and specific intensive care 
complications at the time of discharge from hos-
pital were only 7% if delivered at 25 weeks and 
28% if delivered at 26 weeks of gestation [13].

If urgent treatment (surgery, chemotherapy or 
radiotherapy) is necessary, the options are to:
–	 Terminate the pregnancy if less than 24 weeks 

gestation and then continue with the treat-
ment or

–	 Deliver the baby and continue with the treat-
ment or

–	 Commence treatment without delivery, after 
considering the risks of the treatment to the 
fetus. In this instance, if surgery is required, 
this is best performed after the first trimester 
to minimise fetal risk. If chemo- or radio-
therapy is subsequently required, it may be 
possible to delay this until after a viable ges-
tational age is reached. Alternatively, if urgent 
chemotherapy is necessary, it may be possible 
to administer this before the foetus reaches an 
appropriate gestational age for delivery, if it is 
considered that the chemotherapy risk for the 
foetus is minimal

If the fetus is less than 30 weeks gestation and 
the treatment can be safely delayed for a few 
weeks, this may be appropriate to optimise out-
come. This is particularly relevant between 24 
and 26 weeks of gestation, when fetal survival 
increases by 3% with each extra day in utero.

17.4.2	 Antenatal Steroids

Antenatal corticosteroid administration reduces 
neonatal complications and improves outcome 
with pre-term deliveries. Forty to fifty percent 
of babies born before 32 weeks will develop re-
spiratory distress syndrome (RDS), which is a 
significant contributing factor to the mortality 
and morbidity of prematurity. Antenatal steroids 
reduce the risk of neonatal RDS, intraventricu-
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lar haemorrhage and death in babies delivered 
before 34 weeks of gestation, primarily by en-
hancing fetal lung maturation. They also reduce 
the cost and duration of neonatal intensive care. 
They have a very good safety profile and their ad-
ministration as a single course of two doses car-
ries minimal risks for the mother and the baby.

If contemplating delivery between 24 and 
34 weeks of gestation, betamethasone 12 mg 
intramuscularly in two doses 24 h apart should 
be administered to the mother. Betamethasone 
should be given at least 24 h to 7 days before de-
livery to achieve optimal effect. Dexamethasone 
has been used with the same efficacy, but is as-
sociated with an increased risk of periventricu-
lar leukoplakia compared to betamethasone. 
Repeated courses of steroids are not indicated 
as there is lack of evidence to support the ben-
efits and there are serious concerns of multiple 
courses of steroids and neurological develop-
ment [14].

17.4.3	 Mode of Delivery

The mode of delivery depends on the gestational 
age, fetal presentation, previous obstetric history 
and presence of a pelvic mass. A vaginal delivery 
is preferable to a caesarean section unless there is 
an obstetric indication for surgery, an obstruct-
ing pelvic mass or a gynaecological malignancy 
[4].

Caesarean section carries many risks which 
may be compounded by the malignancy itself, or 
by its treatment. The recovery time is also lon-
ger than that following a vaginal birth. There is a 
20-fold increased risk of infection following cae-
sarean section [15]. A patient requiring chemo-
therapy immediately after delivery is therefore at 
serious risk of wound infection and dehiscence 
from the additional effect of immunosuppres-
sion [16]. Thrombo-embolism is more common 
after a caesarean section. Malignancy increases 
this risk further, such that women should be 
given thromboprophylaxis with LMWH for up 
to 6 weeks postnatally. The risks of haemorrhage 
and hysterectomy are increased with a caesarean 
section and the overall mortality is five times 
greater than vaginal delivery. The neonnate is 
also at increased risk of transient tachypnoea of 

the newborn (TTN) with a caesarean section, 
which may necessitate admission to the special 
care baby unit [15].

17.5	 Conclusion

Cancer complicating pregnancy is a rare life 
paradox and a multidisciplinary team approach 
in a tertiary setting would be appropriate. Medi-
cal, surgical, psychological and ethical issues 
should be dealt with by specialists and the preg-
nant woman should be given the best available 
evidence-based information in order to make 
informed decisions.
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18.1	 Introduction

Nearly 1,400,000 new cancer cases were expected 
in the year 2006, of which 679,450 would oc-
cur in women (Jemal et al. 2006). Around 8% 
of all female cancers occur under the age of 
40 years, which corresponds to approximately 
55,000 women in the United States (Oktay and 
Yih 2002). When all female cancers are consid-
ered, despite an increase in the cancer incidence 
by 0.3% per year from 1987 to 1999, the death 
rates for all cancers combined decreased by 
0.6% per year from 1992 to 1999 as a result of 
improvements in current treatment modalities 
including surgical techniques, radiation therapy, 
multiagent chemotherapy, and hematopoietic 
stem cell transplantation (Reis et al. 1999; Jemal 
et al. 2004). The cure rates for certain malignan-
cies now exceed 90%. As a result, more women 
survive cancer every year to face the challeng-
ing long-term complications of the treatment. 
These include but are not limited to growth dis-
orders, cardiovascular problems, neurocognitive 
abnormalities, second malignant tumors, and 
reproductive failure, all of which substantially 
impair the quality of life of the cancer survivor 
(Leung et al. 2000; Shusterman and Meadows 
2000; Bhatia 2002; Tauchmanova et al. 2002). 
Many chemotherapy regimens are gonadotoxic, 
mainly because of inclusion of alkylating agents 
(Brogan and Dillon 2000; Sonmezer and Oktay 
2004). The risk of ovarian failure may increase 
up to ninefold in cancer survivors receiving cy-
clophosphamide-based combination chemo-
therapy (Byrne et al. 1992; Meirow and Nugent 
2001), and ovarian failure is almost inevitable 
in patients undergoing preconditioning with 
chemoradiation before hematopoietic stem cell 
transplantation (Sanders et al. 1988). Even when 

these patients were not sterilized by high-dose 
chemo-/radiotherapy, there may be an increased 
risk for complications during pregnancy such as 
early pregnancy loss, premature labor, and low 
birth weight (Sanders et al. 1996; Chiarelli et al. 
2000; Green et al. 2002a,b).

The picture is similar with pediatric cases. By 
the year 2010, as many as 1 in 250 patients will 
have survived childhood malignancies (Bleyer 
1990). As the number of patients surviving child-
hood cancers and as the number reaching repro-
ductive ages increases, pediatric patients and 
parents have begun to face some critical long-
term cancer treatment-related issues. Among the 
concerns are whether chemo-/radiotherapy will 
cause any growth problems, or whether future 
reproductive function and childbearing will be 
affected. If in fact this child grows to have chil-
dren, will the offspring be healthy?

This heightened awareness of the effects of 
various cancer treatments on fertility resulted 
in a surge in the number of patients seeking 
help to preserve their fertility (Oktay et al. 2003, 
2005a). In response, a number of cryopreserva-
tion techniques have emerged to preserve fertil-
ity. The advent of in vitro fertilization (IVF) and 
its current worldwide utilization have resulted in 
the development of successful cryopreservation 
techniques for excess embryos. The cryopreser-
vation techniques have further been applied to 
unfertilized mature and immature human oo-
cytes (Porcu et al. 1997; Polak deFried et al. 1998) 
and ovarian tissue (Bahadur and Steele 1996; 
Oktay and Karlikaya 2000; Poirot et al. 2002; Ok-
tay et al. 2004a). In this chapter, we review not 
only the underlying gonadal physiology and the 
mechanism of damage by cancer treatments, but 
also current as well as emerging techniques of 
fertility preservation.
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18.2	 Gonadal Damage Associated with 
Chemotherapy and Radiotherapy

18.2.1	 Ovarian Physiology and the Impact 
of Chemotherapy on Ovarian Follicles

Multiagent chemotherapy constitutes the basis of 
the modern cancer treatment. Ovaries, which are 
stocked with irreplaceable follicles, are extremely 
sensitive to most cytotoxic drugs (Sonmezer and 
Oktay 2004; Oktay et al. 2001). The end result 
of the chemotherapy can range from damage 
to steroid-producing cells and/or oocytes of de-
veloping ovarian follicles (granulosa and theca 
cells), which can cause temporary amenorrhea, 
to apoptotic death of primordial follicles, that re-
sults in premature ovarian failure. Ultrastructur-
ally, ovarian exposure to chemotherapeutics is as-
sociated with marked follicle loss (Familiari et al. 
1993). Factors that can potentially modify the 
risk of chemotherapy-induced ovarian failure are 
summarized in Table 18.1.

In the neonatal period the first signs of ovar-
ian differentiation are observed at 6–8 weeks 
of gestation, which is reflected by mitotic pro-
liferation of germ cells reaching its maximum, 
6–7 million oogonia, at 16–20 weeks (Speroff 
and Fritz 2005). After mitotic replication, oogo-
nia enter the 1st meiotic division and are trans-
formed to oocytes, which are arrested at diplo-
tene. Over the next 20 weeks of gestation, the 
total number of germ cells falls to 1–2 million at 

birth as a result of a rapid and massive atresia of 
oocytes. In consequence of the continuing deple-
tion, the number of germ cells is further reduced 
to 300,000–500,000 at puberty.

A minimum of 85 days is required for the full 
development of a primordial follicle that differ-
entiates in to an antral follicle leading to ovula-
tion. In adult ovary more than 90% of the ovarian 
reserve is made up of primordial follicles at rest-
ing stage that include an oocyte arrested at the 
prophase of 1st meiotic division. Even though 
the mechanism of primordial follicle growth 
initiation is still not understood, it is clearly an 
FSH-independent process; FSH receptors are not 
expressed until these follicles initiate growth and 
reach multilayer stages (Oktay et al. in press).

Some chemotherapeutic agents are more 
commonly associated with permanent and ir-
reversible gonadal damage, such as cyclophos-
phamide, chlorambucil, melphalan, busulfan, 
nitrogen mustard, procarbazine, ifosphamide, 
and thiotepa (Sonmezer and Oktay 2004; Warne 
et al. 1973; Koyama et al. 1977; Fisher et al. 1979; 
Viviani et al. 1985; Mackie et al. 1996). Among 
the moderately gonadotoxic agents are cisplatin 
and adriamycin, while bleomycin, actinomy-
cin D, vincristine, methotrexate, and 5-fluoro-
uracil are associated with mild or no gonado-
toxicity (Table 18.2). Although there is limited 
evidence, paclitaxel may also be gonadotoxic, but 
this remains to be verified (Oktay et al. 2005b). 
In a recent study the impact of breast cancer che-
motherapy was investigated in patients receiv-
ing either adriamycin and cyclophosphamide 
(AC) or AC plus taxanes. Patients were assessed 
6 months after chemotherapy, and a second as-
sessment was done after a mean of 28.2 months 
after chemotherapy when patients were inter-
viewed regarding menstruation and menopausal 
symptoms. Although the short-term incidence 
of amenorrhea was higher in patients who were 
treated with taxanes, no significant long-term 
impact of taxanes on ovarian function was dem-
onstrated by day 2–3 FSH and estradiol evalua-
tion (Reh et al. 2006).

Cyclophosphamide is the most recognized 
agent to cause damage to oocytes and granulosa 
cells. In a recent mouse study, cyclophospha-
mide-induced follicular damage occurred in a 
dose-dependent manner, even at low doses of 

Table 18.1  Factors that can modify the risk of chemo-
therapy-related gonadal failure

Age of the patient

Type of chemotherapeutic agents

Cumulative dose of alkylating agent

Concomitant use of abdominopelvic radiation therapy

Ovarian reserve a

Schedule of implementation b

a �If ovarian reserve was already compromised by a previ-
ous ovarian surgery or radiotherapy, the risk of ovarian 
failure is increased

b ��Whether schedule of implementation is an independent 
variable or related to cumulative dose of the implemen-
ted agent remains to be resolved



18  Fertility Issues and Options in Young Women with Cancer 205

20 mg/kg (Meirow et al. 1999). Relative risk of 
premature ovarian failure was reported to be be-
tween 4 and 9.3 in patients receiving cyclophos-
phamide (Byrne et al. 1992; Meirow and Nugent 
2001). Sanders and colleagues reported that the 
probability of having ovarian failure in patients 
receiving high-dose cyclophosphamide before 
hematopoietic stem cell transplantation (HSCT) 
was 0.35 by 7 years (Sanders et al. 1988).

During the last 10–15 years before the onset 
of menopause, primordial follicle loss is acceler-
ated, which is reflected by a constant decrease in 
inhibin B levels and increase in FSH levels. As a 
consequence, a smaller number of follicles that 
are more prone to cell division errors begin to 
grow each cycle, until menopause occurs, when 
the number of follicles falls below 1,000. Because 
of this, older women with a low primordial folli-
cle pool have a higher risk of developing ovarian 
failure compared with young women with higher 
primordial follicle numbers. Consistent with this 
biological fact, earlier studies demonstrated that 
a cumulative cyclophosphamide dose of 5.2 g 

caused amenorrhea in women in their forties, 
9.3 g in women in their thirties, and 20.4 g in 
women in their twenties (Koyama et al. 1977).

One of the major weaknesses of the preex-
isting studies assessing the impact of chemo-
therapy on ovarian function is the utilization 
of amenorrhea as a surrogate marker for infer-
tility. Although irregular menstrual pattern or 
amenorrhea is expected to occur in a significant 
number of patients during the courses of chemo-
therapy, or even last for some period of time after 
completion of the chemotherapy, many patients 
return to a cyclical menstrual pattern (Wal-
lace et al. 1989a; Brewer et al. 1999; Tangir et al. 
2003). Gonadotropin levels may even normalize, 
especially in very young patients (Tauchmanova 
et al. 2002; Zanetta et al. 2001; Oktay and Son-
mezer 2004). This is because developing follicles, 
which are the main source of steroid production, 
are invariably damaged during the treatment, 
and it takes 3–6 months to regrow these follicles 
from the remaining primordial follicles. Not only 
may many survivors be infertile despite continu-
ing menstruation, but they are also at high risk of 
developing premature menopause (Byrne et al. 
1992; Larsen et al. 2003; Oktay et al. 2004b). The 
fact that ovulation and cyclicity may occur de-
spite loss of half of the follicular pool in rodents 
(Ginsburg et al. 2001) indicates that the indirect 
assessment of infertility is unreliable.

It is known that AMH is produced by the 
granulosa cells (Oktay et al. in press; Baarends 
et al. 1995; Weenen et al. 2004), this production 
being initiated in primary follicles. Per follicle 
AMH production declines in late antral stages of 
follicle development. A recent study found that, 
compared to estradiol and FSH, anti-Müllerian 
hormone levels (AMH) showed a more rapid and 
sustained change after chemotherapy (Anderson 
et al. 2006). Moreover, the decrease in AMH oc-
curred without a significant decrease in inhibin 
B or increase in FSH concentrations. Authors 
concluded that the severity and rapidity of the 
fall in AMH concentrations compared with the 
partial decline in inhibin B concentrations might 
reflect primordial and preantral follicles as the 
primary site of toxicity. Similarly, another study 
demonstrated that patients undergoing chemo-
therapy had diminished AMH levels despite 
normal baseline FSH levels after chemotherapy 

Table 18.2    The degree of gonadotoxicity of the chemo-
therapeutic agents

Risk is high

Cyclophosphamide

Melphalan 

Procarbazine

Busulfan

Nitrogen mustard

Chlorambucil

Risk is moderate

Adriamycin

Cisplatin

Paclitaxel *

Risk is low

Methotrexate

Bleomycin

Actinomycin D

5-Fluorouracil

Vincristine

*Needs to be verified in further studies
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(Azim et al. 2006). Moreover, Reh et al. found 
that a significant fraction of patients continued 
to menstruate regularly after chemotherapy, de-
spite biochemical evidence of diminished ovar-
ian reserve (Reh et al. 2006).

In another study by Schmidt et al., despite the 
fact that all of the eight breast cancer patients re-
gained menstruation after completion of chemo-
therapy, three had irregular menstrual cycles and 
five had undetectable inhibin B levels or FSH val-
ues >50 IU/ml, suggesting impairment of ovarian 
reserve (Schmidt et al. 2005). The age of breast 
cancer patients ranged between 27 and 36, while 
cumulative dose of cyclophosphamide ranged 
between 3 and 8 g. The authors claimed that the 
cumulative dose of cyclophosphamide that was 
used in the study was not adequate to cause com-
plete ovarian failure in that group of young breast 
cancer patients. However, in the same study, all 
of the five patients with leukemia and two with 
Hodgkin lymphoma undergoing hematopoietic 
stem cell transplantation, and one receiving high-
dose chemotherapy with alkylating agents for 
Hodgkin disease, had premature ovarian failure 
after completion of chemotherapy.

These findings support the observation that, 
even though there may be no clinical signs of 
ovarian failure, there is always damage to follicu-
lar reserve in proportion to the cumulative dose 
of chemotherapeutic agents, and the compro-
mise in fertility may not be detectable with rou-
tinely used laboratory tests (Oktay et al. 2006a). 
As amenorrhea is the last event to occur in the 
scheme of menopausal transition and as many 
women with diminished ovarian reserve still 
menstruate regularly, previous studies greatly 
underestimate the extent of chemotherapy-in-
duced infertility. Nevertheless, because no large 
study with biochemical ovarian reserve assess-
ment is available, risk evaluation on the likeli-
hood of amenorrhea after treatment with each 
chemotherapy agent or regimen is made based 
on the likelihood of amenorrhea.

18.2.2	 The Impact of Radiotherapy 
on Ovarian Function

Ionizing radiation is a well-recognized cause of 
ovarian damage and permanent infertility. Go-
nadal damage occurs not only by direct expo-

sure, as in the case of pelvic or low abdominal 
irradiation, but also by scattering even if the go-
nads are transposed outside of the radiation field. 
Radiation causes a dose-related reduction in the 
primordial follicle pool (Gosden et al. 1997). The 
human oocyte is extremely sensitive to radiation, 
and irradiation at ovarian dose >6 Gy usually 
causes irreversible ovarian failure (Howell and 
Shalet 1998). Wallace et al. (1989a, 2003) dem-
onstrated that <4 Gy is enough to destroy half 
of the oocyte population (LD50 < 4 Gy); how-
ever, very recently, using a revised mathemati-
cal model, the same authors suggested that the 
LD50 of the oocytes was <2 Gy. Age at the time of 
exposure to radiotherapy, extent and type of ra-
diation therapy (e.g., abdominal, pelvic external 
beam irradiation, intracavitary brachytherapy), 
and fractionation schedule are also important 
prognostic indicators for development of ovarian 
failure (Sonmezer and Oktay 2004).

In mice, radiation-induced chromosome 
damage in the oocytes was more evident in older 
animals compared with younger ones (Tease and 
Fisher 1991). In general, irradiation is more toxic 
when given in a single dose compared to fraction-
ated doses. Stillman et al. (1981) investigated the 
risk of ovarian failure among 182 long-term sur-
vivors of childhood cancers receiving abdominal 
radiotherapy. The mean follow-up was 16.4 years. 
Ovarian failure occurred in 68% of the patients 
when both ovaries were in the irradiation field 
and in 14% of the patients when both ovaries 
were at the edge of the treatment field. None of 
the 122 children developed ovarian failure when 
one or both ovaries were outside of the abdomi-
nal treatment field. In another study, failure in 
pubertal development or premature menopause 
was observed in 37 of 38 patients who received 
external abdominal irradiation in doses ranging 
from 20 to 30 Gy during childhood for intra-ab-
dominal tumors (Wallace et al. 1989b). Sanders 
et al. reported the probability of ovarian failure 
in patients receiving cyclophosphamide and to-
tal body irradiation for HSCT as 1.00 at 1 year 
(Sanders et al. 1988).

Failure in pubertal development may be the 
first sign of ovarian failure in these patients 
who received radiotherapy during their child-
hood. Total body irradiation used in condi-
tioning regimens before HSCT to eradicate the 
host’s pre-existing bone marrow (e.g., leukemias) 
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is commonly associated with ovarian failure 
(Tauchmanova et al. 2002; Sanders et al. 1988; 
Thibaud et al. 1988). Although successful full-
term pregnancies were reported, the risk of ovar-
ian failure is always high in women who receive 
high-dose abdominal or pelvic irradiation (Giri 
et al. 1992; Maruta et al. 1995). In addition, if 
pregnancy is achieved, these patients may have 
increased risk for pregnancy complications in-
cluding early pregnancy loss, premature labor, 
and low birth weight due to impaired uterine 
growth and blood flow (Critchley et al. 2002; 
Green et al. 2002a,b).

18.3	 Who Are the Candidates 
for Fertility Preservation?

There is a growing list of indications for fertility 
preservation ranging from both neoplastic and 
nonneoplastic diseases treated with cytotoxic 
therapy to any gynecologic surgery compromis-
ing ovarian reserve (Table 18.3). Because each 
patient presents with a unique clinical situation, 
a tailored approach to fertility preservation is 
needed. In our center we developed a compre-
hensive approach to fertility preservation, de-
pending on the patient’s age, presence or absence 
of ovarian involvement, available time, and the 
type of cancer.

Table 18.3.  Indications for fertility preservation

Cancer in children

Hodgkin and non-Hodgkin lymphoma

Leukemia

Ewing sarcoma

Wilms tumor

Neuroblastoma

Pelvic osteosarcoma

Genital rhabdomyosarcoma

Breast cancer

Infiltrative ductal histological subtype

Infiltrative lobular *

Stage I–III

Stage IV *

Cancer of the cervix

Squamous cell carcinoma

Adeno/adenosquamous carcinoma *

Autoimmune and hematological diseases

Systemic lupus erythematosus

Behcet disease

Steroid resistant glomerulonephritis

Inflammatory bowel disease

Pemphigus vulgaris

Rheumatoid arthritis

Progressive systemic sclerosis

Juvenile idiopathic arthritis

Multiple sclerosis

Autoimmune thrombocytopenia

Aplastic anemia

Sickle cell disease

Benign ovarian disease

Endometriosis

Benign ovarian lesions requiring repeated surgeries

Patients receiving pelvic radiation

Solid organ tumors presenting in the pelvis

Ewing sarcoma

Osteosarcoma

Tumors of the spinal cord

Retroperitoneal sarcoma

Rectal cancer

Benign bone tumors

Prophylactic oophorectomy **

BRCA-I-positive patients

BRCA-II-positive patients

Hematopoietic stem cell transplantation

Malignant diseases

 Genetic, hematological, and autoimmune disorders

Patients undergoing surgery for gynecological 
cancers  ***

* �If ovarian cryopreservation is performed, the risk of 
ovarian involvement should be excluded

** �When ovarian cryopreservation is considered, it should 
be noted that the increased risk of ovarian cancer is not 
apparent until age 40

*** �Fertility-preserving surgery including trachelectomy 
for early-stage cervical cancer, fertility-preserving sur-
gery for early-stage ovarian and endometrial cancer
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18.3.1	 Cancer in Children

Cancer ranks as the second leading cause of 
death in children between the ages of 1 and 
14 years (Jemal et al. 2003). Over the past 
30 years cure rates have increased dramatically 
for childhood and adolescent cancers. Currently, 
when all childhood cancers are combined the 
5-year survival rates are over 80%, which is be-
tween 80% and 86% for childhood acute lym-
phoblastic leukemia (ALL), and exceed 90% for 
Hodgkin disease (Robison and Bhatia 2003; Gur-
ney et al. 1995). Each year almost 2,000 patients 
are estimated to become long-term survivors of 
ALL, the most common childhood malignancy 
(Gurney et al. 1995). Recent studies estimate that 
by the year 2010 as many as 1 in 640 to 1 in 250 
persons will be a survivor of a childhood ma-
lignancy (Sonmezer and Oktay 2004). Children 
who commonly face the risk of ovarian failure 
due to cytotoxic treatment include those diag-
nosed with Hodgkin lymphoma, neuroblastoma, 
non-Hodgkin lymphoma, Wilms tumor, Ewing 
sarcoma, osteosarcoma of the pelvis, and genital 
rhabdomyosarcoma.

Although many children survive cancer be-
cause of improved treatment modalities, they are 
not immune to the gonadotoxic effects of vari-
ous cancer treatments. Unfortunately, it has been 
shown that only half of pediatric oncologists are 
knowledgeable of current research and tech-
nology in fertility preservation (Goodwin et al. 
2007). Since it does not require ovarian stimula-
tion or a partner, ovarian tissue cryopreservation 
is typically the only practical option for prepu-
bertal or premenarchal girls receiving chemo- 
and/or radiotherapy.

18.3.2	 Breast Cancer

Breast cancer is the most common invasive 
cancer seen in reproductive-age women, with 
more than 1 million cases occurring each year 
worldwide (Avis et al. 2004). In the United States 
alone, approximately 213,000 new cases of inva-
sive breast cancer are expected to have occurred 
in 2006. One out of every 228 women develops 
breast cancer before age 40 years; stated dif-
ferently ~15% of all breast cancer cases occur 

during the reproductive years (Oktay and Yih, 
2002). Coupled with the increase in the number 
of women who delay first childbirth beyond the 
age of 35, the use of adjuvant chemotherapy regi-
mens has resulted in a large proportion of breast 
cancer patients of reproductive age facing infer-
tility. Studies have shown that reproductive con-
cerns play an important role for young women 
diagnosed with breast cancer (Avis et al. 2004; 
Partridge et al. 2004). In a study using a web-
based survey, 29% of women stated that infertil-
ity concerns influenced their treatment decisions 
(Partridge et al. 2004). In young women with 
early-stage breast cancer, the potential benefits 
of adjuvant cytotoxic treatment should be cau-
tiously weighed against the long-term adverse 
impact on fertility. Many young breast cancer pa-
tients feel that their cancer physicians do not suf-
ficiently inform them about the impact of cancer 
treatment on their fertility. It is vital to provide 
the most up-to-date and accurate information 
on the effects of cancer treatment on fertility to 
these young women who desire greater involve-
ment in their treatment decision making.

The reported incidence of chemotherapy-in-
duced amenorrhea with polyagent chemotherapy 
for breast cancer varies widely, mostly because of 
the nonuniformity of the definition of amenor-
rhea or menopause as well as variations in age 
distribution, treatment regimen, and duration of 
follow-up (Sonmezer and Oktay 2006). The most 
commonly used chemotherapy regimens for 
breast cancer, CMF (cyclophosphamide, metho-
trexate, and 5-fluorouracil) and AC (adriamycin 
and cyclophosphamide) cause ovarian failure in 
14%–86%, and 0%–96% of the patients, respec-
tively. Nevertheless the risk of ovarian failure af-
ter chemotherapy is likely to be underestimated, 
as studies have only looked at amenorrhea inci-
dence as a surrogate for fertility.

In breast cancer, chemotherapy is usually initi-
ated 6 weeks after the surgery, which is adequate 
for an IVF cycle including ovarian stimulation 
and oocyte recovery. Because conventional ovu-
lation induction regimens might be detrimental 
to breast cancer because of the resultant surge in 
estradiol levels, potentially safer regimens includ-
ing tamoxifen or aromatase inhibitors have been 
developed (Oktay et al. 2003, 2005a) (reviewed 
separately in Sect. 4.1.1). These patients may also 
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be candidates for ovarian tissue cryopreserva-
tion, as occult ovarian metastasis is extremely 
rare in nonmetastatic breast cancer (Oktay and 
Sonmezer 2004; Oktay et al. 2004b; Gagnon and 
Tetu 1989; Hann et al. 2000) (discussed in detail 
below).

18.3.3	 Cancer of the Cervix

Cancer of the cervix afflicts 500,000 women each 
year worldwide. In the year 2002, 13,000 new 
cervical cancer cases were diagnosed in North 
America and roughly half of them occurred be-
fore the age of 35 years (Waggoner 2003). The 
risk of ovarian metastasis is extremely rare in 
squamous cell cervical cancer; however, it may 
be seen in up to 12% of cases with adenocarci-
noma and adenosquamous carcinoma of the 
cervix (Nakanishi et al. 2001; Yamamoto et al. 
2001). Over the past three decades, while the in-
cidence of squamous cell carcinoma of the cervix 
decreased by 42%, the incidence of adenocarci-
noma of the cervix increased by 29% (Smith et al. 
2000). Patients with advanced-stage disease and 
those with early-stage disease that are found to 
have high risk factors receive pelvic or pelvic/
paraaortic radiation therapy. Ovarian transposi-
tion can be beneficial in patients receiving pelvic 
radiotherapy; however, success rates with this 
procedure vary greatly because of vascular dam-
age and the effect of scatter radiation. If adjuvant 
radiosensitizing chemotherapy is needed, ovar-
ian cryopreservation is another option. Alterna-
tively, one ovary can be transposed, usually the 
one on the opposite site of the main tumor, and 
the remaining ovary cryopreserved (Martin et al. 
2007).

18.3.4	 Malignant and Nonmalignant Diseases 
Requiring Pelvic Radiotherapy

Some solid tumors presenting in the pelvis such 
as osteosarcoma, retroperitoneal sarcomas, Ew-
ing sarcoma, rhabdomyosarcoma, nephroblas-
toma, tumors of spinal cord, and even some be-
nign bone tumors have been successfully treated 
with radiation therapy to achieve local tumor 
control or to improve prognosis (Sonmezer and 

Oktay 2004; Feigenberg et al. 2001; Bacci et al. 
2003). Radiation therapy also plays an important 
part in the management of colon cancer, which 
is the third most commonly encountered female 
cancer (Kapiteijn et al. 2001). These patients 
can benefit from ovarian, oocyte, or embryo 
cryopreservation. If only radiation therapy will 
be implemented, ovarian transposition may be 
performed, especially if an abdominal surgery is 
scheduled as part of the treatment of the primary 
tumor.

18.3.5	 Autoimmune Diseases

A growing number of autoimmune diseases are 
successfully treated with cyclophosphamide-
based cytotoxic therapy. The list includes sys-
temic lupus erythematosus, steroid-resistant 
glomerulonephritis, thalassemia major, Behcet 
disease, inflammatory bowel diseases, and pem-
phigus vulgaris (Sonmezer et al. 2005a; Li et al. 
2004; Russell et al. 2001; Langford et al. 2003). 
These patients may resort to embryo or oocyte 
cryopreservation if there is time available to per-
form ovulation induction and oocyte collection. 
When there are time restrictions or if the patient 
is a child, pieces of ovarian tissue may be frozen 
for possible future autotransplantation in order 
to retain fertility.

18.3.6	 Hematopoietic Stem Cell 
Transplantation

Over the past decades various malignant and non-
malignant systemic diseases have been effectively 
treated with autologous or allogeneic hematopoi-
etic stem cell transplantation (HSCT). In addition 
to malignant diseases such as leukemia, multiple 
myeloma, lymphoma, and breast cancer, among 
the nonmalignant conditions reported to benefit 
from HSCT are sickle cell disease, thalassemia, 
aplastic anemia, systemic lupus erythematosus, 
autoimmune thrombocytopenia, progressive 
systemic sclerosis, rheumatoid arthritis, juvenile 
idiopathic arthritis, vasculitis, and multiple scle-
rosis (Sonmezer and Oktay 2004; Sonmezer et al. 
2005a; Burt et al. 2003; Karussis and Slavin 2004; 
Cohen et al. 2003). Preconditioning with high-
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dose chemoradiotherapy or radiotherapy before 
HSTC is extremely gonadotoxic (Couto-Silva et 
al. 2001). The most commonly used conditioning 
regimens for HSCT in acute myeloid leukemia 
(AML) that include cyclophosphamide/total 
body irradiation or busulfan/cyclophosphamide 
(Litzow et al. 2002), are extremely gonadotoxic. 
The risk of developing complete or partial ovar-
ian failure may exceed 80% in children receiv-
ing conditioning for HSCT. Child patients can 
only undergo ovarian tissue cryopreservation, 
whereas adult patients with a partner may resort 
to embryo or oocyte cryopreservation.

18.3.7	 Benign Ovarian Disease

Some benign ovarian lesions might significantly 
compromise ovarian reserve either because of 
their extensive or progressive nature or because 
of bilateral involvement (Oktay et al. 2001b). 
In the presence of any benign ovarian lesion, 
healthy pieces of ovarian cortex can be cryopre-
served if the ovarian reserve is deemed to have 
compromised as a result of repeated surgeries 
(Oktay 2001). It was previously demonstrated 
that healthy pieces of ovarian cortical tissue can 
be found adjacent to ovarian lesions including 
dermoid cysts, benign serous cysts, and endome-
triosis (Schubert et al. 2005). If there is a risk of 
disease recurrence, subcutaneous transplantation 
of the ovarian pieces might be preferred because 
of ease of monitoring and the presumed simplic-
ity of removal in the case of recurrence.

18.3.8	 Prophylactic Oophorectomy

It has been clearly demonstrated that BRCA 1 
and BRCA 2 germ line mutations are responsible 
for the majority of hereditary breast and ovarian 
cancers. The cumulative lifetime risk of devel-
oping ovarian cancer is about 60% for BRCA-1 
and 10%–20% for BRCA-2 mutation carriers 
(Struewing et al. 1997; Liede and Narod 2002; 
Carcangiu et al. 2006). Furthermore, the lifetime 
risk of breast cancer in carriers of BRCA-1 mu-
tation varies from 40% to 85% (Antoniou et al. 
2003; Kramer et al. 2005). Even though the risk 
of peritoneal cancer cannot be eliminated with 

this strategy, increasing numbers of women are 
offered the option of undergoing prophylactic 
salpingo-oophorectomy in order to reduce the 
future risk of both ovarian and breast cancer af-
ter the age of 35–40 and/or when childbearing is 
completed (Rebbeck et al. 2002; Kauff et al. 2002). 
BRCA-positive women with a partner can benefit 
from embryo or oocyte cryopreservation before 
surgery. When ovarian tissue is cryopreserved, 
the risk of occult carcinoma should be borne in 
mind, as it is reported to be between 2% and 18% 
in mutation carriers undergoing prophylactic 
oophorectomy (Sonmezer and Oktay 2005). In 
the future, ovarian tissue should preferably be 
transplanted to a subcutaneous site to be moni-
tored for any potential malignant transforma-
tion.

18.4	 Available Options 
for Fertility Preservation

A number of options are available to preserve 
fertility in patients facing the risk of imminent 
ovarian failure. These range from well-established 
techniques such as embryo cryopreservation to 
investigational technologies such as oocyte and 
ovarian tissue cryopreservation. Depending on 
clinical and social circumstances, a different op-
tion may be suitable for each patient (Fig. 18.1).

18.4.1	 Assisted Reproductive 
Technologies to Preserve Fertility

18.4.1.1	 Embryo Cryopreservation

Embryo cryopreservation has been used for more 
than 20 years to store excess number of embryos 
and to avoid the risk of ovarian hyperstimula-
tion during an IVF cycle. However, an IVF cycle, 
which typically involves ovulation induction and 
oocyte retrieval requires at least 2–3 weeks. If 
treatment cannot be safely delayed, then this is 
not a suitable option. Embryo cryopreservation 
is also not suitable for single women not desiring 
to use donor sperm or for children. With the cur-
rent freezing technology, the implantation poten-
tial of frozen-thawed embryos approaches that of 
fresh embryos (Veeck et al. 2004). Survival rates 
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per thawed embryo range between 35% and 90% 
and implantation rates between 8% and 30%, 
and cumulative pregnancy rates can exceed 60%. 
Because the effectiveness of IVF diminishes with 
every round of chemotherapy and because there 
is a potential for fertilizing a genetically damaged 
gamete, it is also not recommended to perform 
IVF after chemotherapy is started (Ginsburg 
et al. 2001; Dolmans et al. 2005).

Breast cancer patients typically have 4–6 weeks 
between surgery and chemotherapy initiation 
and thus have sufficient time to undergo ovarian 
stimulation. However, the rise in estrogen levels 
that occurs during ovarian stimulation typically 
precludes use of standard IVF regimens in breast 
and other estrogen-sensitive tumors (Sonmezer 
et al. 2005b). Oocytes can be retrieved during an 
unstimulated cycle (natural cycle IVF, NCIVF) 
but the embryo yield is extremely low (Oktay 
et al. 2003; Ubaldi et al. 2004).

Tamoxifen, a selective estrogen modulator 
with antiestrogenic actions on breast tissue, is as 
effective as clomiphene citrate in the treatment 
of anovulatory infertility. The effectiveness and 
safety of tamoxifen for ovulation induction in 

breast cancer patients was studied, and results 
were compared to a retrospective control group of 
breast cancer patients who had NCIVF (Oktay et 
al. 2003). Compared to control subjects, patients 
stimulated with tamoxifen had fewer cancelled 
cycles (1/15 vs 4/9) and a higher mean number 
of mature oocytes (1.6 ± 0.3 vs 7 ± 0.2) and total 
embryos (1.6 ± 0.3 vs 0.6 ± 0.2). An embryo could 
be generated in all 12 patients stimulated with 
tamoxifen; in contrast, NCIVF resulted in em-
bryos in only 3 of 5 patients. Although the peak 
estradiol levels were higher in the tamoxifen 
group than in control subjects, cancer recurrence 
rates were not increased after a mean follow-up 
of approximately 2 years (Oktay et al. 2005a). It 
is well known that tamoxifen can block the ef-
fects of supraphysiological levels of estrogen on 
breast tissue and inhibits the growth of breast 
tumors by competitive antagonism of estrogen 
at its receptor site. In fact, mean estradiol levels 
are chronically elevated in breast cancer patients 
who are on long-term tamoxifen treatment, and 
can be higher than the levels seen in patients 
undergoing ovarian stimulation with tamoxifen 
(Shushan et al. 1996; Klijn et al. 2000).

Fig. 18.1  Algorithmic approach for fertility preservation. *The success of oophoropexy is diminished if radiosensitizing 
chemotherapy is implanted. TMX, tamoxifen; AI, aromatase inhibitors
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Letrozole is a potent and highly selective 
third-generation aromatase inhibitor that com-
petitively inhibits the activity of aromatase en-
zyme. It significantly suppresses plasma estradiol, 
estrone, and estrone sulfate levels at doses rang-
ing from 0.1 to 5 mg/day and has a very short a 
half-life of approximately 48 hours (Pfister et al. 
2001). Letrozole was recently shown to be supe-
rior to tamoxifen in the treatment of advanced-
stage postmenopausal breast cancer (Mouridsen 
et al. 2003) Aromatase inhibitors alone or in com-
bination with gonadotropins have been recently 
tested as effective ovulation induction agents. 
A theoretical advantage of ovarian stimulation 
with aromatase inhibitors is that the peak estra-
diol levels are close to or similar to that observed 
in natural cycles (Oktay et al. 2005a; Fatemi et al. 
2003). The letrozole-FSH protocol is preferred 
in most breast cancer patients undergoing IVF 
for embryo or oocyte cryopreservation because 
it results in low estradiol levels and high oocyte 
recovery. In a prospective study the combination 
of letrozole plus low-dose FSH (LetFSH-IVF) or 
tamoxifen plus low-dose FSH (TamFSH-IVF) 
resulted in a higher embryo yield than IVF per-
formed after stimulation with tamoxifen alone 
(Tam-IVF) (embryo yield; 5.3 ± 0.8, 3.8 ± 0.8, 
and 1.3 ± 0.2, respectively) (Oktay et al. 2005a). 
LetFSH-IVF and Tam-IVF resulted in lower 
peak estradiol levels lower than TamFSH-IVF 
(380 ± 57, 419 ± 39, and 1,182 ± 271 pg/mL, re-
spectively). Cancer recurrence rates were similar 
for IVF and control patients who elected not to 
undergo IVF (3/29 vs 3/31) over a mean fol-
low-up of 554 days. None of the recurrences oc-
curred in the letrozole-treated patients. Several 
live births have already occurred as a result of 
letrozole-FSH stimulation in patients with breast 
cancer (Oktay 2005).

Very recently, it was demonstrated that le-
trozole and FSH stimulation resulted in 44% re-
duction in gonadotropin requirement compared 
to age-matched retrospective control subjects 
selected from women who underwent IVF for 
tubal disease, while the length of stimulation, 
number of embryos obtained, and fertilization 
rates were similar. The mean delay from surgery 
to cryopreservation was 38.6 days, with 81% of 
all patients completing their IVF cycles within 
8 weeks of surgery (Oktay et al. 2006b).

18.4.1.2	 Cryopreservation of Mature Oocytes

Oocyte cryopreservation is an investigational 
procedure that is offered to the single woman 
who does not desire to use donor sperm to gen-
erate embryos for storage. In contrast to embryo 
and sperm freezing, oocyte cryopreservation has 
been technically more challenging because oo-
cytes are more sensitive to cryoinjury (Gosden 
2005). The meiotic spindle, cytoskeleton, cortical 
granules, and zonae pellucidae are the structures 
particularly at risk. However, modifications in 
the freezing medium and use of intracytoplasmic 
sperm injection has resulted in improvement in 
success rates (Porcu and Venturoli 2006). There 
are two main methods of oocyte freezing: the 
controlled rate (slow freezing), which is the 
more established method, and vitrification (fast 
freezing).

A recent meta-analysis found that fertiliza-
tion rates and live birth rates per sperm-injected 
cryopreserved oocyte with the slow-freeze pro-
tocol (SF) were 61% and 3.4%, respectively, com-
pared to 76.7% and 6.6%, respectively, for age-
matched controls who underwent IVF-ICSI with 
fresh oocytes (Oktay et al. 2006c). The live birth 
rates with frozen oocytes were significantly lower 
compared with those with unfrozen oocytes. For 
vitrification, fertilization (VF), live birth per in-
jected oocyte, and live birth per embryo transfer 
rates were 70.6%, 4.5%, and 29.4%, respectively. 
For the same group, the mean live birth rate per 
thaw cycle was 24.4%, whereas the implantation 
rate was 8.8%. Of the 10 live births from vitri-
fication, one involved delivery of twins, whereas 
the others were singletons. No pregnancy loss 
was reported. Likewise, the comparison of SF 
pregnancy rates from 1996–2004 to mean SART 
data for a similar time period confirmed that the 
IVF success rates with SF oocytes were lower 
compared with those with unfrozen oocytes 
(Table 18.4).

With a slow freezing protocol, a recent study 
showed a pregnancy rate of 19.2% per transfer 
and an implantation rate of 12.3% (Borini et al. 
2006). A meta-analytic comparison of oocyte 
vitrification success rates with slow freezing and 
the SART IVF data with unfrozen oocytes dem-
onstrated that VF success rates were significantly 
higher compared to SF (Cil et al. 2006). When 
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compared to age-/year-matched SART data, 
clinical pregnancy and live birth/ET rates were 
significantly lower after SF, but there was no dif-
ference between the SART data and VF. A higher 
number of embryos were transferred in VF vs 
SF groups (3.5 vs 2.5, p = 0.0001), resulting in 
a higher percentage of twins (23.3 vs 19.6) and 
triplets or more (5 vs 3.5). Vitrification appears 
to be a promising approach to oocyte cryopreser-
vation; however, the comparative efficiency and 
safety of this technique should be confirmed in 
prospective studies. Nevertheless, the improved 
success rates with oocyte cryopreservation may 
justify the use of this technique for fertility pres-
ervation in cancer patients.

There is limited information on the health of 
children born from frozen-thawed oocytes. Of 
the 32 pregnancies in which the perinatal out-
come was reported there was one ventricular 
septal defect (VSD) and one triploid pregnancy 
(Oktay et al. 2001a; Chia et al. 2000; Porcu 2001). 
The latter, however, resulted after ICSI of frozen-
thawed testicular sperm into cryopreserved oo-
cytes.

18.4.1.3	 Ovarian Tissue Cryopreservation 	
and Transplantation

The idea of cryopreserving ovarian tissue is 
based on the finding that the ovarian cortex is 
composed of primordial follicles that are more 
resistant to cryoinjury than mature oocytes. Al-
though the clinical indications for ovarian tissue 

cryopreservation are almost identical to those 
for oocyte cryopreservation, there are fewer lo-
gistical restrictions in offering this technique. 
Specifically, the tissue can be obtained without 
delay since there is no need for ovarian stimu-
lation, and a partner is not required when the 
tissue is harvested. Furthermore, this is the only 
fertility preservation technique that can reverse 
menopause.

After successful animal studies (Gosden et al. 
1994; Liu et al. 2001; Salle et al. 2003; Lee et al. 
2004), resumption of endocrine function has 
been reported after orthotopic (Oktay and Kar-
likaya 2000; Schmidt et al. 2005; Radford et al. 
2001) and heterotopic (Oktay et al. 2001b; Callejo 
et al. 2001) transplantation of frozen-thawed 
ovarian cortical strips in patients. Recently, an 
embryo was generated from oocytes retrieved 
from subcutaneously transplanted ovarian tissue 
in a breast cancer survivor (Oktay et al. 2004a). 
Thereafter, two live births were reported after 
orthotopic transplantation of frozen-banked 
ovarian tissue in lymphoma survivors (Donnez 
et al. 2004; Meirow et al. 2005). In the ortho-
topic transplantation technique, frozen-thawed 
ovarian cortical pieces can be grafted near the 
infundibulopelvic ligament or on a postmeno-
pausal ovary. In the heterotopic transplantation 
method, the tissue is grafted subcutaneously to 
the forearm or suprapubic area. The advantage of 
orthotopic transplantation is that natural concep-
tion is possible. However, this technique requires 
general anesthesia. Heterotopic transplantation 
does not require general anesthesia or abdomi-

Table 18.4.  Comparison of success rates of slow freezing procedure with SART data

Variable SF 1996–2004 
(group a; 
33 ± 0.24)*

SART  
(1997–2003) 
success rates 
for age 33 years 
(group b)

P values, 
group a vs 
group b

SF 2002–2004 
(group c; 
31.1 ± 0.6)*

SART 2003 
success 
rates for 
age 31 years 
(group d)

P values, 
group c vs 
group d

Clinical 
pregnancies 
per transfer

27.1 (95/351) 46.6 
(14,037/30,109)

<.0001 37.8 (28/74) 54.5 
(2,317/4,250)

004

Live births per 
transfer

21.7 (76/351) 38.4 
(11,552/30,109)

<.0001 32.4 (24/74) 47.8 
(2,031/4,250)

.009

Note: Data are % (n) unless otherwise indicated
*Age: mean ± SD, SF: slow freezing protocol
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nal surgery. It is also easy to monitor follicle de-
velopment, and to remove the transplanted tissue 
if it becomes necessary.

The life span of ovarian grafts can be limited 
because of the loss of a fraction of follicles during 
the initial revascularization (Oktay et al. 2001b; 
Radford et al. 2001; Wolner-Hanssen et al. 2005). 
Therefore, the autotransplantation procedure 
should not be performed until the patient has 
received a clearance from her oncologist to pro-
ceed in attempting pregnancy.

One of the major theoretical concerns when 
transplanting ovarian tissue after cure is the risk 
of reseeding the primary tumor. Fortunately, 
most of the tumors seen during reproductive 
years, apart from leukemias, have low risk of 
ovarian involvement (Table 18.5). In breast can-
cer, occult ovarian involvement is rare, especially 
if there is no systemic metastasis and if pelvic 
and ultrasound examinations are normal (Curtin 
et al. 1994). Previous studies showed that most 
of the occult metastases belong to the infiltrating 
lobular histological subtype, which constitutes 
<15% of all breast cancers and more commonly 
occurs in postmenopausal women (Curtin et al. 
1994; Li et al. 2003; Morrow 2001; Sastre-Garau 
et al. 1996). Thus early-stage breast cancer is not 
a contraindication for ovarian tissue cryopreser-
vation and transplantation. However, before 
ovarian transplantation, a thorough histological 
assessment of a representative piece is required 
to rule out occult metastasis. In addition, patients 
with BRCA-1 and BRCA-2 genes are at a higher 
risk for harboring occult ovarian cancer (Liede 
and Narod 2002). Even though ovarian cancer is 
rare before the age of 35, these patients should 
be counseled about the risk. Incidence of ovar-
ian involvement is high with blood-borne ma-
lignancies including leukemias, neuroblastoma, 
and Burkitt lymphoma. Wilms tumor, Ewing 
sarcoma, lymphomas, osteosarcomas, and extra-
genital rhabdomyosarcomas have a low risk of 
ovarian involvement. In squamous cell cervical 
cancer, ovarian involvement is <1.0%, whereas it 
is reported to be between 1.7% and 12.5% in ad-
enocarcinoma of the cervix, (Sutton et al. 1992; 
Woodruff et al. 1970). Animal studies do not in-
dicate that the likelihood of ovarian involvement 
is high in Hodgkin lymphoma (Shaw et al. 1996; 
Kim et al. 2001). A recent study showed that 
none of 26 patients with lymphoma had evidence 

of ovarian involvement by histology and immu-
nohistochemistry (Seshadri et al. 2006). The risk 
of ovarian involvement according to the tumor 
type is summarized in Table 18.5.

Autotransplantation of the fresh ovary to the 
upper extremity with microsurgical vascular 
anastomosis could protect ovaries against radia-
tion damage (Leporrier et al. 1987; Hilders et al. 
2004). In fact this is by and large a transposi-
tion procedure, and it has not been possible to 
cryopreserve whole ovaries in humans because 
of the difficulty in devising methods to preserve 
oocytes, stroma, and ovarian vessels with equal 
efficiency. Ideally, the ovaries would continue to 
produce hormones and oocytes, which could be 
aspirated for IVF. However, this procedure would 
not be useful if concomitant chemotherapy is 
also used, and, especially if ovarian cryopreser-
vation is required, transplantation of ovarian 
cortical strips appears to be a more viable option 
in most patients. There is a case report of ortho-

Table 18.5.  Malignant diseases and associated risk of 
ovarian involvement

The risk of ovarian involvement is high

Leukemia

Burkitt lymphoma

Neuroblastoma

Genital rhabdomyosarcoma

The risk of ovarian involvement is moderate

Breast cancer (stage IV, or infiltrative lobular 
histological subtype)

Colon cancer (includes tumors of rectum and 
appendix)

Upper gastrointestinal system malignancies

Adeno/adenosquamous carcinoma of the cervix

The risk of ovarian involvement is low

Non-Hodgkin lymphoma

Hodgkin lymphoma

Breast cancer (Stage I–III, or infiltrative ductal)

Ewing sarcoma

Squamous cell carcinoma of the cervix

Nongenital rhabdomyosarcoma

Osteogenic sarcoma

Wilms tumor
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topic transplantation of fresh ovarian tissue from 
one monozygotic twin sister to the other, who 
had suffered from premature ovarian failure. The 
procedure resulted in a live birth (Silber et al. 
2005).

Regardless of the magnitude of risk of ovar-
ian involvement, a thorough histological evalu-
ation should be performed on multiple samples 
taken from the ovarian tissue before and after 
cryopreservation. When there is a significant 
concern about ovarian involvement, cryopreser-
vation procedures should not be performed for 
the purpose of future autotransplantation. Mo-
lecular biology techniques and immunohisto-
chemistry can be used to screen for the presence 
of cancer cells in the ovary (Oktay and Yih 2002). 
There have been no reports of cancer recurrence 
in the limited number of cases published in the 
medical literature, but ovarian cryopreservation 
and transplantation remains an investigational 
protocol (Lee et al. 2006).

18.4.1.4	 Ovarian Transposition

In case of pelvic/abdominal radiation, ovaries 
can be moved out of the radiation area in or-
der to avoid direct radiation exposure. Ovarian 
transposition was first introduced in clinical 
practice to preserve ovarian function in patients 
with Hodgkin disease who were to receive pelvic 
or para-aortic lymph node irradiation (Ray et al. 
1970; Nahhas et al. 1971). The degree of ovarian 
damage depends on the patient’s age and the dose 
of radiation delivered to the ovaries, and can be 
compounded by the addition of chemotherapy. If 
the patient will undergo an abdominal surgery, 
the ovaries can be transposed at that time; oth-
erwise, a laparoscopic transposition can be per-
formed before radiotherapy is given (Tulandi 
and Al-Took 1998; Morice et al. 2000).

Success rates with this procedure are inconsis-
tent, varying between 16% and 90% (Sonmezer 
and Oktay 2000).The success rates are affected 
by various factors such as vascular compromise, 
scatter radiation, radiation dose, age of the pa-
tient, and whether ovaries are shielded during 
the procedure. The procedure is not completely 
risk free and can be associated with chronic 
ovarian pain, infarction of the fallopian tubes, 
and formation of ovarian cysts. Ovaries can also 

migrate to the original location in the pelvis. 
Spontaneous pregnancy may be more difficult, 
if the uterus was not damaged, and should the 
patient need IVF, oocyte collection may have to 
be performed percutaneously unless the ovaries 
are returned to their original location by a sec-
ond operation. Spontaneous pregnancies have 
occurred, however, without repositioning of the 
ovaries back to their original location. Therefore, 
ovaries are usually repositioned only if difficulty 
arises.

A recent study investigated the success of 
laparoscopic oophoropexy to preserve ovarian 
function before pelvic irradiation in 10 patients 
with Hodgkin disease (Williams et al. 1999). The 
dose of pelvic radiation ranged from 1,500 to 
3,500 cGy. All five patients who received mini-
mal or no chemotherapy had evidence of ovarian 
function, and four conceived. In contrast, four 
patients who also received multiple courses of 
chemotherapy, and one who received 3,500 cGy 
to the femoral lymph nodes and pelvis with little 
central shielding, had ovarian failure at follow-
up.

If attempted, lateral ovarian transposition 
seems to be superior to medial transposition in 
limiting ovarian exposure to radiation. It has 
been suggested that the ovaries be transposed at 
least 3 cm from the upper border of the radiation 
field. Performing the procedure close to the time 
of irradiation also decreases the chance of failure 
from ovarian migration back to the field of treat-
ment.

18.4.2	 Fertility-Sparing Surgery 
in Gynecologic Cancers

In some gynecologic tumors, patients may ben-
efit from fertility-sparing surgery in which the 
uterus and contralateral ovary are preserved 
(Gershenson 2005). Ovarian biopsy is not rou-
tinely recommended at the time of surgery if 
contralateral ovary looks normal on gross in-
spection. Ovarian tumors of young females usu-
ally have a low probability of bilateral ovarian 
involvement; thus sparing the normal ovary and 
the uterus may be possible. This is especially true 
for borderline ovarian cancer, sex cord stromal 
tumors, and germ cell tumors of the ovary. Fur-
thermore, fertility-sparing surgery may be an 
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option with early-stage epithelial ovarian cancer. 
Fertility-sparing options for invasive cervical 
cancer include conization for stage IA1 and IA2 
disease and abdominal or vaginal trachelectomy 
for stage IA2 and IB disease.

18.4.3	 Cotreatment with GnRH Analogs 
to Prevent Chemotherapy-Associated 
Gonadal Damage

In human ovary, more than 90% of the ovar-
ian reserve is made up of primordial follicles at 
resting stage containing an immature oocyte. 
Even though the mechanism of primordial fol-
licle growth initiation is still not understood, it is 
clearly an FSH-independent process; FSH recep-
tors are not expressed until these follicles initiate 
growth and reach multilayer stages (Oktay et al. 
in press, 1997a; Meduri et al. 2003; McNatty et 
al. 1999) Since GnRH analogs’ main mode of 
action is to suppress pituitary gonadotropin se-
cretion, it does not appear plausible that such 
a presumed effect is gonadotropin dependent. 
There are a number of studies investigating the 
role of GnRH analogs in preventing chemother-
apy-related gonadal damage. Many of the studies 
suffer from small sample size and/or lack of an 
appropriate control group (Recchia et al. 2006; 
Somers et al. 2005; Pereyra-Pacheco et al. 2001). 
In many studies menstrual function was assessed 
to determine the impact of chemotherapy on 
ovarian function instead of using more reliable 
biochemical markers of ovarian reserve such as 
day 3 FSH, estradiol, inhibin, or anti-müllerian 
hormone levels (Pereyra-Pacheco et al. 2001; Del 
Mastro et al. 2006). In some studies the cumula-
tive dose of alkylating agent was either not speci-
fied or not sufficient to cause imminent ovar-
ian failure in the age group of patients that was 
studied (Pereyra-Pacheco et al. 2001; Blumenfeld 
et al. 1996, 2000). In some studies, follow-up was 
different among the study and control groups 
(Somers et al. 2005; Blumenfeld et al. 1996). In 
the only prospective randomized study reported 
by Waxman et al., albeit with small numbers, 
including 30 men and 18 women receiving che-
motherapy for Hodgkin disease, GnRHa did not 
preserve fertility as judged by sperm counts and 
menstrual function (Waxman et al. 1987). After 

3 years of follow-up, all men in both study and 
control groups became oligo-/azospermic, while 
four of the eight women treated with GnRHa 
(50%) and six of nine female control subjects 
(66.6%) became amenorrheic. There is also no 
benefit in administering GnRH analogs to pro-
tect gonadal function in men and women under-
going hematopoietic stem cell transplantation. 
Regardless, the majority of these young patients 
who receive preconditioning treatment will suf-
fer from gonadal failure GnRH.

The safety of use of GnRH analogs has also not 
also been established. A study on 24 premeno-
pausal breast cancer patients demonstrated that 
while 23 women who received ovarian suppres-
sion with GnRH analogs during chemotherapy 
regained menstruation, among 11 women who 
were actively attempting pregnancy, only two 
delivered healthy children despite six pregnan-
cies in five patients. Three spontaneous abortions 
were observed, with one elective abortion for 
a Down syndrome fetus (Fox et al. 2001). Fur-
thermore, since GnRH receptors that mediate 
several effects such as inhibition of proliferation, 
induction of cell cycle arrest, and inhibition of 
apoptosis are expressed in a variety of cancers, 
one cannot exclude that GnRH agonist therapy 
concomitant to cytotoxic chemotherapy might 
reduce the efficacy of the implemented chemo-
therapy (Vitale et al. 2006; Emons et al. 2003).

18.4.4	 Donor Egg and Gestational Surrogacy

IVF with donor oocytes is another alternative in 
patients who suffer from premature menopause 
or have diminished ovarian reserve due to can-
cer treatment (Polak deFried et al. 1998). The 
success rates with appropriate oocyte donors 
are now >60% per embryo transfer. Gestational 
surrogacy can also be employed in patients who 
have undergone hysterectomy or received pelvic 
radiation for cervical cancer. Patients with breast 
cancer who are considered at high risk for recur-
rence, or who must be on lifelong therapy with 
aromatase inhibitors, may also resort to gesta-
tional surrogacy. However, laws and regulations 
regarding this procedure vary significantly be-
tween countries and between individual states in 
the United States.
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18.5	 Future Directions

When the risk of ovarian involvement with 
cancer cells is high, some other experimental 
options may be considered in the future. It has 
been possible to xenograft human ovarian tissue 
to immunodeficient mice and grow mature fol-
licles in these xenografts (Oktay et al. 1998a,b; 
Gook et al. 2001). It has also been possible to 
retrieve oocytes from xenografted human ovar-
ian cortical pieces (Revel et al. 2000). However, 
the possibility of trans-species viral infections 
has to be addressed. Primordial follicles can 
also be isolated from cryopreserved ovarian tis-
sue, and it is theoretically possible to use these 
follicles for the purpose of in vitro maturation 
(Oktay et al. 1997b). Even though this has been 
partially successful in mice, the prospect for suc-
cess in humans is not clear at the present time. 
A combination of oocyte and ovarian tissue 
cryopreservation has also been suggested as a 
new strategy (Revel et al. 2003). Another pos-
sibility is in vitro growth of primordial follicles 
isolated from cryopreserved ovarian tissue. It has 
been possible to isolate primordial follicles from 
human ovarian tissue, but there has been no suc-
cess in growing them in vitro. Progress has been 
made in rodents with this technique, including 
production of oocytes competent for meiotic 
maturation, fertilization, and preimplantation 
in vitro from primordial follicle (O’Brien et al. 
2003), but whether this will translate to human 
studies is currently unclear.

It has recently been postulated that the 
mechanism of age-related as well as chemo- or 
radiotherapy-induced loss in the ovarian germ 
cell population is mediated by programmed cell 
death (Morita and Tilly 1999). Sphingosine-
1-phosphate (S1P), a bioactive sphingolipid 
metabolite formed by sphingosine kinase, is 
an important lipid mediator and has many ac-
tions both inside and outside the cell. Morita 
et al. showed that wild-type mice treated with 
S1P resisted both developmental and cancer 
therapy-induced apoptosis (Morita et al. 2000). 
Radiation-induced oocyte loss could be com-
pletely prevented by S1P therapy in wild-type 
mice. The same group investigated transgen-
erational genomic instability and did not detect 
discernable propagation of genomic damage in 

mice pretreated with S1P before receiving ion-
izing radiation (Paris et al. 2002). There have also 
been recent strides in developing a whole ovary 
cryopreservation technique. Even though this 
technique had limited success in animals, it’s in 
infancy in human (Imhof et al. 2004; Revel et al. 
2004).
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19.1	 Introduction

During the past decades the lives of many women 
in developed countries have undergone essential 
changes. After a longer and more specialized 
professional formation many women follow a 
career before starting a family. Therefore, births 
to women 30 and older continue to rise, which 
is associated with increased maternal and fetal 
risks during pregnancy (Nabukera et al. 2006). 
Moreover, as the risk of developing breast cancer 
increases with age, more women are confronted 
with breast cancer during their childbearing 
years.

The concept “critical life event” refers to the 
stimulus-based perspective of stress with particu-
lar attention to the characteristics of a stressor. 
Each critical episode has its unique demands 
that challenge the individual’s coping resources, 
thus triggering a particular stress response. Hol-
mes and Rahe (1967) attempted to measure life 
stress by assigning numbers (life-change units) to 
a list of 43 critical life events that includes illness 
as well as pregnancy. The use of average weights 
to define the magnitude of life events has several 
shortcomings: From a cognitive-transactional 
process perspective, stress is defined as a particu-
lar relationship related to the person’s appraisal of 
the stressfulness of the event as exceeding his or 
her (coping) resources and therefore endangering 
well-being (Lazarus 1966, 1991). Consequently, 
the awareness that a pregnant woman with can-
cer has to face and adjust to two life events at 
the same time is important in understanding the 
manifold (coping) reactions of the patient.

Most studies have found a delay particularly 
in the diagnosis of breast cancer during preg-
nancy. The focus of the woman may be entirely 

on her pregnancy, and changes in breast tissue 
may be attributed to normal physiological breast 
changes. On the other hand, physical examina-
tion is mostly concentrated on the abdomen 
and imaging during pregnancy is more difficult. 
Once the diagnosis has been made the process 
of deciding on treatment options may be delayed 
because of the complexity of the situation, with 
two beings involved in the treatment. However, 
treatment delay increases the risk for lymph 
node involvement in dependence of doubling 
time (Nettleton et al. 1996). Hence, the compli-
cating issues of cancer during pregnancy relate 
to medical, bio-/medicoethical (Oduncu et al. 
2003), and personal/psychological aspects. Sup-
port of women facing cancer during pregnancy 
must consider the complexity of the life situation, 
being confronted with two critical life events that 
symbolize the beginning and the end of life at the 
same time. From a psychodynamic point of view 
the situation for some women may reflect a clas-
sic conflict between the instincts of self-preserva-
tion and breed preservation. The decision mak-
ing process is complex and has a special focus 
on the autonomy of the woman and the balance 
of best possible treatment for the woman with 
least harm to the fetus. Special communication 
skills facilitate shared decision making (Elwyn 
2001). The woman and her family often have a 
special need for psychooncologic care during the 
adjustment process of having cancer and requir-
ing treatment at the same time as being preg-
nant (which often extends from pregnancy into 
the postpartum period). This chapter therefore 
focuses on the complexity of understanding the 
meaning of the diagnosis, the challenging adjust-
ment process, and what professionals can do to 
support the woman during this life phase.
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19.2	 Adjustment to Pregnancy 
and Cancer

19.2.1	 Adjustment to Pregnancy

Pregnancy is not only associated with physi-
ological changes in a mother’s body. Psychologi-
cal changes refer to the developmental process 
or tasks that prepare the mother for her new re-
sponsibilities. Failure to achieve these tasks dur-
ing this period may lead to a lack of emotional 
response to the infant at delivery and limited 
maternal-neonatal attachment (Attrill 2002). 
Gloger-Tippelt (1988) describes the transition to 
parenthood within a developmental psychologi-
cal model with four different stages during preg-
nancy. The parents’ desire for a child increases 
steadily during pregnancy. Each of the stages 
puts specific demands of adjustment on physi-
cal, cognitive, emotional, and behavioral levels. 
The first stage of uncertainty during the first tri-
mester is characterized by physical discomfort, 
ambivalence, and insecurity about the progress 
of the pregnancy. Then, after the 12th week of 
gestation, a stage of adjustment follows with a re-
duction in anxieties and, therefore, cognitive and 
emotional adjustment that leads to an increase of 
positive valence of the pregnancy. The third stage 
begins with the second half of the pregnancy 
and is characterized by a change in perception 
of the child due to noticeable fetal movements. 
The mother starts to perceive the child as being 
separate from herself. In addition, the increased 
perceptibility of the pregnancy leads to change 
in the social role of the pregnant woman. Dur-
ing the last 10 weeks of pregnancy, the stage of 
anticipation and preparation, expectant mothers 
actively imagine the appearance and behavior 
of their baby and what it will be like to care for 
it. The perception of time changes to counting 
weeks or days until delivery instead of counting 
gestational weeks or months. With a worsening 
of mood and enhanced discomfort, the readiness 
to end the pregnancy increases.

Adjustment to pregnancy naturally is multi-
faceted and depends on intrapersonal, interper-
sonal, social, and somatic factors among oth-
ers. The model of developmental stages during 
pregnancy as described by Gloger-Tippelt (1988) 
therefore must be understood as a general frame-
work that will not apply to all pregnancies.

19.2.2	 Adjustment to Cancer

Adjustment to cancer is influenced by three main 
factors (Rowland 1990): (1) disease-related fac-
tors such as site of the disease, stage, treatment, 
and course; (2) individual factors such as values 
and beliefs, personality characteristics, and social 
support (in addition, the specific life phase in 
which the cancer illness affects the patient is rel-
evant for understanding the adjustment process, 
with pregnancy demanding completely different 
developmental tasks from the person than, e.g., 
the postmenopausal life phase); (3) sociocultural 
factors such as stigma or resources available from 
the health care system. In addition, the patient’s 
relationship with doctors and nurses and expe-
rience with the medical system influence the 
adaptation process as well as compliance with 
treatment.

Table 19.1 summarizes the most common 
emotional reactions evoked when the cancer di-
agnosis is received (Barraclough 1999). During 
pregnancy, these reactions most often are more 
pronounced because of the unexpectedness of 
the diagnosis and because of fears of not being 
able to meet the demands of motherhood and 
or to continue the pregnancy (see below). The 
early work by Kübler-Ross (1969) offers a useful 
framework for understanding adjustment to can-
cer. The model assumes the following four adjust-
ment stages: (1) the stage of denial, usually lasting 
not more than a few days with shock, disbelief, or 
numbness; (2) the stage of acute distress, often 
lasting several weeks with the most prevalent 
reactions of anxiety, anger, bargaining, and pro-
test; (3) the stage of chronic distress, which again 
may last several weeks and is characterized by 
sadness and despair; and (4) gradual adjustment 
and acceptance, often taking several months. The 
model is not understood as a rigid formula, and 
one stage does not strictly follow the one before. 
Adjustment is not a normative process. However, 
it can be understood as heuristic and can give a 
broad orientation and understanding to profes-
sionals and patients. Mostly, it is important to 
consider that adjustment to cancer calls for a 
long-term view with periods of distress often be-
ing a necessary prelude to positive adaptation. 
This process is highly individual and is based on 
a multifactorial environment-person interaction 
(Filip and Aymanns 1987).
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Table 19.1  Emotional reactions to cancer diagnosis

Shock

Fear and anxiety

Sadness and despair

Anger

Guilt or shame

Relief (after a period of diagnostic uncertainty)

Sense of challenge

Acceptance

Barraclough (1999) emphasizes the reaction to 
or threat of loss in the context of cancer. Adjust-
ing to loss of physical strength, loss of or change 
in role, loss of interpersonal relationships, loss 
of physical integrity, loss of life expectancy, loss 
of control, or loss of mental integrity may seem 
overwhelming at first. In the case of cancer dur-
ing pregnancy, the patient is additionally con-
fronted with the prospect of losing a wished-for 
child.

During the adjustment process to illness the 
patient will demonstrate a wide variety of coping 
strategies. Coping refers to the different pat-
terns of thought, belief, emotions, and behavior 
observed in response to the illness. Adaptive 
coping does not mean being free of emotional 
distress but rather not being overwhelmed by 
it and demonstrating flexibility in adapting to 
new circumstances while maintaining one’s own 
sense of self-worth and relationships with others. 
There have been many attempts to classify coping 
styles (Lazarus 1966, 1991; Heim et al. 1991). A 
widely recognized categorization refers to prob-
lem-focused coping, appraisal-focused coping, 
and emotion-focused coping (Moos and Schaef-
fer 1984; Folkman and Lazarus 1980). The indi-
vidual’s appraisal of the situation determines the 
coping style. In situations that are appraised as 
being changeable, active, problem-focused cop-
ing strategies are employed. For example, can-
cer patients who search the Internet, adhere to 
treatment, or undertake changes in their lifestyle 
demonstrate a problem-focused coping style. On 
the other hand, appraisal-focused and emotion-
focused coping styles occur more often when the 
situation is appraised as uncontrollable or not 
changeable, as is frequently the case during can-

cer illness. The strategies then focus on finding 
the best possible attitude toward an encumber-
ing situation or doing anything to be more com-
fortable in bearing and tolerating the situation. 
Typically, talking about emotions or relaxation 
but also blaming others or consumption of psy-
choactive substances fall into this coping style. 
For health care professionals it is sometimes dif-
ficult to understand the individual reactions of 
the patients. Coping strategies may seem wrong 
or bad or right or good. However, as Haan (1977) 
states “The person will cope if he can, defend if he 
must, and fragment if he is forced, but whichever 
mode he uses, it is still in the service of his at-
tempt to maintain organization.” Thus, reactions 
may be adaptive and supportive of well-being or 
maladaptive and contributing to additional dis-
tress.

From a psychodynamic point of view, ex-
periences and relationships of early childhood 
and instinctual drives continue to influence a 
person’s feelings and behavior in adulthood. For 
many women pregnancy reflects a time period 
in which memories of their own childhood are 
being reactivated and relationships with parents 
are changing. Psychodynamic models of reaction 
to cancer conceptualize mental or ego defense 
mechanisms as unconscious processes designed 
to protect against anxiety. Defense mechanisms 
include, among others, denial, repression, pro-
jection, regression, or intellectualization. While 
true denial is rare among cancer patients, intel-
lectualization with an emphasis on reason and 
factual knowledge and at the same time denial of 
emotional aspects is more common.

19.2.3	 Adjustment to Cancer 
During Pregnancy

Women with cancer during pregnancy are not 
only faced by the challenge to adjust to two criti-
cal life events at the same time. More importantly, 
for many people these two events lie on two op-
posite ends of the continuum of life. Pregnancy is 
associated with the beginning of a new life, and 
cancer for most people is still associated with 
the end of life. In addition, decision making be-
comes much more complicated and emotionally 
loaded because at least two perspectives must be 
involved, that of the mother and that of the fetus. 
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The following section highlights the cognitive-
emotional and ethical complexity of this situa-
tion, which has been referred to as maternal-fetal 
conflict (Oduncu et al. 2003).

Many women first react with lifestyle changes 
as soon as they know about their pregnancy. 
This may affect eating habits, intake of vitamins, 
smoking and drinking behavior, or physical ac-
tivity. Thus, a sense of responsibility toward the 
growing child is often assumed as early as in the 
first trimester. A cancer diagnosis during preg-
nancy challenges this sense of responsibility in 
various ways.

First, the decision whether to continue with 
the pregnancy or not weighs up the life of the 
mother against the life of the fetus. No mother 
would sacrifice the life of a living child to save 
her own life, and for some women this is true 
from the earliest days of pregnancy. Psychody-
namically speaking, some women develop a con-
flict between the instinct of self-preservation and 
the instinct of breed preservation.

Second, the decision about treatment options 
in the case of continuing the pregnancy may be a 
decision for a second-best possible treatment. In 
terms of Beauchamp and Childress’ (2001) medi-
coethical approach, conflicts within the ethical 
principles of beneficence and autonomy may de-
velop. The conflict between the beneficence for 
the mother and the beneficence for the child re-
lates to the fact that the optimal therapy for the 
mother may harm the child and delay of mater-
nal treatment for the best of the child may harm 
the mother. The physician’s perspective on fetal 
beneficence additionally may not be shared by 
the mother, and opinions on acceptance of po-
tential risks to the fetus may differ. The conflict 
between maternal autonomy and the physician’s 
perspective on what is best for the patient and 
the fetus may stress the physician-patient rela-
tionship (Zanetti-Dällenbach et al., accepted for 
publication).

Yet another area that leads to high emotional 
distress is the threat to the woman’s self-con-
cept when she is confronted with cancer dur-
ing pregnancy. In the same body a beloved and 
wished-for child is growing and at the same time 
a life-threatening disease has to be stopped from 
growing. Especially in the case of breast cancer, 
where breast feeding will not be possible because 
of mastectomy or systemic therapy, this may lead 

to loss of the sense of self-worth in fulfilling the 
role of a good mother. This offense is further sup-
ported by fears of not being able to take care of 
the child because of the treatment or the course 
of the illness. The mother may also be confronted 
with a preterm child as a result of early caesar-
ean section. Furthermore, the strong emotional 
distress will lead to a dysregulation of the hypo-
thalamic-pituitary-adrenal axis (HPA) (Vedhara 
et al. 2006; Porter et al. 2003). Several studies 
have associated chronic distress in pregnant 
women with a suboptimal intrauterine environ-
ment, which may negatively affect fetal develop-
ment and pregnancy outcome (Wadhwa 2005).

In the case of continuation of pregnancy, the 
joy about being pregnant and the pleasant an-
ticipation of becoming parents may be restricted 
because of preoccupations with the illness, and 
some women will need support for maternal-fe-
tal attachment comparable to women with en-
hanced levels of depression during pregnancy 
(Lindgren 2001).

19.3	 Supporting the Pregnant Woman 
with Cancer

For most women the situation of being diag-
nosed with cancer during pregnancy is absolutely 
unexpected and overwhelming. The woman has 
no previous knowledge on how to deal with the 
situation and therefore will be very insecure 
about what to ask and what she can expect from 
the medical team. Often she is being counseled 
by more than one specialist, and especially when 
talking to obstetricians and oncologists, she will 
be confronted with different opinions. A multi-
disciplinary approach to the patient lies in the 
nature of this clinical situation. The patient has 
to feel safe in this network of team members, 
and experts should practice regular exchange of 
opinions and views. In this complex context the 
importance of the use of specific counseling skills 
by the physician cannot be emphasized enough. 
In addition, more specialized psychooncologic 
care may support the patient and her partner in 
the complex decision making process, during 
mourning after termination of pregnancy, for 
promoting maternal-fetal attachment, in adjust-
ing to the diagnosis, during treatment, and dur-
ing aftercare.
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19.3.1	 Communication Skills in Oncology

The terminology of counseling has been widely 
used in oncology and it refers to specific com-
munication skills as in breaking bad news or in-
formation giving until professional psychoonco-
logic treatment can be applied. Communication 
skills are regarded as the cornerstone of com-
prehensive cancer care. Pregnant women who 
are confronted with cancer often are in special 
need of support when receiving the diagnosis, 
during the decision making process, and during 
treatment. The following section first takes into 
consideration these initial stages of counseling 
before expanding the psychooncologic care of 
pregnant cancer patients.

19.3.1.1	 Breaking Bad News

Because of its rarity (Smith et al. 2001), a can-
cer diagnosis during pregnancy always is a great 
unexpected shock to the patient and her partner. 
Because this is an obstetric and an oncologic 
event at the same time, these patients need to 
be seen and counseled by an interdisciplinary 
team of experts to reassure the patient that op-
timal treatment from the perspective of differ-
ent disciplines is being recommended (Jenkins 
et al. 2001). Breaking bad news to these patients 
should be performed by a person skilled in com-
munication with a high biomedical and psycho-
logical competence (Girgis and Sanson-Fisher 
1995, 1998). Receiving bad news is painful to any 
patient in this situation; it is a challenging situa-
tion and necessitates good communication skills. 
A patient-centered approach when communicat-
ing the diagnosis should be applied. Table 19.2 
summarizes the essential steps in breaking bad 
news (Girgis and Sanson-Fisher 1998).

In the context of cancer during pregnancy, 
breaking bad news always has to include infor-
mation on the actual pregnancy situation. Sum-
marizing age, position, approximate size, and 
developmental status of the fetus, by adding 
information on what the specific cancer illness 
means for fetal well-being, helps to relativize 
possible unrealistic concepts.

Because of the high emotional activation it 
is important to consider that the information-
processing capacity of the patient will be very 

limited. It is therefore recommended to limit the 
information provided and to arrange a new ap-
pointment shortly thereafter. Also, the patient 
can be supported by making notes about the 
diagnosis, the next steps, and treatment options 
or by drawings of localization of the tumor. The 
principle of hope is of great importantance in 
this overwhelming situation (Schmid Mast et al. 
2005). The identification of the patient’s concerns 
by direct questioning (“Which questions are 
most important to you at the moment?”) helps 
the physician to understand what information 
the patient will most probably be ready to pro-
cess and to structure the great amount of infor-
mation that must be delivered in this situation. 
In this way, patient-centered information giv-
ing reassures and supports the patient in better 
understanding investigations, prognosis, risks, 
and treatment options (Maguire and Pitceathly 
2002).

The physician’s dilemma in the situation of 
cancer during pregnancy can be viewed as what 
has been called being a lawyer of two worlds 
(Hepp 1996), the maternal and the fetal world. 
An additional difficulty may be the frequently 
found delay in diagnosis (Smith et al. 2001; Woo 
et al. 2003), which may stress the establishment 
of a trustful patient-physician relationship. Ques-
tions and reproaches referring to the diagnostic 
process should be answered in an open, non-
defensive way, and the patient’s great emotional 
distress should always be understood in her re-
actions. As mentioned above, anger is a normal 

Table 19.2  Guidelines for breaking bad news 

Ensure privacy and adequate time

Assess and reassess understanding

Provide information (diagnosis) simply and honestly

Encourage patients to express feelings and thoughts; be 
empathetic

Give broad time frame

Arrange review, if possible within 48 hours

Discuss treatment options

Offer assistance in telling others

Provide information about support services

Document information given
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phase in the adjustment to a cancer diagnosis, 
and some patients obtain a release through free 
expression of this anger. The following don’ts 
summarize unhelpful behavior in the context of 
breaking bad news. DO NOT feel obliged to keep 
talking when the patient falls silent, assume that 
you know what is troubling the patient, eliminate 
emotional reactions with treatment offers, give 
false reassurance, hide behind medical jargon, 
criticize, make judgments, give direct advice 
about psychological matters, or overload with 
information (Barraclough 1999).

19.3.1.2	 Information Giving 
and Shared Decision Making

Information giving on diagnosis, prognosis and, 
especially, treatment options in the context of 
cancer during pregnancy is most complex and al-
ways includes the maternal and the fetal perspec-
tive. A comprehensive process of informational 
exchange in which the patient’s values as well as 
expert knowledge on treatment options are con-
sidered is the basis of the shared decision making 
process. Without this process the patient often is 
not able to come to an informed decision regard-
ing termination or continuation of pregnancy 
and cancer treatment. The shared decision mak-
ing process therefore, can be viewed as a process 
between experts: The physician is the expert on 
disease and its treatment, and the patient is the 
expert on herself and her values, beliefs, and pri-
orities in life.

Information must be given in a simple and 
clear but not blunt language. The information 
should be simple, specific, and relevant, tak-
ing into account the social context and general 
knowledge of the patient. Information should 
be categorized, with the most important infor-
mation being presented first. Repetitions and 
short words and sentences further support un-
derstanding and processing of the information 
(Morrow et al. 1983; Godolphin 2003; Edwards 
2003; Alaszewski and Horlick-Jones 2003; Paling 
2003). Table 19.3 outlines the steps, as suggested 
by Towle (1997), that must be taken in order to 
involve patients in the decision making process.

In her review, Hopwood (2005) emphasizes 
the lack of validated approaches to communicat-

ing risk and the need for communication skills 
training in this area. Some studies in women with 
high genetic risk for breast cancer have evaluated 
communication strategies, and they underline 
the importance of facilitating understanding 
over verbal and written information in reducing 
depression and anxiety (Lobb et al. 2004).

O’Connor (2003) distinguishes two different 
kinds of clinical decisions. The first is effective 
decisions where scientific evidence of benefits 
and harms is known, with minimal harm in rela-
tion to the benefit. Counseling in such a situation 
of standard care can be brief, and the decision 
to be made by the patient is usually easy. This is 
not so in the case of preference-sensitive deci-
sions. Here, the scientific evidence might not be 
clear, there could be important harms expected, 
the benefit might be questionable, and the deci-
sion therefore strongly depends on the person’s 
values. This applies to situations like the man-
agement of menopausal symptoms, antenatal 
screening, or cancer during pregnancy. Often, 
physicians underestimate the patient’s prefer-
ences for a shared decision making process. In 
particular for a young woman with cancer her 
wish regarding her part in the decision making 
process should be clarified and she should be 
provided with evidence-based information to 
come to a decision based on her values, objec-
tives, wishes, and fears.

In summary, the specific difficulties in coun-
seling a woman and her partner in order to come 

Table 19.3  Steps for patients to share in the decision 
making process (Towle 1997)

Establish a context in which patient’s views about 
treatment options are valued and necessary

Elicit patient’s preferences so that appropriate treatment 
options are discussed

Transfer technical information to the patient on 
treatment options, risks, and their probable benefits in 
an unbiased, clear, and simple way

Help the patient to conceptualize the process of 
weighing risks versus benefits, and ensure that her 
preferences are based on facts and not misconceptions

Share the treatment recommendation with the patient, 
and/or affirm the patient’s treatment preferences
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to an informed consensus on how to proceed 
are at least fourfold. First, because of the rarity 
of cancer during pregnancy, there is still a lack 
of evidence-based information and some uncer-
tainty regarding optimal treatment during preg-
nancy. Second, risk calculation and risk coun-
seling in this context are complex and therefore 
prone to professional biases. Third, counseling 
and decision making are happening in a situa-
tion that is highly emotional, for the patient as 
well as for her physician. It is a special challenge 
and yet of critical importance to ascertain that 
the patient is able to process, understand, and 
evaluate the information instead of being sim-
ply overwhelmed and letting someone decide for 
her. Fourth, consideration of the personal values, 
experiences, and life perspectives of the patient 
in the evaluation of the different possibilities is 
of importance. While time constraints of the 
clinical encounter often limit the possibilities of 
a profound analysis, these individual aspects are 
of great importance, especially for the following 
adjustment process.

19.3.1.3	 Adherence to Emotions

Despite of the increased awareness of the im-
portance of communication skills in oncology 
and the implementation of training courses for 
teaching these skills over the past decade, cancer 
patients continue to have unmet communication 
needs. Communication outcomes are positively 
associated with physicians’ attendance to the 
emotional needs of patients (Hack et al. 2005). 
However, emotionally charged consultations 
may also trigger clinicians’ defense mechanisms, 
protecting them from painful emotions. These 
so-called distancing techniques may hamper 
the recognition of patients’ suffering (Favre et al. 
2006).

Communication of emotion is especially re-
lated to nonverbal communication. The emo-
tion-related communication skills, including 
sending and receiving nonverbal messages and 
emotional self-awareness, are regarded as critical 
elements of high-quality care (Roter et al. 2006). 
Some women appear very analytical and without 
affect and describe physical symptoms in depth 
and discuss laboratory data at length. Instead of 

simply going into the presented topics, the phy-
sician can take the opportunity to inquire about 
the underlying emotions and to open discussion 
of the personal dimension: “So, that’s what has 
happened to you in recent days. How has that 
affected you personally?” The mnemonic NURS 
aids in recalling emotion-handling skills: nam-
ing or labeling the emotion of the patient (“That 
frightens you”), understandability or legitima-
tion (“I can imagine that must have been over-
whelming”), respect (“You have been coping re-
ally well with that”), and support or partnership 
(“Together, I think we’ll find some solutions for 
the next steps”) (Smith and Hoppe 1991).

19.3.2	 Psychooncologic Care During 
Pregnancy and Postpartum

As several specialists are involved in caring for 
the patient it is of utmost importance to ensure 
the flow of information and to have intermittent 
briefing sessions among the specialists to share 
information and views. It is very supportive for 
the patient to feel that all involved professionals 
are caring for the mother-baby unit as a whole. 
She should not have to deal with the impression 
that the oncologist does not know or support 
what the obstetrician says and vice versa since 
the situation is difficult enough for her.

During pregnancy there are different ways to 
provide additional support for the woman. The 
different approaches of psychooncologic care 
in practice often add to an integrative approach 
including client-centered, supportive, psycho-
dynamic, cognitive-behavioral, and, especially 
during pregnancy, systemic elements. Relax-
ation techniques and guided imagery have been 
shown to be effective to deal with treatment side 
effects and reduce anxiety. The decision on the 
introduction of different interventions depends 
largely on the situation the patient is in and on 
personal variables of patient and partner.

19.3.2.1	 Dealing with the Diagnosis

In a first phase of adjustment to the diagnosis, the 
psychooncologist supports the understanding of 
the meaning of the diagnosis in the context of 
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being pregnant. Having to deal at the same time 
with emotions such as fear of death and hope-
lessness and with the joy of being pregnant and 
becoming a mother can be very challenging, not 
only for the patient and her partner but for the 
caregiver as well. Cancer patients in general are 
tormented with many questions that sometimes 
are hard to answer, and this applies even more to 
pregnant cancer patients. In this stage interven-
tions such as ventilation of emotions, thought-
stopping, or the planning of concrete steps and 
activities as well as activating the social support 
system can be important. The consultation in 
which no further results or therapeutic sugges-
tions are introduced and no decisions have to be 
discussed provides room to sort information and 
associated emotions and thoughts. In the context 
of the preference-sensitive decision on treatment, 
it is of great importance to consider the patient’s 
values, beliefs, and ideas on life ambitions. Inter-
mediate counseling sessions during this process 
can clarify and balance these concepts.

If the patient decides for a termination of 
pregnancy, she will be confronted with having 
to detach from her child and from the idea of 
becoming a mother and at the same time un-
dergoing a stressful treatment such as radiation 
or chemotherapy after/before surgery. Some 
women will not be able to cope with both pro-
cesses in parallel. A mourning process can, con-
sciously or unconsciously, be suspended and 
become an encumbrance later on. Supporting 
the patient to deal with side effects, for example, 
through relaxation techniques and relief in daily 
life can release power and energy to confront the 
mourning process earlier. Also, it can be helpful 
to sort out the issues that sooner or later will be 
confronted during the adjustment process. The 
patient can be counseled that she doesn’t have 
to deal with everything simultaneously and that 
handling and confronting one pile after another 
is for some women a good way of managing the 
adjustment process.

19.3.2.2	 Supporting Maternal-Fetal/Neonatal 
Bonding During Treatment

Women who continue with pregnancy have the 
challenge of being very ill and—often—receiving 
treatment and being pregnant at the same time. 

This situation can have consequences for ma-
ternal-fetal bonding. The patient is dealing with 
treatment side effects and body image changes 
due to breast surgery, has appointments with the 
oncologist, and has much less time and peace to 
adjust to pregnancy and to get emotionally pre-
pared for her role as mother. In addition, she 
may have toddlers at home to take care of. Psy-
chooncologic support, therefore, has to focus on 
the illness and associated treatments and should 
leave room for the theme of pregnancy and feel-
ings toward the child and motherhood. Feelings 
of guilt toward the fetus’ possible exposure to 
therapy may arise, and the patient may need sup-
port in developing an attitude that helps her to 
follow the treatment.

It can be advisable to split consultations, leav-
ing time to discuss anxieties regarding illness and 
leaving time and space to talk about pregnancy-
associated feelings and preparing for birth and 
the postpartum period. Regular sonography and 
palpation can enhance maternal-fetal bonding 
and give reassurance regarding fetal well-being. 
Three-dimensional ultrasound may be especially 
helpful because it allows more easy perception of 
the fetus’ features. The mother can be supported 
in developing a more concrete image of the child 
by assigning perceptions of the fetus such as level 
of activity to imagined behavior (“active child,” 
“has its own will”). Guided imagery can be an 
additional strategy to enhance bonding. For ex-
ample, a picture of the fetus softly embedded in 
the uterus or of the mother cuddling the new-
born can be developed with the patient, and in 
a relaxed state she will be accompanied through 
the imagery. In addition, the patient needs time 
and room to get prepared emotionally for birth 
and the postpartum period. Some women with 
a strong wish for natural birth will have difficul-
ties in accepting an early cesarean section and 
need support in dealing with anxieties and dis-
appointment. The postpartum period for many 
women is associated with additional treatments. 
Preparation for and anticipation of this period is 
very important. The patient will need practical 
and emotional help and relief for the situation of 
having a newborn at home and at the same time 
being on therapy for a life-threatening illness.

Patients who undergo adjuvant treatments 
in the postpartum period most likely will have 
less time to spend with their neonate. They are 
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dealing with strong side effects and for some 
days are not able to do the household chores. 
Thus, they may have less emotional and physi-
cal capacity to build up a relationship with the 
child and to take care of it, which sometimes 
leads to feelings of guilt. At the same time, hav-
ing a newborn the mother has an obvious reason 
for undergoing treatment for this life-threaten-
ing disease. Some women also develop a fighting 
spirit from the experience of childbirth. Practical 
support should be organized early enough for the 
patient and her partner. It must be guaranteed 
that the couple can spend quality time with the 
newborn without having to worry about house-
hold tasks or running errands. The parents may 
need help and assistance in parenting. In most 
cases the patient will not be able to breast-feed. 
While providing some relief because of the ease 
of having significant others take care of the child, 
these circumstances can also be disappointing 
to the patient. Additional interventions such as 
a baby massage course may strengthen the ma-
ternal-neonatal attachment. Regular visits to 
the pediatrician also give reassurance about the 
child’s well-being, especially after exposure to 
chemotherapeutic agents during pregnancy.

19.3.2.3	 Supporting Coping

Ambivalent and negative feelings can be very 
normal in these circumstances. However, after a 
first shock at diagnosis the patient will be con-
fronted with people in her environment or even 
her partner who tell her to think and feel positive 
about the pregnancy and the child. Simply think-
ing positive is not only difficult but sometimes 
can be quite dangerous for physical and mental 
health. Not being able to think positive can lead 
to a sense of guilt toward the child and to the im-
pression of failing. The patient may need to talk 
with a neutral person about her ambivalence and 
her negative feelings.

Having cancer treatment during pregnancy 
and in the postpartum period and dealing with 
anxieties and doubts regarding the future chal-
lenge the patient’s coping strategies to a great ex-
tent. The counselor reviews her coping behavior 
and helps to distinguish helpful from unhelpful 
behavior. Cognitive-behavioral interventions 
will help to identify unhelpful, irrational think-

ing (e.g., “I will never be able to deal with this.”) 
and to elaborate more realistic thinking (e.g., 
“There may be things that will be hard to cope 
with and for which I will need support. On the 
other hand, I have already been doing quite well 
with reacting to the diagnosis, which shows that 
I am able to deal with some things.”). Enhanc-
ing a sense of control is very important and pre-
vents the development of depressive symptoms. 
The patient must be assisted in identifying situa-
tions in which she is in control and in which she 
can actively contribute. On the other hand, she 
might have to be supported in finding strategies 
to deal with and withstand situations that are 
not controllable at the moment (such as waiting 
for results). Relaxation techniques, distraction, 
or emotional catharsis can be introduced and 
planned.

In some cases, it is advisable to develop a plan 
for crisis intervention early in the treatment. Cri-
ses develop during chemotherapy, because of en-
vironmental factors or in the context of relation-
ship difficulties. The elaboration of an emergency 
plan that tells the patient what she has to do and 
who she can consult when upset is an important 
intervention for patients who have limited cop-
ing ability or an unstable environment.

Some patients with maladaptive coping strat-
egies or a predisposition are at increased risk of 
developing a postpartum depressive disorder. 
About 5%–10% of patients develop a depres-
sive disorder soon after first-time diagnosis of 
cancer, while adjustment disorders are being 
diagnosed more often (Mehnert and Koch 2006; 
Okamura et al. 2005; Kissane et al. 2004). During 
pregnancy and in the first year postpartum, the 
combined point prevalence estimated for major 
and minor depression ranges from 6.5% to 12.9% 
(Gavin et al. 2005). No data exist so far on the 
prevalence of mental health disorders in patients 
with cancer in the peripartum period. The medi-
cal team should be familiar with the detection 
of psychopathologic symptoms, and specialized 
treatment should be initiated as soon as a mental 
health disorder is diagnosed.

19.3.2.4	 Inclusion of the Partner/Family

Cancer threatens the whole family with separa-
tion and loss. Such threats can seriously divert 
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the life course of the family. In the case of can-
cer in a first-time pregnancy, the family system 
is only developing and the diagnosis may disrupt 
this important process. The family system devel-
ops from the time during pregnancy to the first 
months postpartum. If the newborn is an ad-
dition to a family with children, the places and 
positions especially among the siblings have to 
be reallocated. Sometimes older siblings react 
strongly to the addition to the family, which re-
quires a lot of patience from the parents.

Optimally, the partner has an active part 
in the decision making process and should ex-
plicitly be invited to attend consultations by the 
medical team.

The family plays a critical role for the preg-
nant woman with cancer, in both the early detec-
tion of cancer and its treatment. Social support 
in general but more specifically provided by the 
partner or the family is a resource for the patient 
and in the best circumstances reinforces the pa-
tient in her efforts to stay healthy. However, so-
cial support from the family differs from support 
from friends and colleagues and can also have 
a negative impact. Family members often are 
emotionally closer to the patient and will have 
their own fears and concerns, which may reduce 
their effectiveness in assistance with the situation 
(Bloom 2000).

The prospective father is being confronted 
with the chance of becoming an only parent. He 
can be ambivalent but will hesitate to openly talk 
about his anxieties in order to protect his partner. 
The woman is bearing his child, and he may have 
a strong wish for this child. On the other hand, 
he wants the best for his wife and wants her to 
live. This conflict is not easily communicated. A 
change in roles of the couple can be an additional 
burden. The woman, who up to was pregnant 
and healthy, is now pregnant and ill while her 
partner is not pregnant and not ill. He might feel 
the pressure of responsibility, but, again, in the 
present situation this is not easily communicated. 
Single sessions with the partner sometimes help 
to elaborate these conflicts. However, optimally 
the couple is being counseled together and sup-
ported in the dyadic adjustment process to this 
difficult situation. The couple is tormented with 
many questions and worries regarding the future. 
Especially in the postpartum period it therefore 

may be very helpful to help the couple to concen-
trate on the moment.

Oncology professionals may assume an im-
portant role in safely accompanying the cancer 
patient from a previous life phase without ill-
ness to a new life phase with different signs and 
limits. The new life phase often is characterized 
by a change in concerns and problems. Preoccu-
pations with prognosis, changes in body image, 
sexuality, and fertility, frustration of life plans, 
increased vulnerability, transition to an early 
menopause, change in social roles, and changes 
in the family system are just some of the issues 
patients have to adapt to. To satisfy the needs of 
cancer patients optimally requests a multidis-
ciplinary approach. This is especially true for 
the highly emotional situation of cancer during 
pregnancy. Concurrently, the strain on the physi-
cian who is confronted with a pregnant cancer 
patient can be considerable. The possibility of 
regular exchange and consultation with other in-
volved professionals ultimately may support the 
caregivers in meeting the high demands of their 
profession.
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20.1	 Introduction

Counseling our young female cancer patients 
and survivors faced with fertility and pregnancy 
issues requires specific knowledge and expertise, 
as well as respect, humility, and compassion. Re-
productive choices are extremely personal, and 
they are especially difficult for a cancer patient 
and her family at times of great distress and vul-
nerability. Young women may be weighing their 
natural desire to maintain their childbearing po-
tential against the need to start cancer treatments; 
they may wonder about the best timing for con-
ceiving after chemotherapy; they may be trou-
bled by uncertainties of their children’s future if 
they should experience a recurrence; or they may 
be exploring alternatives such as adoption.

Many women tend to postpone childbearing 
until later in their reproductive life, while treat-
ments for early-stage cancers, including adjuvant 
treatments, may induce iatrogenic infertility. For 
example, it has been estimated that 10%–15% of 
women presently diagnosed with breast cancer 
in the United States are younger than 40 years of 
age. Many of these women have not had children 
and may still wish to do so (SEER 2007).

The medical, psychological, ethical, and so-
cial implications of carrying and raising a child 
are magnified after cancer. Reproductive issues 
are a primary cause of late morbidity in cancer 
survivors, potentially involving all physical, psy-
chological, and social dimensions of our patients’ 
well-being. Potential treatment-related repro-
ductive dysfunctions should be addressed with 
all young patients in order to provide them with 
timely and adequate information and education 
(Lee 2006). The existing literature, however, sug-
gests that only half of cancer patients of child-

bearing age receive the information they need 
from their health care providers about cancer-re-
lated infertility at the time of diagnosis and treat-
ment planning (Hewitt 2005). Oncologists often 
find it difficult to counsel their patients about re-
productive issues when they have just been diag-
nosed with cancer and are already overwhelmed 
with information and decision making about 
cancer therapies, especially since options for pre-
serving fertility during cancer treatments are still 
under evaluation. Oncologists should thus try to 
refer their patients to other experts, including 
reproductive endocrinologists and psycholo-
gists. However, even in developed countries with 
efficient health care systems, it may be difficult, 
outside large urban contexts, to have access to a 
fertility specialist, or to an OB/GYN or neonatol-
ogist with expertise in managing cancer patients 
(Davis 2006; Partridge and Winer 2005; Thewes 
et al. 2003).

In the case of subsequent pregnancy after 
cancer treatment, published retrospective data 
indicate that pregnancy is safe, and several pro-
spective studies are ongoing. (Gelber et al. 2001; 
Sankila et al. 1994; Surbone and Petrek 1997) 
The feasibility, safety, and success rate of fertility 
treatments and techniques are still under evalu-
ation. Oncologists face the delicate task of coun-
seling their patients by reviewing and discussing 
existing evidence with them, by providing their 
expert opinion with full respect of their patients’ 
autonomy, and by referring interested women to 
specialized fertility centers, when appropriate 
(Lee et al. 2006).

With respect to the occurrence of any cancer 
during pregnancy, the concomitance of these 
two events poses acute and dramatic dilemmas 
for the patient, her family, and her physician 
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(Chervenak 2004). As discussed extensively in 
this volume, the management of cancer during 
pregnancy requires a collaborative team effort 
among oncologists, gynecologists, obstetricians, 
neonatologists, psychologists, and social workers 
to provide the best medical care for the mother 
and her fetus and to ensure adequate psycho-
social support for the patient and her partner 
and family throughout the course of the preg-
nancy and in the years to follow. It is essential to 
understand the key role played in the care of can-
cer patients and survivors by their families and 
other support and caregiving systems (Surbone 
2002).

20.2	 Counseling About Fertility 
and Pregnancy: Definition, Scope, 
and Limitations

In this chapter, based on my clinical experience 
and research with breast cancer patients and sur-
vivors, I describe the salient aspects of a global 
approach to counseling young cancer patients 
with fertility and pregnancy issues within the 
context of oncology clinics. The word counsel-
ing is used here broadly to indicate the process 
of providing our young patients with appropri-
ate information, referrals, and support within the 
context of their regular visits to oncology clinics 
for the diagnosis, treatment and follow-up care 
of various forms of cancer. To better understand 
its scope and limitations, it may help to consider 
the example of cancer genetics, where counseling 
is a well-defined structured activity, performed 
by dedicated specialists. A cancer genetic coun-
selor generally meets his or her clients at differ-
ent times of their lives, when they may or may 
not already have an illness or may never develop 
one. The cancer genetic counselor investigates 
the family and personal history, interprets in-
formation about existing cancer(s), analyzes in-
heritance patterns and risks of recurrence, and 
reviews available options with the client and her 
family. The cancer genetic counselor provides in-
formation and facts to facilitate the client’s deci-
sion-making process, while refraining from be-
ing directive (Lerman et al. 1995). As the basic 
information shared in cancer genetic counseling 
is common to most sessions, genetic counselors 

make frequent use of written or audiovisual ma-
terial that can benefit their clients, while allow-
ing more time for them to address the specific 
needs and questions of each individual during 
their sessions (Axilbund et al. 2005; Chapman 
et al. 1995; O’Connor 1999). In some cases, ge-
netic counseling is accompanied by additional 
professional counseling to explore the specific 
family dynamics and the possible psycho-social 
impact of genetic information.

The pregnancy and fertility and counseling 
that oncologists provide to young women of 
childbearing age who must undergo cancer treat-
ments or have undergone them in the past is less 
structured than that which women receive from 
genetic counselors, for several reasons. First, it 
generally occurs within the context of regular 
patients’ visits to their oncologists, often taking 
place at times of particular vulnerability of the 
patient, when she may be already overwhelmed 
with the cancer diagnosis and the treatment 
choices. Second, most oncologists work under 
major time constraints, and oncology clinics 
do not generally have enough dedicated spaces 
to provide consultations that frequently involve 
also partners or families. Third, oncologists are 
rarely qualified to provide psycho-social support, 
and yet, in many contexts, they may be the only 
source of emotional support for their patient. 
Finally, medical schools and postgraduate oncol-
ogy education do not usually cover these aspects 
of cancer care, and there is no specific training 
for oncologists in dealing with reproduction-re-
lated issues. 

Ideally, for example, oncologists should re-
view with all young breast cancer patients re-
quiring adjuvant treatment the reproductive ef-
fects of various regimes and illustrate alternatives 
that may allow them to retain their childbearing 
potential. This may help the individual patient 
in her decision-making process about immedi-
ate treatment for breast cancer, while also taking 
into account her hopes and expectations about 
future reproduction. Oncologists should then il-
lustrate specific fertility preservation treatments 
and measures to interested women (Partridge 
and Winer 2005; Lee et al. 2006). Oncologists 
should also take time to understand their pa-
tients’ motivations, and they should explore with 
their patients different alternatives, including 
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adoption, and make appropriate referrals (Sur-
bone and Petrek 1997).

In most cases, counseling a patient of child-
bearing age regarding reproduction involves one 
or more discussions with her partner or entire 
family, and ideally any oncology clinic should 
have dedicated spaces where extended meetings 
can take place (Thewes et al. 2003). The use of 
written material or audiovisual tools may facili-
tate communication between doctors, patients 
and families, especially about those issues that 
could take a longer time to be processed and ab-
sorbed (Axilbund et al. 2005; Chapman 1995). 
This form of counseling clearly requires exper-
tise, time, and dedication of oncologists, nurses, 
and their teams, as well as economic resources 
and institutional commitment (Tables 20.1 and 
20.2).

20.3	 Role of Individual and Cultural 
Differences in Counseling

In counseling young women about reproduc-
tive issues, oncology teams need to consider 
each patient and her individual, religious, and 
cultural beliefs, as well as the ethical and legal 
requirements of their countries. The complex-
ity of clinical consultations involving counseling 
about fertility and pregnancy issues is magni-
fied by cross-cultural differences with respect 
to truth-telling attitudes and practices and deci-
sion making styles. Despite the universal value 
of each person’s autonomy as a guiding ethical 
principle and its priority in western societies, 
there are, in fact, still persisting differences in the 
extent and modalities of truth-telling to cancer 
patients throughout the world (Mystadikou et al. 
2004) While in industrialized countries patients 
are fully informed of their diagnosis, prognosis, 
and treatment options, in other contexts pa-
tients are still shielded from bad news and they 
are not involved in the decision making process. 
(Authors Various 1997) In many cultures, doc-
tors and families still consider full disclosure to 
be overwhelming for the cancer patient, and is-
sues related to reproduction may be considered 
especially sensitive and consequently excluded 
from clinical consultations. Cross cultural differ-
ences deeply influence communication between 

patients and doctors and they also affect decision 
making with respect to information and treat-
ment. For example, the extent of involvement of 
families in medical decisions varies in different 
cultures, as does the symbolic meaning that fer-
tility and childbearing may have not only for the 
woman, but also for her family and community. 
Even in western hospitals it is not uncommon for 
relatives of cancer patients to ask oncologists to 
withhold the truth or for family members to have 
a dominant role in making treatment decisions. 
Oncologists should thus be especially aware of 
cultural differences in counseling their young 
patients about fertility and pregnancy issues. 
(Surbone 2002 and 2006)

Not withstanding the recent evolution of 
truth-telling practices for cancer patients world-
wide, oncologists at times still make unilateral 
paternalistic decisions to postpone the discussion 
of reproductive issues until the patient has com-
pleted the prescribed cancer treatment. However, 
research shows that reproductive concerns rank 
among the first for cancer patients and survivors 
(Carde 2004, Ganz 2003, Hewitt 2006). It is thus 
a requirement for oncologists to deliver informa-
tion about late sequelae of cancer treatments in 

Table 20.1  Counseling young female patients about re-
productive issues

Oncological aspects

OB/GYN aspects

Psychological aspects

Social and economic aspects

Ethical and legal aspects

Table 20.2  Obstacles to counseling young female patients 
about reproductive issues

Lack of oncologists’ education about reproductive 
issues and ways to minimize them

Lack of patient information at time of cancer diagnosis 
and treatment

Lack of proper consideration of patients’ personal 
preferences and values

Lack of communication and coordination between 
oncology and fertility experts
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an early phase of the illness trajectory (Gradishar 
and Schilsky 1988; Lamb 1991; Fosså 2005).

For example, in a large western urban context, 
a 40-year-old highly educated cancer survivor 
was recently told for the first time, 10 years 
after diagnosis and treatment and after having 
undergone multiple failed IVF attempts, that her 
chances of success with IVF were much lower 
because she had received chemotherapy, which 
made her ovarian function several years older. 
This case illustrates a lack of coordination of care 
between oncologists and fertility centers and a 
failute to deliver timely information to cancer 
patients. Respect for patient autonomy in a spirit 
of cultural sensitivity, should be the leading 
principle in oncology practice, and disclosure of 
the potential risks and benefits to female cancer 
patients of childbearing age must become part 
of standard communication between oncolo-
gists and their patients. The American Society 
for Clinical Oncology has recently published 
guidelines to assist oncologists worldwide in this 
difficult task (Lee et al. 2006).

20.4	 Counseling Women with Cancer 
During Pregnancy

The issues involved in counseling a pregnant 
cancer patient are many, and the medical aspects 
of cancer during pregnancy have been reviewed 
elsewhere in this volume. Ideally, every individual 
pregnant cancer patient should be approached 
by a multidisciplinary team involving oncolo-
gists, gynecologists and obstetricians, neonatolo-
gists, psychologists, social workers, and family 
counselors. When such multidisciplinary teams 
are not available, oncologists should refer preg-
nant patients to large centers with more exper-
tise. In those countries, however, where special-
ized centers are not accessible for geographic and 
economic reasons, oncologists may find help by 
asking for the opinion and advice of colleagues 
with special expertise or by accessing online ded-
icated websites.

In counseling a woman with pregnancy-as-
sociated breast cancer, many psycho-social and 
ethical issues need to be considered, along with 
the increased medical risks for the mother-pa-
tient and for the fetus (Surbone et al. 2000; Cher-
venak et al. 2004; Giacatone et al. 1999; Ring et 

al. 2005; Hahn et al. 2006). The availability and 
accessibility of specialized referral centers for 
pregnant cancer patients should always be taken 
into consideration. The oncology team and the 
mother and family may find themselves faced 
with the dilemma of choosing between mother 
and child. As many chapters of this volume illus-
trate in reference to specific cancers, this choice 
is not always necessary. Evidence is growing to 
suggest that in many cases it is possible for the 
mother to give birth without compromising her 
own chances of being treated successfully and of 
surviving. The oncology team must evaluate the 
individual medical situation and review existing 
published data, in order to base their recommen-
dations on the most solid evidence and to ensure 
the best possible outcome to both the mother 
and the fetus.

In those cases, however, where major ethical 
dilemmas arise, the physician’s primary obliga-
tion is toward the patient, including respect for 
her values and autonomy of choice. A compre-
hensive ethical framework has been recently 
published to guide physicians treating cancer-as-
sociated pregnancy. This model is based on the 
western bioethics principles of autonomy and 
beneficence, as applied not only to the mother 
but also to the developing fetus, and it may not 
be applicable to all cultural settings (Chervenak 
et al. 2004).

In pregnancy-associated cancer, the decision 
making process involves not only the oncologist 
and the sick mother, but also the entire family, 
as partners and relatives will likely share imme-
diate and long-term child care and child-raising 
responsibilities. (Chervenak et al. 2004; Surbone 
and Petrek 1997, Thewes et al. 2003) Given the 
particular vulnerability of the young pregnant 
cancer patient, establishing a trusting relation-
ship with her and her loved ones, in a spirit of 
individual and cultural sensitivity, assumes a 
special relevance.

20.5	 Counseling Female Cancer 
Survivors About Reproductive 
Concerns

Endocrine and gonadal dysfunctions are com-
mon consequences of anticancer treatments in 
young cancer patients (Gradishar and Schilsky 
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1988). Cancer survivors are rapidly increasing 
in number because of earlier cancer diagnosis, 
aging of society, and improvements in cancer 
treatments. There are now over 10 million cancer 
survivors in the US, representing approximately 
3.5% of the US population. (Hewitt 2006, Jemal 
et al. 2005). The number of cancer survivors con-
tinues to increase also in developing countries. 
The definition of cancer survivorship extends 
from the patient’s cancer diagnosis to death, and 
increasing attention is now being paid to the 
well-being and age-specific concerns and needs 
of cancer survivors, including reproductive is-
sues (Connell et al. 2006, Ganz et al. 2003, Sur-
bone and Peccatori 2005).

Until recently, fewer than 50% of western 
women of childbearing age appear to have re-
ceived information and counseling about fertil-
ity issues, even though studies show that younger 
women have greater psychological morbid-
ity and poorer quality of life after breast can-
cer diagnosis when compared to older women. 
(Hewitt 2006, Lee 2006) The concerns of younger 
premenopausal and older postmenopausal breast 
cancer patients differ both quantitatively and 
qualitatively. (Ganz et al. 2003) Young women 
are especially preoccupied with changes in their 
body image, relationships with actual or poten-
tial partners, treatment-induced loss of fertility, 
and children’s care and psychosocial well-being 
in the immediate and distant future (Dunn and 
Steginga 2000; Partridge et al. 2004).

When feasible and when the clinical situation 
is appropriate, oncologists should discuss repro-
ductive issues with their female patients before 
initiating chemotherapy or radiation. For ex-
ample, for women with early-stage breast cancer, 
oncologists should discuss the risks and benefits 
of adjuvant treatments. In addition, they should 
address the likelihood of treatment-induced 
amenorrhea or iatrogenic menopause and infer-
tility, which are also related to a woman’s age and 
prior reproductive history (Partridge and Winer 
2005; Walshe et al. 2006) The need for adjuvant 
therapies and the choice between chemotherapy 
or hormonal therapy should be weighed against 
the risk of infertility for any individual patient. 
For example, in clinical practice it is not infre-
quent to encounter women older than 40 years 
whose first instinct may be to refuse adjuvant 
therapy for early-stage breast cancer because of 

the risk of infertility. The first step in counseling 
these women is to explain that an age-related 
decline in fertility already exists and then to re-
view published evidence on benefits and risks of 
different adjuvant therapies. Oncologists should 
also present to their patients the available options 
for fertility preservation, including experimental 
ones, when available (Lobo 2005; Marholm and 
Cohen 2006; Nisker et al. 2006; Oktay et al. 2004; 
Sonmezer and Oktay 2004). Cell and tissue bank-
ing should be offered, as recently highlighted in 
ASCO guidelines (Lee et al. 2006).

For proper counseling, the oncologist and the 
patient need to evaluate costs, time, and poten-
tial alternatives, such as adoption. For many pa-
tients, the financial costs associated with in vitro 
fertilization and subsequent embryo cryopreser-
vation are prohibitive. Patients and physicians 
also need to consider each patient’s individual, 
religious, and cultural beliefs, as well as the ethi-
cal and legal requirements of different countries. 
(Whitworth 2006) Pregnancy outcomes after as-
sisted reproductive technology must be assessed 
for the magnitude of their benefits, but also for 
their harms and costs, as recently outlined in the 
guidelines by the Canadian Genetic Commit-
tee and Reproduction and Infertility Committee 
(Allen et al. 2006). Good counseling may, in fact, 
not always translate into clinical success, and pa-
tients may suffer additionally. For example, fail-
ures after repeated attempts of in vitro fertiliza-
tion may carry severe negative effects in terms of 
the psychological well-being of the woman and 
of the couple and family dynamics. Discussing 
failures and helping patients decide when to stop 
is beyond the oncologist’s expertise and referrals 
should be made to professionals with specific 
knowledge and skills (Santiago-Delefosse et al. 
2003).

20.6	 Counseling Women 
About Subsequent Pregnancy 
After Cancer Treatment

The safety of subsequent pregnancy after cancer 
treatment is supported by solid evidence, as dis-
cussed elsewhere in this volume. While most data 
have been obtained through retrospective analy-
sis and may be subject to potential biases, ongo-
ing prospective studies also indicate that a subse-
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quent pregnancy has no detrimental effect on the 
woman’s health (Blakely et al. 2004. Gelber et al. 
2001; Ives et al. 2007; Sankila et al. 1994; Surbone 
and Petrek 1997). Women treated with cytotoxic 
chemotherapy who remain fertile do not seem 
to be at an increased risk of birth defects (Reich-
man and Green 1994). Additional data are now 
being collected on the safety of assisted reproduc-
tive techniques, especially when they involve the 
use of ovarian hyperstimulation in young women 
with hormone-responsive cancers.

In addition to medical issues, young survivors 
who consider whether or not to attempt a subse-
quent pregnancy after cancer treatment face dif-
ferent psycho-social and ethical concerns, which 
should be recognized and addressed in counsel-
ing by skilled trained professionals (Baider et al. 
2003; Bloom et al. 2004; Canada and Schover 
2005). Concerns about recurrence and death, 
about the risk of being a sick mother, about the 
repercussions of a subsequent pregnancy on 
the family dynamics, and about child care and 
child-raising responsibilities are among the most 
common ones. Ideally, counseling should be pro-
vided before anticancer treatments start, and all 
interested patients should be referred to fertility 
specialists (Table 20.3).

20.7	 Future Directions

Studies show persisting discordance between pa-
tients’ concerns regarding the negative impact of 
cancer treatments on reproduction and oncolo-
gists’ perceptions and attitudes toward their pa-
tients’ concerns (Ganz et al. 1998; Carde 2004). 
In many cultural contexts, it is still common for 

oncologists to believe that their only duty is to 
treat the cancer effectively and in a timely man-
ner, and that discussion of possible side effects 
should be limited to acute ones. In some cases, 
oncologists appear to be concerned about over-
whelming their patient with too much informa-
tion at a time when patients should concentrate 
on their cancer treatment. While this concern 
can be a legitimate one, especially in those cul-
tural settings where patients and doctors are not 
used to sharing the decision making process, on-
cologists should explore and respect the impor-
tance that reproductive issues have in the lives of 
their patients and provide effective and sensitive 
care to women of childbearing age. (Table 20.3)

In 2005, the Institute of Medicine (IOM) is-
sued a report that details a plan for cancer sur-
vivors, including how to address their reproduc-
tive concerns (Hewitt et al. 2006). The American 
Society of Clinical Oncology (ASCO) has estab-
lished programs dedicated to survivorship is-
sues, and it has published guidelines for fertility 
preservation in young cancer patients undergo-
ing oncologic treatments (Lee et al. 2006) The 
Multinational Association for Supportive Care in 
Cancer (MASCC) has endorsed extending sup-
portive care to cancer survivors. National and in-
ternational organizations have joined in the com-
mitment to cancer survivors and their quality of 
life (Pollack et al. 2005; Rowland et al. 2006).

These projects will require considerable per-
sonal and community efforts and resources. Edu-
cation and training of all oncology professionals 
and of general practitioners regarding reproduc-
tive issues is necessary. Oncologists should also 
be knowledgeable about the reproductive issues 
of special patient populations, such as very young 
women or BRCA-positive women, and about 
new fertility preservation treatments and fertility 
enhancement techniques (Davis 2006). In view of 
the increasing number of cancer survivors, most 
of whom are still young, medical schools and on-
cology curricula must include communication 
skills and cultural competence (Betancourt 2003; 
Kagawa-Singer 2003; Seibert et al. 2002;). Basic 
knowledge about the key psychosocial aspects 
of cancer care should be integrated in the edu-
cation of all oncologists, to enable them to rec-
ognize the immediate and delayed stress of the 
woman and her partner and family in relation to 

Table 20.3  Proper counseling of young female patients 
about reproductive issues

Discuss fertility issues with all young patients at 
diagnosis.

Monitor ovarian function and reproductive events in all 
young breast cancer patients.

Be available to counsel each patient at different stages of 
treatment and follow-up.

Refer interested women to fertility specialists or 
dedicated centers.
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the decision making process when facing cancer 
during pregnancy, or when deciding whether or 
not to undergo a subsequent pregnancy, or when 
dealing with fertility treatment failures. Recogni-
tion of signs of patient distress or of altered fam-
ily dynamics should prompt referral to trained 
psychooncology professionals.

Supplemental tools to educate and facilitate 
communication are important, given the high 
demands and lack of time that characterize most 
oncology clinics. Adequate written and audiovi-
sual material should be designed in a culturally 
sensitive way. While this will never become a 
substitute for direct interpersonal communica-
tion between the oncologist and the woman and 
her partner or family, such information should 
be made easily available to all young cancer pa-
tients in any oncology clinic.

Multidisciplinary teams with expertise in ad-
dressing fertility and pregnancy issues in cancer 
patients should be established, and, whenever 
possible, dedicated clinics should be created 
where patients and their families can meet dif-
ferent specialists in the same building or center. 
Rigorous studies to collect data on cancer treat-
ment-related endocrine and gonadal dysfunc-
tions, as well as on all reproductive events and 
on the safety and efficacy of fertility preservation 
therapies and enhancement techniques, are of 
paramount importance. Patients and advocates 
should be involved in the design and evaluation 
of all prospective studies. Funding should be al-
located to dedicated research and clinical activi-
ties in this field.
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21.1	 Introduction

The psychosocial issues facing young women 
confronting a cancer diagnosis are extremely 
complex. A diagnosis of cancer finds any indi-
vidual unprepared. The realities that one was ac-
customed to in everyday life change overnight, 
and many uncertainties enter into this new life 
scenario. It is a frightening and complicated new 
world with difficulties at psychological, social, 
and emotional levels, the key concern, however, 
being that of individual survival.

There are, of course, many different types 
of cancer, and diagnosis can occur at different 
points in one’s life, in different circumstances. 
The nature of the cancer, the stage at which it is 
diagnosed, the type of treatment required, and 
the factors pertaining to prognosis are just some 
of the issues that are involved in the diagnosis.

Women can be diagnosed with different types 
of cancer and at different points in their life.

The life situation in which the individual 
woman finds herself, her age, her support sys-
tem, her family status, and the perceptions in the 
family of a cancer diagnosis are all factors that 
will affect the way in which she will respond and 
determine her coping mechanisms.

A cancer diagnosis is in itself a traumatic and 
painful process. A cancer diagnosis that is related 
in any way to the stage in a woman’s life that is 
associated with pregnancy and childbearing is 
traumatic at a different level, in a different way.

However, there are also many common 
threads running through the issues facing a 
young women when confronted with a cancer 
diagnosis and pregnancy. For example, issues 
arise that have to do with ethics and with differ-
ent assessments of needs, possibly even conflict-
ing needs between mother and baby. Dilemmas 

are faced that add to the anxiety and fear that the 
cancer diagnosis itself brings about, dilemmas 
that need to be addressed not only by the indi-
vidual woman and her family but by medical and 
other health professionals as well.

In a changing world, where the realities of can-
cer diagnosis and treatment constantly require 
new information and education, new challenges 
to be met, and constant adjustments made, this 
is possibly one of the most complicated subjects 
that we need to address today.

21.2	 The Cancer Diagnosis

A diagnosis of cancer finds no individual, man 
or woman, prepared. This is what is often heard 
from patients, and one of the reasons they may 
need significant time of adjustment to the diag-
nosis on hearing the news.

When individuals are diagnosed with cancer 
it is not only the patients themselves who are af-
fected but also those around them. In women, 
their childbearing and caretaking role has a set of 
different repercussions.

Frequently, before diagnosis there were no 
overt symptoms, or at least no attention was 
given to possible indications that there was a se-
rious problem. Even in the most common type of 
cancer in women, breast cancer, and even though 
much emphasis has been placed upon the impor-
tance of early diagnosis, screening, and aware-
ness in young women this is often not seen to be 
directly relevant as we associate the occurrence 
of this disease with older age groups.

The history of the perceptions surrounding 
a cancer diagnosis shows marked changes. In 
the past, cancer was associated with stigma and 
there was often silence about the diagnosis. The 
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stigma in many parts of the world was such 
that cancer patients were shunned or avoided. 
There was the misconception that it was even 
a contagious disease, and even more prevailing 
was the belief that any cancer diagnosis meant 
sure death.

There is an inherent fear associated with this 
disease, and in many parts of the world it is still 
difficult to encourage women and men to at-
tend early detection and screening programs as 
their fear of being diagnosed with cancer is by 
far greater than the advocated value of early di-
agnosis.

As scientific knowledge and understanding on 
the causes and biology of cancer have increased, 
the perceptions surrounding the disease and the 
diagnosis have gradually changed. There has 
been a gradual differentiation between the types 
of cancer, the staging, the prognostic factors, and 
the guidelines pertaining to treatment involv-
ing not only the medical procedures but also the 
need for multidisciplinarity in order to address 
the needs of the cancer patient. The complexity 
of this diagnosis, not only in terms of its medi-
cal realities but also because of the psychological, 
emotional, and social turbulence it brings, has 
slowly been recognized.

Many cancer patients describe the traumatic 
experience of having to tell loved ones of their 
diagnosis, and especially the anxiety of having to 
tell children. This is once again related to the per-
ceptions that exist concerning this disease, that 
this is a six-letter word that is associated in peo-
ple’s minds with the fear of death. When the can-
cer diagnosis affects a woman, if she has a family, 
this experience is transmitted in a traumatic way 
throughout the family.

A cancer diagnosis is experienced as a direct 
threat to life. Many patients and their families 
require counseling and specialized support in or-
der to cope not only with the diagnosis but also 
with the treatment. So there is in itself a paradox, 
a sense almost of irony, when we need to discuss 
and negotiate two different life situations—a di-
agnosis of cancer and a pregnancy.

21.3	 Cancer and Pregnancy

Pregnancy is associated with the beginning of 
life. It is a stage in a woman’s life that often leads 

to fulfillment; it marks the continuation of life, of 
the building of the family unit to completion, as 
often is imagined, at least.

Pregnancy has been called a miracle, a gift, a 
very special time in a woman’s life.

Today, the time for bearing children is of-
ten later in life because of the changing roles of 
women in society who are not only an important 
part of the working force but today often have ca-
reers before they decide to have children.

This means that a cancer diagnosis in a young 
woman may find her at a stage in her life when 
she either has no children or has young chil-
dren; she may be in a relationship or not. In 
any case, the consequences of the diagnosis of a 
life-threatening disease are of paramount impor-
tance in terms of their impact on the woman and 
her family.

In the instance when pregnancy occurs after 
a woman has had children and after a diagnosis 
of cancer, the issues that are involved are differ-
ent from those involved when a pregnancy oc-
curs before the diagnosis, if the diagnosis comes 
during a pregnancy, or if a woman has not yet 
had children. Therefore, one can only discuss 
the issues involved from the broader sense, 
based on many personal stories from women in 
the younger age groups, that is, under 40 years, 
and how this has impacted on their life realities. 
There are psychological, moral, social, medical, 
and cultural perspectives to this question, and all 
must be given due attention when discussing the 
questions involved in cancer and pregnancy.

21.4	 Ethical Issues

The bioethical issues involved when consider-
ing how to manage and advise a young women 
with a cancer diagnosis where pregnancy issues 
are involved are extremely complex. Ethics are, 
of course, involved in terms of the choices given 
to the woman and the decisions she has to make 
involving, on some occasions, her unborn child. 
Younger women facing cancer have a different 
set of issues that are of relevance to them than 
women in older age groups. And this is not only 
related to their childbearing realities, but also to 
the young age of their family, their career stage, 
their level of energy, and the dreams they have 
set out before them.
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Ethics involve principles that govern decision 
making in questions of health. From the time of 
Hippocrates, medicine has always been governed 
by principles and values that protect patients and 
take into account the social norms.

There are a number of such ethical issues in-
volved when discussing cancer and pregnancy in 
the case of the cancer patient who decides to pro-
ceed with having children.

Some of the questions involve the principle 
of autonomy, that is, the right to make decisions 
for oneself as long as others are not affected and 
the right of equal access to the best possible care. 
Decisions are measured as right or wrong ac-
cording to the result they bring. In the case of 
the female cancer patient, decisions of whether 
she will become a mother or not become more 
complicated, as what she decides will directly af-
fect the life of another human being, her child. 
She has the right to bear children even if she 
has been through cancer, and questioning this 
would be infringing on her rights. She must not 
be made to feel that she does not have the rights 
of other patients. However, she must be made 
aware of all possible ethical issues that may be 
involved because of the risks to the health of her 
child.

A woman who is a cancer patient is without 
doubt more emotionally vulnerable than other 
pregnant women. Her child may or may not be 
at risk itself in the future, and that is related to a 
number of factors. What is relevant, though, is her 
prognosis in relation to the raising of her child.

To this end, allowing a cancer patient to have 
the choice and freedom to proceed with a preg-
nancy is possibly one of the most fundamental 
ways of safeguarding freedom of rights. On the 
other hand, one must consider the fact that the 
unborn child does not have a choice, and also 
consider the amount of pain and suffering that 
may be involved. So how are the child’s rights 
safeguarded?

These are all questions that need to be care-
fully discussed with the parents, and it needs to 
be ensured that any decisions taken are taken 
responsibly. In order to do so, the most impor-
tant factor is that of availability of information. 
If this is provided and explained, then one can be 
more certain that the correct decisions are taken, 
taking into account all the ethical and societal 
factors mentioned above. For information to be 

absorbed and assimilated, the woman must be 
emotionally able to do so, and she often requires 
counseling in order to reach this stage of emo-
tional and even cognitive stability.

21.5	 Motherhood

Motherhood is a role that many young girls 
dream of.

Motherhood is possibly the most fundamen-
tal role that women feel they have to fulfill. Preg-
nancy is the beginning of a journey that is associ-
ated with new life, with creation, with the future 
of the species. There is almost something deep 
within the soul of a women to nurture children.

From the beginning of puberty, young women 
begin to imagine themselves as mothers, and 
the maternal instinct has often been described, 
with young girls role playing this role in various 
contexts. Puberty brings the sexual maturity that 
prepares women for this role, although today 
their changing roles in many Western societies 
may mean this role of motherhood is delayed.

The way in which women view themselves 
during pregnancy is often determined not only 
by their own psychology but also by the way soci-
ety views pregnancy and motherhood—there are 
societies in which pregnant women are viewed 
with special respect and protection.

Of course, some women look forward to this 
part of their lives and show no anxiety about 
their changing body image as many others do.

The stability in a woman’s life and the way in 
which her partner views the pregnancy are also 
important factors. However, there are also addi-
tional changes today in the way pregnant women 
feel about their baby, because today for many 
parents the sex of the child is known before the 
birth. This results in different emotions and ex-
pectations as one now identifies with an unborn 
baby that has its own very specific characteris-
tics.

21.6	 Cancer Diagnosis 
During Pregnancy

A diagnosis of cancer during pregnancy is an 
especially difficult medical and ethical dilemma. 
All decisions automatically involve two beings, 
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the mother and the embryo, while the partner 
is usually involved as well. These are, of course, 
rare medical situations, but the do raise social, 
psychological, medical, ethical, and moral issues 
that need to be addressed. It may be the case that 
the mother will need urgent treatment that may 
put the embryo’s life or health in danger. Exactly 
because these cases are infrequent, there is not 
as much information and expertise as one would 
like in this area, and not all doctors have been 
exposed to such cases.

The question of what constitutes a human be-
ing and the beginning of life is a question that 
not only involves science but morals, ethics, and, 
of course, religion. The cultural and religious be-
liefs will determine the way in which a cancer di-
agnosis during pregnancy is experienced and, of 
course, managed.

Not all pregnancies, however, are wanted or 
desired. There are occasions in which the preg-
nancy is not wanted by the mother, or by the 
parents, the changes that come to the body are 
experienced in a negative way, and there is of-
ten hidden aggression toward the unborn baby, 
which must be realized and confronted in any 
case of a concurrent cancer diagnosis.

21.7	 The World of Uncertainty

No matter whether the pregnancy was desired or 
not, a diagnosis of cancer will throw the woman 
into emotional turmoil—there will be feelings 
of distress, sadness, ambivalence, and even guilt 
involved. The woman will need a great deal of 
not only emotional but also professional support 
in this decision making process. A diagnosis of 
cancer in any case is a source of great stress and 
anxiety, evoking fear and confusion. Many can-
cer patients have described this stage of diagno-
sis, saying they feel they have been thrown into 
a world of uncertainty, where their lives change 
from one moment to the next and where they 
often feel numb. The stages of emotions they go 
through have been described, and the range from 
fear to depression, from anger to denial. This sit-
uation is rendered even more complicated when 
the diagnosis of cancer comes at a time when the 
woman is emotionally vulnerable, and with all 
the idiosyncrasies of a pregnancy.

It is well recognized that the way individuals 
deal with stress is associated with previous life 
experiences, personality, predispositions, and 
genetics.

A cancer diagnosis is a source of massive 
stress. Patients are faced with new medical ter-
minology that they have to understand at a pe-
riod of great stress, and they not only must do so 
but also must make important life decisions that 
affect not only themselves but also the embryo. 
It’s an extremely complicated situation both in 
terms of emotions and in terms of the science 
involved. with the diagnosis of cancer comes at a 
time when the focus of the woman and her fam-
ily most often has been on the positive, creative, 
and exciting time of bringing a new life into the 
world. Suddenly, what in fact is most often a part 
of family and personal growth and development 
is suddenly associated with a disease that means 
life risk.

The approach to the woman and her family 
needs to be individualized, as, of course, in the 
case of every patient but in this case it is even 
more complex because it involves another life. 
There are many variables that need to be taken 
into consideration—the age of the woman, the 
presence of other children in the family, whether 
it was a wanted or unwanted pregnancy, the stage 
of the pregnancy, the type of cancer.

Decisions pertaining to whether the woman 
will continue with the pregnancy, whether she 
will commence treatment while pregnant, what 
the side effects may be, and how her partner feels 
about this situation must all be taken, while she 
must be encouraged to express her feelings and 
to be given the opportunity to work through 
them.

This can only be done with the care and sup-
port of a multidisciplinary team.

The role of the multidisciplinary team is rec-
ognized as part of optimal cancer care. The diag-
nosis of cancer in itself is, as has been mentioned, 
a source of stress that requires the attention of 
a wide variety of disciplines and team work. A 
cancer patient needs psychological and social 
support and a team of experts to consult. This is 
even more imperative where there are ethical, re-
ligious, social, and moral issues, as in the case of 
a pregnancy during a cancer experience.
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21.8	 Role of the Doctor Team

The role of the doctor in this process of providing 
the correct amount and type of information so 
the cancer patient and her partner can make 
the right decision is of paramount importance. 
Doctors need to be specially equipped to do 
this with communication skills that will allow 
them to convey this information in an objective 
way without allowing their own ethical and 
societal beliefs to affect their communication. 
Often, personal prejudices affect the type of 
communication, and this is very dangerous in 
this case, in either encouraging or discouraging 
a cancer patient to proceed with a pregnancy. 
Doctors and health team professionals may need 
special training in order to perform their role 
effectively.

The health team need this in order to deal 
with their own feelings as well in a very emotion-
ally loaded situation. Access to team discussions 
is also important in order to gather as much ex-
pertise as possible, which not only will make the 
woman feel safer but will also make the health 
team feel safer when advising in difficult life cir-
cumstances.

In many clinic settings, the doctors are sup-
ported by specialized nursing staff who have the 
role of ongoing provision of information. Doc-
tors are accustomed to giving clear and definite 
answers in order to allow decisions to be reached. 
In the case of cancer and pregnancy, it may be 
impossible to so; all one can do is advise in a spe-
cific direction and provide the woman and her 
family with the information to reach a decision 
that respects her and her family’s ethos and phi-
losophy and that safeguards her health.

Doctors are also trained to preserve life, and 
in the case of cancer in young women they have 
to weigh up the risks to the mother and to the 
baby and whether the mother will have all the 
factors on her side that will allow her to bring up 
her child.

The provision of optimal services can only be 
achieved if there are consensus guidelines in ef-
fect so that the health care team has set objec-
tives and no one member of the team is forced to 
shoulder such an emotional burden alone.

21.9	 The Role of Advocacy

Advocacy is the act of arguing on behalf of a par-
ticular issue, idea, or person. Individuals, organi-
zations, businesses, and governments can engage 
in advocacy. Advocating for an idea can include a 
wide range of subjects as broad as social justice.

Over the last decades, cancer advocacy has 
succeeded in changing many of the realities for 
cancer patients. A cancer advocate is someone 
who becomes the voice for others, who puts 
forward the cause, who is in fact the supporter 
of rights, and upholder of principles. Advo-
cates have developed as voices in many fields, of 
course, and not just the medical world—advo-
cates for children’s rights, for women’s rights, for 
animal rights, etc.

The provision of accurate information con-
cerning a cause is what in effect brings about the 
raising of awareness of the cause and thus can 
bring or promote change or protect rights. Advo-
cacy has been one of the most powerful tools in 
used by patient groups. Around the globe, patient 
advocacy groups have without a doubt had such 
an impact that they have led to changes of medi-
cal systems and of the safeguarding of rights.

The use of organized patient groups has helped 
to raise awareness concerning the needs of can-
cer patients, but more than that, it has helped to 
promote the rights of patients, to highlight the 
needs of patients and families.

It has helped to put pressure on governments 
to implement policies that will help ensure a bet-
ter quality of life, to allow access to the best pos-
sible diagnosis and treatment. It has also allowed 
the promotion of awareness of what constitutes 
optimal care and has brought respect into the 
lives of patients.

Over time and with the changing world of 
information, advocates have become better in-
formed and educated, thus ensuring the best 
possible access to information.

Advocacy has also helped put the personal ex-
perience across as a political voice; it has helped 
promote guidelines in cancer care, in partnership 
with the scientific and medical worlds.

Personal experience with any disease does 
not in itself mean that one can be a successful or 
even effective advocate.
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In order to be a successful advocate one needs 
to have a broader understanding of the situa-
tion—in the case of cancer advocacy, this has 
changed the way in which many types of cancer 
are approached.

A fundamental principle that must always be 
upheld is the protection of patients’ rights: the 
right to information, the right to optimal care, 
the right to prevention, diagnosis, and palliative 
care. Fundamental patients’ rights like, for ex-
ample, the right to be treated with respect, the 
right to privacy, the right to confidentiality, and 
the right to dignity. Advocating for these is the 
foundation of patient protection, and many can-
cer patient organizations have been established 
exactly to achieve this in societies where it was 
lacking.

One way to ascertain the responsible way 
of informing patients is to always uphold their 
rights as stated in the Charters of Patients’ Rights. 
These ensure that cancer patients are given ac-
cess to all available information and are allowed 
to have freedom of choice. Freedom of choice, 
justice, autonomy, are all principles that form the 
basis of bioethics, that allow freedom of choice.

But, in order to make choices, one must have 
access to correct and accurate information. Ad-
vocacy has this important role to play in that 
through its voice information is spread and 
shared.

However, the role of advocacy in terms of 
disseminating information is a complicated one 
when the scientific evidence is not clear in or-
der to give a direction in which a decision can 
be made.

This is the case in many instances when can-
cer and pregnancy are concerned.

Young women facing a cancer diagnosis be-
fore, during, or after a pregnancy need very clear 
and specific information that will allow correct 
decision making. This is often not available, so 
advocates need to promote the right of women to 
have access to multidisciplinary teams so that the 
best possible sources of information are available 
and so that their multiple needs are met: medi-
cal, psychological, social, and emotional needs.

Advocacy in the instance of cancer and preg-
nancy can do exactly what is most needed—en-
sure that given the many difficult realities, 
women are approached and advised in centers 
that are able to give the latest information, that 
have counseling services available, and, most 
importantly, that promote the development of 
guidelines so that health professionals are able 
to implement these in all parts of the world and 
women can look to these centers in order to feel 
safe and reassured.

And, in this relatively new field, with so many 
uncertainties, only through responsible and edu-
cated advocacy can one hope to pool all the in-
formation together in order to gain a better un-
derstanding of what ethical and other issues are 
involved.
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