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Foreword

Cancer Complicating Pregnancy

This issue of the Obstetrics and Gynecology Clinics of North America, pre-
pared by Guest Editor Dr. Kimberly Leslie, deals with cancer complications in
pregnancy. The most common malignancies associated with pregnancy are those
of the genital tract, breast, and malignant melanoma. According to the Na-
tional Center for Health Statistics, cancer is the second leading cause of death in
women 25 to 44 years of age. Malignancies during pregnancy are not rare and
account for about 5% of all maternal deaths.

This multidisciplinary group of authors provides a comprehensive overview
in assisting the obstetrician in caring for persons afflicted with cancer who are
either contemplating or have been diagnosed to be pregnant. Although her care
may need to be modified, she should not be penalized for being pregnant. The
following questions are noteworthy for our consideration:

¢ If the malignancy exists before conception, how should the patient be coun-
seled about birth control and about future child bearing?

* Is pregnancy advisable after cancer treatment?

* Should the pregnancy be terminated because it represents an obstacle for
effective cancer therapy?

* Does pregnancy affect progression of the disease?

* What risk does cancer or its treatment pose to the developing fetus?

Answers to these questions will be addressed in this issue for specific malig-
nancies involving the hemopoetic system, gastrointestinal system, melano-
mas, breast, genital tract (ovary, cervix), and trophoblast disorders.

In addition, this issue addresses controversies surrounding treatment during
pregnancy. Surgery for suspected or proven cancer may be indicated for diag-
nostic, staging, or therapeutic reasons. Extra-abdominal procedures and most
intraperitoneal operations that do not interfere with the reproductive tract are
usually well tolerated by the mother and fetus. Unlike diagnostic radiographic
procedures, therapeutic radiation may result in significant fetal exposure to
ionizing radiation. The necessity of therapeutic radiation raises issues such as
abortion, teratogenesis, and fetal sequelae. Despite pregnancy, chemotherapy is
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often recommended for a variety of hemopoetic and lymphatic malignancies and
as adjunctive therapy to surgery or radiation. If fertility is not impaired, ques-
tions arise regarding increased risk of abortion, fetal chromosomal damage, fetal
anomalies, restricted fetal growth, and risk of malignancy in future offspring.

It is our desire that this issue attract the attention of providers caring for
women of reproductive age with a malignancy. Practical information provided
herein will hopefully aid in the development and implementation of more spe-
cific and individualized treatment programs.

William F. Rayburn, MD

Department of Obstetrics and Gynecology
University of New Mexico

MSC 10 5580

1 University of New Mexico

Albuquerque, NM 87131-0001, USA
E-mail address: wrayburn@salud.unm.edu
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Cancer Complicating Pregnancy

-

Kimberly K. Leslie, MD
Guest Editor

Cancer is the leading cause of death among women aged 35 to 54. As
childbearing among older parturients increases, so likely will the incidence of
cancer in pregnancy. Currently, cancer complicates one in 1000 pregnancies. The
management of pregnant women with cancer presents a major challenge to the
care-giving team: the risks and benefits of treatment (and withholding treatment)
must be weighed for both the mother and the fetus.

The purpose of this issue of the Obstetrics and Gynecology Clinics of North
America is to review the known literature on the diagnosis and management
of cancer during pregnancy. Cervical cancer is the most frequent malignant
neoplasm in pregnancy, followed by breast cancer and melanoma. Other malig-
nancies seen more rarely are ovarian cancer, leukemia, lymphoma, and colo-
recatal cancer. In addition, choriocarcinoma remains a problem and a potential
diagnostic dilemma for clinicians. We have included manuscripts on these spe-
cific cancer sites as well as information on how to follow women with per-
sistently low-positive human chorionic gonadotropin levels. To assist in the
choice of therapeutic regimens for cancers during pregnancy, an article on the use
of chemotherapy is also provided.

One interesting question to consider is whether pregnancy accelerates
carcinogenesis or tumor progression, particularly for hormone-related cancers.
We deal with that issue in the articles included herein to the extent possible given
the heterogeneity of the literature addressing the question. However, for many
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tumor sites, it does appear that pregnant women present at a more advanced
stage compared with age-matched, nonpregnant patients. Whether a causal
relationship between pregnancy per se and advanced stage or poor outcome can
be assigned remains a topic of debate. Nevertheless, it is likely that clinicians
will encounter a disproportionate number of women who have advanced cancers
in pregnancy that will necessitate aggressive management to achieve a cure.
We hope that these articles will assist clinicians in treating their patients and
will positively impact the standard of care provided to pregnant women who
have cancer.

Kimberly K. Leslie, MD

Department of Obstetrics and Gynecology
University of New Mexico Health Science Center
2211 Lomas Boulevard NE, MSC10 5580
Albuquerque, NM 87131, USA

E-mail address: kleslie@salud.unm.edu
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Cervical Neoplasia Complicating Pregnancy

Carolyn Y. Muller, MD*, Harriet O. Smith, MD

Division of Gynecologic Oncology, Department of Obstetrics and Gynecology,
University of New Mexico Health Sciences Center, 1 University of New Mexico, MSC 10 5580,
Albugquerque, NM 87131, USA

Cervical cancer is the most common malignancy diagnosed during pregnancy,
because it is the only cancer routinely screened for during gestation. The in-
cidence is 0.45 to 1 per 1000 live births in the United States, with carcinoma in
situ occurring in 1 in 750 pregnancies [1]. Cervical cancer is often detected in the
preinvasive or early invasive stage, because pregnancy allows an opportunity for
early detection that may be otherwise missed in nonpregnant women who ignore
global screening recommendations. Traditional signs and symptoms of invasive
cervical cancer can often be misinterpreted as common symptoms of pregnancy
(vaginal spotting or discharge, postcoital bleeding, pain) with subtle early inva-
sive cancer mistaken for a pregnancy-induced cervical ectropion, cervical de-
cidualization, or other exaggerated changes of pregnancy [2,3]. A larger lesion
may not be appreciated because of other anatomic changes in pregnancy. If not
considered on the differential diagnosis, a false-negative Pap smear may delay
diagnosis even further. On rare occasion, an unrecognized invasive cervical
cancer is a cause of intrapartum hemorrhage resulting in cesarean delivery and a
“cut through” cesarean hysterectomy, an intervention that can have an unfor-
tunate impact on subsequent treatment and prognosis of the new mother [4,5].

Once diagnosed, invasive cervical cancer in pregnancy raises many issues
necessitating a well-coordinated multidisciplinary approach to therapy. The
timing of cancer diagnosis within the gestation dictates available options for
treatment. Often, a delicate balance ensues between the welfare of the mother and
fetus. Additionally, conflict on moral and ethical grounds may occur between the
patient and family and the health care providers introducing more stress regarding

* Corresponding author.
E-mail address: cmuller@salud.unm.edu (C.Y. Muller).
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the decision-making process [6]. In general, the treatment principals of cervical
disease during pregnancy are not significantly different than that within the
nonpregnant state. In addition, pregnancy does not seem to alter the biology of
the tumor when compared with the nonpregnant state stage for stage. This article
addresses the diagnosis and management of preinvasive and invasive cervical
disease during pregnancy. In addition, this article highlights some of the impact
of cervical cancer treatment on future fertility and treatment [7].

Human papillomavirus infection in pregnancy

Human papillomavirus (HPV) is involved in nearly all squamous cell and
most adenocarcinoma preinvasive and invasive disease of the cervix [8]. HPV
is the most common sexually transmitted infection affecting tens of millions
of women in the United States [9]. The peak incidence of infection occurs after
sexual debut and globally in the third decade of life, a time of maximal
reproductive potential [9]. The prevalence of HPV in the United States decreases
with age as does fecundity. HPV infection and HPV-related disease is an expected
finding in the pregnant patient. Both oncogenic and nononcogenic HPV infec-
tions can complicate pregnancy. Oncogenic HPV infection can lead to abnormal
cervical cytology determined during pregnancy and requires diagnostic proce-
dures and treatment if indicated. HPV 16 and 18 are the most common oncogenic
HPV subtypes found in women at this age regardless of gravity [9,10]. Non-
oncogenic HPV infections can cause visible condyloma within the entire lower
genital tract. These condyloma can undergo rapid proliferation during pregnancy
in response to the changing hormonal milieu leading to local symptoms and, on
rare occasion, cause laryngeal papillomatosis and other condylomatous changes
in the infant [11,12]. The management and treatment of condyloma is beyond the
scope of this article.

This article addresses the issues of HPV infection during pregnancy as it
relates to cervical dysplasia and cancer risk. The most common misconception is
that the relative immunosuppressive state of pregnancy causes an HPV infection
to be more aggressive during pregnancy. To date, there is no credible evidence
that suggests a different natural history of HPV infection in the gravid state
[7,13]. Age for age, the prevalence of HPV in the lower genital tract is com-
parable between pregnant and nonpregnant women, with a baseline rate of
20% to 30% [10,14,15]. Similarly, most ASCUS cytology and lowgrade and
highgrade squamous intraepithelial lesion (LSIL and HSIL) Pap smears show
high rates of oncogenic HPV infection [16]. There is no difference between
subtypes of infection or multiple simultaneous infections between pregnant and
nonpregnant women [17]. Cervical dysplasia risk, persistence, and progression
or clearance of disease are discussed later. To date, there is no evidence that the
effects of pregnancy modify the infectivity rate, prevalence, or persistence of
HPV infections.
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Managing the abnormal Pap smear in pregnancy

Pregnancy is an ideal opportunity to screen for cervical neoplasia. Unless the
first presentation to the health care system is during labor, women have the
opportunity to undergo at least one Pap smear screen during gestation. In cases
with optimal prenatal and postnatal care, women have undergone two or more
Pap smears within a 12-month time frame. Recommendations for Pap smear
screening include at first prenatal visit and again at the 6-week postpartum visit.
Less endocervical cells and more cases of dysplasia have been reported in
postpartum Pap smears compared with antepartum Pap smears, supporting the
importance of this strategy [18]. The safety and superiority of the endocervical
brush as a collection device has been documented in numerous studies and has
been the accepted practice for nearly a decade [19-22]. Further advances in Pap
smear screening include the movement toward liquid-based cytology. The latter
has been shown to have a lower false-negative rate and is ideal for necessary
reflex HPV testing [23,24]. Test performance in the pregnant population is
lacking, however, for most new Pap smear technologies. There are no reliable
data to suggest any additional difference between conventional or liquid-based
Pap smears from that measured in the nonpregnant comparative studies, because
studies solely in pregnant patients or amply stratified for pregnancy are lacking.
The physiology of pregnancy alters cervicovaginal cellular morphology [1,13].
It is important to communicate the gravid state on the history form accompany-
ing the Pap smear, because subtle changes in pregnancy may lead to false-
positive results, especially if the history of the pregnant state is unknown to
the cytopathologist.

The incidence of abnormal Pap smears in pregnancy is dependent on the
population undergoing screening, but may be as high as 5% to 8% in university-
based higher-risk populations [25]. Interpretation of the Pap smear in pregnancy
and the nonpregnant state complies with the 2001 Bethesda guidelines [26]. With
appropriate collection devices and trained health care providers, unsatisfactory
Pap smears are less common as the transformation zone undergoes relative
migration onto the ectocervix. But when it occurs, the Pap smear should be
repeated. All abnormal Pap smears should be evaluated while complying with the
same algorithm used in the nonpregnant state [26]. Differences or special issues
related to managing the abnormal Pap smear during pregnancy are summarized as
follows [26]:

e Refer to expert colposcopist experienced in colposcopy in pregnancy

* Manage according to 2001 Bethesda Guidelines

* HIV-positive women with any ASCUS should undergo expert colposcopy
* Do not perform ECC in pregnancy

* Do not repeat Pap smear less than 6 weeks postpartum

Reflex HPV testing is appropriate for ASCUS Pap smears and colposcopic
examination reserved for ASCUS HPV-positive results. Colposcopy should be



536 MULLER & SMITH

considered for HIV gravidas with any ASCUS Pap smear [27]. All LSIL and
HSIL Pap tests require colposcopic examination [26]. AGUS Pap smears are
more difficult to manage, because endocervical curettage is contraindicated in
pregnancy [26]. Colposcopy and directed biopsy should be performed in these
cases. Diagnostic cervical conization should be reserved for patients only if there
is a significant concern for occult malignancy.

Performing colposcopy in the pregnant patient

The principles of colposcopy pertain to all women regardless of the gravid
state. The challenge of performing an adequate colposcopic examination is re-
lated to pregnancy changes of the cervix: increased friability caused by relative
eversion of the columnar epithelium, cervical distortion from a low-riding fetal
head, early effacement, and obstruction of visualization by the mucus plug [1,3].
Special considerations for colposcopy in the pregnant patient are as follows [26]:

¢ Expert colposcopist should perform the evaluation

e Unsatisfactory examinations may be satisfactory in 6 to 12 weeks or by
20 weeks

* Limit biopsy to worse visible area

® Prepare for increased biopsy site bleeding

® Re-evaluate lesion with Pap smear or colposcopy every 8 to 12 weeks

* Only perform repeat biopsy if the lesion worsens

e Recommend excisional biopsy only if concerned about invasive cancer

It is important that the health care provider performing the colposcopic
examination be skilled in performing the test in pregnant women. An unsatis-
factory colposcopy may be encountered in the early gestation, but a repeat
colposcopy every 4 weeks or within 6 to 12 weeks may allow time for migration
of the transformation zone to the ectocervix, allowing a satisfactory examination
[3]. Economos and coworkers [25] have found all colposcopies to be satisfactory
by 20 gestational weeks.

The characteristics and accuracy of colposcopic detection of both low- and
high-grade intraepithelial lesions are similar in both pregnant and nonpregnant
women [7]. Examples of LSIL and HSIL in pregnancy lesions are shown in
(Figs. 1 and 2), respectively. Such characteristics as acetowhite changes, punc-
tuations, mosaic pattern, and atypical vessels are similar in the pregnant and
nonpregnant state. Careful evaluation within everted glandular crypts may be
more time consuming, but glandular lesions are more likely to be apparent.
Lesions off the cervical portio or in the upper vaginal apex may be more difficult
to visualize because of a wider squamocolumnar junction and increased vaginal
laxity. Gentle traction on the cervix with a cotton tip swab can be helpful. A
confirmatory biopsy to be taken at the most worrisome areas is recommended,
although on occasion an expert colposcopist may be comfortable documenting
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Fig. 1. Colposcopic images of the transformation zone of the cervix at 26 weeks’ gestation. The
referral Pap smear was atypical squamous cells of undetermined significance (ASCUS) with reflex
high-risk HPV identified. Biopsy confirmed CIN1. (4) Acetowhite changes involving entire trans-
formation zone (original magnification X7.5). (B) Punctations and early mosaic pattern are seen
(3% acetic acid stain, original magnification X 15). (Courtesy of Alan Waxman, MD, Albuquerque, NM.)

the fully visualized lesion with close surveillance without biopsy. Biopsies are
more prone to bleed during pregnancy but can be controlled with silver nitrate,
Monsel’s solution, or local pressure. If needed a careful stitch can be placed at
the site of bleeding, but this is rarely needed. Several studies have showed
no significant complications from punch biopsies at the time of colposcopy
[25,28,29]. Endocervical curettage should not be performed in pregnancy. Repeat
colposcopy is required in most cases with intraepithelial lesions, as discussed
in the next section.

Fig. 2. Colposcopic images of the transformation zone of the cervix at 18 weeks’ gestation. The
referral Pap smear was highgrade squamous intraepithelial lesion (HSIL). Glandular eversion and
increased vascularity of pregnancy make it difficult to see extensive mosaic vascular pattern within
the transformation zone. Biopsy confirmed CIN2 with glandular extension. (4) 3% acetic acid stain,
original magnification X7.5. (B) 3% acetic acid stain, original magnification X15. (Courtesy of Alan
Waxman, MD, Albuquerque, NM.)
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Management of cervical dysplasia in pregnancy

In general, cervical intraepithelial lesions should be managed as if the pa-
tient were not pregnant. Unless invasive disease is expected, however, con-
servative management and follow-up throughout the gestation is strongly
recommended, because it is an exceptional case that develops invasive cancer
within such a short time frame. In one report, overall the risk of progression
from CIN1 to > CIN3 is 1% per year and from CIN2 to > CIN3 is 16% over
2 years [30]. Low-grade lesions have no significant risk of progressing to
cancer within the gestational period. Repeat cytology and colposcopy with
rebiopsy only if the lesion worsens is the rule. The frequency of repeat evaluation
is dependent on the time in the gestation of initial diagnosis and should be at
the discretion of the physician managing the evaluations. Guidelines are to
repeat the Pap smear and colposcopy every 8 to 12 weeks [1]. Documented
high-grade intraepithelial lesions should be monitored carefully throughout the
pregnancy with repeat cytology and colposcopy in a similar fashion. Postpartum
cytology and colposcopy should be performed no sooner than 6 weeks post-
partum. Patient counseling regarding need for follow-up and possible treatment
of persistent disease is important, because nearly 30% of patients are expected
to be lost to follow-up [18]. Regression of both low- and high-grade lesions
occurs after delivery. Controversy still exists as to whether vaginal delivery has
a greater impact in allowing lesion regression [31-33]. In most studies, low-
grade lesions are more apt to regress (as is true in the nonpregnant state) and
are reported as high as 36% to 70% [32,34,35]. The regression rates for high-
grade lesions and carcinoma in situ is 48% to 70%, respectively, with an overall
incidence of progression to cancer of 0% to 0.4% [33,34]. Persistent or pro-
gressive disease diagnosed in the postpartum period should be treated according
to the algorithm used in the nonpregnant state.

Cervical conization during gestation is reserved only for suspicion of invasive
cancer [26]. Classic conization in pregnancy can be disastrous, resulting in
significant hemorrhage (>500 mL) necessitating vaginal packing, transfusion,
hospitalization, miscarriage, fetal loss, and increased perinatal death rates. The
risk of significant hemorrhage increases with each trimester of the gestation
(<1%, 5%, 10%, respectively) [3]. Spontaneous fetal loss in the first trimester
after conization has been reported as high as 18%, but this compares with average
loss rate of 10% to 15% of all first-trimester gestations [28]. Perinatal death rate
postconization is reported close to 5%, again in line with overall death rate [28].
Delivery before 37 weeks is caused by subsequent chorioamnionitis occurring
weeks after conization, and has been reported in up to 12% of cases [3]. If
absolutely indicated, a cone biopsy is best performed between 14 and 20 weeks
gestation with or without cervical cerclage. Some advocate cerclage to control
bleeding [36]. Conizations should not be performed within 4 weeks of anticipated
delivery, because cervical healing is not complete and hemorrhage is likely to
ensue at the time of labor and delivery. In lieu of a classic cone biopsy, some
advocate “wedge biopsies” or “coin-shaped resections,” which provide enough
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tissue to make the diagnosis while limiting the morbidity associated with a full
cone resection [3,7]. If a full conization is warranted, a conization-cerclage tech-
nique has been advocated by others [36]. In a desired pregnancy, it is most
acceptable to manage expected microinvasive or early invasive carcinoma
conservatively, because even 24-week delay in treatment has not been associated
with poorer maternal outcomes [37—-39]. Each case should be individualized, and
unless early termination is desired, any decision to proceed with any kind of
conization should be made in a multidisciplinary effort to weigh risks to the
mother and the fetus. Conization should be performed only if the results alter the
desired treatment. If there is any doubt regarding the appropriateness of this
procedure, referral to an expert is warranted.

Diagnosis and management of invasive cervix cancer

The diagnosis of invasive cervical cancer during pregnancy brings much angst
to the patient, family, obstetrician-gynecologist, and other health care providers.
Although most cancer cases are diagnosed at an early stage, difficult decisions are
needed that impact both the mother and the fetus, which may be in conflict [6].
There is significant evidence that delay in treatment of early stage cancer is not
likely to have a deleterious effect on the mother, and that delay of treatment until
fetal maturity in a desired pregnancy is a reasonable course of action [39—42]. In
more advanced-stage disease, special issues regarding imaging and treatment of
the gravid patient can be complicated, and little data are available to guide
adequate counseling.

Most women diagnosed with cervical cancer during pregnancy are found to
have early stage disease. Microinvasive carcinoma (FIGO stage IA1 and [A2) and
visible lesions limited to the cervix (stage IB1 and IB2) complicating pregnancy
have been studied extensively under the category of early stage disease [43].
Decisions regarding timing of treatment and delivery are weighted by the tri-
mester in which the diagnosis is made and more importantly the desirability of
the pregnancy for the affected woman and her family. Once fetal viability is
established, by the third trimester there is little doubt that the risk-benefit ratio
favors delaying treatment until fetal lung maturation, because 6- to 12-week
delays in all early stage disease has not been shown to worsen overall prognosis
or survival in the mother [37-39]. This strategy minimizes fetal morbidity and
mortality, NICU days, and all of the chronic complications of prematurity. In
these cases, working with a multidisciplinary team including the obstetrician or
maternal fetal medicine specialist guides recommendations regarding cortico-
steroid administration to accelerate fetal lung maturity, timing of amniocentesis
to document lung maturity, and mode of delivery. Vaginal delivery is relatively
contraindicated when a gross tumor is present (IB), because poorer maternal
outcomes have been described and tumor implantation has been found in
episiotomy sites [3,44,45]. Cesarean radical hysterectomy with pelvic lympha-
denectomy should be scheduled with coordination of the multidisciplinary teams



540 MULLER & SMITH

Fig. 3. Surgical specimen after cesarean radical hysterectomy with ovarian preservation. Delivery
of a viable fetus was followed by a type III radical hysterectomy. A low transverse incision was made
well above the cervix. Vertical hysterotomy incisions are also appropriate to avoid inadvertent
incisions into tumor or an effaced cervix.

(Fig. 3). Blood loss and transfusion requirements are greater than in the non-
pregnant or early pregnant states [46].

Invasive cervical cancer diagnosed within the first and second trimesters can
be a bit more challenging. A recommended algorithm is shown in Fig. 4.
Counseling regarding gestations less than 20 weeks (before any definition of fetal
viability) is easier than when the diagnosis and impending treatment occurs
within the gray zone of fetal viability (22 to 24 weeks). This introduces additional
ethical and State issues regarding means of fetal termination, which is beyond the
scope of this article. The key two management issues are accurate gestational
dating and maternal desire for the pregnancy. If the gestation is <20 weeks and
the pregnancy is undesired, termination can ensue followed by appropriate
treatment. If enough data are known to warrant proper surgical intervention,
treatment can occur simultaneously as in type II or type III radical hysterectomy
with pelvic lymphadenectomy leaving the fetus in situ for stages IA2 or IB
cervical cancer. If the extent of the disease is not known, then termination should
be completed and further evaluation performed, such as cervical cone biopsy for
anticipated microinvasive carcinoma (see Fig. 4).

Within the past decade, changes in the clinical classification of cervical
tumors occurred during the FIGO 1994 meeting in Montreal. Stage IB tumors
are now stratified into stage IBl (maximal diameter <4 cm) and stage IB2
(maximal diameter >4 cm) [43]. Nearly all prior retrospective series evaluating
delay in treatment and maternal outcomes in stage IB patients evaluated cases
before this staging distinction. Recent Gynecologic Oncology Group data report
an 88% likelihood of requiring either adjuvant radiation or radiation plus
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Stage IA-IB
|

Pregnancy Desired

[ |
No Yes
| |
[ | Delay treatment until
Appropriate surgical Termination fetal maturity
intervention with |
fetus-in-situ

Appropriate intervention

1B2
1AL (+ LVSI); IA2
IA1 (no LVSI) I(Bl or IB)2
! |
N . Cesarean section
Deliver vaginally Cesarean radical hysterectomy* with ovarian
| +/- ovarian preservation transposition

Conization post partum | |

Adjuvant tailored therapy Chemo radiation
as needed
Margins (-); Margins (+) cancer;

(+) dysplasia More advanced disease

Observation.  Completion Radical hysterectomy*
hysterectomy

* Consider radical trachelectomy 6 weeks post partum in very select cases

Fig. 4. An algorithm for treatment options in patients with early stage invasive cervical cancer di-
agnosed less than 20 weeks’ gestation.

chemotherapy in patients with IB2 tumors when following adjuvant therapy
recommendations for intermediate- and high-risk surgically managed disease
[47]. With survival rates in this group comparable with stage IIB cervical cancer
patients, primary chemoradiation is an option and can be instituted immediately
if the pregnancy is not desired. Radiation therapy induces abortion with an
average of 35 to 40 Gy, at a median of 20 to 24 days (or longer if started in
the second trimester) [7,48]. There are no data to date that combined chemo-
radiation alters time to abortion in these patients. Hysterotomy is not recom-
mended unless necessary. Ovarian function ceases after >10 Gy, and may lead to
more symptom from both pregnancy and hormonal withdrawal during treatment
[49]. Tailored surgery followed by adjuvant radiation with or without chemo-
therapy allows ovarian transposition and preservation of ovarian function in
these women and should be considered. To date, there are no data to suggest
superiority in tailored therapy versus primary chemoradiation in IB2 lesions
diagnosed in pregnancy. Decisions should take into account individual risks of
morbidity and personal preference.

Advanced cervical cancer is rarely encountered in pregnancy, but when
discovered can lead to very difficult decisions. The safety of delayed therapy
is not clear in this group of patients, although one small series by Sood and
coworkers [48] suggests no difference in prognosis with delay for fetal maturity.
Some women, however, choose to maintain the gestation at the potential cost
to their own health. Evaluation of local and distant disease should proceed
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cautiously, with MRI the image modality of choice during gestation [50]. There is
no curative treatment for stage IVB disease, and palliative measures and fetal
issues likely should supersede. There are no case reports of metastatic cervix
cancer to the fetus or placenta. Treatment for stage IIB-IVA should be directed
toward curative intent, and maternal outcome should weigh greater than fetal
well-being. Chemoradiation is the mainstay of therapy and should be initiated
promptly. Nonviable fetuses abort with radiation. There are no data to suggest
fetal loss occurs sooner with chemoradiation. Although radiation should have
lesser fetal effects in the third trimester, a live fetus spontaneously delivered after
radiation in the third trimester has been described, demonstrating microcephaly
and mental retardation [51]. Viable fetuses should be delivered by cesarean
section and treatment started promptly. Ovarian transposition can be considered
at the time of cesarean delivery. In women who wish to delay treatment of
advanced disease for fetal indications, the use of neoadjuvant chemotherapy has
recently been reported demonstrating good response rates in the two cases
presented and no adverse fetal outcomes [52]. The general principles of ad-
ministering chemotherapy in the gravid patient apply, and in most cases, minimal
fetal effects are seen. Multidisciplinary counseling is paramount.

Newer technologies are under development that allow women a choice of
fertility-sparing procedures designed to treat early stage cervical cancer. Their use
following pregnancy has not been studied. Often, gravid women desire future
fertility, and preservation of both ovarian function and the uterine fundus is
critical to achieve this outcome. In highly select patients, delayed surgical therapy
by radical trachelectomy and pelvic lymphadenectomy may be a valid option
after delivery and postpartum recovery. Patients should understand the relative
novelty of the procedure in the nongravid state and the lack of outcomes data in
this scenario. With careful counseling, however, options for more conservative
therapy may be acceptable.

Effects of pregnancy after cervical cancer treatment

Although a diagnosis of invasive cervical cancer during pregnancy can
jeopardize the life of both the mother and the fetus, the diagnosis of cervical
dysplasia and early invasive cancer can have a deleterious impact on future
fertility of the mother and outcomes of future fetuses. Level III data are emerging
that help to define the risks of excisional therapies for dysplasia and micro-
invasive cancers. A retrospective cohort study demonstrated no difference in pre-
term delivery but a 1.9- and 2.7-fold increase in premature ruptured membranes
in pregnancies following loop electrocautery excision procedure (LEEP) or laser
conization, respectively [53]. This increase was also proportional to the amount
of cervical tissue resected. Although this and other studies suggest a better
pregnancy outcome with laser vaporization, this also seems to be respective of the
amount of tissue destroyed [53,54]. Preterm delivery was associated with ablated
cone height of 10 mm or greater [54]. A systematic review of the earlier literature
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also confirmed an odds ratio of 3.23 for preterm delivery following cervical
conization [55]. These compelling data need to be considered when deciding
cervical conization and depth of resection in women in their reproductive years.

Recent advances in surgical technique now allow opportunity for select pa-
tients with early invasive cervical cancer to maintain fertility while receiving
adequate radical treatment. The procedure, known as “radical trachelectomy”
with pelvic lymphadenectomy, maintains the surgical principle of removing a
small central tumor (cervix) with adequate uninvolved margins (parametrium)
while maintaining the uterine body for support of future pregnancies [56,57]. It
can be done by a vaginal or abdominal approach [57,58]. Women desirous of
future fertility who have stage IA1 lesions with lymphovascular invasion, 1A2,
and small IB1 squamous tumors (<2 cm) are candidates. Few leading centers
have accrued the most outcomes measures for this fertility-sparing treatment. To
date, 11 (4%) of 277 reported patients have had recurrences, most outside of
the immediate central pelvis [59]. Two central pelvic recurrences have been
described, one with greater than 1 cm negative margins [60,61]. Seven of these
11 are dead of disease. Subsequent pregnancies see similar first-trimester loss
rates (17%) as in the general population; however, second-trimester loss rates are
higher (12%) [59]. Premature delivery is higher in these patients, and the per-
manent cerclage necessitated cesarean delivery in all. In a review by Petignat
and coworkers [62], of 55 pregnancies, 22 (58%) delivered >36 weeks, but
15 (27%) delivered between 24 and 35 weeks gestation. Benardini and coworkers
[63] studied 80 patients completing radical trachelectomy. Thirty-nine patients
attempted conception with 22 pregnancies in 18 women. Eighty-two percent
were viable but only 55% were delivered at term. Limited experience is avail-
able for the use of this technique in the appropriate candidate after pregnancy,
but the concept is valid and should be considered in the algorithm [40]. Preg-
nancies after radical trachelectomy for cervical cancer are a high-risk pregnancy
and should be managed immediately by a multidisciplinary team.

Summary

Cervical cancer and dysplasia in pregnancy can be a stressful situation for
both the mother and physician. Conservative management is the rule, and experts
in cervical dysplasia and cancer can help to counsel the pregnant woman and
carefully follow the lesions, allowing the optimal management for both the
mother and the fetus. Multidisciplinary team approaches help to maximize both
maternal and fetal outcomes.
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The lifetime probability of developing breast cancer, assuming a life span of
85 years, was reported to be 13% for white women and 9% for black women as of
1993 [1]; it is likely that the incidence has continued to increase over the past
decade. Although most women who have breast cancer are postmenopausal, the
number of cases in younger women seems to be disproportionately on the rise.
Younger women have the worst survival outcomes when matched with similarly
staged older women. They more often have positive lymph nodes, larger tumors,
negative steroid hormone receptors, a higher S-phase fraction (the percent of
cells in the DNA synthesis stage of the cell cycle), BRCAI and BRCA2 mutations
[2], and downregulation or mutation of the tumor suppressor gene p53 [3]. The
worse outcome for younger patients is consistent with the fact that more of the
cases are familial; many cases of breast cancer in younger women also are as-
sociated with pregnancy.

Breast cancer is considered to be associated with pregnancy if the diagnosis is
made during a pregnancy or within 1 year of delivery [4]. Approximately 1 in
3000 to 10,000 women are diagnosed with a malignant breast tumor that is
associated with a pregnancy [5-8]. From 32 series of the total number of women
with breast cancer, 0.2% to 3.8% of the patients had a pregnancy-associated
tumor [9]. It is estimated that 10 to 39 women per 100,000 live births are
diagnosed with breast cancer during pregnancy [10], and a transient increase in
breast cancer risk has been documented immediately after delivery [11]. For
premenopausal women, it is striking that one in three to four breast cancers is
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associated with pregnancy according to the precise definition [12,13]. Given the
potentially prolonged occult growth period of breast tumors, it is likely that many
more cancers are present during and influenced by a preceding pregnancy, per-
haps years before the diagnosis is actually made. Pregnancy association is a
risk factor because the normal physiologic breast changes of pregnancy may
mask a developing malignant mass and result in a significant delay in diagnosis
[14]. The elevated levels of hormones in pregnancy, principally estrogen and
progesterone, may have a stimulatory effect on breast cancer growth, and the
pregnancy itself and concerns for fetal well-being may impact the treatment
options available for the mother. Although pregnancy and lactation are reported
to decrease the overall risk of breast cancer in older women [15-18], for in-
dividuals younger than age 35 who are diagnosed with breast cancer, the asso-
ciation with pregnancy predicts a worse outcome. For example, Largent and
colleagues [19] described a population case case study of 254 women diagnosed
with invasive breast cancer younger than age 35. Compared with nulliparous
women, women with three or more births were more likely to be diagnosed with a
nonlocalized tumor, a poor prognostic finding. The researchers also found that
women with two or more full-term pregnancies were more likely to die from
their disease compared with women with one or no term pregnancy. These data
seem to indicate that among younger women, tumors associated with pregnancy
are more aggressive and more difficult to treat. In particular, women who have
had multiple pregnancies during the period of tumorigenesis are at risk for
worse outcomes.

In the case of women who carry mutations in the tumor suppressor genes
BRCAI or BRCA2, the lifetime risk for breast cancer is 80%. [20,21]. Recent
reports have addressed the effect of pregnancy on lifetime risk for breast cancer in
this population. The effect of parity seems to be different depending on whether
the patient carries a mutation in BRCAI or BRCA2. From a study of 1260 pairs of
women with known mutations compared with unaffected controls, women who
carried BRCAI mutations and had four or more births had a 38% reduction in
breast cancer risk compared with nulliparous women with the same mutation,
which indicated a modest protective effect [2]. For women with BRCA2 mu-
tations, increasing parity was associated with a significant increase in the risk
of breast cancer before age 50, and this increase was greatest in the 2-year
period after a pregnancy [2]. The effect of pregnancy on breast cancer risk may
vary depending on the genomic mutations and variants present in an individual
or population.

Physiology and anatomy

The breast undergoes remarkable epithelial cell hypertrophy during pregnancy.
The breast is composed of two major cell populations: epithelial and
mesenchymal. The epithelial cells line the ducts, whereas the mesenchymal cells
make up the stroma. Beginning early in the course of pregnancy and continuing
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throughout gestation, the epithelial cells undergo rapid proliferation, which alters
the ratio of epithelial to mesenchymal cells [22]. The lymphatics and blood
vessels also significantly increase in size and number. Breast hypertrophy is re-
lated to hormonal changes during pregnancy with a rise in estradiol, estrone,
estriol, progesterone, cortisol, insulin, and prolactin. Each of these hormones is
involved in the increase in breast tissue and the maturation of the ducts and
lobules that are required for lactation. The circulating progesterone concentration
increases more than 1000-fold compared with the nonpregnant levels, estrogens
increase more than 100-fold, corticosteroids increase between two- and threefold,
and insulin and prolactin are also significantly elevated [23].

Receptors and mechanisms of tumorigenesis

Steroid hormones, such as estrogen and progesterone, act through intracellular
transcription factors called steroid receptors. These factors bind to the promoters
of hormone-responsive genes and control the production of mRNA and the
encoded proteins. Receptors for estrogen and progesterone are typically abundant
in breast cancers and are a sign of cellular differentiation. Tumors with estrogen
and progesterone have a better prognosis than those without receptors. Compared
with breast cancers that are not associated with pregnancy, estrogen levels in
pregnancy-associated tumors are often low or absent, which is a poor prognostic
sign [24].

Estrogen and progesterone clearly play a vital role in mammary gland de-
velopment. Studies that used estrogen and progesterone knock-out mice demon-
strated that estrogen is required for the growth and elongation of mammary
ductal structures [25], whereas progesterone is required for the formation and
growth of the lobular alveoli (milk-producing glands) located at the ends of
ducts [26,27]. Remarkably, steroid hormone receptor—positive cells account for
only 10% to 20% of the luminal epithelial cells that line the ducts and lobular
alveoli in the adult resting (nonpregnant) premenopausal breast [28]. In the
normal breast, these cells do not divide but are often located adjacent to divid-
ing cells that are estrogen/progesterone negative. Progesterone-positive epithelial
cells are believed to express and secrete locally acting growth factors (Wnts,
insulin-like growth factor-II), which then stimulate the proliferation of adjacent
progesterone-negative epithelial cells [29,30]. Interactions between proliferating
(progesterone-negative) and nonproliferating (progesterone-positive) epithelial
cells with the surrounding stromal cells are also important for the maintenance
of the normal breast. An early event in breast cancer development seems to be the
disruption of normal cell-cell communication and a switch to autocrine mecha-
nisms of proliferation within the steroid hormone receptor—positive population.
This receptor-positive cell population comprises 80% of breast cancers, and the
carliest breast cancer lesions (breast carcinoma in situ) most often express ste-
roid hormone receptors, unlike nonmalignant breast tissue [31,32].
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Estrogen- and progesterone-positive breast cancer cells are stimulated to
proliferate in response to estrogens, and antiestrogen and aromatase inhibitor
therapies are based on this property of steroid hormone-sensitive breast cancers.
As tumors progress, however, they often lose their sensitivity to endocrine-based
treatments (regardless of receptor status) and resume growth in the presence of
estrogen-blocking agents or inhibitors of local estrogen production. Approxi-
mately 60% to 70% of advanced breast cancers are steroid hormone resistant,
whereas most retain steroid hormone receptor expression [33]. The mechanisms
of breast cancer progression from steroid hormone—sensitive to steroid hormone—
resistant phenotypes are complex. A key event seems to be upregulation of
transmembrane tyrosine kinase growth factor receptors, however. For example,
progestins upregulate the expression of epidermal growth factor receptor family
members, including erbB2 [34,35]. Insulin-like growth factor-1 receptors are also
overexpressed in most breast cancer cells [36,37]. Steroid hormones (via the
transcriptional activities of estrogen and progesterone) also regulate the ex-
pression of proteins (IRS-1, IRS-2) that are required signaling components in the
insulin-like growth factor-I pathway, including the insulin-like growth factor-IR
[36]. Steroid hormones, via the action of their nuclear receptors, mediate changes
in gene expression that, in turn, make breast epithelial cells competent to receive
signals from systemic or locally acting peptide growth factors. This process is
important for normal breast development. During breast cancer progression,
however, increased sensitivity of breast cancer cells to growth factor mitogens
is likely mediated by similar mechanisms, and these two classes of hormones
(ie, steroid hormones and peptide growth factors) often synergize to effect
changes in gene expression that may contribute to increased cell growth, pro-
liferation, and survival of breast tumor cells.

Estrogen and progesterone exist on DNA in a complex with other proteins that
regulate receptor transcriptional activity positively (coactivators) or negatively
(co-repressors). Another level of control occurs via protein phosphorylation. The
receptors and the comodulators are heavily phosphorylated and activated in re-
sponse to stimulation by mitogenic (ie, peptide growth factor) signaling pathways
and protein kinases in breast cancer cells. Steroid receptor or co-regulator phos-
phorylation has been studied extensively as a mechanism of breast cancer cell
escape from steroid hormone regulation. For example, phosphorylation of estro-
gen, progesterone, or their transcriptional coactivators (SRC-1, SRC-3/AIBI1)
increases transcriptional activity on diverse promoters. This process usually
occurs only in response to or in the presence of hormone (ligand) and is regu-
lated; however, unregulated and constitutive signaling from mitogenic pathways
can mediate transcriptional activation of these receptors in the absence of steroid
hormones and during hormone ablation [38—41]. In the face of heightened protein
kinase activities commonly associated with breast cancer progression, steroid
hormone receptors become hyperactive or hypersensitive [42]. Phosphorylation
events can alter steroid hormone receptor subcellular location and influence
receptor levels by increasing the rate of receptor turnover via protein degrada-
tive pathways [43]. Hyperactive receptors are predicted to turn over rapidly
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[40,44,45]. Breast cancers (particularly in the setting of pregnancy) may seem to
be estrogen/progesterone negative but instead may contain low levels of highly
active receptors. Receptor phosphorylation also alters promoter selectivity; dif-
ferent phospho-species of the same steroid hormone receptor regulate different
gene subsets [46,47]. Such altered genetic programming is believed to contribute
to breast cancer progression.

In addition to stimulation of steroid hormone receptor protein loss by in-
creased turnover, growth factor signaling ultimately induces the downregulation
of estrogen and progesterone mRNAs at the level of gene regulation/transcription
[48,49]. Breast cancers with high constitutive expression of epidermal growth
factor receptor or ErbB2 often display loss or absence of steroid hormone re-
ceptors. Estrogen and highly activated epidermal growth factor receptor/Ras/Raf
do not seem to coexist in the same cells within estrogen-positive tumors, and
inhibition of epidermal growth factor receptor signaling can restore estrogen
expression, which indicates that changes that occur during breast tumor pro-
gression may be reversible [49]. Breast tumors tend to progress from a state
of hormone sensitivity to hormone hypersensitivity and finally toward hor-
mone insensitivity.

The responsiveness of breast cancer cells to estrogens and progestins de-
pends highly on the presence of additional growth factors and cytokines and
the relative concentrations of steroid hormone receptors and their ligands. Al-
though epidermal growth factor can potentiate progesterone-dependent breast
cancer cell growth [50,51], progestins can induce cell death via apoptosis in the
presence of selected cytokines, including tumor necrosis factor-alpha, interleukin-
beta, and interferon-gamma [52]. High (10~*M) but not low (10~ '°M) concen-
trations of progesterone induce apoptotic cell death and loss of BRCA1 and
cyclin A in breast cancer cells [53]. These effects may be especially relevant
to pregnancy, during which estrogen and progesterone levels are 100-fold and
1000-fold higher, respectively, relative to the nonpregnant state. Under these
conditions, receptors are predicted to be saturated, functionally active, and ra-
pidly turning over (ie, apparent low abundance). Elimination of progesterone-
positive breast epithelial cells via apoptosis under conditions of high circulating
progesterone concentrations may explain partly the protection from breast cancer
development conferred by early pregnancy and why termination of pregnancy
does not significantly improve the outcome of established breast cancers (see
later discussion).

Diagnosis

Epithelial cell hypertrophy and resultant breast enlargement make the diag-
nosis of breast cancer difficult during pregnancy, and the best opportunity to
obtain an adequate breast examination by palpation is early in the first trimester.
Thereafter, a dominant mass is less likely to be palpable. If a mass is suspected,
however, an evaluation is indicated immediately; it is not appropriate to wait
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until after delivery. Because of the difficulties encountered in physical exami-
nation and radiologic assessment during pregnancy, the diagnosis of breast cancer
is delayed from the time of symptom onset in pregnancy from 9 to 15 months.
The average size at diagnosis is 3.5 cm for pregnancy-associated tumors com-
pared with less than 2 cm for tumors diagnosed remote from pregnancy.

The most common symptoms experienced by women with breast cancer
during pregnancy are a new dominant mass and nipple discharge. In general,
patients with a dominant mass or abnormal nipple discharge during pregnancy
should have the same diagnostic evaluation as their nonpregnant counterparts.
Many pregnant women experience nipple discharge during pregnancy; how-
ever, the discharge is usually clear or slightly milky and arises from multiple
ducts. For purposes of discussion, abnormal nipple discharge should be con-
sidered to be present if only one duct is involved or if the discharge is bloody
or purulent.

Mammography, the most important diagnostic test used in the evaluation of
a breast mass, may be unreliable because of the density of the pregnant breast.
In pregnancy, mammography is acceptable from the standpoint of radiation ex-
posure to the fetus; however, the test is likely to be nondiagnostic because of
the density of the pregnant breast and cannot be relied on to rule out malig-
nancy. In a small study of eight pregnant women with breast cancer who
underwent mammograms, six of the eight studies were negative [54]. Ultra-
sonography can be used to distinguish fluid-filled cysts from solid masses.
If cystic, aspiration of the fluid should be performed and the fluid should be
sent for cytologic evaluation if it is bloody. If the fluid is clear, many practi-
tioners believe that cytologic evaluation is not necessary; however, the mass
should be followed to ensure that fluid does not reaccumulate. Fine-needle as-
piration of a solid mass is less accurate in pregnancy because of the normal
hyperplastic epithelial changes and must be interpreted by an experienced
pathologist. Not infrequently, fine-needle aspirations of breast masses during
pregnancy are nondiagnostic and may be labeled falsely as malignant [55]. In
general, if a solid mass is found, surgical excision is the standard practice and
usually can be performed under local anesthesia (although general anesthesia
is certainly not contraindicated in pregnancy) [23]. Excisional biopsies may be
complicated by infection, hematomas, and milk fistulas. Prophylactic antibiotics
should be given and patients should consider ceasing lactation if the biopsy is
performed in the postpartum period. Byrd and colleagues [56] reported that of
134 biopsies performed during pregnancy or lactation, 29 proved to be cancer.

Staging

Once carcinoma of the breast is diagnosed, staging must be performed to rule
out metastatic disease. This step is important because an operative cure is un-
likely if metastatic disease is present. In addition to a complete history and a
detailed physical examination, laboratory tests should be ordered, such as a
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complete blood count and a biochemical analysis, including liver function tests.
Radiologic tests are also indicated, and most are within the acceptable range with
respect to radiation exposure to the fetus, which should be limited to no more
than 5 cGy (mrad) according to the American Academy of Pediatrics in an
opinion rendered in 1978. Fortunately, most screening tests result in far lower
exposures. For example, a chest radiograph results in approximately 0.008 cGy
when abdominal shielding is used, and a chest radiograph is indicated in the
staging evaluation of all patients. Nuclear magnetic resonance (NMR) is accepted
as safe in pregnancy and may be preferable to CT scans; in general, however, CT
scans are not contraindicated in pregnancy. For clinical stage I and II disease,
bone scans are not indicated unless a patient has symptoms or serum chemistries
that suggest bone involvement. For clinical stage 111 disease, however, a modified
bone scan using maternal hydration reported by Baker and colleagues [57]
reduces the fetal radiation exposure to an acceptable 76 mrem resulting from the
isotope **™Tc. Unless a patient has central nervous system symptoms, a brain
scan is rarely performed.

Treatment

The general treatment approach is the same for the pregnant state as for the
nonpregnant state. For disease that is clinically nonmetastatic based on the
staging evaluation, however, a modified radical mastectomy is still the standard
for breast cancers associated with pregnancy, although recent reports of con-
servative surgical procedures, including lumpectomy with node biopsies, have
appeared in the literature [58]. Lumpectomy with radiotherapy to follow has been
reported to result in unacceptably high radiation doses to the fetus. The fetal
radiation dose has been reported to be 0.2% to 2% of the maternal dose [59].
For the standard breast radiotherapy course of 5000 cGy, most clinicians antici-
pate 10 cGy in early pregnancy and 200 cGy in late pregnancy. Because these
levels are above the recommended pregnancy limit of safety (5 cGy), breast
conservation and radiotherapy is typically not recommended in pregnancy. The
risk of radiation depends on the trimester of exposure, however. From the day
of conception to day 10 (the preimplantation period), the outcome that results
from a significant radiation exposure is either normal or fetal death. This is a
general rule because the cells of the preimplantation conceptus are pluripotent:
if a small proportion of the cells are damaged, others can multiply and take
their place. If too many cells die, however, the conceptus dies. From day 10 to
week 8 (the period of organogenesis), severe malformations are possible, es-
pecially if the exposure is more than 5 cGy. From 8 weeks to term (the fetal
period), malformations are less likely, but microcephaly and intrauterine growth
restriction may occur. The possibility of childhood cancers is also slightly in-
creased with a relative risk of 1.5 [60], and genetic effects in subsequent genera-
tions are possible if gamete DNA is damaged [61]. It should be noted that
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recent opinions may be softening on the use of radiotherapy during pregnancy.
The reader is referred to a review by Kal and Struikmans [62], which suggests
that radiotherapy during pregnancy may not be contraindicated provided that
appropriate shielding is in place.

For surgery, general anesthesia is indicated. Antacids should be given to raise
the gastric pH. This precaution is required because of the increased risk of aspi-
ration with pregnancy. Prolonged preoxygenation before endotracheal intubation
should be undertaken, and intraoperative fetal monitoring should be considered
during the procedure so that anesthesia can be adjusted to avoid fetal hypoxia.
The patient also should undergo fetal and uterine monitoring in the early post-
operative period to rule out fetal distress and preterm labor. Postoperative toco-
lysis should be instituted if necessary.

For stage II or greater disease, chemotherapy is the standard of care. Chemo-
therapy with a combination of cyclophosphamide, adriamycin, and 5-fluorouracil
versus cyclophosphamide alone is commonly used. Other regimens, including
those with paclitaxel, have been reported [63—65]. Most clinicians avoid the
folate inhibitor methotrexate during pregnancy. Malformation rates of 17% to
25% have been reported with methotrexate compared with 6% with cyclo-
phosphamide alone [66]. These numbers compare with the baseline malformation
rate of 3% in the general population. In addition to malformations, fetal growth
abnormalities may result from chemotherapy. According to one report, nearly
40% of infants exposed to chemotherapy in utero were growth restricted [67],
although more recent studies indicate that the risk for intrauterine growth
restriction may be less than previously reported [63,64,68].

The role of therapeutic abortion in the management of breast cancer in
pregnancy has been debated. An evolution in thinking has occurred in the past
three decades. It is clear that there is no benefit to the mother for performing a
therapeutic abortion. Abortion may be indicated if significant fetal effects as a
consequence of therapy are expected, however (ie, the diagnosis is made in early
pregnancy). Regarding the controversy as to whether induced or spontaneous
abortion increases the risk of developing breast cancer later in life, a thorough
review of the literature and reanalysis indicate that pregnancies that end in a
spontaneous or induced abortion do not increase a woman’s risk of developing
breast cancer [69].

Prognosis

Stage for stage, the outcome is the same [70—72]; however, pregnant women
present with more advanced disease: 28% in stage I, 30% in stage II, and 47% in
stage IIT and IV [23]. Lymph node metastasis is common and is present in 65% of
patients with pregnancy-associated breast cancer. The overall survival rate is 70%
[73]. The S-year survival rate for patients with negative nodes in pregnancy is
82%, which is identical to patients who are not pregnant [14]. A reassuring fact is
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that a subsequent pregnancy does not result in a poorer outcome for women who
have been treated for breast cancer [9,74]. It is prudent wait 2 to 5 years after
diagnosis and treatment, however, to ensure that a recurrence is not eminent [4].
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Malignant melanoma arises from melanocytes, cells of neural crest origin that
produce the pigment melanin [1,2]. Incidence rates for malignant melanoma have
increased dramatically in recent decades, both in the United States [3] and in
other countries [4]. The American Cancer Society estimates that approximately
60,000 new cases of cutaneous malignant melanoma will be diagnosed in the
United States during calendar year 2005 [5].

Incidence rates for malignant melanoma are highest among whites [3,4].
Exposure to solar ultraviolet radiation is considered to be the primary risk factor
for the disease in fair-skinned populations [6,7]. Melanoma is relatively rare
among Asians, blacks, American Indians, Hispanics, and other people of color
[3.,4,8]. Further, the histologic and primary site distribution of melanomas among
whites differs from those of other populations [8—11].

Concern regarding the possible association between pregnancy and develop-
ment of malignant melanoma arose from early case reports of aggressive disease
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that was observed in pregnant women [12—14]. Such concern persists despite
contrary evidence that emerged in intervening decades [15,16]. There are many
excellent and detailed reviews of this topic in the medical literature [15—17]. This
article provides a concise overview of issues relating to melanoma and preg-
nancy, including pregnancy-associated risk and prognosis, and briefly summa-
rizes results from relevant reports that have been published in recent years.

Background

Interest in the possible deleterious effects of pregnancy on occurrence and
prognosis of melanoma primarily stemmed from the following observations:
(1) case reports of aggressive disease in pregnant women; (2) melanoma inci-
dence rates that are higher for females than males during the reproductive years;
(3) cutaneous hyperpigmentation associated with both pregnancy and use of
exogenous hormones; (4) reported differences in survival between pregnant and
nonpregnant women with melanoma; and (5) results from studies that reported
associations between use of exogenous hormones and occurrence of melanoma.
These factors are introduced in the following paragraphs and are further discussed
in subsequent sections of this manuscript.

Case reports

Case reports of aggressive melanoma among pregnant women raised concern
that factors associated with pregnancy increased the risk of developing or dying
from the disease. For example, Pack and Scharnagel [12] published a report of
1050 individuals with malignant melanoma; 10 cases arose during pregnancy and
half of these individuals died within 3 years of diagnosis. Such reports were
subsequently criticized for having lacked appropriate control groups and for
failing to adjust for prognostic determinants, such as tumor thickness and stage of
disease at diagnosis.

Incidence rates

Most cases of malignant melanoma in the general population occur among
men and there is a corresponding male preponderance in the age-adjusted inci-
dence rates of the disease [3]. With the exception of early childhood, however,
age-specific incidence rates are higher among females than males during the first
four decades of life (Fig. 1), roughly corresponding to a period when female repro-
ductive hormones are most active. In several areas of Europe, such as the United
Kingdom, the incidence of melanoma is higher in women at all ages. This
observation is consistent with the hypothesis that hormones may play a role in the
etiology of the disease [18].
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Fig. 1. Average annual age-specific incidence rates per 100,000 United States whites (SEER Program)
diagnosed 1997 to 2001.

Hyperpigmentation in pregnancy

Many women experience a darkening of the skin on the face, abdomen, and
other areas of the body during pregnancy, a condition known as “melasma” [19].
Melasma has also been associated with use of exogenous hormones [20,21]. Such
evidence that melanocytes may be stimulated by hormones has fueled speculation
that pregnancy-associated hormones could also influence the risk of melanoma.

Differences in survival

Early case reports suggested that women who were diagnosed with melanoma
during or shortly after pregnancy had poor prognoses [12-14]. Again,
interpretation of these reports is constrained because of lack of information re-
garding key prognostic factors and lack of appropriate control groups. Results
from more recent studies that were based on relatively large numbers of cases,
augmented with information on prognostic factors, suggest that pregnancy does
not influence prognosis of melanoma.

Reported associations between exogenous hormone use and melanoma

Reports from three cohort studies conducted in the 1970s documented an
increased risk for melanoma among women exposed to exogenous hormones
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[22-24]. Most studies conducted since that time, however, reported equivocal
findings: no association or risks that were restricted to defined subgroups [25,26].

Pregnancy and risk of melanoma

Risk of developing malignant melanoma during pregnancy has been examined
in relation to both maternal disease and deleterious effects on the infant. Previous
studies of maternal risk of melanoma focused on the possible etiologic role of
pregnancy-associated factors in development of the disease, and maternal prog-
nosis. In contrast, studies of fetal risk of melanoma dealt with metastatic spread of
maternal melanoma to the placenta and fetus, and subsequent prognosis of the
offspring. These issues are addressed independently in the following sections.

Risk of maternal melanoma during pregnancy

Malignant melanoma is often cited as one of the most common tumors re-
ported in pregnancy [27,28]. It is important to recognize, however, that malignant
melanoma is one of the most common types of cancer that occurs among
white women during their childbearing years (Table 1). In the context of women
in their childbearing years, the relevant research question is whether the risk
of developing melanoma is greater for pregnant women than women who are
not pregnant.

Reports from two population-based studies showed that the number of
incident melanoma cases diagnosed among pregnant women did not exceed the
number of such cases that would have been expected to occur based on prevailing
incidence rates for the disease [29,30]; both studies were based on linkages
between population registries of births and cancer. In a population-based study of
Connecticut women who were diagnosed with melanoma while between the ages

Table 1
Most common primary cancer sites and types diagnosed among United States White women ages
15-44 years during the time period 1998-2002

Age at diagnosis Rank Primary cancer site and type Age-specific incidence rate®
1524y 1 Thyroid 6.5
2 Cutaneous melanoma 5.4
3 Hodgkin lymphoma 4.7
25-34y 1 Breast 16.9
2 Cutaneous melanoma 15.8
3 Thyroid 15.5
3544y 1 Breast 92.7
2 Cutaneous melanoma 22.6
3 Thyroid 19.3

# Age-specific incidence rates per 100,000 for residents of nine core geographic areas that
participate in the National Cancer Institute’s Surveillance, Epidemiology, and End Results Program.
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of 15 and 40 years, the observed number of pregnancies that occurred in the study
group was approximately the same as would have been predicted based on
corresponding birth rates; this observation was consistent with no excess of mela-
noma during pregnancy [31].

Several investigations were designed to examine possible associations be-
tween pregnancy-associated factors (eg, number of pregnancies, age at first
pregnancy, number of live births, and number of miscarriages) and subsequent
development of melanoma. Most studies found no evidence that factors linked to
prior pregnancies increased subsequent risk of developing melanoma [32-38].
Associations between prior pregnancy and melanoma reported by some inves-
tigators were inconsistent across categories and were generally of modest mag-
nitude [39,40].

Consistent evidence of an association between estrogens and melanoma
has not emerged. Prentice and Thomas [25] systematically reviewed results
from case-control and cohort studies that were conducted in the 1970s and 1980s
to examine the association between use of oral contraceptives and melanoma.
Results from most case-control studies showed no overall association between
use of oral contraceptives and melanoma [32,33,35,41-44], although one study
showed a modest positive association that did not achieve statistical significance
[22]. Comparable evidence from three cohort studies reviewed by Prentice and
Thomas [25] was inconsistent, with two studies showing modest positive asso-
ciations between oral contraceptive use and melanoma (one statistically signifi-
cant [24], the other not [23]) and the remaining study showing a nonsignificant
protective effect of oral contraceptive use and melanoma [41]. There was some
evidence that duration of oral contraceptive use was associated with melanoma
[22,32,41,44], but such risk was not always dose dependent.

Karagas and colleagues [26] conducted a pooled-analysis of data from
10 case-control studies to examine the association between oral contraceptive use
and melanoma. This analysis included 2391 cases and 3199 controls from various
countries. The pooled odds ratio for the association between exogenous hormone
use for 1 year or longer compared with never use or use less than 1 year was 0.86
(95% confidence interval 0.74—1.01); there was no evidence of heterogeneity
between studies. These investigators found no relation between melanoma inci-
dence and duration of oral contraceptive use, age began, year of use, years since
first use or last use, or specifically current oral contraceptive use.

Duration of oral contraceptive use was related to melanoma in data from the
Nurse’s Health study [45]. Two other studies found no such association [39,46].

Pregnancy and maternal prognosis from melanoma

The possible influence of pregnancy on survival from melanoma is most
appropriately considered in the context of well-established prognostic factors for
the disease [47]. Melanoma prognosis is strongly associated with Breslow thick-
ness, which is measured as the depth of the lesion from the granular cell layer of
the epidermis to the deepest easily identifiable tumor cells [47,48]. Anatomic site
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of the melanoma has also been associated with prognosis; lesions occurring on
the head, neck, and trunk generally have worse survival than those at other sites
[49]. Presence of tumor ulceration is also associated with poor prognosis [49].

Some early reports of poor prognosis among pregnant women with melanoma
were based on relatively small numbers of cases, did not control for recognized
prognostic factors, and did not always identify an appropriate control group
[12—14]. In contrast, five studies conducted in the 1970s, 1980s, and 1990s were
well equipped to address the effects of pregnancy on melanoma prognosis
[50-54]. These studies had well-defined case and control groups and ascertained
relevant information about multiple prognostic factors for melanoma. In each of
these studies, there was no significant difference in overall survival between mela-
noma cases diagnosed during pregnancy and their respective control groups. In
four of these studies [50,52—54], women who developed melanoma during preg-
nancy had thicker tumors than the controls and were more likely to develop
recurrent disease. Nonetheless, overall survival did not significantly vary among
cases and controls in these studies.

Results summarized in three recent reports are compelling because each study
was based on a relatively large number of cases and controls, and two of the three
studies were population-based and may have been less affected by selection
biases that may have accrued in clinic-based studies. Daryanani and colleagues
[55] reported no difference in overall survival and disease-free survival between
women who developed melanoma during pregnancy and an age-matched com-
parison group of women who were not pregnant when diagnosed with melanoma.
The study was based on pregnant and nonpregnant women with melanoma who
were seen at a large medical center in The Netherlands during the time period
1965 to 2001. The report was restricted to individuals with stage I and II mela-
noma; individuals with stage III and IV disease were excluded because the
small number of such cases precluded meaningful statistical analyses. Pregnant
(N'=46) and nonpregnant (N =368) subjects with stage I and Il melanoma did not
differ by location of tumor, histologic type, tumor ulceration, or vascular inva-
sion. Pregnancy was associated with a deeper Breslow thickness (2 mm in the
pregnant group and 1.7 mm in the nonpregnant group), although this observation
was not statistically significant.

Results from a retrospective cohort study of all Swedish women who were
diagnosed with cutaneous melanoma during their reproductive years were re-
cently reported by Lens and coworkers [56]. The study cohort included
185 women who were diagnosed with melanoma during pregnancy and
5348 women of comparable age who were not pregnant at the time of melanoma
diagnosis. The investigators found no significant difference in overall survival
between the pregnant and nonpregnant groups (log rank test, P=.361). Pregnancy
was not a significant predictor of survival in a Cox proportional hazards model
that simultaneously controlled for Breslow thickness, tumor site, Clark’s level,
and age (hazard ratio=1.08, 95% confidence interval 0.60—1.93).

O’Meara and colleagues [57] linked records from independent, population-
based records of cancer and births in California to characterize melanomas that
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occurred among women of childbearing age during the time period 1991 to 1999.
In a Cox proportional hazards model that simultaneously controlled for age, race,
stage, and tumor thickness, women who developed melanoma during or imme-
diately following pregnancy had slightly better survival than nonpregnant women
who developed the disease; this observation was not statistically significant. There
was also no difference between pregnant and nonpregnant women with mela-
noma with regard to tumor thickness, stage of disease at diagnosis, anatomic site
of tumor, or histology.

Fetal and infant melanoma caused by metastasis

There has been no population-based investigation of melanomas that arose
from metastasis of maternal melanoma to the fetus. Rather, present knowledge of
this subject is based solely on case reports and systematic reviews of case reports
that have been published in the medical literature [58—61]. The relatively small
number of case reports that have been reported in the medical literature suggest
that congenital melanoma arising from maternal metastasis is an extremely rare
phenomenon. Existing case reports also suggest that melanomas that are diag-
nosed in utero tend to have a poor prognosis.

Summary

The bulk of evidence amassed over the past half century suggests that
pregnancy does not significantly affect the risk of developing malignant mela-
noma. Further, pregnancy does not seem adversely to influence overall survival
from the disease. Results from some studies suggested that pregnant women with
melanoma were more likely than their nonpregnant counterparts to exhibit
adverse prognostic indicators, such as thicker lesions and shorter time to recur-
rence. Nonetheless, most studies found no difference in overall survival between
pregnant and nonpregnant women with melanoma. Recent reports from large-
scale, population-based studies support these conclusions.
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Ovarian tumors during pregnancy are very rare; however, a cancer diagnosis
causes distress to the couple. Reassurance is paramount, and the first con-
sideration should be given to the safety of the mother. If both mother and fetus
can be preserved, treatment to minimize the risks to both should be planned
accordingly. It is imperative to care for the patient with a multidisciplinary team
that includes a high-risk obstetrician, a gynecologic oncologist, and a medical
oncologist specialized in gynecologic cancers.

Malignant adnexal masses in pregnancy
Epidemiology

A review of 21 publications from 1954 to 1998 shows that the reported
incidence of adnexal mass during pregnancy ranges from 1 in 79 to 1 in 2334,
which averages at 1 in 800 [1-22]. This significant variation is the result of dif-
ferences in the detection methods, the study population, and what types of masses
are reported. In the same series of reports, malignant masses comprised from
0.8% to 10% of the adnexal masses, with an average of 5%. One can calculate
from these numbers that, on average, 1 in 16,000 pregnancies is complicated with
a malignant adnexal mass. The low incidence of ovarian neoplasia during preg-
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nancy reflects the low prevalence of invasive epithelial ovarian cancers at this
young age.

Clinical presentation

A significant number of pregnant women with an adnexal mass are asymp-
tomatic. The mass is usually found on routine physical examination, during
ultrasound, or at the time of caesarean section [23]. Those who are symptomatic
mostly present with acute or chronic abdominal pain; others have obstetric com-
plications, mainly obstructed labor, or other problems, such as increasing ab-
dominal girth [24,25].

Diagnosis and differential diagnosis

Imaging diagnosis of adnexal mass during pregnancy is traditionally by ultra-
sonography. Simple, unilateral ovarian masses smaller than 5 cm during first
trimester of pregnancy are mostly functional luteal cysts and usually become
undetectable by 14 weeks’ gestation. Adnexal masses greater than 5 cm, bilateral
masses, those growing or persisting into the second trimester, and masses that
appear with papillary projections, solid compartments, multicystic, or septated
on ultrasonography need further investigation. Bromley and Benacerraf assessed
the accuracy of sonographic examination to characterize adnexal masses during
pregnancy [21]. This study evaluated 125 pregnant women beyond 12 weeks of
gestation with 131 adnexal masses measuring 4 cm or greater. An average of 80%
of benign lesions diagnosed by sonographic examination correlated with final
pathologic findings. Ultrasonography, however, was less accurate in character-
izing malignant lesions, because 14 (10.7%) of the 131 lesions had sonographic
characteristics suggestive of malignancy but only one of them (7%) had ovarian
cancer. MRI compares with ultrasonography in characterizing the nature of
adnexal masses in pregnancy [26,27] and is useful further to identify the lesions
that could not be accurately diagnosed by ultrasonography. CT should not be used
in pregnant women. Eventually, the final definite diagnosis is conventionally
made by pathologic examination.

In all cases, consultation with a gynecologic oncologist and a medical oncolo-
gist specialized in gynecologic cancers is warranted. Surgery should be per-
formed by the gynecologic oncologist and chemotherapy, if indicated, should
be administered by the medical oncologist. The oncology team must work in
close contact with an obstetrician specialized in high-risk pregnancies.

Pathologic types

Pathologically, germ cell tumors comprise 45% of ovarian malignancies
diagnosed during pregnancy, followed by epithelial tumors (37.5%); sex cord—
stromal tumors (10%); and miscellaneous pathologies (7.5%) [28]. Each
neoplastic type is discussed later.
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Ovarian germ cell cancer during pregnancy

Both benign and malignant ovarian germ cell tumors occur primarily in young
women [29]. There are different histologic types of malignant germ cell tumors:
dysgerminoma; endodermal sinus (yolk sac) tumor; immature malignant tera-
toma; choriocarcinoma; embryonal carcinoma; polyembryoma; and mixed germ
cell tumors.

Dysgerminomas

Dysgerminoma is the most common germ cell malignancy [30], and because
germ cell tumors are found mainly in young women, it is not surprising for
dysgerminomas to be the most frequent ovarian cancer in pregnancy. Dys-
germinomas are usually unilateral and most frequently solid tumors [31]. In
approximately 10% to 15%, however, the opposite ovary may be involved [32].
The staging work-up should involve an imaging study of the para-aortic lymph
nodes and the lungs.

Pathology

Dysgerminoma is the equivalent in women of seminoma. Macroscopically,
dysgerminomas appear as a lobulated structure, firm in consistency, and cream
colored or pale tan [30]. On histologic examination, the dysgerminoma cells are
dispersed in sheets or cords separated by scant fibrous stroma [31]. Dysgermi-
nomas often contain syncytiotrophoblastic giant cells that produce placental alka-
line phosphatase and lactate dehydrogenase (LDH) [33,34]. These two markers
can be used for monitoring purposes. Classical tumor markers, such as CA 125,
are usually elevated during pregnancy and vary with the stage of pregnancy.
Monitoring of the CA 125 is less useful during pregnancy.

Presentation

Karlen and coworkers [35] in 1979 reviewed a total of 27 reported cases of
dysgerminomas during pregnancy. All cases presented with a large-sized tumor
ranging from 12 to 28 cm, and most of them were reportedly in early stage dis-
ease, 23 (85%) out of 27 being stage IA, although appropriate staging procedures
to rule out distant small metastases had not been performed in many of these
cases. Other case reports also indicate that dysgerminoma in pregnancy tends
to be large, usually causing pain and abdominal distention more than expected
for pregnancy age [36,37]. Because of the considerable size, these tumors are
reported to be associated with obstetric complications, such as obstructed labor,
cesarean section, or even fetal death.

Treatment
The first step in the treatment of dysgerminoma is surgery. Pregnant patients
are not exempt from this rule. The general consensus is to pursue surgical
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exploration of suspicious masses during pregnancy. If evidence is convincing to
perform surgery and there is no acute complication that warrants emergent
surgery, it is usually delayed until 16 to 18 weeks’ gestation [2,32]. At this time
the pregnancy is minimally dependent on corpus luteum hormone production and
the risk of spontaneous abortion is negligible. The commonly recommended
surgical approach is a midline incision and avoidance of any uterine manipu-
lation. The midline incision enables adequate staging and necessary debulking.
Peritoneal washing should be collected and a frozen section performed to guide
further approaches. Because most patients present with early stage disease, uni-
lateral salpingo-oophorectomy with preservation of the contralateral ovary and
uterus is usually adequate. Surgical approach for more advanced stages is an area
of controversy; however, generally the opposite ovary and uterus can be pre-
served if gross metastatic disease is not found in these locations. Adequate
staging should be performed, which includes omental and peritoneal biopsies and
sampling of suspicious pelvic and periaortic lymph nodes. Because dysgermi-
nomas first metastasize into the ipsilateral lymph nodes, in case of early stage
disease the staging lymphadenectomy may be limited to para-aortic ipsilateral
lymph nodes. Although there is a 10% to 15% incidence of bilateral ovarian dys-
germinomas, the biopsy of the contralateral ovary is warranted only if the ovary
seems to be affected by the disease [38].

Following initial surgical intervention and staging work-up, the question of
adjuvant chemotherapy arises. Given the low recurrence rate of stage IA disease
after surgical resection, and also the high (>75%) cure rate of recurrent dys-
germinomas with radiation therapy and chemotherapy, further therapy may be
safely skipped in pregnant patients [32]. Some authorities also consider the same
approach for stage IB disease (bilateral ovarian involvement) [23].

Unfortunately, there is a lack of data in the literature with regards to adjuvant
chemotherapy in advanced-stage dysgerminoma, probably because most cases
present with early stage disease, and are managed only by surgical approach.
Optimal medical treatment has not been defined for dysgerminoma, and often
reports of chemotherapy in other types of germ cell tumors during pregnancy are
extrapolated to dysgerminomas. The treatment of dysgerminoma should follow
the treatment of seminoma in men, however, for which there is more published
data given the higher incidence of this testicular cancer. Buller and coworkers
[38] reported a patient with a case of stage IV dysgerminoma who was treated
with combination of cisplatin and etoposide at 26 weeks’ gestation and delivered
a healthy infant at 38 weeks. Etoposide may not be the best drug to use in a
highly curable cancer, because of its leukemogenic potential.

Special considerations

Follow-up of treated ovarian dysgerminomas during pregnancy is the same as
in nonpregnant state, usually with periodic clinical examinations and appropriate
imaging studies. Serum LDH levels are usually normal in pregnancy unless it
is complicated by preeclampsia [39]. Some case reports have shown that LDH
is elevated in patients with dysgerminoma [40—43]. Moreover, LDH isoenzyme
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fractions 1, 2, and 3 were high in some of these patients. Schwartz and Morris
[33] reported four cases of dysgerminoma in whom serum LDH levels correlated
with tumor size and stage of disease. Serum LDH can be used as an easily
measurable marker to monitor response to treatment or recurrence of disease
during and after pregnancy. There is no evidence of increased risk of recurrence
with future pregnancies in these patients. Further pregnancies are not gener-
ally contraindicated.

Endodermal sinus tumors

Endodermal sinus tumors (yolk sac) comprise about one fifth of the ovar-
ian germ cell tumors and are the second most common malignant tumor of the
germ cell origin [31,44].

Pathology

Histologically, there are tubules or spaces lined by single layers of flattened
cuboidal cells, reticular stroma, and scattered globules. Characteristically, there is
a glomerulus-like structure composed of a central blood vessel covered by germ
cells within a space lined by germ cells (Schiller-Duval body). In most cases this
tumor produces alpha fetoprotein (APF), which could be used for monitoring
purposes [45].

Presentation

There are less than 20 reports of endodermal sinus tumors associated with
pregnancy in the literature [46—59]. A review by Elit and coworkers [54] in 1999
concluded that about 70% of patients present with the disease confined to the
ovary (stage I), and they mostly have markedly elevated maternal serum AFP at
presentation. AFP is usually elevated during pregnancy and the level varies with
the stage of pregnancy. When AFP is produced by a tumor, however, expected
AFP levels are higher than the levels observed during pregnancy. Follow-up of
AFP for persistent or recurrent disease may pose a problem in pregnant women.
These tumors grow rapidly; some cases develop serious symptoms within
24 hours to 1 week. As a result of this rapid growth, they may present with acute
abdomen, torsion, or bleeding into the tumor [48,60,61]. Arima and coworkers
[56] reported a pregnant woman with endodermal sinus tumor, presenting with
virilization and elevated serum testosterone level. The histologic examination
revealed accumulations of Leydig cells throughout the tumor.

Treatment

To ensure long-term survival and cure, the medical treatment of endodermal
sinus tumors needs to be aggressive despite the pregnancy. Treatment with sur-
gery alone yields a poor prognosis with 5-year survival rate of only 13% [61].
Fortunately this tumor is very sensitive to chemotherapy and combination chemo-
therapy can offer up to 80% long-term survival in early stage disease [62—65].
The best approach is early surgical resection followed by appropriate multiagent
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adjuvant chemotherapy. The surgical resection could be similar to dysgerminoma
cases, including unilateral salpingo-oophorectomy, preservation of the uterus, and
appropriate intraoperative staging. There are several reports of pregnant women
with endodermal sinus tumor treated with combination chemotherapy who deliv-
ered normal infants [45,50-52,55,59]. The most used chemotherapy regimen has
been the combination of bleomycin, etoposide, and cisplatin (BEP). There are,
however, exceptions to this. Elit and coworkers [54] reported a pregnant woman
who was treated with postoperative chemotherapy with BEP at 25 weeks’ ges-
tation and delivered an infant with ventriculomegaly and cerebral atrophy.
Shimizu and coworkers [58] reported a patient with stage Ic endodermal sinus
tumor who underwent surgical resection at 19 weeks of gestation but did not
receive postoperative chemotherapy. She delivered a normal infant at 36 weeks
by cesarean section. A second look at the time of delivery showed no signs of
recurrence, and she received chemotherapy after delivery with no evidence of
recurrence at 27 months after initial treatment. The decision to administer chemo-
therapy is based on tumor markers, with elevations of AFP and LDH being the
witness of persistent disease.

Special considerations

Patients with ovarian endodermal sinus tumor diagnosed during pregnancy are
followed similar to nonpregnant women. Serum AFP is elevated in most cases,
and this marker may be used for monitoring purposes with the caveat that AFP
levels vary physiologically during pregnancy.

Despite one report of a patient who during the first pregnancy was treated
for endodermal sinus tumor, which recurred during the second pregnancy [46],
there is no proven contraindication for future pregnancies in these patients. Phy-
sicians should advise patients not to start a new pregnancy within 2 years of
completing the treatment for endodermal sinus tumor.

Other malignant germ cell tumors

Embryonal carcinoma comprises only 4% of all malignant ovarian germ cell
tumors [66], followed by other types being very rare. The occurrence of these
germ cell tumors during pregnancy is extremely rare, and not many cases have
been reported in the literature [60,66—71]. These malignancies may occur as pure
one germ cell-type or a combination of two or more of the germ cell elements,
which is referred to as “mixed germ cell tumor.”

Presentation

Similar to other ovarian malignancies, these tumors may present with ab-
dominal symptoms or be found incidentally on physical examination and imaging
studies. There are reports of elevation of tumor markers in some of these tumors.
For example, maternal serum AFP may be significantly elevated in immature
teratoma [70,71,73] and embryonal carcinoma [41].
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Treatment

Treatment consists of surgery followed by chemotherapy. Surgery is similar to
dysgerminomas, which consists of unilateral salpingo-oophorectomy and intra-
operative staging [72,73]. In nonpregnant women, BEP is the treatment of choice.
Less frequently the combinations of vinblastine, bleomycin, and cisplatin or vin-
cristine, dactinomycin, and cyclophosphamide are used for embryonal carcinoma,
immature teratoma, and mixed germ cell tumors [32]. There are few case reports
of chemotherapy for these tumor types in pregnancy. For example, Horbelt and
coworkers [68] treated a mixed germ cell tumor during pregnancy with BEP and
the woman delivered a normal infant at 39 weeks’ gestation. BEP and the combi-
nation of vinblastine, bleomycin, and cisplatin have been used in pregnancy to
treat immature teratoma followed by delivery of normal babies [59,69].

Special considerations

If maternal serum AFP is elevated at diagnosis, it may be used as a marker for
follow-up with the same previously noted caveat. Human chorionic gonadotropin
is not reliable. There is no information as to whether it is safe for these patients
to become pregnant again, but there is no report of recurrent disease in future
pregnancies in the literature.

Borderline and invasive ovarian epithelial tumors during pregnancy

Very few pregnant women develop ovarian epithelial tumors because this is a
disease of older women. Ovarian epithelial tumors can be benign, borderline (or
of low malignant potential) which is a disease of younger women, or invasive,
the most common tumor seen in older women. The different pathologic types of
invasive ovarian cancer are serous (75%); mucinous (10%); endometrioid (10%);
clear cell; transitional cell carcinoma; Brenner tumor; epidermal-stromal; undif-
ferentiated; carcinosarcoma; and mesodermal mixed tumors. Borderline ovarian
tumors are usually of the serous or mucinous types. The latter is further dis-
tinguished in intestinal or endocervical subtypes.

Invasive epithelial tumors

Pathology

Invasive serous tumors.  These are the most common invasive epithelial ovarian
neoplasms. Grossly, they appear as cystic structures. Histologically, the lining
epithelium exhibits complex growth pattern, which is papillary in nature, with
infiltration or frank effacement of the underlying stroma by solid tumor. The
individual tumor cells display usual features of malignancy [31].

Invasive mucinous tumors.  Grossly, these tumors consist of multiple cysts with
variable size. They tend to produce large cystic masses and usually have more
cysts compared with the serous tumors. Histologically, these tumors contain solid
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compartments with conspicuous epithelial cell atypia and stratification, loss of
glandular architecture, and necrosis. Pseudomyxoma peritonei, a condition some-
times associated with mucinous ovarian tumors, consists of extensive mucinous
ascites, cystic epithelial implants on the peritoneal surfaces, and adhesions [31].
Most commonly, this condition arises from the appendix, which must be exam-
ined concurrently.

Invasive endometrioid tumors. Containing both solid and cystic areas, these
tumors are grossly similar to serous and mucinous tumors. On histologic exami-
nation, these tumors exhibit glandular patterns with strong resemblance to endo-
metrial carcinoma. Interestingly, approximately 15% of endometrioid carcinomas
are accompanied by a carcinoma of the endometrium [31,74].

Clear cell adenocarcinoma. These tumors can be predominantly cystic or solid.
Histologically, the cells have abundant clear cytoplasm. In cystic type, the cells
line the cystic spaces, whereas in the solid variety they are arranged in tubules
or sheets [31].

Transitional cell carcinoma.  Their gross appearance is typically solid and cystic.
Microscopically, they contain blunt, thick, and long papillary folds with fibro-
vascular cores, lined by transitional-type epithelium resembling those lining the
urinary bladder. Transitional cell carcinomas are frequently seen in association
with other types of carcinoma, most often serous tumors [75].

Malignant Brenner tumors. These are transitional cell carcinomas in which a
benign or atypical proliferative adenofibromatous (Brenner) component is iden-
tified. The epithelial component of these tumors consists of nests of transitional
cells [31,75].

Presentation

Epithelial tumors in nonpregnant patients usually present with abdominal
distention, intra-abdominal pressure, vague pain, dyspepsia, urinary frequency,
and other abdominal symptoms. The presentation in pregnant patients is similar
to nonpregnant women, however, because all these symptoms may also occur in
normal pregnancy. A high clinical suspicion with appropriate physical examina-
tion and complementary imaging studies are usually needed to make the diagnosis.
About 65% of invasive serous tumors, 40% of endometrioid types, 16% of Brenner
tumors, and 5% of invasive mucinous neoplasms are bilateral [31,75]. Unfortu-
nately, because of their site and lack of symptoms in early stages, these tumors are
usually diagnosed at advanced stage disease. CA 125 in pregnant women with malig-
nant epithelial ovarian tumors may be elevated as observed in nonpregnant patients.

Treatment
In nonpregnant patients, the standard treatment for invasive epithelial ovarian
cancer is initial debulking surgery followed by adjuvant chemotherapy. Surgery
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typically consists of laparotomy with total abdominal hysterectomy, bilateral
salpingo-oophorectomy, and meticulous staging omentectomy and lymphaden-
ectomy. This type of surgical approach during pregnancy is not possible unless
the patient opts to terminate the pregnancy.

There are nine reports of chemotherapy for invasive epithelial ovarian tumors
during pregnancy in the literature [76-84]. Five of these cases presented with
stage III disease [76,77,81,83,84], whereas the staging is not reported for the
other four patients. One patient was diagnosed in the first trimester [83], five in
second trimester [76-78,80,82], and three in the third trimester of pregnancy
[79,81,84]. In seven of these patients, unilateral salpingo-oophorectomy was per-
formed as an initial surgery during pregnancy, and total abdominal hysterectomy
with contralateral salpingo-oophorectomy was postponed until after delivery
[77-81,83,84]. In the two other cases, the initial surgery during pregnancy con-
sisted of ovarian cystectomy only, with the complete surgery performed after
delivery [76,82]. All authors used platinum-based chemotherapy during preg-
nancy after the initial surgical intervention. Four of these patients were treated
with two to seven cycles of combination of cisplatin and cyclophosphamide
[76,77,79,80], one patient with two cycles of cisplatin and paclitaxel [81], one
with six cycles of carboplatin and paclitaxel [83], one with three cycles of car-
boplatin and cyclophosphamide [79], one with four cycles of single-agent cis-
platin [82], and one with two cycles of single-agent carboplatin [84]. Eight
patients received different numbers of cycles of chemotherapy following the
postdelivery surgery and one did not because she had received seven cycles of
cisplatin and cyclophosphamide during pregnancy [76]. In most cases delivery
was done by cesarean section. All infants were born with reasonable maturity, in
a good condition, and without gross congenital anomalies. With the exception of
one infant for whom a follow-up is not reported [80], others did well after several
months of observation. One patient died of recurrent disease 29 months after
delivery [81], but others were disease free with follow-up periods ranging from
12 to 36 months.

It may be cautiously concluded from the experience with this very limited
number of reported cases that partial surgery with adjuvant platinum-based
chemotherapy during pregnancy, followed by completion of the necessary
surgical intervention and more cycles of chemotherapy after delivery to com-
plete therapy, yields a reasonable prognosis with none or minimal adverse con-
sequences for the infant. Because of the results of ICON 3, demonstrating
equivalence between single-agent carboplatin and carboplatin combinations,
it may be prudent to limit the chemotherapy to single-agent carboplatin dur-
ing pregnancy, and consider adding paclitaxel after delivery. If the cancer is
diagnosed during the early period of the first trimester, an initial complete
staging and debulking surgery without preservation of the pregnancy followed
by conventional chemotherapy is the most reasonable approach. In any case,
the overall survival of patients with ovarian cancer is 30% to 25% at
5 years. There is no indication that it is different if the cancer arises during preg-
nancy [84].



578 SAYAR et al

Special considerations

In patients with stage 1A disease, unilateral resection with close observa-
tion may be considered. This strategy is similar in both pregnant and nonpreg-
nant patients. It may be worthwhile to remove the primary tumor but to delay
the full staging work-up until after delivery, or until the time of the cesarean
section, especially if the tumor is diagnosed in the second half of the preg-
nancy. No chemotherapy is needed if the staging is not upgraded at patho-
logic examination.

During normal pregnancy, there is a slight increase of CA 125 up to the tenth
week of gestation [85]. In cases of imminent abortion with vaginal spotting or
bleeding between 4 and 12 weeks’ gestation, the serum CA 125 is usually high
[86,87]. Although useful in confirmed disease, an elevated CA 125 level during
first trimester of pregnancy should be interpreted with caution.

Borderline epithelial tumors

Pathology

Grossly, these tumors may not be easily differentiated from their benign
or invasive counterparts. Histologically, in contrast to the benign tumors they
demonstrate papillary epithelial proliferation and atypia, but are distinguished
from invasive types by their lack of stromal invasion [88,89]. The basal mem-
brane is intact. Peritoneal implants are sometimes seen with borderline tumors,
which in 20% of cases may show some degrees of stromal invasion [90]. Serous
tumors comprise most borderline epithelial neoplasms. Mucinous type is second
in frequency and can be of intestinal or endocervical subtype.

Presentation

Newly diagnosed borderline tumors are confined to the ovary in 70% to 75%
of cases. Similar to other ovarian tumors, patients are most commonly asymp-
tomatic and the adnexal mass is found during a regular pelvic examination or by
routine imaging studies. Some patients, however, may have pain or other pelvic
symptoms. Approximately 40% of serous borderline tumors and 6% of mucinous
types are bilateral at presentation [75]. A retrospective study of 1069 epithelial
borderline ovarian tumors in Japan showed that only about half of these patients
presented with elevated CA 125 levels, and less than half of this group had levels
higher than 100 U/mL [91].

Treatment

Similar to all other ovarian malignancies, the treatment of borderline epithe-
lial tumors is primarily surgical. In the nonpregnant setting, a radical surgery
including total abdominal hysterectomy, bilateral salpingo-oophorectomy, omen-
tectomy, and appropriate staging is usually the standard surgical approach,
although in very young women fertility considerations may limit the surgery
depending on the actual findings. Surgical resection without adjuvant chemo-
therapy is usually sufficient in patients with noninvasive peritoneal implants,
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and the prognosis for this group of patients is generally favorable [89,92-95].
Adjuvant chemotherapy is usually recommended for tumors with invasive peri-
toneal implants because they carry a 30% risk of evolution into a more aggres-
sive disease [89,93,96]. Patients with rapidly growing tumors or those who
develop ascites may require adjuvant chemotherapy, although no randomized
study has established a true benefit [32]. In the case of young patients, conser-
vative surgery to preserve fertility [89,97-99] includes unilateral salpingo-
oophorectomy, simple ovariectomy, or cystectomy with preservation of the
uterus. This approach is acceptable mainly in cases of unilateral tumors
but could also be used in cases of bilateral disease [100]. The conservative
treatment leaves the patient with a 30% risk of recurrence, but the recur-
rences can be treated surgically and the overall survival is not adversely affected
[101-103].

There are, unfortunately, not enough data regarding therapeutic approaches to
borderline tumors during pregnancy [104-107]. Wang and coworkers [108]
reported a pregnant woman with stage [a mucinous borderline tumor diagnosed
at 18 weeks of gestation. The patient was treated by unilateral salpingo-
oophorectomy during pregnancy, no adjuvant chemotherapy was administered,
and the patient delivered a normal term infant. Studzinski and coworkers [109]
performed cystectomy at 16 weeks’ gestation on a patient with stage la border-
line epithelial tumor, no chemotherapy was given, and the patient delivered a
normal term infant. The patient was followed after pregnancy and did not show
recurrence up to the time of publication of the report. Mikami and coworkers
[110] reported a patient with stage Ic serous borderline tumor who was treated at
week 14 of gestation by unilateral salpingo-oophorectomy, wedge resection
of the opposite ovary, and partial omentectomy. The patient delivered a normal
term infant.

It can be concluded that borderline epithelial tumors of ovary at least in the
case of early stage disease may be safely treated by conservative surgery during
pregnancy. In the case of advanced disease and considering the indolent course
of these malignancies, debulking surgery can probably be postponed until after
delivery. The therapeutic decision, however, should be highly individualized.
As far as chemotherapy is concerned, it is very rarely recommended, and if ad-
ministered, the regimen is usually platinum-based combination chemotherapy
[111-113].

Special considerations

Epithelial ovarian tumors of low malignant potential are indolent in nature.
The prognosis for these tumors is very good even for advanced stages [32].
Recurrent cases first should be treated with repeated surgery.

CA 125 may or may not be elevated in borderline epithelial tumors. Compared
with their invasive counterparts, a greater tumor burden is required to yield an
elevated serum CA 125 level in borderline tumors. The CA 125 level does not
correlate with the clinical stage. The marker is usually within normal range even
in cases of relapse [114].
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Conservative surgical approach for treatment of borderline epithelial tumors
in young women results in acceptable fertility outcomes [102,115-118]. About
one to two thirds of such women are able successfully to conceive [107,118].

Sex cord-stromal tumors during pregnancy

Ovarian stroma is the source of these tumors, which primarily contain cells
derived from the sex cord of the embryonic gonad or ordinary stromal cells. They
are rarely found in pregnancy. These cell types mainly include granulosa cells;
theca cells (luteinized cells in the stroma); Sertoli cells; Leydig cells; and
fibroblasts. These tumors are composed of one or more cell types, and so are
named based on their composing elements: (1) fibromas; (2) thecomas; (3) granu-
losa (or granulose-theca) cell tumors, a combination of granulosa and theca
cells; (4) Sertoli-Leydig cell tumors, a combination of Sertoli and Leydig cells;
and (5) gynandroblastoma, which is composed of granulosa and Sertoli-Leydig
cell types. Fibromas and thecomas are always benign, and are not part of this
discussion. The granulosa tumors are considered malignant, usually with a fa-
vorable prognosis. The Sertoli-Leydig types are usually considered low-grade ma-
lignant, although some can be extremely malignant, especially if they contain
neuroblastic elements. Gynandroblastoma is generally a benign tumor, but can
be expected to behave as a low-grade malignancy [32]. Among these three po-
tentially malignant types, granulosa tumors are the most frequent type (70%);
followed by Sertoli-Leydig tumors; and finally gynandroblastoma, which is
very rare.

Pathology

Granulosa cell tumors

Their gross appearance varies from solid to cystic structures with different
sizes. Histologically, the granulosa cell component may present as small, cuboi-
dal to polygonal cells, which spread in shape of cords, strands, or sheets. The
theca (luteinized) cell component is in the form of sheets or clusters of cuboidal
to polygonal cells [31,119]. The theca cells produce estrogen, so if they are
present in significant quantity the patient may manifest estrogen-related clinical
findings, which in pregnant women may not be distinguishable from physio-
logic changes of pregnancy. The granulosa cells produce inhibin and sometimes
estrogens [120].

Sertoli-Leydig cell tumors

These tumors are grossly solid, usually lobulated with a smooth external
surface. On microscopic examination, the well-differentiated tumors appear in the
form of hollow or solid tubules composed of Sertoli or Leydig cells interspersed
with a fibrous stroma, whereas the less differentiated histologic subtypes exhibit a
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less structured appearance [31,119]. The Leydig cells if present may produce
androgens, which can cause relevant clinical manifestations.

Gynandroblastoma

These rare tumors consist of a mixture of Sertoli or Leydig cells and granulosa
cells. They may produce androgens or estrogens and patients can present with
hyperandrogen or hyperestrogen symptoms [121,122].

Presentation

These tumors usually present with abdominal pain, torsion, and increase in
abdominal girth. They are also associated with infertility. Similar to other ovar-
ian tumors, they may be suspected by physical examination and imaging studies,
but the final definite diagnosis always relies on histologic examination.

Patients with granulosa tumors may have hypersecretion of estrogens, which
in nonpregnant women can cause menstrual irregularity, abnormal vaginal bleed-
ing, and breast tenderness. In pregnant women these symptoms are usually masked
by the normal hyperestrogen state of pregnancy. Sertoli-Leydig cell tumors often
produce androgens, which may result in hirsutism or virilization in pregnant
women [123,124]. The granulosa tumors are bilateral in 2% to 8% of cases, and
Sertoli-Leydig cell tumors in less than 5% of patients [31,125-129]. Granulosa
cell tumors present with stage I disease in 78% to 91% of cases [130]. Zaloudek
and Norris [131] reported 64 intermediate and poorly differentiated neoplasms of
Sertoli-Leydig cell tumors; 62 of them (97%) presented with stage I disease.

Young and coworkers [132] in 1984 reported a series of 36 pregnant patients
with sex cord—stromal tumors. In this report, granulosa cell type was diagnosed
in 17 patients, Sertoli-Leydig cell in 13, and 6 were of unclassified histology.
Eleven patients presented with abdominal pain or swelling, five in shock, two
patients with virilization symptoms, and one complained of vaginal bleeding.
Four patients were asymptomatic, three of them had palpable mass on physical
examination, and the mass in the other one was detected by ultrasound. In
13 patients the tumor was discovered at the time of cesarean section; five had
dystocia and the tumors were found incidentally in the other eight patients. The
tumors were at stage I in all these patients but 13 of the tumors had ruptured.
Hematoperitoneum was present in seven cases. The tumor was unilateral in all
but one patient.

There is only one report of gynandroblastoma associated with pregnancy in
the literature. This patient presented with a progressively enlarging, unilocular
left ovarian cyst [133].

Treatment
Most patients with sex cord—stromal tumors present with stage I disease, and

generally these neoplasms have a low-grade malignancy nature. Conservative
surgical intervention, including unilateral salpingo-oophorectomy, is the recom-
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mended initial approach to treat young patients with stage I disease [32,130].
Conservative surgical intervention in pregnant patients helps secure the preg-
nancy and fetus and future fertility. In case of more advanced disease, adjuvant
chemotherapy should be considered [32,130,132,134]. Currently, in the non-
pregnant patients, the recommended chemotherapy regimen for granulosa cell
tumors is BEP [130,135—138]. BEP has been used in other ovarian malignancies
during pregnancy with no major adverse effects on the second- and third-
trimester fetus. This regimen may be considered in pregnancy settings if deemed
necessary. For Sertoli-Leydig cell tumors in the nonpregnant setting, usually
BEP or rarely vincristine, dactinomycin, and cyclophosphamide is being used
[32,136]. BEP regimen may be considered in pregnant women with advanced
Sertoli-Leydig cell tumors. One should always remember the risk of leukemia
associated with etoposide.

For the only reported case of gynandroblastoma in pregnancy, unilateral
salpingo-oophorectomy was performed after delivery, and a laparoscopic exami-
nation 1 year after surgery did not show any evidence of recurrent disease [133].

Special considerations

There are six nonneoplastic ovarian lesions associated with pregnancy that
can simulate a malignancy on clinical and pathologic examination [139]. These
lesions must be carefully evaluated and ruled out when malignant neoplasm is
suspected. They include pregnancy luteoma, hyperreactio luteinalis, large solitary
luteinized follicle cyst of pregnancy and puerperium, intrafollicular granulosa cell
proliferations, hilus cell hyperplasia, and ectopic decidua. These lesions usually
disappear spontaneously after termination of pregnancy or could be adequately
treated by local surgical resection.

Inhibin, a polypeptide normally produced by the granulosa cells of ovarian
follicles, has been shown to be elevated in granulosa cell tumors [140,141].
Elevated inhibin levels may also be observed in mucinous epithelial ovarian
malignancies, so it is not specific [142]. There is an alpha type, available
for detection in most laboratories, and a beta type probably more specific but
still experimental.

Mullerian inhibitory substance, which is also referred to as “antimiillerian
hormone,” has been studied as a sensitive and specific tumor marker for granu-
losa cell tumors, and shown to be useful to evaluate the efficacy of treatment
and to detect early recurrences [143,144]. This test is not routinely used.

Carcinosarcoma of the ovary during pregnancy

Carcinosarcoma of the ovary, also known as “malignant mixed mesodermal
tumor,” is a rare clinical entity that is seen mainly in postmenopausal women.
The prognosis is generally poor even with aggressive treatment [145-147]. There
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are only three cases of malignant mixed mesodermal tumor during pregnancy
reported in the literature [148—150].

Pathology

These tumors contain both malignant epithelial and mesenchymal (sarcoma)
components [151]. These tumors sometimes contain malignant stromal structures,
which are not normally found in the ovary [152]. Some reported examples of
these abnormal sarcomatous elements are chondrosarcoma, rhabdomyosarcoma,
leiomyosarcoma, and endometrioid stromal sarcoma [153].

Presentation

In nonpregnant women, the most common clinical presentation is abdominal
distention with or without a palpable pelvic or abdominal mass. Widespread
metastases at the time of diagnosis or surgery are more common than other types
of ovarian cancer [154,155].

Treatment

There is no role for conservative surgical approach against this malignancy.
An optimal debulking at the time of initial surgery is an extremely important
determinant of the prognosis [155]. Aggressive chemotherapy following the
initial surgery is essential. Several different combination chemotherapies have
been attempted with low overall success rate. Le and coworkers [156] retro-
spectively reviewed the results of treatment with a combination of cisplatin and
doxorubicin in 29 patients. This regimen, when given after initial aggressive
surgical resection, was able to confer a median survival of 3 years, which was
significantly superior to the previous treatments. There are also reports of a
limited number of patients who demonstrated good response to a combination of
doxorubicin, ifosfamide, and dacarbazine [157,158].

Metastatic tumors to the ovary during pregnancy

Metastatic malignancies to the ovaries are not uncommon. They may be
symptomatic, or found on pelvic examination or at the time of surgery; some of
them may be microscopic and discovered only at the time of autopsy. Both
gynecologic and nongynecologic malignancies can metastasize to the ovaries. In
a study of 64 patients in Japan, 60% of metastatic ovarian tumors were from
nongynecologic sources and 40% were gynecologic in origin [159]. In the United
States these tumors are most commonly metastasized from colon or breast
malignancies, whereas gastric cancer is the most frequent primary site in Japan,
because of the high incidence of gastric cancer in that country [32,159]. Other
reported primary sites of nongynecologic malignancies with metastases to ovaries
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include both adenocarcinoma and carcinoid of the appendix, small bowel,
gallbladder, biliary duct, urinary bladder, ureter, and lung [159-166]. Carcinoid
tumors and non-Hodgkin’s lymphomas primarily arising in ovaries have also
been reported by many different authors [167—171]. Struma ovarii is a neoplasm
containing thyroid tissue, which could cause hyperthyroidism. There are reports
of various primary cancers metastatic to the ovary in pregnancy [172—186].

Pathology

Generally, the histology of metastatic tumor is similar to the primary malig-
nancy. In some cases, however, it may not be easy to distinguish between pri-
mary ovarian tumors and metastatic ones. In particular, diagnosis of metastatic
colon malignancies to the ovaries may be difficult. It has been reported that up
to 45% of metastatic colon tumors to the ovaries may be misdiagnosed as pri-
mary ovarian cancers [187,188]. The use of special cytokeratin stains helps the
differential diagnosis.

Krukenberg tumors are common among metastatic tumors to the ovaries. They
are adenocarcinomas with distinctive histologic features. These tumors originate
usually from a gastric adenocarcinoma or an appendiceal carcinoma, but may
occasionally originate from other sites, including colon, gallbladder, urinary blad-
der, cervix, and breast [166]. In some cases the primary site is unknown, a con-
dition called “primary Krukenberg tumor.” Yakushiji and coworkers [180] in a
review of 112 Krukenberg tumors did not find the original site in about 30% of
cases. Grossly, Krukenberg tumors are in the form of solid tumors. On histologic
examination typical malignant cells often have a signet-ring appearance with
vacuolated cytoplasm. These epithelial cells may demonstrate glandular or
tubular appearance. The stroma has variable cellularity with spindle-shaped
stromal cells [166]. The prognosis is very poor.

Presentation

The clinical presentation of metastatic tumors is similar to other ovarian neo-
plasms. Patients may present with acute or chronic abdominal symptoms, or the
tumor can be found incidentally on physical examination, staging imaging stud-
ies, or even at the time of surgery. Interestingly, when occurring during preg-
nancy, some of these tumors manifest with masculinization or virilization of the
mother or the fetus [189-195]. In a study of 12 cases of metastatic tumors to
ovaries, 9 (75%) of them were bilateral [163]. At least 80% of Krukenberg
tumors are bilateral [196].

Treatment

There is no single modality for the treatment of these tumors. Each patient is
usually treated based on the type of the primary malignancy, also some of these
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tumors are diagnosed after surgical resection of the ovaries. For the same reason,
the treatment of such tumors during pregnancy is usually individualized based on
different factors including histologic type, gestational week, and patient’s wishes.

Clinical recommendations

Ovarian tumors during pregnancy are very rare. A cancer diagnosis, however,
causes a lot of distress to the couple. Reassurance is paramount, and the first
consideration should be given to the safety of the mother. If both mother and fetus
can be preserved, treatment to minimize the risks to both should be planned
accordingly. It is imperative to care for the patient with a multidisciplinary team
that includes a high-risk obstetrician, a gynecologic oncologist, and a medical
oncologist specialized in gynecologic cancers.

The most common tumors are germ cell tumors and borderline epithelial
tumors. The standard treatment approach followed for a nonpregnant patient
should be used in pregnancy. For germ cell tumors, surgery should be performed
first. Not all germ cell tumors require chemotherapy. If the tumor occurs during
the first trimester, consideration of chemotherapy should be delayed at least until
the second trimester. In the case of rapidly growing tumors, a therapeutic abortion
should be offered to the patient. The number of cycles of BEP should be planned
with the term of the pregnancy. The pregnancy must be monitored very closely to
prevent placental atrophy or fetal growth delay.

Borderline tumors are usually treated by surgery only, and because they are
slow growing, consideration may be given to delaying treatment until delivery.
Common invasive epithelial ovarian cancer should also be treated with standard
surgery and chemotherapy, but consideration should be given to single-agent
carboplatin until delivery. Given the poorer prognosis of this condition, strong
consideration of therapeutic abortion should be discussed with the patient.

Delivery should usually be done by cesarean section, to avoid tumor rupture
and fetal dystocia and to perform an optimal staging procedure if it could not be
done during the pregnancy. Contrarily to placental choriocarcinoma, which rarely
could spread to the embryo, ovarian tumors do not spread to the fetus.
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Hematologic malignancies, as a group, represent 25% of the cancers compli-
cating pregnancy, behind carcinomas of the breast (26%) and cancer of the
uterine cervix (26%) [1-3]. In women 15 to 24 years of age, however, the most
frequent malignant tumor is Hodgkin’s lymphoma (HL) [4]. Like other cancers
complicating pregnancy, they are uncommon, with the incidence of HL during
gestation reported at 1:1000 to 1:6000, whereas the incidence of leukemia co-
incident with pregnancy is reported at 1:75,000 to 1:100,000 [1-3]. Clearly, no
single individual can have sufficient experience with these malignancies to be
considered an expert. It is imperative that a multidisciplinary team involving
oncologists, pediatric specialists, nurse coordinators, and obstetricians care for
patients with hematologic malignancies. The primary role of the obstetrician is to
assist in the diagnosis of these disorders and to coordinate the various sub-
specialty consultations. The obstetrician should also play an integral role in coun-
seling the patient and her family regarding their options and establishing the
timing and method of delivery.
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This article discusses the three most common categories of hematologic
malignancies: (1) HL, (2) non-Hodgkin’s lymphoma (NHL), and (3) leukemia.
Case vignettes are used to illustrate the importance of early diagnosis on maternal
and fetal prognosis, the effect of the disease on the pregnancy, and the effect of
pregnancy on the disease. Finally, the effect of pregnancy on the available treat-
ment options is also discussed.

Vignette 1: Hodgkin’s lymphoma

A 25-year-old white woman, G,P;q;, presented for her follow-up prenatal
visit at 29 weeks without complaints other than an enlarged nontender mass in
her right axilla that had been present for the last 2 months. This finding was
thought to represent extramammary tissue, and the patient was reassured and
scheduled for a follow-up appointment in 3 weeks. At the patient’s follow-up
appointment, it was believed that the mass was more enlarged, measuring 3 X
3 cm, firm and nontender. There was no history of night sweats, fever, or weight
loss, but she did complain of increased pruritus over the last few weeks. She had
a history of having mononucleosis, while she was a college student; otherwise,
her medical history was unremarkable. Her hemoglobin, hematocrit, leukocyte
levels, and platelet count and electrolytes, erythrocyte sedimentation rate, and
liver function studies were all normal. Serologies for acute infection with
cytomegalovirus, toxoplasmosis, HIV, and her heterophile antibody test were all
negative. After referral to a hematologist at 32 weeks, the patient underwent a
lymph node biopsy that was histologically classified as HL of nodular sclerosis
subtype. Bone marrow biopsy was negative. Chest and abdominal MRI showed
some mediastinal enlargement (<10 cm), but no evidence of abdominal para-
aortic lymph node enlargement, hepatic or spleen enlargement, or occult bone
marrow involvement.

Based on these results the patient was staged as clinical stage 1A and her
treatment options were discussed. She and her family elected to delay treatment
until after delivery. Antenatal steroids were administered and her labor was
induced after fetal lung maturation was confirmed at 35 weeks. Both the patient
and infant did well and were discharged home on postpartum day 2. The patient
was scheduled for follow-up with oncology for further treatment.

Hodgkin’s lymphoma

HL is a disease of young adults with an average age of diagnosis in pregnant
and nonpregnant women of 25.5 years [5]. It accounts for 51% of the hema-
tologic malignancies complicating pregnancy and is the fourth most common
cancer encountered during gestation [1-3]. HL is a neoplasm that originates in
the lymph nodes and seems to spread contiguously from one lymph node group
to another. It often presents with painless lymphadenopathy, usually of the
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Fig. 1. Hodgkin lymphoma, nodular sclerosis type, showing sclerosis with lymphocytes, histiocytes,
and a multinucleated Reed-Sternberg cell (left center). Necrosis is also present (lower right), which
may be seen in this type of lymphoma (hematoxylin-eosin, original magnification X 100).

cervical, submaxillary, or axillary nodes. The etiology is uncertain, but is proba-
bly multifactorial with both a genetic predisposition (based on studies of familial
aggregation) and environmental factors (based on the finding of Epstein-Barr
virus DNA) in up to 50% of biopsy specimens [6]. HL is a pathologic diagnosis,
characterized by the presence of the clonal malignant Hodgkin cell or multi-
nucleated Reed-Sternberg cell in a background mixture of reactive, inflammatory,
and stromal cells (Figs. 1 and 2). Until the mid-late 1990s, the origin of the Reed-
Sternberg cell was obscure. It has recently been demonstrated, however, that
these cells are of B-cell lineage [7]. These tumors can be subclassified based on
their histopathologic characteristics (World Health Organization [WHO] classi-
fication), with the most common histologic subtype, nodular sclerosis, also
occurring most frequently in pregnancy. In the past, the histologic subtype was
believed to have important prognostic significance, with the nodular sclerosis
subtype conferring a more favorable prognosis. More recently, however, with
advancements in the treatment of HL, the two most important and consistent
prognostic factors that have emerged are the stage of disease (modified Ann

Fig. 2. Multinucleated Reed-Sternberg cell (center) with surrounding benign lymphocytes and
histiocytes, in the same patient as Fig. 1 (hematoxylin-eosin, original magnification X400).
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Arbor system for staging) and the patient’s age. Patients who are less than
60 years of age and who have limited-stage disease can expect long-term survival
rates of at least 90% [8]. The Ann Arbor staging system incorporates the number
and location of involved lymph nodes, the presence of extralymphatic extensions,
and the presence or absence of B symptoms (unexplained weight loss, recurrent
fever >38°C, and recurrent night sweats) into a prognostically valuable system for
staging lymphomas [9]. In North America, patients with Ann Arbor stage I to II,
the absence of bulky disease (tumor mass <10 cm), and without B symptoms are
considered to have early stage disease [10].

Pregnancy itself does not seem to affect the stage of the disease at diagnosis,
the response to therapy, or the overall survival rate when compared with age- and
stage-equivalent nonpregnant controls [11,12]. In addition, pregnancy termina-
tion does not seem to improve maternal outcome. Approximately 70% of preg-
nant patients with HL present with early stage disease (stage I-II) with 8-year
survival rates of 83% [4,11]. In the past, staging for HL was both clinical and
pathologic, with pathologic staging accomplished by laparotomy. With the use of
modern-generation CT and MRI studies, however, and current multiagent chemo-
therapeutic regimens of doxorubicin, bleomycin, vinblastine, and dacarbazine,
the need for staging laparotomy is uncommon [10].

The initial evaluation should include a complete history and physical with
careful documentation of B-symptoms. In addition, a thorough documentation of
all node-bearing areas should be performed. A complete differential blood count
and platelets, an erythrocyte sedimentation rate, tests for liver and renal function,
and assays for lactate dehydrogenase and alkaline phosphatase should be ob-
tained. Radiologic studies should include a chest radiograph and an MRI of the
chest, abdomen, and pelvis. Although usually negative, bone marrow biopsies are
recommended. Fortunately, lymphangiograms, which should be avoided during
pregnancy because of potential fetal radiation exposure, are rarely used in the
current evaluation of HL patients.

Whether or not HL adversely affects pregnancy is less clear. In the studies
performed to date, with some of the reported patients opting to delay treatment
until after delivery, there does not seem to be a significant difference in birth
weight, mean gestational age, or method of delivery [12,13]. In addition, one
study was done of 26 mothers with advanced-stage HL, with treatment started in
all three trimesters using combined chemotherapy of doxorubicin, bleomycin,
vinblastine, and dacarbazine; mechlorethamine, vincristine, prednisone, and pro-
carbazine; or epirubicin, bleomycin, vinblastine, and dacarbazine. The study
found no evidence at long-term follow-up (median age, 18.3 years) of congenital
anomalies, hematologic malignancies, or neurodevelopmental abnormalities
in any of the individuals exposed to these chemotherapeutic agents in utero
[13]. Other studies, however, particularly if treatment is started in the first tri-
mester, have been less optimistic, with fetal anomalies, fetal demise, fetal growth
restriction, premature deliveries, and neonatal pancytopenia all reported with
various, but not necessarily identical, multiagent chemotherapeutic regimens
[14,15].
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The treatment for early stage HL has undergone a significant metamorphosis
over the last decade. In the past, the mainstay of treatment for early stage HL was
external-beam radiation therapy, with the mantle field (axillary, cervical, medias-
tinal, and pulmonary hilar lymph nodes) used for supradiaphragmatic disease.
In the early 1990s, to decrease the relapse rate (40%) with radiation therapy
alone, and to avoid the morbidity associated with staging laparotomy and the
emerging problem of secondary solid malignancies, the use of combined modal-
ity therapy was introduced and later refined [16,17]. Clinical trials of combined
modality therapy, involving the use of multiagent chemotherapy (doxorubicin,
bleomycin, vinblastine, and dacarbazine) plus low-dose involved-field radio-
therapy, have produced overall survival rates of 93% [18]. These results have
encouraged many experts to recommend, even during pregnancy, that patients
with early stage disease be treated with multiagent chemotherapy, preferably
doxorubicin, bleomycin, vinblastine, and dacarbazine, with or without involved-
field radiotherapy. If involved-field radiotherapy is elected, the study by Woo and
coworkers [19] has particular relevance. In this observational study, 11 women
with stage IA to IIA nodular sclerosing HL were treated at various gestational
ages with mantle irradiation (4000 cGy) doses that far exceed those currently
recommended (2800—3200 cGy). Despite these relatively high doses, with proper
uterine shielding, the highest estimated fetal dose was 13.6 cGy [19]. Fur-
thermore, none of the infants demonstrated any adverse effects from this ex-
posure. Given that the fetal risks of ionizing radiation are both a gestational age
and threshold phenomenon with the risk for congenital malformations, micro-
cephaly, and miscarriage in the first trimester increasing after a dose of 20 cGy,
and the threshold dose for mental retardation at 8 to 15 weeks of gestation
reported to be 18 cGy, it seems reasonable that treatment in the second and early
third trimester for patients with early stage disease should not be altered by the
pregnancy [20,21]. In the first trimester, because of concerns for possible adverse
fetal effects from multiagent chemotherapy (7%—17%) risk of fetal anomalies, the
risk of delaying chemotherapy, progression of maternal disease to a higher stage
needs to be balanced with the patient’s desire to avoid potential harm to her fetus.
In the third trimester, however, there are few circumstances in which radiation
therapy is used before delivery can be accomplished. In this situation antenatal
steroids should be administered and delivery accomplished after 32 to 34 weeks
gestational age, once fetal lung maturation can be confirmed by amniocentesis. If
spontaneous labor ensues after 32 weeks it should be allowed to progress, as long
as antenatal steroids have been previously administered, and there are no obstetric
indications contradicting spontaneous vaginal delivery [22]. Delivery, if possible,
should be timed 2 to 3 weeks after chemotherapy, to avoid the maximum risk of
neonatal myelosuppression.

Treatment of pregnant patients with advanced-stage disease is best accom-
plished with multiagent chemotherapy. Long-term disease-free survival rates of
88% have been observed in advanced-stage patients treated with mechloreth-
amine, vincristine, prednisone, and procarbazine; doxorubicin, bleomycin, vinblas-
tine, and dacarbazine; or epirubicin, bleomycin, vinblastine, and dacarbazine [13].



600 HURLEY et al

There is no evidence that method of delivery should be affected by the
presence of HL complicating pregnancy. Pathologic examination of the placenta
should be considered because placental metastases, although rare, have been
documented [2]. In addition, the patient should be counseled regarding the option
of cord blood banking as a source of HLA-compatible stem cells [23,24]. Finally,
patients who maintain their fertility after treatment should be advised to avoid
pregnancy for at least 2 years, because this is the time of greatest risk for relapse
after primary therapy [25].

Vignette 2: non-Hodgkin’s lymphoma

The pregnancy of a 38-year-old woman, G,P;¢;, had been uneventful until
10 days before admission, when she developed a sore throat, nonproductive
cough, vomiting, and a fever. At 27 weeks’ gestational age, she was hospitalized
in advanced labor with a cervix dilated to 5 cm and 100% effaced. She had a
temperature of 38.8°C, a pulse of 120 bpm, and the fetal heart rate was 160 bpm.
No lymphadenopathy was appreciated and her lung fields were believed to be
clear. Ultrasound demonstrated an appropriately grown fetus with normal bio-
physical profile (BPP) and amniotic fluid volume. There were no fetal or pla-
cental abnormalities noted. Laboratory data revealed a white blood cell count
of 3800/pL, 39% bands, 25% lymphocytes. Her hematocrit was 40% with nor-
mal indices; a platelet count was 130,000/uL. Liver functions demonstrated a
serum glutamic-oxaloacetic transaminase of 31 U/L and a lactic dehydrogenase
of 1697 U/L. Her initial chest radiograph demonstrated a left lower lobe infiltrate
and she was started on broad-spectrum parenteral antibiotics.

She progressed rapidly and delivered a 1.214-g girl vaginally, with Apgar
scores of 4 and 5. She suffered an immediate postpartum hemorrhage that
required manual extraction of the placenta and curettage, and uterotonic to
control. The placenta was noted to be friable but was not sent for pathologic
investigation. On the evening of her first postpartum day she became tachypneic
and her temperature rose to 39°C. Her chest radiograph revealed bilateral pleural
effusions. Repeat complete blood count demonstrated a white blood count of
4800/pL; hematocrit of 27%; platelet count of 88,000/uL; prothrombin time
14.8 seconds (control 13 seconds); partial thromboplastin time 63 seconds (con-
trol 30 seconds); and a fibrinogen of 103 mg/dL. The patient ultimately required
mechanical ventilation for worsening hypoxia and acidosis. Despite aggressive
treatment with vasopressors, antibiotics, and blood products, her condition con-
tinued to deteriorate and she expired on the fourth postpartum day.

Examination of the patient at necropsy revealed severe pulmonary edema,
hepatosplenomegaly but no lymphadenopathy. Microscopic examination of the
liver revealed lymphoid infiltrates comprised of mitotically active large lymphoid
cells. Cellular infiltrates of similar appearance were present in the uterine
myometrium, ovaries, spleen, and the perivascular tissue of the lung. Lymph
nodes and bone marrow, however, were not involved. Immunohistochemical
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studies of paraffin-imbedded tissue from the liver and myometrium were positive
for CD 43 and negative for CD 30, CD 20, and Ki-M1P. These histologic and
immunologic features were consistent with a non-Hodgkin’s T-cell lymphoma
that would now probably be classified as a hepatosplenic T-cell lymphoma
(WHO classification).

The infant’s initial course was unremarkable; however, at 2 months of age she
developed respiratory distress and required intubation. An open lung biopsy
demonstrated perivascular large mitotically active lymphoid infiltrates, which
were cytologically identical to those present in the mother. Immunohistochem-
istry revealed a cell phenotype identical to that found in the mother’s tissues.

The infant was started on induction chemotherapy with cyclophosphamide,
doxorubicin, etoposide, and prednisone. In addition, intrathecal treatment with
methotrexate, arabinosylcytosine, and hydrocortisone was initiated. She entered
remission and was placed on maintenance chemotherapy for 1 year and has
remained in complete remission [5].

Non-Hodgkin’s lymphoma

The NHLs are a heterogeneous group of lymphoid malignancies that
have their origins in lymphoreticular tissue. They are separated from HL by
the absence of Reed-Sternberg cells. NHLs are tumors of either T- or B-cell origin
and differ in their presentation, stage at diagnosis, and prognosis. Some follow
an indolent course, with small component cells and retention of a follicular
architecture, whereas others are aggressive tumors with primitive blasts and loss
of the normal nodal structure (Fig. 3). Approximately 88% of NHLs are derived
from monoclonal populations of B cells [26]. In pregnancy and patients younger
than 35 years of age, however, there seems to be a disproportionate number of
T-cell and indeterminate phenotypes [27,28].

Unlike HL, which has its peak incidence in the reproductive years, NHL
occurs with a mean age at diagnosis of 42 years. The estimated incidence during

Fig. 3. Non-Hodgkin diffuse large B-cell lymphoma involving a cervical lymph node, with large
pleomorphic lymphoma cells (hematoxylin-eosin, original magnification X250).
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pregnancy is thought to be 0.8 cases per 100,000 women [29]. The exact
prevalence of NHL during pregnancy, however, is unknown. In 1993, Hurley and
coworkers [30], in a review of the current literature, reported only 103 cases of
NHL occurring coincident with pregnancy or the immediate postpartum period.
Since that report, however, there have been an additional 35 cases reported in
association with pregnancy [31-45].

The etiology for most NHLs is not clearly defined; however, a number of well-
defined risk factors have been reported. Viral agents, most notably Epstein-Bar
virus, human T-cell lymphotropic virus, hepatitis C virus, and HIV, have all been
associated with one or another form of NHL [29,42]. Multiple autoimmune
diseases, including Sjogren’s disease, lupus erythematosus, and rheumatoid
arthritis, have also been implicated in the development of NHL [29,42].

Immunosuppression, whether primary or iatrogenic, is well established as a
risk factor for the development of NHL [43]. This association has tempted some
authors to speculate that the reported diminution in cellular immune response
associated with pregnancy could adversely affect either the stage at diagnosis
or the progression of these neoplasms during pregnancy [44,46]. Others, how-
ever, have suggested that the apparent association with more aggressive types
of NHL and overall worse prognosis is more a result of a delay in diagnosis or a
reluctance to use chemotherapy during gestation, than by pregnancy itself [16,
47,48].

Most patients (66%) present with lymphadenopathy, and only 20% of patients
present with B-symptoms (night sweats, weight loss, or fever). Bone marrow
involvement is found more frequently in the indolent lymphomas (39%) than
with the more aggressive, high-grade, varieties (18%) [49]. Unlike high-grade
lymphomas, however, the prognosis does not seem to be altered by the presence
of bone marrow involvement with the more indolent types of lymphomas.
Patients with T-cell lymphomas present more often with constitutional symptoms,
extranodal disease, and have a poorer prognosis than those with B-cell lym-
phomas [50]. Burkitt’s lymphoma (a B-cell NHL), however, is one of the most
aggressive malignancies known and B-symptoms are often present.

The initial approach to the patient with NHL is similar to that used in patients
with HL. Most patients are diagnosed based on pathologic findings of a lymph
node biopsy. Importantly, however, extranodal involvement is usually widespread
by the time the peripheral lymph nodes are involved. For this reason, although an
accurate anatomic staging (based on the Ann Arbor staging system) is still
important, staging laparotomy is not used. Furthermore, in the nonpregnant
population, CT scans of the chest, abdomen, and pelvis have largely replaced
lymphangiograms. During pregnancy, MRI, in addition to avoiding radiation
exposure to the fetus, provides not only information regarding extranodal
involvement, but possible bone marrow involvement. Both gallium and thallium
scanning, although of prognostic value, are contraindicated during pregnancy.

The classification systems for the NHLs have changed numerous times over
the last 40 years. The most recent system, the WHO classification, incorporates
morphologic, genetic, immunophenotypic, and clinical features in organizing
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these malignancies [51]. In this classification scheme, NHL are divided into
precursor and mature B-cell neoplasms, and precursor and mature T-cell or NK-
cell neoplasms. Further refinement is based on cytogenetic studies. This system
has been shown clinically to provide a higher degree of diagnostic accuracy and
reproducibility than the previous system [42].

Although the stage and most common histoimmunologic types of NHL may
be different in pregnancy, their clinical behavior, when properly treated, does not
seem to differ significantly from nonpregnant patients. Treatment choices must be
based on the stage, classification, and International Prognostic Index. Recent
studies in nonpregnant patients have shown that, with aggressive NHL, standard
therapy with cyclophosphamide, doxorubicin, vincristine, and prednisone results
in 3-year overall survival rates (53%—62%) that are not significantly different
than those with other intensive chemotherapeutic regimens (48%—-56%) [50,52].
Similar long-term survival rates in pregnancies complicated by NHL and treated
with multiagent chemotherapy have been reported [47].

In general, women diagnosed in the third trimester and those with early stage
disease tend to have a better prognosis. Unfortunately, most pregnant women
with NHL have aggressive and advanced-stage disease. Because these women
have a poor prognosis, standard chemotherapy should not be delayed. Those
women diagnosed in the first trimester and unwilling to accept the potential risk
of fetal malformations (6%—-20%), should be offered pregnancy termination [48].
After the first trimester, when the risk of fetal malformations with standard
multiagent chemotherapy seems negligible, pregnancy termination is not indi-
cated for maternal benefit. Furthermore, although second- and third-trimester
exposure to multiagent chemotherapy has been associated with fetal growth
restriction and myelosuppression, several recent studies have shown no signifi-
cant risk of fetal toxicity [13,53].

Another potential risk to the fetus and infant whose mother has NHL is
maternal-fetal transmission of malignant cells. In 2002, Walker and coworkers
[54], in a review of metastatic disease of the fetus or placenta, found no cases of
maternal NHL metastatic to either placenta or fetus. In 1994, however, Hurley
and coworkers [30] reported a maternal case of T-cell NHL, with cytologically
and immunohistologically identical T-cell lymphoma developing in the infant at
2 months of age. In 1997, Megvarian-Bedoyan and coworkers [41] described a
case of anaplastic large cell lymphoma metastatic to the placenta. These same
authors, on review of the literature, were able to identify three additional cases of
documented placental involvement by metastatic NHL. Overall, since 1992 there
have been a total of eight cases of maternal NHL metastatic to the placenta, fetus,
or both [30,39-41,55]. In these cases, 62% of the mothers and 25% of the infants
died, presumably from complications of disseminated NHL. It has been
recommended that pathologic examination of the placenta be undertaken so that
appropriate and timely consideration for neonatal follow-up and treatment can be
effected [30].

As with HL, cord blood should be collected as a potential source of HLA-
compatible progenitor cells, in the event that bone marrow transplant is needed.
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Finally, delivery should be timed to minimize the risk of pulmonary immaturity,
and the risk of neonatal myelosuppression.

Vignette 3: leukemia

A 15-year-old Hispanic woman, G;P, at 27 weeks’ gestational age, was
transported to the university hospital after presenting to a local hospital with right
lower extremity pain and new-onset ecchymoses with fairly extensive petechial
rash. A complete blood count showed severe anemia (hemoglobin 4.6 g/dL) with
thrombocytopenia (platelets of 17,000). The patient had a normal white blood cell
count, but the differential was remarkable for 35% blasts on the peripheral smear
(Fig. 4). Her electrolytes were normal, as were her coagulation studies. Her serum
glutamic-oxaloacetic transaminase and serum glutamic-pyruvic transaminase
were in the normal range as was her lactic dehydrogenase. Her urine analysis,
chest radiograph, and level 2 ultrasound were unremarkable. She was transfused
with packed red blood cells and platelets before undergoing bone marrow
aspiration and biopsy. The morphologic and immunophenotypic findings were
consistent with pre—B-cell acute lymphoblastic leukemia (Fig. 5). Cytogenetic
studies were sent and later demonstrated hyperdiploidy, with 55 chromosomes,
including trisomies 2, 4, 6, 8, 10, 16, 17, 18, 21, and 22. Her initial spinal fluid
showed no evidence of blasts. The patient was placed in a high-risk prognostic
category based on her age.

The patient and her family were counseled extensively regarding the
importance of initiating chemotherapy, despite the potential risks to her fetus
from prematurity, intrauterine growth restriction, and a possible increased risk of
fetal demise. She was counseled that at this gestational age, there did not seem to
be an increased risk of congenital birth defects attributable to the recommended
chemotherapy, and that the best data, although limited, did not demonstrate any
significant long-term neurologic sequelae attributable solely to chemotherapy.
After consultation between the pediatric oncology and maternal-fetal medicine
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Fig. 4. Blast with lymph. Peripheral blood in pregnant woman with precursor B-cell lymphoblastic
leukemia, showing lymphoblast (center) (Wright stain, original magnification X 1000).
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Fig. 5. Marrow core. Bone marrow biopsy in the same patient showing replacement of marrow by
leukemia cells or lymphoblasts (hematoxylin-eosin, original magnification xX400).

services, the patient was offered and accepted aggressive induction chemotherapy
consisting of vincristine, L-asparaginase, daunomycin, and prednisone. Methyl-
prednisolone and prednisone were chosen over dexamethasone because of the
concerns of repeated fetal exposure to dexamethasone and adverse neurologic
sequelae. The patient also received central nervous system prophylaxis consisting
of intrathecal arabinosylcytosine instead of the usual methotrexate, because of
concerns for the potential toxic effect of methotrexate on trophoblastic cells. The
decision was also made to maintain the patient at a hemoglobin level greater than
8 g/dL and platelet count greater than 30,000. The patient responded well to her
chemotherapy and entered remission after day 8. Serial growth scans and fetal
surveillance remained normal. Two weeks after initiating chemotherapy, the
patient required insulin for gestational diabetes. At 31 weeks, conveniently the
end of induction therapy, the patient developed symptomatic preterm labor with
cervical change, and was admitted for magnesium sulfate tocolysis and antenatal
corticosteroids. Her labor was successfully thwarted and she was discharged
home after 4 days of observation. She developed a urinary tract infection,
with methicillin-resistant enterococcus, that was successfully treated and she
was placed on nitrofurantoin suppression. One day before scheduled start of
consolidation chemotherapy, she developed recurrent preterm labor and it was
elected to allow her labor to progress. She delivered a healthy 2086-g boy with
Apgar scores of 9 and 9. The newborn showed no signs of myelosuppression and
was discharged in good condition at 5 days of age. The mother’s postpartum
course was uneventful. She received medroxyprogesterone intramuscularly the
day of delivery and was counseled against breast-feeding. She resumed her
chemotherapeutic regimen 3 days postpartum.

Leukemia

The leukemias are a heterogencous group of malignancies that arise from
genetically altered, lymphoid or myeloid progenitor cells, located in the bone
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marrow. This genetic abnormality results in dysregulated growth and clonal
expansion. As first described by Virchow in 1845, these clonal leukemic blasts
not only spill into the bloodstream, but also ultimately infiltrate liver, spleen, and
other tissues [56,57]. Historically, the leukemias were classified based on their
clinical presentation and life expectancy into two basic groups: acute and chronic.
With advances in histochemical techniques, however, these malignancies can be
further classified, based on morphologic characteristics, as being of myeloid or
lymphoid cell origin: acute myeloid leukemia, chronic myeloid leukemia (CML),
acute lymphoid leukemia (ALL), and chronic lymphoid leukemia (CLL). Current
pathologic classification using immunophenotyping and molecular-cytogenetic
studies has produced a more complex, but prognostically accurate, classification
of the leukemias [58].

In the nonpregnant population, 43% of leukemias are classified as acute,
whereas 41% are chronic. In pregnancy, however, most leukemias (90%) are
classified as acute [25,59]. Furthermore, 68% are of myeloid cell lineage
(61% acute myeloid leukemia, 7% CML), whereas 31% are of lymphoid lineage
(28% ALL, 3% CLL) [60].

For most cases of leukemia, the precise causal links have not been established.
There are, however, numerous associations between leukemias and various
environmental, socioeconomic, infectious, and genetic events. A higher incidence
of certain leukemias among monozygotic twins and syndromes with somatic cell
aneuploidy (eg, Down syndrome, Patau’s syndrome, and Klinefelter’s syndrome)
suggests a genetic etiology. Other syndromes associated with both chromosomal
fragility and immune dysregulation, such as Bloom syndrome and x-linked
agammaglobulinemia, also demonstrate a higher incidence of leukemia [61-64].
Numerous environmental factors, however, such as radiation exposure, exposure
to alkylating agents, and certain viral infections, have been implicated in the
etiology of leukemia. Known viral etiologies, including the retrovirus human
T-cell lymphoma virus, are thought to play a role in adult T-cell leukemia, and
Epstein-Barr virus, a DNA virus associated with mature B-cell ALL [59]. In
addition, the human herpes virus-6 has been cited as a possible modulating factor
in lymphocytic leukemias [65].

The clinical manifestations of the acute leukemias are nonspecific and many
of these symptoms, such as fatigue, weakness, dyspnea, and lack of energy, are
common in normal pregnancies. In the acute leukemias, however, they are the
clinical manifestations of bone marrow infiltration by the leukemic clonal cells
with resulting suppression of normal hematopoiesis. As pancytopenia progresses,
however, symptoms of epistaxis, easy bruisiability, and recurrent infections
should suggest a more precarious etiology. On physical examination, these
patients often demonstrate pallor, petechiae, or ecchymoses. Lymphadenopathy
and hepatosplenomegaly are uncommon and gingival hyperplasia, caused by
leukemic cell infiltration of the gums, and cranial neuropathies may occasionally
be present. In the absence of a pulmonary infection, the chest radiograph usually
is normal, but may demonstrate mediastinal enlargement, particularly in patients
with acute T-cell leukemia.
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The diagnosis of an acute leukemia is usually suspected when a peripheral
blood smear demonstrates a normocytic, normochromic anemia with a mild to
severe thrombocytopenia. Although the white blood cell count is variable, blasts
are virtually always present [62]. In acute promyelocytic leukemia there may be
evidence of an intravascular coagulopathy, with prolongation of the partial
thromboplastin time, the prothrombin time, and depression of fibrinogen, but this
is a rare finding in ALL. Lumbar puncture to determine disease status in the
central nervous system is recommended, and bone marrow aspiration and biopsy
are essential for the diagnosis and morphologic, immunophenotypic, and cyto-
genetic classification of the patient’s leukemia [62].

Cytogenetic abnormalities have emerged as powerful determinants of pa-
tient outcome. They are numerous in type and occur in most leukemias. The
Philadelphia chromosome, translocation t (9; 22), occurs more frequently in adult
ALL (25%) than in childhood ALL (3%) and is associated with a worse prog-
nosis. The t (12; 21) translocation, seen in approximately 25% of pre-B-cell
ALL, confers a favorable prognosis. Age is clearly an important prognosticator
with younger patients, especially children, having a better prognosis than adults.
Within the pediatric population, age continues to be a significant prognostic
factor, with children diagnosed between the ages of 2 and 10 years doing better
than children over 10 years at diagnosis, who in turn do better than infants.
Clinically, however, the patient’s rate of response to induction chemotherapy
and time to normalization of bone marrow findings is one of the most useful
indicators of ultimate outcome [62].

Chronic leukemias complicating pregnancy are rare, reflecting a median age of
onset in the sixth decade of life. Most that do occur in pregnancy are myeloid
(90%), with only four cases of CLL reported during pregnancy [66]. Only 10% of
all CML cases occur during pregnancy. Chromosomal translocations, particularly
the reciprocal t (9; 22)(q34; ql1) and its ber-abl fusion gene product, play a
central role in the development of CML and are found in 95% of cases. The
presenting symptoms of patients with CML are similar to those of acute leu-
kemia; however, the most common sign of CML, occurring in over 90% of cases,
is splenomegaly. Symptoms or signs of granulocytopenia or thrombocytopenia
are uncommon and usually suggest transformation into the accelerated or blast
phase. Elevated white blood cell counts, and anemia, are often seen at diagnosis.
The median survival time is 4 years, with blast crisis developing 3 to 4 years after
the initial diagnosis [67]. B-cell hematologic malignancies can present as either
leukemia (CLL), with lymphocytosis, or as an NHL. It typically has in indolent
course and may not require treatment for months to years [57].

Before the institution of modern chemotherapy, the outcome for both adults
and children with acute leukemia was grim. Even today, without treatment, the
average life expectancy is measured in months and not years. With treatment,
however, children with ALL can now anticipate being cured of their disease 80%
of the time [68]. The outcome for adults with acute leukemias, although not
nearly as optimistic, has also improved with advancements in chemotherapeutic
regimens and in supportive care for treatment-induced morbidities. Today,
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complete remission can be expected in 70% to 85% of patients, with long-term
disease-free survival in 25% to 50% of patients [62].

In the patient with acute leukemia, the primary goal of chemotherapy is the
eradication of leukemic clone cells from the bone marrow (less than 5% blasts)
and restoration of normal hematopoiesis (granulocyte count >1000/uL, platelet
count >100,000/pL). The secondary goal is the prevention, through the use of
multiagent chemotherapeutic regimens, of the emergence of resistant clones, and
through the treatment of leukemic cell sanctuaries, the elimination of residual
disease. To this end, chemotherapy is divided into several phases: induction, con-
solidation, and maintenance [62,69].

For acute myeloid leukemia patients less than 60 years of age, remission
induction typically includes the use of an anthracycline (daunorubicin or idaru-
bicin) and cytarabine. Those who do not achieve complete remission (30% of
younger adults) are candidates for allogenic hematopoietic stem cell transplant.
In patients with ALL, the combination of vincristine, anthracycline, steroids, and
L-asparaginase often constitutes the standard induction regimen. Newer regimens
in adults with ALL, incorporating higher dose intensities, and the addition of
cyclophosphamide and cytarabine have produced complete remission rates of
93%, induction mortalities of 8%, and 6-year disease-free survival of 55% [69].
Because the central nervous system is a common sanctuary for lymphocytic
leukemic cells, central nervous system prophylaxis is standard therapy for
adults and children with ALL. In addition to the previously mentioned chemo-
therapeutic drugs, patients with acute leukemia often require treatment with a
pharmacopeia of other medications used in the treatment and prevention of
induction-induced morbidities: allopurinol to reduce the risk of urate nephropa-
thy; cotrimoxazole for Pneumocystis carinii prophylaxis; fluconazole to reduce
the risk of Candida albicans infection; and hematopoietic growth factors
(granulocyte colony—stimulating factor) to shorten the period of profound neu-
tropenia. For most of these drugs published human experience is limited [70].
Finally, supportive measures, such as blood and platelet transfusions, and the
aggressive diagnosis and treatment of febrile neutropenia, have become critical in
minimizing induction morbidity and mortality [62].

The treatment of patients with chronic leukemias is individualized. For those
with CLL, who present with lymphocytosis and bone marrow involvement, and
for whom median survival is greater than 10 years, immediate treatment may not
be required [71]. In those patients for whom treatment is deemed necessary,
fludarabine is the usual treatment recommended. For those at risk of com-
plications from thrombocytosis and leukostasis, leukapheresis may be recom-
mended. In patients with chronic-phase CML, who are not candidates for bone
marrow transplantation, imatinib is recommended as the first drug of choice [72].
In those who do not respond to imatinib, interferon-a has been shown to improve
survival [67,71]. Leukapheresis may be used for the same indications as in CLL.

The incidence of leukemia in pregnancy is unknown, but is estimated to range
from 1:75,000 to 1:100,000 pregnancies [73]. Although estrogen has been
implicated in leukemic cell proliferation and estrogen receptors have been found
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in leukemic cell lines, it does not seem that the course of leukemia is adversely
affected by pregnancy [74—77]. Unfortunately, there are no recent large reviews
of pregnancy complicated by leukemia incorporating newer drug regimens and
advancements in supportive care, with the largest recent series of 17 patients
spanning a 37-year period [78]. Despite this, there seems to be a consensus of
expert opinion that the outcome of pregnant patients with acute leukemia is
adversely affected only when appropriate therapy is withheld for more than a few
weeks [77-79]. Reported complete remission in pregnancies complicated by
acute leukemia and aggressively treated with chemotherapy does not seem to be
substantively different from those in the nonpregnant adult population [25,78,79].
Regardless of gestational age, the immediate induction of remission, as in the
nonpregnant population, remains the first objective in the management of the
pregnant patient with acute leukemia.

Just as in the nonpregnant patient, supportive care is also critical. Maintenance
goals should include a platelet count of >30,000/uL, or >50,000/uL in the
presence of bleeding or at the time of delivery to allow for regional anesthesia
[80]. The maternal hemoglobin should be maintained above the lower (+2 SD)
limits of 9.8 mg/dL, because the risk of perinatal complications (preterm labor,
intrauterine growth restriction, and fetal demise) increase progressively as the
hemoglobin declines [81].

When deciding on chemotherapeutic options, the physiologic adaptations of
pregnancy need to be taken into consideration. Pregnancy is known to be a
thrombogenic state, with the risk of thromboembolism six times higher than in
the nonpregnant individual. L-Asparaginase, derived from either Escherichia coli
or Erwinia crysanthemi, significantly decreases the levels of certain thrombosis
inhibitors (eg, antithrombin III) and in children and adults with ALL has been
associated with a significant risk of thromboembolism [82—85] The use of this
agent in pregnancy complicated by ALL should be approached with caution.
Pregnancy is also a state of increased insulin resistance. It is not surprising that
the concomitant use of high doses of glucocorticoids may exacerbate what is
otherwise a mild degree of carbohydrate intolerance. In addition to the effect
of steroids on maternal glucose homeostasis, the type of steroid used may also
be important in terms of potential adverse fetal effects. Most chemotherapeutic
protocols prefer dexamethasone because of its improved central nervous system
penetration. Neonatal data, however, have demonstrated a threefold increased risk
of leukomalacia and neurodevelopmental abnormalities in infants exposed to
repeated doses of dexamethasone for induction of fetal lung maturity [86].

The management of the chronic leukemias in pregnancy is not well defined
because of the paucity of cases reported. Maternal and fetal outcomes are gen-
erally excellent, with maternal and fetal survival rates of 96% and 84%, respec-
tively [87]. Therapy is generally aimed at controlling splenomegaly, leukocytosis,
and constitutional symptoms. Interferon-c,, which does not seem to cross the
placental barrier to any appreciable degree, has been used in at least 10 cases of
CML complicating pregnancy without adverse maternal effects, with only one
case of transient neonatal thrombocytopenia [67,88]. Of the four cases of CLL
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complicating pregnancy, only one patient required treatment with anything other
than antibiotic and blood transfusions for symptomatic anemia. She was treated
with leukapheresis three times, starting in the second trimester and neither she nor
her baby suffered any ill effects [66].

The effects of acute leukemia on pregnancy have not been recently studied.
From the available literature, it seems that acute leukemia and or its treatment
may have a detrimental effect on pregnancy outcome. Premature births occur
either iatrogenically or spontaneously in over 50% of cases. Stillbirths have been
reported in from 7% to 17% of cases and intrauterine growth restriction in
approximately 8% of infants [17,23,25,28]. Furthermore, neonatal deaths from
neutropenia and cardiomyopathy have also been reported [23,89]. The risk for
adverse outcome is greatest for those diagnosed in the first trimester, but can
occur in any trimester [23,77,78]. The risk of teratogenicity seems to be confined
to the first 12 weeks of gestation, with folate antagonists and alkylating agents
posing the greatest risk [90]. Whether methotrexate, the chemotherapeutic agent
preferred for trophoblastic disease, poses a greater risk for adverse fetal outcome
(excluding fetal anomalies) in the second or third trimester is neither
substantiated nor refuted by the currently available literature [23,90]. What is
clear from the literature, however, is that delaying appropriate chemotherapy for
more than a few weeks at any time other than the latter part of the third trimester
is associated with excessive fetal mortality (29%) [25,60,78].

Both NHL and leukemia metastatic to the fetus or placenta have been
documented, albeit rarely. As a group, however, leukemia and lymphoma account
for 19% of the malignancies metastatic to the products of conception and 50% of
those metastatic to the fetus [2,54]. The placenta should always be sent for histo-
pathologic evaluation. Because patients often require prolonged maintenance
therapy, and because they are at significant risk of recurrence even if complete
remission occurs, they should be provided with effective and reliable contracep-
tion. In addition, although the data on most of the agents used for chemotherapy
and breast-feeding are scarce, patients should be instructed to avoid breast-
feeding during chemotherapy.

Summary

Hematologic malignancies occurring during pregnancy are fortunately un-
common. When they do collide, their inherent and diametrically opposed natures,
life-giving and life-threatening, create fear and anxiety for the patient, her family,
and all of those who are charged with her care. It is imperative that physicians
and health care providers approach these patients and their families with com-
passion, empathy, and most importantly the knowledge and expertise necessary to
optimize the outcome for both mother and baby. Inherent conflicts between
maternal and fetal well-being must be dealt with in an honest and nonjudgmental
fashion. Finally, frequent communication and a spirit of teamwork between the
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various specialists involved in her care go far in alleviating the patient’s fears and
ensuring a favorable outcome.
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In the months following evacuation of a hydatidiform mole or chemotherapy
treatment for persistent mole, gestational trophoblastic malignancy ([GTM], a
generic term for a trophoblastic malignancy without histology) or choriocarci-
noma, it is not uncommon for patients to develop persistent low human chorionic
gonadotropin (hCG) results. Specifically, these are hCG values that have dimin-
ished and plateaued, and are persistent, not rising, hCG results. Alternatively,
following a variable period with undetectable hCG results, a few patients under
surveillance are found to have serum hCG titers that slowly rise and then plateau,
and persist, with minimally fluctuating hCG results [1-7]. There are also many
cases in which persistent low hCG results are detected in the months after
treatment of an ectopic pregnancy, after a spontaneous miscarriage, or following
a term pregnancy [1-5]. Finally, there are cases of low hCG values that persist
in asymptomatic women, with or without history of gestational trophoblastic dis-
ease, which are discovered by an incidental serum pregnancy test before an elec-
tive surgical procedure, or at the time of a scheduled hCG test [1-5,8—18].
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Adding to the confusion, women in perimenopause, postmenopause, or post-
oophorectomy occasionally can also have persistent low levels of hCG that is not
associated with gestational trophoblastic disease or pregnancy, and seems to be a
normal finding [1,3,7,19-22]. All of these situations meet the criteria for
persistent low hCG result syndromes.

The finding of persistent low levels of hCG raises concern, regardless of the
antecedent history, and often provokes the evaluating physician to embark on
further work-up. When dilation and curettage, laparoscopy, or radiographic evalua-
tion (ultrasound, CT scan, chest radiograph) reveal no intrauterine pregnancy or
evidence of GTM or choriocarcinoma, a patient is likely to be referred to a
medical or gynecologic oncologist for further evaluation and treatment, and until
recently it was not uncommon for these patients to undergo chemotherapy or
hysterectomy for presumed GTM, placental site trophoblastic disease, or cho-
riocarcinoma. In patients who have a positive hCG result, any CT or MRI irregu-
larity is likely to be considered a tumor. When the chemotherapy or hysterectomy
fails to suppress the hCG production, even more invasive therapy or additional
cytotoxic chemotherapy may be given.

The USA hCG Reference Service was started in 1998 to aid physicians with
these persistent low hCG cases (www.hcglab.com). A serum and urine sample is
submitted for a consultation with the service along with all pertinent patient
records. Multiple hCG and hCG-related molecule tests are run to investigate
the source and nature of the hCG to determine if the hCG is real or a mimick-
ing molecule, and to determine if it is actually coming from trophoblast cells.
Specific assays are able to determine if the value is derived from invasive or
malignant cells. A formal report is prepared along with recommendations. This
article reviews the observations of the USA hCG Reference Service for 134 cases
with persistent low hCG results. Examination of these cases provides clear insight
for the appropriate management of those presenting with persistent low levels of
hCG. Although well intentioned, as these collective medial reports reveal, some
women underwent hysterectomy and even more invasive surgeries, and in many
cases multiple cycles of chemotherapy that was not only unnecessary but in some
cases harmful. Tragically, at least one patient died from such therapy. The goal
from discussion of these 134 cases is to inform practicing obstetricians and
gynecologists of the reality of quiescent hCG, phantom hCG in suspected GTM
cases, and normal hCG in patients who historically were thought not to manifest
hCG (perimenopausal women, women on oral contraceptives who are not
pregnant and who do not have gestational trophoblastic neoplasia) and to avoid
unnecessary therapy.

Three distinct sources are discussed for persistent low hCG results: (1) quies-
cence gestational trophoblastic disease; (2) false-positive hCG results; and
(3) pituitary hCG. For all three of these conditions, neither chemotherapy nor
hysterectomy is likely to suppress hCG production [1-22]. Before starting che-
motherapy or surgery, even if the patient has a recent history of hydatidiform
mole or hCG-producing malignant disease, it is necessary to consider these three
potential sources of hCG in cases that have persistent low levels of hCG.
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On receipt of medical reports and serum and urine samples (a referral) the
USA hCG Reference Service first excludes false-positive hCG. Three criteria are
used to identify false-positive hCG results:

1. The presence of hCG immunoreactivity in serum but not urine. Hetero-
philic antibodies or human antianimal immunoglobulin is the cause of
most false-positive serum hCG results. These rarely cross the glomerular
basement membrane and enter urine. A urine pregnancy test is negative in
these cases.

2. Variable hCG results (more than fivefold) or negative results in any of
three or more hCG tests (caused by variable reaction with hetero-
philic antibodies).

3. The suppression of positive hCG result by a heterophilic antibody block-
ing agent (Scantibodies, San Diego, CA). If the hCG is real, then an in-
vasive or noninvasive trophoblast, nontrophoblastic neoplasm, or hCG
of pituitary origin is considered. Hyperglycosylated hCG (Hg-hCQG) is a
carbohydrate variant of hCG made only by trophoblast stem cells, or cyto-
trophoblast cells [23,24]. Hg-hCG is the principal component of hCG in
very early pregnancy, at the time of implantation, and in active chorio-
carcinoma or GTM [1,3,24-26], conditions marked by cytotrophoblast
cells. It is a marker of invasive trophoblast cells [1,3,25,26]. The USA
hCG Reference Service uses the Food and Drug Administration approved
automated Hg-hCG test, Advantage ITA (Nichols Institute Diagnostics,
San Clemente, CA), and automated total hCG test, Immulite hCG (DPC,
Los Angeles, CA), to measure the two markers and to calculate the
proportion of hCG immunoreactivity caused by Hg-hCG. In the experi-
ence of the USA hCG Reference Service, the proportion Hg-hCG is
50% £ 39% in 79 cases with choriocarcinoma or GTM and advancing
hCG results, compared with 9.4% £ 7.2% in 55 cases with advancing hy-
datidiform mole. No overlap was observed in these two groups, indi-
cating 100% detection of invasive disease at 0% false-positive [1-5,7].
Similarly, measurement of the proportion Hg-hCG clearly distinguishes
early (N=46, 25% % 13%) and advanced (N=33, 83% £ 39%)
choriocarcinoma or GTM (P =.000001). The USA hCG Reference Service
measures the proportion of Hg-hCG. It uses this assay, along with per-
sistence of hCG results or rising hCG results, to differentiate active (re-
quires intervention for GTM) and most probably inactive gestational
trophoblastic disease [1-5].

Germ cell and nontrophoblastic neoplasms characteristically produce the free
B-subunit of hCG [27-31]. The free 3-subunit is degraded into (3-core fragment,
the terminal degradation product in urine. The Service uses free (-subunit
measurements (DPC Immulite free 3-subunit test) and 3-core fragment measure-
ments (in-house immunometric assay) to identify these molecules. The authors
have also found that free 3-subunit is also the primary immunoreactivity in cases
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of placental site trophoblastic tumor, permitting discrimination of this from other
forms of gestational trophoblastic disease [32]. In women older that 45 years,
the pituitary can account for up to 25 mIU/mL hCG [20,33]. Pituitary hCG
(suppressed by therapy with estrogen-progesterone combination) may be con-
sidered in these cases.

Table 1
The US hCG Reference Service experience with 134 cases with persistent low levels of hCG with
no evidence of pregnancy or imaging evidence of tumor

Quiescent GTD
History of cases

History of hydatidiform mole 35
History of GTM or choriocarcinoma 6

History of ectopic, aborted, or term pregnancy 11
Total cases 52

Cases receiving needless therapy (%)

hCG and related test results
hCG level at time of referral (mean = SD)
Range of hCG levels at time of referral
Range of hCG results until referral
Duration of persistent results before referral
Proportion of Hg-hCG at referral

35 (67)

31 + 32 mIU/mL

0.5-144 mIU/mL

<2 to 773 mlU/mL

3 month to 16 years

50 cases, Hg-hCG undetectable

1 case 10% and 1 12% with histories of
> 6 months nonrising hCG levels
Outcome after referral (50% reporting)

Cases in which choriocarcinoma or GTM develops 11
Cases dissipating within 6 months of referral 18
False-positive HCG
History of cases
History of hydatidiform mole 9
History of GTM or choriocarcinoma
No history 57
Total cases 69
Cases receiving needless therapy (%) 54 (78)

False-positive hCG results

False-positive hCG result immediately before referral

Range of hCG results immediately before referral

Range of false-positive hCG at times before referral

Pituitary HCG
History of cases
History of hydatidiform mole
History of GTM or choriocarcinoma
No history
Total cases
Cases receiving needless therapy (%)
hCG test results
hCG level at time of referral (mean + SD)
Range of hCG levels at time of referral
Range of hCG results until referral

104 + 153 TU/mL
6.1-900 mIU/mL
2-1007 mIU/mL

— 3 — W

3
2(15)

8.2 £ 5.2 mIU/mL
1.2-19 mIU/mL
0.5-19 mIU/mL
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False-positive human chorionic gonadotropin

As described in Table 1, the authors have identified using the method
described previously, and confirmed (showing other tests are false-positive with
blood sample or lack of hCG parallelism with dilution), false-positive hCG in
69 women. Although most cases followed no history of gestational trophoblastic
disease, 12 were being monitored for hydatidiform mole, GTM, or choriocarci-
noma. In this instance, finding a positive hCG test after normalization, or a
plateau in the hCQG titer, led to a work-up for GTM and chemotherapy was begun.
Because this pattern is particularly confusing, it is imperative to exclude false-
positive hCG before starting chemotherapy. This can be done by requesting that
one’s laboratory send the serum to an outside laboratory running an alternative
hCG test. If both results are similar, then the hCG elevation is likely real hCG.
Alternatively, if the serum hCG is >100 mIU/mL, a simple urine test can be used
to examine the reality of the hCG. Urine tests normally have a sensitivity of
25 mIU/mL; if the urine test is positive, it is likely real hCG.

In most cases, false-positive hCG was discovered at the time of an incidental
serum pregnancy test; as part of a check-up; before minor surgery; or before
commencement of medication, radiograph, or other diagnostic procedures. Per-
sistent low hCG results in the range 100 to 1000 mIU/mL over 2 to 6 weeks may be
confused with an ectopic pregnancy and lead to methotrexate therapy or surgical
intervention, including salpingectomy. When the hCG titer then fails to abate
despite treatment, or when ectopic pregnancy has been excluded, then the diagnosis
of GTM is entertained, and the patient is likely to be referred to a medical or
gynecologic oncologist for intervention. The interfering agent that causes false-
positive hCG results, a human antianimal immunoglobulin or human heterophilic
antibody, arises from the immune system. Normally, the chemotherapy suppresses
the immune system, which suppresses the interfering substance, and false hCG
results decline. In the past, this apparent response to treatment was interpreted as
indicative of response by real GTM or choriocarcinoma, despite the absence of
visible disease on examination, chest radiograph, MRI, or CT scans. Unfortunately,
once the immune system repairs itself, the false-positive hCG result returned, and
more extreme therapies were commonly considered under the mistaken belief that

Note(s) to Table 1:

The 69 cases diagnosed as having false-positive hCG were based on multiple observations by the US
hCG Reference Service. These are: (1) the presence of hCG immunoreactivity in serum but not urine;
(2) varying hCG results (more than fivefold) or negative results in three or more hCG tests; and (3) the
suppression of result by a heterophilic antibody blocking agent. The 13 pituitary hCG cases were
defined as those with low levels of hCG (<25 mIU/mL), in which the hCG immunoreactivity was
totally suppressed after treatment with an oral progesterone-estrogen combination. In all these cases
women were perimenopausal or postmenopausal. After excluding false-positive, and in pertinent
cases, pituitary hCG, 52 cases were identified with low levels of hCG persisting for 3 months or
longer, with no consistent incline or decline in hCG result.

Abbreviations: GTD, gestational trophoblastic disease; GTM, gestational trophoblastic malignancy;
hCG, human chorionic gonadotropin.
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the patient in fact had chemotherapy-resistant GTM. In the recent past, this led to
some patients receiving multiple forms of chemotherapy and even hysterectomy for
what is now understood to be a nonexistent disease. As indicated in Table 1, 54
(78%) of 69 such cases that were identified as having false-positive hCG by the
Reference Service received needless therapy, ranging from single-agent metho-
trexate chemotherapy to multiple combinations of different chemotherapy
protocols, or hysterectomy, and other surgeries.

In the authors’ experience, at time of referral, the false-positive hCG value
has averaged 104 + 153 IU/mL, and has ranged from 6.1 to 900 mIU/mL.
Considering all of their cases, false-positive hCG values obtained before referral
have ranged from 2 to 1007 mIU/mL. Interestingly, a disproportionate number
of cases have involved one manufacturer’s hCG test, the Abbott AxSym total
hCG test (Abbott Diagnostics, Chicago, Illinois). False-positive results in this test
were responsible for 51 (74%) of the 69 cases, and almost all cases described
recently by others [13—18]. A second test, the Bayer Centaur total hCG (Bayer
Diagnostics, Tarrytown, New Jersey), was responsible for nine other cases (13%),
whereas six other tests were responsible for one to three other false-positive
tests. These data indicate that the treating physician needs to be aware of the
assay being used by the center’s laboratory, and if the laboratory is using the
Abbott AxSym or Bayer Centaur test, an assay using an alternative system is
critical before initiating further work-up or treatment. According to reports from
the American College of Pathologists, the Abbott AxSym currently accounts for
<25% of hCG tests in the United States, based on the USA hCG Reference
Service experiences’ accounts for most false-positive tests, and almost all cases
described recently by others [13—18]. The authors are informed by users that this
test may account for more than half of the hCG testing performed in Mexico; the
United Kingdom; Germany; and other European, Asian, and Central and South
American locations. These are places where false-positive results and needless
therapy will likely go ignored.

Although the exact extent of false-positive hCG results cannot be estimated,
it is clearly quite common, and may be spread worldwide. In a case example, a
29-year-old woman, para 0, gravida 0, had an incidental hCG test very shortly
after being married. The result was in the 600 mIU/mL range. After a preg-
nancy was excluded and an ectopic pregnancy unsuccessfully treated, GTM was
inferred. She received methotrexate, which simply suppressed her immune
system, then actinomycin D, which deceivingly did the same. At this time the
hCG test results (Abbott AxSym) were questioned and serum sent to multiple
other laboratories. Unfortunately, at that time the other laboratories were using
the same Abbott AxSym tests, which were interpreted as confirmatory, and a
hysterectomy was performed. Even this did not abate the hCG result, and she was
placed on cytotoxic etoposide, methotrexate and actinomycin D, alternating with
cyclophosphamide and vincristine (EMA-CO) combination chemotherapy. When
the hCG continued to be in the range of 600 mIU/mL, a CT of the chest was
performed and suggested a tumor-like mass. Under the belief that the site of
persistent GTM had been identified, a thoracotomy was performed, but no tumor
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was found at pathology. The center’s laboratory then contacted other outside
laboratories where other assays were used, that demonstrated grossly variable
results. The authors were consulted at this time, and the diagnosis of false-
positive hCG was firmly demonstrated.

Quiescent gestational trophoblastic disease

Quiescent gestational trophoblastic disease is a benign or inactive form of
GTM or choriocarcinoma, marked by persistent low hCG results, relenting
for periods ranging from 3 months to 16 years [1-7]. It may also be considered
as a premalignant state in that a significant proportion of cases transform into
GTM or choriocarcinoma [1-7]. The authors have reviewed the histology slides
from two cases undergoing surgery for this condition. In both cases, intermediate
and highly differentiated syncytiotrophoblast cells were observed, with a clear
absence of cytotrophoblast cells that mark most cases of choriocarcinoma [1,2].
Differentiated syncytiotrophoblast cells can be slow-growing cells, rather than
invasive cells. It is inferred that syncytiotrophoblast cells with the absence of
cytotrophoblast cells is the nature of quiescent gestational trophoblastic disease:
syncytiotrophoblast cells remaining after treatment of an ectopic pregnancy,
parturition, or abortion, or following evacuation of a hydatidiform mole. Alterna-
tively, slow-growing syncytiotrophoblast cells can remain after chemotherapeutic
resolution of cytotrophoblast or following treatment of GTM or choriocarcinoma,
where these cells may persist.

The USA hCG Reference Service has consulted on 57 cases with persistent
low real hCG results. In all cases the persistent low levels persisted for 3 months
or greater with minimal fluctuation and no clear upward or downward hCG trend.
Hg-hCG was measured as a proportion of total hCG as a marker for invasive
cytotrophoblast cells. Five case had highly positive Hg-hCG (>15%). In all five
cases, hCG results sharply increased close to the time of referral and GTM or
choriocarcinoma was diagnosed. The authors have interpreted these findings to
mean that the trophoblastic cells have undergone malignant transformation. In
50 of the remaining 52 cases, which the authors class as quiescent gestation
trophoblastic disease [1-7], no Hg-hCG was detected. In the other two remaining
cases, 10% and 12% Hg-hCG was detected. In both, detectable hCG persisted
for greater that 6 months with minimal fluctuation. Considering these histories,
and that in these exceptional cases the proportion of Hg-hCG was below those of
all 79 GTM or choriocarcinoma cases referred to the Service, the diagnosis of
quiescent gestational trophoblastic disease was conferred. These data confirm the
use of Hg-hCG as a marker for differentiating quiescent and invasive disease.
Considering that Hg-hCG is only produced by cytotrophoblast cells [23,24], the
absence of Hg-hCG in quiescent gestational trophoblast disease confirms its
nature as syncytiotrophoblast in the absence of cytotrophoblast cells.

Of the 52 identified cases, 35 followed evacuation of a hydatidiform mole;
6 followed successful treatment of GTM or choriocarcinoma; and 11 following a
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spontaneously aborted, ectopic, or term pregnancy. The authors examined the
medical records of the 52 identified quiescent gestational trophoblastic disease
cases. Although 35 (67%) had received chemotherapy, combination chemo-
therapy, hysterectomy, or other surgery for assumed active disease, none fully
responded to the therapy, including chemotherapy. The authors have interpreted
this to mean that there are slowly growing syncytiotrophoblastic cells producing
hCG. In all treated cases, hysterectomy partially but never completely suppressed
the hCG result. The authors have interpreted this to mean that syncytiotropho-
blast cells commonly remain outside of the uterus after a gestational event, or
alternatively are transposed through the fallopian isthmus by an endometriosis-
like mechanism. With a 100% summary of records indicating that therapy does
not work, and similar findings by others [6,7], it is inferred that treating phy-
sicians should refrain from using chemotherapy or surgery in these cases. The
authors’ history with quiescent gestational trophoblastic disease cases is like that
with false-positive hCG cases: too many people receiving needless therapy for a
poorly understood and only recently fully recognized condition that requires
no therapy. In one case, a patient was shown by the Service on two separate
occasions during the course of 1 year to have quiescent disease. Despite this
and the authors’ recommendations, additional combinations of chemotherapeutic
agents were given. This patient is now deceased; tragically, she died from com-
plications of pulmonary fibrosis following bleomycin chemotherapy. Never-
theless, this case is important because it emphasizes the importance of making
an accurate diagnosis of GTM before initiating cytotoxic chemotherapy. This
requires all medical and gynecologic oncologists, and whoever manages patients
who undergo hCG determinations, to be able to recognize and diagnose the
phenomenon of quiescent gestational trophoblastic disease. If the diagnosis is in
doubt or suspect, these data indicate the importance referring such patients to
centers with experience with this condition before therapy is initiated. Among the
52 cases, persistent hCG levels at the time of referral were 31 = 32 mIU/mL
(see Table 1). The range of referred cases was 0.5 to 144 mIU/mL. Among pa-
tients, the extremes of quiescent disease hCG results were <2 to 773 mIU/mL.
The duration of quiescent gestational trophoblastic disease ranged from 3 months
to 16 years (see Table 1).

The USA hCG Reference Service always requests follow-up reports on
quiescent gestational trophoblastic disease cases, and to encourage follow-up,
does not charge for repeat referrals on the same patient. Even so, it is estimated
that only approximately half of the referring physicians send follow-up reports.
For instance, the authors are aware that 18 cases self-resolved within 6 months of
referral. Considering the 50% reporting estimate, it is presumed that this indicates
that about 36 cases (69%) underwent spontaneous resolution. The authors were
also informed that 11 (21%) cases later developed GTM or choriocarcinoma. If
this is representative of half of the referrals, this means that up to 42% of these
patients eventually developed a malignancy. It is the authors’ experience that
physicians are more inclined to follow-up with a negative or problem outcome,
with a more pressing need for repeat testing, than for a self-resolving outcome.
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As such, the authors conclude that the incidence of later transformation of ma-
lignancy is somewhere between 21% and 42%. The higher transformation rate is
supported by the findings of others [6,7]. Considering the pure syncytiotropho-
blast origin of quiescent gestational trophoblastic disease, the authors speculate
that the high incidence of transformation occurs because these cells undergo
apoptosis and are replaced by a transit cytotrophoblast cell stage. It is assumed
that this is a rapid transformation because of the absence of Hg-hCG, and
transformation from a slowly growing noninvasive cell type to malignant or
GTM occurs during this transient cytotrophoblast cell stage.

Considering a probable 21% to 42% incidence of eventual trophoblastic
transformation, it is essential to monitor cases very frequently with serial hCG
measurements using both an hCG test and the commercial Hg-hCG test (Nichols
Advantage, Invasive Trophoblast Antigen test). In the authors’ experience most
transformations occur within 2 years. They suggest testing cases weekly for
6 months, biweekly for 2 years, and monthly thereafter. Data indicate that therapy
should be withheld until either continuously rising hCG results are observed or
the hCG result exceeds the range of values observed for quiescent or inactive
disease (150 mIU/mL), or when positive Hg-hCG results are observed.

A representative case is presented. A 23-year-old patient, para 0, gravida 1,
had 5 months of negative hCG results following evacuation of a complete
hydatidiform mole. A positive hCG was detected as part of the follow-up at
30 mIU/mL. Twenty days later no significant increase was observed (32 mIU/mL).
Ultrasound of the pelvis and MRI of the brain and pelvis and CT of the
abdomen revealed no abnormalities. Two courses of methotrexate were initiated
for assumed scattered persistent mole. No diminution in hCG was observed
(31 mIU/mL). Actinomycin D chemotherapy was then given, without diminution
of hCG (34 mIU/mL). At this time dilation and curettage were performed, again
revealing no trophoblastic tumor. The hCG test was repeated using another labo-
ratory and a different test, but results were very similar. One month later, with
no changes in hCG levels, the patient was referred to the USA hCG Reference
Service. With the finding of the absence of Hg-hCG in serum and urine samples
quiescent gestational trophoblast disease was proposed and further therapy was
halted. Up until this time persistent hCG results had been recorded for 4 months,
with as much as 40% fluctuation (low 15 mIU/mL, high 34 mIU/mL, median
25 mIU/mL). Three months later hCG results increased significantly, first to
79 mIU/mL and 7 days later, to 320 mIU/mL. On follow-up consultation, 37% of
the hCG was now shown to be of Hg-hCG origin. Active disease was suspected,
and 1 month later following hysterectomy, the diagnosis of choriocarcinoma was
histologically confirmed.

Pituitary human chorionic gonadotropin

Gonadotrope cells of the pituitary produce luteinizing hormone and follicle-
stimulating hormone during the menstrual cycle. During this time, production is
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stimulated by hypothalamic gonadotropin-releasing hormone, and modulated by
feedback to the hypothalamus by ovarian granulosa cell estrogen and corpus
luteal cell progesterone. With the approach of menopause (perimenopause) and
in menopause, the diminished estrogen and progesterone production leaves
gonadotropin-releasing hormone uncontrolled. The uncontrolled gonadotropin-
releasing hormone stimulation classically leads to elevations in luteinizing
hormone and follicle-stimulating hormone production. The hCG a-subunit is the
same as luteinizing hormone and follicle-stimulating hormone a-subunit. The
single luteinizing hormone B-subunit gene is buried within a sequence of seven
hCG (-subunit genes. As such, it is not surprising that the perimenopausal and
postmenopausal uncontrolled gonadotropin-releasing hormone stimulation can
lead to hCG production by gonadotrope cells. The authors have been consulted
on 13 such cases, and in all the source (hypothalamic-pituitary axis) was con-
firmed by showing that 2 or 3 weeks of therapy with an estrogen-progesterone
combination pill completely suppressed the hCG production. In 6 of the 13 cases,
there was a history of hydatidiform mole or choriocarcinoma, which led to the
concern that these patients had GTM. In all 13 cases, the patients were referred
with the presumptive diagnosis of malignant disease, and in two chemotherapy
was initiated. In the authors’ experience, the serum levels of hCG at the time of
referral were 8.2 + 5.2 mIU/mL, with a range of 1.2 to 19 mIU/mL.

Summary

As indicated by the USA hCG Reference Service experience, despite an-
nouncements by the American College of Obstetricians and Gynecologists and the
Society of Gynecologic Oncologists regarding the importance of verifying
the diagnosis of GTM before initiating therapy, there continues to be confu-
sion among clinicians who manage these patients, and unfortunately patients are
continuing to receive unnecessary therapy. It is known that at least one person died
as a consequence of therapy for the misdiagnosis of choriocarcinoma and GTM.
The goal is to improve public awareness about conditions that mimic GTM. These
include false-positive hCG, quiescent gestational trophoblastic disease, and
pituitary hCG. Some of these conditions are harmless, but in the case of quiescent
hCG, there is a very real possibility for malignant transformation. In this special
circumstance, close follow-up is critical, but therapy should be withheld until there
are sharply increasing hCG results, most notably those over 100 mIU/mL [34,35].
This is particularly relevant for the patient with a recent or remote history of
hydatidiform mole or GTM. Under these circumstances, the first step is to confirm
the diagnosis using a different laboratory and hCG test. If results are very different
(more than twofold) then false-positive hCG is likely. If the patient is over 45 years
old or postoophorectomy, then pituitary hCG should be considered as the likely
cause, regardless of history, and can be confirmed with 2 weeks or so of
combination estrogen-progesterone therapy, which suppresses the hCG result in
patients with this diagnosis. This is in keeping with currently recommended
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guidelines in patients undergoing postmolar surveillance, that all such patients
undergo oral contraception for up to a year following evacuation of a molar
pregnancy. This practice also excludes the complications of pituitary hCG.

In patients following the diagnosis of hydatidiform mole, GTM, or cho-
riocarcinoma, if there is complete resolution of measurable hCG, and then titers
slowly rise and then plateau, this is indicative of quiescent gestational tro-
phoblastic disease. This condition is not likely to respond to chemotherapy [1-7].
It is important to discriminate whether newly rising hCG is leading to a plateau
(quiescent disease) or will continuously rise (malignant disease). In some cases,
following treatment of a molar pregnancy or GTM, the hCG plateaus below
250 mIU/mL. This can also be consistent with the diagnosis of quiescent ges-
tational trophoblastic disease, and does not respond to therapy [1-7]. The diag-
nosis of quiescent disease can be readily confirmed by showing the absence of
Hg-hCG (<0.3 ng/mL). This test is approved by the Food and Drug Adminis-
tration and readily available at national clinical laboratories (Nichols Institute
Laboratories, Invasive Trophoblast Antigen test).
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Most reproductive-aged women who have cancer are capable of ovulating
and, therefore, able to conceive at any time. When pregnancy is diagnosed,
chemotherapy may be continued or begun and should not be unnecessarily
withheld. In general, systemic therapy for cancer in pregnancy must be indi-
vidualized and may be different if the patient is diagnosed during the first versus
the second or third trimesters. Chemotherapy during the first trimester may cause
more severe fetal effects, and in cases where a malignancy that requires
chemotherapy is diagnosed during the first trimester, termination of pregnancy is
a consideration.

For women who do not request pregnancy termination, the choice of drugs
must take into account the fetus and may direct therapy to non-standard regimens
(for example, single versus combination therapy). For malignancies diagnosed in
the second trimester, consideration for the fetus with respect to drug effects
should be given, but in cases of a maternal cancer that responds to chemotherapy,
it is unwise to delay treatment until after delivery. Termination of pregnancy is
also a possibility, but the effects of the medications on the fetus will potentially be
less than in the first trimester.

The likely adverse effects on the fetus have prompted practitioners to consider
delaying chemotherapy until the postpartum period for cancers diagnosed in the
third trimester. Although it is not prudent to put off definitive treatment for more
than a few weeks, it may be possible to effect an early delivery (after steroid
therapy to improve fetal lung function and to limit intracranial bleeds) and
proceed with chemotherapy in the postpartum period. The University of New
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Mexico, has offered early delivery for gestations that are past 34 weeks in cases
of maternal cancer. At this gestational age, the long-term outcome of a baby
approaches that of a term infant. The mother can then receive definitive
chemotherapy postpartum without exposing her fetus to potential harm.

Fetal risks

Physiologic changes of pregnancy must be considered when prescribing
chemotherapy. Drugs are easily absorbed, and the serum concentration of albu-
min for drug binding is lower than when a woman in not pregnant. Pharma-
cokinetic changes during pregnancy include a higher volume of distribution,
lower maximum plasma concentration, lower steady serum state concentration,
lower plasma half-life, and higher clearance rate. The small spatial configuration
and the high lipid solubility of most chemotherapy facilitate easy transfer of an
unbound drug or its metabolite across the placenta or into the breast milk.
Virtually all drugs cross the placenta, and therefore, unbound concentrations of
the drug are similar or higher in the fetal serum and amniotic fluid than in the
maternal serum.

Fetal exposure may be divided into three periods: (1) ovum, from fertilization
to implantation; (2) embryo, from the second through the eighth week; and
(3) fetus, from the eighth completed week until term. Experience with first tri-
mester exposure for any drug is often too limited in humans to be considered
absolutely safe. The embryo period encompasses the most critical time with
respect to physical malformations, because it involves organogenesis. The
background risks of major defects are about 3% at birth and about 4.5% by
5 years of age.

Despite being infrequent, detrimental effects may occur when certain drugs are
taken beyond organogenesis. Few drugs, however, have been implicated in
restricting fetal growth or in grossly reducing specific organ size. Of particular
importance when prescribing chemotherapy, are the exact dose of the agent and
the genetic sensitivity of the mother and fetus. Results of retrospective and
uncontrolled studies and individual case reports may be misleading regarding
the risk of exposure to specific chemotherapy during pregnancy. Differentiating
between effects of a specific pharmacologic agent and effects from an illness can
be difficult. There is virtually no information about long-term effects, such as
learning or behavior problems (functional teratogenesis), that may result from the
chronic prenatal exposure to chemotherapy.

Drugs prescribed during pregnancy have been assigned a risk factor (A, B, C,
D, or X) according to definitions provided by the U.S. Food and Drug Admin-
istration. Chemotherapeutic agents generally fall into the C or D categories.
Drugs in the C category are those for which studies in animals have revealed
adverse effects on the fetus (embryocidal, teratogenic, or other) and controlled
studies in women or studies in women and animals are not available. Drugs in the
D category are those for which there is positive evidence of human fetal risk, but
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the benefit justifies the potential risk to the fetus. Most human data about chemo-
therapy during pregnancy involve small series or case reports. Such information
may either be biased or merely reflect the patient’s background risk for birth
defects. Case reports of malformed infants after prenatal exposure to a certain
drug, may feature exposures to other agents and a lack of uniformity of abnor-
malities, which makes their association with a single causative agent unlikely.

Counseling for pregnancy and breastfeeding

The long-term effect of chemotherapy on female and male reproductive
function has been reported for select agents. Menstrual function in most women
in regular and premature menopause is very uncommon. Menstrual difficulties
are usually not serious or persistent. Problem-free conceptions or, less commonly,
initial infertility followed by conception is the norm. We are unaware of any safe
minimum time after stopping the drug and conceiving. In addition, spermato-
genesis is not impaired long-term. Any infertility requires an assessment of the
male factor that includes a sperm count and ejaculate volume.

Treating cancer during pregnancy requires compromises and makes the
management of pregnant women who have cancer one of the most challenging
areas in all of medicine. This dilemma must take into account the health and
welfare of the mother and the fetus, which are at odds when it comes to the use of
chemotherapy. Combination therapy is optimal because multiple partially
effective drugs used together interrupt a broader range of proliferative pathways
that may be pivotal to the growth of individual cells or cell clones. The use
of more than one drug is, however, likely to have a greater negative impact on
the pregnancy.

A lack of comparability of the dose and the route of administration can also
limit interpretation. For example, the short-term administration of a drug given
intravenously makes it difficult to relate risk when the same medication is taken
orally in a lower dose for a longer period. Because a control population is
not possible, it is also difficult to separate any hazard from the medication
with that of an underlying disease. Symptoms of pregnancy such as nausea,
fatigue, and gastrointestinal disturbance may mimic side effects or toxic reactions
to chemotherapy.

Counseling about any harmful risk to the fetus should be performed in a
sympathetic, supportive, and informative manner. A detailed targeted ultrasound
examination is often used to accurately date the pregnancy and to screen for fetal
structural defects. The authors are unaware of any risk of chromosomal abnor-
malities with chemotherapy before or after conception. For this reason, prenatal
genetic testing by first trimester screening, serologic testing, chorionic villus sam-
pling, and amniocentesis, are not recommended. Sources of information regard-
ing potential teratogens include computerized databases online and on diskette.
Numerous teratogen information services are available throughout the United
States to serve specific geographic areas. Additional sources to which the reader
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may refer are (1) Chu E, DeVita Jr VT. Cancer chemotherapy drug manual.
Sudbury (MA): Jones and Bartlett Publishers; 2005; and (2) Briggs GG, Freeman
RK, Yaffe SJ. Drugs in pregnancy and lactation, a reference guide to fetal and
neonatal risk. 7th edition. Baltimore (MD):Williams & Wilkins; 2005.

None of the chemotherapeutic agents described here has been proven safe for
breastfeeding, and manufacturers recommend breastfeeding be avoided. Contra-
indications or cautions to breastfeeding are unknown, theoretical, or founded on
limited case reports. In general, most medications are excreted in breast milk
(often less than 5% of weight adjusted maternal daily doses) leading to legitimate
concerns regarding neonatal effects. The amount of drug present in the milk and
consumed by the infant depends on the chemical properties of the drug and on the
dose, frequency, and duration of exposure. Neonatal neutropenia, immune or
bone marrow suppression, and reduced growth are particular concerns with
exposure to any chemotherapy.

This article reviews specific effects of commonly used agents by category.
For each drug, the literature has been reviewed to provide information on the
indication(s), mechanism of action, tissue distribution, maternal and fetal side
effects, and breastfeeding information. Information provided in a previous review
[1] has been updated and expanded.

Alkylating agents

Cyclophosphamide (Cytoxin, CTX, CPM, Neosar) is a commonly used
agent indicated for breast cancer, non-Hodgkins lymphoma, chronic lymphocytic
leukemia, ovarian cancer, bone and soft tissue sarcoma, rhabdomyosarcoma,
neuroblastoma, and Wilm’s tumor. Cyclophosphamide is also an immunosup-
pressant and may be indicated for other complications of pregnancy in addition to
cancer. The mechanism of action depends upon the fact that cyclophosphamide is
activated by the liver cytochrome P450 microsomal system to produce cytotoxic
metabolites phosphoramide mustard and acrolein. The metabolites form cross-
links with DNA which results in inhibition of DNA synthesis. This agent is active
in all stages of the cell cycle. Cyclophosphamide is distrubuted throughout the
body including the brain, cerebrospinal fluid, milk, saliva, and, presumably
the amniotic fluid. The drug is given either orally or intravenously, and care
providers who administer cyclophosphamide have been reported to absorb mea-
surable quantities of the agent through the skin or air as an aerosol. Women
who administer chemotherapy should be aware of this and avoid contact with
such drugs during pregnancy [2]. The major maternal side effect is myelosup-
pression, which is dose-limiting. Normal as well as malformed fetuses have been
reported fromexposures during the first trimester [3]. The defects reported include
occulofacial malformations, missing digits and nail abnormalities, coronary artery
defects, umbilical hernia, hemangioma, imperforate anus, rectovaginal fistula,
cleft palate, microcephaly, growth restriction, and developmental delays [3].
Second and third trimester exposures are not associated with malformations, but
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are linked to growth restriction, microcephaly, and possibly, neonatal pancyto-
penia [4]. As with alkylating agents in general, the use of cyclophosphamide is
also associated with subsequent menstrual difficulties and premature ovarian
failure, although a recent study suggests that successful post-therapy pregnancies
are not uncommon [5].

Thiotepa (Triethylenethiophosphoramide, TSPA, Thioplex, Girostan, Tes-
pamin, Thiotef) is indicated for the treatment of breast cancer, ovarian cancer,
superficial transitional cell cancer of the bladder, and Hodgkins and non-
Hodgkin’s lymphoma. Thiotepa is an ethylenimine analog that is chemically
related to nitrogen mustard, which alkylates the N-7 position of guanine. This
damages DNA and inhibits DNA, RNA, and protein synthesis. The drug is ac-
tive in all phases of the cell cycle and is widely distributed throughout the
body including, presumably, the amniotic fluid. Intravenous infusion is re-
quired. Little is known about the fetal effects in humans, but thiotepa has been
used during the second and third trimesters without apparent harm in one
pregnancy [6]. When rats were given high doses of this agent, many of the fetuses
died in utero. Multiple malformations are common in surviving pups [7]. In mice,
fetal lethality is also a substantial problem, and pups that do not die initially
demonstrate a high incidence of skeletal abnormalities when exposed to a mater-
nal dose of 5 mg/kg [8].

Chlorambucil (Leukeran) is indicated for the treatment of chronic lymphocytic
leukemia and low-grade, non-Hodgkin’s lymphoma. Chlorambucil is an analog
of nitrogen mustard that cross-links with DNA and inhibits DNA synthesis and
function. It is active in all phases of the cell cycle. Chromosomal damage has
been documented in human cells following chlorambucil therapy [9]. The drug is
given orally, but distribution has not been adequately studied. Myelosuppression
is dose-limiting and nadirs at 25-30 days after therapy. As with other alkylating
agents, gonadal damage after exposure is a consideration. This raises a concern
for premature ovarian failure in women and oligospermia in men [10,11], al-
though the agent has been given to patients with recovery of gonadal function and
successful pregnancies thereafter [12,13]. Normal pregnancies as well as preg-
nancies complicated by fetal malformations have been reported after chlo-
rambucil use [14]. Potential effects on the fetus include unilateral agenesis of the
left kidney and ureter in male fetuses following first trimester exposure as well as
cardiac defects [15,16]. The most consistent finding is renal agenesis in both
humans and animals [15-17]; however, the magnitude of the risk in exposed
fetuses is not known at this time.

Melphalan (Alkeran, phenylalanine mustard, L-PAM) has been used to treat
multiple myeloma, breast cancer, and ovarian cancer. Melphalan is an analog of
nitrogen mustard. It forms interstrand and intrastrand cross-links with DNA
which results in inhibition of DNA synthesis and function. The drug is active
in all phases of the cell cycle and is widely distributed throughout the body
including, presumably, the amniotic fluid. It can be given orally or intrave-
nously. The principal maternal toxicity is myelosuppression. Ovarian failure and
amenorrhea have been reported in women taking melphalan [18,19]. No reports



632 LESLIE et al

have appeared that link melphalan with congenital defects, although it is possi-
ble that this drug has similar effects to other alkylating agents in pregnancy
(see cyclophosphomide).

Busulfan (Myleran, Busulfex) is indicated principally for chronic myeloge-
nous leukemia. This is a methanesulfonate-like bifunctional alkylating agent that
interacts with thiol groups and causes nucleic acid and protein cross-links.
Busulfan is active in all phases of the cell cycle. The drug distributes rapidly in all
tissues and crosses into the amniotic fluid and the blood brain barrier. It is given
orally or intravenously. Maternal toxicity includes myelosuppression, which is
dose-limiting. Rarely, a severe and life threatening form of pulmonary fibrosis
results, which may occur 1 to 10 years after therapy. Six of 22 fetuses exposed to
busulfan in the first trimester demonstrated malformations including liver and
spleen abnormalities, pyloric stenosis, cleft palate, micropthalmia, cytomegaly,
hypoplasia of the ovaries and the thyroid, growth restriction, hydronephrosis and
absent kidney and ureter [20-22].

Cisplatin (Cis-diamminedechloroplatinum, CDDP, Platinol) is indicated for
ovarian cancer, bladder cancer, head and neck cancer, cancer of the esophagus,
small cell and non-small cell lung cancer, non-Hodgkin’s lymophoma, and
choriocarcinoma. Cisplatin covalently binds to DNA preferentially at the N-7
position of guanine and adenine causing cross-links. It also binds to nuclear and
cytoplasmic proteins and causes cytotoxic effects. It is widely distributed in all
tissues but the highest concentrations occur in the liver and kidneys. The drug is
given intravenously or directly into the peritoneal cavity (not absorbed orally).
Maternal side effects include nephrotoxicity and neurotoxicity, which are dose-
limiting. Myelosuppression is also a factor. Limited use has been reported in
pregnancy [23]. There are recent reports of normal neonates born after in utero
exposure to a combination of paclitaxel and platinum for ovarian cancer during
pregnancy [24,25]. The breastfeeding advice is conflicting. Some references
suggest that breastfeeding is possible with caution [26]; however, other references
state that breastfeeding should be avoided based upon a report of excretion into
breast milk [27].

Carboplatin (Paraplatin, CBDCA) is indicated for ovarian cancer, germ cell
tumors, head and neck cancer, small cell and non-small cell lung cancer, bladder
cancer, relapsed and refractory acute leukemia, and endometrial cancer. Car-
boplatin forms DNA cross links preferentially by binding to the N-7 position of
guanine and adenine. It is cell cycle non-specific and is widely distributed
throughout all body tissues, including presumably, the amniotic fluid. This agent
is given intravenously and is not absorbed orally. Maternal myelosuppression is
significant and dose-limiting; nephrotoxicity and neurotoxicity are less than with
cisplatin. The pregnancy risk category is D; information about fetal effects is
limited but likely to be similar to cisplatin. The breastfeeding risks are unknown.

Dacarbazine (DIC, DTIC-Dome, Imidazole carboxamide) is indicated for
the treatment of melanoma, Hodgkin’s disease, soft tissue sarcomas, and neu-
roblastoma. Dacarbazine is a non-classical alkylating agent that prevents the
biosynthesis of purines. It methylates nucleic acids and inhibits DNA, RNA, and
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protein synthesis. This agent is distributed throughout the body and fluid spaces.
It is loosely bound to plasma proteins. Dacarbazine is given by the intravenous
route, and maternal myelosuppression is dose-limiting. Fetal rats exposed to
doses ranging from 200 mg to 600 mg demonstrated renal pyelectasis [28]. How-
ever, it has been reported that use of dacarbazine in the treatment of metastatic
melanoma during the second and third trimester in combination with other medi-
cations (carmustine, tamoxifen, and cisplatin) apparently caused no ill-effects. In
this case, the baby was delivered prematurely at 30 weeks, but was otherwise
healthy [29].

Antibiotics

Dactinomycin-D (Actinomycin-D, Act-D, Cosmegen) is indicated for Wilm’s
tumor, rhabdomyosarcoma, germ cell tumors, gestational trophoblastic disease,
and Ewing’s sarcoma. Dactinomycin-D is a product of Streptomyces species that
is composed of a tricycolic phenoxazone chromophore linked to two cyclic
polypeptides. This agent binds to guanine-cytidine base pairs and inhibits DNA
synthesis and function. It also causes the accumulation of intracellular oxygen-
free radicals that further damage DNA. This drug must be given intravenously
and is not absorbed orally. Dactinomycin-D concentrates in nucleated blood
cells and is highly protein-bound. Maternal myelosuppression is dose-limiting.
Reports of the use of dactinomycin-D in the second and third trimesters have
revealed apparently normal neonates [10,30-33].

Bleomycin (Blenoxane) is indicated for Hodgkin’s disease and non-Hodgkin’s
lymphoma, germ cell tumors, head and neck cancer, and squamous cell carci-
nomas of the skin, cervix, and vulva. This drug is a small peptide antibiotic that
binds iron to create activated oxygen-free radicals causing breaks in DNA.
Bleomycin is given intravenously or directly into the pleural space (not absorbed
orally); it is found in the intra and extracellular fluid, where less than 10% is
bound to proteins. The major maternal toxicity is pneumonitis, which is dose-
limiting. While chromosomal aberrations in human bone marrow cells have been
reported [34], no congenital defects have been linked to the use of bleomycin
in pregnancy. Second and third trimester exposures in combination with other
agents have resulted in the delivery of normal babies [27,31,35,36].

Antimetabolites

Methotrexate (MTX, Amethopterin) is indicated for the treatment of breast
cancer, head and neck cancer, osteogenic sarcoma, acute lymphocytic leukemia,
non-Hodgkin’s lymphoma, meningeal leukemia and meningitis, bladder cancer,
colorectal cancer, and gestational trophoblastic disease. Methotrexate is a classic
folic acid analog/antagonist, and its action is specific for the S-phase of the cell
cycle. The drug enters the cell through the folate transport system and inhibits the
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enzyme dihydrofolate reductase, thus depleting the level of reduced folates
necessary for critical cell functions. Methotrexate also inhibits de novo thy-
midylate and purine synthesis. Upon treatment, it is widely distributed throughout
the body including fluid spaces such as the amniotic fluid. The drug is given
by the intravenous, intramuscular, or oral routes. Maternal myelosuppression is
dose-limiting. Also, acute renal failure caused by intratubular precipitation of
methotrexate or its metabolites can occur. In the first trimester, methotrexate is
clearly associated with teratogenicity. Malformations include severe cephalic and
skull abnormalities with the absence of sutures, absence of the frontal bone,
hypertelorism, a depressed or widened nasal bridge, hypoplasia of the mandible,
heart defects such as dextroposition, and other conditions including the absence
of digits. The attack rate appears to be relatively high; nearly one-third of exposed
fetuses demonstrate malformations [37-39]. In addition, late effects of metho-
trexate on brain development are possible and should be studied further [40].

5-Fluorouracil (SFU, Efudex) is indicated for colorectal cancer, breast cancer,
gastrointestinal malignancies, head and neck cancer, skin cancer, hepatoma, and
ovarian cancer. This agent is a pyrimidine analog specific for the S-phase of the
cell cycle. Metabolic forms are incorporated into DNA and RNA to disrupt cell
function. Given intravenously, it is widely distributed in tissues and fluid spaces,
including, presumably, the amniotic fluid. Maternal myelosuppression, mucositis,
or diarrhea may each be dose-limiting. Hand-foot syndrome, manifested by tin-
gling, skin and nail changes, pain or numbness may also be dose-limiting. Nor-
mal as well as malformed fetuses have resulted from exposure to 5-fluorouracil.
In one report, first trimester treatment was associated with multiple anomalies
including radial dysplasia, absent digits, and hypoplasias of thoracic and ab-
dominal organs such as the lungs, aorta, esophagus, duodenum, and ureters,
among other defects [41].

Nucleoside analogues

Cytarabine (Cytosine arabinoside, Ara-C, Cytosar-U) is indicated for acute
myelogenous leukemia, acute lymphocytic leukemia, chronia myelogenous leu-
kemia, and leptomeningeal carcinomatosis. This agent is a deoxycytidine analog
synthesized by the sponge Cryptothethya crypta. Its activity is specific for the
S-phase of the cell cycle where the drug incorporates as a metabolite, ara-C
triphosphate, into DNA. This results in the termination of DNA chain synthesis.
Intravenous administration results in wide tissue distribution throughout the
body including fluid spaces such as the amniotic cavity. The drug is inactive
orally. Myelosuppression is dose-limiting for the patient, and the pregnancy risk
category is D. First trimester exposures have been associated with otic anomalies
and auditory canal atresia, lobster claw hand and other digital anomalies, as well
as lower limb defects [42,43]. In addition to the potential for the usual growth
restriction in fetuses exposed later in pregnancy, reports of fetal death in utero
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associated with cytarabine or combinations including cytarabine have appeared
in the literature [44]. Breastfeeding data are not available.

Gemcitabine (Gemzar) is indicated for cancer of the pancreas, bladder cancer,
non-small cell lung cancer, and soft tissue sarcoma. This drug is a fluorine-
substituted deoxycytidine analog that inhibits the cell cycle at the S-phase. Drug
exposure results in the incorporation of a metabolic triphosphate nucleotide
product, dFdCTP, into DNA that causes chain termination and stops DNA syn-
thesis and function. Gemcitabine is administered by the intravenous route and
is not extensively distributed in the body; however, it does cross the blood-brain
barrier and may cross the placenta. Maternal myelosuppression is dose-limiting.
No information on humans is available at this time; however, gemcitabine is
teratogenic in mice and rabbits.

Topoisomerase I inhibitors

Topotecan (Hycamtin) is indicated for ovarian cancer, small cell lung cancer,
and acute myelogenous leukemia. Topotecan is an alkaloid derivative from the
Camptotheca acuminata tree that inhibits topoisomerase I function. Topotecan
binds to and stabilizes the topoisomerase I-DNA complex and prevents the
release of DNA after it has been cleaved by topoisomerase I. The complex
collides with the advancing replication fork and stops DNA synthesis. This agent
is widely distributed in body tissues and is given intravenously. The major
maternal toxicity is myelosuppression (dose-limiting) with the neutropenic nadir
occurring at 7 — 10 days. No information from humans is available at this
time; however, topotecan is teratogenic in animals in dosages that approximate
recommended human regimens.

Irinotecan (Camptosar, CPT-II) is indicated for colorectal cancer and non-
small cell lung cancer. Irinotecan is a synthetic derivative of camptothecin, an
alkaloid derivative of the Camptotheca acuminata tree. The active metabolite of
irinotecan, SN-38, stabilizes the topoisomerase I-DNA complex and prevents
normal DNA synthesis and function. The drug is cell cycle non-specific. This
agent is widely distributed throughout the body and is administered intrave-
nously. Myelosuppression is dose-limiting. No studies reporting its use in preg-
nancy or breastfeeding have appeared.

Topoisomerase Ii inhibitors

Etoposide (VePesid, VP-16) is indicated for germ cell tumors, small cell lung
cancer, non-small cell lung cancer, non-Hodgkin’s lymphoma, and gastric can-
cer. Etoposide is an alkaloid extracted from the Podophyllum peltatum mandrake
plant that inhibits toposiomerase II by stabilizing the topoisomerase II-DNA
complex and preventing DNA unwinding. Etoposide is active during the S- and
G2-phases of the cell cycle and is rapidly distributed into all body fluids and
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tissues when administered either by the intravenous or the oral route. Decreased
albumin, as may occur during pregnancy, has the potential to result in elevated
free drug levels and toxicity. For the mother, myelosuppression is dose limiting,
and etoposide may prolong the prothombin time and the INR. Use of etoposide in
pregnancy has not resulted in reported fetal malformations; however, intrauterine
growth restriction and pancytopenia in neonates have been reported [45,46]. One
child whose mother received etoposide developed ventriculomegaly during the
pregnancy and subsequently developed cerebral atrophy [47]; however, most
newborns who have been exposed during the second and third trimesters show no
abnormalities at two years of development.

Doxorubicin (Adriamycin, Adria, Hydroxydaunorubicin, DOX, Rubex) is
indicated for breast cancer, Hodgkin’s and non—Hodgkin’s lymphoma, soft tissue
sarcoma, ovarian cancer, non-small cell and small cell lung cancer, bladder can-
cer, thyroid cancer, hepatoma, gastric cancer, Wilm’s tumor, neuroblastoma, and
acute lymphoblastic leukemia. Doxorubicin is an anthracycline antibiotic isolated
from Streptomyces species that intercalates into DNA, which inhibits DNA
synthesis. The drug also inhibits transcription, by inhibiting DNA-dependent
RNA polymerase, and the function of topoisomerase II. This agent is widely
distributed when given by the intravenous route; about 75% of the drug and
metabolites are bound to plasma proteins. Myelosuppression is dose limiting;
however, cardiotoxicity, both acute and chronic, are well-described. The acute
form presents with arrhythmias and conduction abnormalities and is not dose-
related; however, chronic cardiotoxicity is dose-related and results in dilated
cardiomyopathy. First trimester exposures, sometimes in combination with other
drugs or radiation, have resulted in normal and abnormal neonates. Imperforate
anus and rectovaginaol fistula have been described as well as microcephaly [48].
The effects of doxorubicin on the hearts of exposed fetuses and neonates are
under evaluation [49], but no definitive information is available. Doxorubicin is
excreted in breast milk [50].

Daunorubicin (Daunomycin, DNR, Cerubidine, Rubidomycin) is indicated for
acute myelogenous leukemia and acute lymphoblastic leukemia. This drug
intercalates into DNA and causes damage by forming a complex between DNA
and topoisomerase 1I. Daunorubicin is widely distributed throughout the major
organ systems and is highly lipid soluble. It is given intravenously. Myelosup-
pression is dose-limiting, and cardiotoxicity is usually transient, but can persist in
a chronic form that leads to dilated cardiomyopathy. Fetal effects are presumed to
be similar to doxorubicin.

Vinca alkaloids

Vincristine (Oncovin, VCR) has been used to treat acute lymphoblastic
leukemia, Hodgkin’s and non-Hodgkin’s lymphoma, multiple myeloma, rhabdo-
myosarcoma, neuroblastoma, Ewing’s sarcoma, Wilm’s tumor, chronic leuke-
mias, thyroid cancer, brain tumors, and choriocarcinoma. Vincristine is a vinca
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alkaloid antimicrotubule agent derived from the periwinkle plant Catharanthus
roseus. Vincristine inhibits tubulin polymerization and disrupts mitosis; hence
this drug is principally active during the M-phase of the cell cycle. This agent is
rapidly distributed throughout the body but with relatively poor penetration of the
blood-brain barrier; it is given intravenously. Neurotoxicity is dose limiting, and
the clinical manifestations include peripheral neuropathy, autonomic nervous
system dysfunction, cranial nerve palsies, seizures, cortical blindness, and coma.
Various sporadic reports of vincristine use in pregnancy and associated fetal
anomalies have appeared. These include the presence of an atrial septal defect,
renal hypoplasia, and pancytopenia [4,51,52].

Vinblastine (Velban) has been used to treat Hodgkin’s and non-Hodgkin’s
lymphoma, breast cancer, Kaposi’s sarcoma, and renal cell carcinoma. Vinblas-
tine is a plant alkaloid from the periwinkle plant C. roseus. It inhibits tubulin
polymerization and disrupts microtubules during the M-phase of the cell cycle. It
is given intravenously and is widely distributed to most body tissues, but with
poor penetration of the blood-brain barrier. Myelosuppression is dose-limiting for
the mother, and neurtoxicity is less than with vincristine. Exposure during the
first trimester has been associated with normal outcomes [53]; however, a review
of cases of vinblastine therapy during pregnancy identified three human cases of
suspected teratogenicity. One case was a spontaneous abortion, another resulted
in a child with hydrocephalus (first trimester exposure), and another case resulted
in the birth of an infant with cleft lip/palate after exposure to a multi-drug
regimen including vinblastine [19].

Vinorelbine (Navelbine) may be indicated to treat non-small cell lung cancer,
breast cancer, ovarian cancer, and Hodgkin’s lymphoma. This agent is a semi-
synthetic form of vinblastine with similar actions, which is widely distributed
throughout the body and is 80% protein bound. It is given intravenously.
Maternal myelosuppression is dose-limiting. Vinorelbine is known to be terato-
genic in animals, but sparse data are available in humans.

Taxanes

Paclitaxel (Taxol) is indicated for the treatment of ovarian cancer, breast
cancer, non-small cell and small cell lung cancer, head and neck cancer, esopha-
geal cancer, prostate cancer, bladder cancer, endometrial cancer, and AIDS-
related Kaposi’s sarcoma. Paclitaxel is isolated from the Pacific yew tree, Taxus
brevifolia. The drug acts by binding to microtubules and enhancing polymeri-
zation. Mitosis is inhibited in the M-phase of the cell cycle. This agent is widely
distributed throughout the body, including fluid spaces; however, paclitaxel has
poor blood brain barrier penetration. It is given by the intravenous route. Myelo-
suppression is dose-limiting, and neurotoxocity is a consideration. Rare cases of
fatal anaphylaxis have been reported. A few case reports of human fetal
exposures have appeared in the literature. These include one patient who was
treated from 16 weeks until delivery; the baby was reported to be normal at
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15 months [24], and another patient who was treated from 27 weeks until deliv-
ery; the baby was a normal neonate when evaluated at 30 months of age [25].
Paclitaxel is highly lipophilic, and minimal kinetic information is available.

Biologics and growth factor pathway blocking agents

Trastuzumab (Herceptin) is one of a new class of anti-cancer therapies that
block the epidermal growth factor receptor (EGFR) pathway. Specifically,
trastuzumab blocks the HER-2/neu receptor, a member of the EGFR family. This
agent has shown promise in the treatment of breast and lung cancer and is in trials
for treatment of endometrial and ovarian cancer, among other sites. It has now
gained approval from the Food and Drug Administration for the treatment of
advanced breast cancer. Interestingly, the manufacturer has assigned a pregnancy
risk category of B to trastuzumab based upon extensive trials in monkeys without
apparent fetal harm. Placental transfer in monkeys was demonstrated. However, a
case report of the use of trastuzumab in human pregnancy reveals an association
with significantly decreased amniotic fluid, indicating an adverse effect on the
fetal kidney [54]. In addition, mice in which the HER-2/neu gene has been
deleted, die during embryogenesis because of heart defects or lack of proper
cardiac development [55]. These reports indicate that biologics, as well as classic
chemotherapy agents, have the potential to affect the fetus and should be used
with caution for the treatment of cancer in pregnancy.
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Pregnancy affects the clinical presentation, evaluation, treatment, and prog-
nosis of patients with gastrointestinal cancer. Pregnant patients may present with
advanced gastrointestinal cancer as a result of delayed diagnosis, in part because
of difficulty differentiating signs and symptoms of cancer from signs and symp-
toms of normal pregnancy. The approach to cancer surgery and chemotherapy
must be modified in pregnant patients to minimize fetal and maternal risks,
depending on the stage of gestation. Because of these factors, women who de-
velop gastrointestinal cancers during pregnancy seem to have a poor prognosis.
This article focuses on cancers of the colon, stomach, pancreas, and liver that
occur during pregnancy.

Colorectal cancer
Incidence

Colorectal cancer is the second most common cause of cancer death in women
[1]. Only 4% to 8% of colorectal cancers, however, occur in patients less than
40 years of age [2,3]. The mean age of pregnant patients with colorectal cancer in
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a large review was 31 years (range, 1648 years) [4]. The incidence of colon
cancer during pregnancy is estimated to be 1 in 13,000 [5]; up to 300 of the
approximate 4 million pregnancies per year in the United States are complicated
by colorectal cancer. According to Cappell [6], about 300 cases of colorectal
cancer during pregnancy have been reported.

Risk factors

High-risk groups for colorectal cancer include patients with familial
adenomatous polyposis coli [7], hereditary nonpolyposis colorectal cancer syn-
drome [8], long-standing inflammatory bowel disease [9], and those with an
extensive family history of colon cancer [8]. These high-risk groups account for a
small minority (5%—10%) of all colorectal cancer cases, but are more likely to
be present in younger patients, including those in the age cohort in which
pregnancies occur. In two studies of a total of 24 pregnant patients with colorectal
cancer, 6 had risk factors of ulcerative colitis or adenomatous polyposis coli
[10,11]. Because colon cancers in high-risk patients often occur before the age of
40 years, these individuals at higher risk should have periodic colonoscopies
beginning at a young age [12]. Women with a history of ulcerative colitis or
Crohn’s colitis for more than 10 years should undergo surveillance colonoscopy
every 1 to 2 years with random mucosal biopsies collected to look for dysplasia.
Finally, consideration should be given to elective screening, or evaluation of
symptoms that could be related to colorectal neoplasia, in high-risk individuals
before pregnancy.

Presentation

Symptoms of colorectal cancer include abdominal pain, rectal bleeding,
nausea, vomiting, abdominal distention, and constipation [5,6,11,13]. Anemia,
caused by a combination of gastrointestinal bleeding and the physiologic anemia
of pregnancy [14], may produce weakness, fatigue, and pallor. Abdominal pain,
nausea, vomiting, and hypoactive or high-pitched bowel sounds suggest gastro-
intestinal obstruction. Colonic perforation from colon cancer is more common
during pregnancy [15]; signs suggestive of colonic perforation include fever,
abdominal rebound tenderness, and hypoactive bowel sounds. Rectal examina-
tion may detect rectal cancers and fecal occult blood testing may be positive.

Diagnostic evaluation of symptoms from colon cancer in pregnancy may be
delayed because some of these symptoms are common in pregnancy and colon
cancer may not be considered as a potential problem in a young pregnant patient.
Pregnancy can cause altered bowel habits, abdominal pain, abdominal swelling,
nausea, vomiting, and anemia. The differential diagnosis of rectal bleeding in a
pregnant patient includes hemorrhoids, ulcerative colitis, Crohn’s disease, infec-
tious colitis, and colorectal cancer.
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Diagnosis

Abdominal imaging

Abdominal CT is usually performed to detect local extension or metastases in
the nonpregnant patient with colorectal cancer, but is contraindicated during
pregnancy, especially during the first trimester, because of radiation terato-
genicity [16]. Abdominal ultrasound is the procedure of choice to evaluate the
liver during pregnancy [17]. Ultrasound is relatively sensitive, with an overall
75% rate of detection of hepatic metastases [18]. Ultrasound is highly sensitive
for metastatic liver lesions greater than 2 cm in diameter, but is much less
sensitive for metastatic lesions less than 1 cm in diameter.

Sigmoidoscopy and colonoscopy

The most accurate method to diagnose colorectal cancer involves endoscopy,
either using a short (65 cm) instrument (sigmoidoscopy) or a long (160 cm)
instrument (colonoscopy). In the general population, only 20% to 25% of colon
cancers occur in the rectum [1,19], which for all practical purposes is the distal
10 to 15 cm of the colon. A recent Veterans Administration cooperative study
suggested that 65% of colorectal cancers in average-risk women occur in the
proximal colon beyond the reach of the standard sigmoidoscope [20]. In contrast,
most reported colorectal cancers in pregnant patients have occurred in the rectum.
Bernstein and coworkers [4] reviewed the published literature for 205 cases of
colorectal cancer during pregnancy and found that 86% were located in the rec-
tum. These investigators also reported their own experience with colorectal cancer
during pregnancy; 64% of cancers were rectal and 36% were colonic [4]. The rec-
tal predominance of colorectal cancer during pregnancy may result from increased
detection because of frequent pelvic and rectal examinations, or exacerbation of
rectal symptoms caused by rectal compression by the gravid uterus [4].

The fetal safety and clinical efficacy of gastrointestinal endoscopy during
pregnancy has recently been reviewed by Cappell [21]. Sigmoidoscopy is indi-
cated during pregnancy to evaluate rectal bleeding and for evaluation of a sus-
pected rectosigmoid stricture or mass. Sigmoidoscopy has not been reported to
induce labor or result in congenital malformations [21-23]. In a case-controlled
study of 46 patients undergoing sigmoidoscopy during pregnancy, there was no
increased incidence of poor pregnancy outcome and Apgar scores were not sig-
nificantly different from the national mean [6,22].

In nonpregnant patients, complete colonoscopy is indicated for evaluation of
rectal bleeding, hemoccult-positive stools, change in bowel habits, and obstruc-
tive symptoms. Complete colonoscopy is necessary preoperatively in nonpreg-
nant patients diagnosed with colorectal cancer for pathologic diagnosis and for
excluding synchronous colonic lesions (which occur in 5% of colorectal cancer
patients) [24,25]. Sigmoidoscopy may be preferred initially during pregnancy,
however, because no sedation is required.

In contrast to sigmoidoscopy, the safety of colonoscopy during pregnancy is
not as well established [6,21]. Theoretical risks from colonoscopy during
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pregnancy include placental abruption, teratogenicity from endoscopic medi-
cations, and fetal toxicity from intraprocedural maternal hypotension or hypoxia
[6,21]. In a study of eight colonoscopies during pregnancy, excluding one volun-
tary elective abortion, six of seven pregnant patients delivered healthy babies
after colonoscopy [22]. The patient who did not suffered a miscarriage associated
with severe colorectal bleeding caused by severe ulcerative colitis 4 months after
colonoscopy. As reviewed by Cappell [6], in seven other published case reports
of colonoscopy during pregnancy, the fetal outcomes included three healthy
preterm babies; one healthy full-term baby; two still-births, neither temporally
related to the colonoscopy [5,6,11,26,27]; and one unknown outcome [28].

Colonoscopy may be necessary during pregnancy for evaluation of bleeding
or obstructive symptoms, and before colon cancer surgery to obtain a pathologic
diagnosis and to exclude synchronous colonic lesions. For procedural conscious
sedation in pregnant patients, meperidine has a documented fetal safety profile
[21], and limiting meperidine dosage to 75 mg or less to avoid fetal oversedation
is recommended [21,29]. Propofol, administered by an anesthesiologist, is also
safe for use in pregnant patients in the second and third trimesters, although its
safety in the first trimester has not been studied [21,30,31]. Fetal cardiac
monitoring should be considered to detect intraprocedural fetal distress during
endoscopic procedures for pregnant patients.

Transrectal ultrasonography

Transrectal endoscopic ultrasonography helps stage rectal cancer preopera-
tively; however, it has not been evaluated in pregnant patients. Rectal ultra-
sonography could be especially helpful in late pregnancy to determine whether a
large and anterior rectal cancer could compress the cervix and preclude vaginal
delivery [6].

Barium enema
Barium enema is contraindicated in pregnancy because of potential radiation
teratogenicity [16].

Therapy

Pathologic stage

Therapy for colon cancer is dependant on tumor stage. Colon cancer is most
commonly staged using the TNM (7Tumor, Nodes, Metastases) classification, with
stages from I to IV. Stage I colorectal cancer is confined to the muscularis
propria; stage II invades through the muscularis propria, but with no lymph nodes
involved by tumor; stage III has regional lymph node metastases; and stage IV
has distant metastases. Pathologic stage is highly correlated with cancer prog-
nosis [32].

Difficulties diagnosing colorectal cancer during pregnancy may explain the
reported high frequency of advanced pathologic cancer stage in these patients. Of
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39 colorectal cancers during pregnancy reviewed by Bernstein and coworkers [4],
60% had metastases to either lymph nodes or distant organs.

Surgery

Surgery is the primary therapy for colorectal cancer during pregnancy
[6,33,34]. The type and timing of surgery depends on gestational age, colorectal
cancer stage, maternal cancer prognosis, intraoperative findings, and mater-
nal desires.

When colorectal cancer is diagnosed during the first half of pregnancy, cancer
surgery should be promptly performed to minimize the risk of metastases [35].
Surgery during the first half of pregnancy can be performed without removing the
gravid uterus [4]. Total abdominal hysterectomy, however, may be necessary to
facilitate access to the rectum when needed for intraoperative exposure, when the
mother’s predicted survival is less than the time needed for the fetus to become
viable, or when the cancer extends into the uterus [11,36]. Otherwise, when the
cancer appears resectable, curative surgery should be performed leaving the
pregnancy intact. When the cancer is unresectable, a colostomy can be performed
for cancer palliation until the fetus becomes viable.

When colorectal cancer is diagnosed during the second half of pregnancy,
cancer surgery should be delayed until the fetus is viable, at which time vaginal
delivery should be induced [6,33]. Cancer resection should be delayed for several
days postpartum to permit involution of the uterus and resolution of pelvic
vascular congestion [11], although prolonged delay permits cancer growth and
metastases [11,35].

Because of a high incidence of ovarian metastases during pregnancy, Nesbitt
and colleagues [11] recommend routine intraoperative bilateral ovarian wedge
biopsies with pathologic analysis of frozen sections. Bilateral salpingo-
oophorectomy is indicated when the ovaries are involved or when hysterectomy
is required [11,34].

Delivery by cesarean section is performed for the same obstetric indications as
in patients without colon cancer [6]. Cesarean section is also indicated when a
large rectal cancer compresses the birth canal or is located anteriorly, because
birth trauma or an episiotomy could result in entering into the cancer [34,37].
Colorectal cancer surgery can be performed when cesarean section is performed.

Chemotherapy

Chemotherapy for colon cancer has changed markedly in the past several
years. Previously, the standard chemotherapeutic agent for advanced colorectal
carcinoma was 5-fluorouracil. Subsequently, the Food and Drug Administration
has approved two drugs for use as first-line agents (oxiliplatin and irinotecan),
and more recently, two biologic agents have been approved (bevacizumab and
cetuximab) [38].

Adjuvant therapy (therapy given after an apparent surgical cure) with
S-fluorouracil-containing regimens has been shown to improve survival in stage 111
and in some cases of stage II colorectal cancer [39]. There are no reports of a live
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birth following first-trimester exposure to 5-fluorouracil [34]. If a woman with
stage III colorectal cancer diagnosed early in pregnancy is treated with curative
surgery and elects to consider adjuvant chemotherapy, she needs to be informed
of the potential effects of 5-fluorouracil on the fetus during the early stages
of pregnancy.

Chemotherapy is safer when administered during the second or third trimester,
with no increase in fetal loss or developmental abnormalities [11,40]. There is,
however, a significant increase in the incidence of intrauterine growth retardation
and prematurity with adjuvant chemotherapy [6,34]. Adjuvant chemotherapy
could be used late in pregnancy in a patient who has undergone colorectal
resection early in pregnancy, although the benefit of adjuvant chemotherapy for
stage III colorectal cancer has not been determined when delayed more than
6 weeks from surgical resection [39]. Delaying adjuvant chemotherapy until
after delivery could be considered for stage III colorectal cancer diagnosed late
in pregnancy.

Radiotherapy

Preoperative or postoperative radiotherapy decreases the risk of local rectal
cancer recurrence and increases survival [41]. Pelvic radiation for rectal cancer is
contraindicated during pregnancy, however, and can be used only after delivery
or termination of pregnancy.

Prognosis

Maternal prognosis

Maternal outcomes for rectal cancer diagnosed during pregnancy have been
relatively poor; the 5-year disease-free survival was only 42% in a study of
26 pregnant patients with rectal cancer [4]. The prognosis for colon cancer
above the rectum may be worse [4,11]. Nesbitt and coworkers [11] reported no
S-year survivors among 23 patients with colon cancer during pregnancy. The
poor maternal outcome for colorectal cancer in pregnancy may result from the
high incidence of advanced pathologic stage at diagnosis [11]. When stratified
according to pathologic stage, the 5-year cancer survival in pregnant patients is
no different than in the general population [4].

Human chorionic gonadotropin production by colorectal cancers may be
associated with a poor prognosis [42] and, importantly, a positive test for 3 human
chorionic gonadotropin in a young woman with colon cancer does not always
indicate pregnancy [43]. Gastrointestinal tumors, particularly colon cancers, may
produce human chorionic gonadotropin [43—45]. Serum (3 human chorionic
gonadotropin is detectable in 5% to 41% of colorectal cancer patients [44,46],
whereas immunohistochemical studies have demonstrated the presence of immu-
noreactive 3 human chorionic gonadotropin in tumor cells in 43% to 52% of
colorectal cancers [45-47]. The presence of 3 human chorionic gonadotropin
in colonic cancer is reported to be associated with mucinous adenocarcinoma,
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poorly differentiated adenocarcinoma, a greater degree of local invasion, and the
presence of metastases [45].

Ovarian metastases are associated with a poor prognosis [48-51]. The in-
cidence of colon cancer metastases to the ovary in nonpregnant women is
approximately 25% in women less than 40 years of age [50-52]. Case reports
suggest that pregnant patients have a similar high incidence of ovarian metastases
[11,53].

Fetal prognosis

Colon cancer rarely produces placental metastases (one report) [54] and has
not been reported to cause fetal metastases [6]. Fetal morbidity and mortality
seem to relate to maternal factors and therapy-related complications.

Limited data exist on fetal outcome following colon cancer surgery early in
pregnancy because colon cancer has rarely been detected before 20 weeks of
gestation [4]. A few healthy infants have been born after colorectal surgery early
in pregnancy, including abdominoperineal resection [18,28]. The rate of fetal
death after major intra-abdominal or extra-abdominal surgery is 3.8% [55], with
no postoperative fetal deaths in a study of 60 laparotomies, as compared with a
2% rate of fetal death in pregnant controls not undergoing surgery. Laparotomy,
however, is associated with a high risk of preterm delivery and low birth weight
[55]. Kort and coworkers [55] reported a premature delivery rate of 21.8% after
major surgery, about twice the rate in pregnant controls. Tocolytics are usually
administered to prevent spontaneous abortion from postoperative uterine con-
tractions [55].

Although the fetal prognosis from maternal colon cancer is relatively
favorable, infant mortality is still about 20% [5,11,56]. Fetal deaths are most
commonly caused by prematurity, although stillbirth and spontaneous abortion
also occur. In one series [56], 69% of live-born infants had birth weights under
2500 g.

Gastric cancer during pregnancy
Incidence

Gastric cancer is most frequent in middle-aged and elderly populations (mean
age 60 years) and is unusual in individuals younger than 40 years [57,58]. Only
3.5% to 6.5% of gastric cancer patients are less than age 40 [57,59]. Overall,
gastric cancer is more common in men than women, with a ratio of 1.7:1 [60], but
the male-to-female ratio shows a predominance of females in the younger
population (1:1-1:2.5) [59,61]. The frequency of gastric cancer during pregnancy
seems to be highest in Japan, where 200 to 300 pregnant women (about 0.026%)
per year are likely to have gastric cancer [62]. Most of the literature concerning
gastric cancer in pregnancy has been based on Japanese patients and the
Japanese experience.
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There are three relatively large series analyzing patients with gastric cancer
during pregnancy [59,63,64]. In 1991, Ueo and coworkers [64] reviewed the
Japanese literature and noted reports of 104 cases of gastric cancer during preg-
nancy. These investigators also reviewed 61 Japanese cases diagnosed between
1968 and 1988. In 1999, Jaspers and coworkers [63] analyzed 92 cases of gastric
cancer in pregnancy, 61 of which were from the Japanese literature, and another
31 from the non-Japanese literature. In both series, about one third of cases were
detected before 30 weeks gestation, one third after 30 weeks, and one third
detected after delivery. Nearly all tumors were found in advanced stages; two
cases of early cancer were identified in Japan. Most showed poorly differentiated
and diffuse type histology.

The third series of gastric cancer during pregnancy was reported by Maeta and
co-workers in 1995 [59]. Pregnancy-associated gastric cancers were defined as
cases of gastric cancer detected during pregnancy and cases in which the interval
between the initiation of pregnancy and the diagnosis of gastric cancer was less
than 2 years. A total of 2325 consecutive Japanese patients with gastric cancer
who attended a single clinic were reviewed from the 25 years between 1966 and
1990. Fourteen pregnancy-associated cases of gastric cancer were identified, four
diagnosed during pregnancy. Overall, for patients less than 40 years, the male to
female ratio was 1:1.7, and was 1:2 for the population of patients less than
30 years. The 14 pregnancy-associated cases comprised 14.7% of the total of
95 women less than 40 years of age with gastric cancer. The mean age of
the pregnancy-associated gastric cancer patients was 31.4 (range, 26-37 years).
The mean interval between the initiation of pregnancy and the diagnosis of
gastric cancer was 14.6 months (range, 2—22 months), with four diagnosed dur-
ing pregnancy.

Risk factors

Gastric cancer occurs more commonly in populations outside of North
America, with Japan having a relatively high incidence [65]. Dietary factors, such
as salt preservation of food, may contribute to gastric cancer risk [65]. Infection
with Helicobacter pylori is another potential risk factor that recent data suggest
may be more important in women than men [66].

Presentation

The diagnosis of gastric cancer in pregnancy may be difficult, because
symptoms of the carcinoma may be misinterpreted as pregnancy-induced nausea
and discomfort. Early gastric cancer is generally asymptomatic. Symptoms of
more advanced gastric cancer include nausea, vomiting, epigastric pain, anorexia,
abdominal distention, and fullness of the stomach [64]. Nausea and vomiting
during pregnancy is common, however, affecting between 50% and 90% of
gravidas. Vomiting ceases by the sixteenth week in approximately 90% of
patients, and by the twentieth week in 99% [67]. Significant nausea and vomiting
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that persists into the second half of pregnancy should not be regarded as normal
and diagnostic testing should be considered.

Diagnosis

Upper endoscopy is a sensitive method for detecting gastric cancer. Upper
endoscopy should be performed for patients with persistent epigastric complaints
in the second trimester, especially if associated with signs of upper gastro-
intestinal bleeding, weight loss, or in the absence of appropriate weight gain
[59,63,64].

The fetal safety and clinical efficacy of upper gastrointestinal endoscopy
during pregnancy has been recently reviewed by Cappell [21]. Clinical studies
indicate that the benefits of upper endoscopy exceed the risks when performed for
overt gastrointestinal bleeding. Upper endoscopy is also indicated for severe
refractory nausea and vomiting accompanied by significant abdominal pain,
hematemesis, or signs of gastroduodenal obstruction. Endoscopic ultrasonog-
raphy may be useful to stage the local extent and regional lymph node in-
volvement of gastric cancer, although there are no reports using this modality
during pregnancy.

Therapy

Surgery

Practical guidelines for treatment of gastric cancer during pregnancy are
similar to those for colorectal cancer during pregnancy [64]. The management
of gastric cancer during pregnancy is determined by both the gestational age of
the fetus and the stage of the tumor. If complications, such as hemorrhage,
obstruction, or perforation, are present, immediate surgery without delay is
mandatory at any stage of pregnancy.

Ueo and coworkers developed a treatment algorithm [64] that has been
accepted by other reviewers of gastric cancer during pregnancy [63,68]. These
investigators divided patients with gastric cancer during pregnancy into four
groups, depending on gestational age at the time of gastric cancer diagnosis. In
group I patients, the gastric cancer is diagnosed before the twenty-fourth ges-
tational week when the recommendation is “surgical treatment for gastric cancer
should be immediately performed without regard for the pregnancy” [64]. In
group II patients, gastric cancer is diagnosed between the twenty-fifth to twenty-
ninth gestational week. The treatment decision at this interval depends on the
stage of gastric cancer. If the cancer is advanced and considered resectable,
immediate resection of the gastric cancer is recommended despite the risk to the
fetus. If the gastric cancer is early, treatment may be postponed until the thirtieth
gestational week to ensure safer delivery. In group III patients, the gastric cancer
is diagnosed after the thirticth week of gestation when cesarean section or vaginal
delivery is applicable. The recommended approach is delivery when the infant is
viable, followed by a radical operation for the gastric cancer. In group IV patients,
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gastric cancer is diagnosed after delivery, when the pregnancy has little impact on
treatment decisions.

Laparotomy was performed in 47 cases (77.1%) in the Ueo series [64].
Fourteen patients (23%) were not candidates for surgery because of either poor
physical condition or highly advanced cancer. Surgical resection of the gastric
cancer was achieved in 29 cases (47.5%). In the resected cases, 9 underwent total
gastrectomy, 7 subtotal gastrectomy, and 13 partial gastrectomy.

Chemotherapy

In the past, adjuvant chemotherapy for gastric cancer has not been as
efficacious as it has been for colorectal cancer. Recently, however, adjuvant
chemoradiotherapy has been shown to improve survival in patients with gastric
cancer [69,70]. Consideration should be given to using adjuvant therapy for
gastric cancer during pregnancy with the same caveats in timing of treatment as
discussed for colon cancer.

Prognosis

In the general population, survival from gastric cancer is poor. In the review
by Dupont and coworkers [71], the 5-year survival rate for all ages ranged from
5.1% to 12%, with an average of 7.3% in series of greater than 1000 patients.

Similarly, the prognosis for patients with gastric cancer diagnosed during
pregnancy is poor [59,63,64]. Overall, 88% of patients die within 1 year. Of
61 Japanese patients analyzed by Ueo and coworkers [64], 96.7% were in an
advanced stage at the time of diagnosis. Only two cases of early cancer were
noted. The incidence of hospital death was high: 58.9% overall, 92.9% in
inoperable cases, 57.1% in surgically treated patients, and 22.7% after gas-
trectomy. The incidence of in-hospital death was higher when the gastric cancer
was diagnosed during gestation than when diagnosed in the postpartum period.
Of resected cases, 31.6% survived 1 year, 21.1% survived 3 years, and 5.3%
survived 4 years. All of the unresected cases died within 6 months of detection of
the gastric cancer. Similarly, of 92 cases of gastric cancer during pregnancy
reviewed by Jaspers and coworkers [63], nearly all tumors were found in ad-
vanced stages, 82% were poorly differentiated, and only 51% were resectable at
the time of diagnosis.

In the series by Maeta and coworkers [59], the pregnancy-associated gastric
cancer patients had an increased incidence of poorly differentiated adenocarci-
noma with scirrhus growth pattern, when compared with age-matched non-
pregnant gastric cancer patients. Pregnancy-associated patients had a high
incidence of far-advanced stage IV cancer (50%), and the incidence of peritoneal
metastasis (42.2%) was significantly higher in the pregnancy-associated cases
than in young women with non—pregnancy-associated gastric cancer. Four of
the 14 pregnancy-associated cases were detected as early gastric cancer. Of
the 14 pregnancy-associated cases, 7 patients who underwent curative surgery
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(stages I-1II) were still alive at last follow-up, whereas all 7 patients with stage IV
cancer died of peritoneal metastasis within 1 postoperative year. Early detection
of gastric cancer with subsequent curative surgery is the best way to obtain good
survival for young pregnant women.

Fetal survival in gastric cancer during pregnancy has been favorable, with
72% survival in Jasper’s and coworkers review [63]. For pregnancies greater than
30 weeks, fetal survival was 88% to 100% and only two babies were growth
retarded. It is recommended that the decision whether to continue pregnancy can
be based on the viability of the baby and the urgency of treatment planned for
the patient.

Pancreatic tumors during pregnancy
Pancreatic adenocarcinoma

Incidence

Pancreatic adenocarcinoma is the fifth leading cause of cancer death among
women [72]. It develops infrequently before age 40 years and it has been rare
during pregnancy [73]. As of 1997, there had been four reported cases of pan-
creatic adenocarcinoma during pregnancy [74].

Risk factors

A significant portion of patients with pancreatic cancer have a family history
of the disease [75]. The genetic factors involved are not yet understood; however,
families who have trypsinogen inactivator mutations develop chronic calcific
pancreatitis associated with a high incidence of pancreatic cancer [76]. The
environmental factors leading to the development of pancreatic cancer have
not been clearly defined, although tobacco seems to be a risk factor in some stud-
ies [75].

Presentation

Pancreatic adenocarcinoma often presents with painless jaundice. The
development of jaundice during pregnancy can result from several relatively
common disorders, including viral hepatitis, intrahepatic cholestasis of preg-
nancy, preeclampsia, common bile duct stones, and fatty infiltration of the liver.
In most cases, history, physical examination, laboratory tests, and abdominal
ultrasound differentiate between hemolysis, hepatocellular, and obstructive
disorders with 80% accuracy [77].

Diagnosis

Jaundice caused by a pancreatic mass may be suggested by ultrasound
detection of dilated bile ducts. Endoscopic retrograde cholangiopancreatography
or MR cholangiopancreatography can differentiate between common duct stone,
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ampullary neoplasm, bile duct neoplasm, and pancreatic neoplasm. The
performance of endoscopic retrograde cholangiopancreatography involves the
possible hazard of radiation to the fetus and should be avoided, if possible, before
17 weeks’ gestation [78]. Shielding minimizes fetal exposure to radiation. Endo-
scopic retrograde cholangiopancreatography allows definitive diagnosis; treat-
ment, such as extraction of common bile duct stones or stent placement for
palliation of jaundice; and biopsy of ampullary lesions.

Endoscopic ultrasound is a useful method to evaluate the pancreas and does
not entail the radiation exposure of endoscopic retrograde cholangiopancrea-
tography [79]. The risks to the fetus should be similar to the risks of upper
gastrointestinal endoscopy and some investigators recommend endoscopic ultra-
sound as a preferred method to evaluate for common bile duct stones dur-
ing pregnancy [80]. Endoscopic ultrasound also allows biopsy of a pancreatic
mass [81].

Therapy

Surgery.  Pancreaticoduodenectomy is the only means for achieving long-term
survival for pancreatic adenocarcinoma. Blackbourne and coworkers [74]
reported a case of pancreatic adenocarcinoma during pregnancy diagnosed at
17 weeks’ gestation. The patient underwent a pylorus-preserving pancreatico-
duodenectomy with a choledochojejunostomy, pancreaticojejunostomy, and a
duodenojejunostomy. Three months postoperatively, the fetus was developing
normally. Simchuk and coworkers [82] diagnosed an unresectable pancreatic
adenocarcinoma during pregnancy in a patient who was treated with palliative
choledochoduodenostomy and feeding jejunostomy. A healthy baby was deliv-
ered by cesarean section at 28 weeks’ gestation, whereas the patient died 3 months
after surgery. Gamberdella [83] reported a case of unresectable pancreatic car-
cinoma diagnosed at approximately 24 weeks’ gestation, palliated with a decom-
pressing cholecystostomy. At 32 weeks’ gestation, healthy twins were delivered
by cesarean section and the patient died of metastatic adenocarcinoma of the
pancreas 3 months postpartum.

Chemotherapy. Multiple adjuvant treatments have been tested for pancreatic
carcinoma, most with minimal, if any, effect [84]. Chemotherapy for pancreatic
adenocarcinoma using 5-fluorouracil or gemcitabine is palliative and efficacy in
the adjuvant setting has not been proved [84,85]. One should be cautious in the
use of these drugs, particularly early in pregnancy.

Prognosis

Pancreatic adenocarcinoma remains one of the most difficult cancers to treat
because it tends to present late and surgical resection is possible in the minority
of patients. Only 15% to 20% of patients have resectable disease at presenta-
tion with 10% to 20% of resected patients surviving 5 years; however, most
of these patients experience late recurrence and ultimately die of the disease
[85,86].
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Neuroendocrine tumors

Incidence

Neuroendocrine tumors of the pancreas are relatively rare, with different
subtypes, each occurring at a rate of 1 per million or so in the general population
[87]. Islet cell neuroendocrine tumors are the pancreatic neoplasms most fre-
quently diagnosed during pregnancy, with insulinomas being the most common
subtype. There are 20 reported cases of insulinoma during pregnancy [88].

Risk factors

Islet cell tumors are both sporadic and familial, the familial ones being asso-
ciated with multiple endocrine neoplasia I syndrome [89]. Families with multiple
endocrine neoplasia I generally have tumors of the pituitary gland, parathyroid
glands, and pancreas, but not all patients have the triad of tumors [90]. In a
review of 224 patients with insulinoma, 7.6% were associated with multiple
endocrine neoplasia I [91].

Presentation

The symptoms of insulinoma typically occur with exercise or fasting and
include neuroglycopenic symptoms, such as confusion, personality changes,
dizziness, weakness, loss of consciousness, and blurred vision. The patient may
also experience autonomic symptoms, such as diaphoresis, tremulousness,
palpitations, and shortness of breath [92]. Symptoms of central nervous sys-
tem dysfunction can occur and include seizures, coma, and permanent brain
damage [93]. Whipple’s triad is used to diagnose a hypoglycemic episode and
includes the presence of neuroglycopenic or autonomic symptoms, low plasma
glucose at the time of symptoms, and relief of all symptoms with correction
of hypoglycemia. Normal pregnancy may produce symptoms similar to those
of hypoglycemia, delaying the diagnosis. Fifteen of the 20 pregnant patients
who have been described with insulinoma [88] had the onset of symptoms by
16 weeks of gestation. Only one patient had symptoms develop in the third
trimester, the only case of metastatic malignant insulinoma during pregnancy
reported [88,94]. Later in pregnancy, the normal decrease in insulin sensitivity
can create a hyperglycemic state [95]. Patients with insulinoma have a decrease
in their symptoms later in pregnancy, and conservative management is suit-
able [88].

Diagnosis

The laboratory findings suggestive of insulinoma include a serum insulin level
of 10 pU/L or more with plasma glucose levels less than 45 mg/dL [88]. The
diagnosis is confirmed with a prolonged, supervised fast, during which serum
levels of glucose, insulin, and C-peptide are analyzed [96]. Ultrasound, CT, and
MRI have limited sensitivities for preoperative localization of the tumor [97].
Endoscopic ultrasonography may be the most sensitive method for localizing
pancreatic islet cell tumors preoperatively [98].
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Therapy

Because less than 10% of insulinomas are malignant, treatment during preg-
nancy is the same as in the nonpregnant patient and is directed at controlling
hypoglycemic symptoms [91]. The gravid patient with insulinoma may be
managed with frequent dietary intake until after delivery. In Takacs’ and co-
workers series [88], the 14 patients who had symptoms in the first 16 weeks of
gestation were treated conservatively and all had resolution of symptoms during
the later trimesters. In no case did the disease progress such that the tumor could
not be removed or had become metastatic. If diet alone is not sufficient, the
patient may be treated with glucagon [88].

Immediate surgery may be necessary for the patient whose disease is wors-
ening significantly during pregnancy. At least 10 cases of surgery for various
pancreatic tumors during pregnancy have been reported [74,99,100]. Eight of
these operations were uncomplicated and resulted in a term birth; one resulted in
delivery at 32 weeks, 1 day after surgery; and one resulted in premature delivery
with complications leading to fetal death [100]. The most common surgery was a
distal pancreatectomy followed by three pancreaticoduodenectomies. For in-
sulinoma, enucleation of the tumor can sometimes be accomplished [88].

Prognosis

The prognosis for insulinoma during pregnancy is generally good for both
mother and child as long as prolonged and severe hypoglycemia is avoided [88].
Definitive surgery for neuroendocrine pancreatic tumors presenting during
pregnancy can be performed with a good maternal and fetal outcome [100].

Hepatocellular carcinoma during pregnancy
Incidence

Hepatocellular carcinoma (HCC) seems to be rare during pregnancy in the
United States; most reported cases have occurred in Asia and Africa. By 1995
there were approximately 30 reported cases of HCC during pregnancy [101],
whereas a more recent review of liver masses in pregnancy reported three addi-
tional cases of HCC [102].

Risk factors

Risk factors for HCC include chronic hepatitis B, chronic hepatitis C, and
cirrhosis from other causes [103]. Aflatoxin in the diet may also be a risk factor
for HCC [104]. In 1995, Lau and coworkers [101] reported five cases of HCC
during pregnancy and reviewed case reports of 23 additional cases. Among the
25 patients with known racial origin, 8 were Chinese and 6 were Nigerian.
Seventeen of these patients had known hepatitis B surface antigen status, with
7 negative and 10 positive patients. Underlying cirrhosis was documented in
10 patients, with 6 cirrhotics being hepatitis B carriers.
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Presentation

Patients with HCC in pregnancy can present in many ways. Hepatomegaly
may be detected on antenatal checkup, although most subjects with hepatomegaly
do not have HCC. HCC can present with jaundice, abdominal pain, or very
dramatically with shock from liver rupture. In the series by Lau and coworkers
[101], four ruptured HCC were identified. Individuals at high risk for HCC may
be diagnosed during screening with alpha fetoprotein and liver ultrasound, which
are recommended every 6 months in at-risk patients.

Diagnosis

Serum alpha fetoprotein levels and liver ultrasound are the main screening
tools for detecting HCC in asymptomatic individuals at risk and are used as
diagnostic tests in those suspected to have HCC. Because alpha fetoprotein
screening of pregnant women is also used for detection of fetal malformations,
HCC has sometimes been identified [105,106]. A serum alpha fetoprotein level of
greater than 1000 ng/mL, along with a liver mass by ultrasound, is considered
diagnostic of HCC. In Lau’s series [101], serum alpha fetoprotein levels at
presentation were known in 18 cases. Four of the patients had normal alpha
fetoprotein levels, 10 patients had levels >400 ng/mL, and the remaining 4 cases
had levels between 78 and 270 ng/mL.

Therapy

Segmental liver resection is potentially curative in patients with HCC. It is
unclear if liver resection is more effective than liver transplantation, although
transplantation is generally preferred in subjects with HCC and underlying
cirrthosis [107,108]. There is an experience with liver transplantation in the
peripartum period for benign diseases, but only after delivery of the fetus [109].
It may be reasonable to attempt resection of HCC early in pregnancy and
consider liver transplantation after delivery, although there are not enough cases
reported to make firm recommendations. Ablative techniques, such as ethanol
injection, radiofrequency ablation, and chemoembolization, are available for
treatment of HCC [110]. These techniques are not believed to be curative, but
could potentially be used to control disease until more definitive therapy can be
provided after delivery. Data for these techniques during pregnancy are lacking.

Prognosis

The prognosis for patients with HCC is better for those with smaller tumors.
Patients who undergo resection of a tumor less than 1 cm in size have a cure rate
that can exceed 80%, whereas those with tumors greater than 5 cm have a cure
rate with resection less than 25% [111,112].

As is the case for other gastrointestinal malignancies, pregnancy probably
leads to a delay in diagnosis. In the series by Lau and coworkers [101], death
occurred rapidly in most cases, with only two patients surviving up to 1 year from
diagnosis. Live infants were delivered in about half of the cases (57%).
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Summary

In pregnant patients, colorectal, gastric, pancreatic, and hepatic carcinomas
often present as advanced tumors with resulting poor maternal outcomes.
Atypical symptoms during pregnancy warrant endoscopic and ultrasound diag-
nostic testing. When these cancers are diagnosed during the first half of preg-
nancy, cancer surgery should be promptly performed, without disturbing the
pregnancy when possible. With diagnosis later in pregnancy, consideration
should be given to delaying treatment until the infant is viable, proceeding with
radical surgery after cesarean or induced vaginal delivery. Adjuvant chemo-
therapy, given in consultation with an oncologist, can be used in the second and
third trimesters, but is associated with an increased incidence of prematurity and
low-birth-weight infants. Despite this approach, maternal outcomes are poor.
Infant survival, however, is favorable.
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The term gestational trophoblastic disease (GTD) encompasses a unique group
of uncommon but interrelated conditions derived from placental trophoblasts
that differ in propensity for regression, invasion, metastasis, and recurrence [1].
The World Health Organization divides GTD into the following groups: complete
hydatidiform mole (CM), partial mole (PM), choriocarcinoma, placental site
trophoblastic tumor (PSTT), miscellancous trophoblastic tumor (exaggerated
placental site, placental site nodule or plaque), and unclassified trophoblastic
lesions [2]. For the purposes of discussion and treatment, gestational tropho-
blastic disease is the appropriate collective name for hydatidiform mole (com-
plete, partial, invasive with resolution of human chorionic gonadotropin [hCG]),
whereas the term gestational trophoblastic neoplasia (GTN) is reserved for cases
with persistent hCG titer elevation after evacuation of hydatidiform mole, meta-
static disease, or choriocarcinoma [3,4].

Pathology of molar subtypes

Both partial and complete molar pregnancies are characterized by the presence
of hydropic villi. The classical appearance of complete moles is large edematous
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clusters of vesicles 0.5 to 2 ¢cm in size (Fig. 1), with varying amounts of hemor-
rhage and necrosis. When compared with historic controls, fewer patients today
present with the traditional more aggressive symptoms of complete hydatidiform
mole (excessive uterine size, anemia, preeclampsia, hyperthyroidism, or hyper-
emesis), although the rate of postmolar GTN has not appreciably declined [5].
Because of the widespread use of obstetric ultrasound, molar pregnancies are
more likely to be diagnosed at 8.5-9.5 weeks instead of 16-18 weeks estimated
gestational age (EGA), which may account for the change in clinical presentation
[5,6]. The structural resolution by ultrasound is 3 mm; therefore, hydatidiform
mole is unlikely to be detected on ultrasound before 6-8 weeks EGA. Kajii and
colleagues [7-9] demonstrated the androgenetic origin of complete or classic
hydatidiform mole. In CM, the nuclear DNA is exclusively of paternal origin.
The majority are 46XX [10], and arise from fertilization of an empty pronucleus
by a haploid sperm that undergoes duplication, a condition referred to as diandric
diploidy. Although most of the remainder are 46XY, which arise from the
fertilization of an empty egg by two sperm and are termed diandric dispermy
[6,9,11], other karyotypic types have been reported, including tetraploidy [12].
For CM, the risk for GTN following evacuation is approximately 15%-20%.
Risk is influenced by the initial hCG titer (serum hCG over 100,000 mIU/mL,

Complete Hydatidiform Mole
Cytogenetics — Paternal DNA

Empty
e >
Diandric diploidy

Empty
EGG

-

Diandric dispermy

Fig. 1. Complete hydatidiform mole (CM). (4) Enlarged and edematous grape-like vesicles 0.5 to
2 cm in size. Molar villi obtained on suction dilation and evacuation may be collapsed and obscured
by accompanying blood, but can be reconstituted in hypotonic saline. (B) Microscopically, CM villi
have large acellular central cisterna. A fetus, fetal parts, or fetal red blood cells are absent.
(C) Trophoblastic proliferation is circumferential, completely surrounding the villus, and varying
degrees of cellular atypia are present. (D) Most common cytogenetics of complete mole.
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the rate of decline of hCG [13], the presence of large theca lutein cysts, and
the method of evacuation [6,13].

Like CM, partial moles (PM) have less abundant hydropic villi that are large
and edematous with at least focal central cisterns, as well as smaller villi that
display stromal fibrosis (Fig. 2). Typically, the karyotype of PM is triploidy
(69 chromosomes), which result from fertilization of an oocyte by either a du-
plicated spermatozoa or two spermatozoa, termed monogynic diandric triploidy.
Of these, 70% are 69, XXY; 27% are 69, XXX; and 3% are 69, XYY [14]. These
are distinguished cytogenetically from triploid conceptuses, which have a diploid
set of maternal DNA and a haploid set of paternal DNA, or digenic tripoidy
[15-17]. Although complete mole does not usually present a diagnostic dilemma,
it can be difficult or impossible to distinguish PM from a hydropic abortus using
light microscopy alone, and ploidy studies may be useful [18-21]. In contrast
to PM pregnancies, missed abortions are typically triploid with two maternal
and one paternal haploid, and are termed digenic tripoidy. Because PM can be
clinically and cytologically confused with missed abortion, the risk of postmolar
recurrence in these cases has received a fair amount of consideration. Following
evacuation of partial moles (PM), the risk of GTN development is low. Series in

B Partial Hydatidiform Mole
Cytogenetics — 2 Paternal DNA Haploids

0-@
0-@

Diandric triploidy

Fig. 2. Partial hydatidiform mole (PM). (4) Normal and hydropic villi. Usually, villi contain fetal
vessels and fetal red blood cells. (B) Most commonly PMs arise from the fertilization of a haploid egg
by two sperm.
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the United States indicate the rate of recurrence is 2%—4%, and 1.8% in the
largest series of partial moles (2627 cases) reported to date [22]. Patients who
have PM rarely develop metastatic disease [23,24] or transform into chorio-
carcinoma [22]. Follow-up, using hCG titers, is recommended for all patients
who have tripoidy pregnancies until they normalize. However, from the stand-
point of GTN prevention, there is no proven benefit of cytogenetics on patients
who have either partial mole or missed abortion, to ensure surveillance.

Choriocarcinoma and placental site trophoblastic tumor

Gestational choriocarcinoma is a relatively rare and highly malignant variant
that must be distinguished from non-gestational germ cell tumors [15,25].
Choriocarcinoma can be preceded by any gestational event: 50% arise after
hydatidiform mole, 25% after spontaneous abortion, 22.5% after a normal
pregnancy, and 2.5% following ectopic pregnancy [26]. Usually, but not always,
the predisposing pregnancy is the one most temporally related [27]. There is
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Fig. 3. (4) Choriocarcinoma, characterized by rapid invasive growth with hemorrhage and necrosis.
(B) Choriocarcinoma histopathology; clusters and sheets of cytotrophoblasts surrounded by
multinucleated syncytiotrophoblasts. (C,D) Choriocarcinoma in-situ; characteristic biphasic pattern
of cytotrophoblast and syncytiotrophoblast. Choriocarcinoma is surrounded and arose from otherwise
normal appearing villi with projections of tumor cells into the intervillous space.
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Fig. 4. Placental site trophoblastic tumor (PSTT). Cells strongly resemble intermediate trophoblasts
of the implantation sites. (4) Low power, characteristic splaying of smooth muscle fascicles by
intermediate trophoblastic cells. (B) Higher power demonstrating increased mitotic activity and
marked pleomorphism. (C) Tumor cells can undermine endometrial vein wall, with replacement of
vessel wall with fibrinous material (arrow).

considerable variation in the rate of choriocarcinoma per pregnancy in different
regions of the world. In Europe and North America, choriocarcinoma has been
reported in every 30,000—40,000 intrauterine, and 1 in 40 molar pregnancies
[25,28-30]. Rates are as high as 1 in every 500-3000 pregnancies in Southeast
Asia [31]. These highly vascular neoplasms readily metastasize, most commonly
to the lung (60%—75%), the vagina (40%-50%), brain (15%-20%), liver
(15%—-20%), spleen (10%), and intestines (10%). However, any part of the body
can be affected [32-34]. The risk of hemorrhage from biopsy often discourages
histological confirmation. Thus, treatment is based upon the number and location
of lesions, timing of the antecedent pregnancy, and the hCG titer [13], rather than
on histological confirmation. Grossly, the tumor is characterized by hemorrhage
and necrosis (Figs. 3-6) and microscopically, by sheets and clusters of

LMP IR
BLEEDINI
4 MON

Fig. 5. (4) Classic snowstorm appearance of a complete mole. (B) Partial mole with degenerating
placenta and no fetus. (C) intrauterine pregnancy with normal twin and complete hydatidiform mole.
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Fig. 6. High-risk GTD. (4) Suspicious uterine fundic mass in a patient with rising hCG titers after
multiagent chemotherapy including EMA-CO. At hysterectomy, no gross lesion was seen, but under
light microscopy a 1-cm lesion, histologically consistent with choriocarcinoma, was found. (B,C) The
same patient developed two brain lesions, one in the right medial occipital lobe and the second in the
left posterior parietal lobe, which were found three months later. Athough this patient had received
many different regimens including ifosphamide and bleomycin-cisplatin-based regimens as well as
single-agent paclitaxel, she was ultimately salvaged with intrathecal methotrexate, actinomycin D,
and etoposide and whole brain irradiation (follow-up 8 years).

cytotrophoblasts and multinucleated syncytiotrophoblastic cells. Except in the
rare case of choriocarcinoma with a term pregnancy, villi are absent [26,35,36].
Because choriocarcinoma in association with a placenta and in the absence of
metastatic disease is exceedingly rare, there is reluctance on the part of patholo-
gists to make the diagnosis. This can result in treatment delays [35,36].

PSTT, epitheliod trophoblastic tumor, and exaggerated placental site/placental
site nodule are rare variants of GTD and have differing risks for GTN. Once
considered to be a benign condition, when metastatic, PSTT can be difficult to
control even with surgery and aggressive chemotherapy. PSTT arises from neo-
plastic intermediate trophoblastic cells, and is usually associated with low hCG
levels. Human placental lactogen (HPL) may generally be detected by immu-
nohistochemistry, and when elevated in the serum may be used for surveillance.
Like choriocarinoma, PSTT may arise following any type of gestational event.
The most common presenting symptoms are vaginal bleeding and amenorrhea.
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Although the diagnosis can sometimes be made by uterine curettage, the de-
finitive diagnosis is usually made by hysterectomy, which is also the treatment of
choice. Most cases are confined to the uterus, but metastasis has been reported in
the lung and other sites, and a diligent search for metastatic disease is essential.
Compared with other GTN variants, PSTT is less sensitive to chemotherapy.
The best responses reported to date have been with the combination regimens
EMA-CO (etoposide, actinomycin D, methotrexate, cytoxan, vincristine) or
EMA-EP (etoposide, methotrexate, actinomycin D, etoposide, cisplatin) [37-40].

Initial clinical management

Although the pathology and clinical behavior of CM and PM are different, the
initial management of both conditions is basically the same: surgical evacuation
by suction curettage, determination of the baseline, and follow-up with hCG titers
[1]. Before evacuation of a PM, laminaria may be used to dilate the cervix, but
should not be removed until immediately before suction curettage. In addition to
diagnosis, ultrasound may be used to ensure complete evacuation and reduce the
risk of uterine perforation. Ultrasound has also been used following evacuation
to determine if there is residual molar tissue that should be removed, before
initiating chemotherapy [41-43]. Other essential studies include a baseline pre-
evacuation hCG titer, a preoperative chest radiograph to evaluate for pulmonary
metastases or evidence of high-output cardiac failure, and blood type and cross
match. Pulmonary complications may occur from trophoblastic deportation, vol-
ume overload, hyperthyroidism, and preeclampsia. There is substantial evidence
that hCG is a weak thyrotropin (TSH) agonist, and some patients who have GTD
express a variant of hCG with increased thyroid-stimulating activity [44-46].
Patients who have high hCG levels (200,000 mIU/ML) may exhibit evidence of
acute hyperthyroidism and benefit from (3-blockers perioperatively. Trophoblastic
deportation has received emphasis as a cause for respiratory failure; however,
high output cardiac failure from severe anemia and excessive hydration is a more
common complication. This can usually be prevented by volume management.
Pulmonary artery or central venous pressure monitoring can be helpful in patients
who have cardiopulmonary insufficiency of uncertain etiology. Patients who are
Rh-negative should be treated with anti-D immune globulin. Theca-lutein cysts
result from hCG stimulation of the ovaries and may take several months to
resolve. Surgical intervention for theca lutein cysts is not indicated except for
rupture or torsion.

Following evacuation, patients should be evaluated by serial quantitative
serum hCG determinations preoperatively, within 48 hours post evacuation,
weekly until values normalize, and then monthly for at least 6 months. Opinions
differ about the length of time patients should be followed with monthly hCG
titers after normalization of values, and both 6-month and 1-year surveillance
have been recommended. There are rare, isolated cases of post molar GTN in
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patients a year after diagnosis [47]. In one large series of untreated molar
pregnancies, the risk of persistent GTN in patients with normalization of hCG
(<5 mIU/mL) was extremely low: 0.2% (2/876, 95% CI 0%—0.8%) [48]. Patients
undergoing post evacuation surveillance should consistently use effective contra-
ception to reduce the risk of another pregnancy, which would complicate sur-
veillance. There is some dispute about the influence of oral contraceptive (OC)
use on the rate of hCG decline. Some reports indicate an increased risk [49-51],
whereas others report no adverse effect [52,53]. Perhaps of greater importance,
compared with barrier contraception, OC use has been shown to reduce the risk
of conception during post-molar surveillance by 50%, with no increase in
persistent GTN [52]. It has also been reported that OC use increases the risk of
developing a molar pregnancy [51], but expert opinion holds that this risk is small
compared with the benefit of preventing an unwanted pregnancy.

Staging systems for gestational trophoblastic neoplasia

In contrast to other gynecologic malignancies, there are four different staging
classifications for GTN. These include the Hammond Clinical Classification, the
World Health Organization (WHO), the International Federation Gynecology and
Obstetrics (FIGO), and the Bagshawe or Charing Cross Risk Fetus Scores system
[54]. Of these, the FIGO staging system was the least well known or used in the
United States, perhaps because previous FIGO staging grouped high- with low-
risk GTN (ie, included vaginal metastases with other metastases that are known to
confer a worse prognosis). The 1992 risk factor modifications were radically
revised in 2000 (Tables 1,2) to simplify staging, to differentiate high- from low-
risk GTN, and to replace the 1992 FIGO risk factor scoring system with the more
uniformly accepted system adapted by WHO from Bagshawe. Since then, reports
indicate that these proposed changes are accomplishing the primary goal of the
staging system, which is to classify untreated patients into distinct prognostic
categories so that treatment outcomes can be objectively compared. The new risk
factor scoring system eliminated the ABO blood group risk factors, and the risk
for liver metastasis was upgraded from 2 to 4.

Table 1

Anatomic FIGO staging system for GTN

Stage Indicator

Stage 1 Disease confined to the uterus

Stage 11 Disease outside of uterus but limited to genital structures

Stage 111 Disease extends to lungs with or without genital tract involvement
Stage IV All other metastatic sites

Adapted from Kohorn EI. The new FIGO 2000 staging and risk factor scoring system for gestational
trophoblastic disease: description and critical assessment. Int J Gynecol Cancer 2001;11(1):73-7.
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Table 2
The scoring system for FIGO 2000 staging
FIGO score 0 1 2 4
Age <40 years >40 years — —
Antecedent pregnancy H. mole Abortion Term
Number of months since <4 4-6 7-12 >12
index pregnancy
Pretreatment hCG (mIU/mL) <10° 10°-10* >10%*-10° >10°
Largest tumor size 3-4 cm 5 cm — —
including uterus
Site(s) of metastasis — Spleen, kidney gastrointestinal tract Brain, liver
Number of metastases 0 1-4 4-8 >8
Previously failed — — Single agent 2 or more agents

chemotherapy

Adapted from Kohorn EI. The new FIGO 2000 staging and risk factor scoring system for gestational
trophoblastic disease: description and critical assessment. Int J Gynecol Cancer 2001;11(1):73-7.

One of the most significant changes recommended was the inclusion of
explicit criteria for the diagnosis of GTN following the evacuation of a hyda-
tidiform mole.

Four values or more of plateau of hCG over at least 3 weeks, drawn on days 1,
7, 14, and 21

A rise of hCG of 10% or more as determined by 3 consecutive values obtained
over 2 or more weeks (eg, days 1, 7, and 14)

The presence of choriocarcinoma

Persistence of a positive hCG titer 6 months after evacuation.

The leading trophoblastic centers in Europe and America recommend
withholding treatment when hCG titers are below 100 mIU/mL, or even below
200 mIU/mL, in the absence of a clear, upward trend, as this may represent
quiescent or inactive gestational trophoblastic disease [55-61].

The radiographic procedures to define metastasis were also standardized.
The chest radiograph should be used to count the number of metastases for risk
score assessment, although both chest radiograph and CT scan are acceptable
to detect metastatic disease. Both ultrasound and CT scan can be used to identify
liver metastasis, but a CT scan is preferable. For brain metastases, MRI is pref-
erable to CT scanning, even with 1 cm cuts. In terms of the FIGO risk score
system, the intermediate group within WHO has been eliminated, and patients
are defined as low risk if the risk score is 6 or less, and high risk if the score is
7 or greater.

When the diagnosis of GTN is suspected, clinical and radiographic assessment
of risk is performed. This should include history (most recent antecedent preg-
nancy and type), physical examination, a complete blood count with differential
and platelets, liver and renal function studies, blood type and antibody screen,
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verification that the positive hCG test is truly indicative of persistent tropho-
blastic disease and not a false-positive [62,63], chest radiograph, chest CT (and
abdominal CT if the chest radiograph is positive), and ultrasonography [1]. GTN
usually spreads by the hematogenous route [64] and distant metastases rarely
occur in the absence of pulmonary metastases [65]. However, patients with a
negative chest radiograph can have occult pulmonary lesions detectable by chest
CT in up to 43% of cases. For this reason, a chest CT may be a useful marker to
identify patients who require additional evaluation for metastatic lesions [66—68].
On the other hand, micrometastases on chest CT may be have no clinical
significance when plain films are normal [69]. Pelvic ultrasound is important
to exclude an intrauterine pregnancy or retained trophoblastic tissue from in-
complete uterine evacuation of a molar pregnancy [41,43]. In many algorithms,
a CT of the abdomen and brain are included as baseline studies, but it is also
reasonable not to obtain all of these studies for patients with a normal history and
physical examination, normal chest radiograph and chest CT, and low pretreat-
ment hCG titer (<40,000 mIU/mL) [65]. Patients with histologically proven
PSTT should be classified separately from those with choriocarcinoma or post-
molar GTN [4].

Although rates vary significantly by race and ethnicity, geographic region,
and maternal age, molar pregnancies are relatively common, and affect 1 in
850 pregnancies in the United States and North America [28,70,71]. Therefore,
the practicing gynecologist is likely to encounter and should be able to diagnose
and manage uncomplicated GTD and provide postmolar surveillance. However,
because the prognosis of patients with GTN is dependent upon thorough assess-
ment of risk, it is strongly advocated that patients be referred to a regional referral
center or gynecologic oncologist experienced in the management of this con-
dition in complicated GTD cases or if the patient meets the criteria for GTN
[54,72]. Although choriocarcinoma incidence rates have declined in the United
States by almost 50% over the past 25 years, in the most recent 5-year period
analyzed (1993-1997), rates had actually increased. This trend may be a re-
flection of fewer referrals to centers that specialize in the management of this
relatively rare disease [28].

Prophylactic chemotherapy has been evaluated in selected patients who have
complete mole, to reduce the risk of GTN and to shorten the surveillance interval.
In high-risk patients, a single dose of methotrexate followed by folic acid reduced
the incidence of post-molar GTN from 47.4% to 14.3%, but no benefit was
achieved in low-risk patients [73]. Comparable results have also been reported
using actinomycin D [74]. Although no patients in either of these prospective
trials died of complications, deaths attributable to prophylactic chemotherapy
have been reported [75]. Therefore, we do not advocate use of prophylactic
chemotherapy in patients with GTD because (1) chemotherapy does not eliminate
the need for surveillance, (2) use of chemotherapy in patients who subsequently
develop GTN increases the risk of drug resistance, (3) there will be patients who
receive cytotoxic chemotherapy in whom the disease would have responded
spontaneously, and (4) chemotherapy is not without risk.
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Low-risk gestational trophoblastic neoplasia

Patients with low-risk GTN are patients who have non-metastatic or metastatic
GTN to the lung or vagina only, and a FIGO risk score of less than 7 (Table 2).
Treatment for low-risk GTN is single-agent chemotherapy using one of the
following regimens.

Methotrexate 1 mg/kg intramuscular (IM) on days 1, 3, 5, and 7, with folinic
acid 0.1 mg/kg IM on days 2, 4, 6, and 8; repeat every 7 days if possible.

Methotrexate 0.4 mg/kg (20-25 mg) intravenous (IV) or IM daily for 5 days;
repeat every 7 days if possible. If no response, increase dose to 0.6 mg/kg
or switch to actinomycin D.

Methotrexate 40 mg/M2 IM weekly.

Actinomycin D 12 pg/kg IV daily for 5 days; repeat every 7 days. If no
response, add 2 pg/kg to the initial dose or switch to methotrexate.

Pulse actinomycin D: 1.25 mg/M2; repeat every 2 weeks.

Oral methotrexate alternating with folinic acid has been used with a 90%
response rate [76], but intramuscular or intravenous dosing of methotrexate is
preferred by most experts to ensure compliance and to avoid variable absorption.
Phase 1I studies of weekly methotrexate by the Gynecology Oncology Group
(GOG) found that dose levels of 30, 40, and 50 mg/M? are comparable in
efficiacy and toxicity; a median efficacy of 77.6% and 7 cycles are needed to
sustain remission [77]. Methotrexate is not recommended for patients with sig-
nificant liver dysfunction. Initially used as a 5-day regimen, “pulsed” actino-
mycin D given every other week has a 92% response rate, is inexpensive, and has
less nausea and alopecia than the daily 5-day course of infusion [78]. On the other
hand, it has also been reported that “pulsed” regimens have a higher failure rate
than 5-day actinomycin D, and that 60% of patients who fail the “pulse” therapy
respond to a 5-day schedule of the same drug. This suggests that trophoblastic
cells need longer exposure to the medication and that the 5-day course permits
more cells to be in cycle [79]. Because actinomycin D is a potent vesicant,
administration should be through a fresh, free-flowing intravenous peripheral
line or central venous catheter. A prospective randomized GOG trial (#174) is
ongoing to determine the difference in cost, response, and toxicity of weekly
methotrexate and pulsed actinomycin D in low-risk GTD. Oral etoposide, a
topoisomerase Il inhibitor, is highly active against choriocarcinoma, and has a
relapse rate of only 1 in 60 patients [80]. However, etoposide always causes
alopecia. Of even greater concern, etoposide in combination with alkylating
agents increases the risk of treatment-related myelodysplasia/leukemia [81]. For
this reason, this agent has lost favor as primary treatment for low-risk disease. In
one study, the 40-month cumulative incidence of myelodysplasia/leukemia was
8%, which was significantly higher than the expected number in this patient
group, 0.001%. Nevertheless, because actinomycin D in methotrexate-refractory
GTN has limited activity [82], singe-agent etoposide may play a role in this
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setting [83—85], especially in women under 39 years of age who want to remain
fertile [85]. The pyrimidine analong 5-fluorouracil (5-FU) is commonly used in
Asia for metastatic and non-metastatic GTN, and response rates as high as 94%
have been reported in low-risk disease. In high-risk disease, the response rate
of 5-FU combined with nitrocaphanum was 73.3% [86], and in patients with
etoposide—refractory disease, 80% combined with actinomycin D. However, be-
cause of its pharmacokinetic and toxicity profile (5-FU is most effective given
as a continuous infusion over 10 days, and is associated with gastrointestinal and
bone marrow toxicity), in the United States this agent is usually reserved for
refractory cases only [87,88].

For low-risk GTN, usually one additional dose of therapy is given after the
hCG titer normalizes. The biological rational of this is the following: 1 cm® of
tumor contains 10° cancer cells. hCG disappears from serum at 107 cells. There-
fore, this additional chemotherapy is given to eradicate clinically undetectable
cells. In one series, the rate of recurrence following molar pregnancy was 2.5%
(5 of 204 patients with non-metastatic GTN), and all were within 36 months of
initial treatment: 50% within 3 months, and 85% within 18 months. Recurrence
was strongly linked to inadequate staging, non-compliance with chemotherapy
once the hCG titer normalized, and delays between scheduled cycles of therapy.
However, half of the patients in this series had a second recurrence, and of these,
45% had a third recurrence [89]. This emphasizes the need for continued sur-
veillance in patients who are in clinical remission (usually defined as three nor-
mal weekly hCG titers).

The overall cure rate for patients with low-risk GTN is close to 100%. Hys-
terectomy is an alternative to shorten the duration of chemotherapy in patients
who have completed childbearing, but does not replace the need for postmolar
surveillance. In patients with isolated refractory disease in the uterus, hys-
terectomy may be indicated; pulmonary metastases have similarly been salvaged
by partial lobectomy or segmental resection [90-92].

High risk gestational trophoblastic neoplasia

Patients who have GTN metastatic to the brain, liver, or sites other than lung
and vagina, and who have a FIGO risk score greater than 7—which is based upon
the number and location of lesions and prior chemotherapy (Fig. 2)— have high-
risk GTN. Treatment includes using multiagent chemotherapy, surgery, or
radiation therapy [89,93-95]. High-risk GTN survival rates from regional tropho-
blastic disease centers approach 84%, even in women with brain metastases
[96-102]. Any patient with pulmonary metastases on a chest radiograph and
chest CT scan, should have a complete evaluation as previously outlined for
low-risk GTN. In addition, they should have an MRI of the brain and CT scan of
the abdomen and pelvis. Hematuria can be indicative of renal metastasis, which
can be evaluated further by intravenous pyelography [103,104]. Because hCG
does not readily diffuse across the blood-brain barrier, patients with brain
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metastases may have elevated cerebral spinal fluid hCG relative to serum hCG
levels. A cerebrospinal fluid (CSF)/serum beta-hCG ratio >1:60 suggests but
is not diagnostic for intracranial metastases; patients with ratios <1:60 and brain
metastases have been reported. However, this immunomarker can serve as a
valuable monitoring tool when patients have no radiographic evidence of neuro-
logical involvement [101,105-107].

Multiple-agent chemotherapy is the treatment of choice for patients with high-
risk GTN. For many years, the standard treatment of metastatic GTN was triple
drug therapy using methotrexate, actinomycin D, and chlorambucil or cyclo-
phosphamide (the MAC regimen), which had a 60% response rate but significant
toxicity. A randomized trial by the GOG determined that MAC was as effective
as the more commonly used Bagshawe regimen, but was less toxic. The
introduction of etoposide in 1982 dramatically changed the current approach to
high-risk GTN. The regimen currently recommended as the treatment of choice
for high-risk metastatic GTN is EMA-CO chemotherapy (Box 1).

In patients with central nervous system metastases, the dose of methotrexate
should be increased to 1.0 g/m? as a 24-hour infusion, and the folinic acid in-
creased to 15 mg orally or intravenously every 8 hours X 9 doses, beginning after
completion of methotrexate infusion. Patients with central nervous system
metastases or high-risk FIGO prognostic index scores, may also receive metho-
trexate, 12.5 mg, by intrathecal injection. When given in high does, methotrexate

Box 1. EMA-CO chemotherapy for high-risk GTN
Course 1 (EMA)

Day 1

Etoposide 100 mg/m?, IV infusion in 200 mL normal saline

Actinomycin D 0.5 mg, IV push

Methotrexate 100 mg/m? push followed by 200 mg/m?, IV over
12 hours

Day 2

Etoposide 100 mg/m? IV infusion in 200 mL normal saline over
30 minutes

Actinomycin D 0.5 mg IV push

Folinic acid, 15 mg IM or orally every 12 hours for 4 courses
24 hours after start of methotrexate

Course 2 (CO)
Day 8

Vincristine sulfate (Oncovin), 1.0 mg/m?, IV push
Cyclophosphamide (Cytoxan), 600 mg/m?, IV infusion
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can be nephrotoxic, as 90% is excreted unchanged in the urine. Therefore, use
of sodium bicarbonate to maintain urinary pH >7 can protect against renal tu-
bule precipitation. High rates of success have been reported with this regimen
[108-110]; however, recent reports of leukemia in survivors mandate critical
appraisal on an individual basis of risks versus benefits [81,111-114].

The ideal management of intracranial metastasis is controversial. The patient
should be evaluated for medical and radiographic evidence of neurological im-
pairment or bleeding and may require intracranial exploration to survive. Steroids
may be required to reduce cerebral edema. Most series recommend systemic and
intrathecal methotrexate in combination with whole brain irradiation therapy to
reduce the risk of intracranial bleeding, although comparable survival rates have
also been reported with high-dose chemotherapy without brain radiation. Sub-
acute demyelinating syndrome following intracranial methotrexate and whole-
brain irradiation therapy has been reported following this regimen, especially in
young children, and when 3000 centigray (cGy) is given in 300 cGy fractions.
There are also no universal guidelines for liver metastases. Radiation therapy
(2000 cGy) has been advocated to reduce the risk of bleeding in addition to
multiagent chemotherapy, but as for other sites of metastasis, surgery may be neces-
sary to control hemorrhage or remove chemo-resistant disease. Typically, two or
three cycles of chemotherapy are given after achieving complete remission.
Salvage of chemo-resistant disease has been reported with bleomycin, cisplatin,
and etoposide [115], high-dose chemotherapy and stem cell support [114,116],
ifosphamide alone or in combination with other agents [115,117-120], and more
recently, with paclitaxel [121-124]. These newer studies indicate a need to com-
pare paclitaxel/platin-containing regimens with etoposide-based combinations in
this setting [122—-126]. Liver metastases not responding to EMA-CO or EMA-EP
chemotherapy may respond to surgical resection arterial embolization, or ante-
vial chemotherapy.

Gestational trophoblastic neoplasia and pregnancy

Risk factors for developing molar pregnancy and implications for future
pregnancies

For future pregnancies, there is a 10-fold increased risk (19%—2%) of a second
hydatidiform mole, and with early ultrasound a subsequent prognosis is advo-
cated. Maternal age has consistently been identified as an important risk factor.
Age-specific incidence reports usually reveal a ‘J curve’ and teenagers <18 years
old and women >40 have higher rates, probably secondary to defects in ovoid
function. A higher rate of hydatidiform mole (HM) after artificial insemination by
donor has also been reported [127], as well as repetitive molar pregnancies with
different male partners. Family clusters have been reported, indicating rare fa-
milial patterns. Patients should be reassured that most patients with low-risk GTD
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have favorable reproductive outcomes. Data with respect to future fertility
following chemotherapy for GTN is cautiously optimistic, but long-term data
regarding potential effects upon the unborn child, particularly with etoposide, are
unknown. However, the patient can be assured that for herself, leukemia is rare
following pulsed therapy and less than 7 courses of EMA-CO.

Hydatidiform mole coexisting with a twin live fetus

Twin pregnancies with a hydatidiform mole and an apparently normal fetus
affect 0.01% to 0.001% of all pregnancies [128]. The differential diagnosis
includes a triploid singleton gestation, a twin pregnancy with CM, and a twin
pregnancy with a PM. Usually, twin pregnancies with CM and normal fetus have
a molar pregnancy attached or separated from a normal placenta. Twins with PM
typically show a triploid molar placenta and a normal placenta, have fewer
hydropic villa and lower hCG levels. Presenting symptoms of CM—fetal twin
gestations include bleeding, escalated uterine growth, and early onset pre-
eclampsia. Compared with PM—twin gestations, CM—twin gestations tend to be
diagnosed at a later EGA and have higher hCG levels. The karyotype of the fetus
may be normal or abnormal, and therefore expertise in cytogenetics is invaluable
to guide counseling with respect to continuing the pregnancy. Very rarely, twins
with both PM and CM have been reported [129], and rarer still, transformation of
a monozygotic twin into PM [130]. In many cases, the diagnosis of a HM—twin is
suggested by symptoms and is made on ultrasound before delivery, but in about a
third, the only definite ultrasonic abnormality is a uterine mass [128,131]. In one
case, the diagnosis was suspected because an empty gestational sack was seen at
7 weeks but was not seen on later ultrasounds [131]. Several authors have
reported CM—twin gestations after the use of clomiphene or hMG-hCG therapy
[128,132-134]. However, gestational trophoblastic disease is a complication of in
vitro fertilization [135,136] and has been reported in women undergoing artificial
insemination [127,137]. This suggests that ovulation induction is an independent
risk factor for both twins and GTN.

There are no accepted guidelines for the management of twin—molar preg-
nancies. Case reports from the 1970s through the 1990s emphasized a high rate of
persistent GTN and poor fetal outcome. Since then, a significant portion of these
pregnancies are terminated for medical indications [138—140]. Stellar and col-
leagues [138] found that 5 of 8 CM—twin gestations developed persistent GTD
which required chemotherapy; of these, 3 developed metastases that required
combination chemotherapy to achieve remission. They concluded that CM—twins
tended to be diagnosed at a later gestation, had higher preevacuation 3-hCG
levels, and were at high risk for developing persistent GTN. Another two cases
of twin pregnancies with CM with intent to preserve the pregnancies ended with
normal infants delivered at 41 and 26 weeks EGA. Including these two cases, the
authors identified 15 CM—twin pregnancies in the literature between 1977 and
1999 where pregnancy was allowed to continue. Of these, 8 (55.3%) developed
GTN and 4 (27.7%), metastatic disease [128]. In another series, two cases were
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complicated by severe preeclampsia that resulted in pregnancy termination: 1 at
16 weeks EGA for this condition and thyrotoxicosis, and 1 by cesarean delivery
at 26 weeks for an infant who did not survive [131].

Perhaps the best recommendations can be garnered from data reported by
centers that have consistently maintained a centralized database on GTN [141]. In
a national collaborative study conducted in Japan, 72 cases of HM—twins were
identified, 18 cytogenetically confirmed CM. The risk overall of persistent GTN
was 30.6%, and increased to 50% in the 18 patients who had CM-twins. The
incidence of maternal complications such as preeclampsia and uterine bleeding
was higher in the nine patients who continued their pregnancies. However, there
was no difference in the incidence of GTN with advancing duration of pregnancy,
and the authors concluded that continued pregnancy may be feasible [142]. The
largest series to date of HM and healthy co-twin, 126 cases, was reported from
the Charing Cross Hospital Trophoblastic Disease Unit. Of these, 77 had CM, and
49 had partial moles. Management of the 77 CM cases was as follows: 19 un-
derwent elective termination before week 14, 5 between week 15 and 22, and
53 elected to continue the pregnancy. Of these, 2 terminated the pregnancy for
preeclampsia before week 24; 23 underwent spontaneous abortion or intrauterine
death before week 24; and 28 delivered at 24 weeks or later. Of cases where
the pregnancy continued, there was 1 neonatal death, 7 intrauterine deaths, and
20 live births. Chemotherapy to eliminate GTN was required in 3 of 19 patients
(16%) who terminated their pregnancy in the first trimester, and 12 of 58 (21%)
who continued their pregnancies. While these data indicate a high risk of
spontaneous abortion, about 40% resulted in live births, without significantly
increasing the risk of post delivery GTN. Of the 15 patients with post partum
GTN, single agent chemotherapy was curative in 3/3 women who terminated
pregnancy and in 7/12 who allowed their pregnancies to continue, 4 of whom
eventually required multiagent chemotherapy. All were cured of their disease
(median follow up 12 years). In this series, there were two fetal deaths from
placental mesenchymal dysplasia, one at 16-18 weeks EGA, and the other 24—
35 weeks EGA. One infant developed necrotizing enterocolitis at 28 weeks but
survived. Of the pregnancies that continued past 24 weeks, only one woman
developed severe preeclampsia, and required delivery at 29 weeks. One patient
experienced a pulmonary embolus after vaginal delivery that was not associated
with the development of post partum GTN. These data demonstrate that a high
rate of fetal mortality (60%) can be expected, excluding elective terminations.
However, these data show that up to 40% of women can expect to deliver live
babies beyond 32 weeks EGA without significantly increasing their risks of post
partum GTN [143]. This series and others [128,131] confirm the risk of severe
preeclampsia and twin—mole gestation, but in this large series the risk was 6%.
[143]. By way of comparison, the rate of preeclampsia in singleton pregnancies in
one large series was 3.19% (eclampsia 0.04%) compared with 9.25% (eclampsia
0.16%) in twin pregnancies [144]. Therefore, although rates of preeclampsia
are higher in HM compared with singleton gestations, they are not necessarily
elevated with HM—twins relative to other twin gestations.
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Based upon these data, we recommend that patients who choose to continue
the pregnancy be cared for by a team with collective expertise in high-risk
pregnancy and gestational trophoblastic disease management. Although they may
be inaccurate in making the diagnosis in a third of cases, serial ultrasounds are
warranted for fetal surveillance. Determination of fetal karyotype by cytogenetics
is invaluable. Patients must be informed of the added risks of preeclampsia,
tyrotoxicosis, intrauterine growth retardation, premature delivery, and GTD
spread. A chest radiograph to assess for pulmonary metastasis is appropriate, and
if positive, a comprehensive workup including MRI of the chest, abdomen, and
pelvis. The diagnosis of choriocarcinoma complicating a viable pregnancy is
exceedlingly rare; typically, these patients present with neurological manifes-
tations or hemorrhage. Time is critical; in these patients, staging prompt, appro-
priate therapy is imperative without regard to the fetus [145-147].

Pregnancy following chemotherapy for gestational trophoblastic neoplasia

In most situations, patients with a history of molar pregnancy can expect to
maintain normal reproductive function, with risks of stillbirth and reproductive
success comparable to the general population [148]. However, patients who have
had a molar pregnancy have an increased risk of 1% to 2% for a second mole,
and should undergo ultrasound as soon as pregnancy is suspected [149-151].
Occasionally women become pregnant before completing 6 months of hCG
surveillance. Although the vast majority of these can expect to have a normal
outcome, like any other patient under post-molar surveillance, there is a low but
real risk for GTN; at least one case of choriocarcinoma coincident with the
pregnancy under these circumstances has been reported [152]. Fertility is usually
spared following single-agent chemotherapy; however, multi-agent chemo-
therapy with alkylating agents and cisplatin increases the risk for oligomenorrhea,
and at least theoretically this can have an impact on further fertility. Despite this,
at least one case of a successful pregnancy after EMA-CO chemotherapy has
been reported [150]. Long-term data are needed to determine if there is any late
effect of chemotherapy on the offspring of these women.

Summary

Throughout the world, the rates of GTN and choriocarcinoma are decreasing
and survival has dramatically improved [28,70]. We now have improved
guidelines to delineate more clearly those patients who should undergo treatment
and who should be observed, and an improved FIGO staging system that com-
bines FIGO staging with the modified Charing Cross/WHO risk factor scoring
system. With low-risk GTN, survival approaches 100%. Appropriate surveillance
is essential, as is timely and complete treatment with chemotherapy as indicated
by risk-factor score. For patients with high-risk disease, and even those with



678 SMITH et al

choriocarcinoma, the prognosis is favorable with timely, appropriate staging and
chemotherapy. Patients with a previous molar pregnancy should have an
ultrasound to rule out another mole in subequent pregnancies, but except in
rare circumstances such as familial GTN [135,136,153], they can expect to sus-
tain normal pregnancies. The most important factors to assure successful therapy,
as illustrated by the central referral practiced in the United Kingdom, are knowl-
edge and experience with GTN and GTD, a reliable hCG assay, experience with
chemotherapy, and patient compliance.
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