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The Life and Times of Low-Grade Serous Carcinoma
of the Ovary

David M. Gershenson, MD

OVERVIEW

For the past several years, all women with epithelial ovarian cancer have been treated identically, whether in a clinical trial or off protocol.
Over the past decade, we have come to appreciate the magnitude of the heterogeneity of ovarian cancer. The development of the binary
grading system for serous carcinoma was a major advance, leading to separate clinical trials for patients with this subtype, originating from
the Gynecologic Oncology Group’s Rare Tumor Committee. The mitogen-activated protein kinase (MAPK) pathway appears to play a prominent
role in the pathogenesis of this subtype. Approximately 20% to 40% of low-grade serous carcinomas have a KRAS mutation, while BRAF
mutations are rare—approximately 5%. In genomic profiling studies, these tumors appear to cluster with serous tumors of low malignant
potential. Compared with high-grade serous carcinomas, low-grade serous carcinomas are also characterized by a low frequency of p53
mutations, greater expression of ER and PR, and greater expression of PAX2 and IGF-1. Primary treatment of low-grade serous carcinoma
includes surgery plus platinum-based chemotherapy (either adjuvant or neoadjuvant). Clinical behavior is characterized by young age at
diagnosis, relative chemoresistance, and prolonged overall survival. Current options for treatment of relapsed disease include secondary
cytoreduction in selected patients, salvage chemotherapy, or hormone therapy. A recently completed trial of a MEK inhibitor for women with
recurrent disease demonstrated promising activity. Future directions will include further investigations of the molecular biology and biomarker-
driven clinical trials with targeted agent monotherapy and combinations.

Over the past decade, it has become increasingly clear that
ovarian cancer is not one but several distinct entities.

Even today, the vast majority of ovarian cancer clinical trials
include women with all histologic subtypes. Such is true in
both the front-line and the recurrent settings. However, ad-
vances in our understanding of the heterogeneity of ovarian
cancer have emerged on the basis of refınement of pathologic
diagnostic criteria, molecular biology and genetic investiga-
tions, and reports of hypothesis-generating clinical studies.
Specifıcally, for low-grade serous carcinoma of the ovary,

the confluence of two major factors—reports of the binary
grading system for serous carcinoma1,2 and the establish-
ment of the Gynecologic Oncology Group’s Rare Tumor
Committee in 2005—has led to a widespread recognition of
this histologic subtype and to the dawn of separate clinical
trials for women diagnosed with this rare entity. The princi-
ple of separate clinical trials for major rare histologic sub-
types of ovarian cancer—clear cell carcinoma, mucinous
carcinoma, and low-grade serous carcinoma—was subse-
quently validated in two consensus conferences.3,4
Based on initial studies, it is estimated that approximately

10% of serous carcinomas are low-grade.Most aremetastatic
at diagnosis. Low-grade serous carcinomamay arise de novo
or as a recurrence after a diagnosis of a serous tumor of low

malignant potential with peritoneal implants.5-8 Of the se-
rous tumors of low-malignant potential that recur, approxi-
mately 75% to 80% do so as a low-grade serous carcinoma.5,8
In addition, serous tumor of lowmalignant potential is found
coexisting in approximately 60% of newly diagnosed low-
grade serous carcinomas.1 Furthermore, comparison of
newly diagnosed low-grade serous carcinoma and serous tu-
mors of lowmalignant potential has indicated that the age at
diagnosis, the overall survival time, and the progression-free
survival (PFS) time of stages II–IV low-grade serous carcinoma
of the ovary are similar to those of serous ovarian tumors of
lowmalignant potential that recur as low-grade serous carci-
noma (measured from the diagnosis of relapse).9 Thus, these
two tumor types—serous tumor of lowmalignant potential and
low-grade serous carcinoma—appear to exist on a continuum.
This article will discuss the unique features of low-grade

serous carcinoma of the ovary in terms of its histologic char-
acteristics, molecular biology, and clinical behavior.

PATHOLOGY OF LOW-GRADE SEROUS CARCINOMA
OF THE OVARY
Although several studies have shown that histologic grade is
an important prognostic factor in serous carcinoma of the
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ovary, no universal grading system has been accepted.10-13
After 15 years of experience and refınement, the MDAnder-
son group initially reported their experience with a two-tier
grading system based primarily on the evaluation of nuclear
atypia with mitotic rate as a secondary feature.1 Within this
system, tumors with mild to moderate nuclear atypia and a
mitotic index of up to 12mitoses per 10 high-power fıelds are
classifıed as low-grade serous, while those tumors with
marked nuclear atypia and a mitotic index of greater than 12
mitoses per 10 high-power fıelds are considered to be high-
grade serous.
Seidman and colleagues evaluated the MD Anderson bi-

nary grading system for serous carcinoma, as well as another
binary system developed at the Washington Hospital Cen-
ter.14 In this study, the authors found that the MDAnderson
grading system was more predictive of survival and con-
cluded that it was more promising. In evaluating the interob-
server and intraobserver variability among seven gynecologic
pathologists and two general surgical pathologists using the
MD Anderson grading system, Malpica and colleagues ob-
served that the binary grading system for serous carcinoma is
easy to learn and very reproducible.2
Bodurka and colleagues recently reported the fındings of a

GOG ancillary study that further strengthened the fact that
the MD Anderson binary grading system is more predictive
of outcome than the grading system of the International Fed-
eration of Gynecology and Obstetrics (FIGO).15 The authors
retrospectively reviewed data of 290 patients with stage III
serous carcinoma of the ovary treated with surgery plus pac-
litaxel/carboplatin chemotherapy on GOG protocol 158.
Tumors had previously been classifıed by using the FIGO
three-tier system. A panel of six gynecologic pathologists
performed a blinded review to reclassify these tumors by us-
ing the binary grading system. Of 241 cases, both systems
demonstrated substantial agreement when combining FIGO

grades 2 and 3.However, by using the binary system, patients
with low-grade serous carcinoma had signifıcantly longer
progression-free survival than those with high-grade serous
carcinoma. Furthermore, in multivariate analysis, there was
no difference in clinical outcome in patients with grade 2 or 3
tumors using the FIGO system. The authors concluded that
the binary grading system provides a more precise frame-
work for predicting clinical outcomes in this patient cohort.
Vang and colleagues have also conducted studies that are

supportive of the binary grading system for serous carci-
noma.16 They found that subclassifıcation of high-grade se-
rous carcinoma of the ovary or peritoneum into grade 2 or
grade 3 carcinomas using the FIGO grading system was not
relevant. And Hannibal and associates, using the Danish Pa-
thology Data Bank, evaluated 4,317 ovarian serous carcino-
mas.17 They also concluded that a binary grading system is a
signifıcant predictor of survival in ovarian serous carcinoma.
Thus, just over the past few years, theMDAnderson binary

grading system for ovarian serous carcinoma has been em-
braced by expert gynecologic pathologists world-wide as an
advance in the prediction of outcome. Concomitantly, as we
learn more about the clinical behavior of low-grade serous
carcinoma in contrast to its high-grade counterpart, treat-
ment recommendations have begun to diverge, as discussed
below.

MOLECULAR BIOLOGY AND GENETICS OF LOW-
GRADE SEROUS CARCINOMA OF THE OVARY
Over the past decade, investigations of themolecular biology
of low-grade serous carcinoma have not only strengthened
evidence for the relationship between serous tumors of low
malignant potential and low-grade serous carcinomabut also
have underscored the observation that themitogen-activated
protein kinase (MAPK) pathway plays a prominent role in its
pathogenesis. In the initial report of the relationship with the
MAPK pathway, Singer and colleagues analyzed 182 ovarian
tumors, including 51 serous ovarian tumors of lowmalignant
potential and 21 low-grade serous carcinomas (to use the au-
thors’ term, “invasive micropapillary serous carcinoma”).18
KRAS mutations were reported in 33% of serous tumors of
low malignant potential and in 35% of low-grade serous car-
cinomas, and BRAFmutations were found in 28% and 33%,
respectively. Furthermore, BRAF and KRASmutations were
mutually exclusive, and no such mutations were found in
high-grade serous carcinomas.
In a subsequent report, the MD Anderson research team

analyzed 30 serous tumors of low malignant potential, 43
low-grade serous carcinomas, and 18 high-grade serous car-
cinomas.19 Although the authors observed a KRASmutation
frequency of 19% in the low-grade serous carcinomas, only
one specimen (2%) harbored a BRAFmutation. In addition,
they concluded that the low frequency of BRAFmutations in
advanced stage low-grade serous carcinomas, which con-
trasted with previous reports, suggested that low-grade se-
rous carcinomas are more likely derived from serous tumors
of low malignant potential without BRAFmutation and that

KEY POINTS

� Development of a binary grading system for serous
carcinoma of the ovary has facilitated the concept of
separate clinical trials for this rare subtype, which were
initially activated by the Gynecologic Oncology Group
(GOG).

� Low-grade serous carcinoma of the ovary is associated
with a 20% to 40% frequency of KRAS mutations, a 5%
frequency of BRAF mutations, and a very high rate of ER
and PR positivity.

� Low-grade serous carcinoma is characterized by high rate
of metastatic disease at diagnosis (stage II-IV), young age,
relative chemoresistance, and prolonged overall survival.

� Current options for primary treatment include surgery plus
chemotherapy (either adjuvant or neoadjuvant).

� Options for therapy in the relapsed setting include
chemotherapy, hormonal agents (aromatase inhibitors,
tamoxifen, leuprolide acetate), or clinical trials with
targeted agents—particularly MEK inhibitors.
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advanced stage low-grade serous carcinoma patients with
BRAF mutation have a better clinical outcome. A recent ar-
ticle, in which 56 serous tumors of low malignant potential
and 19 low-grade serous carcinomas were analyzed, con-
fırmed the MD Anderson fındings.20 Although the BRAF
mutation frequencywas 45% in the serous tumors of lowma-
lignant potential, only a single case (5.3%) of low-grade se-
rous carcinoma had a BRAF mutation. Furthermore, the
fındings suggested that the presence of a BRAFV600Emuta-
tion is associated with early-stage disease and improved
prognosis in serous tumors of low malignant potential and
low-grade serous carcinomas. Interestingly, none of the
22 patients who received chemotherapy had BRAF mutant
tumors.
Genomic profıling studies have also indicated that low-

grade serous carcinomas segregate from high-grade serous
carcinomas but are similar to serous tumors of lowmalignant
potential.21-23 Bonome and colleagues found that the major-
ity of low-grade serous carcinomas clustered with serous tu-
mors of low malignant potential.23 They also noted that
pathways present in high-grade tumors—cell-cycle progres-
sion, cellular proliferation, and chromosomal instability—
were absent in both low-grade serous types.
Several other studies have characterized the molecular bi-

ology and genetics of low-grade serous carcinoma. Com-
pared with high-grade serous carcinomas, low-grade tumors
have amuch lower frequency of p53mutations or p53 expres-
sion,24,25 greater expression ER and PR,26 greater expression
of PAX2,27 overexpression of anterior gradient homolog 3
(AGR3),28 and overexpression of IGF-1.29

CLINICAL BEHAVIOR AND TREATMENT OF LOW-
GRADE SEROUS CARCINOMA OF THE OVARY
Newly Diagnosed Low-Grade Serous Carcinoma
Primary surgery. There is no evidence to date that indicates
that the primary surgical management of low-grade serous
carcinoma is different from that of ovarian cancer in general.
Options include primary surgery—comprehensive surgical
staging for apparent early-stage disease or maximum cytore-
ductive surgery for advanced-stage disease—or interval deb-
ulking surgery following neoadjuvant chemotherapy for
select patients with apparent unresectable disease or signifı-
cant comorbidities.

Postoperative therapy. Evidence to date suggests that low-
grade serous carcinoma is relatively resistant to fırst-line che-
motherapy on the basis of the metrics that we have
available.30,31 In a review of 112 patients with newly diag-
nosed stage II-IV low-grade serous carcinoma of the ovary
treated with primary surgery and platinum-based chemo-
therapy, it appeared that treatment was not as successful as
expected on the basis of the high frequency of persistent dis-
ease at completion of therapy and low negative second-look
rate.30 Of note as well, the median age of patients was only 43
years, and the median overall survival was 82 months. This
relative chemoinsensitivity was also observed in a review of

women who received neoadjuvant chemotherapy for ad-
vanced stage low-grade serous carcinoma.31 In this report,
despite the fact that half of evaluable patients had a greater
than 50% reduction in serumCA125 levels after neoadjuvant
chemotherapy, only one patient had an objective response by
imaging assessment. One of the questions raised by these ob-
servations is whether our standard parameters for evaluation
of response—serial imaging and CA 125—are adequate to
determine outcome. Currently, although there are legitimate
concerns about the effıcacy of chemotherapy as standard
fırst-line therapy, a potentially better alternative is not imme-
diately evident.

Recurrent Low-Grade Serous Carcinoma
Secondary surgery. Secondary cytoreductive surgery may be
indicated for selective patients with recurrent low-grade se-
rous carcinoma—either following an original diagnosis of
serous tumor of low malignant potential or advanced-stage
low-grade serous carcinoma. Of course, as with all subtypes
of ovarian cancer, supporting evidence for this subtype is ret-
rospective. Based on current information, optimal candi-
dates include those with platinum-sensitive disease and a
limited number of recurrent sites (in contradistinction to pa-
tients with carcinomatosis).
Crispens and colleagues reported 35 patients with recur-

rent low-grade serous carcinoma after a diagnosis of serous
tumor of low malignant potential who underwent 48 proce-
dures.5 Patients who had suboptimal residual tumor were
more likely to die of disease than those with optimal residual
tumor. Likewise, Bristow and colleagues observed signifı-
cantly better survival in patients who had optimal secondary
surgical resection compared with those who did not.32

Chemotherapy. Similar to observations in the fırst-line set-
ting, recurrent low-grade serous carcinoma appears to be rel-
atively chemoresistant. Of 58 patients who received a total of
108 separate salvage chemotherapy regimens, the overall re-
sponse rate was 3.7%.33However, stable disease was observed
in 60% of patient-regimens. In addition, the median
progression-free survival was about 7 months. Whether the
high stable disease rate is more related to tumor biology or
therapy remains unclear.

Hormone therapy. Gershenson and colleagues reported their
experience with 64 women with recurrent low-grade serous
carcinoma who received 89 separate hormone therapy regi-
mens.34 The overall response rate was 9%, and the stable dis-
ease rate was 61%. Themedian progression-free survival was
7.4 months. Moreover, patients whose tumors were ER�/
PR� had a longer median time to progression (8.9 months)
than those with ER�/PR- tumors (6.2 months). However,
this difference approached but did not reach statistical signif-
icance. Hormonal agents that have demonstrated some de-
gree of activity include the aromatase inhibitors, tamoxifen,
and leuprolide acetate.
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Targeted therapy. Based on the observations that low-grade
serous carcinomas may be related to driver mutations in the
MAPK pathway, agents that target this pathway are of great
interest. In the initial study of this type, Farley and colleagues
recently reported the results of a GOG phase II trial of selu-
metinib, a MEK 1/2 inhibitor, in 52 women with recurrent
low-grade serous carcinoma.35 The response rate was 15%,
and 65% of patients had stable disease. Median PFS was 11
months. Good quality formalin-fıxed paraffın-embedded tis-
sue was available in 34 patients and underwent mutational

analysis. Two (6%) tumors had BRAF mutations, and 14
(41%) had KRASmutations. However, there was no correla-
tion between tumor response and mutational status. Table 1
compares the results of this GOG trial with historic informa-
tion regarding treatment with chemotherapy or hormone
therapy. Currently, an international randomized phase II/III
study of another MEK inhibitor, trametinib, compared with
standard therapy is under development for women with re-
current low-grade serous carcinoma. Embedded in this trial
is amuchmore robust translational research component that
will hopefully link outcome tomutational status. In addition,
preclinical studies suggest that dual blockade of the MAPK
and PI3K/AKT pathways may result in greater effıcacy.

CONCLUSION
The study of low-grade serous carcinoma of the ovary has
been greatly facilitated by development of a binary grading
system. Consequently, a major advance over the past few
years has been the initiation of separate clinical trials for this
subtype. Chemotherapy has limited benefıt against this tu-
mor type but remains the standard for treatment of primary
disease. In the recurrent setting, options include chemotherapy,
hormone therapy, or targeted agents. Over the next several
years, biomarker-driven clinical trials should increase our
ability to achieve our goal of personalized cancer medicine.
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Rare Epithelial Tumors Arising in or near the Ovary: A Review
of the Risk Factors, Presentation, and Future Treatment
Direction for Ovarian Clear Cell and Mucinous Carcinoma
Angela Jain, MD, and Michael V. Seiden, MD, PhD

OVERVIEW

Currently all advanced-stage epithelial ovarian cancers are treated with a total abdominal hysterectomy, bilateral oophorectomy, and
complete tumor debulking surgery, followed by carboplatin and paclitaxel. This treatment recommendation is based on clinical trials
that are mostly populated with women with high-grade serous carcinomas. Patients with mucinous or clear cell carcinomas of the ovary
tend to present with earlier-stage disease, and may not require adjuvant chemotherapy; those with advanced-stage disease tend to
have carboplatin-resistant disease. Patients with mucinous ovarian carcinoma have presentations and tumor biology that are similar
to colorectal carcinomas and may benefit from colorectal regimens containing fluorouracil (FU) and oxaliplatin. Their tumors may also
be KRAS wild-type or have HER2 amplification, and could benefit from drugs like cetuximab or trastuzumab. Patients with clear cell
carcinoma of the ovary often harbor AIRD1a mutations, an early event in oncogenesis that is not a currently drugable target. Anecdotal
cases and our biologic understanding of these malignancies suggest they might be preferentially sensitive to antiangiogenesis inhibitors.
Focused international trials will be needed in both of these rare epithelial ovarian cancers to better define optimal treatment regimens.

The typical woman with ovarian cancer presents with
advanced-stage serous carcinoma, and indeed the ma-

jority of biology, reagents (such as cell lines), and therapeutic
recommendations are based on the results of trials heavily
dominated by womenwith serous carcinoma of the ovary. In
recent years, the clinical outcomes andmore importantly un-
derlying genetics of serous, clear cell, and mucinous cancers
arising in or near the ovary has lead to an important shift in
our understanding of the biology of what now appear to be
completely separate malignancies, much like rectal cancer is
different from bladder cancer. Although there is some over-
lap in clinical presentations and complications, therapeutic
recommendations still do not differ despite the improved bi-
ologic understanding of these cancers.
Mucinous and clear cell tumors represent two epithelial tu-

mors arising in or near the ovary. Unlike serous cancer of the
ovary (sOC), both of these tumors are more commonly
found confıned to the ovary, and thus surveys of epithelial
tumors confıned to the ovary typically have a relatively high
proportion of mucinous ovarian cancers (mOC) and clear
cell tumors of the ovary (cOC).

MUCINOUS CANCER ARISING IN THE OVARY
Epidemiology and Risk Factors for mOC
Three percent of all epithelial ovarian cancers are mucinous,
and a signifıcant portion of these tumors present as local

tumors within the ovary. Series of stage I epithelial tumors
demonstrate that mOC represent approximately 30% of
early-stage tumors and are usually cured by surgical resec-
tion.1 They have an improved 5-year disease-free survival of
90.8%, compared with sOC, 75.9%.1,2 Patients with mOC
tend to have platinum-resistant disease, andwhenpresenting
with advanced-stage disease, these patients donot experience
responses as positive as those experienced by patients with
sOC. In a case-controlled study, 63% of mOC patients with
stage III and IV disease had progression of disease while re-
ceiving treatment with single-agent carboplatin, single-agent
paclitaxel, or platinum combination therapy, and an overall
response rate of 26.3%, whereas patients with sOC had re-
sponse rate of approximately 70%.3 Progression-free survival
rates for mOC were lower compared with all epithelial ovar-
ian cancer (eOC), 5.7 months and 14.1 months, respectively,
whereas overall survival was 12 months and 36.7 months,
respectively.
Risk factors for development of mOCmay also differ from

those for sOC. In contrast to patients with sOC, patients with
mOC tend not have a family history of breast or ovarian can-
cer. BRCA1 and BRCA2 mutations are not associated with
this histology. Risk factors for sOC such as low parity, no
breastfeeding, and no use of oral contraceptives are not
linked to mOC. A recent meta-analysis of epidemiologic
studies has linked smoking history with mucinous cancer.4
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Family history, tubal sterilization, hysterectomy, age at men-
arche, and breastfeeding did not show signifıcant correlation
to development of mOC or borderline tumors.5

Origin and Biology of mOC
mOC is thought to arise from borderline or cystadenomas
with alterations in ras/raf pathway as frequent early events in
oncogenesis, specifıcally activating KRAS mutations.6,7
KRASmutations are found in approximately 46% to 55% of
cystadenoma precursors, 63% to 73% of borderline tumors,
and 75% to 85% of invasive mOC. mOC likely forms in a
stepwise fashion, with progression from a cystadenoma to a
borderline tumor (usually found surrounding the invasive
disease) to invasive tumor. One study has implicated the fım-
briated fallopian tube as a possible site of origin of mOC,
similar to recent studies in sOC.8 A subset of tumors har-
bors HER2 amplifıcation, p53 mutations, and rare APC or
CTNNB1 mutations. Some data suggests that these are dis-
tinct from the tumorswithKRASmutations anddownstream
mitogen-activated protein kinase (MAPK) pathway activa-
tion. Transcriptional profıling of mOC compared with other
types of epithelial tumors arising in the ovary and various
normal epithelium demonstrate that the RNA transcrip-
tional pattern of mOC is distinct from other cancers arising
in (or near) the ovary and more closely related to normal co-
lonic epithelium compared with ovarian epithelium.7

Presentation of mOC
The pathologic and clinical presentation of mOC have sub-
stantial similarities to colorectal cancers (CRC) making dis-
crimination between these malignancies challenging (Table
1).7 Most patients with mOC have measurable serum in-
creases of carcinoembryonic antigen (CEA), like CRC, rather
than cancer antigen (CA)-125, like sOC. Appendiceal cancer
and CRC can mimic mOC with presentation of ascites, ad-
nexal masses, or vaginal bleeding. A colonoscopy should be

performed on all patients with suspected mOC to rule out a
possible CRC. Seidman9 developed an algorithm to differen-
tiate mOC from CRC. Ovarian tumors greater than 10 cm in
size with unilateral ovarian involvement aremore likely to be
mOC than CRC.9 Immunohistochemical markers for mOC
are more likely to be positive for CK 7, CK 20, and CEA,
whereas for CRC only CK 20 and CEA are likely to be posi-
tive. Histologically, mOC are more likely to show a papillary
pattern, expansile pattern of invasion. Metastatic disease
from CRC shows a nodular growth pattern with an infıltra-
tive pattern of invasion, and in some cases signet ring cells.

Treatment of mOC
When a mOC is expected or known, an appendectomy
should be performed alongwith a careful evaluation of theGI
tract to rule out a GI primary tumor with ovarian metastasis.
In patients presenting with advanced-stage disease, the spe-
cifıc value of comprehensive surgical cytoreduction in
women with mOC has not been specifıcally studied. How-
ever, in light of mOC’s relative resistance to chemotherapy,
an argument can be made that such a procedure becomes
more valuable.
Patients with localized tumors have a good prognosis and

those with stage 1A disease canmost likely undergo observa-
tion. Of note, these tumors are typically diffıcult to grade and
often are admixed with premalignant tumors. For women
with advanced-stage disease, controversy exists as towhether
to offer to these women standard paclitaxel and carboplatin
(as defıned in trials largely predominated by women with
sOC) or alternatively to provide offer regimens with effıcacy
in CRC, such as the current oxaliplatin-based regimens. Both
irinotecan- and oxaliplatin-based regimens have been or are
being explored in the treatment mOC.Most notably, the Gy-
necologic Oncology Group (GOG), in cooperation the Gy-
necologic Cancer Intergroup (GCIG), is currently
conducting a clinical trial to compare carboplatin and pacli-
taxel� bevacizumabwith capecitabine and oxaliplatin� be-
vacizumab to evaluate for progression-free survival and
response rate in women with newly diagnosed mOC. In
women with platinum sensitive disease defıned as those with
recurrence more than 6 months from primary platinum-
based therapy, the response rate ofmOC to re-treatmentwith
platinum was 36% compared with 63% in women with other
types of eOC.10 Hazard rates of death for women with ad-
vanced stage mOC compared with nonmucinous histologies
was 2.15.7
Opportunities exist to explore the rational application of

molecularly based therapeutic recommendations. Noting the
use of EGFR inhibitors in the management of a subset of in-
dividuals withCRC, its use can be considered in patients with
KRAS wild-type mOC, although this hypothesis has not yet
been tested in a clinical trial. Although numerous studies
evaluating EGFR inhibitors (both small molecule and anti-
bodies) have been tested in eOC no studies have focused ex-
clusively on this rare subset of patients. Likewise, HER2 is
occasionally amplifıed in mOC. In a case cohort study of 33
cases of mOC, six patients had HER2 amplifıcation and two

KEY POINTS

� The current biologic understanding of clear cell and
mucinous malignancies suggests that these tumors are not
related to serous tumors of the ovary.

� Early-stage mucinous ovarian cancer may not require
adjuvant therapy.

� Future systemic treatment for mucinous ovarian cancer
may be similar to treatment used in colorectal cancer,
including epidermal growth factor receptor (EGFR) or
HER2-based therapy.

� Clear cell ovarian cancer may arise from endometrial
tissue, supported by the evidence that similar AIRD1a
mutations have been found in endometriosis tissue
surrounding clear cell tumors.

� Clear cell ovarian cancer tends to be carboplatin resistant,
and future therapies may include antiangiogenesis
inhibitors or blockade of the PI3k/AKT/mTOR pathway.
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patients had signifıcant responses to trastuzumab.11 Dual in-
hibitionwith trastuzumab and lapatinib has been reported in
a case report of progressive mOCwith several months of sta-
ble tumor burden.12
Although there a few case reports of bevacizumab treat-

ment of mOC, there are no studies to determine whether the
activity of single-agent bevacizumabwill be similar to the sig-
nifıcant activity it demonstrates in sOC or, alternatively, the
very modest single-agent activity seen in CRC.

CLEAR CELL CARCINOMA OF THE OVARY
Epidemiology and Risk Factors for cOC
cOC is the second most common type of epithelial cancer
arising in or near the ovary in North America. The collection
of epithelial carcinomas arising in or near the ovary account
for 90% to 95% of all malignant “ovarian tumors,” and ap-
proximately 5% of these are cOC.2 Asian patients in the
United States have a higher proportion of cOC than seen
white, black/African American, or other populations (11.4%
vs. 4.8%, 3.1% and 5.5%, respectively).13 The prevalence of
cOC is higher in Asia—more than 15% in Japan.14
Patients with cOC present at an earlier age than patients

with high-grade serous carcinomas, and can present with
thromboembolic disease more commonly as well.14 In a Jap-
anese group ofwomen, 48.5%of patientswith cOCpresented
with stage I disease compared with 16.6% of patients with
sOC.
There are several risk factors for cOC. Women with cOC

tend to be younger, have a higher body mass index, and have
a history of endometriosis. Interestingly a history of smok-
ing, a likely risk factor formOC,may be slightly protective for
cOC. On occasion, these tumors can be found arising in en-
dometriomas, endometriotic cysts, or in extraovarian sites.
Transcriptional profıling experiments of cOC demonstrates
signifıcant similarity to the RNA profıle of normal endome-
trium, suggesting that these “ovarian” malignancies might
actually represent malignancies from ectopic endometrium
implanted in extrauterine sites via retrograde menstrua-
tion.15

Origin and Biology of cOC
Recently, several groups have described that 50%of cOCand,
in certain cases, sites of endometriosis have mutations in
adenine-thymine rich interactive domain 1A (ARID1A), a

tumor suppressor now thought to serve as an early muta-
tional event in oncogenesis in these malignancies.16ARID1A
is responsible for directing the SWI/SNF multiprotein com-
plex to target sites on promoters serving as an epigenetic
modulator of transcriptions.17ARID1A is part of the BAF250
protein complex, and cOCwithmutations inARID1A corre-
lated with decreased BAF250a expression by immunohisto-
chemistry. Presumably, ARID1A alterations influence the
epigenetic regulation of genes directly associated with cOC
oncogenesis. Interestingly, ARID1a is often lost in von Hip-
pel Lindau (VHL) -mutated clear cell cancers of the kidney.
Additional genomic abnormalities have also been de-

scribed.18 For example, 20% of patients may also have a dele-
tion of PTEN, a tumor-suppressing gene from the PIK3CA
pathway, or KRAS activation, which has also been shown to
induce endometriosis associated with clear cell carcinomas.
p53 mutations, ubiquitous in sOC, are not seen in cOC. In
addition, the malignancy seems to have more genomic sta-
bility as compared with sOC.

Treatment of cOC
Because of the increased incidence of cOC in Japan, much of
the surgical data come from retrospective studies of pre-
formed from that region. Although no prospective random-
ized surgical studies exist, retrospective studies suggest that
lymphadenectomy adds little in early-stage cOC and that
surgical debulking surgery is important in the management
of advanced disease. Specifıcally, a Japanese retrospective
analysis from a multicenter study of 254 patients with com-
plete surgical staging demonstrated that the results of surgi-
cal debulkingwere prognostic for improved progression-free
survival (PFS), withmedian PFS of 39, 7, and 5months when
therewas no residual tumor, less than 1 cmof residual tumor,
or greater than 1 cm of residual tumor postsurgery,19 respec-
tively.
Currently, treatment recommendations for patients with

cOC are similar to those for patients with sOC: platinum-
based therapy, and specifıcally carboplatin and paclitaxel.
Response rates to carboplatin and paclitaxel therapy range
from 22% to 56% in trials, compared with 70% in high-grade
serous carcinoma.19 However, because of its low representa-
tion in the trials, the influence of platinum-based therapy on
survival is not fully known. In a meta-analysis of 8,000
women from seven international trials of platinum-based
front-line therapy, only 2.5%ofwomenhad stage III/IV cOC,

TABLE 1. Comparison of Mucinous Tumors Arising in the Colon versus the Ovary

Characteristic Colon Ovary

Presentation Ascites, adnexal masses, vaginal bleeding Ascites, adnexal masses, vaginal bleeding

Size Bilateral, � 10 cm Unilateral, �10 cm

Immunohistochemistry CK 20, CEA CK 7, CK 20, CEA

p53 mutation 70% 25%

Histology Nodular growth pattern with an infiltrative
pattern

Papillary pattern, expansile pattern of invasion

Abbreviation: CEA, carcinoembryonic antigen.
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and their risk of death was increased (hazard ratio � 2.18).20
Overall survival was 21.3 months compared with 40.8
months for patients with sOC. The Japanese GOG has con-
ducted a trial comparing irinotecan and cisplatin versus car-
boplatin and paclitaxel in 99 patients with cOC as initial
therapy, with no signifıcant difference in PFS.21
The future treatment of cOC will likely involve targeted

therapies. Unfortunately, the ARID1A tumor-suppressor
gene is not drugable or easily replaced with current technol-
ogies. However, several pathways have been shown to be
overexpressed or activated in cOC.22 The IL6-STAT3-HIF
pathway was found to be activated in cOC. Hypoxia-
inducible factor (HIF) is an important transcription factor
involved in angiogenesis and controls vascular endothelial
growth factor (VEGF)-A expression. Staining of HIF1A
and VEGF was higher in cOC than in sOC (p � 0.0001). A

variety of VEGF inhibitors have been explored in this
setting. Sunitinib, a tyrosine kinase inhibitor of VEGF,
platelet-derived growth factor receptor (PDGFR), and KIT
was shown to decrease tumor burden in two patients in
one study. In addition, a particularly durable partial re-
sponse was reported in a patient with cOC treated with the
antiangiogenic agent methoxyestradiol.23 Although the PI-
3k/AKT/mTOR pathway is known to be activated in cOC,
there still is no evidence that targeting this pathway is
effıcacious with currently available agents. Trials incor-
porating temsirolimus, a mammalian target of rapamycin
(mTOR) inhibitor, was inactive as a single agent and was too
toxic in combination with bevacizumab/liposomal doxoru-
bicin and topotecan.24-27 Direct inhibitors of phosphoinosi-
tide 3-kinase (PI-3k) are in development and worthy of
exploration.
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Revisiting the Role of Radiation Treatment for Non-serous
Subtypes of Epithelial Ovarian Cancer
G. Thomas, BSc, MD, FRCOG

OVERVIEW

Except for its palliative use, radiation has been largely abandoned in the management of ovarian cancers because of the recognized
efficacy of chemotherapy agents. Whole abdominal irradiation (WAR), however, has been shown to be of adjuvant and curative value
in ovarian cancer with microscopic or minimal residual disease in the pelvis, the so-called “intermediate risk group.” Recent hypothesis
generating data from the use of adjuvant radiation following adjuvant chemotherapy in ovarian cancer has shown an incremental
survival benefit for the rarer non-serous ovarian subtypes including clear cell, endometrioid, and mucinous. No incremental benefit was
observed for the more common serous subtype. A retrospective examination of early trials using WAR as the sole postoperative
treatment in ovarian cancer has determined that the majority of patients in these studies and cured by radiation actually had the
non-serous subtypes. The recognition that the non-serous subtypes differ from the serous cancers in their stage of presentation,
their molecular characteristics, their response to classic chemotherapy, and their outcomes suggest the non-serous subtypes should
be treated as rare and different cancers. In addition to specific targeting therapies that may be developed, radiation should be
reconsidered as part of the treatment armamentarium for these diseases.

Until about a decade ago, subtypes of ovarian carcinomas
were recognized by using subjective criteria by pathol-

ogists using histomorphology.1 Although some types such as
endometrioid, clear cell, mucinous, and low-grade serous
carcinomas were recognized, because of their rarity (consti-
tuting less than 10% of ovarian cancers) and their apparently
common origin in the surface epithelium of the ovary, these
tumor subtypes were lumped together and treated similarly
with the most common high-grade serous cancers.1 There
was no clear recognition that they differed from the domi-
nant serous subtype by virtue of their stage, extent at presen-
tation, their response to conventional chemotherapy (now
mainly carboplatin and paclitaxel) or by their differences in
outcomes.2,3
It is now recognized that the genetic and molecular

abnormalities characterizing thesemorphologically different
subtypes differ signifıcantly from subtype to subtype.4
The implications of these differences are multiple in this
era in which differing molecular signatures and driving
pathways lead not only to opportunities for the investiga-
tion of treatment both with specifıcally and uniquely di-
rected molecular targeting agents against rare subtypes.
These differences also necessitate revisiting the role of the
“old modality” of radiation therapy. Relatively new data has
emerged supporting its differential effect on the rarer tumor
subtypes.5,6,7

Radiation therapy was used quite extensively for the cura-
tive and adjuvant management of low stage and low residual
volume ovarian carcinoma of all tumor subtypes.8,9,10 This
treatment was largely abandoned in the 1980s when it was
recognized that cisplatin was an highly active systemic agent
in ovarian cancer compared with previous alkylating agents,
that radiation could have an effect on bone marrow reserve
possibly precluding maximal chemotherapy utilization, and
that the pharmaceutical market to some degree was driving
the uptake of systemic therapy. These issues, despite the
demonstrated effıcacy of radiation, lead to the almost total
demise of radiotherapy in the treatment armamentarium for
ovarian cancers, except for its continued but uncommon use
in the palliative setting.11 Other factors contributing to its
dismissal included the recognition that wide-fıeld irradiation
in tolerable doses was largely ineffective in eradicating bulky
residual disease in the peritoneal cavity. The dose of radiation
required to do so could not be delivered safely without exces-
sive toxicity to normal tissues particularly the small bowel
(although higher doses could be delivered safely to pelvic re-
sidual disease).
However, multiple reasons exist now to reexamine the role

of radiation treatment, particularly in the rare morphologic
subtypes of clear cell, endometrioid, and mucinous cancers
and those that very frequently present with pelvic confıned
disease (Table 1), which, when advanced, have low response
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rates to conventional chemotherapies.3,12 This is in contrast
to serous cancers that commonly present with advanced ex-
tensive and bulky peritoneal spread. This educational session
will re-examine the patterns of disease presentation for these
morphologic subtypes, and review the evidence to suggest
that radiation—both pelvic confıned and wider fıeld—in low
doses may potentially cure patients when used as the sole
postoperative treatment andmay be of incremental adjuvant
value following conventional chemotherapies.
With respect to the utilization of radiation therapy in ovar-

ian cancers, have we thrown the baby out with the bath wa-
ter? Possiblemyths to consider include (1) all ovarian cancers
have the same radio responsiveness (radio resistance), (2) ra-
diation is intolerable in the doses necessary to sterilize disease
(even microscopic), (3) radiation is too toxic to bowel and
compromises delivery of systemic therapies, (4) radiation
cannot be given after chemotherapy, (5) all histologies have
the same propensity for peritoneal spread thus necessitating
wide-fıeld irradiation, and (6) the utility of radiation only de-
pends on the grade and residuum of tumor, not the cell type.
There is defınite evidence that radiation is active in ovarian

cancers. Multiple publications have endorsed the incremen-
tal curative value of postoperative adjuvant WAR radiation
alone in a subset of patients with ovarian cancers.8,9 The
groups that constitute those cured with radiation include
those at “intermediate risk.”9 These patients included those
with stage I, II, and stage III disease grades 1, 2, and 3 and no
residual disease post-surgery. The studies also included those
with stage II and stage III disease with residuum less than 2
cm in diameter and confıned to the pelvis to which a higher
dose of radiation was given. At the time, patients were not
selected or distinguished by their ovarian cancer morpho-
logic subtype. In this era, aggressive ovarian and debunking
or staging was not attempted so that a signifıcant proportion
of these stage II patients presumably with careful surgical
staging would now be considered to have microscopic stage

III (no obvious clinical residuum). One-hundred forty-seven
patients were randomly assigned to pelvic irradiation plus
or minus chlorambucil compared with WAR. After a 7-year
follow-up, survival with WAR was 46% compared with 31%
for the other study arms. Benefıt was only seen in those with
2 cm or less macroscopic residual disease.13 A further study
conducted between 1981 and 1990 with a median follow-up
of 6.8 years and range from 1.5 to 10.0 years described a co-
hort of a 125 patients randomly assigned to two doses of ab-
dominal pelvic irradiation in early ovarian cancer.14 Patients
were randomly assigned between an abdominal dose of
2,250 cGy in 22 fractions (low dose) compared with 2,750
cGY in 27 fractions (high dose) with a standard pelvic boost
of 2,250 cGy in 10 fractions. Patients were similar in median
age group, approximately 53 and 55; the low-dose group had
a cohort of 67 patients, the high-dose group 58. Their groups
were comparably divided between stage I, II, and III: 43%
stage I, 71% stage II, and 11% stage III. Although the cohorts
were small, disease-free survival in the low-dose group was
76% and in the high-dose group 67%, which was not signifı-
cantly different statistically. The 5-year overall survival was
83% in the low-dose group and 72% in the high-dose group
(not signifıcantly different). Eleven percent of patients re-
curred with a component in the abdomen and 12% in the
pelvis alone.14 Although the patients did not have extensive
attempts to achieve optimal surgical reduction of disease and
repeated operations were not usually performed, the inci-
dence of grade 3 late complications of bowel, liver, or bladder
was only 5%. This study demonstrated that overall survivals
and disease-free survivals were high. Between 1971 and
1985, 598 patients received WAR. Acute complications of
nausea, vomiting, and diarrhea occurred in approximately
60% but only 4% had serious late bowel complications.15
Unfortunately, attempts to do randomized studies compar-
ing WAR with cisplatin-based chemotherapies were largely
unsuccessful.
A recent conference on clear cell carcinomas stimulated re-

view of the cell types in patients included in the 2-dose study
specifıcally seeking to examine whether there was evidence

KEY POINTS

� Histomorphologic and molecular characteristics differ
markedly between subtypes of ovarian cancer.

� The nonserous subtypes—clear cell, endometrioid, and
mucinous—present in early-stage rather than serous
cancers and are relatively chemotherapy-resistant.

� There is evidence for a curative benefit for whole
abdominal radiation as sole postoperative therapy in early-
stage ovarian cancer, most of which were non-serous
subtypes.

� Radiation and chemotherapy do not appear to have cross-
resistance as demonstrated in studies of palliative
irradiation after chemotherapy failure.

� An incremental survival benefit (43% in reduction in risk
of death) appears attributable to radiation after
chemotherapy in stage IC and II nonserous histologies (but
no benefit in serous).

TABLE 1. Differences in Age, Race, and Stage
Distribution at Presentation for Clear Cell and
Serous Ovarian Cancers (SEER Data)12

Clear Cell Carcinoma Serous Carcinoma

(n � 1,411) (n � 13,835)

Age at Dx: Median (Range) 55 (12–94) yrs 64 (12–101) yrs

Race: White/Asian 82.5%/11.7% 88.3%/4.4%

Stage:

I 56.3% 12%

IA 34.3% 5.9%

IB 1.5% 1.3%

IC 18.6% 4.2%

II 11% 7.2%

III/IV 32.7% 80.9%
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that the excellent outcomes were related to the histologic
subtypes that were included.15 Although 80% to 90% of ovar-
ian cancers are of the serous subtype, a study in intermediate
risk ovarian cancer surprisingly showed only 29% serous
cancers. Themajority were endometrioid at (59%)mucinous
(13%) and clear cell (21%). The implication of this distribu-
tion is that it is the non-serous histologies that dominate the
low-stage ovarian cancerswhose outcome is extremely favor-
able when treated with radiation therapy.
To focus specifıcally on clear cell carcinomaof ovarian can-

cer, a recent publication examined the stage distribution for
various subtypes of ovarian cancer.5 The total cohort of pa-
tients was 1,009 of which 383 had stage I/II disease and 616
had stage III/IV (Table 2). Of the total cohort for high-grade
serous type, 88% were stage III/IV compared with only 36 in
stage I/II. For clear cell cancer, 26% were stage I and II com-
pared with 5% stage III/IV. For endometrioid, 27% were
stage I/II with only 3% stage III/IV, and for mucinous type
8% were stage I/II and 1% stage III/IV. The implication of
these data are that in the total cohort of 1,009 patients, 90% of
clear cell cancers are confıned to the pelvis at presentation,
similarly 90% of endometrioid cancers are confıned to the
pelvis (often associated incidentally with endometriosis)
and similarly 90% of mucinous are confıned to the pelvis.
Postsurgical therapies (possibly by using pelvic irradiation
alone) may be of a both adjuvant curative value. It could be
postulated that for pelvic-confıned disease in the non-serous
subtypes, adjuvant radiation alone (perhaps even pelvic
treatment only) or in combination with other potential mo-
lecular targeting therapies should be investigated for non-
serous ovarian cancers.
Further data has been published examining a population-

based outcome in British Columbia, Canada, that suggests
WAR provides a survival benefıt when added to chemother-
apy particularly in low-stage ovarian clear cell carcinoma.7
This study retrospectively examined the outcomes for 241
patients with stage I or II clear cell ovarian cancer. Surgery
consisted in more than 90% of abdominal hysterectomy bi-
lateral salpingo oophorectomy omentectomy washings and
removal of suspicion nodes. Routine lymphadenectomy
was not mandated. Patients were treated with three cycles of
carboplatin and paclitaxel for 3 to 4 weeks. By a physician
choice, 211 were treated with chemotherapy alone whereas

103 had the addition of pelvic and whole abdominal radia-
tion in a dose of 22.5 Gy to the pelvis in 10 fractions, followed
by 22.5 Gy in 22 fractions to the whole abdomen. Although
the groups were not randomly assigned, the distribution of
stage of disease was comparable between those with and
without additional radiation. Overall, 5- and 10-year disease-
free survival rates were 84% and 70% for stage IA/B, 67% and
57% for stage IC, and 49% and 44% for stage II, respectively.
Cytologic status in patients with stage IC disease was impor-
tant. The 5-year disease-free survival was 86%when negative
compared with 62% when positive or unknown. When radi-
ation was added to chemotherapy, there was no apparent in-
cremental benefıt for stage IA and IC with rupture only,
although there was a 20% difference that was not statistically
signifıcant. However, for the patients with stage IC disease
with cytologic positivity or unknownor surface involvement,
the disease-free survival when radiation was used was statis-
tically improved with an absolute increase with radiation of
20% at 5 years. This constituted a relative reduction in risk of
recurrence of 49% with the addition of irradiation for those
with cytologic or surface positivity or in which this was un-
known. The hypothesis generated from this retrospective se-
rieswas that irradiation contributed to improveddisease-free
survival by reducing pelvic relapse rates from 76% to 62%.
Abdominal recurrence occurred in 42% with chemotherapy
and only 13% with whole abdominal and pelvic irradiation
with 5-year disease-free survival being 25% with chemother-
apy and 81% with irradiation. It would appear patients with
stage IA and IC disease with rupture only do not have benefıt
from additional radiation but it may be benefıcial for those
with stage IC cytology or surface positivity (or unknown) and
stage II. Of note is that even without sophisticated radiation
techniques grade 3 and 4 late-radiation toxicities were ex-
tremely rare; grade 3 in 3% and grade 4 in 1% of patients,
respectively. Another report in the literature suggests that ir-
radiation may be a more effective strategy than chemother-
apy, although the cohort was small (28 patients).16
An examination of the use of radiotherapy after surgery

was conducted in a population-based retrospective review of
all women with ovarian cancer with nomacroscopic residual
following primary surgery.6 Two pathologists at the BCCan-
cer Agency reviewed tissues and assigned the histotype ac-
cording to contemporary criteria, clear cell, endometrioid,
mucinous, and other. All patients were given platin-based
chemotherapy and by physician choice received adjuvant ir-
radiation or not. Of the 703 identifıed patients, 351 received
adjuvant irradiation. Ninety percent (305) were able to com-
plete the planned irradiation. In analysis, themost important
prognostic factorwas stage III rather than stage I or II, but for
those with stage I and II, the histotype was most important
prognostic factor. For those with clear cell, endometrioid,
and mucinous cancers, there was a 40% reduction in disease
specifıcmortality and 43% in overallmortality, whereas those
with serous or other cancers did not benefıt from the adju-
vant irradiation.
Modern techniques of radiation delivery—be it in the pel-

vis or in the abdomen—have become technically sophisticated

TABLE 2. Eleven Percent of Early-Stage Ovarian
Cancers Are Nonserous; 88% of Late-Stage Are
Serous5: 1,009/2,555 Ova Slides were Reviewed

Cell Type/Gd Stage I/II Stage III/IV Total

Total (n) 383 616 1,009

High-Grade Serous 36% 88% 68%

Clear Cell 26% 5% 12%

Endometrioid 27% 3% 11%

Mucinous 8% 1% 3%

Low-Grade Serous - - 3%

Abbreviations: Gd, grade.
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with the advent of conformal, normal tissue-sparing tech-
niques, such as intensity-modulated radiation therapy, arc,
or tomotherapy. These may (minimize any late toxicity)
spare important structures such as the bowel and bone mar-
row.17 Conformal techniques of radiation boosts when used
may contribute to reducing recurrent sites within radiation
fıelds by allowing dose escalations to smaller volumes. The
good survival data from the multiple trials by using wide-
fıeld irradiation in ovarian cancer in retrospect would appear
to be attributable to the fact that non-serous histology con-
stitutesmost of the patients. They have a dominant pattern of
pelvic confıned disease with less likely risks of peritoneal dis-
ease and failure compared with serous cancers.
There is ample evidence from the use of palliative irradia-

tion for recurrent ovarian cancer that radiation in various
doses results in response rates of up to 85% in patients who
have received multiple lines of platin and taxane containing
prior chemotherapy.10,18,19 The utility of radiation in this

setting including mostly those with serous cancers suggests
that there is non-cross resistance between subsequent radia-
tion and prior standard chemotherapy regimens. These data
will be presented and provide the rationale for the assump-
tion that incremental survival benefıts in small volume non-
serous cancers are attributable to the addition of radiation to
chemotherapy. The role, however, that chemotherapy plays
is unclear.
In conclusion, there is strong evidence to suggest that radi-

ation treatmentmay be effective in themanagement of early-
stage non-serous cancers and strong consideration should be
given to its exploration in future trials focused on subtypes of
ovarian cancer identifıed by both their histotype and molec-
ular features. The identifıcation of specifıc targeting agents,
which may alter the radio responsiveness of these tumors,
should be considered for incorporation into such trials.
It is time to revisit the use of radiation, both pelvic and

WAR, in non-serous ovarian cancers.
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Updates in the Management of Ovarian Germ Cell Tumors
Daniela Matei, MD, Jubilee Brown, MD, and Lindsay Frazier, MD, ScM

OVERVIEW

Ovarian germ cell tumors are rare events at all ages—in pediatrics, adolescence, and during young adulthood. Combining the knowledge
and experience of pediatric and gynecologic oncologists can lead to better outcomes for all. In this review, we intend to present the
latest consensus on management of women and children with this disease and highlight the opportunities for collaboration and clinical
research going forward.

Over the past three decades, the clinical outcomes of
women with ovarian germ cell tumors (OGCT) have

signifıcantly improved, paralleling developments made in
treatment for testicular cancer. Subsequently, themajority of
women with OGCT survives the disease and suffers minimal
morbidity from treatment. The main factor accounting for
this success was the development of more effective chemo-
therapy regimens. Other advancements in the fıeld include
the development of a more precise surgical staging system,
improved radiographic imaging, more sophisticated pathol-
ogy assays, advancements in reproductive technology, and
improved supportive care and symptom control that ensure
safe delivery of treatment. Fertility-sparing surgical proce-
dures enable young women with OGCT to preserve their
reproductive potential. Ultimately, the positive clinical out-
comes reflect the collaboration between different specialties
(surgery, medical oncology, pathology, radiology). Given the
observed improved survival with therapy, new directions of in-
vestigation target tailoring therapy, such that untoward adverse
effects can be avoided and that survivors would lead healthy
lives, devoid of long-term, treatment-related toxicities.

EPIDEMIOLOGY
OGCTs are rare tumors, accounting for 2% to 3% of all
ovarian cancers and develop usually in young women. The
median age for diagnosis is 16 to 20 (range 6 to 40 years).1
Ethnic and racial differences have been noted in an analysis
extracted from the Surveillance, Epidemiology, and End
Results (SEER) database, with increased incidence ofOGCTs
among pediatric black females compared with black males
and among Hispanic girls age 10-19 compared with non-
Hispanic girls.2 Interestingly, a case-cohort study from
the Children’s Oncology Group that included 274 cases
(195 OGCT and 79 testicular cancers) showed an inverse

association between family history of ovarian or uterine
cancers and GCT in girls (OR � 0.46, 95% CI 0.22-0.96).3

PATHOLOGY
The current World Health Organization (WHO) classifıca-
tion of OGCTs includes benign tumors—almost all of which
are dermoid cysts and their malignant derivatives—and
primitive malignant germ cell tumors, which recapitulate
normal embryonic and extra-embryonic cells and structures.
The malignant OGCTs are classifıed as dysgerminoma, yolk
sac tumor, embryonal carcinoma, polyembryoma, nongesta-
tional choriocarcinoma, mixed germ cell tumors, and terato-
mas (immature, mature, and monodermal types).4
Dysgerminoma is the female equivalent of seminoma and
represents the most common OGCT.5 Five to 10% are asso-
ciatedwith gonadoblastomas anddevelop in patientswho are
sexually mal-developed. Dysgerminoma is the most com-
monOGCT in young adult womenwhereas yolk sac tumor is
themost common histology in younger pediatric and adoles-
cent women.

CLINICAL CHARACTERISTICS
Accurate diagnosis, evaluation, and treatment are essential
for the cure of women diagnosed with OGCTs. Principles of
diagnosis and treatment apply across all types ofOGCTs, and
except for few distinct characteristics, OGCTs have similar
clinical presentation. Abdominal pain associated with a pal-
pable pelvic-abdominal mass is the presenting symptom in
approximately 85% of patients.1,6 Ten percent of patients
present with acute abdominal pain caused by rupture, hem-
orrhage, or torsion of tumors and frequently miss-diagnosed
as acute appendicitis. Less commonly, patients present with
abdominal distention (35%), fever (10%), or vaginal bleeding
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(10%). Isosexual precocity can be caused by ectopic beta-
human chorionic gonadotropin (HCG) production by tu-
mor cells. Germ cell tumors secrete biologic markers (�-HCG
and a-fetoprotein [AFP]) that are quantifıable in serum and
serve as a tool for monitoring treatment results and for de-
tection of subclinical recurrences. An endodermal sinus tu-
mor to Yolk sac tumor secretes AFP, while choriocarcinoma
produces �-HCG. Embryonal carcinoma can secrete both
�-HCGandAFP butmost commonly�-HCG.Although im-
mature teratomas are associatedwith negativemarkers, a few
tumors can produce AFP. Characteristically, dysgerminoma
does not secrete �-HCG or AFP and detection of either
marker should prompt pathologic reexamination to exclude
the presence of nondysgerminomatous elements. Mixed tu-
mors may produce either, both, or none of the markers, de-
pending on their components. Lactic dehydrogenase (LDH)
and CA125 levels can be elevated, however, they are nonspe-
cifıc.7

SURGICAL MANAGEMENT AND FERTILITY
PRESERVATION
Surgery is the initial step to obtain defınitive diagnosis and
provide initial treatment of patients with malignant OGCTs.
Since these tumors most often present in patients of repro-
ductive age, there must be an emphasis on fertility preserva-
tion. Fertility-sparing surgery appears to be safe and has
demonstrated excellent survival after long-term follow-up.
Multiple reports have demonstrated outcomes equivalent to
patients undergoing hysterectomy with bilateral salpingo-
oophorectomy.8,9 Since approximately 60% of these tumors
are limited to one ovary at the time of surgery, unilateral
salpingo-oophorectomy is recommended in females who
desire future fertility. If both ovaries are involved—as
occurs in 10% to 15%of dysgerminomas—bilateral salpingo-
oophorectomy may be indicated, but every effort should be
made to preserve fertility.10 The uterus can almost always be
preserved, as it is not typically involved. Therefore, assisted
reproduction with donor egg may be possible in the future

for those patients requiring bilateral ovarian removal. Rarely,
widespread uterine serosal involvement is found, necessitat-
ing hysterectomy. It is important to note that conservative
surgery for fertility preservation does not imply ovarian cys-
tectomy but rather a unilateral salpingo-oophorectomy with
conservation of the normal appearing contralateral ovary,
tube, and uterus. When an ovarian cystectomy has been per-
formed for presumed benign ovarian disease and the postop-
erative diagnosis of immature teratoma is rendered, there
may be little utility in excising the remaining ovarian tissue,
as excellent survival has been reported.11 However, in this re-
port,most of those patients received adjuvant chemotherapy.
In patients who have completed childbearing, a hysterec-
tomy and bilateral salpingo-oophorectomy is warranted.
The necessity and extent of comprehensive surgical staging

is controversial. The recommendation has generally been for
comprehensive staging to include peritoneal cytology, peri-
toneal biopsies, omentectomy, and retroperitoneal lymph-
adenectomy including bilateral pelvic and para-aortic nodes
and removal of any suspicious tissue, with tumor reductive
surgery to be performed in the event of disseminated disease.
The benefıts of lymphadenectomy were detailed in a SEER
database review, which showed that 18%of patients withma-
lignant OGCTs and 28% of patients with dysgerminomas
had lymph node involvement. Lymph node positivity was a
negative predictor of survival in this study, although other
studies refute this association.12,13 One of the benefıts of
lymphadenectomy is to avoid chemotherapy for patients
with negative nodes. A recent review in which one-half of
patients underwent comprehensive staging showed that
none of the stage IA patients recurred during observation
without adjuvant chemotherapy, while approximately 40%
of patients who were unstaged but apparent stage I did re-
cur.14 However, germ cell tumors are extremely chemosensi-
tive, therefore most untreated patients who recur can be
salvaged with chemotherapy with excellent survival regard-
less of the extent of initial surgical staging.15 This has been
used as evidence to recommend avoiding comprehensive
surgical staging with lymphadenectomy and re-operation
solely for the purpose of comprehensive staging when the di-
agnosis is made postoperatively. In addition, based on the
known chemosensitivity of OGCTs, extensive tumor reduc-
tive surgerymay be limited to avoid increasedmorbidity or a
long postoperative recovery with a subsequent delay in che-
motherapy.15
Surveillance visits following active treatment should con-

sist of history, physical and pelvic examination, imaging, and
relevant tumor markers quarterly for the fırst 2 years and bi-
ennially for 3 additional years.16 Most patients with OGCTs
are cured, but when they recur, most do so within 1 year after
diagnosis; recurrences are extremely rare after 2 years.17-20
Elevated tumor markers are sensitive for recurrent disease
and should prompt immediate evaluation with imaging. It is
essential that a biopsy or resection confırms the diagnosis of
recurrent disease, as immature teratomas can recur withma-
ture benign elements only or with benign gliosis, neither of
which represent recurrence of malignant disease and do not

KEY POINTS

� Although “rare” tumors, if pediatric and gynecologic
clinical research were combined, there would be sufficient
patients to conduct randomized clinical trials to answer
therapeutic questions.

� Fertility preservation should be a key part of the surgical
approach.

� Bleomycin, etoposide, cisplatin (BEP) is the standard
treatment for OGCTs.

� Carboplatin-based regimens have been shown to be
effective for women with dysgerminoma and for girls with
OGCT containing non-dysgerminatous malignant elements.

� Future trials comprising pediatric and adult patients should
strive to optimize outcomes, while limiting toxicity.

OVARIAN GERM CELL TUMORS
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require chemotherapy. Surgical resection may yield some
success and is a consideration in patients with immature
teratoma.

CHEMOTHERAPY
The lessons learned from prospective, randomized trials in
testis cancer have been applied to OGCTs leading to signifı-
cant improvement in outcomes over the past decades.21-23 At
present, cisplatin-based combination chemotherapy leads to
cure for most women with OGCT. Historically, the fırst reg-
imen used successfully in this setting was vincristine, dac-
tinomycin, and cyclophosphamide (VAC). Although VAC
therapy induced cures in early-stage disease, long-term sur-
vival of women with advanced tumors remained less than
50%. In a series from the University of Texas MD Anderson
Cancer Center (MDACC), 86% of patients with stage I tu-
mors were cured with VAC, but only 57% of patient with
stage II and 50% of patients with stage III achieved long-term
control and two patients with stage IV tumors succumbed to
disease.1 In a similar Gynecologic Oncology Group (GOG)
study evaluating VAC, 39 of 54 patients with complete sur-
gical resection and 7 of 22 patients with incompletely re-
sected tumors achieved long-term disease control.24
However, 13 of 15 patients with stage III and IV disease re-
curred within 12 months, suggesting that VAC was insuffı-
cient for advanced-stage and/or incompletely resected
OGCTs.
As cisplatin-based regimens entered the clinical arena for

testicular cancer, they were also investigated in women with
OGCTs. First, the GOG evaluated vinblastin, bleomycin, and
cisplatin (PVB) in patients with previously treated and un-
treatedOGCTs.25 Importantly, one-third of patients enrolled
in this trial had received prior radiation or chemotherapy.
Four-year overall survival (OS) was 70% and 47 of 89 (53%)
patients were disease free at 52 months. Subsequent experi-
ence in testicular cancer documented that etoposide was at
least equivalent to vinblastine, particularly in patients with
high tumor volume.22 Etoposide also caused less neurologic
toxicity, abdominal pain, and constipation compared with
vinblastine. These observations led to evaluating the combi-
nation of bleomycin, etoposide, and cisplatin (BEP) in pa-
tients with OGCTs. A report from MDACC recorded long-
term survival of 25 of 26 patients treated with BEP.1 In GOG
protocol #78, 91 of 93 patients treated with BEP were disease
free.26 Overall the inclusion of cisplatin in the treatment of
OGCTs resulted in a signifıcant improvement in survival and
disease control.27-29 Based on these data, although BEP and
VAChave not been compared prospectively, BEP emerged as
the preferred regimen and represents the current standard
after cytoreductive surgery.
Patients with testicular cancer are stratifıed in good, inter-

mediate, or high risk for recurrence based on clinical, patho-
logic, and serologic markers. Compared with testes cancer,
clinical prognosticators are less well defıned for OGCTs.
Adverse factors include age older than 45, stage greater
than I, incomplete surgical resection, and yolk sac tumor

histology.30 Dose intensifıcation has been studied in a ran-
domized fashion for poor prognosis germ cell tumors but has
not resulted in improved outcomes, as compared with stan-
dard dose BEP and is not recommended for OGCTs.31 At
present time, the current treatment standard consists of
three to four cycles of BEP chemotherapy. There is pre-
sumptive evidence in testis cancer that the timeliness of che-
motherapy is associated with outcome. Thus, treatment
should be administered on schedule, regardless of hemato-
logic parameters.
Dysgerminoma represents a distinct category, given its ex-

quisite radio- and chemosensitivity. Asmany as two-thirds of
patients with dysgerminoma present with stage I at diagno-
sis.32,33 In the past, most women with dysgerminoma re-
ceived postoperative radiotherapy. Given the risks of
secondary malignancies, gonadal dysfunction, and sterility
associated with pelvic radiotherapy, an alternative option for
patients at low risk is postsurgical clinical surveillance.34
With this approach, 80% to 85% of patients with stage IA
dysgerminoma are cured, but careful follow-up is required to
ensure early detection of recurrences in those 15 to 25% of
patients whose disease will recur. Given dysgerminoma’s ex-
quisite chemosensitivity, virtually all patients can be salvaged
at the time of recurrence, if early detection has been accom-
plished. An analysis that was focused on patients with dys-
germinoma treated on GOG protocols revealed that 19 of 20
patients with stage III or IV incompletely resected tumors
were disease free after BEP treatment.35 Another GOG study
showed that carboplatin/etoposide is an alternative, less toxic
regimen for dysgerminoma.36 These data support that nearly
all patients with advanced dysgerminoma treated with che-
motherapy are durable complete responders.
The large majority of patients with OGCTs are cured with

surgery followed by chemotherapy. However, a small per-
centage of patients have persistent or progressive disease
during treatment or recur after treatment. Most recurrences
occur within 24 months from primary treatment. Like in
testis cancer, treatment failures are categorized as platinum
resistant (progression during or within 4–6 weeks) or plati-
num sensitive (recurrence beyond 6 weeks of initial ther-
apy).37 Given the high curability rate of OGCTswith primary
treatment, the management of recurrent disease represents
a complex and often diffıcult issue and should be performed
in a specialized center. Data to guide the management of
patients with recurrent OGCTs are scant and by and large
extrapolated from the treatment of testis cancer. Approxi-
mately 30%of patientswith recurrent platinum-sensitive tes-
tis cancer can be salvaged with second-line chemotherapy
(vinblastine, ifosfamide, and platinum [VeIP]), and this con-
cept is translatable to OGCTs.38 For patients with recurrent
or persistent testicular cancer, high-dose therapy with carbo-
platin, etoposide with or without cyclophosphamide or ifos-
famide, and stem cell rescue is superior to standard-dose
salvage therapy.39-41 Although this approach has not been,
and most probably will never be, tested prospectively in
womenwith recurrent OGCTs because of the small numbers
of patients, the concepts are very similar and support the
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use of high-dose therapy in this setting. The single most im-
portant prognostic factor for patients with testis cancer is
whether or not they are refractory to cisplatin. In patients
who are truly cisplatin refractory, the likelihood of long-term
survival and cure following high-dose therapy is low- and
high-dose therapy is of debatable appropriateness.42 On the
other hand, the likelihood of cure with high-dose salvage
therapy in patients with platinum-sensitive disease is 50%. In
general, one course of standard-dose therapy—usually cis-
platin, vinblastine, and ifosfamide—is given. If an initial re-
sponse is seen, then patients undergo two subsequent courses
of high-dose chemotherapy (carboplatin and etoposide) with
stem cell rescue.43 Referral to a specialized center for man-
agement of recurrent disease is desirable. Patients with
platinum-refractory disease cannot be cured. Active agents
in this setting include ifosfamide, taxanes, and gemcitabine,
and referral for treatment with investigational agents is
appropriate.44-46

LATE EFFECTS OF THERAPY
Given that the majority of women with OGCTs are cured,
persistence of long-term effects of treatment is highly signif-
icant. One of themost ominous late effects of chemotherapy,
particularly for young survivors, is the risk for secondaryma-
lignancies. Etoposide, the backbone of the BEP regimen, is
associatedwith development of acutemyelogenous leukemia
(AML) with a characteristic chromosomal translocation at
the 11q23 locus. Etoposide-induced AML occurs within 2 to
3 years from exposure and is dose and schedule
dependent.47-49 In GOG protocol 78 testing BEP, there was
one case of AML among 91 patients.26 An additional case of
lymphoma was diagnosed among survivors treated on that
study, but relationship to treatment remained uncertain, as a
correlation between chemotherapy and lymphoproliferative
disorders is not established.
Chemotherapy also has long-term effects on gonadal func-

tion and leads to sterility.50-52 Older age at initiation of ther-
apy, greater cumulative drug dose, and longer duration of
therapy favor premature ovarian dysfunction.52,53 However,
successful pregnancies after combination chemotherapy
have been documented in patients with malignant
OGCTs.1,54-57 In an MDACC review, 27 (68%) of 40 patients
who had retained a normal contralateral ovary and uterus
maintained regular menses consistently after completion of
chemotherapy, and 33 women (83%) had regular menses at
follow-up.1 Twelve patients had successful pregnancies. In a
series from Milan, 138 of 196 patients underwent fertility-
sparing surgery, and of those, 81 underwent adjuvant chemo-
therapy.57 After treatment, all but one woman recovered
menstrual function and 55 conceptions were recorded.
The GOG recently completed an analysis evaluating the

quality of life, reproductive, and psychosocial characteristics
of survivors ofOGCTs comparedwithmatched controls.58-60
In this analysis, the survivors appeared to be well adjusted,
were able to develop strong relationships, and were free of
signifıcant depression.61 The effect on fertility was modest or

none in those patients who underwent fertility-sparing sur-
geries.59 Overall, these women appeared to be free of anyma-
jor physical illnesses at a median follow-up of 10 years, as
compared with matched controls. The only differences con-
sisted of higher rates of reported hypertension (17% vs. 8%,
p � 0.02), hypercholesterolemia (9.8% vs. 4.4%, p � 0.09),
and hearing loss (5.3% vs. 1.5%, p � 0.09) compared with
controls.58 Among chronic functional problems, numbness,
tinnitus, nausea elicited by reminders of chemotherapy (vs.
general nausea triggers for controls), and Raynaud’s symp-
toms were reported more frequently by survivors. Despite
persistence of a few sequelae of treatment, in general, OGCT
survivors enjoy a healthy life comparable to that of controls,
justifying administration of curative treatment in full and
timely dosing.

FUTURE DIRECTIONS FOR CLINICAL TRIALS FOR
OVARIAN GERM CELL TUMORS
Avoidance of chemotherapy when cure can be achieved with
surgery alone is a laudable goal, given the late effects of BEP
noted above. Several small trials in adult women and a re-
cently completed study in the Children’s Oncology Group
suggest that surveillance after surgery is a reasonable strategy
for women with a non-seminomatous germ cell tumor
(NSGCT), International Federation of Gynecology and Ob-
stetrics (FIGO) stage Ia or Ib disease.62-67 In all of the studies
done to date, the expected progression rate on surveillance is
50%; however, salvage and OS is greater than 90%.
The COG study AGCT0132 enrolled 25 eligible patients

with stage I ovarian NSGCT; 12 recurred and 11 of 12 pa-
tients were salvaged. The event-free survival was therefore
52%; the confıdence interval around this estimate was
quite large (31% to 69%).67 Among adult women, fıve prior
studies have reported on surveillance for nondysgermi-
nomatous ovarian GCT, with a total of 85 patients (Table 1).
None of these studies have been defınitive, although the
trend is similar: approximately 33% to 50% recurrence rate
with nearly 100% salvage. However, none of the studies
have been large enough to analyze which risk factors pre-
dict recurrence. In adult men with stage I testicular cancer,
the identifıcation of clinical factors that double the risk of
recurrence—namely lymphovascular invasion or embryonal

TABLE 1. Prior Studies of Surveillance in Stage I
Non-dysgerminoma Ovarian GCT

Author Stage
Total N
(Recurrence) EFS OS

Patterson16 IA 22 (8) 74% 91%

Dark63 IA 6 (2) 66% Not Reported

Baranzelli64 I 12 (6) 50% 92%

Mitchell65 I 3 (0) 100% 100%

Gobel66 IA/B 42 (3) 83% 100%

Abbreviations: GCT, germ cell tumor; N, patients; EFS, event-free survival; OS, overall
survival.
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carcinoma—has allowed much more informed shared deci-
sion making between physician and patient about his or her
clinical choices. Therefore, hoping to refıne our understand-
ing of the prognostic factors for risk of recurrence among
women, the COG and GOG have proposed a joint trial that
would recommend surveillance for patients with stage Ia or
Ib disease.
For women with FIGO stages Ic, II, and III, the ex-

pected cure with BEP is quite high (� 95%) as noted above.
Since survival is so high, it would be prudent to consider
ways in which toxicity can be reduced. Carboplatin has a
much more benign toxicity profıle than cisplatin and has
proven clinical activity in germ cell tumors. However, ran-
domized studies of carboplatin compared with cisplatin
in men with testicular cancer indicated it was an inferior
choice.68 But the British pediatric clinical trials organiza-
tion, Children’s Cancer and Leukemia Group (CCLG),
has been using carboplatin in place of cisplatin since 1989
with excellent reports of EFS and OS in their cohorts. The
British regimen (JEB) consists of carboplatin 600 mg/m2

(area under curve 7.9) on day 2, etoposide 120 mg/m2

day 1 through 3, and bleomycin 15 IU/m2 on day 3. Of
note, this dose of carboplatin used on the CCLG protocol is
20 to 70% higher than what had been used in the adult male
testicular trials. In a comparison of British and American
clinical outcomes in girls treated on CCLG compared with
COG clinical trials with ovarian stage II and III tumors,
there was no signifıcant difference in outcome between PEB
and JEB (PEB � pediatric BEP; cisplatin 100 mg/m2 every
3 weeks; etoposide 500 mg/m2 every 3 weeks and bleo-
mycin 15 IU/m2 in week 1 of each 3-week cycle)69 (Fig. 1).
However, this analysis was not a randomized controlled trial.
Hence, the COG and GOG are proposing that the standard
regimen BEP be compared in a randomized fashion with JEB
for adolescent and young adults up to age 25 with ovarian
NSGCT.

Although the incidence of stage IV disease in women with
ovarian germ cell tumors is rare, the outcome is clearly infe-
rior to lower stages. In the COG and CCLG combined data-
set, adolescents older than age 11 with stage IV ovarian
cancer had EFS of only 70% (95% CI, 54% to 81%).70 There-
fore, in future trials, we will propose that women with stage
IV ovarian germ cell tumors be included in the “poor-risk”
category. The number of women per year with a stage IV
ovarian cancer is probably approximately 15 patients per
year, and this precludes the possibility of a randomized, con-
trolled trial just in adult women. But hopefully this limitation
can be overcome if future poor-risk trials of germ cell tumors
combine patients with pediatric and adult ovarian and testic-
ular germ cell tumor. If a combined trial could be accom-
plished, suffıcient sample size would be available for
randomized comparisons of new therapies that have promise
to improve the current poor prognosis for patients withmet-
astatic ovarian germ cell tumor.
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PI3K Pathway in Gynecologic Malignancies
Helga B. Salvesen, MD, PhD, Henrica Maria Werner, MD, and Camilla Krakstad, PhD

OVERVIEW

Alterations in PI3K signaling are common in gynecologic malignancies. Alterations detected vary with gynecologic cancer type,
histologic subtypes within these, and clinical phenotypes. The distinction into type I and type II endometrial and ovarian carcinomas
is reflected in distribution of changes detected in several of the PI3K members. PIK3CA mutations and amplifications are common in
endometrial, ovarian, and cervical cancers. PTEN mutations and deletions are frequent in endometrial cancers. Several immunohisto-
chemical studies of protein expression have explored these and other potential surrogate markers for PI3K pathway activation.
Biomarkers to measure level of PI3K activity in clinical samples are not established. Whether amplifications, mutations, and deletions
of the PI3K pathway members, and in particular change in their expression levels, result in clinically relevant pathway activation needs
to be further explored. Also, to what extent these alterations drive the tumor behavior and are critical targets for therapeutics to
improve patient survival needs to be further tested to establish predictive biomarkers for response to PI3K inhibition.

The most frequent pelvic gynecologic malignancies are
endometrial, ovarian, and cervical cancers, representing

about 15% of all cancers and cancer-related deaths among
women.1
Ovarian carcinoma is themost lethal, dominated by the ep-

ithelial type that is responsive to chemotherapy but seldom
cured by chemotherapy.2 Attributed to cytoreductive surgery
and combination chemotherapy with platinum and taxanes,
5-year survival is 45%, about a 10% increase over the last de-
cades. Ovarian cancers are classifıed morphologically into
subtypes according to their resemblance to normal gyneco-
logic tissues: serous (fallopian tube), endometrioid (endome-
trium),mucinous (endocervicalglands), andclearcell (glycogen
rich vaginal nests). Using a low-grade and high-grade distinc-
tion, ovarian cancers may be classifıed as type I (20%), which
includes all low-grade serous, low-grade endometrioid, muci-
nous, and clear cell tumors, and type II, which includes high-
grade serous and endometrioid and undifferentiated tumors.
Ovarian cancers are molecularly heterogeneous, to some ex-
tent reflected in this type I and type II distinction.
Endometrial cancer is the least lethal of the gynecologic

malignancies. Approximately 75% of cases are diagnosed
with the tumor confıned to the uterine corpus.3 Despite this,
20% will recur after primary surgery and have limited re-
sponse to systemic therapy. The categorization into two sub-
types is the most common basis for determining risk of
recurrence. The majority of cases are type I, associated with
estrogen hyperstimulation and obesity, often endometrioid
histology, low grade and stage, and associated with good
prognosis. In contrast, type II cancers are characterized by

high patient age, stage, and grade; nonendometrioid histol-
ogy; and poor outcome.
For cervical cancers, the etiological role of infection with

high-risk human papilloma viruses (HPV) is well estab-
lished, with progression from persistent HPV infection
through precancerous lesions to invasive cancer.4 This forms
the basis for vaccination and screening programs to detect
and treat precursor lesions, largely demonstrated to be suc-
cessful in resource-rich countries. The dominating histologic
subtypes are squamous cell carcinomas and adenocarcino-
mas, the latter being associated with poorer prognosis.
The phosphatidyl-inositide-3-kinases (PI3Ks) are a family

of enzymes involved in cellular functions altered in cancer.
The lipid kinases catalyze phosphorylation of phosphatidyl-
inositol to activate signaling pathways regulating important
cellular functions.5,6 Inappropriate cooperation of elements
in the PI3K signaling has been shown to disrupt the regula-
tion of cellular growth and proliferation, differentiation,mo-
tility, apoptosis, and intracellular traffıcking (Fig. 1). Thus,
large efforts are made to develop inhibitors of the PI3K path-
way andmolecularmarkers to predict response to such treat-
ment in cancer.7
Three classes of PI3Ks with different isoforms within each

class are identifıed. The class most implicated in cancer is the
Class IA PI3Ks consisting of one regulatory and one catalytic
subunit. The catalytic subunit PIK3CA (p110�) and regula-
tory subunit PIK3R1 (p85�) compose the heterodimer coupled
to and activated by receptor tyrosine kinases (RTKs).6 Ligand
binding to receptor tyrosine kinases (EGFR, HER2, VEGFR,
FGFR2, IGF1R, PDGFR), leads to tyrosine phosphorylation of
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the intracellular receptor domain and activation of PI3K signal-
ing. PI3K phosphorylates phosphatidylinositol-2-phosphate
(PIP2) to PIP3. The tumor suppressor phosphatase and ten-
sin homolog (PTEN) counteracts this by dephosphorylating
PIP3 toPIP2.PIP3propagates intracellular signalingbybinding
to AKT and the phosphoinositide dependent kinase 1 (PDK1).
Ligand-independent activation of PI3K signaling is seen with
specifıc somatic mutations of receptor tyrosine kinases or
other PI3K pathwaymembers rendering the pathway consti-
tutively active.8 PI3K may also be activated by RAS (Fig. 1).

PI3K ALTERATIONS IN OVARIAN CANCERS
Both clinically andmolecularly, ovarian cancer is a heteroge-
neous disease. Still, the increasingly used classifıcation into
types I and II ovarian cancers is also reflected in distinct mo-
lecular abnormalities evidenced by specifıc alterations in the
PI3K signaling pathway among others.9,10
Around 70% of ovarian cancers show PI3K signaling acti-

vation attributed to a range of potentialmechanisms.10AKT2
and PIK3CA amplifıcations have been reported for all histo-
logic subtypes.11 Activating mutations in PIK3CA is seen in
up to 50% in endometrioid and clear cell subtypes.12,13 Loss of
inhibition through inactivating mutations in PTEN, seen in
3% to 8%of the endometrioid and lower grade tumors, is also
suggested to contribute to high PI3K signaling.12,14 Mecha-
nisms for PI3K signaling activation is also presumed to in-
volve autocrine and paracrine signaling through tyrosine
kinase growth factor receptors.
Applying the type I and type II distinction, type I ovarian

carcinomas are expressing IGFR, p53 wild-type, and have
frequent activation mutations in RAS and PIK3CA as well as
inactivating PTEN mutations.10,14 Type II cancers in con-
trast, are characterized by p53 mutations and a high level of
genomic instability and inactivating aberrations in theBRCA
genes.12 A range of chromosomal regions, of which several
are potentially treatable with drugs, are found to be amplifıed
in type II cancers, including regions harboring ERBB2,
EGFR, PIK3CA, AKT1, and PIK3R1 (Table 1).

Furthermore, PI3K/AKT pathway activation has been
linked to resistance to taxanes and platinum, and pathway
inhibitors in combination with chemotherapy may be bene-
fıcial in these patients.15-17

PI3K ALTERATIONS IN ENDOMETRIAL CANCERS
Several players in the PI3K-signaling pathway are altered in
endometrial cancer, suggesting PI3K/mTOR signaling as a
key target for therapy in endometrial carcinomas. This is also
reflected in ongoing clinical trials.3,18,19
The role of PI3K signaling in the biologically different type

I and type II endometrial cancers is only partially understood
(Table 1). Type I cancer is associated with hormone receptor
positivity and FGFR2, KRAS, and PTEN mutations, yet am-
plifıcations are less common. Type II cancers in contrast are
dominated by hormone receptor–negative tumors and har-
bors more often amplifıcations for the PIK3CA and ERBB2
regions, also found to predict poor outcome.19
PIK3CA mutations are found in both endometrioid and

nonendometrioid cancers and have been linked to sustained
proliferation in the disease. Mutations in PIK3R1 and
PIK3R2, reported in endometrial cancer,20-22 have also been
suggested as a novel mechanism for regulation of PTEN pro-
tein stability20 and to increase AKT activation.21
PTEN is frequently mutated in sporadic endometrial can-

cer, up to 80% reported for the endometrioid subtype. Muta-
tions, deletions, promoter hypermethylation, and miRNA

KEY POINTS

� Alterations in PI3K signaling are common in gynecologic
malignancies.

� The type of alterations detected varies with histologic
subtypes and clinical phenotypes.

� PIK3CA mutations and amplifications, PTEN mutations and
deletions, and immunohistochemical protein expression of
these and other PI3K pathway members have been
suggested as surrogate markers for PI3K pathway
signaling.

� Biomarkers to measure the level of PI3K activity in clinical
samples have not been established.

� Predictive biomarkers for response to PI3K inhibition have
not been established.

Fig 1. A schematic overview of the PI3K signaling
cascade in the cell. PI3K signaling affects cell
growth, proliferation, cell cycle regulation, and
metabolism. Arrows indicate activation and bars
inhibition.
Abbreviations: RTK, receptor tyrosine kinase; P, phosphate; PTEN, phosphatase and tensin
homolog.
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overexpression are all suggested mechanisms involved in the
regulation of PTEN expression and function, also affecting
PI3K signaling.18
Also, alterations in KRAS known to influence PI3K signal-

ing are common in endometrial cancer.23 Activating KRAS
mutations are more common in type I endometrial cancers,
and, recently, KRAS gene amplifıcation and overexpression,
but not mutation, were found to associate with aggressive
disease and increase from primary to metastatic endometrial
cancer lesions.23
Recent studies have also suggested a link between estrogen

receptor loss and PI3K activation in several independent pa-
tient cohorts, suggesting a rationale for investigating ER-
alfa’s potential to predict response to PI3K/mTOR inhibitors
in clinical trials.24 Estradiol has been found to activate PI3K/
AKT signaling in both an ER-alfa-dependent and indepen-
dent manner.25

PI3K ALTERATIONS IN CERVICAL CANCERS
Among the gynecologic cancers, cervical cancer is the least
studied regarding PI3K signaling. The region also harboring
PIK3CA on chromosome 3q has been reported to influence
the transition from severe dysplasia to invasive cancer of the
uterine cervix.26 Also, molecular studies of the PI3K/AKT
pathway in uterine cervical neoplasias have demonstrated

frequent PIK3CA amplifıcation and AKT phosphoryla-
tion.27
Also, studies have implicated the presence of somatic mu-

tations relevant for PI3K signaling in PIK3CA, PTEN, and
KRAS, the latter being more common in adenocarcinomas
(Table 1).28
The receptor tyrosine kinase ERBB2 oncogene has been

found to be amplifıed in squamous cell and even more fre-
quent in adenocarcinomas of the uterine cervix,29 thus impli-
cating another targetable and possible mechanism for
activation of PI3K signaling in this disease. The human pap-
illomavirus 16 E6 oncoprotein has also been reported to in-
terfere with the insulin signaling pathway by binding to
tuberin.30

CONCLUSION
Several alterations in pathway members of PI3K signaling
have been reported to be present and relevant for phenotypes
in ovarian, endometrial, and cervical cancers. Whether am-
plifıcations, mutations, and/or deletions of the pathway
members and in particular the resulting changes in their ex-
pression levels, lead to clinically relevant pathway activation,
needs to be further explored. Also, to what extent these alter-
ations drive tumor behavior and are critical targets for ther-
apeutics to improve patient survival demands further
testing.28
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TABLE 1. PI3K Pathway-Related Alterations in Endometrial, Ovarian, and Cervical Cancer

EC - TYPE OC - TYPE* CC - TYPE

Target Alteration I (%) II (%) I (%) II (%) SCC (%) AC (%)

ERBB2 Amplification 1 17 H 1 14 25

FGFR2 Mutation 10–16 1 �1

PTEN inactivation Mutation, deletion, methylation 50 10 25 �1 3 4

AKT Mutation 3 0 3 �1

Amplification �1 17

KRAS Mutation 11–26 2–4 30 �1 3 14

Amplification 2 10 �1 11

PIK3CA Mutation 30 15 40 �1 13 10

Amplification 2–14 46 �1 17 60 80

PIK3R1 Mutation 43 12

Abbreviations: EC, endometrial cancer; OC, ovarian cancer; CC, cervical cancer; SCC, squamous cell carcinoma; AC, adenocarcinoma.
* Type II ovarian cancer includes high-grade serous and endometrioid and undifferentiated tumors.
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Obesity and Gynecologic Cancer Etiology and Survival
Penelope M. Webb, MA, DPhil

OVERVIEW

The prevalence of overweight and obesity in the United States and elsewhere has increased dramatically in recent decades. It has long
been known that obese women have an increased risk of developing endometrial cancer, but recent studies suggest this association
is strongest for the most common low-grade endometrioid endometrial cancers and weaker for the other histologic subtypes. There
are insufficient data to assess whether obesity affects endometrial cancer-specific survival or whether the relation with all-cause
mortality is similar to that seen in the general population. Recent data suggest obesity also increases risk of ovarian cancer, although
it may not influence risk of the high-grade serous cancers that account for the majority of ovarian cancer deaths, and that it is also
associated with poorer outcomes. There is currently insufficient evidence to draw any clear conclusions regarding the relation between
obesity and risk of/survival from other gynecologic cancers although there are suggestions that obesity may increase risk of cervical
cancer, particularly adenocarcinoma, and perhaps vulvar cancer. Possible mechanisms whereby obesity might influence gynecologic
cancer risk and survival include: its strong association with endogenous estrogen levels among postmenopausal women, its effects on
glucose metabolism, its effects on the wide range of adipocytokines and inflammatory mediators that are produced by adipose tissue
and altered in concentration among obese individuals, and its potential effects on patient management, particularly with regard to
chemotherapy dosing.

The prevalence of overweight and obesity in the United
States and elsewhere has increased dramatically in re-

cent decades.1 The actual fıgures reported vary widely de-
pending on whether they are based on measured or self-
reported height and weight information but, regardless of
how the data were collected, the trends are the same. Using
measured height and weight data from the US National
Health and Nutrition Examination Surveys (NHANES),
Fig. 1 shows how the probability of a woman aged 18–74
years being obese, defıned as a body-mass index (BMI, calcu-
lated asweight/height squared)�30 kg/m2, has changed over
time. Although the probability remained fairly constant at
16% to 17% between 1959 and 1980, it more than doubled
over the next 25 years to reach 36% in 2007–2008.2 Further-
more, these fıgures do not include the approximately 29% of
the population now classifıed as overweight but not obese
(BMI 25–29.9 kg/m2). In the 2009–2010 NHANES survey,
65% of all women aged 20 and older were classifıed as either
overweight or obese with 36% classifıed as obese and 8% as
morbidly obese (BMI �40 kg/m2).3
It is well accepted that excess bodyweight is a risk factor for

many chronic diseases including cardiovascular disease, dia-
betes, and several types of cancer including adenocarcinoma
of the esophagus, colorectal, kidney, and postmenopausal
breast cancer.4 Obesity has also been associated with reduced

survival after a diagnosis of breast cancer.5 However, al-
though it has long been known that obese women have an
increased risk of developing endometrial cancer,6 the rela-
tion between obesity and risk of other gynecologic cancers
and the potential influence of body size on survival among
women diagnosed with gynecologic cancer are less well un-
derstood.

ENDOMETRIAL CANCER
It is well known that obesity is a major risk factor for endo-
metrial cancer with risk increasing by 50% to 60% for every
5-unit increase in BMI,4 and it has been estimated that 30% to
34% of all endometrial cancers can be attributed to over-
weight and obesity.7 However, endometrial cancer is not a
single disease. Approximately 80% of endometrial cancers
are low-grade, endometrioid tumors that are usually re-
stricted to the uterus at diagnosis. These cancers, often de-
scribed as “type 1” or “estrogen-dependent”, generally arise
on a background of endometrial hyperplasia and are associ-
ated with greater than 90% 5-year survival. In contrast, high
grade serous and clear cell tumors, often described as “type 2”
or “nonestrogen-dependent,” are much less common but
muchmore aggressive, with 5-year survival rates of only 40%
to 60%. A third group of high-grade endometrioid tumors
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are sometimes grouped with other endometrioid cancers as
type 1, and sometimes with other high-grade cancers as
type 2. Early epidemiological studies did not attempt to sep-
arate the different histologic types of endometrial cancer;
thus most of the available information regarding risk factors,
including the strong association with obesity, pertains pri-
marily to the low-grade endometrioid cancers that com-
prise the majority of any case group. Much less is known
about risk factors for the less common high-grade cancers,
although clinical series have suggested they are less strongly
associated with exposure to estrogen, hence their descrip-
tion as “nonestrogen-dependent.” Data from recent pros-
pective studies suggest that although obesity is most strongly

associated with increased risks of endometrioid cancers, it
does also increase risk of themore aggressive nonendometri-
oid cancers, albeit to a lesser extent (Table 1).8,9
Given the increasing prevalence of obesity worldwide,

it is therefore not surprising that age-standardized inci-
dence rates of endometrial cancer have also been rising in
many countries, particularly among postmenopausal women
(Fig. 2A).10 It is likely that at least a proportion of this change
is a result of the increasing prevalence of obesity, as even
within countries such as theUnited Stateswhere endometrial
cancer rates have been fairly constant over recent years, this
overall trend masks an increase in the incidence of the endo-
metrioid cancers that are most strongly associated with obe-
sity (Fig. 2B).11
Further work has suggested that, although body-life in

early adulthood is associated with risk, the strongest associ-
ations are with adult weight gain and recent weight,12,13 and
there is some evidence that those who report sustained
weight loss are no longer at increased risk.12,14 It has also been
proposed that the process of “weight cycling,” whereby
women repeatedly lose and then regainweight,might further
increase cancer risk as a result of the redistribution of body
fat from peripheral to central locations and replacement
of lean body mass by fat mass. Results are, however, conflict-
ing for endometrial cancer with some, but not all studies
reporting increased risks among women who report weight
cycling.14
Obesity is also strongly associated with endometrial cancer

mortality in the general population15 although this may
largely reflect the increased incidence among obese women.
Interpreting data assessing the relation between body size

KEY POINTS

� Obesity greatly increases risk of low-grade endometrial
cancers, with more modest increases in risk seen for high-
grade cancers.

� There is currently insufficient data to draw any definitive
conclusions about the association between obesity and risk
of recurrence of, or death from, endometrial cancer.

� Obesity increases risk of ovarian cancer, although it may
not influence risk of the high-grade serous cancers that
account for the majority of ovarian cancer deaths.

� Obesity is associated with reduced survival following a
diagnosis of ovarian cancer.

� There is currently insufficient evidence to draw any
conclusions regarding the relation between obesity and risk
of, and survival following, other gynecologic cancers.

FIG 1. Temporal changes in the adjusted probability of obesity, overall and by degree of obesity, among women
age 18-74 in the United States. (Drawn from Ljungvall and colleagues 2012.2)
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and survival among women diagnosed with endometrial
cancer is not straightforward.Overall, themajority ofwomen
diagnosed with endometrial cancer will not die from their
cancer but rather from some other cause. In theUS, only 19%
ofwomendiagnosed between 1973 and 1988, a period chosen
to allow 20 years follow-up, died from their endometrial can-
cer, compared with 36% from cardiovascular diseases, 20%
fromothermalignancies, and 26% fromother causes.16How-
ever, the proportion of endometrial cancer deaths varied dra-
matically over time, with 50% of deaths in the fırst 5 years
after diagnosis due to endometrial cancer, compared with
13% between 5 and 10 years, and only 2%more than 10 years
after diagnosis. As discussed above, the association between
obesity and cancer risk is strongest for low-grade cancers.
Women diagnosed with high-grade tumors are thus much
less likely to be obese than those with low-grade cancers; they
are alsomuchmore likely to die from their disease, andmany
of these deaths will occur during the fırst few years following
diagnosis. Short-term studies are thus likely to see lower all-
cause mortality among more obese women, with this differ-
ence largely attributable to the fact that they have less
aggressive disease. In the long-term, however, we would ex-
pect studies to show a positive association between obesity
and all-causemortality as cardiovascular disease takes over as
the leading cause of death.
There are, thus, two questions to be answered. First, is obe-

sity independently associated with an increased risk of recur-
rence of, or death from, endometrial cancer? Few studies
have presented data with adequate control for subtype
and/or grade of disease to address this; however, the few that
have, found little evidence for an association.17 One excep-
tion was a US-based study that observed a borderline signif-
icant association between body size at diagnosis and
endometrial-cancer-specifıc mortality among women with
endometrioid tumors (hazard ratio [HR] for a 5 unit increase
in BMI, 1.17, 95% confıdence interval [CI] 0.98–1.4). This
association was, however, driven by the small number of
women with high-grade endometrioid tumors (HR 1.39,
95%CI 1.04–1.85; 16 deaths).18 There was no association
amongwomenwith nonendometrioid tumors.Onbalance, it
seems unlikely that body size has a major influence on the
risk of endometrial cancer recurrence or death; however,
there are currently insuffıcient data to draw any defınitive
conclusions.
The second question is whether obesity is associated with

increased mortality from other causes among women diag-
nosed with endometrial cancer compared with the general

population. Studies have variously reported signifıcant in-
verse, null and signifıcant positive associations between BMI
and all-cause mortality following a diagnosis of endometrial
cancer,17 but interpretation of these data is hampered by the
differing lengths of follow-up and variable control for con-
founding. Furthermore, none has directly compared survival
amongwomenwith endometrial cancer relative to women in
the general population with a similar distribution of body
size. In a recent review of this area, the authors noted that in
four studies that reported an association between BMI at di-
agnosis and all-cause mortality, the magnitude of the associ-
ation (HR 1.9–2.8 for BMI �40 vs. �25 kg/m2) was
comparable to that seen among the general population.17

OVARIAN CANCER
Ovarian cancer is a very heterogeneous disease. Approxi-
mately 90% of ovarian cancers appear to arise from the epi-
thelial surface of the ovary with the remaining 10%
comprising sex-cord stromal tumors and germ cell tumors.
Most work to date has focused on the epithelial cancers and
further reference to ovarian cancer will refer to this sub-
group. The epithelial group can be further subdivided into
four major histologic groups including serous cancers, the
most aggressive type that comprise 50% to 60% of all invasive
epithelial cancers; endometrioid cancers, that resemble their
endometrial counterparts; clear cell cancers; and mucinous
tumors, that resemble cancers of the endocervix or intestine.
Furthermore, these cancers can be frankly invasive or what
are described as borderline or low malignant potential can-
cers that have many of the features of invasive cancer but do
not invade the surrounding tissue. It is now well accepted
that risk factors for the different histologic subtypes can vary,
and that there is further heterogeneity within subtypes. For
example, at a molecular level, low-grade invasive serous can-
cers appear more similar to their borderline counterparts
than to high-grade invasive serous cancers. Analysis of risk
factors for ovarian cancer must, therefore, take this hetero-
geneity into account. [Note: the majority of what are com-
monly described as serous ovarian cancers are now thought
to originate from the fallopian tube but, following current
convention, these cancers will be considered as ovarian in the
following discussion.]
Results from individual studies evaluating the relation be-

tween body size and risk of ovarian cancer are inconsistent;
however, in a recent analysis that pooled data from 47 studies
including more than 25,000 cases, a 5-unit increase in BMI

TABLE 1. Relative Risks (RR) and 95% Confidence Intervals (CI) for the Association between Obesity and the
Different Histologic Subtypes of Endometrial Cancer

First Author, Year, Country

No. Cases BMI Comparison
(kg/m2)

RR (95% CI)

Type 1/Type 2* Type 1* Type 2*

Bjorge, 2007, Norway8 7164/992 �30 versus 18.5–24.9 2.69 (2.42–2.98) 1.77 (1.44–2.19)

Yang et al, 2012, USA9 1312/138 �30 versus �30 2.93 (2.62–3.28) 1.83 (1.27–2.63)

* Exact classifications varied but in general Type 1 included all endometrioid cancers and Type 2 included serous, clear cell and other high-grade cancers.
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FIG 2. (A) Incidence rates of endometrial cancer among women age 50 and older, age standardized to the world
population. (Drawn from Ferlay and colleagues 2010.10) (B) Overall and subtype-specific incidence rates of
endometrial cancer in the United States, age standardized to the 2000 U.S. standard population. (Drawn from
Duong and colleagues 2011.11)
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was associated with a signifıcant 5% increase in risk of devel-
oping ovarian cancer.19 Subtype-specifıc analyses suggested
that the association was stronger for borderline serous can-
cers (29% increase per 5 units), endometrioid (8%), and mu-
cinous cancers (12%), with no increase in risk of invasive
serous cancers; however, the differences between the sub-
types were not statistically signifıcant. Overall, the associa-
tion was restricted to women who had not used hormone
replacement therapy (HRT), with no association among
HRT users. A second pooled analysis that included more
than 13,000 cases from 15 case-control studies (approxi-
mately 1200 cases were also included in the previous analy-
sis), reported very similar subtype-specifıc data with a
signifıcant 24% increase in risk of borderline serous cancers,
19% for mucinous, and 17% for endometrioid cancers with a
5-unit increase inBMI, but again no associationwith invasive
serous cancers (Table 2).20 Stratifıcation by menopausal sta-
tus and HRT use suggested that the association was stronger
among premenopausal women, but among postmenopausal
women there was little difference between HRT users and
nonusers. Together, these studies suggest that ovarian cancer
should be added to the list of obesity-related cancers, but they
raise the possibility that obesity only increases risk of some
histologic subtypes of ovarian cancer, and not the more ag-
gressive high-grade serous cancers that account for the ma-
jority of deaths.
Unlike endometrial cancer, the majority of women with

ovarian cancer will die from their disease and not from other
causes. A recent meta-analysis suggested that greater body
size is associated with a poorer outcome, with obese women
having a 17% greater risk of dying than their normal-weight
counterparts, although there was signifıcant heterogeneity
between the results from individual studies.21 The results
were similar regardless of whether BMI wasmeasured before
diagnosis, at diagnosis, or around the commencement of
chemotherapy.

CERVICAL CANCER
The major risk factor for cervical cancer is infection with a
carcinogenic strain of the human papillomavirus (HPV),
particularly HPV16 or HPV18; however, not all women in-
fected with these viruses go on to develop cancer, so other
factors must also play a role. Several studies have suggested
that increasing obesity is associated with increased risks of

cervical cancer, particularly adenocarcinoma,22 but others
have found no association.23 A positive association between
obesity and risk of adenocarcinoma but not squamous cell
carcinoma of the cervix would be consistent with observa-
tions that rates of adenocarcinoma have been increasing in
many countries while rates of squamous cell carcinoma have
been falling (Fig. 3).24 It is, however, diffıcult to separate out
the effects of the introduction of cytologic screening, partic-
ularly on incidence rates of invasive squamous cell cancer,
although it appears screening has been less effective at reduc-
ing the incidence of adenocarcinomas. In a series of period-
cohort analyses conducted across 13 European countries,
Bray and colleagues noted the differing incidence trends but
concluded that the patternswere consistentwith the idea that
both subtypes share a common etiology.25
Obesity is also associated with cervical cancer mortality in

the general population;15 however, recent studies have sug-
gested that among women with cervical cancer, increasing
body size is associatedwith longer survival.26 In these studies,
however, the biggest differences have been seen for under-
weight women who appear to have poorer survival, and it is
possible that this is because they havemore advanced disease
and/or experience more complications during treatment.26
Further data are limited although, as with endometrial can-
cer, itmight be expected that, in the long-term, obesitywould
be associatedwith increased all-causemortality. There is cur-
rently little evidence to suggest that recurrence-free and cer-
vical cancer-specifıc survival differ among overweight and
obese women compared with normal weight women.

OTHER CANCERS
Cancers at other gynecologic sites are rare. Collectively, vag-
inal and vulvar cancers account for less than 5% of all gyne-
cologic cancers and less is known about their etiology,
although they often co-occur with cervical cancer and, like
cervical cancer, both are associated with HPV infection.
Small studies conducted in the early 1990s suggested a pos-
sible association between obesity and risk of vulvar cancer,
but no association with survival.27 An association has also
been reported between adolescent adiposity and risk of clear
cell adenocarcinoma of the vagina amongwomen exposed to
diethylstilbestrol in utero.28 There are, however, too few data
to draw any reliable conclusions regarding the role of obesity
in the etiology of these rare cancers.

TABLE 2. Relative Risks (RR) and 95% Confidence Intervals (CI) for the Association between Obesity and the
Different Histologic Subtypes of Ovarian Cancer in Two Large Pooled Analyses

RR per 5-Unit Increase in BMI

Invasive Cancers Borderline Cancers

First Author, Year Serous Mucinous Endometrioid Clear Cell Serous Mucinous

Collaborative Group on Epidemiological
Studies of Ovarian Cancer, 201219

1.00 1.15* 1.07* 1.05 1.29* 1.06

Olsen et al, 201320 0.98 1.19* 1.17* 1.06 1.24* 1.09*

* p � 0.05.
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MECHANISMS
There are several mechanisms whereby obesity might influ-
ence risk of and/or survival following gynecologic cancer.
Adipose tissue is very hormonally andmetabolically active. It
converts androgens to estrogen and is the main source of en-
dogenous estrogen among postmenopausal women. It has
long been known that exposure of the uterus to estrogen in
the absence of progesterone leads to uncontrolled prolifera-
tion and development of endometrial hyperplasia, a precur-
sor to the low-grade endometrioid subtype of endometrial
cancer. It is almost certainly the higher estrogen levels among
overweight and obese women that are at least partially re-
sponsible for their increased risks of developing low-grade
endometrial cancers; this may also explain some of their in-
creased risk of high-grade endometrial and ovarian cancers.
Fat cells also produce a range of adipokines including leptin,
adiponectin, and inflammatory mediators such as interleu-
kins 6 and 8.29 Leptin is known to act as a growth factor in
breast, endometrial, and prostate cancer cell lines and also
promotes angiogenesis.29 It is also possible that insulin resis-
tance and impaired glucose metabolism that often accom-
pany obesitymay increase cancer risk and/or have an adverse
effect on outcomes. Evidence to support this hypothesis
comes from studies suggesting that metformin, a common

diabetes medication, is associated with reduced cancer risk
and increased survival among patients with cancer.30
There are additional reasons why obesity might influence

survival after a diagnosis of ovarian cancer. It is possible that
the tumors that develop in bigger women are biologically
more aggressive than those in normal weight women, al-
though, as noted above, it appears that the most aggressive
subtype of ovarian cancer is not more common among big
women. It is also possible that obese womenmay not receive
an appropriate dose of chemotherapeutic drugs for their
body size. Themost common drug used to treat ovarian can-
cer is carboplatin, and the dose is calculated based on a pa-
tient’s body-surface area (BSA). Because the drug is
associated with several side effects, clinicians are often reluc-
tant to prescribe the full dose to big women, capping it at a
BSAof 1.8 or 2.0.Obesity is also associatedwith other comor-
bidities such as diabetes and cardiovascular disease, which
may, again, lead to women being treated with reduced doses
of chemotherapy. Furtherwork is, however, required to iden-
tify whether differential chemotherapy dosing can explain
the apparent differences in survival by body size and to eval-
uate the other possiblemechanismswhereby body sizemight
influence outcomes.
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FIG 3. Age-standardized incidence rates of cervical squamous cell and adenocarcinoma, United States. (Drawn
from Wang and colleagues, 2004.24)
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Pathologic Diagnosis, Origin, and Natural History of
Pseudomyxoma Peritonei
Rebecca Buell-Gutbrod, MD, and Katja Gwin, MD, PhD

OVERVIEW

Mucinous ascites and pools of mucin within the peritoneal cavity associated with neoplastic, mucinous epithelium are the characteristic
features of pseudomyxoma peritonei (PMP). Clinically, PMP presents with abdominal distension and gelatinous ascites. In female
patients, pelvic masses can be seen. Radiologic findings on computed tomography include scalloping of the hepatic and splenic margins
and dense ascites. Surgically, PMP is encountered as grossly visible mucin in the peritoneal cavity. The presence of mucin outside of
the appendix, in the right lower quadrant, and beyond is an important diagnostic finding. The appendix may be distended or ruptured.
In women, there is often bilateral surface involvement of the ovaries, raising the differential diagnosis of primary ovarian neoplasms;
however, these are extremely rare causes of PMP. Because of the association between appendiceal lesions and metastatic mucinous
neoplasms of the ovary, appendectomy in the setting of any mucinous peritoneal or ovarian process may be prudent, even if the
appendix is grossly normal. The gastrointestinal tract, especially the hepatopancreato biliary system, also needs to be assessed by the
surgeon. Pathologically, PMP arises almost exclusively from low- or high-grade mucinous neoplasms of the appendix. These neoplasms
must be distinguished both from rare benign causes of mucinous ascites and from nonappendiceal primary tumors. PMP has a protracted
clinical course with progressive fibrous adhesions and obstructive disease; aggressive surgical and cytoreductive therapy with
hyperthermic intraperitoneal chemotherapy has been reported to improve clinical outcomes.

Pseudomyxoma peritonei (PMP) is a clinicopathologic
syndrome that is characterized by mucinous ascites and

pools of mucin, including neoplastic, mucinous epithelium
within the peritoneal cavity.1 PMP is an infrequently encoun-
tered syndrome with an unusual clinical and pathologic pre-
sentation and poses unique diagnostic and management
challenges. Controversies exist regarding the exact origin of
PMP, the diagnostic nomenclature, and the appropriate clin-
ical management.

HISTORY
Since the initial description of PMP as a complication of ap-
pendiceal “mucocele” in 1973,2 the understanding of PMP
pathogenesis and the favored nomenclature have evolved.

PATHOGENESIS
The pathogenesis of PMP has long been debated. Early theo-
ries included “mucinifıcation of the abdominal mesothe-
lium” stimulated by the mucin itself3; our current
understanding is that the vast majority of cases are primary
appendiceal mucinous neoplasms1,4,5,6 (Fig. 1A and B). In

instances in which the appendix is distended or ruptured at
the time of surgery and pathologic analysis reveals carcinoma
within both the appendix and themucinous ascites, the diag-
nosis is straightforward. However, cases that primarily pres-
ent as pelvic masses in female patients or that do not have a
grossly identifıable dominant tumor mass can be diagnosti-
cally challenging.
Ovarianmucinous tumors associated with PMP almost ex-

clusively arise as metastatic lesions arising from the appen-
dix. However, PMP is 2–3 times more common in women
than in men. Furthermore, it has long been acknowledged
that the syndrome could, rarely, be related to an ovarian pri-
mary tumor.7 True PMP of ovarian origin has been associ-
ated with mature cystic teratomas.8,9 Mucinous ovarian
tumors comprise up to 20% of ovarian neoplasms and are
benign in the majority of cases. Mucinous cystadenomas or
cystadenocarcinomas of the ovary may present with muci-
nous ascites, usually secondary to rupture of the cystic tu-
mors. Primary ovarian mucinous tumors are generally
unilateral and present as a large pelvic mass. The neoplastic
cells growwithin the ovarian stroma rather than on the ovar-
ian surface.7,10 This is in contrast to the picture generally seen
with PMP of appendiceal origin, where the tumor is bilateral
and on the ovarian surface.11,12 Molecular analysis of K-RAS
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and loss of heterozygosity studies on synchronous tumors of
the appendix and the ovaries has supported the appendiceal
origin of these tumors.13
In the emerging molecular era, our understanding of the

histogenesis of all tumors is becoming more nuanced, with
the recognition of the capacity ofmature cells to activate dor-
mant genetic material within their molecular machinery and
regain “stemness.”14 Within this framework, we can recog-
nize and accommodate the various reports of PMP arising
from nontypical primaries, i.e., the pancreas, colon, small
bowel, urachus,15 and the peritoneum itself.

NOMENCLATURE
In 1996, Sugarbaker strictly defıned PMP as a grade 1 muci-
nous adenocarcinoma arising from an appendiceal ade-
noma.16,17 Similar nomenclature was embraced by the
Armed Forces Institute of Pathology , with any viable tumor
cells present in themucin warranting the diagnosis of adeno-
carcinoma.18 However, within the pathology literature, there
was an early recognition that the clinicopathologic entity of
PMP could be classifıed in subtypes with different clinical
outcomes and pathologic fındings. Ronnett and colleagues
proposed a classifıcation distinguishing “disseminated peri-
toneal adenomucinosis” (DPAM) from “peritoneal muci-
nous carcinomatosis” (PMCA).5 DPAM represented the
classic PMP with paucicellular mucinous ascites and an in-
dolent clinical course, and PMCA had a higher percentage of
overtly malignant cells/cell groups and a poorer prognosis.
Both DPAM and PMCA were thought to arise from gastro-
intestinal primaries.19,20 A refıned system, in which PMCA
was further divided into PMCAand PMCA-I (intermediate),
subclassifıed the “carcinomas” into lesions thatwould behave
more like traditional colorectal carcinomas (PMCA) and
those more likely to have a progressive indolent course

(PMCA-I).1 Survival outcomes were better for DPAM and
PMCA-I patients as compared with PMCA patients.20
The use of the designation “adenoma” within the DPAM

terminology was confusing for some, as the lesion did not
behave like an in situ adenomatous lesion as seen in the rest
of the gastrointestinal tract.21 Similarly, use of the term “ad-
enocarcinoma” for a lesion that does not behave like a colonic
adenocarcinoma, in that it is not locally invasive and does not
metastasize, has also been criticized.21 Proposed terminology
in the pathology literature has included “mucinous neoplasm
of low malignant potential,” or “low-grade appendiceal mu-
cinous neoplasm.” In 2010, the American Joint Committee
on Cancer (AJCC) and the World Health Organization
(WHO)dividedPMP into two subtypes based on the grade of
the epithelium within the peritoneal mucin. Low-grade epi-
thelium garnered the designation “low-grade mucinous ade-
nocarcinoma,” and high-grade epithelium was designated
“high-grade mucinous adenocarcinoma.”13,22 A review of
274 cases of PMP classifıed according to the WHO criteria
and correlated to survival data revealed an overall 5-year sur-
vival of 63% for low-grade mucinous adenocarcinoma com-
pared with 23% for high-grade mucinous adenocarcinoma.
Low-grade lesions were more likely to be of appendiceal or-
igin, and a subset of high-grade lesions was actually associ-
ated with colorectal adenocarcinomas.23

DIAGNOSTIC CRITERIA
Clinically, PMP may present as abdominal distension,
abdominal pain related to obstruction or with localizing

KEY POINTS

� Pseudomyxoma peritonei (PMP) is characterized by
mucinous ascites and mucin pools within the peritoneal
cavity that are associated with neoplastic, mucinous
epithelium.

� Clinically, PMP presents with abdominal distension and
gelatinous ascites; in female patients, pelvic masses can be
seen.

� Surgically, PMP is encountered as grossly evident mucin in
the peritoneal cavity; appendectomy in the setting of any
mucinous peritoneal or ovarian process may be prudent,
even if the appendix is grossly normal.

� Pathologically, PMP arises almost exclusively from low- or
high-grade mucinous neoplasms of the appendix.

� PMP has a protracted clinical course, with progressive
fibrous adhesions and obstructive disease; aggressive
surgical and cytoreductive therapy with hyperthermic
intraperitoneal chemotherapy has been reported to improve
clinical outcomes.

FIG 1. Pseudomyxoma peritonei. Low-grade
mucinous adenocarcinoma of the appendix with
intraperitoneal spread. The appendiceal lumen (A) is
distended by copious amounts of mucin. The tumor
cells in the appendix (B) are of low nuclear grade;
i.e., they are easily recognizable as mucinous cells,
with basally located nuclei and mucinous cytoplasm.
The nuclei are elongated and hyperchromatic but
have no pleomorphism or atypia. There is a copious
amount of mucinous ascites that is paucicellular on
low power (C). Strips of epithelium within the mucin
(D) may be hyperchromatic, as in this example, or
may be deceptively bland.
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symptoms mimicking acute appendicitis. In female patients,
the initial symptoms may be pelvic pressure and palpable
ovarianmasses. PMP occurs as an incidental surgical fınding
in up to 20% of cases.10 Most patients will have increases in
the serum tumor markers carbohydrate antigen (CA) 19–9
and carcinoembryonic antigen (CEA), which is useful both
for diagnosis and formanaging treatment effıcacy and recur-
rence following therapy.10
Imaging by ultrasound can be misleading because the

paucicellularmucinous ascites resembles free intraperitoneal
fluid.10 CT is more helpful, as loculated spaces with charac-
teristic scalloping of hepatic and splenic margins are patho-
gnomonic of PMP and have densities that are higher than
nonmucinous ascites.10,21 CT also aids in preoperative plan-
ning by demonstrating the extent of disease.
Surgically, PMP is generally encountered as grossly evident

mucin in the peritoneal cavity. In many cases, it is a unex-
pected fınding at the time of laparotomy.21 In most cases of
PMP arising in female patients, bilateral involvement of the
ovaries by multilocular mucin-fılled cysts is present. Often,
an appendiceal primary will be subtle andmay not be grossly
appreciated.12 There are reports in the literature of patients
treated surgically for presumed mucinous lesions of the
ovary where an appendiceal primary later became evident.7
In other cases, mucinous aggregates are discovered inciden-
tally in surgical specimens, such as hernia sacs, thus necessi-
tating a search for the primary neoplasm.12 In many
institutions, it has become standard to perform an appen-
dectomy routinely in the staging of ovarian neoplasms. In a
recent retrospective review24 of 155 appendectomies per-
formed during staging for presumed ovarian mucinous neo-
plasms at a single institution, three appendiceal neoplasms
were identifıed, which were all grossly abnormal. One lesion
was a primary low-grade mucinous tumor of the appendix,
and two were appendiceal carcinoids. All 152 grossly normal
appendectomies were histologically benign. During the same
15-year time period, 19 primary mucinous appendiceal tu-
mors were resected at the same institution; of those, 16 pre-
sented with PMP, and the remaining three had grossly
abnormal appendices. No normal-appearing appendix
harbored a tumor. Although these fındings may bring into
question the practice of appendectomy at the time of oopho-
rectomy, it is interesting to note that the authors found no
increase in complications in patients who received appen-
dectomy, andmany have advocated the continued practice of
routine appendectomy in cases of mucinous ovarian or peri-
toneal lesions.24
Pathologically, mucinous ascites and pools of mucin with

variable amounts of neoplastic mucinous epithelium (Figs.
1C andD)within the peritoneal cavity characterize PMP. Al-
though these fındings are consistent with PMP, it is a clini-
copathologic syndrome, and the job of the pathologist does
not end with identifıcation of mucin or mucin-producing
epithelium. The biologic potential of the lesion depends on
several factors that can be further characterized on pathol-
ogy. The fırst goal is to identify the organ of origin. The vast
majority of cases of PMP have a primary neoplasm in the

appendix. The appendiceal lumen may be distended by
copious amounts of mucin. The tumor cells in the appendix
are generally of low nuclear grade and may be elongated and
hyperchromatic. Sampling is important, and the appendix
must be submitted entirely for microscopic evaluation.10
Metastatic spread to the ovaries is common.13 Correlation of
radiologic and surgical fındings, along with ancillary tech-
niques such as immunohistochemistry (IHC), may be useful
in cases where an appendiceal primary cannot be established.
Epithelia from different sites express different keratins by
IHC and can therefore help to identify the location of the pri-
mary tumor. Ovarian epithelium, and most tumors arising
from the ovary, express cytokeratin 7 (CK7) and are negative
for CK20, while colonic and appendiceal epithelium and
tumors are positive for CK2025 but do not stain for CK7. A
subset of tumors will not express this classic pattern of cyto-
keratins and will require the use of additional IHC markers,
such as CDX2, another marker for epithelium and tumors
arising from the gastrointestinal and pancreato-biliary sys-
tems, along with clinical correlation.21
Appendiceal mucinous neoplasms, when limited to the ap-

pendix, are indolent lesions with 96% disease-free survival at
5 years. Escape of the mucin-producing epithelium from the
appendix, as is seen in PMP, even to the periappendiceal fat
or serosa of the appendix, decreases disease-free survival to
66% to 67%.13 Spread of mucin beyond the right lower quad-
rant is an adverse prognostic indicator. In staging appen-
diceal neoplasms that present as PMP, the AJCC/WHO
guidelines classify intraperitoneal metastasis beyond the
right lower quadrant as pathologic stage M1a.26 The cyto-
logic grade of the tumor cells, determined by the degree of
epithelial cellularity and cytologic atypia, correlates with dis-
ease outcomes. Cytologically low-grade lesions have a 63% to
86% 5-year survival, and cytologically high-grade tumors
have a 5-year survival of only 38% to 44%.13
The main differential diagnostic considerations in cases of

mucinous ascites are between appendiceal mucinous neo-
plasms of lowmalignant potential and peritoneal carcinoma-
tosis. Peritoneal carcinomatosis most commonly arises from
the colon, appendix, stomach, and ovary and is characterized
by invasive implants of mucinous adenocarcinoma. It is im-
portant to distinguish between these two entities, as meta-
static disease is common in peritoneal carcinomatosis, and
clinical outcomes are poor when compared with PMP.27 Be-
nign disease can also present with a PMP-like picture. Endo-
metriosis may be characterized by degenerative myxoid
changes, and inflammatory conditions of the appendix can
result in extravasatedmucin. Careful surgical and pathologic
examination of the relevant organs is necessary to exclude
occult malignancy in these cases.27

DISEASE PROGRESSION AND TREATMENT
Although the tumor masses of PMP are not locally invasive,
themucin is locally destructive, and complications arise from
fıbrosis and obstruction.21 Appendiceal lesions with spread
beyond the appendix are associated with progressive PMP,
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recurrence, and death in more than 50% of patients. When
treated by primarily surgicalmeans, the prognosis for PMP is
poor, with a median survival of 2 years and a 5-year survival
of 53% to 75%.28,29 With only surgical intervention, only 3%
to 4% of patients will be disease-free at 10 years.28 Peritone-
otomy and intraperitoneal chemotherapy increased 10-year
survival in the late 1990s to 80% in one large series,29 and
cytoreduction with hyperthermic intraperitoneal chemo-
therapy (HIPEC) has been shown to improve 5-year disease-
free survival to 56% to 75%. Better rates are achieved at
specialized centers. The aggressive therapy has a postop-
erative mortality risk of up to 5% and a severe morbidity
rate of up to 40%.10,28,29,30 Aggressive management results
in the largest survival improvement in patients with a diag-
nosis of low-grade disease, reaffırming the need for appro-
priate pathologic designations.13,18 Systemic chemotherapy
has limited effıcacy in PMP, and it is generally reserved
for patients with progressive or recurrent disease.10 The

persistence of PMP despite aggressive local therapy, coupled
with the morbidity and mortality associated with cytoreduc-
tive surgery with HIPEC, has kindled interest in the role of
targeted therapies, specifıcally those related to mucin pro-
duction.31

CONCLUSION
PMP is an interesting syndrome with unique clinical and
pathologic challenges. Although we have reached an under-
standing that most cases of PMP will arise from low-grade
appendicealmucinous lesions, it remains challenging to clas-
sify an entity that is histologically bland but locally destruc-
tive. Similarly, PMP poses uniquemanagement issues in that
it does not metastasize systemically but causes recurrent ob-
structions requiring continued monitoring and aggressive
management.
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Treatment and Trials: Ovarian Cancer in Older Women
G. Freyer, MD, W. P. Tew, MD, and K. N. Moore, MD

OVERVIEW

Ovarian cancer (OC) is a disease of elderly women. The disease spreads insidiously and presents at an advanced stage at initial diagnosis
for most patients. Several groups reported at least a two-fold increased risk of death in women older than 65. Various theories have
been proposed to explain this survival disparity in older women, including: (1) more aggressive cancer with advanced age, (2) inherent
resistance to chemotherapy, (3) individual patient factors such as multiple concurrent medical problems, and (4) physician and
health-care biases toward the elderly that lead to inadequate surgery, less than optimal chemotherapy, and poor enrollment in clinical
trials. As a result of this high clinical variability, oncologists need to be more familiar with the comprehensive geriatric assessment
to better identify vulnerable patients at higher risk of complications. Several geriatric tools are available to assess the physiologic and
functional capacities of older patients and to better individualize treatment. This paper gives an overview of the management of elderly
patients with OC, in particular the integration of chemotherapy, surgery, and geriatric assessment to improve treatment tolerance and
survival outcomes.

Ovarian cancer (OC) is the leading cause of mortality
among patients with gynecologic malignancies.1 More

than half of all OC occurs in women older than 65.2,3 Man-
agement of advanced ovarian cancer (OC) typically starts
with the combination of extensive debulking surgery and
postoperative platinum and paclitaxel chemotherapy. This
approach has resulted in an improvement of the survival
rates over the last decades with a median survival exceeding
50 months in most published series.4,5
Despite the growing age of the general population, partic-

ularly in western countries, and the fact that 60% of cancers
occur in people older than 65, elderly patients are still under-
represented in clinical trials. In the Southwest Oncology
Group (SWOG) analysis of data on 16,396 patients enrolled
in 164 trials during the 1990s,6 patientswithOColder than 65
accounted for only 30% of all included patients. Similarly, in
a recent Surveillance, Epidemiological, and End Results
(SEER) survey,7 only 9%of patients with cancer older than 75
were included in clinical trials of new therapies.
In themost recent series, elderly patients withOC continue

to have poor survival outcomes comparedwith their younger
counterparts.8 The poor prognosis is partly the result of re-
duceduse of standard chemotherapy. Reports have suggested
that only half of women over the age of 65 receive standard
fırst-line platinum-based therapy and the likelihood of their
receiving it decreasedwith age, independent of comorbidity.9
Hershman’s group reported that only half of women over age
65with advanced ovarian cancerwere treatedwith platinum-

based chemotherapy. However, survival improved by 38% in
the treated women, similar to the benefıts described in ran-
domized controlled trials among younger patients.10
Because primary chemotherapy is a potentially curative

treatment in conjunctionwith cytoreductive surgery, it is im-
portant to explore these optionswith all patients regardless of
age. Careful consideration of the chemotherapy dosing,
scheduling, route (intravenous vs. intraperitoneal), and tim-
ing (neoadjuvant or postoperative) is essential. To determine
the safest andmost effective treatment, one should consider a
pretreatment geriatric assessment (GA) of validated geriatric
domains, including functional dependence, organ function,
comorbidity, polypharmacy, social support, and cognition/
psychosocial factors.11 Although prospective studies dedi-
cated to older patients with ovarian cancer are few (but
growing), there have been several retrospective studies to
help guide us as we present options for our older patients.

ROLE OF PRIMARY CYTOREDUCTIVE SURGERY (CRS)
The practice of performing primary CRS followed by
platinum-based chemotherapy compared with neoadjuvant
chemotherapy (NACT)with interval CRS (iCRS) is a contro-
versial topic internationally. The survival benefıt of perform-
ing a primary CRS has never been proven in prospective
trials, but ancillary data analysis of several cooperative group
chemotherapy trials found that residual tumor � 1 cm was
associated with superior survival as compared with patients
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with residual disease � 1 cm.12 This goal has shifted further
to obtaining no gross residual disease at the conclusion of
CRS. Studies suggest that those patients with zero residual
tumor at conclusion of CRS have signifıcantly longer survival
than those patients previously considered optimal at 0 cm to1
cm.13 Gynecologic Oncology Group (GOG) protocol 158
compared paclitaxel/cisplatin to paclitaxel/carboplatin in pa-
tients with �1 cm residual disease following surgery and
found median progression free survival (PFS) of 19 to 20
months and overall survival (OS) of 49 to 57months.14 GOG
182 compared a variety of doublets and triplets compared
with paclitaxel/carboplatin and separated out no gross resid-
ual from gross residual � 1 cm. Patients with gross residual
�1 cm hadmedian PFS andOS of 16 and 40months, respec-
tively. Those with no gross residual had median PFS and OS
of 29 and 68 months, respectively.15 An ancillary review of
GOG protocols 114 and 172 (both intraperitoneal (IP) deliv-
ery of cisplatin) found median PFS and OS of 43 and 110
months, respectively, among those patients with no gross re-
sidual disease.16 This is comparedwithmedianPFS andOSof
approximately 12 and 30 months, respectively, for subopti-
mal patients depending on the study.
Although there does appear to be a signifıcant survival ben-

efıt in achieving no gross residual tumor, this outcome is
achieved in a variable proportion of patients depending on
presenting disease burden and surgeon skill and comes at a
signifıcant cost in terms ofmorbidity. According to the SEER
cancer statistic reviews,17 age remains the most predictive

factor for suboptimal surgical management. According to
this report, optimal CRS between 1973 and 1999 was per-
formed in 43.7% of patients younger than 60, 29.5% aged 60
to 79, and 21.7% of those 80 and older. Similar low rates of
optimal CRS has been observed in two prospective phase II
trials conducted by the French national group of investiga-
tors on ovarian and breast cancer (GINECO) that evaluated
the feasibility of carboplatin/cyclophosphamide or carbopla-
tin/paclitaxel in patients older than 70.18,19 Among the pa-
tients in these studies who underwent surgery, only 21% and
40%, respectively, had a tumor residual disease � 1 cm after
initial surgery.
Wright and colleagues, who evaluated the Nationwide

Inpatient Sample registry of patients admitted for ovarian
cancer surgery, found that perioperative complications in-
creased with age. Among the 28,651 patients included, those
patients younger than 50 had a 17.1% complication rate com-
pared with 29.7% in patients aged 70 to 79 and 31.5% in pa-
tients older than 80.Discharge to a facility also increasedwith
age, with only 1.0% of patients younger than 50 compared
with 14.0% of patients aged 70 to 79 and 33.3% of patients
older than 80. In multivariate analysis, age, number of med-
ical comorbidities, and number of radical procedures per-
formedwere themost important predictors ofmorbidity and
mortality.12 In an analysis of SEER data, Thrall and col-
leagues evaluated 30 day mortality following CRS. Among
their sample of 5,475 patients, age was found to be strongly
associated with 30 daymortality, with patients older than age
85 having fıve times the risk as those 65 to 69 (17.52% vs.
3.19%, respectively). When age was evaluated as a continu-
ous variable, each year over age 65was associated with a 7.5%
increase in the risk of 30 day mortality. The authors per-
formed further riskmodeling including stage and comorbid-
ity and found that women at highest risk (more than 10%) for
30 day mortality following OC CRS were those older than 75
with stage IV disease or those older than 75 with stage III
disease and a comorbidity score of �1.20
An alternative to primary CRS is neoadjuvant chemother-

apy (NACT). This has been evaluated in a large prospective
randomized trial comparing primary CRS with NACT and
iCRS. In this study, PFS and OS were identical in the two
arms (12months and 30months, respectively), but perioper-
ative complications were lower in those patients receiving
neoadjuvant chemotherapy. However, the strongest predic-
tor of survival was CRS to no gross residual disease. The au-
thors note that careful analysis of important predictive
factors of debulking surgery resulting in no residual tumor,
such as comorbidities, age, disease burden, location of meta-
static sites, performance status, and stage, should be consid-
ered when deciding on NACT or primary CRS.21
Certainly, patients present with advanced ovarian malig-

nancies for whom primary CRS is not indicated; for exam-
ple, those with very poor performance status and those with
obvious unresectable disease. For the remainder of patients
who present, including those younger than 70 and older
than 80, the ability to assess who is fıt enough to undergo
aggressive CRS followed by chemotherapy and who should

KEY POINTS

� Ovarian cancer is predominantly a disease of the elderly.
Approximately 80% of women with ovarian cancer have a
FIGO stage III/IV disease at initial presentation.

� Elderly patients with ovarian cancer have poorer survival,
undergo proportionally fewer surgical procedures, receive
less aggressive treatments, and are less likely to be
referred to a gynecologic oncology specialist.

� The outcome benefit of achieving no gross residual disease
following surgical cytoreduction may be lost on those
elderly patients who tolerate the surgery
poorly—emphasizing the need for validated preoperative
assessments to help guide appropriate patients to surgery
and avoid unnecessary complications for those who should
have alternative treatment.

� Given the clinical variability observed in elderly patients,
chemotherapy should be tailored to the extent of the
disease and the patient’s overall health/prognosis, and it
should be guided by a geriatric assessment (GA) that
includes measures of functional status, comorbid medical
conditions, cognition, psychological status, social
functioning, support, and nutritional status.

� Cooperation is needed between geriatricians, medical
oncologists, and gynecologic oncologic surgeons to improve
the treatment guidelines in this growing and vulnerable
patient population.
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be offered an alternative pathway, such asNACTand iCRS or
primary chemotherapy alone, is an unmet need. Patients
with OC have unique presentations and challenges com-
pared with patients with other solid tumors. For example,
CRS for ovarian cancer requires a large abdominal laparot-
omy. Even with widespread malignancy, an aggressive sur-
gery is performed, which may include bowel resections,
splenectomy, and other procedures, as compared with most
other solid tumors in which widespread malignancy is con-
sidered a contraindication to CRS. Patients may present with
poor nutrition values and poor performance status as a result
of rapid accumulation of ascites and not because of underly-
ing medical comorbidities. If we use a generalized preopera-
tive assessment for these patients, we may exclude many
who might benefıt from aggressive primary CRS. However,
by not validating a preoperative tool in this vulnerable pop-
ulation, we risk excess morbidity and mortality in those pa-
tients with too little reserve to tolerate primary CRS followed
by chemotherapy.

MODELS OF PREOPERATIVE ASSESSMENT
Traditional models of preoperative assessment, including
Lee, Eagle, ASA, and others, do not consider themultisystem
assessment needed to evaluate elderly patients with OC. Ex-
ploration of other preoperative assessments is ongoing to in-
clude assessments of frailty, the comprehensive geriatrics
assessment, and the preoperative assessment of cancer in the
elderly (PACE).

Frailty
Frailty is defıned as a state of decreased physiological reserve
and increased susceptibility to suffer disability in response to
stressors.22-24 How frailty is measured varies between a phys-
ical assessment and a more physiological assessment.
Makary and colleagues used a validated scoring system of

physical frailty in a prospective study of patients older than
65 presenting for elective surgery. The frailty score was based
on fıve domains, which included weight loss, weakness, ex-
haustion, low physical activity, and slowed walking speed.22
This frailty score was then compared with more conven-

tional preoperative assessments such as the ASA score, Lee’s
revised cardiac index, and Eagle score. Frailty was found to
correlate with postoperative complications with an adjusted
odds ratio of 1.78 to 2.13 for intermediately frail patients and
2.48 to 3.15 in frail patients. Frailty was also correlated with
increased length of stay (65% to 89% longer stays for frail
patients) and nontraditional discharge.23
Other investigators have looked at physiological frailty

as a predictor of outcome in preoperative patients. Domains
studied included comorbidity, function, nutrition, cogni-
tion, geriatric syndrome assessment, and extrinsic frailty
(social support).23
Using this assessment of frailty found the following factors

were associated most closely with six month mortality:
cognitive dysfunction, lower albumin, having fallen in the

previous six months, lower hematocrit, functional depen-
dence, and increased comorbidities. Having four or more of
these markers predicted six month mortality with a sensitiv-
ity of 86%.24 In a follow-up study with 223 patients and using
the same assessments, the authors found that timed up and
go �15 seconds, any functional dependence, Charlson score
of 3 or greater, and hematocrit 35 or less were the variables
most predictive of postoperative institutionalization.24

Comprehensive Geriatric Assessment (CGA)
The CGA is a multidisciplinary assessment of the elderly pa-
tient across multiple domains. The CGA has been adapted
for use in elderly patients with cancer to try to predict com-
plications due to chemotherapy and to make appropriate
modifıcations for those patients at risk.25 Studies evaluating
the CGA in the preoperative setting are rare to date, with two
notable exceptions. Kristjansoon and colleagues evaluated
theCGA in patients undergoing surgery for colorectal cancer
and found that those patients classifıed as intermediate or
frail were more likely to have postoperative complications
than those classifıed as fıt.26 Using an abbreviated assess-
ment, Kothari and colleagues used the CGA to predict post-
operative outcomes in patients undergoing thoracic surgery
and found that answers to certain questions predicted post-
operative morbidity. For example, dependency in the instru-
mental activity of daily living (IADL) of “shopping” as well as
affırmative answers to questions 2 and 12 of the geriatric de-
pression scale (GDS) (“Have you dropped many of your ac-
tivities and interests?” and “Do you feel pretty worthless the
way you are now?”) predictedmajor postoperative complica-
tions as well as location of discharge among elderly pa-
tients.27

Preoperative Assessment of Cancer in the Elderly
(PACE)
The PACE tool was developed to combine elements of the
CGA with surgical risk assessment tools. Instruments in-
cluded in the PACE are a mini-mental state inventory, activ-
ities of daily living (ADLs), instrumental activities of daily
living (IADLs), Geriatric Depression Scale (GDS), brief fa-
tigue inventory (BFI), ECOG performance status (PS), ASA,
and Satariano’s index of comorbidities. This tool has been
studied prospectively among 460 patients undergoing sur-
gery for breast cancer, gastrointestinal cancer, genitourinary
cancer, and others. Endpoints of interest were 30 day mor-
bidity,mortality, and hospital stay. Researchers foundno sig-
nifıcant association of age with postoperative complications.
IADL, moderate to severe BFI, and abnormal PS were most
predictive of 30 day morbidity. ADL, IADL and PS were as-
sociated with extended hospital stay.28,29 Although promis-
ing, use of the PACE in a population of patients with “higher
risk surgeries” has not yet been performed.
Given the importance of preoperative assessment in

general and the increasing geriatric population, a position
paper was released in 2012 outlining best practices for
optimal preoperative assessment of the geriatric patient.30 In
this document, there is a checklist that covers the expected
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surgical assessment. This is a comprehensive assessment in-
corporating almost all domains described in the assessment
tools above.

Conclusion
A validated instrument for presurgical assessment of the el-
derly or patients with OCwho have performance status chal-
lenges does not yet exist. There are several excellent
assessments under study for breast and other solid tumors
that may lend themselves to this unique population, but pro-
spective study is imperative to remove the guess work from
assessing a patient’s fıtness for surgery.

WHICH CHEMOTHERAPY FOR ADVANCED OC IN THE
ELDERLY?
There is a lack of prospective data from clinical trials of che-
motherapy tolerance in elderly patients; most published re-
ports are retrospective series or secondary analyses of large
clinical trials carried out in a healthier, younger population.
Nonetheless, from these reviews, several strategies have been
described to improve the tolerability of the fırst-line treat-
ment, including single-agent carboplatin, low-dose weekly
schedules, and baseline dose reductions. The goal of each of
these strategies is to reduce toxicity while maintaining effı-
cacy.

First-Line Chemotherapy
In 1997, the GINECO group in France launched a dedicated
elderly women ovarian cancer (EOC) program. Between
1998 and 2003, two prospective studies were conducted to
assess the tolerability of the current standard platinum-based
chemotherapy regimens. In both studies, the selected popu-
lation comprised elderly patients 70 and older, with liberal
inclusion criteria, and a baseline geriatric assessment (GA)
was performed. In the fırst study (EOC 1), 83 patients (me-
dian age 76) with stage III/IVOC received carboplatin (AUC
5) and cyclophosphamide (600 mg/m2) on day one every 28-
day (CC) combination for six cycles. The rate of the comple-
tion of all six cycles of the CC regimenwas 72%withminimal
toxicities.31Moreover, GA predicted toxicity and overall sur-
vival. In the multivariate analysis, three factors appeared to
have a prognostic value of toxicity: symptoms of depression
at baseline (p � 0.006), dependence (p � 0.048), and perfor-
mance status � 2 (p � 0.026). Independent prognostic fac-
tors identifıed for overall survival (OS) (Cox model) were
depression (p� 0.003), FIGO stage IV (p� 0.007), andmore
than six medications per day (p � 0.043). The second study
(EOC 2)19 assessed the feasibility of carboplatin (AUC 5)
with paclitaxel (175 mg/m2) (CP) once every three weeks for
six cycles in 75 elderly patients. The feasibility of the CP reg-
imen was 68%.
These two studies were pooled in a retrospective multi-

variate analysis (EOC 1�2)19 to assess predictive factors
of survival. Tables 1 and 2 summarize the main patient
characteristics and toxicities in the two studies. Patients in

the EOC 2 appeared to be younger with better performance
status (PS) than those in the EOC 1, indicating a selection
bias due to concern that CP regimen could be associatedwith
a higher toxicity. CP regimen hadmore hematologic (grade 3
to 4) and neurologic toxicities (Table 2). Surprisingly, despite
a higher proportion of patients with optimal CRS (� 1 cm
residual disease) in the CP regimen (40% compared with
21%), the survival curves were similar. Predictive factors of
poor prognosis were advanced age, depression symptoms at

TABLE 1. Patients and Disease Characteristics in the
EOC 1 and EOC 2 Studies19

Patient Characteristics
CC
Group

CP
Group P

Total n (%) 83 (100) 72 (100)

Age (years)

Median 76 75 0.4

Range 70–90 70–89

Performance status n (%)

0–1 47 (56) 53 (74) 0.08

2–3 36 (44) 19 (26)

Ascitis n (%) 49 (59) 44 (69) 0.3

FIGO initial stage n (%)III 62 (76) 56 (78) 0.7

IV 20 (24) 16 (22)

Histological grade n (%)

1 9 (11) 6 (8)

2–3 37 (44) 36 (50)

Unknown 37 (45) 30 (42) 0.4

Histological subtype

Serous papillary 61 (73) 52 (71) 0.9

Optima initial surgery (size of residual
lesions) n (%)

� 10 mm 17 (21) 29 (41) 0.03

� 10 mm 65 (79) 42 (59)

Abbreviations: CC, carboplatin and cyclophosphamide; CP, carboplatin and paclitaxel; FIGO,
International Federation of Gynecology and Obstetrics.

Table 2. Incidence of Severe Toxicities in the CC and CP
Regimens (Percentage of Patients with Toxicities)19

EOC 1 EOC 2 P

(CC regimen) (CP regimen)

N � 83 N � 72

Thrombocytopenia (�50 � 10 9/L) 39.5% 9.7% � 0.001

Neutropenia grade 3–4 8.1% 53% �0.001

Febrile neutropenia 3.5% 8.3% 0.4

Anemia grade 3–4 10.5% 5.5% 0.2

Alopecia 16.3% 92.9% �0.001

Neuropathy grade 3 0 13.9% 0.01

Abbreviations: EOC, elderly women ovarian cancer; CC, carboplatin and cyclophosphamide;
CP, carboplatin and paclitaxel.
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baseline, and FIGO stage IV. The use of paclitaxel was found
to be an independent factor for poor survival (hazard ratio
(HR) � 2.42, p � 0.001).
The MITO-5 (Multicenter Italian Trial in Ovarian cancer)

phase II study32 assessed the tolerability of a weekly combi-
nation of carboplatin (AUC 2) plus paclitaxel (60 mg/m2) on
days one, eight, 15, every four weeks for six cycles in a small
trial of 26 vulnerable patients 70 and older with stage IC to
IV. In this study, 54% patients had two andmore comorbidi-
ties and high functional dependency (ADL: 31%, IADL:
69%). RECIST response rate was 38.5% and median overall
survival was 32.0 months. Toxicity was low with 23 patients
(89%) treated without any defıned-unacceptable toxicity
(primary study end point). A weekly schedule of paclitaxel
may be a good alternative.
A large retrospective analysis reported the outcome and

toxicity differences seen in the 620 patients older than 70
who were enrolled in the GOG 182 phase III trial studying
triplet-chemotherapy regimens for patients with newly diag-
nosed OC.33 Older patients had poorer performance status,
lower completion rates of all eight chemotherapy cycles,
and increased toxicities, particularly grade 3� neutropenia
and grade 2� neuropathy. Older women had signifıcantly
shorter overall survival (37 vs. 45 months, p � 0.001), con-
sistent across all regimens and adjusted for major prognostic
factors. To address this disparity, a prospective study
(GOG273) restricted to patients older than 70 with newly di-
agnosed stage III to IVOC is underway and near completion.
Physicians select one of two treatment regimens: carboplatin
(AUC5) single agent or carboplatin (AUC5) with paclitaxel
(135 mg/m2). Pharmacokinetics, geriatric variables, tolera-
bility, and outcomes will be collected.

Neoadjuvant Chemotherapy (NACT)
NACT is the delivery of chemotherapy before a CRS. NACT
use is gaining popularity in both the United States and
Europe, particularly for older and frail patients. By shrinking
cancer before surgery, several reports suggest that NACT
increases the chance of an optimal CRS (defıned as � 1 cm
disease postsurgery) with less surgical morbidity and no sig-
nifıcant effect on survival.21,33-39 The only prospective ran-
domized study of NACT versus primary CRS followed by
adjuvant chemotherapy was recently published from the Eu-
ropean Organization for Research and Treatment of Cancer
(EORTC).21 The 632 patients with newly diagnosed stage
IIIC or IV epithelial ovarian cancer, fallopian tube cancer, or
primary peritoneal cancer were randomized to either pri-
mary CRS followed by six cycles of platinum-based chemo-
therapy or to three cycles of NACT platinum-based followed
by an iCRS followed by an additional three cycles of
platinum-based chemotherapy. The two cohorts had similar
baseline characteristics (age, performance status, histology
type, grade, and stage). The median age was 62 years25-86 in
the primary surgery group and 63 years33-81 in the NACT
group. No subgroup analysis was reported based on older
age. NACT was not inferior to primary surgery; the median
overall survival was 29 months in the primary debulking

group and 30months in those assigned toNACT.21 Although
outcomes were equivalent, the median survival in each arm
was relatively short suggesting that the trial may have se-
lected for a poor prognostic group of patients. The authors
found that one of themain predictors of survival was no gross
residual disease and so the question of NACT versus primary
CRS remains controversial as pertains to those patients for
whom no gross residual disease is a reasonable expectation.
Elderly women, particularly those with high comorbidities

and frailty, are at highest risk of surgical morbidity and may
be the most appropriate candidates for NACT. In one retro-
spective study, Glasgow and colleagues compared the out-
comes of 104women 70 years or olderwith advanced ovarian
cancer who received NACT followed by iCRS (42 patients)
and those who underwent primary surgery followed by
platinum-based chemotherapy (62 patients).39 Age and co-
morbidity were similar in the two groups. Functional status
or geriatric assessment variables were not reported. Com-
pared with the primary surgery cohort, women who under-
went NACT were more likely to have stage IV disease (57%
vs. 29%, respectively), serous histology (74% vs. 53%, respec-
tively) and no visible residual disease after surgery (71% vs.
28%, respectively). Patientswho receivedNACThad reduced
perioperative morbidity compared with the primary surgery
group, including less blood loss at surgery, fewer small bowel
resections required (0% vs. 15%, respectively), fewer throm-
boembolic events (0% vs. 10%, respectively), and fewer hos-
pital days (6.5 days vs. 11.7 days, respectively). Although the
primary surgery group had a higher survival, there was no
statistically signifıcant difference reported: NACT compared
with primary surgery PFS (25 vs. 19 months, respectively;
p � 0.08) or overall survival (25 vs. 39 months, respectively;
p � 0.09). This study, although small and single center, rein-
forces the fınding that NACT followed by interval CRS does
appear less complicated by morbidity. However, the non-
signifıcant trend toward increased progression free and over-
all survival among those patients who underwent primary
CRS, even among an elderly population, continues the con-
troversy surrounding the best treatment modality for these
patients.
Guidelines are necessary to determine which patients are

most suitable candidates for NACT. Aletti identifıed a high-
risk group of women who do not appear to benefıt from pri-
mary surgery, and thismay be a suitable group ofwomenbest
served with a NACT approach.40 Risk features include stage
IV disease, high initial tumor distribution, poor performance
status (ASA score � � 3), poor nutritional status (albumin
� 3.0g/dL), and age older than 75 years). Although each pa-
tient plan must be individualized, these criteria are reason-
able to use as guidelines for a NACT approach.

Intraperitoneal Chemotherapy
Cisplatin-based intraperitoneal (IP) chemotherapy has a
demonstrated signifıcant survival benefıt for patients with an
optimal CRS for stage III OC and is a standard of care at
many U.S. cancer centers. Despite growing acceptance
of its superior survival advantages, several concerns remain:
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technical diffıculties (IP catheter placement and complica-
tions), and increased toxicities (renal dysfunction, neuropa-
thy, hearing loss). In GOG 172, 39% of the 205 women who
received IP cisplatin-paclitaxel were elderly: 26% (61 to 70
years), 12% (71 to 80) and 1% (older than 80).41 Their func-
tional statuswas good (92%,GOGperformance status 0 to 1).
Regardless of age, less than 50% of all patients were able to
complete four or more cycles of the IP regimen because of
toxicity.
How does an oncologist apply these results to their older

population? First, the major limitation to the study was that
patients received IP cisplatin. By the age of 70, renal function
may have declined by as much as 40%, and this reduction in
glomerular fıltration rate (GFR) may lead to enhanced toxic-
ity of drugs, particularly those with signifıcant renal excre-
tion, such as cisplatin.OnGOG172, patientswere required to
have a serum creatinine � 1.2 mg/dL; however, creatinine
clearance is a more sensitive marker for renal dysfunction
and should be used.42 The second limitation was the use of
paclitaxel, as its drug clearance declines with age and its tox-
icities such as neuropathy and cytopenias heightens.43 Even
with the overall survival benefıt demonstratedwith intraperi-
toneal therapy, widespread adoption of this modality has
been slow secondary to the limitations discussed. Studies of
modifıed GOG 172 regimens are ongoing including those
which eliminate the day 8 intraperitoneal paclitaxel, sub-
stitute intraperitoneal carboplatin for cisplatin, substitute in-
travenous docetaxel for paclitaxel and incorporating all
intravenous weekly paclitaxel with intraperitoneal cisplatin.
Such modifıcations may maintain the survival benefıt and
lessen the toxicity of intraperitoneal therapy.
Two studies have reported on the tolerability of a modifıed

IP regimen in an older patient population with good PS and
low comorbidity.44,45 Both retrospective studies concluded
that the older patients were less likely to complete all planned
cycles of IP and to require more dose modifıcation, but they
had similar survival and toxicity outcomes. Reasons for the
higher discontinuation rate of IP therapy among the elderly
was not clear as toxicity outcomes were similar. The authors
suggested that earlier development of toxicities among the
elderly IP patients may account for the observed rate of dis-
continuation.45 If IP chemotherapy is offered as an option to
older women, one needs to carefully select patients with good
functional status, adequate kidney and hearing function, and
an understanding that toxicities may arise earlier in the
course of treatment as compared with IV chemotherapy
alone.

Chemotherapy for Recurrent Disease
Treatment for recurrent OC is divided into relapse at � 6
months since last platinum-containing chemotherapy ad-
ministration, as platinum “resistant” and� 6months as plat-
inum “sensitive.” For platinum-sensitive patients, trials show
survival advantage to a doublet-combination with carbopla-
tin and either paclitaxel, liposomal doxorubicin, or gemcit-
abine.46,47 The combination of carboplatin and paclitaxel
(CALYPSO Study) was signifıcantly associated with a higher

incidence of neurologic toxicity (neuropathy � grade 2)
among patients older than 70 years (25% compared with
16%, respectively; p � 0.006). Although the proportion of
older patients comprised only 16% (median age 73 years) of
the study population, the prevention of severe neurologic
toxicity would advocate for the use of pegylated liposomal
doxorubicin rather than paclitaxel in elderly women.
For platinum-resistant disease, chemotherapy is typically

given as single agent and responses range from 10% to 25%
with amedian duration from four to eightmonths. Common
options include liposomal doxorubicin, topotecan, gemcit-
abine, weekly paclitaxel and vinorelbine.48 Unfortunately,
few studies have been reported in older patients with OC.
Based on extensive studies from lung and breast cancer in
older patients, most of these single-agent drugs are well-
tolerated.49,50 Gronlund and colleagues described their expe-
rience with topotecan (1 mg/m2 over fıve days) in 57 elderly
patients with platinum-resistant OC and found no signifı-
cant differences in toxicity profıle or response between an
older (older than age 65) or younger (younger than 65) co-
hort. Performance status was a better predictor of response
and survival in both cohorts.51 Currently, most oncologists
use liposomal doxorubicin or weekly topotecan for older pa-
tients with platinum-resistance, given an improved toxicity
profıle.52,53 Recent data are showing support for antivascular
strategies such as bevacizumab. Hypertension and arterial
thrombosis risk may be heightened in an elderly patient with
more comorbidities. Previously reported high bowel perfo-
ration rates (as high as 11%) have been greatly diminished
with recent data from a prospective phase III trial demon-
strating a 2.8% rate of perforation among those treated with
bevacizumab as compared to 1.2% in those treated without.
Age was not mentioned as a risk for bowel perforation in this
study.54
Because these chemotherapy options offer primarily palli-

ation, many argue for a focus on better supportive measures,
rather than more chemotherapy. In one study, there was a
signifıcant cost difference with no appreciable improvement
in survival in a comparison of patients with OC treated ag-
gressively with chemotherapy with those enrolled in hospice
at the fınal months of their life. The authors suggest that ear-
lier hospice enrollment is benefıcial, particularly in the older
frail patients with a poor prognosis.55

IMPACT OF GA IN TREATMENT, CLINICAL
OUTCOMES
Although fıt and healthy patients up to age 70 may tolerate
standard chemotherapy well, patients over age 75 or those
with vulnerability criteria are at a higher risk of complication
from chemotherapy. A GA provides a patient’s functional
status (i.e., ability to live independently at home and in the
community), comorbid medical conditions, cognition, psy-
chologic status, social functioning-support, and nutritional
status. In the cancer setting, several studies have demon-
strated the predictive value of GA for estimating the risk of
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severe toxicity from chemotherapy and survival out-
comes.56,57

In elderly patients with OC, the importance of the GA has
been outlined in the EOC 1 and 2 studies, as previously dis-
cussed. However, a comprehensive GA can be time-consum-
ing; there is clearly a need for simple and short screening
questionnaires. Two examples of shorter surveys include the
Vulnerable Elders Survey-13 (VES-13) and the Cancer and
Aging Research Group (CARG) Geriatric Assessment and
Toxicity Score. VES-13 is a self-administered survey that
consists of one question for age and 12 additional questions
assessing self-rated health, functional capacity, and physical
performance.58 CARG-GA is a feasible assessment (mean
time to completion is 27 minutes, mostly self-administered)
and the shorter toxicity score predicted grade 3 to 5 chemo-
therapy toxicity.59 The 11-point toxicity score accounts for
high-risk factors: 1) age 72 and older, 2) cancer type (GI or
GU), 3) standard chemotherapy dosing, 4) poly-
chemotherapy regimens, 5) anemia, 6) renal dysfunction
(CrCl � 34 mL/min), 7) decreased hearing, 8) falls in last six
months, 9) assistance with taking medication (IADL), 10)
limited walking one block (MOS), and 11) decreased social
activity (medical outcomes study [MOS]). A score ranging
from 0 to 23 can be tabulated and used to identify patients at
greatest risk of high chemotherapy toxicity.
A prospective phase II study (EOC 3)60 confırms the im-

portance of geriatric assessment. From 2007 to 2010, 111 el-
derly patients (70 years and older) with stage III to IV OC
were treated with fırst-line carboplatin (AUC5) every three
weeks for six cycles. The cohort was frail and older thanmost
reported studies. Median age was 78 (41% older than 80),
43% had PS � 2, 27% had � 3major comorbidities, 69% � 4
co-medications, ADL score � 6 in 55%, IADL score � 25 in
75%, and HADS (Hospital Anxiety and Depression Scale)

� 15 in 37% of patients. The chemotherapy completion rate
was 74%; toxicities were manageable. The median survival
was 17.4 months (95% CI, 13.3 to 21.4). The authors identi-
fıed six prognostic factors of poorer survival: low albumin
(�35 g/L), lowADL score (�6), low IADL score (�25), lym-
phopenia (�1G/L) and a high HADS score (� 14). Based on
these predictive factors, the authors developed a scoring sys-
tem. The Geriatric Vulnerability Score (GVS) was validated
on a bootstrap analysis to predict survival, both in the EOC 2
and EOC 3 studies.19,60 With a cutoff of three, the number of
factors identifıed two groups of patients with different prog-
nostic outcomes and tolerance to chemotherapy. Indeed, pa-
tients with aGVS score� three had aworseOS (11.5months
vs. 21.7 months, respectively; HR, 2.94; p � 10–4); experi-
enced a lower rate of chemotherapy completion (65% com-
pared with 82%, respectively); odd ratio (OR) � 0.41; p �
0.04); a higher incidence of severe adverse events (53% com-
pared with 29%, respectively; OR � 2.8; p � 0.009); and
higher incidence of unplanned hospitalization (53% com-
pared with 30%, respectively; OR� 2.6, p� 0.02). The use of
GVS score appears helpful in selecting those at greatest risk;
validation studies with larger cohorts are needed.

CONCLUSION
Identifıcation of vulnerable elderly patients is crucial to
overcome inter-individual variability in surgery and chemo-
therapy tolerance and, therefore, effıcacy. To improve
treatment guidelines, more clinical trials specifıcally de-
signed for older patients should be implemented. In addition,
enhanced cooperation between geriatricians, medical oncol-
ogists, and gynecologic oncologic surgeons will improve pre-
treatment assessment and post-treatment care in our elderly
patients.
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