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Abstract

Objective—To evaluate demographics, survival, and surgical trends for patients with malignant
ovarian germ cell tumors.

Methods—SEER data abstracted from 1988 to 2001 and analyzed using Kaplan—Meier and Cox
regression models.

Results—Of 760 patients, the median age was 23 years (range: 1-91 years). Seventy-six percent
of patients presented with stage I-11 disease, and 24% with stage 111-1V. Thirty-two percent were
dysgerminomas, 55% immature teratomas, and 13% yolk sac tumors. Fertility-preserving surgery
was performed in 41.2% (n =313) of patients. In those <45 years old, the use of fertility-preserving
surgery increased from 40.5% to 44.5% to 48.4% over the time periods 1988-1992, 1993-1997,
1998-2001 (P =0.25). The survival of patients who underwent fertility-preserving surgery was not
statistically different compared to those who underwent standard surgery (P =0.26). Patients with
stage I-1I disease had improved survival compared to stage I11-1V disease (97.6% vs. 85.5%, P
<0.001). The overall survival of women with dysgerminomas, immature teratomas, and yolk sac
tumors was 99.5%, 94.3%, and 85.4%, respectively (P <0.001). In multivariate analysis, older age,
advanced stage, and yolk sac tumor histology predicted for poorer survival.
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Conclusion—Our data suggests that the use of fertility-preserving surgery with concomitant
surgical staging for germ cell cancers has increased without compromising survival.
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INTRODUCTION

Malignant ovarian germ cell tumors account for approximately 5% of malignant ovarian
neoplasms and are usually diagnosed in children and young women from the ages of 10-30
years [1]. The most common presenting symptom is rapidly progressive abdominal pain
associated with a palpable abdominal and/or pelvic mass. Fortunately, the vast majority of
patients (50-75%) present with International Federation of Gynecology and Obstetrics
(FIGO) surgical stage | disease. Treatment with modern systemic chemotherapy can achieve
survival in excess of 90% [2—-6]. This is in contrast to the age distribution, stage at diagnosis,
and survival rates that are observed in the more common epithelial ovarian cancers. Another
salient difference between germ cell cancers and the more common epithelial ovarian
cancers is that conservative, fertility-preserving surgery can be offered to the majority of
girls and young women with malignant germ cell tumors [1].

In a recent analysis of female germ cell tumors from the SEER database, Smith et al.,
showed that the incidence of germ cell tumors has declined and differs from the rising trends
reported for testicular cancers. In addition, these authors found that although the survival
rates have improved, they were lower in the older population and non-dysgerminoma
subtypes [7]. To expand on these findings, we identified demographic trends and surgical
patterns in the treatment of patients with malignant germ cell tumors after FIGO staging.
Moreover, we evaluated the efficacy of fertility-preserving surgery.

METHODS

The database used was the Incidence-SEER 9 Regs Public-Use, February 2006 Sub (1973-
2002), National Cancer Institute, DCCPS, Surveillance Research Program, Cancer Statistics
Branch [8]. The years under investigation included 1988-2001. Distribution by ethnicity
was calculated for Whites, Blacks, Asians, and others. Stage was stratified into two
categories: stage I-11 and stage 111-1V.

Using the previously reported methodology of Smith et al. [7], malignant female genital
germ cell tumors were identified, selecting for females, malignant disease, and morphology
codes ((International Classification of Diseases for Oncology [ICD-O] specific for germ cell
tumors identified by female genital tract topography codes (ICD 510-519, 529-549, 559,
569, 570-574, 577-579))). The histology codes used were dysgerminoma (9060), yolk sac
tumor (9071), and malignant teratoma (9080, 9082-9085, 9090-9091). It should be noted
that the ICD-9 codes for malignant teratoma included those teratomas which had undergone
malignant degeneration, but were exclusive of teratocarcinoma.
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Fertility-sparing surgery was defined as those who underwent a uterine-preserving
procedure. The inference was that this should reflect conservation of both the uterus and the
contralateral adnexae in most cases. This assumption is based on the fact that: (1) most
patients with malignant germ cell tumors of the ovary present with stage | unilateral tumors
and (2) since the vast majority are children and young women it is unlikely that the
contralateral (i.e., unaffected) ovary would have been previously removed.

Chi-square tests were used to determine differences in three histologic cell types of germ
cell tumors with respect to age, race, surgery, and stage. This analysis was also used to
detect time trend differences from 1988 to 1992, 1993 to 1997, and 1998 to 2001 with
respect to surgical and histologic changes over time. Disease-specific survival is defined as
survival in the absence of other causes of death [9]. Kaplan—Meier survival curves were
generated using the LIFETEST procedure (SAS 8, SAS Institute Inc., Cary, NC). All
prognostic variables found to be significant in univariate analysis were included in
multivariate analysis using the Cox proportional hazards model. This study was reviewed
and approved by the Institutional Review Board.

Of 760 women with malignant germ cell tumors, the median age was 23 years (range: 1-91
years). 72.1% (n =548) of patients were less than 30 years of age, 18.9% (n =144) were
between 30 and 40 years of age, and 8.9% (n =68) were over 40 years old at diagnosis.
Seventy-two percent of patients were White or Hispanic (P <0.001), while less than 15%
were Black, Asian, and other ethnicities. Approximately 76% (n =581) of patients presented
with stage I-11 disease, and 24% (n =179) with advanced (stage 111-1V) tumors. The tumor
subtypes included 55% immature teratomas (n =417, including 74 mixed germ cell tumors),
32% dysgerminomas (n =240), and 13% yolk sac tumors (n =103). Immature teratomas
were the most common histologic subtype (P <0.001) (Table I).

The 5-year relative survival of women less than 30 years of age, 31-40 years of age, and
greater than 40 years of age was 96.8%, 95.4%, and 74.5%, respectively (P <0.001) (Table
Il and Fig. 1). The survival of Whites, Blacks, and Asians were 94.9%, 89.6%, and 98.7%,
respectively (P <0.001). Survivorship was significantly higher among patients with stage I-
Il disease as compared to those with stage I11-1V disease, respectively (97.6% vs. 85.5%; P
<0.001) (Table Il and Fig. 2). The disease-specific survival of women with dysgerminomas,
immature teratomas, and yolk sac tumors was 99.5%, 94.3%, and 85.4% respectively (P
<0.001) (Table Il and Fig. 3). Among patients with stage I-I1 tumors, those with
dysgerminomas, immature teratomas, and yolk sac tumors had survival rates of 100%,
97.1%, and 93.9%, (P =0.049), respectively; in comparison, the survival of stage 11-1V
patients for these same histologic subtypes were 98.0%, 84.3%, and 64.9% (P <0.001). In
multivariate analysis, older age, advanced stage, and yolk sac histology remained as
significant independent prognostic factors for poorer survival (Table I11).

Across the three time intervals under investigation, there was an increase in the performance
of surgical staging, as reflected by removal of retroperitoneal lymph nodes. Only 37% of the
patients treated from 1988 to 1992 underwent lymph node dissection while over 50% of
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patients seen between 1998 and 2001 had lymph nodes removed (P =0.011, Table IVA). The
increasing performance of lymphadenectomy over time and the 5-year disease specific
survival in the study population over time are shown in Tables IVA and IVB.

Within each histologic subtype, the majority of patients presented with stage I-11 compared
with stage 111-1V disease (P =0.058). When the study interval from 1988 to 2001 was
separated into three periods (1988-1992, 1993-1997, and 1998-2001), there was a trend
toward an increase in the use of fertility-preserving surgery over time (40.5% vs. 44.5% vs.
48.4%; P =0.25) in patients <45 years old. Furthermore, among those reproductive-aged
(<45 years) patients with stage -1l disease, 62% underwent fertility-preserving surgery.
There were no significant survival differences between the overall group of women who
underwent fertility-preserving surgery compared to those who had standard surgeries which
included hysterectomy (Table 1VVB and Fig. 4). In addition, over the three time periods, the
increased use of fertility-preserving surgeries did not negatively affect the disease-specific
survival of these women over time (P =0.276) (Table IVB).

DISCUSSION

In an attempt to document use in the community of the advances made in the management
of malignant ovarian germ cell tumors of the ovary, the SEER registry was utilized to
document management trends and 5-year disease-specific data from 1988 to 2001. The
SEER Program encompasses 13 geographically defined population-based central registries
for the United States operated by local nonprofit organizations. It currently includes
population-based data from about 14% of the United States population and is reasonable
representative of subsets of different racial/ethnic groups residing in the United States.

Smith et al. [7] evaluated the incidence of women with malignant ovarian germ cell tumors
over the 30-year period encompassed by the SEER program (1973-2002). Of note, these
investigators did not look specifically at yolk sac tumors. These authors also showed that the
incidence of germ cell tumors have declined and differ from the rising trends reported for
testicular cancers. In addition, these authors found that although the survival rates have
improved, they were lower in the older population and non-dysgerminoma subtypes [7]. To
expand on these findings, we identified demographic trends and surgical patterns in the
treatment of patients with malignant germ cell tumors after FIGO staging. Moreover, we
evaluated the efficacy of fertility-preserving surgery.

An observation in our study that is at odds with historical figures is the finding that
immature teratomas (inclusive of those with mixed germ cell tumor) were the histologic
subtype most frequently represented among the three histological cell types under
investigation from 1988 to 2001. Previous reports have often cited the dysgerminoma as
being most frequently diagnosed among malignant ovarian germ cell tumors [1]. In Smith’s
30-year SEER study considering 5-year blocks as distinct periods, it is noteworthy that
immature teratomas were found to occur more frequently than dysgerminomas in four of six
blocks [7]. The age-adjusted incidence rates of immature teratoma and dysgerminoma were
similar in one 5-year block (1983-1987) and only in the earliest block under investigation
(1973-1977) was the occurrence of dysgerminoma found to be higher than that of immature
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teratoma [7]. Thus, it is possible that many of the historical series emerging from the 1970s
emphasized the relatively high incidence of dysgerminoma.

Fertility sparing procedures should be performed in combination with comprehensive
surgical staging surgeries. Prior studies have found that comprehensive surgical staging
procedures with lymphadenectomy is associated with an improved outcome [10]. Fertility-
preserving surgery for ovarian cancers include an ovarian cystectomy, unilateral salpingo-
oophorectomy, unilateral salpingo-oophorectomy plus hysterectomy (with preservation of
the contralateral ovary), and bilateral salpingo-oophorectomy (with preservation of the
uterus). Clearly, following some of these procedures, assisted reproductive technology
would be required to achieve a pregnancy. A significant number of women with germ cell
ovarian cancers can be appropriate candidates for fertility-preserving surgeries because these
tumors typically affect girls or young women and nearly 75% of these tumors are unilateral
and diagnosed at stage 1 [11].

Many of these patients, other than those with stage | dysgerminoma and stage 1A, grade 1
immature teratoma, need further adjuvant chemotherapy. Despite the use of adjuvant
chemotherapy, prior studies have reported on the rate of successful pregnancies after
fertility-sparing surgeries followed by chemotherapy [11-16]. Because these patients for the
most part are in the earlier two-thirds of their reproductive period, we assumed that when
fertility-preserving surgery was undertaken, that the contralateral ovary was preserved
because: (a) the majority of germ cell tumors are unilateral and (b) young women are
unlikely to have had a previous oophorectomy. Indeed, with the great success of adjuvant
therapy programs resulting in excellent survival rates for most patients with malignant
ovarian germ cell tumors, it has become increasingly apparent that fertility-preserving
surgery can be offered to the vast majority of patients with malignant ovarian germ cell
tumors, oftentimes regardless of stage [17]. When FPS is embarked upon, the other
important principles of comprehensive surgical staging for clinical stage | disease is still
warranted [14].

In this study the increased use of fertility-preserving surgery over time is encouraging. This
reflects a successful dissemination of knowledge into the community from single institution
experiences and collaborative efforts. Low and co-workers performed a retrospective review
of 74 patients with malignant ovarian germ cell tumors who were treated by conservative
surgery, retaining the uterus and contralateral ovary to preserve ovarian function with or
without the use of adjuvant chemotherapy [11]. This group reported survival rates of 98.2%
for those with stage | disease, and 94.4% for those with advanced tumors. Importantly,
although 61.7% of patients who received adjuvant therapy developed amenorrhea, 91.5% of
those women resumed normal menstrual function on completion of chemotherapy, and 14
healthy live births were recorded in this group with no documented birth defects. Similarly
Tangir et al. [16] reported the outcomes of 64 patients with malignant ovarian germ cell
tumors who were treated with fertility-preserving surgery with or without chemotherapy, all
of whom survived and were followed for an evaluation of subsequent menstrual and
reproductive function. Thirty-eight patients attempted conception and 29 achieved at least
one pregnancy (76%). Importantly, among the patients who conceived, 20 had FIGO
surgical stage | tumors, one stage 11 tumor, and eight stage 111 disease cancers.
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The limitations of the SEER database have been described previously and include their
retrospective content. As with other large population-based series, our report was limited by
a lack of central pathology review. To determine if there are significant discrepancies
between registry and referral pathologists, Tyler et al. [18] performed slide reviews on 477
women diagnosed with ovarian, breast or endometrial cancer and compared the diagnoses of
pathologists contributing to tumor registries affiliated with the SEER program to an expert
gynecologic pathologists. These authors found an overall agreement of 97% for overall
cancers, and the agreement for major cellular subtypes of ovarian cancer was 73% for
endometrioid and 100% for clear cell carcinomas. Moreover, there was a 61.7% complete
histopathologic agreement with only 1% of cases that were considered as having major
differences. There is also limited information on clinically relevant information such as
extent and location of residual disease, and type of chemotherapy. In addition, there is no
information on the affects of chemotherapy on ovarian function and fertility outcomes. The
strengths of the study is that the results from this population-based study can be generalized
to the U.S. population since the SEER cancer registries are consistent in representative
regions throughout the country [19]. Based on the Northern American Association of
Central Cancer Registries, the SEER program’s quality control measures maintain the
highest level of certification of data quality and completeness [20]. More specifically, a
mechanism involved in the quality assurance program includes an annual review the medical
records of sample cases for accuracy. Virnig et al. reported a 98% completeness in each
sample case with a >90% rate in the accuracy of reporting adjuvant therapy [21].

In our study, the finding that nearly 25% of young women with malignant ovarian germ cell
tumors underwent hysterectomy during the study period is of concern. Moreover, only 50%
of women underwent surgical staging with lymphadenectomy for germ cell tumors. Perhaps
educational programs are needed to improve the awareness of the appropriate treatment of
this curable solid tumor.
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Fig. 1.
Kaplan—-Meier disease-specific survival by age (P <0.001).
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TABLE Il

Multivariate Analysis

Prognostic factors Hazard ratio  95% confidence interval ~ P-value
Age of diagnosis® 1.05 1.03-1.07 P <0.001
Stage at diagnosis? 217 1.63-2.90 P <0.001

231 1.32-4.04 P =0.003

Histology®

a .
Continuous.

b
1-11 versus 11-1V.

c .
Dysgerminoma versus yolk sac tumor versus teratoma.
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