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Malignant ovarian germ cell tumors (MOGCT) and ovarian sex cord stromal tumors (SCST) are rare
ovarian tumors. Since 2013, all German federal states are obliged to record data on diagnosis,
pathology, therapy, and clinical course of tumor diseases. We gathered data on MOGCT and SCST from
thirteen federal cancer registries and the German Childhood Cancer Registry. Each of the participating
registries provided aggregated data on MOGCT and SCST with date of diagnosis between 01.01.2016
and 31.12.2021. 629 MOGCT and 872 SCST were included, age peaks at diagnosis for MOGCT and
SCST were between 20 and 24 years and between 55 and 59 years, respectively. Of all MOGCT, 23%,
22%, 13% and 12% were malignant teratoma, dysgerminoma, neuroendocrine tumors and yolk sac
tumors, respectively. The large majority (94%) of SCST represented malignant granulosa cell tumors.
Most tumors were diagnosed in FIGO stage | (66% of MOGCT and 85% of SCST). Surgery was reported
in 58% of patients with MOGCT and in 73% of patients with SCST. Chemotherapy was administered
to 26% of MOGCT patients and 8% of SCST patients. This study highlights the great potential of

Scientific Reports|  (2025) 15:44145 | https://doi.org/10.1038/541598-025-32998-5 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-32998-5&domain=pdf&date_stamp=2025-12-18

www.nature.com/scientificreports/

cancer registries as high numbers of patients are recorded, however, data are highly dependent on the
reporting institutions.
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Malignant ovarian germ cell tumors (MOGCT) and ovarian sex cord stromal tumors (SCST) are rare ovarian
neoplasms. They account for around 1.3% (MOGCT) and 1.6% (SCST) of malignant ovarian tumors in Europe'.
MOGCT are a heterogeneous group of different tumors, the most common entities include dysgerminomas,
immature teratomas and yolk sac tumors?. They mainly affect young women of childbearing age*. SCST mainly
include adult and juvenile granulosa cell tumors and Sertoli-Leydig cell tumors and frequently affect middle-
aged women®*. The treatment of choice for MOGCT includes surgical staging including stage-appropriate
surgical resection after surgical staging, and, for tumors of stages higher than FIGO IA, platinum-based
chemotherapy (CHT) regimens including etoposide with addition of bleomycin or ifosfamide depending on
the risk assessment®. Surgical treatment for SCST is also based on the staging analogous to ovarian cancer. The
extent of the surgical resection depends on the extent of the tumor and, in case no hysterectomy is performed,
includes a curettage of the corpus uteri to exclude simultaneous endometrial carcinoma. The advantage of
adjuvant platinum-containing CHT after complete resection is discussed controversially but may be considered
for stages > FIGO IC>%. MOGCT and SCST are usually diagnosed in stage I (57% and 64%) and are associated
with a good prognosis. Studies from the US National Center for Health Services show that MOGCT have a
5-year survival probability of 94% and 88% for SCST, respectively across all stages, the 5-year cause-specific
survival for diagnosis in stage I is 99% (MOGCT) and 98% (SCST)°. However, recurrences are particularly
common with SCST (10-64%) and can still occur late, on average 48-57 months after initial diagnosis'®.

The Cancer Early Detection and Registry Act (Krebsfritherkennungs- und -registergesetz; KFRG) (§ 65c,
Social Code, Book V) obliges all federal states in Germany to record oncologic diseases in clinical cancer
registries'!. In addition, epidemiologic cancer registration of pediatric tumors has been in place on a national
scale since the early 1980s'2.

To study the epidemiologic characteristics of these groups of rare ovarian tumors and the standards of
surgical and systemic therapy in Germany we gathered aggregated data of 13 federal cancer registries and the
German Childhood Cancer Registry from 2016 - 2021.

Methods

This study was based on pooled data from 13 German cancer registries i.e. clinical cancer registries of Rhineland-
Palatinate, Schleswig-Holstein, Hamburg, Bremen, Mecklenburg-Western Pomerania, Brandenburg and Berlin,
North Rhine-Westphalia, Lower Saxony, Hesse, Saxony-Anhalt, Saxony, Bavaria and Baden-Wiirttemberg as
well as the German Childhood Cancer Registry, representing more than 95% of the German population. Two
cancer registries, Saarland and Thuringia did not deliver data for this study, data from Lower Saxony and Saxony-
Anhalt were only available from 2018 to 2021 and from Hesse for the years 2016-2020. Each of the participating
registries provided aggregated data on MOGCT and SCST for pooled analysis. Inclusion criteria were a primary
diagnosis of ICD-10-GM C56 with one of the following ICD-O-3 histo-morphology codes (suppelement Table
1) (MOGCT: 8070/3, 8240/3, 8243/3, 8410/3, 9060/3-9065/3, 9070/3-9072/3, 9080/3- 9086/3, 9090/3, 9100/3,
9105/3 and SCST: 8600/3, 8620/3, 8630/3, 8631/3, 8634/3, 8640/3, 8650/3, 8670/3, 8810/3)!*!* and date of
diagnosis between 01.01.2016 and 31.12.2021. Tumors with uncertain behavior were not included. For these
patients aggregated data on age at diagnosis in five-year age groups, histo-morphology, FIGO 2014 staging
classification'®, grading, treatment, residual status, recurrences and vital status were provided. Numbers of 5
or less are not shown (< 6) to avoid de-anonymization. The pooled data was analyzed descriptively using R and
RStudio (Version 3.6.3, 2020-02-29; Posit Software, PBC formerly RStudio, PBC, Boston, MA 02210, USA).
Analyses were restricted to patients with available information for the variable of interest; we did not impute
missing values. All methods were carried out in accordance with relevant guidelines and regulations, i.e. The

Scientific Reports |

(2025) 15:44145 | https://doi.org/10.1038/541598-025-32998-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

140 A
120 A
8
o 100'
2
T go-
S 80
S
% 60
E
5 401
=
20 1
01

MOGCT SCST

Total =629 Total =872

n % |n %
Histology
Malignant granulosa cell tumor of the ovary (8620/3) | n.a. na. | 821 94
Malignant teratoma (9080/3) 142 23 | na. n.a
Dysgerminoma (9060/3) 136 22 | na n.a
Neuroendocrine tumor (8240/3) 84 13 | na. n.a
Yolk sac tumor (9071/3) 74 12 | na. n.a
Sertoli-Leydig cell tumor (8631/3) na. na. |21 2
Others 193 31 30 3
FIGO 290/629 | 46 | 518/872 | 59
I 191/290 | 66 | 438/518 | 85
11 27/290 |9 30/518 |6
111 37/290 |13 |39/518 |8
v 35/290 |12 | 11/518 |2
missing 339/629 | 54 | 354/872 |41
Grading 285/629 | 45 | 160/872 |18
low 111/285 | 39 | 86/160 |54
medium 158/285 | 55 | 70/160 |44
high 16/285 |6 <6/160 | n.a
missing 344/629 |55 | 712/872 |82

Table 1. Tumor characteristics of MOGCT and SCST: incident cases of 2016-2021. Percentage is calculated
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Fig. 1. Age distribution of MOGCT and SCST in 5-year classes: incident cases of 2016-2021 (numbers <6 not

shown).

Cancer Early Detection and Registry Act (Krebsfritherkennungs- und -registergesetz; KFRG) (§ 65c, Social

Code, Book V).

Results

A total of 629 MOGCT and 872 SCST were included in the study. The age peaks of MOGCT and SCST were
20-24 years and 55-59 years, respectively (Fig. 1). With respect to histo-morphology about 23%, 22%, 13% and
12% of GCT were malignant teratoma (9080/3), dysgerminoma (9060/3), neuroendocrine tumors (8240/3) and
yolk sac tumors (9071/3), respectively, more than 94% of SCST were malignant granulosa cell tumors (8620/3)
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MOGCT SCST

Total =629 | Total=872

n % |n %
Surgery 363/629 | 58 | 633/872 | 73
Laparoscopy 96/363 | 26 | 241/633 | 38
Laparotomy 153/363 | 42 | 223/633 | 35
missing data on type of operation | 114/363 | 31 | 169/633 | 27
Adnexectomy* 293/363 | 81 | 507/633 | 80
Omentectomy* 147/363 | 40 | 334/633 | 53
Peritonectomy* 140/363 | 39 | 294/633 | 46
Hysterectomy* 84/363 |23 | 325/633 | 51
ovarian cystectomy* 34/363 9 |24/633 |4
Paraaortal lymphadenectomy* 30/363 8 135/633 |6
Other* 77/363 |21 |97/633 |15
Chemotherapy 165/629 | 26 | 68/872 |8
Carboplatin* 43/165 | 26 | 56/68 82
Cisplatin* 121/165 | 73 | 13/68 19
Paclitaxel* 34/165 |21 | 47/68 69
Etoposide* 126/165 | 76 | 12/68 18
Bleomycin* 61/165 | 40 | 9/68 13
Ifosfamide* 32/165 |19 |0
Other* 34/165 |21 | 11/68 16
Radiotherapy 14/629 2 1<6/872 | <1

Table 2. Reported treatment of MOGCT and SCST: incident cases of 2016-2021. Percentage is calculated for
all reported cases without missings; *multiple options per therapy possible.

MOGCT SCST

Total =629 Total =872

n % | n %
Surgery Total 363 100 | 633 100
Local R status 275/363 | 76 | 482/633 | 76
0 252/363 | 92 | 462/633 | 96
1 9/363 3 | 14/633 3
2 14/363 5 |6/633 1
X 88/363 24 | 151/633 | 24
Follow-Up
Recurrences 49/629 8 | 45/872 5
Cancer-Caused Death | 35/629 6 | 19/872 2

Table 3. Success of treatment of MOGCT and SCST: incident cases 2016-2021 reported to German cancer
registries followed until the 31 st of December 2021. Percentage is calculated for all reported cases.

Initial FIGO stage was available in 290 cases (46%) of MOGCT and 518 cases (59%) of SCST. Of these, 66%
of MOGCT were diagnosed in FIGO stage I, 9% in FIGO II, 13% in FIGO III and 12% in FIGO IV. SCST were
classified as FIGO I in 85%, FIGO II in 6%, FIGO III in 8% and FIGO IV in 2% of the patients. Tumor grading
was available for 285 cases (45%) of MOGCT, and 160 cases (18%) of SCST. Medium grading was most common
for MOGCT and low grading for SCST (Table 1).

Surgery was reported in 363 patients with MOGCT (58%) with laparotomy being more frequent than
laparoscopy (42 vs. 26%). Diagnosis of SCST was followed by surgery in 633 cases (73%), with laparoscopy and
laparotomy being similar in frequency (38 vs. 35%) (Table 2). For both types of tumors adnexectomy was most
frequent (81% of MOGCT and 80% of SCST - if unilateral or bilateral adnexectomy was performed cannot
be distinguished with the variables reported to the cancer registries) followed by omentectomy (40% and 53%
respectively). Hysterectomy was more common in SCST than in MOGCT (51% and 23%). In rare cases (9% of
MOGCT and 4% of SCST) ovarian cysts were resected. Lymphadenectomies (LNE) in general were rare, with
paraaortal LNE being most frequent (8% of MOGCT and 6% of SCST) (Table 2).

Local R status was available for 76% of both, operated MOGCT and SCST. Local RO was achieved in 92%
(MOGCT) and 96% (SCST) of reported R statuses (Table 3).

Scientific Reports |

(2025) 15:44145 | https://doi.org/10.1038/s41598-025-32998-5

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

CHT was reported for 26% and 8% of MOGCT and SCST, respectively (Table 2). For MOGCT etoposide
was the main substance followed by cisplatin. A third substance was added less frequently (bleomycin 40% and
ifosfamide 19%). For SCST carboplatin (56%) and cisplatin (13%) were the most frequent substances followed
by paclitaxel (47%) (Table 2). Radiotherapy was rarely reported with 2% for MOGCT and less than 1% for SCST
(Table 2).

For 8% of patients with MOGCT recurrences were reported and 6% died due to the cancer disease. In case of
SCST for 5% of patients’ recurrences were reported and 2% died due to the cancer disease (Table 3).

Discussion

This study compiles data on rare ovarian tumors MOGCT and SCST. It includes data from 13 German cancer
registries as well as the German Childhood Cancer Registry for the years 2016-2021, enabling the analysis of a
high number of cases (n=629 and n=872) for those rare entities.

Data show the median ages at initial diagnosis, patients with MOGCT are considerably younger than patients
with SCST (Fig. 1), a finding consistent with previous studies>*!¢. Although the initial FIGO stage is available for
only half of the patients (46% of MOGCT and 59% of SCST) the available data indicate that both tumor types are
predominantly diagnosed in FIGO stage I (66% and 85% respectively). This appears comparable to SEER data,
although interpretation is limited due to the high rate of unknown staging information®.

Surgery was reported for 58% of MOGCT and 73% of SCST. This suggests incomplete reporting, as surgery
is the treatment of choice for both tumor types>3. Some missing surgical data may be explained by advanced,
inoperable tumors, but this should only account for a minority of cases (approximately 25% MOGCT and 10%
of SCST in our data).

Laparotomy was more frequent than laparoscopy in patients with MOGCT (42 vs. 26%), in patients with
SCST both surgical approaches were similarly frequent (38 vs. 35%). While open surgery is generally preferred,
minimally invasive staging may be appropriate in selected cases®. According to the German guideline on ovarian
cancer, laparotomy is recommended for staging of SCST; however, laparoscopy is possible in early stages and in
experienced centers®.

Adnexectomy was the most frequent procedure, however data of the cancer registries cannot distinguish
between unilateral and bilateral adnexectomy, limiting insight into fertility sparing surgery rates.

Hysterectomy has been performed more often in patients with SCST than with MOGCT, which aligns with
recommendations: hysterectomy is usually avoided in young MOGCT patients, whereas it may be omitted in
patients with SCST only at stage IA%. However, cohort analysis showed that patients with SCST and unilateral
adnexectomy had a worse 5-year survival than women with bilateral adnexectomy and hysterectomy®. The
younger age of MOGCT patients likely explains the lower hysterectomy rates and the higher proportion of
fertility-sparing procedures. In SCST, uterine curettage is obligatory, if hysterectomy is not performed, to rule
out simultaneous endometrial carcinoma®; however, curettage data were not provided for this study.

Omentectomy and peritonectomy were performed in 40-50% of cases. Studies suggest higher recurrence
rates in MOGCT patients without peritoneal biopsies, though without impact on overall survival'”. LNE was
rarely documented (MOGCT 8%, SCST 6%), consistent with guideline recommendations as LNE is not advised
in the absence suspicious findings>®!8.

R status was reported for 76% of operated patients, of whom 92% (MOGCT) and 96% (SCST) underwent
complete (RO) resection.

CHT was administered to 26% of MOGCT patients and 8% of SCST patients. However, this is only comparable
to a limited extent as there was a high number of patients with unknown stage. The CHT rate in MOGCT
appears low given that the treatment is recommended for stages > FIGO IA. In SCST, there is no consensus
regarding the benefit of CHT, although it may be considered for stages > FIGO IC®. This reflects both a potential
heterogeneity and uncertainty in real-world practice and the impact of missing data. The substances most
frequently used correspond to guideline recommendations: platinum-based combinations with etoposide (with
or without bleomycin or ifosfamide) for MOGCT, and platinum combined mainly with paclitaxel for SCST. As
expected, radiotherapy played no relevant role in treatment of MOGCT and SCST, although it is unclear whether
reporting on radiotherapy was complete.

Recurrence rates were 8% (MOGCT) and 5% (SCST). These rates are slightly lower than reported in previous
studies with 17.8%!° and 9%*° for MOGCT but substantially lower for SCST, where recurrence rates of 20%°2!
and up to 44% for granulosa cell tumors have been described?. The low SCST recurrence rate in our dataset
is likely explained by the short observation period between 2016 and 2021. Patients may have experienced
recurrence after the study period and thus remain unrecorded. Due to this limited follow-up window our study
mostly reflects early events.

This study demonstrates the considerable potential of cancer registries to collect large cohorts, even for
rare tumor types — numbers that are difficult to achieve even in large multicenter studies**~2°. With these data,
we can outline tumor characteristics and treatment patterns for MOGCT and SCST in Germany. However,
despite the strength of the large cohort size, the substantial amount of missing information poses limitations and
potential bias. Meanwhile cancer registries established several strategies to overcome this limitation®. Other
limitations include the inability of pooled data to support more detailed descriptive analyses and the lack of
central pathology review, despite the diagnostic complexity of these tumor types.

This is the first study to gather and publish the clinical data of nearly all German federal cancer registries on
these entities into one analysis, enabling analysis of an unusually large cohort of these rare tumors. The major
advantage of cancer registry data lies in its real-world nature. All inpatient and outpatient physicians are legally
required to report diagnostic, treatment and follow-up information. However, the value of these data depends
heavily on the quality and completeness of the submitted reports. Studies like ours may help motivate clinicians
to improve reporting quality, thereby maximizing the utility of cancer registry data.
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Data availability
All data generated or analysed by the cancer registries during this study are included in this published article. All
data that support the findings of this study are listed in the references section.
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