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Objective: Immature teratomas are rare malignant ovarian germ cell tumours,
typically diagnosed in young women, where fertility-sparing surgery is the
treatment of choice. The role of adjuvant chemotherapy in stage | disease
remains controversial. We evaluated the impact of surveillance versus
chemotherapy on the recurrence rate in stage | immature teratomas.

Methods: We collected a single centre retrospective series of patients with stage |
immature teratomas treated with fertility-sparing surgery at San Gerardo Hospital,
Monza, Italy, between 1980 and 2019. Potential risk factors for recurrence were
investigated by multivariate logistic regression.

Results: Of the 74 patients included, 12% (9/74) received chemotherapy, while
88% (65/74) underwent surveillance. Median follow-up was 188 months. No
difference in recurrence was found in stage IA/IB and IC immature teratomas
[10% (6/60) vs. 28.6% (4/14) (P=0.087)], grade 1, grade 2, and grade 3 [7.1% (2/28)
vs. 14.3% (4/28) vs. 22.2% (4/18) (p=0.39)], and surveillance versus chemotherapy
groups [13.9% (9/65) vs. 11.1% (1/9)) (p = 1.00)]. In univariate analysis, the
postoperative approach had no impact on recurrence. The 5-year disease-free
survival was 87% and 90% in the surveillance and chemotherapy groups,
respectively; the overall survival was 100% in both cohorts.

Conclusions: Our results support the feasibility of surveillance in stage |
immature teratomas. Adjuvant chemotherapy may be reserved for relapses.
However, the potential benefit of chemotherapy should be discussed,
especially for high-risk tumours. Prospective series are warranted to confirm
our findings.

What is already known on this topic: To date, no consensus has been reached
regarding the role of adjuvant chemotherapy in stage | immature teratomas of
the ovary. Some studies suggest that only surveillance is an acceptable choice.
However, guidelines are not conclusive on this topic.
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What this study adds: No difference in terms of recurrence was observed
between the surveillance and the adjuvant chemotherapy group. All patients
who relapsed were successfully cured with no disease-related deaths.

How this study might affect research, practice or policy: Adjuvant
chemotherapy should be appropriately discussed with patients. However, it
may be reserved for relapse according to our data.

KEYWORDS

immature teratoma of the ovary, germ cell tumor, chemotherapy, oncologic outcome,

ovarian cancer

Introduction

Malignant ovarian germ cell tumours are rare malignancies
accounting for approximately 5% of all ovarian cancers, with an
estimated incidence of 3-4 cases/1,000,000 women in Europe (1).
Immature teratomas represent approximately one-third of them and
typically occur in young women, with a peak incidence between 15
and 30 years of age (1). Most patients are diagnosed with stage I
disease and have an excellent prognosis (2). Disease grade and stage
are two main prognostic factors (3). Given the young age at the
diagnosis, the standard treatment is represented by fertility-sparing
surgery with complete staging. In contrast, the need for adjuvant
treatment is still controversial (4, 5). According to the National
Comprehensive Cancer Network (NCCN) guidelines (4), patients
diagnosed with stage A grade 1 disease can avoid further treatments
and undergo surveillance, while patients with stage I, grade 2 or 3
should receive adjuvant chemotherapy. However, due to the optimal
prognosis with low rate of recurrence and the potential side effects of
the therapy (6-11), the European Society for Medical Oncology
(ESMO) guidelines suggest that close surveillance may also be
considered in stage IA grade 2 or 3 and stage IB-IC, and
chemotherapy reserved as salvage therapy for recurrence (5).

We report a large retrospective case series of post-pubertal
patients with stage I, any grade, immature teratomas treated at our
Institution. The primary aim of this study was to evaluate the
impact of adjuvant chemotherapy or surveillance on the recurrence
rate. Disease-free and overall survival were also assessed.

Methods
Patients characteristics

Patients with pathologically confirmed stage I pure immature
teratoma treated at San Gerardo Hospital, Monza, between 1980
and 2019 were screened for inclusion. All cases were reviewed by a
dedicated pathologist who categorised the tumours into three
grades (3). The tumour stage was defined according to the 2014
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Federal International Federation of Gynecology Oncology (FIGO)
classification for ovarian cancer (12), adapting our cases previously
diagnosed to this updated version.

Inclusion criteria were post-pubertal age (intended as post-
menarche period) and treatment with primary fertility-sparing
surgery, defined as preservation of the uterus and at least one
adnexa. The type of ovarian surgery was defined as unilateral
salpingo-oophorectomy (removal of the affected ovary and the
ipsilateral fallopian tube with the preservation of the contralateral
adnexa) or cystectomy (enucleation of the cystic lesion with
preservation of both the adnexa). In bilateral cysts, fertility was
preserved by performing a unilateral salpingo-oophorectomy +
cystectomy. Complete surgical staging procedures, defined as
omentectomy, peritoneal washing, and peritoneal biopsies, were
also performed at the time of diagnosis or during surgical restaging.
If primary surgery was not performed at our Institution, surgical
restaging was performed within 90 days from the diagnosis and
considered a complete staging. Despite these attempts, incomplete
surgical staging was observed in most patients. All patients who did
not undergo surgical staging were staged with imaging techniques,
such as computed tomography (CT). Patient follow-up has changed
over decades. From 1980 to 2000, the follow-up visit included a
gynecologic examination with transvaginal ultrasound and alpha-
fetoprotein measurement, CT, and laparoscopy * biopsies. In the
last two decades, with the improvement of imaging techniques,
routine second-look laparoscopy was almost abandoned in the
absence of suspected recurrence. Relapse was confirmed after a
histological sampling obtained by biopsy or surgery. Follow-up was
performed every 3 months for the first 2 years, then every 6 months
until the fifth year, then yearly (5). Patients with less than 24
months of follow-up were excluded. Ethical approval from
Comitato Etico Brianza was obtained (3930).

Statistical analysis

For descriptive statistics, frequencies and proportions were used
for categorical variables, while for continuous variables, means or
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medians were used with standard deviation or minimum-maximum
range, respectively. Continuous variables were compared using the
Wilcoxon rank sum test, while proportions were compared using
the Chi-square test or Fisher’s exact test. All p values are two-sided
and were considered statistically significant if p < 0.05.

A multivariate logistic regression was performed to assess the
event of disease recurrence and possible independent associations
between patient, disease and treatment variables. Logistic regression
was used for the analysis since the endpoint was binary. Disease-free
survival curves were estimated with the Kaplan-Meier method.
Stata Software 9.0 (Stata Corporation, College Station, TX, USA)
was used for the analysis.

Results

Between 1980 and 2019, 110 post-pubertal patients with pure
immature teratomas were referred to our Institution. Eighty of them
had a stage I disease, as reported in Figure 1. Six patients were lost at
follow-up, and 74 were included in the analysis. Patients’
characteristics are shown in Supplementary Tables 1, 2A.

The median age at diagnosis was 27 years. Eighty percent of
patients were stage 1A (59/74), 1% were stage IB (1/74), and 19%
stage IC (14/74). The rate of patients with grade 1, 2, and 3 was 38%
(28/74), 38% (28/74), and 24% (18/74), respectively. Seventy-two
percent of patients underwent unilateral salpingo-oophorectomy
(53/74), whereas a cystectomy was performed in 28% (21/74).
Seventy-four percent of patients (55/74) underwent a laparotomy,
while 25% (19/74) underwent a laparoscopic procedure.
Laparotomy was the preferred approach up to 2000, while 40%
(10/25) of the procedures performed after 2000 were laparoscopic.
Only 23% of patients (17/74) underwent complete surgical staging,

Patients with advanced stage
ITsN=17

Hospital N =110

ITs cases from San Gerardo

Stage I ITs= 80

Stage I ITs included in the
study N =74

10.3389/fonc.2024.1330481

while 77% (57/74) of cases did not, and further surgical staging
was waived.

As shown in Table 1, 12% of patients (9/74) underwent adjuvant
chemotherapy. Eight received 3 cycles of bleomycin/etoposide/
cisplatin regimen, and only one received 3 cycles of bleomycin/
vincristine/cisplatin schedule. Surveillance alone was recommended
in 88% of patients (65/74). Among the 9 patients who received
adjuvant chemotherapy 55.6% had stage IC disease while 44.4% had
stage IA/B (p 0.010); also, 55.6% had grade 3while 33.3% had grade 2
and 11.1% grade 1 (p 0.058) (Table 1; Supplementary Table 5). A
lower median age was observed in patients treated with
chemotherapy [p value = 0.052]. Among patients who underwent
adjuvant chemotherapy, 7 were treated before 2000, while 2 in the last
two decades, favouring a “wait and see behaviour” (13). The type of
ovarian surgery and the complete surgical staging did not influence
the postoperative treatment (Table 1; Supplementary Tables 3, 4).

Oncologic outcomes are summarised in Table 2; Supplementary
Table 2B. Among 10 relapsing patients, 1 (10%) received
chemotherapy, while 9 (90%) underwent surveillance; the same
percentages were observed among patient who did not have a
relapse (12.5% and 87.5%, respectively, p: 1.00) (Figure 2). Six
relapses were found in the IA+IB stage group (6/10 = 60%) and 4 in
the IC stage group (4/10 = 40%) [p value = 0.087]. Among relapsed
patients 20% had grade 1, 40% grade 2 and 40% grade 3 [p value =
0.390]. The recurrence rate was not different among patients who
underwent a different surgical approach or type of ovarian surgery
(Table 2; Supplementary Table 3). Moreover, no significant
difference was observed in terms of recurrence rate among
patients who underwent complete staging at the time of primary
surgery (4/10 = 40.0%) and patients who did not (6/10 = 60.0%)
[p value 0.224] (Table 2; Supplementary Table 4).

Among patients who received chemotherapy, the one who
experienced a recurrence had stage IC grade 3 immature teratoma

Excluded due to incomplete
dataN =13

Stage I ITs excluded due to
lack of follow up or treated
with no FSSN =6

Adjuvant CT
N=9(12.2%)

Surveillance
N =65 (87.8%)

1 [

No recurrence
N =8 (88.9%)

Recurrence
N=1(11.1%)

No recurrence
N =56 (86.2%)

Recurrence
N =9 (13.8%)

Surgery + CT
N=1

1NED

FIGURE 1

|
1 1

Surgery alone CTalone Surgery + CT
N=5 N=1 N=3

5 NED ‘

)

Study Flowchart. Flow chart relative to management and outcome of stage | ITs patients (from San Gerardo Hospital, Monza, between 1980 and
2019). ITs, Immature Teratomas; CT, Chemotherapy; NED, No Evidence of Disease.
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TABLE 1 Patients’ characteristics according to post-operative treatment.

Post- Surveillance Chemotherapy p
operative (n=65) (n=9) value
treatment
Median age 28 18 0.052
(min-max)
Decades of treatment 0.386
1980-1989 11 (16.9%) 3 (33.3%)
1990-1999 30 (46.2%) 4 (44.4%)
2000-2009 20 (30.8%) 1 (11.1%)
2010-2019 4 (6.2%) 1 (11.1%)
Stage 0.010
TIA +IB 56 (86.2%) 4 (44.4%)
IC 9 (13.8%) 5 (55.6%)
Grade 0.058
Grade 1 27 (41.5%) 1 (11.1%)
Grade 2 25 (38.5%) 3 (33.3%)
Grade 3 13 (20.0%) 5 (55.6%)
Type of surgery 0.431
Cystectomy 20 (30.8%) 1(11.1%)
Unilateral 45 (69.2%) 8 (88.9%)
Salpingo-
Oophorectomy
Complete staging 0.675
Yes 16 (24.6%) 1 (11.1%)
No 49 (75.4%) 8 (88.9%)
Relapse 1.00
9 (13.9%)* 1 (11.1%)*

*column percentage.

treated with a laparoscopic unilateral salpingo-oophorectomy and 3
subsequent cycles of bleomycin/etoposide/cisplatin. She developed
an umbilical recurrence 7 months after the diagnosis, and she was
successfully treated with surgery followed by two more cycles of
bleomycin/etoposide/cisplatin. For the surveillance group, the time
to relapse was between 3 and 168 months after surgery (median
time 46 months; Figure 2). The characteristics of patients who
experienced recurrence are summarised in Supplementary Table 6:
3 patients relapsed only in the contralateral ovary, 5 presented with
peritoneal metastases (3 had only pelvic peritoneal involvement),
and one patient experienced peritoneal and lymphatic recurrence.
All patients were successfully treated with surgery + chemotherapy.
All patients were alive at the time of the last follow-up and with no
evidence of disease. Only one patient was diagnosed with a second
recurrence that was successfully treated. She had a stage IC2
(capsule ruptured before surgery) grade 3 disease at the time of
the diagnosis; she underwent a complete surgical staging, and no
adjuvant treatment was advised. Her first relapse was diagnosed
nine months after surgery: she underwent 5 cycles of bleomycin/
etoposide/cisplatin for diffuse intraperitoneal and visceral lesions,
with complete remission. One year later, she developed a second
localised relapse in the pouch of Douglas that was surgically
removed, and a second-line adjuvant chemotherapy with
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TABLE 2 Oncologic outcomes.

Relapse

Median age (min-max) 22.5(12-39) | 27.5(11-42) 0.304

Stage 0.087

IA+IB 6 (60.0%) 54 (84.4%)
IC 4 (40.0%) 10 (15.6%)
Grade 0.390
Grade 1 2 (20.0%) 26 (40.6%)
Grade 2 4 (40.0%) 24 (37.5%)
Grade 3 4 (40.0%) 14 (21.9%)

Surgical approach 0.770
Laparotomy 7 (70.0%) 48 (75.0%)
Laparoscopy 3 (30.0%) 14 (21.9%)

Non available 0 (0%) 2 (3.1%)

Type of surgery 0.715
Cystectomy 2 (20.0%) 19 (29.7%)

Unilateral Salpingo-Oophorectomy 8 (80.0%) 45 (70.3%)
Post-surgical approach 1.00
Surveillance 9 (90.0%) 56 (87.5%)

Chemotherapy 1 (10.0%) 8 (12.5%)
Complete staging 0.224

Yes 4 (40.0%) 13 (20.3%)

No 6 (60.0%) 51 (79.7%)

Paclitaxel/Ifosfamide/Cisplatin was recommended (patient 9 in
Supplementary Table 6).

Univariate analysis

Univariate analyses was performed to evaluate the prognostic
role of the different clinicopathological variables on the recurrence
rate (Table 3).

No factors showed a statistically significant impact on the
relapse rate, and adjuvant chemotherapy did not show a
protective effect. Stage of disease showed an Odd Ratio of 3.60
(CI: 95% 0.86 -15.1; stage IC vs. IA-IB), however, it did not reach
statistical significance (p = 0.08).

The 5-year disease-free survival was 87.4% and 90.0% for
patients who underwent surveillance and adjuvant chemotherapy,
respectively (Figure 2). During follow-up, no patient died of the
disease or by any means, with a disease-specific and overall survival
of 100% for the whole cohort.

Discussion
Summary of main results

Patients in our study who underwent active surveillance did not
show any worse oncological outcome when compared to those

frontiersin.org


https://doi.org/10.3389/fonc.2024.1330481
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Marino et al.

Kaplan Meier DFS

o
o -T'\_
1
el
~
o
8
o
|
o
(=]
3 4
oL T T T
0 100 . 200 300
time (m)
Group = Surveillance Group=CT ]
FIGURE 2

DFS Kaplan Meier. Kaplan-Meier curve on disease-free survival in the
surveillance group (black line) versus adjuvant chemotherapy group
(blue line). No differences were found between the groups in terms
of disease-free survival. Moreover, time-to-relapse between the
groups did not show any differences.

treated with chemotherapy. Disease-free survival was similar at five
years between the two groups, suggesting that adjuvant
chemotherapy neither improved oncologic outcome nor moved
time-to-relapse further forward in the study population.
Additionally, all patients who relapsed were successfully cured,
with no disease-related deaths occurring during follow-up. There
were some differences in the relapse rates between different grades
(7.1% in grade 1 ITs, 14.3% in grade 2, and 22.2% in grade 3) and
stages (28.6% for IC, while it was 10% in stage IA or IB). However,
due to the small sample size, the present study was probably unable
to reach statistical significance. Additionally, in our cohort, the
absence of surgical staging was not a critical risk factor for a worse
oncologic outcome, differently from other evidence (14).

Of note, these results corroborate the opinion of those who
argue that chemotherapy can be omitted in the standard therapeutic
approach for stage I disease.

TABLE 3 Association between clinical characteristics and relapse
(univariate analysis).

Univariate
C.I. 95% P value

Age at diagnosis

0.95 0.88 - 1.04 0.287
(Years)
Grade

2.38 0.59 - 9.63 0.224
G3 vs. G1-G2
Stage

3.60 0.86 — 15.1 0.080
IC vs. IA-IB
Adjuvant Chemotherapy

0.78 0.09 - 6.98 0.822

Yes vs. No

OR, Odds ratio; C.I,, Confidence interval; G1, grade 1; G2, grade 2; G3, grade 3.
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Results in the context of
published literature

Studies conducted between the 1970s and the 1990s suggest that
patients with early-stage grade 2-3 disease should receive adjuvant
chemotherapy because of their high risk of recurrence and the
survival benefit after chemotherapy (3, 15-18). However,
chemotherapy may cause long-term toxicities, such as secondary
malignancies after etoposide exposure, bleomycin’s pulmonary
effects, and platinum neurotoxicity (6-11, 19). Additionally, the
risk of chemotherapy-induced amenorrhea is higher with the
increase in dosage and the number of therapy cycles (5), although
the standard bleomycin/etoposide/cisplatin schedule seems not to
impair the ovarian reserve (20).

Recently, echoing the positive experiences of surveillance in the
paediatric population affected by immature teratomas (21, 22) and
the established practice of avoiding adjuvant chemotherapy in some
male germ cell tumours (23), some authors suggested active
surveillance as an alternative to adjuvant chemotherapy in
patients with post-pubertal stage I immature teratoma, reserving
chemotherapy for patients with recurrent disease (5, 24-29).

An Ttalian multicentre study (26) found an optimal long-term
prognosis in 28 patients with stage I pure immature teratomas with
post-surgery surveillance and recommended chemotherapy in case
of recurrence or in the presence of a yolk sac tumour component
because it worsens the prognosis. Recently, Bergamini et al. (24)
retrospectively analysed a large group of 108 patients with stage I
pure immature teratomas who underwent surveillance or adjuvant
chemotherapy after fertility-sparing surgery and were followed up
at Charing Cross Hospital, London, United Kingdom, and in Italy.
Stage IA, IB, and IC were respectively 66, 3, and 39 on a cohort of
108 patients. Twenty-five percent received adjuvant chemotherapy,
while 75% underwent surveillance only. The recurrence rate was not
different between the two groups [7.4% (2/25) vs. 11.1% (9/81),
respectively (p 0.65)]. Moreover, all patients who relapsed were
successfully cured at the time of recurrence, except for one who did
not adhere to the recommended close follow-up procedures. Thus,
they suggest surveillance as a replacement for adjuvant
chemotherapy in stage I immature teratomas of any grade in the
adult setting, reserving systemic treatment only for recurrent
disease. Bergamini et al. (24) also found that tumour grade and
complete surgical staging were the only independent prognostic
factors for worse disease-free survival. In 1994, D. M. O’Connor and
H. J. Norris identified the tumour grade as one of the most
important risk factors for relapse in these patients (30), showing a
recurrence rate of 70% in grade 3 disease and 18% in grade 2
disease. A significant association between grade and risk of
recurrence is extensively reported in the literature (30-32),
further confirmed by Pashankar et al. (27) and Zhao et al. (33).

Surgical staging is one of the cornerstones in the management
of these patients, reported in guidelines as mandatory (4, 5, 14).
Also, it’s common in clinical practice to do a second-step surgery in
patients not properly staged and results from Bergamini et al. (24)
confirmed this crucial aspect. Indeed, a selection bias may have
occurred in our population, as we retrospectively analysed only
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early-stage disease, so further evidence from prospectively-collected
data is warranted to clarify these findings.

Additionally, stage represents one of the most important and
well-known prognostic factors for poor oncologic outcomes (34-36).
However, Bergamini et al. (24) did not find a significant correlation
between the substage of stage I disease and worsening outcomes.
Despite our data showed that the prognostic factor most associated
with relapse was the stage of disease [Odd Ratio = 3.60 (CI 95% 0.86 -
15.1)], no significance was reached. Due to the low rate of relapse in
our population, a multivariate analysis appeared to be not feasible
from a statistical point of view, limiting in part the statistical strength
of our study, even if it would not have showed significant differences.

Finally, all patients who developed a diftuse relapse of disease,
which required extensive surgery and subsequent chemotherapy,
had a high-risk disease at the time of the diagnosis (grade 3 or stage
IC or both - Supplementary Table 6). Therefore, we suggest
carefully evaluating adjuvant treatment, discussing individual
cases in multidisciplinary meetings, and adequate counselling
with the patient, especially for high-risk tumours.

Strengths and limitations

The main limitations of the present study are its retrospective
design, the small sample size of the population analysed, and the
low number of patients with high-risk disease. The small sample
size limits the study’s power on reaching a real difference between
the two cohorts, remarked also by the low rate of events that have
limited the possibility of performing a multivariate analysis. Also,
the low percentage of complete surgical staging represents a further
limit. Nevertheless, this is the largest European single-centre case
series reported in the literature based on a population of patients
with pure ovarian immature teratoma. An advantage of being
monocentric is the homogeneity of patient treatment. We found
no significant differences between the postoperative treatment of
patients, in terms of chemotherapy or surveillance, in the four
decades considered in the study.

Implications for practice and future data

Given the limited data available on this topic, our research
highlights and agrees with other Authors on the central role of
surveillance in stage I immature teratomas, suggesting that adjuvant
chemotherapy may be reserved for relapses. Future studies, in
particular prospective collections, are required to confirm the
impact of surveillance on disease recurrence.

Conclusions

Our data confirm that stage I immature teratomas are
characterised by an excellent prognosis in terms of disease
recurrence, as reported in the literature (2, 20, 26, 32).

As previously reported, we can conclude that adjuvant
chemotherapy may be omitted in this selected population after
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extensive counselling, reserving it for disease relapse. However,
especially for high-risk stage I tumours (stage IC and grade 3),
adjuvant treatment should be discussed with the patient on an
individual basis. No independent prognostic factors were found to
be statistically significant in predicting relapse.

In our cohort, active surveillance resulted as a safe alternative to
adjuvant chemotherapy for the postoperative management of stage
I ovarian immature teratomas. Nevertheless, prospective series are

needed to confirm our findings.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by IRB Comitato
Etico Brianza, IRCCS San Gerardo dei Tintori, Monza, Italy. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

GM: Investigation, Writing - original draft. TG: Investigation,
Writing — original draft. EDP: Methodology, Writing — review &
editing. SN: Investigation, Writing - review & editing. FT:
Investigation, Writing - review & editing. DG: Conceptualization,
Investigation, Writing - original draft. MDM: Investigation,
Writing - review & editing. CD’O: Investigation, Validation,
Writing - review & editing. DF: Investigation, Writing — review &
editing. GD: Investigation, Writing - review & editing. GB:
Investigation, Writing - review & editing. LM: Investigation,
Writing — review & editing. CB: Conceptualization, Investigation,
Methodology, Supervision, Writing — review & editing. AL:
Conceptualization, Supervision, Writing - review & editing. FL:
Supervision, Writing — review & editing. RF: Conceptualization,
Investigation, Project administration, Supervision, Writing -
original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1330481
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Marino et al.

The author(s) declared that they were an editorial board
member of Frontiers, at the time of submission. This had no
impact on the peer review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the

References

1. Smith HO, Berwick M, Verschraegen CF, Wiggins C, Lansing L, Muller CY, et al.
Incidence and survival rates for female Malignant germ cell tumors. Obstet Gynecol
(2006) 107(5):1075-85 doi: 10.1097/01.A0G.0000216004.22588.ce

2. Jorge S, Jones NL, Chen L, Hou JY, Tergas Al Burke WM, et al. Characteristics,
treatment and outcomes of women with immature ovarian teratoma, 1998-2012.
Gynecol Oncol (2016) 142:261-6. doi: 10.1016/j.ygyno.2016.05.024

3. Norris HJ, Zirkin HJ, Benson WL. Immature (malignant) teratoma of the ovary.A
clinical and pathologic study of 58 cases. Cancer (1976) 37:2359-72. doi: 10.1002/1097-
0142(197605)37:5<2359::AID-CNCR2820370528>3.0.CO;2-Q

4. Armstrong DK, Alvarez RD, Bakkum-Gamez JN, Barroilhet L, Behbakht K,
Berchuck A, et al. NCCN guidelines insights: ovarian cancer, version 1.2019. J Natl
Compr Canc Netw (2019) 17:896-909. doi: 10.6004/jnccn.2019.0039

5. Ray-Coquard I, Morice P, Lorusso D, Prat J, Oaknin A, Pautier P, et al. Non-
epithelial ovarian cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol (2018) 29:iv1-iv18. doi: 10.1093/annonc/mdy001

6. Chaudhary UB, Haldas JR. Long-term complications of chemotherapy for germ
cell tumours. Drugs (2003) 63:1565-77. doi: 10.2165/00003495-200363150-00004

7. Maroto P, Anguera G, Martin C. Long-term toxicity of the treatment for germ
cell-cancer. A review. Crit Rev Oncol Hematol (2018) 121:62-7. doi: 10.1016/
j.critrevonc.2017.11.015

8. van den Belt-Dusebout AW, de Wit R, Gietema JA, Horenblas S, Louwman MW,
Ribot JG, et al. Treatment-specific risks of second Malignancies and cardiovascular
disease in 5-year survivors of testicular cancer. J Clin Oncol (2007) 25:4370-8.
doi: 10.1200/JC0O.2006.10.5296

9. Skalleberg J, Solheim O, Fossa SD, Smastuen MC, Osnes T, Gundersen POM, et al.
Long-term ototoxicity in women after cisplatin treatment for ovarian germ cell cancer.
Gynecol Oncol (2017) 145:148-53. doi: 10.1016/j.ygyno.2017.02.006

10. Boshoff C, Begent RH]J, Oliver RTD, Rustin GJ, Newlands ES, Andrews R, et al.
Secondary tumours following etoposide containing therapy for germ cell cancer. Ann
Oncol (1995) 6:35-40. doi: 10.1093/oxfordjournals.annonc.a059037

11. Chan JL, Wang ET. Oncofertility for women with gynecologic Malignancies.
Gynecol Oncol (2017) 144:631-6. doi: 10.1016/j.ygyno.2016.12.013

12. Prat JFIGO Committee on Gynecologic Oncology. Staging classification for
cancer of the ovary, fallopian tube, and peritoneum. Int ] Gynecol Obstet (2014) 124:1-
5. doi: 10.1016/j.jg0.2013.10.001

13. Dark GG, Bower M, Newlands ES, Paradinas F, Rustin GJ. Surveillance policy for
stage I ovarian germ cell tumors. J Clin Oncol (1997) 15:620-4. doi: 10.1200/
JCO.1997.15.2.620

14. Liu Q, Ding X, Yang J, Cao D, Shen K, Lang J, et al. The significance of
comprehensive staging surgery in Malignant ovarian germ cell tumors. Gynecol Oncol
(2013) 131:551-4. doi: 10.1016/j.ygyno.2013.08.016

15. Gershenson DM, del Junco G, Silva EG, Copeland LJ, Wharton JT, Rutledge FN.
Immature teratoma of the ovary. Obstet Gynecol (1986) 68:624-9.

16. Gershenson DM, Morris M, Cangir A, Kavanagh JJ, Stringer CA, Edwards CL,

et al. Treatment of Malignant germ cell tumors of the ovary with bleomycin, etoposide,
and cisplatin. J Clin Oncol (1990) 8:715-20. doi: 10.1200/JC0O.1990.8.4.715

17. Williams S, Blessing JA, Liao SY, Ball H, Hanjani P. Adjuvant therapy of ovarian
germ cell tumors with cisplatin, etoposide, and bleomycin: a trial of the Gynecologic
Oncology Group. J Clin Oncol (1994) 12:701-6. doi: 10.1200/JC0O.1994.12.4.701

18. Lu KH, Gershenson DM. Update on the management of ovarian germ cell
tumors. ] Reprod Med (2005) 50:417-25.

19. Matei D, Miller AM, Monahan P, Gershenson D, Zhao Q, Cella D, et al. Chronic
physical effects and health care utilization in long-term ovarian germ cell tumor
survivors: A gynecologic oncology group study. J Clin Oncol (2009) 27:4142-9.
doi: 10.1200/JC0.2008.20.9189

20. Morrison A, Nasioudis D. Reproductive outcomes following fertility-sparing
surgery for Malignant ovarian germ cell tumors: A systematic review of the literature.
Gynecol Oncol (2020) 158:476-83. doi: 10.1016/j.ygyno.2020.05.036

Frontiers in Oncology

10.3389/fonc.2024.1330481

reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1330481/
full#supplementary-material

21. Cushing B, Giller R, Ablin A, Cohen L, Cullen ], Hawkins E, et al. Surgical
resection alone is effective treatment for ovarian immature teratoma in children and
adolescents: A report of the Pediatric Oncology Group and the Children’s Cancer
Group. Am ] Obstet Gynecol (1999) 181:353-8. doi: 10.1016/S0002-9378(99)70561-2

22. Marina NM, Cushing B, Giller R, Cohen L, Lauer SJ, Ablin A, et al. Complete
surgical excision is effective treatment for children with immature teratomas with or
without malignant elements: A pediatric oncology group/children’s cancer group
intergroup study. J Clin Oncol (1999) 17:2137-7. doi: 10.1200/JC0.1999.17.7.2137

23. Honecker F, Aparicio ], Berney D, Beyer J, Bokemeyer C, Cathomas R, et al.
ESMO Consensus Conference on testicular germ cell cancer: diagnosis, treatment and
follow-up. Ann Oncol (2018) 29:1658-86. doi: 10.1093/annonc/mdy217

24. Bergamini A, Sarwar N, Ferrandina G, Scarfone G, Short D, Aguiar X, et al. Can
we replace adjuvant chemotherapy with surveillance for stage IA-C immature ovarian
teratomas of any grade? an international multicenter analysis. Eur | Cancer (2020)
137:136-43. doi: 10.1016/j.¢jca.2020.06.033

25. Faure-Conter C, Pashankar F. Immature ovarian teratoma: when to give
adjuvant therapy? ] Pediatr Hematol Oncol (2017) 39:487-9. doi: 10.1097/
MPH.0000000000000950

26. Mangili G, Scarfone G, Gadducci A, Sigismondi C, Ferrandina G, Scibilia G, et al.
Is adjuvant chemotherapy indicated in stage I pure immature ovarian teratoma (IT)? A
multicentre Italian trial in ovarian cancer (MITO-9). Gynecol Oncol (2010) 119:48-52.
doi: 10.1016/}.ygyn0.2010.05.035

27. Pashankar F, Hale JP, Dang H, Krailo M, Brady WE, Rodriguez-Galindo C, et al.
Is adjuvant chemotherapy indicated in ovarian immature teratomas? A combined data
analysis from the Malignant Germ Cell Tumor International Collaborative: Adjuvant
Chemotherapy in Ovarian ITs. Cancer (2016) 122:230-7. doi: 10.1002/cncr.29732

28. Mangili G, Giorda G, Ferrandina G, Cormio G, Cassani C, Savarese A, et al.
Surveillance alone in stage I Malignant ovarian germ cell tumors: a MITO (Multicenter
Italian Trials in Ovarian cancer) prospective observational study. Int ] Gynecol Cancer
(2021) 31:1242-7. doi: 10.1136/ijgc-2021-002575

29. Wang D, Zhu S, Jia C, Cao D, Wu M, Shen K, et al. Role of staging surgery and
adjuvant chemotherapy in adult patients with apparent stage I pure immature ovarian
teratoma after fertility-sparing surgery. Int J Gynecol Cancer (2020) 30:664-9.
doi: 10.1136/ijgc-2019-001116

30. O’Connor DM, Norris HJ. The influence of grade on the outcome of stage I
ovarian immature (Malignant) teratomas and the reproducibility of grading. Int |
Gynecol Pathol (1994) 13:283-9. doi: 10.1097/00004347-199410000-00001

31. Kaur B. Pathology of Malignant ovarian germ cell tumours. Diagn Histopathol
(2020) 26:289-97. doi: 10.1016/j.mpdhp.2020.03.006

32. Bonazzi C, Peccatori F, Colombo N, Lucchini V, Canti MG, Mangioni C. Pure
ovarian immature teratoma, a unique and curable disease: 10 years’ experience of 32
prospectively treated patients. Obstet Gynecol (1994) 84:598-604.

33. Zhao T, Liu Y, Wang X, Zhang H, Lu Y. Ovarian cystectomy in the treatment of
apparent early-stage immature teratoma. J Int Med Res (2017) 45:771-80. doi: 10.1177/
0300060517692149

34. Mangili G, Sigismondi C, Gadducci A, Cormio G, Scollo P, Tateo S, et al.
Outcome and risk factors for recurrence in Malignant ovarian germ cell tumors: A
MITO-9 retrospective study. Int ] Gynecol Cancer (2011) 21:1414-21. doi: 10.1097/
IGC.0b013e3182236582

35. Chan JK, Gardner AB, Chan JE, Guan A, Alshak M, Kapp DS. The influence of
age and other prognostic factors associated with survival of ovarian immature teratoma
— A study of 1307 patients. Gynecol Oncol (2016) 142:446-51. doi: 10.1016/
j-ygyno.2016.07.001

36. Lai C-H, Chang T-C, Hsueh S, Wu T-1, Chao A, Chou H-H, et al. Outcome and
prognostic factors in ovarian germ cell Malignancies. Gynecol Oncol (2005) 96:784-91.
doi: 10.1016/j.ygyno.2004.11.027

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1330481/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1330481/full#supplementary-material
https://doi.org/10.1097/01.AOG.0000216004.22588.ce
https://doi.org/10.1016/j.ygyno.2016.05.024
https://doi.org/10.1002/1097-0142(197605)37:5%3C2359::AID-CNCR2820370528%3E3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(197605)37:5%3C2359::AID-CNCR2820370528%3E3.0.CO;2-Q
https://doi.org/10.6004/jnccn.2019.0039
https://doi.org/10.1093/annonc/mdy001
https://doi.org/10.2165/00003495-200363150-00004
https://doi.org/10.1016/j.critrevonc.2017.11.015
https://doi.org/10.1016/j.critrevonc.2017.11.015
https://doi.org/10.1200/JCO.2006.10.5296
https://doi.org/10.1016/j.ygyno.2017.02.006
https://doi.org/10.1093/oxfordjournals.annonc.a059037
https://doi.org/10.1016/j.ygyno.2016.12.013
https://doi.org/10.1016/j.ijgo.2013.10.001
https://doi.org/10.1200/JCO.1997.15.2.620
https://doi.org/10.1200/JCO.1997.15.2.620
https://doi.org/10.1016/j.ygyno.2013.08.016
https://doi.org/10.1200/JCO.1990.8.4.715
https://doi.org/10.1200/JCO.1994.12.4.701
https://doi.org/10.1200/JCO.2008.20.9189
https://doi.org/10.1016/j.ygyno.2020.05.036
https://doi.org/10.1016/S0002-9378(99)70561-2
https://doi.org/10.1200/JCO.1999.17.7.2137
https://doi.org/10.1093/annonc/mdy217
https://doi.org/10.1016/j.ejca.2020.06.033
https://doi.org/10.1097/MPH.0000000000000950
https://doi.org/10.1097/MPH.0000000000000950
https://doi.org/10.1016/j.ygyno.2010.05.035
https://doi.org/10.1002/cncr.29732
https://doi.org/10.1136/ijgc-2021-002575
https://doi.org/10.1136/ijgc-2019-001116
https://doi.org/10.1097/00004347-199410000-00001
https://doi.org/10.1016/j.mpdhp.2020.03.006
https://doi.org/10.1177/0300060517692149
https://doi.org/10.1177/0300060517692149
https://doi.org/10.1097/IGC.0b013e3182236582
https://doi.org/10.1097/IGC.0b013e3182236582
https://doi.org/10.1016/j.ygyno.2016.07.001
https://doi.org/10.1016/j.ygyno.2016.07.001
https://doi.org/10.1016/j.ygyno.2004.11.027
https://doi.org/10.3389/fonc.2024.1330481
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Outcome of patients with stage I immature teratoma after surveillance or adjuvant chemotherapy
	Introduction
	Methods
	Patients characteristics
	Statistical analysis

	Results
	Univariate analysis

	Discussion
	Summary of main results
	Results in the context of published literature
	Strengths and limitations
	Implications for practice and future data

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


