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Abstract
Although the incidence of malignant sacrococcygeal germ cell tumors (MSGCTs) is high in the East Asian countries, information
about MSGCTs from this region is limited. This report aimed to analyze the data of children with MSGCTs in a single medical center in
Taiwan.
Patients aged 18years or younger with primary MSGCTs or malignant recurrence of a sacrococcygeal teratoma who underwent

surgery during the neonatal period between January 1999 and December 2016 were identified from the Linkou Chang Gung Cancer
Center registry. The clinical features, laboratory data, and treatment outcomes were reviewed.
Fifteen children (1 man and 15 women) with MSGCTs were identified. Sacrococcygeal tumors were present at birth in 7 patients.

All patients presented with a bulgingmass at the buttock region and they had normal alpha-fetoprotein levels at the time of diagnosis.
They underwent primary excision of the tumor. Immature teratoma was histologically diagnosed in 5 neonates, and mature teratoma
in 2. Only 1 patient with grade 3 immature teratoma received adjuvant chemotherapy. Two patients with mature teratoma developed
malignant recurrence 1.6 and 2.1years later, respectively. Eight patients were diagnosedwithMSGCTs after the neonatal period. The
common presenting symptoms included buttock asymmetry (37.5%), abdominal distension (25%), and constipation (12.5%). Seven
patients had elevated alpha-fetoprotein levels for their age. They were administered neoadjuvant chemotherapy followed by tumor
excision if a residual tumor was present. The histology of the excised tumor included mature teratoma (66.7%) and necrosis (33.3%).
One patient with a normal alpha-fetoprotein level underwent primary tumor excision followed by adjuvant chemotherapy. Grade 2
immature teratoma with embryonal carcinoma was diagnosed histologically. Among the 15 patients with MSGCTs, 3 had a
recurrence (at age of 2.1, 0.5, and 2.4years, respectively) and 1 died (at age of 6.1years) of disease progression. The 5-year overall
and event-free survival rates were 90% and 80%, respectively.
Children with MSGCTs had good overall prognoses in this case series. For those with sacrococcygeal mature teratoma or low-

grade immature teratoma in the neonatal period, we recommend close follow-up for at least 3years after surgery to detect malignant
recurrence.

Abbreviations: AFP = alpha-fetoprotein, BEP = cisplatin, etoposide, and bleomycin, EFS = event-free survival, JEB =
carboplatin, etoposide, and bleomycin, MSGCT = malignant sacrococcygeal germ cell tumor, OS = overall survival.
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1. Introduction

Malignant germ cell tumors constitute approximately 3% to 4%
of all malignancies in children.[1] The sacrococcygeal region is the
most frequent extragonadal localization of germ cell tumors in
infancy and childhood.[2] Mature and immature teratomas
account for the majority of sacrococcygeal germ cell tumors in
infancy, whereas the yolk sac tumor represents the most common
histology type in children beyond the neonatal period. Mature
teratomas and low-grade immature teratomas are usually treated
by gross complete resection. However, malignant germ cell
tumors might recur at the same location after resection of the
sacrococcygeal teratoma.[3] It has been reported that the
incidence of germ cell tumors is very high in some Asian
countries including Taiwan than in Europe, the United States,
Australia, China, and Japan.[4] However, previous reports from
Korea and Taiwan focused on the treatment outcome of all
extracranial malignant germ cell tumors.[5,6]

Hou et al[5] analyzed 81 children with extracranial germ cell
tumors in Taiwan. Complete surgical excision when feasible
followed by adjuvant chemotherapy was the major concept of
treatment. For those with unresectable tumors at diagnosis, a
biopsy was performed first. They underwent neoadjuvant
chemotherapy followed by second-look surgery. The 10-year
overall survival and event-free survival rates of the entire cohort
were 95% and 88%, respectively. Kim et al[6] reported the
treatment outcome of 66 Korean children with extracranial germ
cell tumors. The 5-year overall survival and event-free survival
rates were 92% and 90%, respectively. Malignant sacrococcy-
geal germ cell tumors (MSGCTs) accounted for 6% of
extracranial malignant germ cell tumors in both reports. Limited
information about children with MSGCTs from these countries
prompted us to conduct this study to analyze the data of children
with MSGCTs in a single medical center in Taiwan.

2. Methods

Patients aged 18years or younger with primary MSGCTs or
malignant recurrence of a sacrococcygeal teratoma operated
during the neonatal period were identified from the Linkou
Chang Gung Cancer Center registry. Mature teratoma was not
included in this study. The study was approved by the
Institutional Review Board of Linkou Chang Gung Memorial
Hospital. The clinical features, laboratory data, and treatment
outcomes were retrospectively reviewed from the medical
records.
The initial diagnosis was based on the clinical and radiological

evidence of a sacrococcygeal tumor and serum alpha-fetoprotein
(AFP) level. The investigation of metastasis included computed
tomography of the chest and abdomen, and bone scan. The
histopathological diagnosis and classification of germ cell
tumors were made by the pathologists with a combination of
histopathology and immunohistochemistry mostly in accordance
with the modern World Health Organization classification
published in that era. Briefly and generally, mature teratoma
contains well-differentiated elements of at least 2 germ cell layers
(endoderm, ectoderm, and/or mesoderm). Immature teratoma is
incompletely differentiated and is similar to fetal or embryonic
tissue. Grading of immature teratoma is based on the amount of
immature neuroepithelium: 1 low-power field in any one slide
(grade I), 1–3 low-power fields in any one slide (grade II), exceeds
3 low-power fields in any one slide (grade III). Yolk sac tumor
is characterized by sheets of tumor cells with prominent
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cytoplasmic vacuoles exhibiting specific patterns such as reticular
pattern, endodermal sinus pattern, or others.
The treatment strategy was modified from the Children’s

Oncology Group (previously the Children’s Cancer Group and
the Pediatric Oncology Group) protocol.[7] In general, the
primary excision of the sacrococcygeal tumor was performed in
neonates with operable tumors and normal serum AFP levels for
age. A posterior transacral incision with removal of the coccyx is
the standard approach in our institution. Four to 6 cycles of
adjuvant chemotherapy were administered in patients with grade
III immature teratoma or the presence of a malignant component.
Children beyond the neonatal period with evidence suggestive of
malignancy (i.e., high AFP level for age) received neoadjuvant
chemotherapy followed by delayed tumor excision. Six cycles of
chemotherapy were applied to most patients. After 4 cycles of
chemotherapy, patients with evidence of gross residual tumor
underwent excision of the sacrococcygeal tumor. The regimen of
chemotherapy was BEP (cisplatin 20mg/m2/d on days 1–5,
etoposide 100mg/m2/d on days 1–5, and bleomycin 15mg/m2 on
day 2) or JEB (carboplatin 600mg/m2 on day 1, etoposide 120
mg/m2/d on days 1–3, and bleomycin 15mg/m2 on day 2) in 3-
week intervals.
After completion of treatment, all patients were followed by

clinical examination andAFPmeasurement every 1 to2months for
the first year, every 3 to 4months for the second year, every 4 to 6
months for the third to fifth years, and annually thereafter. Image
studies were performedwhen necessary. Overall survival (OS) was
measured from the time of diagnosis of primary MSGCTs or
malignant recurrence of a sacrococcygeal teratoma to the date of
death, or until the last follow-up in patients whowere alive. Event-
free survival (EFS) was measured from the time of diagnosis of
primary MSGCTs or malignant recurrence of a sacrococcygeal
teratoma to the date of event in patientswho experienced an event,
or if no failure was observed, until the last follow-up. The events
considered were recurrence, disease progression, or death,
whichever occurred first. Recurrence was defined as re-emergence
of serum AFP level in previous negative or declining level, and/or
the radiological evidence of recurrent tumor locally or distantly
after completion of treatment. Disease progression was defined as
persistent or increasing serum AFP level, progressive enlargement
of the local tumor, and/or the occurrence of distant metastasis
under treatment. Kaplan–Meier analysis was used to evaluate
survival.
3. Results

Between January 1999 and December 2016, 15 children with
MSGCTs were identified. The median age at the time of diagnosis
of MSGCT was 1.3years (range, 9days–8.1years). Of the 15
children, 1 was man and 14 were women.
Seven patients were diagnosed with a sacrococcygeal germ cell

tumor in the neonatal period (Table 1). Of these, 5 had primary
MSGCTs and 2 had a malignant recurrence of a neonatal
sacrococcygeal teratoma. All 7 patients were women and
presented with an external sacral mass. Tumors in 4 patients
were prenatally detected by fetal ultrasonography, and these
patients were delivered by cesarean section. Among the
remaining 3 patients, 2 were delivered by cesarean section and
1 by vaginal birth. No significant comorbidities and complica-
tions were observed during birth in all 7 patients. None had
metastatic lesions at the time of diagnosis of the neonatal
sacrococcygeal tumor. The serum AFP level of the 5 patients with



Table 1

Clinical characteristics and outcome of 7 patients with neonatal sacrococcygeal germ cell tumors.

Case
Age at

diagnosis Sex
Prenatal
detection

Delivery
type

AFP at
diagnosis Metastasis Surgery Histology Chemotherapy Outcome

Malignant recurrence of a sacrococcygeal teratoma
1 27 days F No C/S 7,431 No Total excision MT No Recurrence

(YST, 2.1 years later)
¶1a 2.1 years 330,181 No

∗
Total excision †MT ‡JEB � 9 Recurrence, dead

2 23 days F No C/S 55,884 No Total excision MT No Recurrence
(YST, 1.6 years later)

¶2a 1.6 years 153.6 No Total excision YST xJEB � 4 DFS
Primary malignant sacrococcygeal germ cell tumor
3 19 days F Yes C/s 28,600 No Total excision Grade I IT No DFS
4 22 days F No NSD 28,800 No Total excision Grade II IT No Recurrence

(IT, 0.4 years later), DFS
5 10 days F Yes C/S 312,177 No Total excision Grade III IT xJEB � 6 DFS
6 14 days F Yes C/S 263,078 No Total excision Grade II IT No DFS
7 9 days F Yes C/S 150,782 No Total excision Grade II IT + YST xJEB � 4 DFS

BEP=bleomycin, etoposide, and cisplatin; C/S= cesarean section; DFS=disease-free survival; IT= immature teratoma; JEB= carboplatin, etoposide, and bleomycin; MT=mature teratoma; NSD=normal
spontaneous delivery; YST= yolk sac tumor.
∗
Total excision was done after 4 cycles of neoadjuvant chemotherapy.

† The histology examination was done after neoadjuvant chemotherapy.
‡ The chemotherapy comprised 4 cycles of neonadjuvant chemotherapy and 5 cycles of adjuvant chemotherapy
x Adjuvant chemotherapy
¶ Malignant recurrence of a neonatal sacrococcygeal teratoma
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primary MSGCT ranged from 28,600 to 312,177ng/mL (within
the normal range for age). The primary excision of the
sacrococcygeal tumor was performed in all 7 patients. Immature
teratoma, immature teratoma with yolk sac component, and
mature teratoma were histologically diagnosed in 4 (57%), 1
(14%), and 2 (29%), respectively. Adjuvant chemotherapy was
administered in 2 patients; 1 had grade III immature teratoma
and 1 had grade II immature teratoma with yolk sac component.
In the 2 patients with mature teratoma, malignant recurrence
occurred 1.6 and 2.1years after the primary diagnosis.
Eight patients were diagnosed after the neonatal period

(Table 2). All were women except one. The median age at the
time of diagnosis was 1.7years (range, 0.4–8.1years). The
common presenting symptoms included buttock asymmetry
(37.5%), abdominal distension (25%), and constipation
(12.5%). Serum AFP level was high in 7 patients (range,
40,300–453,173ng/mL), while 1 patient presented with normal
AFP level at diagnosis. Six patients had metastatic lesions at
Table 2

Clinical characteristics and outcome of 8 patients with sacrococcyg

Case
Age at

diagnosis Sex Symptoms
Initial
AFP Metastasis Biop

8 1.8 years M Abdominal distension 126,500 Liver No
9 1.6 years F Constipation 249,000 Liver, Lung Yes (
10 1.3 years F Buttock asymmetry 453,173 Liver, bone Yes (
11 0.4 years F Abdominal distension 469,73 Liver No
12 8.1 years F Difficulty voiding 40,300 Liver No
13 1.0 year F Perianal abscess 11.8 No Yes (

14 1.6 year F Buttock asymmetry 11,506 Liver, lung, bone,
lymph node

No

15 3.1 years F Buttock asymmetry 174,534 No Yes (

ACT= adjuvant chemotherapy; BEP=bleomycin, etoposide, and cisplatin; DFS=disease-free survival; EC
mature teratoma; YST= yolk sac tumor.
∗
The histology examination was done after neoadjuvant chemotherapy.
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diagnosis, and the liver was the most common metastatic site.
Four patients underwent a biopsy. Yolk sac tumor was confirmed
in 3 (75%), and 1 had immature teratoma (25%). Six patients
received neoadjuvant chemotherapy followed by surgical exci-
sion. One patient had no residual tumor after neoadjuvant
chemotherapy. The patient who had a normal serum AFP level
and was diagnosed with immature teratoma on biopsy under-
went primary tumor excision first. Adjuvant chemotherapy was
administered due to the presence of amalignant component in the
resected surgical specimens.
The median follow-up period was 4.9years (range, 2–18.4

years). Recurrence of MSGCTs occurred in 3 patients. One (case
No. 1) was diagnosed with malignant recurrence with a yolk sac
component (AFP level 330,181ng/mL) at 2.1years of age from a
neonatal sacrococcygeal mature teratoma. Although salvage
therapy was effective initially, repeated local recurrence and
subsequent distant pulmonary metastasis occurred. The patient
died of progressive disease 3.9years after the diagnosis of
eal germ cell tumors diagnosed after neonatal period.

sy NACT
Posttherapy
surgery

∗
Histology ACT Outcome

BEP � 6 No No No DFS
YST) BEP � 4 Total excision Necrosis BEP � 2 DFS
YST) BEP � 4 Total excision MT BEP � 1 DFS

JEB � 4 Total excision Necrosis JEB � 2 DFS
JEB � 4 Total excision MT JEB � 2 DFS

IT) No Total excision Grade II IT + EC JEB � 4 Recurrence
(YST, 1.4 years
later), DFS

JEB � 7 Total excision MT No DFS

YST) JEB � 4 Total excision MT JEB � 2 DFS

=Embryonal carcinoma; IT= immature teratoma; JEB= carboplatin, etoposide, and bleomycin; MT=
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Figure 1. The 5-year overall survival and event-free survival of the 15 patients with malignant sacrococcygeal germ cell tumors.
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MSGCT. The second patient (case No. 4) had malignant
recurrence with the yolk sac component (AFP level 994.9ng/mL)
at 5months of age from a neonatal sacrococcygeal grade II
immature teratoma. The recurrent tumor was located in the
posterior mediastinum with intraspinal extension. The patient
underwent salvage therapy and remained disease-free and alive
until the last follow-up. The third patient (case No. 13) was
diagnosed with mixed germ cell tumor (grade II immature
teratoma and embryonal carcinoma) after the neonatal period.
The patient underwent tumor excision and received adjuvant
chemotherapy. However, local recurrence was found 1.4years
later. The patient remained disease-free and alive after salvage
therapy. The 5-year OS and EFS of the 15 patients withMSGCTs
were 90% and 80%, respectively (Fig. 1).

4. Discussion

Sacrococcygeal germ cell tumors usually occur in patients in 2
clinical scenarios, based on the age of diagnosis. For those
diagnosed in the neonatal period, the tumors usually present as a
large exophytic mass around birth. Some sacrococcygeal tumors
can be detected by prenatal sonography; the large tumor size can
be measured prenatally and can affect the mode of delivery. In
many cases, the best method of delivery for neonates with a
sacrococcygeal germ cell tumor is the cesarean section to prevent
labor dystocia, tumor rupture, and hemorrhage.[8] In our study, 6
out of 7 patients who were diagnosed in the neonatal period were
delivered by cesarean section. Only 1 patient was born by normal
spontaneous delivery, and the tumor was not detected on
prenatal ultrasonography.
Teratoma with or without yolk sac components is the

predominant histology type in patients diagnosed in the neonatal
period.[1] Complete tumor excision with coccygectomy is the
4

main treatment,[9] and active surveillance without adjuvant
chemotherapy has been recommended.[10] We administered
adjuvant chemotherapy carefully in 2 patients. One had grade
III immature teratoma, and the other had grade II immature
teratoma with a yolk sac component. Both patients did not
develop recurrence. However, 1 patient with grade II immature
teratoma who did not undergo adjuvant chemotherapy devel-
oped metastatic recurrence 1.4years later. Salvage therapy with
surgical excision and chemotherapy was effective. We were
unable to compare the benefits of adjuvant chemotherapy in this
setting due to the small number of cases.
The primary treatment of neonatal sacrococcygeal mature

teratomas is early surgical resection with complete excision of the
coccyx followed by serial serumAFP determinations to ensure the
occurrence of physiological normalization of AFP levels and to
facilitate early detection of tumor recurrence.[11,12] Recurrence is
seen in 2% to35% of patients with neonatal sacrococcygeal
mature teratoma.[13] It has been reported that almost 50% of
recurrences after neonatal sacrococcygeal mature teratoma are
malignant. The recurrent tumors usually contain secreting yolk
sac components.[9] Many reports suggested close follow-up for at
least 3years after surgery for neonatal sacrococcygeal teratomas,
as most recurrences occurred within 3years.[14–16] Yao et al[14]

identified risk factors for any recurrence of neonatal sacrococcy-
geal teratomas after tumor resection including spillage of tumor
parenchyma during operation, incomplete resection, and primary
immature and malignant histology.[14] However, Yoshida et al[3]

failed to find risk factors for malignant recurrence of neonatal
sacrococcygeal teratomas after tumor resection. Salvage chemo-
therapy with BEP or JEB regimen would be effective for patients
with malignant recurrence of neonatal sacrococcygeal mature
teratoma.[3,14,17] The true recurrence rate was unable to estimate
in this study because we did not include all patients with neonatal
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sacrococcygeal mature teratoma. Three of the 7 patients with
neonatal sacrococcygeal germ cell tumors in our cohort had
recurrences at 1.4, 1.6, and 2.1years, respectively. Two of them
had recurrence with elevated AFP levels suggestive of the presence
of yolk sac components. Only one tumor was operable after
recurrence, and the yolk sac tumor was histologically confirmed.
Our findings are consistent with previous studies.
Sacrococcygeal germ cell tumors can develop after the neonatal

period, usually before 3years of age. Different from the presence
of an external palpable mass in the neonates, they tend to present
as pain on sitting, buttock asymmetry, or bladder, bowel, or
lower limb dysfunction. They are more likely to have malignant
components.[18] Unlike neonates with sacrococcygeal germ cell
tumors, neoadjuvant chemotherapy followed by delayed tumor
resection has been suggested for such cases.[18] In our study, only
one patient underwent primary tumor excision because the initial
serum AFP was normal and the biopsy showed findings
consistent with immature teratoma. The final pathologic
diagnosis was mixed germ cell tumors (grade II immature
teratoma and embryonal carcinoma).We also found that necrosis
andmature teratomawere the common pathologic findings of the
resected residual tumors after neoadjuvant chemotherapy as
suggested in previous reports.[19,20]

An early report from the POG/CCG) trial showed a 4-year OS
of 90% and EFS of 84% in 74 children with MSGCTs.[7] In that
trial, they adapted initial resection followed by 4 cycles of
cisplatin-based chemotherapy for patients (40.8%) with an
operable tumor. Patients (59.2%) whose tumor was unable to be
removed completely initially received 4 cycles of cisplatin-based
chemotherapy followed by delayed resection. In the same year, a
German group reported a 5-year OS of 81% and EFS of 76% in
66 children with MSGCTs treated with German Cooperative
Protocols MAKEI 83/86 and 89.[18] The treatment strategy was
similar to that in the POG/CCG trial. Delayed resection was
performed after 4 cycles of cisplatin-based chemotherapy in 47%
of patients. In total, 8 cycles and 6 cycles of cisplatin-based
chemotherapy were applied in MAKEI 83/86 and 89, respective-
ly. Recently, De Corti et al[9] reported a good prognosis in 57
children with MSGCTs in France. The 5-year OS and EFS were
82% and 78%, respectively. They carried out risk-adapted
chemotherapy followed by surgery. Low-risk patients did not
require adjuvant therapy. Intermediate-risk patients received a
vinblastine, bleomycin, and cisplatin regimen, and high-risk
patients received a etoposide, ifosfamide, and cisplatin regimen.
Although the number of cases in our study was small, the
treatment outcomes were comparable to those in Western
countries.
In conclusion, we presented the clinicopathological character-

istics of MSGCTs in Taiwanese children. The treatment strategy
was different between children with MSGCTs diagnosed in the
neonatal period and those diagnosed after the neonatal period.
Children with MSGCTs have a good overall prognosis. For those
with sacrococcygeal mature teratoma or low-grade immature
teratoma in the neonatal period, we recommend close follow-up
for at least 3years after surgery to detect malignant recurrence.
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