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Abstract
Purpose: We evaluated the clinicopathological characteristics of pediatric sacrococcygeal germ cell
tumors (SGCTs) and yolk sac tumors (YSTs) developing after sacrococcygeal teratoma (SCT) resection,
and discussed the pathogenesis of sacrococcygeal YST.
Methods: We retrospectively analyzed pediatric SGCT patients attending 10 Japanese institutions.
Results: A total of 289 patients were eligible, of which 74.6% were girls. The mean age at surgery was
7.1months. There were 194 mature and 47 immature teratomas, and 48 YSTs. YST developed after SCT
resection in 13 patients (5.4% of SCTs), and was detected between 5 and 30months after resection. At
initial surgery, 9 of these 13 patients were neonates, 12 underwent gross complete resection with
coccygectomy, and 9 had histologically mature teratoma without microscopic YST foci. Postoperative
serum alpha-fetoprotein (AFP) levels were regularly examined in 11 patients. Intervals of AFP
measurement≤4months helped to detect subclinical localized YSTs for resection.
Conclusions: The characteristics of SGCT in Japanese children were similar with those reported in
Europe or the United States. YST developed after SCT resection not only in patients with previously
reported risk factors. We recommend that patients undergo serum AFP monitoring every 3months
for≥3years after SCT resection.
© 2013 Elsevier Inc. All rights reserved.

Sacrococcygeal germ cell tumors (SGCTs), including
mature (MTs) and immature (ITs) teratomas, yolk sac tumors
(YSTs), and other malignant tumors, are quite rare with a
reported incidence of 1 in 35,000 to 40,000 live births,
mostly affecting neonates and infants [1-3]. MTs and ITs are
histologically considered to be benign and are usually treated
by gross complete resection. However, malignant germ cell
tumors, such as YSTs, may occur at the same location after
sacrococcygeal teratoma (SCT) resection [1].

Several retrospective and prospective multicenter studies
of pediatric SGCTs in Europe and the United States have
been reported [2-11]. By contrast, only a few case-series in
Japan or other East-Asian countries have been reported
[12,13]. These series generally involved a small number of
patients, except for the study of prenatally diagnosed SCT
reported by Usui et al. [14].

The present study is the first multicenter retrospective
study in Japan that considers all pediatric SGCTs. Our aim
was to better understand the clinicopathological character-
istics of SGCT in Japanese children, particularly of YST
occurring after SCT resection, and to discuss the possible
pathogenesis of sacrococcygeal YSTs.

1. Methods

We retrospectively analyzed archival cases of pediatric
SGCT treated between January 1960 and December 2010.
Ten tertiary pediatric medical institutions in Japan, including
eight children's hospitals, one general hospital, and one
university hospital, participated in this study. We collected
data on age, sex, pathological diagnosis, and recurrence/non-
recurrence. Teratomas were classified as MTs or ITs as
described by Gonzalez-Crussi [15]. Grade 0 or 1 teratomas
(tumors containing no or few foci of embryonal tissue but not

exceeding 10% of the tumor tissue) were considered to be
MTs. For recurrent tumors, more detailed information was
sought, and histopathological review was performed. This
study was approved by the institutional review board of
Kanagawa Children's Medical Center.

Categorical variables were analyzed using χ2 tests by
Microsoft Excel (Microsoft Corporation, Redmond, WA).
Values of Pb .05 were considered statistically significant.

2. Results

2.1. Characteristics of SGCT patients

A total of 289 pediatric SGCT patients were eligible for
evaluation. There were 212 girls (74.6%) and 77 boys
(25.4%). More than half of the patients were neonates, and
approximately 80% were younger than 1year (Table 1). The
mean age at surgery was 7.1months.

Histological examination showed that there were 194
MTs (67.1%), 47 ITs (16.3%), and 48 YSTs (16.6%;
Table 1). The age distribution of MT patients was similar to
that of all patients with SGCT, while all IT patients
wereb1year old, and 41 of 48 (85.4%) YST patients
were≥1year old. The mean ages of MT, IT, and YST
patients were 4.4, 0.4, and 24.9months, respectively.

Three patients had mixed germ cell tumors consisting of
YST andMT; these patients were included in the YST group.
These 3 patients had tumors with different histological
characteristics; 2 were neonates with a small YST (4 and
8mm in diameter) inside or adjacent to a large MT, while a
2year old girl had a 5cm YST and a circumferential MT.
Two of these patients underwent adjuvant chemotherapy,
and no recurrence has been observed. The other patient had a
small YST adjacent to an MT but did not undergo adjuvant
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