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Background: Tumor recurrence, anorectal and urinary dysfunction, and lower limb dysfunction after
surgery are observed in infantile sacrococcygeal teratoma (SCT). In this paper, a multi-institutional
retrospective observational study was conducted to clarify the long-term functional prognosis in Japan.
Methods: This study was conducted using a paper-based questionnaire distributed to 192 facilities
accredited by the Japanese Society of Pediatric Surgeons, covering patients who underwent radical
surgery at less than 1 year old and who survived for at least 180 days after birth from 2000 to 2019.
Results: A total of 355 patients were included in this analysis. Altman type was I-Il in 248 and type IlI-IV
in 107, and the median maximum tumor diameter was 6.1 (range: 0.6—36.0) cm. There were 269 mature
teratomas, 69 immature teratomas, and 10 malignant tumors. Total resection was performed in 325,
subtotal or partial resection in 27, and surgical complications were noted in 54. The median post-
operative follow-up was 6.6 (0.5—21.7) years. Eighty-three patients (23.4 %) had functional sequelae,
including 62 (17.5 %) with anorectal dysfunction, 56 (13.0 %) with urinary dysfunction, and 15 (4.2 %) with
lower limb motor dysfunction. Recurrence occurred in 42 (11.8 %) at a median age of 16.8 (1.7—145.1)
months old. Risk factors for dysfunction included preterm delivery, a large tumor diameter, Altman type
II-1V, incomplete resection, and surgical complications. Risk factors for recurrence included immature
teratoma or malignancy, incomplete resection, and surgical complications.

Conclusions: Postoperative dysfunction was not low at 23.4 %, and 11.8 % of the patients experienced
recurrence occurring more than 10 years after surgery, suggesting the need for periodic imaging and
tumor markers evaluations in patients with risk factors. It is necessary to establish treatment guidelines
for best practice monitoring of the long-term quality of life.

Level of evidence: Level Il Retrospective Study.
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1. Introduction

Sacrococcygeal teratoma (SCT) is an uncommon extragonadal
germ cell tumor in neonates, infants, and toddlers. This lesion
consists of a solid and/or cystic component that develops from the

Abbreviations: SCT, Sacrococcygeal Teratoma; QOL, Quality of Life; CIC, clean
intermittent catheterization; DIC, disseminated intravascular coagulopathy; YST,
yolk sac tumor; CNS, central nervous system; OR, odds ratio; CI, confidence inter-
val; AFP, alpha-fetoprotein.
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tip of the sacrum, protruding outward from the buttocks, or within
the pelvic cavity. The incidence of SCT is estimated to be 1 in every
40,000 births, and the male-to-female ratio is approximately 1:3,
being more frequent in girls than in boys. Most cases are diagnosed
at birth, and yolk sac tumors (YSTs) occur more frequently in
children after infancy more than neonates [1].

Although most cases of infantile SCT are benign tumors in na-
ture, including mature or immature teratomas with an excellent
prognosis, some develop into extremely large lesions, leading to
massive bleeding, high-output heart failure, and disseminated
intravascular coagulopathy (DIC), and fatal outcomes during the
neonatal period. In addition, even after successful tumor resection,
some patients may present with tumor recurrence, malignant
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transformation, anorectal and urinary dysfunctions, and lower limb
palsy during long-term follow-up [2,3]. In 2017, the authors pub-
lished clinical guidelines for SCT in Japan to provide physicians with
information regarding the clinical practice of managing SCT [4].
However, no domestic multicentric cohort study involving the
long-term follow-up of SCT has yet been performed, which
prompted us to conduct the present study.

The incidence of and factors that contribute to these sequelae
are relatively unknown, as is how patients experience these
sequelae. In addition, the recurrence of SCT has become a major
challenge that needs to be addressed. Identification of the risk
factors for functional sequelae and recurrence may lead to better
insight into the symptomatic and biological behavior of this tumor.

We, therefore, reviewed a multicentric cohort of SCT based on a
questionnaire to clarify the Japanese trends in SCT sequelae, with
the objective of improving the prognosis and quality of life (QOL) of
this disease.

2. Methods
2.1. Participants

A paper-based surgery questionnaire was administered to all
192 facilities accredited by the Japanese Society of Pediatric Sur-
geons and education-related facilities. The inclusion criteria for the
survey were patients who had undergone radical surgery at less
than 1 year old and who survived for at least 180 days after birth
during the 20-year period from 2000 to 2019.

2.2. Survey items

Patient background characteristics, the presence of a prenatal
diagnosis, Altman's classification, treatment, surgical complications
(DIC, sepsis, intracranial hemorrhage, wound infection, organ
injury, re-excision of residual tumor), tumor size, the pathological
diagnosis, current functional disability, and recurrence were
investigated. To evaluate the postoperative dysfunctions, symp-
toms were classified according to the definition of Masahata et al.
[3]. The details of the bowel function were classified into five items
(0: normal bowel movements, 1: fecal incontinence, 2: soiling, 3:
constipation requiring laxatives or enema, and 4: severe con-
stipation requiring bowel irrigation or stool extraction). Patients
classified as 1—4 were considered to have anorectal dysfunction.
The details of the urinary function were also classified into five
items (0: normal urination, 1: urinary incontinence, 2: repeated
urinary tract infection, 3: neurogenic bladder, and 4: clean inter-
mittent catheterization [CIC]). Patients classified as 1—4 were
considered to have urinary dysfunction. The details of the lower leg
function were classified into three items (0: normal function, 1:
limp, 2: walking difficulty). Postoperative scarring of the hip was
evaluated to determine cosmetic acceptability. The sexual function,
including the presence of erectile and ejaculatory dysfunctions, was
also assessed, and the age at tumor recurrence and the pathology of
recurrent tumors were investigated.

2.3. Statistical analyses

Univariate and multivariate relative risk analyses for the
sequelae of functional impairment, including anorectal and urinary
dysfunction, lower-limb motor dysfunction, and tumor recurrence,
were performed using logistic regression. The investigated risk
factors for the analysis of postoperative dysfunctions were as fol-
lows: premature birth (earlier than 37 gestational weeks), low birth
weight (<2500 g), presence of a prenatal diagnosis (Yes/No), age at
diagnosis (<8 days vs. > 8 days old), maximum tumor diameter

(<5.0 cm vs. 5.0—9.9 cm, 10.0—14.9 cm, or >15 cm), Altman classi-
fication (I-1I vs. IlI-1V), pathology (mature vs. immature or malig-
nancy), extent of resection (total vs. subtotal or partial), and
presence of surgical complications. In addition, the risk factors
investigated for the analysis of tumor recurrence were as follows:
age at diagnosis (<8 days vs. > 8 days old), maximum tumor
diameter (<5.0 cm vs. 5.0—9.9 cm, 10.0—14.9 cm, or >15 cm), Alt-
man classification (I-1I vs. IlI-IV), pathology (mature vs. immature
or malignancy), extent of resection (total vs. subtotal or partial), and
presence of surgical complications.

Statistical analyses were performed using the JMP® software
program, ver. 14.2.0 (SAS Institute Inc., Cary, NC, USA). Data are
reported as the median and range or as frequencies and percent-
ages. Proportions are presented with 95 % confidence intervals
(CIs). Statistical significance was defined as p < 0.05.

3. Results

Of the 192 institutions asked for survey, 73 centers (38.0 %)
responded and clinical data of 388 patients with a diagnosis of SCT
in Japan during study period were collected. Ultimately, a total of
355 cases were included in the analysis after exclusion of duplicates
and ineligible cases.

3.1. Background characteristics

Of the 355 cases with infantile SCT, there were 264 females and
91 males with a median gestational age of 38.6 (range: 26.0—42.3)
weeks old and median birth weight of 3026 (range: 1020—5344) g.
A total of 158 patients (44.5 %) were prenatally diagnosed, and the
median age at diagnosis was 0 (range: 0—343) days. The Altman
classification was type [ in 175 (49.3 %), type I in 73 (20.6 %), type III
in 38 (10.7 %), and type IV in 69 (19.4 %), and the median maximum
tumor diameter was 6.1 (range: 0.6—36.0) cm. The pathology of the
initial tumor was mature teratoma in 269 (75.8 %), immature
teratoma in 69 (19.4 %), and malignancy in 10 (2.8 %). The median
age at primary surgery for SCT was 15 (range: 0—364) days.
Regarding the extent of tumor resection, total resection was per-
formed in 325 (91.5 %), subtotal resection (>90 %) in 22 (6.2 %), and
partial resection (<90 %) in 5 (1.4 %). Perioperative complications
were observed in 54 patients. The median follow-up period after
birth was 6.6 (range: 0.5—21.7) years. The details of the patients’
background characteristics are presented in Table 1.

3.2. Postoperative functional sequelae

A total of 83 patients (23.4 %) had postoperative functional
sequelae, including 62 patients (17.5 %) with anorectal dysfunction,
46 (13.0 %) with urinary dysfunction, and 15 (4.2 %) with lower limb
motor dysfunction (there was some overlap) (Table 1). Fig. 1 shows
a Venn diagram presenting the three overlapping dysfunctions.
Among the 62 patients with anorectal dysfunction, 17 (27.4 %)
suffered from soiling or fecal incontinence, 44 (71.0 %) required
laxatives or enema, and 6 (9.7 %) had severe constipation requiring
bowel irrigation or stool extraction. Of the 46 patients with urinary
dysfunction, 8 (17.4 %) presented with urinary incontinence, and 36
(78.3 %) had severe urinary impairment, including repeated urinary
tract infection, neurogenic bladder, and the need for CIC. Cosmet-
ically unacceptable scars were noted in 55 of the 355 patients
(15.5 %), 18 of whom underwent excision of the scar.

In the univariate analysis, premature birth before 37 weeks'
gestation, a low birth weight <2500 g, the presence of a prenatal
diagnosis, a maximum tumor diameter >10.0 cm, Altman classifi-
cation type Il and IV, incomplete tumor resection (subtotal or
partial), and the presence of surgical complications, were
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Table 1
Demographics and clinical parameters of infantile sacrococcygeal teratomas.
Demographic data Variable
Patients' demographic
Total number of patients n (%) 355 (100.0)
Sex; female n (%) 264 (74.4)
Gestational age at birth (wk) median (range) 38.6 (26.0—42.3)
Birth weight (g) median (range) 3026 (1020—-5344)
Presence of prenatal diagnosis n (%) 158 (44.5)
Age at diagnosis (day) median (range) 0 (0—343)
Accompanied anomalies urologic anomalies n (%) 10 (2.8)
spinal cord anomalies n (%) 18 (5.1)
cardiac anomalies n (%) 12 (3.4)
anorectal malformation n (%) 17 (4.8)
genetic disorders n (%) 6 (1.7)
Status of tumor
Maximum tumor diameter (cm) median (range) 6.1 (0.6—36.0)
Altman’ classification I n (%) 175 (49.3)
11 n (%) 73 (20.6)
i n (%) 38 (10.7)
I\% n (%) 69 (19.4)
Pathology mature n (%) 269 (75.8)
immature n (%) 69 (19.4)
malignancy n (%) 10 (2.8)
Details of primary surgery
Age at surgery (day) median (range) 15 (0—364)
Surgical approach perineal n (%) 268 (75.5)
abdominal n (%) 6 (1.7)
abd + peri n (%) 78 (22.0)
Extent of resection total (100 %) n (%) 325 (91.5)
subtotal (>90 %) n (%) 22 (6.2)
partial (<90 %) n (%) 5 (1.4)
Surgical complications DIC, sepsis n (%) 4 (1.1)
intracranial hemorrhage n (%) 3 (0.8)
wound infection, wound dehiscence n (%) 18 (5.1)
organ injury n (%) 11 (3.1)
re-excision of residual tumor n (%) 18 (5.1)
Details of follow-up
Follow-up period after birth (yr) median (range) 6.6 (0.5-21.7)
Long-term complications anorectal dysfunction n (%) 62 (17.5)
urinary dysfunction n (%) 46 (13.0)
lower limb motor dysfuction n (%) 15 (4.2)
CNS damage n (%) 16 (4.5)
cosmetically unacceptable scarring n (%) 55 (15.5)
Reccurence of tumor n (%) 42 (11.8)
malignancy n (%) 22 (6.2)
Age at reccurence (mo) median (range) 16.8 (1.7-145.1)

DIC; disseminated intravascular coagulopathy CNS; central nervous system.

significant risk factors for postoperative dysfunctions. The presence
of a prenatal diagnosis, large tumor diameter, Altman's classifica-
tion, and surgical complications were also remained significant in
the multivariate analysis (Table 2).

Postoperative functional
sequelae of infantile
sacrococcygeal teratoma

83 of 355 cases
(23.4%)

1:

(253 4
LG (B14%),
Urinary ; ower limb motor
dysfunction dysfunction
(2.4%)
16 3
(19.3%) (3.6%)

Fig. 1. A Venn diagram of postoperative functional sequelae of infantile sacrococcygeal
teratoma in Japan.

3.3. Tumor recurrence

Tumor recurrence occurred in 42 patients (11.8 %) with a median
age of 16.8 (1.7—145.1) months old. Nineteen patients were diag-
nosed through imaging studies, and 22 had elevated serum alpha-
fetoprotein (AFP) levels at diagnosis of recurrence. Twenty-two of
the 42 patients (52.4 %) were diagnosed with malignant germ cell
tumors (immature teratoma, YST, or embryonal carcinoma),
including 2 with a primary YST tumor at the initial diagnosis of SCT.
The median age at malignant recurrence was 12.7 (1.7—36.9) months
old. They underwent surgery with or without chemotherapy, and
one patient eventually died of cancer. Regarding the initial surgery,
34 of the 325 cases undergone total resection had tumor recurrence
(10.5 %), while among the 27 cases undergone incomplete resection
(subtotal or partial), 9 underwent re-do surgery due to residual mass,
and 8 cases had tumor recurrence including 3 malignancies even-
tually (29.6 %). Regarding the relationship between the initial and
second pathology, patients with mature teratoma at recurrence
(n = 16) also had mature teratoma (including unknown pathology)
at the initial pathological diagnosis, while the patients with malig-
nancy at recurrence (n = 22) had mature teratoma (n = 12),
immature teratoma (n = 6), malignancy (n = 2), and unknown
diagnosis (n = 2) at the initial pathological diagnosis.
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Table 2
Logistic regression analysis of postoperative dysfunctions.

(&K 3)

Characteristics Univariable Multivariable
OR (95 % CI) p OR (95 % CI) p
Premature birth <37w 0.438 (0.240-0.797) 0.007*
low Birth weight <2500 g 2.036 (1.002—4.137) 0.049*
Presence of prenatal diagnosis Yes 1.791 (1.088—2.950) 0.022* 2.691 (1.076—6.728) 0.034*
Age at diagnosis <8dvs.>8d 0.803 (0.459—1.404) 0.441
Maximum tumor diameter <5.0 cm 1.000 1.000
5.0-9.9 cm 0.647 (0.325—1.288) 0.215
10.0-14.9 cm 2.854 (1.397-5.834) 0.004* 2.972 (1.018—8.680) 0.046*
>15.0 cm 2.925 (1.293-6.618) 0.010*
Altman’ classification M-IV vs. I-11 2321 (1.392—-3.869) 0.001* 4.494 (2.079-9.711) <0.001*
Pathology mature vs. immature or malignancy 0.581 (0.333-1.013) 0.056
Extent of resection subtotal or partial vs. total 2.504 (1.112—-5.640) 0.027*
Surgical complications Yes 3.073 (1.629-5.798) 0.001* 3.506 (1.580—7.782) 0.002*

OR: odds ratio, Cl: confidence interval.
p value was significant <0.05.

In the logistic regression analysis of tumor recurrence, pathol-
ogy (immature teratoma or malignancy), incomplete tumor resec-
tion (subtotal or partial), and presence of surgical complications
were significant risk factors in the univariate analysis, while
incomplete tumor resection was the only significant risk factor in
the multivariate analysis (Table 3).

4. Discussion

In 2009, the Japanese SCT Study Group was established with the
support of a grant from The Ministry of Health, Labour and Welfare
of Japan. As a precursor of this study, a nationwide retrospective
cohort study was conducted on 97 fetuses prenatally diagnosed
with SCT between 2000 and 2009. As a result, the overall mortality
of prenatally diagnosed SCT excluding terminations was 16 %. Early
delivery, predominantly solid component tumors, and histological
immaturity were shown to be associated with an increased risk of
mortality [5,6]. The next project of this group was the establish-
ment of clinical guidelines for SCT, which will potentially contribute
to the improvement of the prognosis and QOL of SCT patients [4].
However, these studies concentrated on the short-term outcomes
of prenatally SCT, and there is a lack of information on long-term
survivors in Japan, therefore, the present study was planned and
conducted to determine the current status of patients with func-
tional sequelae from a nationwide study, as well as the contributing
factors associated with the development of functional sequelae.
Judging from the birth prevalence of SCT, the number of patients
with SCT predicted was estimated to be approximately 500 cases in
Japan during 2000—2019, so the patient number in our study
therefore corresponded to approximately 70 % of the estimated
cases for that period.

In the present study, 83 patients (23.4 %) had postoperative
functional sequelae, including 62 patients (17.5 %) with anorectal
dysfunction, 46 patients (13.0 %) with urinary dysfunction, and 15
patients (4.2 %) with lower limb motor dysfunction, and these three
major sequelae overlapped in 40.0 % of the cases. These findings
indicate that these sequelae are complex complications with
possible common causes. In this survey, the risk factors for these
sequelae were premature birth (before 37 weeks’ gestation), low
birth weight (<2500 g), a prenatal diagnosis, maximum tumor
diameter >10.0 cm, Altman classification type III and 1V, incom-
plete tumor resection (subtotal or partial), and the presence of
surgical complications. The origin of these dysfunctions is still
debated, and the possible causes of them are myogenic and/or
neurogenic impairment due to the compression effect of the large
tumor and surgical damage to the pelvic organs and pelvic floor
muscles. Therefore, premature infants and larger masses, especially
those developing into the pelvic cavity (Altman III and IV), and the
presence of surgical complications seem to be reasonable as the
contributing factors to dysfunction.

The reported incidence of an impaired bowel function ranged
from 19 % to 38 %, while that of urinary incontinence was approx-
imately 50 % [7—12]. Other reported risk factors included obstruc-
tion of the urinary tract and intestinal tract in the prenatal imaging
diagnosis, tumor recurrence, types other than Altman type I, and
abdominosacroperineal resection for Altman type III and IV.
Impaired movement of the lower leg has been reported in 5.0%—
11.1 % of cases [4], but there has been little description of the extent
of such impairment. These functional sequelae are relatively com-
mon in the patients with SCT, and it is recommended that these
facts be mentioned to the patient's families before the course of
treatment is decided. However, Cozzi et al. reported that there was

Table 3
Logistic regression analysis of tumor reccurence.
Characteristics Univariable Multivariable
OR (95 % CI) p OR (95 % CI) p
Age at diagnosis <8dvs.>8d 2.109 (0.855—5.201) 0.105
Maximum tumor diameter <5.0 cm 1.000
5.0-9.9 cm 0.970 (0.402—-2.340) 0.946
10.0-14.9 cm 2.109 (0.820—-5.421) 0.121
>15.0 cm 1.565 (0.497—-4.927) 0.444
Altman’ classification -1V vs. -1 1.183 (0.596—2.348) 0.631
Pathology mature vs. immature or malignancy 0.477 (0.242—0.938) 0.032*
Extent of resection subtotal or partial vs. total 4.742 (1.964—11.451) 0.001* 4.979 (1.753—14.148) 0.003*
Surgical complications Yes 3.078 (1.448—6.543) 0.004*

OR: odds ratio, CI: confidence interval.
p value was significant <0.05.
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no significant difference in functional disorders between adult
patients with SCT and the control group [13]. These facts imply that
it is important to recognize these long-term complications and
ensure careful and regular follow-up, as some symptoms can be
ameliorated during follow-up.

Regarding cosmetically unacceptable scarring, 15.5 % of patients
with SCT complained of unacceptable surgical wounds in this study.
Derikx et al. found that 40.3 % of SCT patients complained surgical
wounds problems, and the diagnosis before the age of 8 days old
and large tumors were significant risk factors [8]. Although
cosmetic wounds do not prioritize the prompt treatment for the
life-threatening condition of SCT, physicians should listen to the
patients’ complaints in the outpatient clinic during follow-up and
consider plastic surgery for disfigurement, if indicated.

The recurrence rate of SCTs is reported to be 8.3 %—13.0 % within
5—6 years after surgery [6,14,15]. A meta-analysis study of 1516 pa-
tients with SCT showed that the pooled proportions of mature and
malignant recurrences were 3 % and 5 %, respectively, and many in-
stances of recurrences occurred within 1—6 years, with some cases
occurring as long as 20 years after the initial diagnosis [16]. In this
study, the recurrence rate was 11.8 %, and the median age at occur-
rence was 1 (0—12) years old. The recurrence rate was 6.2 % for ma-
lignant cases, with a median age at occurrence of 1 (0—3) years old.
The risk factors associated with SCT recurrence included immature of
malignant pathology at the initial surgery, incomplete tumor resec-
tion, and the presence of surgical complications. Other reported risk
factors were unresected coccyx bone, tumor spillage, and failure to
detect malignant components within the tumor, which were not
elucidated in this study because of the nature of the questionnaire
study. To eliminate the chances of tumor recurrence and improve the
survival, physicians should endeavor to perform complete surgical
resection without surgical complications, understand the importance
of regular and careful follow-up, and be mindful that regular mea-
surement of serum AFP is recommended for the early detection of
malignant recurrence for at least three years after the treatment, as
AFP is highly sensitive for malignancy [4].

Several limitations associated with the present study warrant
mention. This study was conducted retrospectively using a paper-
based questionnaire administered to physicians. The individual
patient records were not centrally reviewed, so the quality of data
was not guaranteed. Many of the institutions had a small number of
cases, and the surgical procedure and management were deter-
mined according to the clinical decisions of each institution.
Regarding the definition of dysfunction, the missing comments
were considered to indicate no dysfunction, so we may have
underestimated the frequency of dysfunctions. Anorectal dysfunc-
tion was defined as constipation requiring laxatives or an enema,
which may have been caused by factors other than surgery for SCT,
and possibly overestimated. This study included a questionnaire on
the sexual function; however, we did not receive any responses
concerning this subject. One possible reason was that the target age
group was relatively young, even up to 20 years after surgery.
Another reason is that questions related to sexuality tend to be
particularly sensitive to answer for Japanese people. Therefore, a
long-term prospective study including sexual problems in SCT
patients is needed to establish a comprehensive treatment strategy.

In conclusion, this study was a multi-institutional retrospective
observational study on the long-term outcomes of infantile SCT in
Japan. The rate of postoperative dysfunction was not low at 23.4 %,
and 11.8 % of the patients experienced recurrence occurring more
than 10 years after surgery, suggesting the need for periodic im-
aging and tumor marker evaluations in patients with risk factors.
Unacceptable cosmetic scarring was a common problem. Given
these findings, it is necessary to establish treatment guidelines for
best practice monitoring of the long-term QOL.
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