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the existing literature gives contradictory results. We aimed to examine the risk of malignant trans-

formation in a large cohort of SCT and CS patients.

Methods: In a global retrospective cohort study, data of consecutive SCT patients and CS patients with

presacral teratoma was obtained from 132 institutes in 62 countries. Malignant transformation, defined
as malignancy at initial resection, malignant recurrence, or death due to malignancy was analysed for

Sacrococcygeal teratoma . . . .

Currarino syndrome SCT and CS patients. The rate of malignant transformation was analysed with log-rank test and

Recurrence compared between groups.

Malignant transformation Results: Of 3612 patients with presacral teratoma, 3388 entered analysis; 3183 SCT and 205 CS patients.

The percentage of patients with malignant transformation at initial resection was higher in the SCT

versus the CS group, 10-3 % and 31-9 % after one and two years, versus 4-2 % in CS patients after two

years, respectively (p < 0.001). Histology in recurrent teratoma was malignant in 35-4 % (n = 114) of SCT

patients and 5-9 % (n = 1) of CS patients (p = 0.005). Survival in both groups was equivalent at 94-9 % in

SCT patients versus 96-9 % in CS patients (p = 0-343)

Conclusion: The SCT-study shows that malignancy is more often present in SCT than in CS patients with

an increasing risk of malignant transformation with age compared to CS patients in whom malignancy is

rare. Recurrence after resection was more often malignant in the SCT group.

Level of evidence: level III.

© 2026 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Sacrococcygeal teratoma (SCT) is the most common germ cell
tumour in neonates. Most tumours are diagnosed before or
immediately after birth, but a small proportion of these tumours,
particularly those with an internal position, is discovered at an
older age. The risk of malignant transformation increases with age.
In 11-35 % of patients, the tumour is malignant at the moment of
initial resection [1]. Malignancy rates up to 70 % have been re-
ported if SCT is diagnosed at the age of one year [2].

Currarino Syndrome (CS) is a hereditary disorder with a sacral
bony defect, a presacral mass and an anorectal malformation or
constipation [3]. Due to the phenotypic expression, the clinical
presentation is variable, and a combination of all the defects is not
necessary to make the diagnosis [4,5]. If a presacral tumour is
present, 25—40 % are teratomas [6,7]. Presacral teratomas associ-
ated with CS are almost obligatory internal and are therefore rarely
diagnosed prenatally or during early infancy [8]. As a result, CS
associated presacral teratomas are often resected at an older age
compared to SCTs [9]. Despite late diagnosis and late resection,
malignancy in CS associated teratoma is rare and the risk of ma-
lignant transformation is low [9,10].

Recurrent SCT after resection occurs in 2—33 % of SCT patients
and is often malignant with yolk sac tumour (YST) components in
22—56 % of recurrences [11—14]. Tumour recurrence decreases the
overall 10-year survival to 60 % [15—17]. Recurrence after initial
teratoma resection in CS patients has been rarely described [9,18].

Most studies of SCT and CS are relatively small due to the rarity
of presacral teratomas and conclusions on malignant trans-
formation remain difficult to draw. Therefore, we examined the
risk of malignant transformation and tumour recurrence in SCT
versus CS associated teratoma in a large, global cohort of patients.

2. Methods
2.1. Study design and participants

We performed a global retrospective cohort study of presacral
teratoma patients: ‘The SCT-study’. STROBE guidelines were fol-
lowed [19].

We recruited as many patients from participating hospitals as
possible regardless of geography. Paediatric surgeons and paedi-
atric oncologists were invited to participate in the study through
personal communication, the European Paediatric Surgeons’ As-
sociation (EUPSA) Network Office, Pubmed publications, and a
network of national and international study leads. Study infor-
mation was provided in English, Spanish, French, and Russian.
Participation was voluntary; no payment was made for data
collection. Centres, which were anticipated to include ten or more
patients were invited to participate. An exception was made for
centres from low and lower-middle income countries [20]. For
these centres, the minimum number of inclusions was set at five.
The supplementary appendix provides an overview of the
participating countries.

Due to the rarity of the condition, no sample size calculation
was performed so all eligible patients were included. Exclusion
criteria were (a) born before 1982 since Currarino Syndrome was
first described in 1981, or (b) born after 2020 [3].

The Medical Ethical Board of Amsterdam University Medical
Centre (Amsterdam UMC), determined that Medical Research
Involving Human Subject Act (WMO) does not apply to the study
and that official approval of the committee was not required
(reference number W19_329 # 19.388). Participating centres ob-
tained local approval to participate in the study following their
own legal and ethical regulations. Data transfer agreements

between the participating centres and Amsterdam UMC for data
transfer approval were used to guarantee safe data use and
storage.

Charts were reviewed by the local investigator. Data were
validated with warning messages about possible errors when
entered in Castor Electronic Data Capture (EDC). Furthermore,
Castor files were structured so that out-of-range values could not
be entered. Dependency fields were used for data and included
initial resection, recurrence, death and follow-up. Furthermore,
overall data distribution and frequencies in SPSS were checked to
detect invalid entered data.

2.2. Procedures

Data was anonymized by the local investigator to transform
personal data, which could be directly linked to an individual
patient, into general information. Transformed patient data were
uploaded in Castor EDC and encrypted [21]. Every participating
centre had its own Castor link and had access only to its own
transformed patient data.

Which data were collected was decided upon by a group of
experienced paediatric surgeons with interest in SCT treatment
and was based on main outcome variables used in previously
published studies of malignant transformation of SCT and recur-
rent SCT.

Collected data included generic and condition-specific vari-
ables. Generic variables included: Castor EDC centre number,
country, gender (male/female/unknown), age at diagnosis (days),
pre-operative imaging modalities (none/ultrasound/computed
tomography/magnetic resonance imaging/unknown), initial
tumour resection at the participating centre (yes/no/unknown),
age at initial resection (days), outcome (survival/deceased/un-
known), age at follow-up (days), age at death (days), and cause of
death. Condition-specific variables were Altman classification (I/1I/
II/IV/unknown) [22], CS (yes/no/unknown), initial SCT treatment
(chemotherapy/surgery/no  treatment/unknown), pathology
(mature/immature/malignant/unknown), recurrence (yes/no/un-
known), period between birth and recurrence (days), detection of
recurrence (clinical examination/imaging/AFP/unknown), serum
AFP-level at recurrence (ug/L), recurrent SCT pathology (mature/
immature/malignant/unknown) and treatment of recurrent SCT
(chemotherapy/surgery/no treatment/unknown).Cause of death
was collected as a free-text category.

2.3. Statistical analysis and definitions

Data are presented as mean with standard deviation (SD) if
normally distributed and median with interquartile range (IQRs) if
skewed; count data are presented as numbers and percentages.
Differences in patient demographics between SCT and CS patients
were analysed with Fisher exact test for categorical variables,
unpaired t-test for normally distributed continuous variables and
Mann—Whitney U test for non-normal continuous variables.
Kaplan—Meier curves and Cox proportional hazards regression
analyses were used to evaluate risk of malignant transformation
and recurrence. Hazard ratios (HR) with 95 % confidence intervals
(CI) were reported, and a p-value of <0.05 was considered statis-
tically significant.Statistical analyses were performed using SPSS
for Windows version 25.0 software (SPSS) and GraphPad Prism 8
(GraphPad Software, Incl.).

2.4. Definitions

SCTs were classified according to the criteria proposed by the
Surgical Section of the American Academy of Paediatrics [22]. In
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Currarino Syndrome, the tumour was associated with an anorectal
malformation or anal stenosis and or/sacral bone defect [3].
Recurrence was defined as relapse of the teratoma at least three
months after initial resection [10]. Tumour identification within
three months after surgery is more likely due to an incomplete
resection, therefore, these cases were excluded from data analysis.
Malignancy free survival was defined as time from birth to ma-
lignancy or death due to malignancy and included initial malig-
nancies, malignant recurrences and deaths due to malignant
disease. Patients were censored at the number of days from birth
to resection. In case of malignant recurrence or death due to ma-
lignancy, the number of days from birth to recurrence detection or
death was used.

3. Results
3.1. Patient characteristics

In total, 145 centres from 62 countries participated and
contributed data on 3612 patients treated for a presacral teratoma.
In 224 patients, it was unknown whether the teratoma was asso-
ciated with Currarino syndrome. These patients were excluded
from analysis. The remaining 3388 patients (74.3 % female) were
included; 3183 had a SCT and in 205 teratoma was associated with
Currarino Syndrome. Patient characteristics are described in
Table 1.

Patients with CS were more likely to be female and were
diagnosed later compared with SCT (Table 1). Altman type IV SCT

was more frequently found in the CS group than in the SCT group
and patients with CS underwent initial resection at an older age
compared with SCT.

SCT was treated with surgery in 2770 (87.0 %) children, with
chemotherapy in addition to surgical resection in 374 (11.7 %)
children. Fifteen (0.5 %) patients were treated with only chemo-
therapy. Eleven (0.3 %) SCT patients received no treatment and
died immediately after birth due to bleeding or respiratory
distress. In 13 (0.4 %) children, treatment was unknown. CS pa-
tients were also mostly treated with surgery (n = 186, 90-7 %). In
eight (3-9 %) CS patients, chemotherapy was given in addition to
surgical resection. Three (1-5 %) CS patients received no treatment
and in 8 (3-9 %) treatment was unknown.

In total, 119 patients (3-5 %) died during follow-up. There was
no difference in outcome between SCT and CS patients with 114
(3-6 %) and 5 (2-4 %) deceased patients in SCT and CS group,
respectively. Median age at death was 114 days [2—1145] in SCT
group and 210 days [15—506] in CS group. Overall survival after ten
years was not different between SCT and CS patients with survival
rates of 96.9 % and 94.9 % for CS and SCT patients, respectively
(p =0-343).

3.2. Malignant transformation

Histological diagnosis of recurrent masses after initial resection
in SCT patients was mature teratoma in 2066 (64-9 %), immature
teratoma in 591 (18-6 %) and malignant teratoma in 343 (10-8 %).
In 183 (5-7 %) SCT patients histological diagnosis at initial

Table 1
Patient characteristics.
Total (n = 3388) Sacrococcygeal teratoma (n = 3183) Currarino presacral teratoma (n = 205) p-value
Sex 0-020
Male 857 (25-3 %) 791 (24-9 %) 66 (32:2 %)
Female 2519 (74-3 %) 2381 (74-8 %) 138 (67-3 %)
Missing 12 (0-4 %) 11(0-3 %) 1(0-5%)
Income country 0-023
LIC 58 (1:7 %) 57 (1-8%) 1(0-5%)
LMC 307 (9-1%) 287 (9-0%) 20(9-8 %)
UMC 684 (20-2 %) 657 (20-6 %) 27 (132 %)
HIC 2339 (69-1 %) 2182 (68-6 %) 157 (76-6 %)
Median age at diagnosis, days (IQR) 1(0—96) 0 (0—60) 175 (2—611) <0-001
Altman classification [22] <0-001
Type I 1000 (29-5 %) 984 (30-9 %) 16 (7-8 %)
Type II 1065 (31:4 %) 1035 (325 %) 30(14-6 %)
Type I1I 600 (17-7 %) 578 (18-2 %) 22(10-7 %)
Type IV 668 (19-7 %) 534 (16-8 %) 134 (65-4 %)
Missing 55(1:6 %) 52 (1-6%) 3(1-5%)
Median age at resection 14 (4—186) 13 (4—133) 273 (56—905) <0-001
Pathology initial tumour <0-001
Mature 2232 (65-9 %) 2066 (64-9 %) 166 (81-0 %)
Immature 608 (17-9 %) 591 (18-6 %) 17 (8:3 %)
Malignant 350 (10-3 %) 343 (10-8 %) 7(3-4%)
Missing 198 (5-8 %) 183 (5-7 %) 15(7-3 %)
Recurrence 0-542
Yes 339(10-0 %) 322(10-1%) 17 (8:3 %)
No 2845 (83-9%) 2673 (84-0 %) 170 (82-9 %)
Missing 206 (6-1 %) 188 (5-9 %) 18(8-8 %)
Recurrence pathology 0-005
Mature 121 (357 %) 116 (36:0 %) 5(29-4%)
Immature 38(11-2%) 34 (10-6 %) 4(23-5%)
Malignant 115(33-9%) 114 (354 %) 1(5-9%)
Missing 65 (19-2 %) 58 (18-0 %) 7 (41-1%)
Median time between initial resection 347 (199—646) 347 (196—657) 349 (209—433) 0-949
and recurrence
Outcome 0-441
Survival 2921 (86-2 %) 2736 (85-9 %) 185 (90-2 %)
Death 119 (3:5 %) 114 (3-6 %) 5(2-4%)
Missing 348 (10-3 %) 333(10-5%) 15(7-3 %)

Data are n(%) or median (IQR).
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resection was unknown. In CS patients, the teratoma at initial
resection was relatively more often mature compared to SCT pa-
tients (n = 166, 81-0 %). Immature (n = 17, 8-3 %) and malignant
teratoma (n = 7, 3-4 %) were less frequent in CS patients compared
to SCT patients (p < 0-001). In 15 (7-3 %) CS patients, the histo-
logical diagnosis after initial resection was unknown.

The probability of malignant transformation at initial resection
started to increase directly after birth in SCT patients and
increased further with age. This risk was 3-3 %, 5-1 %, 10-3 % and
31-9 % at three months, six months, one year and two years,
respectively (Fig. 1) [23]. The risk of malignant transformation at
initial resection was lower in CS patients: 1-4 %, 3-0 %, 4-2 % and
4.2 % at three months, six months, one year and two years
(p < 0.001), respectively.

In univariable Cox regression, SCT had a significantly higher risk
of malignancy at initial resection compared to those with CS (HR
10.59, 95 % CI 4.38—25.63; p < 0.001).

This association remained significant after adjusting for age at
diagnosis, gender, and Altman classification in a multivariable
model (HR 10.25, 95 % CI 4.18—25.12; p < 0.001), indicating that
isolated SCT is an independent risk factor for malignancy at initial
resection.

The malignancy-free survival was higher in CS patients than in
SCT patients with 96.9 % and 96.2 % at age one year and two years
versus 94.7 % and 88.6 % in SCT patients (HR 5-74, 95 % CI
2-38—13-87; p < 0-001) (Fig. 2). In CS patients, malignancy free
survival stabilized around the age of one year and around the age
of four years in SCT patients.

The malignancy free survival remained higher in the CS group
when compared with only internal SCTs (HR 19-69, 95 % CI
4-87—-79-62; p < 0-001) (Fig. 3).

3.3. Recurrence

A total of 339 (10-0 %) patients developed a recurrence at a
median age of 11-4 months (IQR 6-5 months - 1-8 years) after
initial resection. The percentages of recurrence were equivalent in
both groups (SCT 322 patients (10-1 %), CS patients 17 (8-3 %),
[p = 0-542]).

Also, recurrence-free survival was equivalent in both groups
(HR 0-91,95 % CI 0-55—1-50; p = 0-700) and stabilized in both
groups four years after initial resection with recurrence-free
survival of 87-7 % in CS patients and 86-7 % in SCT patients
(Fig. 4).

In the SCT group, the treatment of the recurrence was resec-
tion in 130, a combination of surgery with chemotherapy in 145,
and in 29 patients with chemotherapy only. Treatment was
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Fig. 1. Malignancy at initial resection of patients with sacrococcygeal teratoma (SCT)
and patients with a presacral teratoma associated with Currarino Syndrome (CS).
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Fig. 2. Malignancy free survival of patients with sacrococcygeal teratoma (SCT) and
patients with a presacral teratoma associated with Currarino Syndrome (CS).
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Fig. 3. Malignancy free survival of patients with a complete internal (Altman stage III
and 1V) sacrococcygeal teratoma (SCT) and patients with a presacral teratoma
associated with Currarino Syndrome (CS).

unknown in 14 patients and 4 patients received no treatment due
to an inoperable recurrent tumour with metastases. In CS group,
12 patients were treated with surgical resection with 6 receiving
additional chemotherapy. One patient was treated with chemo-
therapy only. One patient received no treatment with an un-
known reason. In 3 patients, treatment of the recurrence was
unknown.

The histology of the recurrent tumour in SCT patients was
mature teratoma in 116, immature teratoma in 34, malignant
teratoma in 114 and was unknown in 58 patients. In CS patients,
the histology of the recurrent tumour was mature teratoma in 5,
immature teratoma in 4 and malignant in one patient, respec-
tively. In 7 patients, the histology of the recurrent tumour was
unknown.
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Fig. 4. Recurrence free survival of patients with sacrococcygeal teratoma (SCT) and
patients with a presacral teratoma associated with Currarino Syndrome (CS).
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4. Discussion

This large global study in 62 countries worldwide shows a
difference in tumour behaviour between patients with SCT and
patients with presacral teratoma associated with CS. CS is a rare
disorder that is associated with a teratoma in 25—40 % of the pa-
tients [6,7]. The diagnosis was only recognized after description in
1981 [3]. Therefore, patients with a presacral teratoma before 1982
were excluded from this study.

In this study, age at diagnosis and initial resection was older in
CS patients than in SCT patients. This was also found in another
comparative study of SCT and CS patients with a median age at
initial resection of six months in CS patients compared to 8 days in
SCT patients [10]. Presacral teratomas associated with CS are in-
ternal and can therefore be difficult to diagnose [24—26].
Furthermore, an underlying genetic component can be found in CS
patients both in familiar but also in sporadic cases [27]. Due to
differences in genetic penetrance, there is a wide variety in
symptoms, even in familial cases, with a relatively high proportion
of clinically asymptomatic patients [28].

Malignancy at initial resection in CS is rare; in a previous study
of 16 CS patients, there was no malignant transformation in CS
patients aged between 6 days and 60 years. The risk of malignant
transformation had been estimated at 1 % [10]. This was lower than
the 3-4 % found in the current study but still much lower than the
risk of malignancy at initial resection in the SCT group of 10-8 %
despite the older age at initial resection in the CS group. If the risk
of malignant transformation at resection is compared in similar
age groups, the difference is even more evident with malignancy
rate of 4-2 % after one and two years of age in the CS group versus
malignancy rates of 10-5 % and 39-9 % at age one and two years.
Moreover, malignancy free survival was higher in CS patients with
malignancy free survival rate of 96.2 % after two years of age and
88.6 % in SCT patients. Malignancy free survival stabilized earlier in
CS patients at one year compared to four years in the SCT group.

Recurrence after initial resection was equivalent in CS and SCT
patients. However, recurrences were more often malignant in SCT
patients and malignant recurrences were rarely found in CS pa-
tients. A literature review and case report described three malig-
nant recurrences in CS patients [9,18].

4.1. Limitations

Limitations are primarily attributed to its retrospective study
design and long inclusion period. However, the low incidence
would make a prospective study prohibitively long. Second, the
number of collected variables was limited. Third, the use of ano-
nymized data made data validation not possible. Finally, there is
bias because an unknown proportion of patients has not been
included in the study. Due to poor CS recognition in LICs and LMICs
because of lack of imaging modalities, CS patients could be
incorrectly classified as SCT in this study.

4.2. Recommendations

We recommend an individualized approach in the treatment of
SCT and CS patients. In SCT patients, early and complete resection
is recommended because of the higher risk of malignant trans-
formation. On the other hand, the risk of malignant transformation
in CS patients is very low compared to SCT patients so that time
can be taken to evaluate the other associated anomalies.

Furthermore, an additional anterior meningocele is often found
in Currarino patients leading to possible neurological damage with
resection. Because of the low risk of malignant transformation in
CS patients, it may be justified to accept the risk of residual tumour

or recurrence as complete resection may be associated with severe
neurological damage such as faecal incontinence, voiding prob-
lems and sexual dysfunction [29,30]. Therefore, delayed or con-
servative treatment could be considered in this group, especially in
asymptomatic patients, taking the small risk of malignant trans-
formation later in life into account. In these patients, yearly follow-
up with serum alpha fetoprotein concentration, ultrasound, and
MRI is recommended to monitor possible tumour growth and
malignant transformation. For both patient groups, oncological
follow-up for at least four years after initial resection is recom-
mended to detect possible recurrent disease.

5. Conclusion

Despite similar clinical appearance, CS and SCT show different
risks of malignant transformation and tumour recurrence. There-
fore, treatment in CS patients can be more conservative compared
to SCT patients in which resection early in life and close follow-up
is essential.

Data sharing

Following publication of the study results, the full, anonymous
de-identified patient dataset will be made available. Proposals
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Data requestors will need to sign a data access agreement.
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