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ARTICLE INFO ABSTRACT

Article history: Background: The incidence of children developing recurrent sacrococcygeal teratoma (SCT) is 2-35%. Serum
Received 8 July 2019 alpha-fetoprotein (AFP) is often used as a tumor marker for (malignant) recurrences of SCT and could potentially
Received in revised form 12 March 2020 be used during routine follow-up after SCT resection. However, the diagnostic accuracy of serum AFP levels dur-

Accepted 12 March 2020 ing follow-up has not been well established. Therefore, we aimed to systematically review the diagnostic accu-

racy of serum AFP levels in recurrent SCT.
Sacrococcygeal teratoma Me.zthods: We queried. Seargh Prerqier, COCH.RANE Ijibrary, .EMCARE,AEMBASE, PubM.ed, ScienceDirect and Web of
Alpha-fetoprotein Science databases to identify studies regarding patients with SCT with follow-up using serum AFP levels postop-
Recurrence erative. We estimated sensitivity and specificity of serum AFP levels.
Results: Fifteen studies (613 patients, 121 recurrences) were included and these mainly described serum AFP
levels in patients with recurrent SCT (n = 111); 83 (75%) patients with recurrent SCT had elevated serum AFP
levels. A subgroup analysis of articles that measured serum AFP levels in all patients (n = 6, 136 patients, 14 re-
currences) showed a sensitivity and specificity of 79% and 95%, respectively. The sensitivity of AFP levels to detect
malignant recurrence was 96%.
Conclusion: Diagnostic accuracy of serum AFP levels to detect recurrent SCT seems promising, though sensitivity
could be overestimated since serum AFP levels are mainly described in patients with elevated AFP levels or at re-
current SCT. Furthermore, serum AFP levels could be helpful to detect malignant recurrences.
Type of study: Systematic review of level 2-4 studies.
Level of evidence: Level 2-4 (mostly level 2).

© 2020 The Authors. 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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Sacrococcygeal teratoma (SCT) is the most common neonatal tumor
with a reported incidence of 15,000 to 35,000 with a male:female ratio
of 1:4[1,2].

SCTs can be diagnosed prenatally with fetal ultrasound and approximately
80% of patients are diagnosed within the first month after birth [3]. Malignant
disease at the time of initial diagnosis occurs in 11-35% of patients [4]. The
likelihood of malignant transformation in SCT increases with age, resulting
in malignancy rates up to 70% if SCT is diagnosed at the age of one year [5].

Surgical resection is the preferred treatment of SCT. Children with ma-
lignant teratomas are treated with chemotherapy in addition to surgical re-
section. This approach leads to an overall survival rate of 90% for malignant
teratomas after 12 years [6]. The recurrence risk of SCTs after resection is
12.5% (range 2-35%) [5,7,8]. Mature SCT has a mean recurrence rate of
10%, and immature and malignant SCTs have mean recurrence rates of
33% and 18%, respectively [9]. Recurrence pathology shows a shift towards
malignancy; 22-56% of recurrences have some evidence of malignant yolk
sac tumor (YST) [1,9-11]. Established risk factors for local recurrence are in-
complete resection of the tumor or coccyx, tumor spillage during primary
resection and microfoci of YST on pathological evaluation [5].

Oncological follow-up of patients treated for SCT is recommended
for at least three years and includes physical examination, radiological
imaging and serum alpha-fetoprotein (AFP) levels [4].

AFP is often used as a tumor marker for malignant germ cell tumors
and malignant recurrences of SCT [6]. Levels of serum AFP are usually in-
creased in the neonatal period, since this protein is normally synthe-
sized in the fetal liver and yolk sac. Values should normalize within
months after birth. AFP serum levels that exceed normal, age related
concentration or increasing serum AFP levels can be used as a first
sign of malignant relapse after surgical resection of SCT [12,13]. How-
ever, the diagnostic accuracy of serum AFP levels in order to detect re-
current SCT after resection has not been well established.

The aim of this systematic review is to assess the diagnostic accuracy
of serum alpha-fetoprotein levels in detecting a recurrent SCT.

1. Methods
1.1. Protocol

A systematic review was conducted in accordance with the Pre-
ferred Reported Items for Systematic Reviews and Meta-Analysis
(PRISMA) statement on literature regarding the diagnostic accuracy of
serum AFP levels in recurrent sacrococcygeal teratoma. The protocol
was registered (PROSPERO 2019: CRD42019117193).

1.2. Literature search

We queried Academic Search Premier, COCHRANE Library, EMCARE,
EMBASE, PubMed, ScienceDirect and Web of Science databases and ref-
erence lists of eligible articles for the selection of studies. The search
strategy was conducted in August 2019 (Appendix A).

1.3. Eligibility criteria

Studies were considered eligible when written in English and pub-
lished after December 1980. Inclusion criteria were (a) children with

sacrococcygeal teratoma, (b) follow-up after resection with serum AFP
levels and (c) serum AFP levels were provided in numbers. Studies
which were (a) written in another language than English, (b) case re-
ports, and (c) publications before 1980 were excluded from data analysis.

1.4. Study selection and methodological quality assessment

Two reviewers (MK and LH) independently performed the screening
and selection of articles based on title and abstract, and final on full text.
The Newcastle Ottawa Quality Assessment Scale for Cohort studies
checklist [14] was used independently to assess the methodological
quality of the included studies. A third independent reviewer (JD) au-
thor solved inconsistencies by a second review of the literature.

1.5. Data extraction and analysis

Appendix B comprises data that were systematically extracted from
the studies included in this systematic review by the two reviewers and
recorded in data collection. Missing data were calculated when possible
and unpublished data or further details were retrieved by contacting
study author(s).

2. Results
2.1. Literature search

Literature search yielded 726 potentially eligible studies. Duplicates
were removed and 648 records were excluded after the initial screen-
ing. Thirty more records were excluded after full text screening. Fifteen
studies were included in this review (Fig. 1).

2.2. Study characteristics

The 15 selected studies were published between 1991 and 2019 and
included 613 children with SCT. There were 142 males and 370 females
with a male:female ratio of 1:2.6. In 101 patients, sex was not described.
Age at primary surgery ranged from prenatal (gestational age of
21 weeks) to 17.5 years. Study characteristics are described in Table 1.
The histological diagnosis was mature teratoma in 334 (56.4%), imma-
ture teratoma in 57 (9.6%) and malignant in 201 (34.0%) patients. In
21 patients, histology was not described.

Follow-up duration ranged from three to 156 months and consisted
of biomarkers (three studies), physical examination and biomarkers
(one study), imaging modalities and biomarkers (one study), physical
examination, imaging modalities and biomarkers (seven studies), or
was not described (three studies).

2.3. Methodological quality

The Newcastle Ottawa quality assessment scale [ 14] was used to de-
termine the quality of the included studies. In 12 studies, quality was
considered good and in three [6,15,16] poor (Appendix C).



1734 LJ. van Heurn et al. / Journal of Pediatric Surgery 55 (2020) 1732-1739

Papers identified in
electronic database search
(n=766)

Records after duplicates
removed (n=648)

Records excluded (n=603)
-Case report (n=171)
-Prenatal (n=139)

-No biomarkers (n=148)
-Before 1980 (n=16)

Papers screened (n=648)

Full-text articles assessed
for eligibility (n=45)

\4

-No recurrence (n=87)
-Foreign language (n=35)
-No abstract available (n=7)

Full-text articles excluded
(n=30)

- No full text available (n=10)
- Different biomarkers (n=1)

i

Studies included in
systematic review (n=15)

- No. patients <5 (n=1)

- Case report (n=1)

- No AFP-values (n=15)
- AFP-values not only for
SCT (n=2)

Fig. 1. PRISMA flowchart of the study selection

24. Patients with recurrent SCT

One hundred eleven patients developed 121 recurrences. The mean
percentage of patients with recurrent SCT was 18.1% (range 0-33.3%).

In 93% of the patients, age ranged from two to 42 months. There
were eight outliers: one developed recurrence at 59 months, three at
84 months, two at 96 months and two at 204 months of age
[1,9-11,17]. This histological diagnosis of the recurrent tumor was ma-
ture teratoma in one, immature teratoma in one and malignant in five
patients. In one patient, histology was not described.

Median latency period to recurrence was described in six studies;
these ranged from 1.3 to 42 months [1,9,11,15,18,19]. The histological
diagnosis of the recurrent tumor was mature teratoma in 24 (19.8%),
immature teratoma in 10 (8.3%) and malignant in 85 (70.2%) patients.
In two (1.7%) patients, histology was not described.

2.5. AFP levels in recurrent SCT

AFP levels were evaluated in all studies. However, it was not evalu-
ated in all patients. Serum AFP levels were described for 233 patients
(Table 2). In this group, 111 (47.6%) patients developed recurrence. In
83 patients, serum AFP levels were elevated at time of recurrence. In
25 of these patients, elevated AFP levels were measured before recur-
rence could be clinically detected. Histology showed that 18 of them

had malignant recurrence, five immature and two mature recurrence.
Furthermore, 28 children developed recurrence without elevated
serum AFP levels. Nineteen had a mature recurrence, six immature
and three malignant recurrence. Seven children had elevated AFP levels
without recurrence. Elevated serum AFP levels in recurrent SCT ranged
from 76 to 217,200 pg/L.

Since most studies provided AFP levels only for patients with recur-
rence, subgroup analyses were performed.

The nonrecurrent subgroup consisted of six studies that also provided
AFP levels for the majority of nonrecurrent patients [10,15,16,18,20,21].
AFP levels were reported for 136 (87.7%) of the 155 patients included in
these studies. Recurrence was reported in 22 (16.2%) patients of whom
six had mature teratoma, three immature, ten malignant and in three pa-
tients, pathology was not mentioned. Of the patients with recurrence, 11
patients had elevated AFP levels of whom one with immature and ten
with malignant teratoma. Three patients developed recurrence with nor-
mal AFP levels: two mature and one immature teratoma. In the other
eight patients AFP levels were measured but not described: four with ma-
ture, one with immature, one with malignant teratoma and in two pa-
tients, pathology was unknown. Six patients had elevated AFP levels
without developing recurrent disease.

In the malignant recurrent subgroup, all malignant recurrences
(n = 85) of all studies were included. In 83 patients AFP levels were
measured and 80 had elevated values.
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Table 2
Serum AFP values from all articles.
Serum AFP-values SCT Total
Recurrence No recurrence
Elevated 83 7 90
Normal 28 115 143
Total 111 122 233

2.6. Diagnostic accuracy

Eighty-three of 111 patients with recurrence had elevated AFP levels.
(Table 2) One-hundred fifteen of 122 patients without recurrence had
normal AFP levels during follow-up. Therefore, diagnostic sensitivity
was 0.75 and diagnostic specificity was 0.94. Eighty-three of 90 patients
with elevated AFP levels developed recurrence. One-hundred fifteen of
143 patients without elevated AFP levels had no recurrence. Therefore,
positive predictive value was 0.92 and negative predictive value was 0.80.

In the nonrecurrent subgroup, consisting of six studies
[10,15,16,18,20,21], a diagnostic sensitivity of 0.79 was found. In eight pa-
tients, serum AFP levels were measured but not described. One hundred-
eight of the 114 patients without recurrence had normal AFP levels
resulting in a diagnostic specificity of 0.95. Eleven of the 17 patients with
elevated AFP levels developed recurrence resulting in positive predictive
value of 0.65. One-hundred eight of 111 patients with normal AFP levels
had no recurrence. Therefore, negative predictive value was 0.97.

In the malignant recurrent subgroup, including malignant recur-
rences, a diagnostic sensitivity of 0.96 was found.

2.7. AFP normative values

Eleven studies described normative values for AFP levels. These
levels differed between studies (Table 1). Three studies used tables
with age-related values [1,6,10]. Biiyiikpamukcu et al. [17] and
Heerema-McKenney [22] et al. defined elevated serum AFP as
>10 ng/ml at one year of age.

2.8. AFP levels and histology

In six studies [1,9-11,15,23], the histology of the primary tumor was
compared with recurrent tumor histology (Table 3). In 18 tumors there
was a shift towards malignancy. In one patient, the initial malignant
tumor had shifted to mature at recurrence. In 102 recurrences, histology
was correlated to AFP levels (Table 4). Serum AFP levels were elevated
in 83 cases, of which 80 (96.4%) cases were malignant. Normal AFP

Table 3
Histology of SCTs at original operation and recurrent operation in six studies
[1,9-11,15,23].

Histology before Number of Histology after recurrence
recurrence patients Mature Immature Malignant
Mature 217 16 1 16
Immature 37 1 5 4
Malignant 71 1 0 37

Table 4
Correlation of histology and AFP levels in recurrent SCT in all studies.

Histology Serum AFP-levels at time of recurrence
Elevated n (%) Normal n (%)
Mature 1(1.2) 19 (67.9)
Immature 2(24) 6(214)
Malignant 80 (96.4) 3(10.7)
Total number of patients 83 (100) 28 (100)

levels at recurrence were found in 28 cases, of which 3 (10.7%) cases
were malignant.

3. Discussion

In this review we aimed to systematically assess the diagnostic accu-
racy of serum AFP levels in recurrent SCT. The diagnostic sensitivity of
serum APF levels in detecting recurrent SCT was moderate to high, rang-
ing from 0.75 to 0.96, depending on the subgroup of patients. Diagnostic
specificity was high, ranging from 0.94 to 0.95, depending on the sub-
group of patients. With a sensitivity of 0.96, serum AFP levels are mostly
useful to detect malignant recurrences. In recurrent SCT, it is more impor-
tant to rule out the diagnosis in order to prevent patients being sent home
with recurrent SCT. This leads to a high sensitivity being most important.
The diagnostic accuracy of serum APF levels in detecting recurrent SCT is
moderate but high in detecting a malignant recurrent SCT. This was also
found by others [10,24,25] who described elevated AFP levels in YST
and immature teratomas with microscopic foci of YST. This is in line
with the synthesis of this protein in the fetal liver and yolk sac [12,13].

Serum AFP levels can be difficult to interpret since AFP is always el-
evated in neonates. Different studies used different normative values for
AFP levels. This leads to heterogeneity in the study results used in this
review. Three studies [1,10,23] used tables with normal AFP levels de-
fined by age [20,26].

Limitations of this systematic review are that serum AFP levels were
mostly not the main topic of the included studies. This usually led to a
brief description of AFP levels during follow-up. Only 38% of patients in-
cluded in this study actually had AFP testing. To overcome this problem,
subgroup analysis was performed. In the nonrecurrent subgroup, 87.7%
of the patients had AFP testing. Furthermore, owing to different norma-
tive values in different studies, the terms ‘elevated’ and ‘normal AFP levels’
could differ depending on the study. Another issue in all germ cell tumors
is that small elements were missed in histological sampling as the large
surface of the teratoma is often irregular and that the histology of the
tumor is heterogeneous. [27] The lack of appropriate immune-
chemistry and lack of extensive sampling could contribute to missed
YST [28]. As a consequence, the exact diagnostic accuracy of serum AFP
levels in relation to histology remains unclear. It has been reported that
secondary rise or a delayed decline of serum AFP levels is also important
when diagnosing a recurrent SCT. Delayed decline of serum AFP levels
was found in patients with incomplete resection or recurrence. [25] The
half-life of AFP is longer in recurrent tumor than nonrecurrent tumor
[29]. A gradual drop is important, with a higher value not always being
a sign of recurrence [21]. In this review, most studies described absolute
serum AFP levels, not the dynamic of these levels. Therefore, it was not
possible to assess the diagnostic accuracy of secondary rise or delayed de-
cline of serum AFP levels in recurrent SCT and not possible to determine
cutoff points with a receiver operating characteristic (ROC) curve.

The best interval of tumor marker controls remains unclear. Others
advise frequent controls (i.e. weekly) [24] or AFP monitoring every
three months for at least three years after SCT resection [30]. More re-
search is necessary to determine the best intervals for tumor markers
during the follow-up of SCT and to determine the exact diagnostic accu-
racy of serum AFP levels in diagnosing recurrent SCT.

We recommend monitoring serum AFP levels every three months for
at least three years in order to detect (malignant) recurrences of SCT after
resection since most patients develop recurrence within this time period.
[31] To determine whether serum AFP levels are elevated, we advise to
use tables with age-related levels. [20,26] If serum AFP levels are elevated,
imaging modalities are necessary to diagnose a possible recurrent SCT.
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Appendix A. Search Strategy
SEARCH STRATEGY PUBMED

361 hits

(("sacrococcygeal teratoma"[tw] OR "sacrococcygeal teratomas"[tw]
OR "sacrococcygeal teratomata”[tw] OR "sacro coccygeal teratoma”[tw]
OR "sacro coccygeal teratomas"[tw] OR "sacrococygeal teratoma”[tw]
OR "sacrococygeal teratomas”[tw] OR ("Sacrococcygeal Region"[mesh]
AND "Teratoma"[mesh:noexp])) AND ("Recurrence”[mesh] OR "Neo-
plasm Recurrence, Local"[Mesh] OR "recurrence”[tw] OR recurr*[tw] OR
"Neoplasm Metastasis"[mesh] OR "metastasis”"[tw] OR metasta*[tw] OR
micrometasta*[tw] OR "Prognosis"[mesh:noexp] OR "prognosis"[tw] OR
progno*[tw] OR "Disease-Free Survival'[mesh] OR "Disease-Free
Survival"[tw] OR "alpha-Fetoproteins"[Mesh] OR "alpha-feto-
protein”[tw] OR "alpha-feto-proteins"[tw] OR "alpha fetoprotein"[tw]
OR "alpha fetoproteins”[tw] OR "alpha foetoprotein”[tw] OR "alpha
foetoproteins"[tw] OR "alpha foeto protein"[tw] OR "alpha foeto
proteins”[tw] OR "afp"[tw] OR "afps"[tw] OR "Biomarkers"[mesh] OR
biomaker*[tw] OR marker*[tw]))

SEARCH STRATEGY EMBASE

449 hits

(("sacrococcyx teratoma"/ OR "sacrococcygeal teratoma”.mp OR
"sacrococcygeal teratomas".mp OR "sacrococcygeal teratomata”.mp OR
"sacro coccygeal teratoma".mp OR "sacro coccygeal teratomas”.mp OR
"sacrococygeal teratoma".mp OR "sacrococygeal teratomas".mp) AND
("Recurrent Disease"”/ OR "Cancer Recurrence"/ OR "Tumor Recur-
rence"/ OR "recurrence”.mp OR recurr*.mp OR exp "Metastasis"/ OR
"metastasis".mp OR metasta*.mp OR micrometasta*.mp OR exp "Prog-
nosis"/ OR "prognosis".mp OR progno*.mp OR "Disease-Free Survival"/
OR "Disease-Free Survival".mp OR "alpha fetoprotein"/ OR "alpha-feto-
protein".mp OR "alpha-feto-proteins".mp OR "alpha fetoprotein".mp
OR "alpha fetoproteins".mp OR "alpha foetoprotein".mp OR "alpha
foetoproteins".mp OR "alpha foeto protein".mp OR "alpha foeto pro-
teins".mp OR "afp".mp OR "afps".mp OR exp "marker"/ OR biomaker®.
mp OR marker*.mp))

SEARCH STRATEGY WEB OF SCIENCE

279 hits

TS =(("sacrococcyx teratoma" OR "sacrococcygeal teratoma" OR
"sacrococcygeal teratomas” OR "sacrococcygeal teratomata” OR "sacro
coccygeal teratoma” OR "sacro coccygeal teratomas” OR "sacrococygeal
teratoma" OR "sacrococygeal teratomas") AND ("Recurrent Disease” OR
"Cancer Recurrence" OR "Tumor Recurrence” OR "recurrence” OR
recurr® OR "Metastasis” OR "metastasis” OR metasta* OR micrometasta*
OR "Prognosis” OR "prognosis” OR progno* OR "Disease-Free Survival"
OR "Disease-Free Survival" OR "alpha fetoprotein" OR "alpha-feto-pro-
tein” OR "alpha-feto-proteins” OR "alpha fetoprotein" OR "alpha
fetoproteins" OR "alpha foetoprotein" OR "alpha foetoproteins" OR
"alpha foeto protein" OR "alpha foeto proteins” OR "afp" OR "afps" OR
"marker" OR biomaker* OR marker*))

SEARCH STRATEGY COCHRANE LIBRARY

2 hits

(("sacrococcyx teratoma" OR "sacrococcygeal teratoma” OR
"sacrococcygeal teratomas” OR "sacrococcygeal teratomata” OR "sacro
coccygeal teratoma” OR "sacro coccygeal teratomas” OR "sacrococygeal

teratoma” OR "sacrococygeal teratomas") AND ("Recurrent Disease" OR
"Cancer Recurrence” OR "Tumor Recurrence” OR "recurrence” OR
recurr® OR "Metastasis” OR "metastasis" OR metasta* OR micrometasta*
OR "Prognosis" OR "prognosis" OR progno* OR "Disease-Free Survival"
OR "Disease-Free Survival" OR "alpha fetoprotein” OR "alpha-feto-pro-
tein" OR "alpha-feto-proteins” OR "alpha fetoprotein” OR "alpha
fetoproteins” OR "alpha foetoprotein” OR "alpha foetoproteins” OR
"alpha foeto protein" OR "alpha foeto proteins” OR "afp" OR "afps" OR
"marker" OR biomaker™ OR marker™)):ti,ab,kw

SEARCH STRATEGY EMCARE

89 hits

(("sacrococcyx teratoma"/ OR "sacrococcygeal teratoma".mp OR
"sacrococcygeal teratomas".mp OR "sacrococcygeal teratomata”.mp OR
"sacro coccygeal teratoma".mp OR "sacro coccygeal teratomas".mp OR
"sacrococygeal teratoma".mp OR "sacrococygeal teratomas".mp) AND
("Recurrent Disease"/ OR "Cancer Recurrence"/ OR "Tumor Recurrence"/
OR "recurrence”.mp OR recurr*.mp OR exp "Metastasis"/ OR "metasta-
sis".mp OR metasta*.mp OR micrometasta®.mp OR exp "Prognosis"/
OR "prognosis".mp OR progno*.mp OR "Disease-Free Survival"/ OR
"Disease-Free Survival".mp OR "alpha fetoprotein"/ OR "alpha-feto-pro-
tein".mp OR "alpha-feto-proteins".mp OR "alpha fetoprotein".mp OR
"alpha fetoproteins".mp OR "alpha foetoprotein".mp OR "alpha
foetoproteins".mp OR "alpha foeto protein".mp OR "alpha foeto pro-
teins".mp OR "afp".mp OR "afps".mp OR exp "marker"/ OR biomaker*.
mp OR marker*.mp))

SEARCH STRATEGY ACADEMIC SEARCH PREMIER

57 hits

TI(("sacrococcyx teratoma" OR "sacrococcygeal teratoma" OR
"sacrococcygeal teratomas" OR "sacrococcygeal teratomata” OR "sacro
coccygeal teratoma” OR "sacro coccygeal teratomas” OR "sacrococygeal
teratoma" OR "sacrococygeal teratomas") AND ("Recurrent Disease" OR
"Cancer Recurrence"” OR "Tumor Recurrence” OR "recurrence” OR
recurr® OR "Metastasis” OR "metastasis” OR metasta* OR micrometasta*
OR "Prognosis" OR "prognosis" OR progno* OR "Disease-Free Survival"
OR "Disease-Free Survival" OR "alpha fetoprotein” OR "alpha-feto-pro-
tein" OR "alpha-feto-proteins” OR "alpha fetoprotein” OR "alpha
fetoproteins” OR "alpha foetoprotein” OR "alpha foetoproteins” OR
"alpha foeto protein" OR "alpha foeto proteins” OR "afp" OR "afps" OR
"marker" OR biomaker* OR marker*)) OR SU(("sacrococcyx teratoma"
OR "sacrococcygeal teratoma” OR "sacrococcygeal teratomas” OR
"sacrococcygeal teratomata” OR "sacro coccygeal teratoma" OR "sacro
coccygeal teratomas" OR "sacrococygeal teratoma" OR "sacrococygeal
teratomas”) AND ("Recurrent Disease” OR "Cancer Recurrence" OR
"Tumor Recurrence” OR "recurrence” OR recurr® OR "Metastasis" OR
"metastasis” OR metasta* OR micrometasta* OR "Prognosis" OR "prog-
nosis" OR progno™ OR "Disease-Free Survival" OR "Disease-Free Sur-
vival" OR "alpha fetoprotein” OR "alpha-feto-protein” OR "alpha-feto-
proteins” OR "alpha fetoprotein” OR "alpha fetoproteins" OR "alpha
foetoprotein” OR "alpha foetoproteins” OR "alpha foeto protein” OR
"alpha foeto proteins" OR "afp" OR "afps” OR "marker" OR biomaker*
OR marker*)) OR KW(("sacrococcyx teratoma" OR "sacrococcygeal
teratoma" OR "sacrococcygeal teratomas"” OR "sacrococcygeal terato-
mata" OR "sacro coccygeal teratoma" OR "sacro coccygeal teratomas”
OR "sacrococygeal teratoma" OR "sacrococygeal teratomas") AND
("Recurrent Disease" OR "Cancer Recurrence” OR "Tumor Recurrence"
OR "recurrence” OR recurr* OR "Metastasis” OR "metastasis” OR
metasta® OR micrometasta® OR "Prognosis” OR "prognosis" OR progno*
OR "Disease-Free Survival" OR "Disease-Free Survival" OR "alpha
fetoprotein” OR "alpha-feto-protein” OR "alpha-feto-proteins” OR
"alpha fetoprotein" OR "alpha fetoproteins" OR "alpha foetoprotein”
OR "alpha foetoproteins" OR "alpha foeto protein” OR "alpha foeto
proteins” OR "afp" OR "afps" OR "marker" OR biomaker* OR marker*))
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OR AB(("sacrococcyx teratoma" OR "sacrococcygeal teratoma" OR
"sacrococcygeal teratomas" OR "sacrococcygeal teratomata” OR "sacro
coccygeal teratoma" OR "sacro coccygeal teratomas” OR "sacrococygeal
teratoma" OR "sacrococygeal teratomas") AND ("Recurrent Disease" OR
"Cancer Recurrence" OR "Tumor Recurrence” OR "recurrence” OR
recurr* OR "Metastasis" OR "metastasis" OR metasta® OR micrometasta*
OR "Prognosis” OR "prognosis” OR progno* OR "Disease-Free Survival"
OR "Disease-Free Survival" OR "alpha fetoprotein” OR "alpha-feto-pro-
tein" OR "alpha-feto-proteins” OR "alpha fetoprotein” OR "alpha
fetoproteins” OR "alpha foetoprotein” OR "alpha foetoproteins” OR
"alpha foeto protein" OR "alpha foeto proteins" OR "afp" OR "afps" OR
"marker” OR biomaker* OR marker*))

SEARCH STRATEGY SCIENCE DIRECT

81 hits

TITLE-ABSTR-KEY (("sacrococcyx teratoma” OR "sacrococcygeal ter-
atoma" OR "sacrococcygeal teratomas” OR "sacrococcygeal teratomata”
OR "sacro coccygeal teratoma” OR "sacro coccygeal teratomas” OR
"sacrococygeal teratoma" OR "sacrococygeal teratomas") AND ("Recur-
rent Disease” OR "Cancer Recurrence" OR "Tumor Recurrence” OR "re-
currence” OR recurr” OR "Metastasis" OR "metastasis" OR metasta* OR
micrometasta® OR "Prognosis" OR "prognosis" OR progno* OR "Dis-
ease-Free Survival" OR "Disease-Free Survival" OR "alpha fetoprotein”
OR "alpha-feto-protein” OR "alpha-feto-proteins” OR "alpha fetopro-
tein" OR "alpha fetoproteins” OR "alpha foetoprotein” OR "alpha
foetoproteins” OR "alpha foeto protein” OR "alpha foeto proteins” OR
"afp” OR "afps" OR "marker" OR biomaker* OR marker*))
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Appendix B. Data collected for each included study

Name of first author, year of publication
Country of origin

Study characteristics

o Study design

o Study population and patients’ characteristics
o Method of selection

o Primary and secondary outcome(s)

o Follow-up specifications

Initial SCT

0 Age at detection

o Age at operation
o Histology

Recurrences

o Primary and secondary
o Age at recurrent SCT
o Histology

Serum AFP levels

o Cut-off values
o Number of patients with:

= Elevated AFP levels with recurrent SCT

= Normal AFP levels with recurrent SCT
m Elevated AFP levels without recurrent SCT

Appendix C. Methodological quality assessment of the included studies using the Newcastle-Ottawa quality assessment scale;s
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