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Background: The incidence of children developing recurrent sacrococcygeal teratoma (SCT) is 2–35%. Serum
alpha-fetoprotein (AFP) is often used as a tumormarker for (malignant) recurrences of SCT and could potentially
be used during routine follow-up after SCT resection. However, the diagnostic accuracy of serum AFP levels dur-
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.
Methods:We queried Search Premier, COCHRANE Library, EMCARE, EMBASE, PubMed, ScienceDirect andWeb of
Science databases to identify studies regarding patients with SCT with follow-up using serum AFP levels postop-
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 serumAFP levels aremainly 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 themost common neonatal tumor
with a reported incidence of 15,000 to 35,000 with a male:female ratio
of 1:4 [1,2].

SCTscanbediagnosedprenatallywith fetalultrasoundandapproximately
80%of patients are diagnosedwithin thefirstmonth 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 treatedwith chemotherapy in addition to surgical re-
section. This approach leads to an overall survival rate of 90% formalignant
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
andmalignant recurrences of SCT [6]. Levels of serumAFP 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 andWeb 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 1980were 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 amale:female ratio of 1:2.6. In 101 patients, sexwas 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 156months 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).



Papers identified in
electronic database search 

(n=766)

Papers screened (n=648) 

Records after duplicates 
removed (n=648) 

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

Records excluded (n=603)
-Case report (n=171)
-Prenatal (n=139)
-No biomarkers (n=148)
-Before 1980 (n=16)
-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)
- No. patients <5 (n=1)
- Case report (n=1) 
- No AFP-values (n=15)
- AFP-values not only for 
SCT (n=2) 

Studies included in 
systematic review (n=15)

Fig. 1. PRISMA flowchart of the study selection
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2.4. 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 threemalignant recurrence. Seven children had elevated AFP levels
without recurrence. Elevated serum AFP levels in recurrent SCT ranged
from 76 to 217,200 μg/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 hadmature teratoma, three immature, tenmalignant 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 levelsweremeasured but not described: fourwithma-
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.

Image of Fig.�1


Ta
bl
e
1

St
ud

y
ch

ar
ac
te
ri
st
ic
s
of

th
e
in
cl
ud

ed
st
ud

ie
s
(n

=
15

).

A
ut
ho

r
Ye

ar
Co

un
tr
y

St
ud

y
de

si
gn

SC
T

pa
ti
en

ts
(n

)

M
al
e
(%

)
Fe

m
al
e

(%
)

A
ge

at
pr
im

ar
y

su
rg
er
y

Fo
llo

w
-u
p

du
ra
ti
on

(m
on

th
s)

Re
cu

rr
en

ce
s

(n
)
(%

)
El
ev

at
ed

A
FP

le
ve

ls
at

re
cu

rr
en

ce
(n

)

El
ev

at
ed

A
FP

le
ve

ls
(n

g/
m
l)

N
or
m
al

A
FP

le
ve

ls
at

re
cu

rr
en

ce
(n

)

Cu
to
ff
A
FP

le
ve

ls

Ba
rr
et
o
[2
1]

20
09

Br
az
il

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
6

1
(1

6.
7)

5
(8

3.
3)

Fi
rs
t
or

se
co

nd
da

y
of

lif
e

34
–4

4
(m

ea
n

39
)

0
(0

)
0

-
-

8–
18

ng
/m

l

Bi
lik

[1
9]

19
93

Ca
na

da
Re

tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
28

3
(1

0.
7)

25
(8

9.
3)

Fi
rs
t
7
da

ys
of

lif
e

30
.1
–6

2.
3

6
(2

1.
4)

3
73

26
.7

±
46

30
.3

3
-

Bü
yü

kp
am

uk
cu

[1
7]

20
12

Tu
rk
ey

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
58

20 (3
4.
5)

38
(6

5.
5)

-
15

6
19

(3
2.
8)

13
61

–1
2,
15

4
4

10
ng

/m
l

D
e
Co

rt
i[
6]

20
12

Fr
an

ce
,

It
al
y

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
57

11 (1
9.
3)

46
(8

0.
7)

M
ea

n
2
da

ys
ol
d

(r
an

ge
0–

11
5
da

ys
)

72
(3

–1
48

.8
)

19
(3

3.
3)

19
42

44
(2

41
–1

77
,8
00

)
0

A
cc
or
di
ng

to
TG

M
95

pr
ot
oc

ol
of

th
e
SF

CE
[3
2]

H
av

rà
ne

k
[1
5]

19
92

Sw
ed

en
Re

tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
32

11 (3
4.
4)

21
(6

5.
6)

-
12

–1
08

6
(1

8.
8)

6
15

0–
40

0
0

25
ng

/m
l

H
ee

re
m
a-

M
cK

en
ne

y
[2
2]

20
05

U
SA

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
18

U
nc

le
ar

U
nc

le
ar

A
nt
en

at
al
:
29

.8
3

(2
1–

40
)
w
ee

ks
;

Po
st
na

ta
l:
46

.6
(3

6–
40

)
w
ee

ks
]

37
.6

0
(0

)
-

-
-

10
ng

/m
l

N
ir
am

is
[1
8]

20
15

Th
ai
la
nd

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
57

13 (2
2.
8)

44
(7

7.
2)

1
da

y-
5.
6
ye

ar
s

(m
ea

n
43

da
ys
,

28
1.
9

+
/−

43
9.
6
da

ys
).

8–
12

0
3
(7

.3
)

1
20

00
2

20
ng

/m
l

K
ou

ra
nl
oo

[2
]

20
06

Ir
an

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
26

6
(2

3.
1)

20
(7

6.
9)

Fi
rs
t
tw

o
w
ee

ks
of

lif
e

3–
15

6
8
(3

0.
8)

8
73

20
±

45
10

-

La
hd

en
ne

[2
0]

19
91

Fi
nl
an

d
Ca

se
–c

on
tr
ol

st
ud

y
10

U
nc

le
ar

U
nc

le
ar

In
fir

st
w
ee

k
af
te
r
bi
rt
h

24
1
(1

0)
1

14
19

-
D
et
er
m
in
ed

fr
om

14
1
se
ri
al

se
ru
m

sa
m
pl
es

fr
om

15
pr
et
er
m

in
fa
nt
s
an

d
62

sa
m
pl
es

fr
om

12
he

al
th
y
te
rm

in
fa
nt
s.

O
n
H
o
[1
6]

20
10

A
us

tr
al
ia

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
17

7
(4

1.
1)

10
(5

8.
9)

0–
52

da
ys

(m
ea

n
10

.1
da

ys
)

32
3
(1

7.
6)

-
-

-
b
10

IU
/m

l

Pa
di
lla

[1
]

20
17

U
SA

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
40

U
nc

le
ar

U
nc

le
ar

0–
2.
5
ye

ar
s

(m
ea

n
2
da

ys
)

-
7(

17
.5
)

2
17

35
–1

4,
96

0
5

Re
fe
re
nc

e
va

lu
es

ac
co

rd
in
g

to
Bl
oh

m
et

al
.[
27

]
Pa

un
ia
ho

[1
0]

20
10

Fi
nl
an

d
Re

tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
33

U
nc

le
ar

U
nc

le
ar

-
84

–9
6

9
(2

7.
3)

3
2.
6–

56
.5

M
oM

*
1

Re
fe
re
nc

es
va

lu
es

ac
co

rd
in
g

to
La
hd

en
ne

et
al
.[
20

]
V
al
ue

s
N
2.
5
M
oM

[2
]

w
er
e
re
ga

rd
ed

el
ev

at
ed

Sa
ye

d
[2
3]

20
12

Eg
yp

t
Re

tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
19

7
(3

6.
8)

12
(6

3.
2)

-
48

5
(2

6.
3)

3
33

00
–2

17
,2
00

2
Re

fe
re
nc

es
va

lu
es

ac
co

rd
in
g

to
Bl
oh

m
et

al
.[
26

]
W

an
g
[9
]

20
17

Ch
in
a

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
10

5
27 (2

5.
7)

78
(7

4.
3)

1
da

y–
12

ye
ar
s

(m
ea

n
10

.2
m
on

th
s)

51
.2

19
(1

8.
1)

15
76

.1
8–

58
,3
26

.7
4

-

Ya
o
[1
1]

20
14

Ch
in
a

Re
tr
os
pe

ct
iv
e

co
ho

rt
st
ud

y
10

7
36 (3

3.
6)

71
(6

6.
4)

0
da

ys
–1

7.
5
ye

ar
s

(m
ea

n
14

m
on

th
s)

48
.9

16
(1

5)
9

10
9–

12
1,
00

0
-

-

1.
So

ci
ét
é
Fr
an

ça
is
e
de

s
Ca

nc
er
s
de

l'E
nf
an

t(
SF
CE

)
[3
2]
.

2.
2.
5
m
ul
ti
pl
es

of
m
ed

ia
n
(M

oM
)
de

te
rm

in
ed

by
La
hd

en
ne

et
al
.[
20

].

1735LJ. van Heurn et al. / Journal of Pediatric Surgery 55 (2020) 1732–1739



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
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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 valuewas 0.92 and negative predictive valuewas 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]. Büyükpamukcu et al. [17] and
Heerema-McKenney [22] et al. defined elevated serum AFP as
N10 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 tumorwas
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 tomature 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
recurrence

Number of
patients

Histology after recurrence

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 (2.4) 6 (21.4)
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 detectmalignant recurrences. In recurrent SCT, it ismore 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 ‘normalAFP 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 tableswith age-related levels. [20,26] If serumAFP 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 STRATEGYWEB 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" ORmetasta* ORmicrometasta*
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" ORmetasta* ORmicrometasta*
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" ORmetasta* ORmicrometasta*
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" ORmetasta* ORmicrometasta*
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*))
 Barreto 
2009 

Bilik 
1993 

Büyük
pam 
ukcu 
2012 

De Corti 
2012 

Havránek 
1992 

Heerema 
Mc-Kenny 
2005 

Niram
2015 

Selection        
Representativene
ss 

- + + +  + + + 

Non-exposed 
cohort 

+ + + + + + + 

Ascertainment of 
exposure 

+ + + + + + + 

Outcome not 
present at start 
study 

+ + + + - + + 

Comparability        
Cohorts on the 
basis 

+ + + + - + ++ 

Outcome        
Assessment  + + + + + + + 
FU: >3 years + + + - - + - 
Adequacy of FU + + + - + - + 
Total  7 8 8 6 5 7 8 

Appendix C. Methodological quality assessment of the included studies
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

o 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
▪ Elevated AFP levels without recurrent SCT
is Kouranloo 
2006 

Lahdenne 
1991 

On Ho 
2010 

Padilla 
2017 

Pauniaho 
2010 

Sayed 
2012 

Wang 
2017 

Yao 
2014 

        
+ + - + + + + + 

+ + - + + + + + 

+ + + + + + + + 

+ + - + - + + + 

        
+ ++ + + ++ + + + 

        
+ + + + + + + + 
- - - + + - + + 
+ + + - + + - - 
7 8 4 7 8 7 7 7 

using the Newcastle–Ottawa quality assessment scale13



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

[1] Padilla BE, Vu L, Lee H, et al. Sacrococcygeal teratoma: late recurrencewarrants long-
term surveillance. Pediatr Surg Int 2017;33(11):1189–94.

[2] Kouranloo J, Sadeghian N, Mirshemirani AR. Benign sacrococcygeal teratoma: a
fifteen-year retrospective study. Acta Med Iran 2006;44(1):33–6.

[3] Gobel U, Schneider DT, Calaminus G, et al. Multimodal treatment of malignant
sacrococcygeal germ cell tumors: a prospective analysis of 66 patients of the Ger-
man cooperative protocols MAKEI 83/86 and 89. J Clin Oncol 2001;19(7):1943–50.

[4] Rescorla FJ, Sawin RS, Coran AG, et al. Long-term outcome for infants and children
with sacrococcygeal teratoma: a report from the Childrens Cancer group. J Pediatr
Surg 1998;33(2):171–6.

[5] De Backer T, Sandler A. Study of the factors associated with recurrence in children
with sacrococcygeal teratoma — discussion. J Pediatr Surg 2006;41(1):181.

[6] DeCF, Sarnacki S, PatteC, et al. Prognosis ofmalignant sacrococcygeal germcell tumours ac-
cording to their natural history and surgical management. Surg Oncol 2012;21(2):e31–7.

[7] Schmidt B, Haberlik A, Uray E, et al. Sacrococcygeal teratoma: clinical course and
prognosis with a special view to long-term functional results. Pediatr Surg Int
1999;15(8):573–6.

[8] Shanbhogue LKR, Bianchi A, Doig CM, et al. Management of benign sacrococcygeal
teratoma: reducing mortality and morbidity. Pediatr Surg Int 1990;5(1):41–4.

[9] Wang Y, Wu Y, Wang L, et al. Analysis of recurrent sacrococcygeal teratoma in chil-
dren: clinical features, relapse risks, and anorectal functional sequelae. Med Sci
Monit 2017;23:17–23.

[10] Pauniaho SL, Tatti O, Lahdenne P, et al. Tumor markers AFP, CA 125, and CA 19-9 in
the long-term follow-up of sacrococcygeal teratomas in infancy and childhood. Tu-
mour Biol 2010;31(4):261–5.

[11] Yao W, Li K, Zheng S, et al. Analysis of recurrence risks for sacrococcygeal teratoma
in children. J Pediatr Surg 2014;49(12):1839–42.

[12] Gobel U, Schneider DT, Calaminus G, et al. Germ-cell tumors in childhood and ado-
lescence. GPOHMAKEI and theMAHO study groups. Ann Oncol 2000;11(3):263–71.

[13] Frazier AL, Weldon C, Amatruda J. Fetal and neonatal germ cell tumors. Semin Fetal
Neonatal Med 2012;17(4):222–30.

[14] Wells G, Shea B, O'Connell D, et al. The Newcastle–Ottawa Scale (NOS) for assessing
the quality of non-randomized studies in meta-analysis, Vol 2000; 2019.

[15] Havranek P, Rubenson A, Guth D, et al. Sacrococcygeal teratoma in Sweden: a 10-
year national retrospective study. J Pediatr Surg 1992;27(11):1447–50.

[16] Ho KO, Soundappan SV, Walker K, et al. Sacrococcygeal teratoma: the 13-year expe-
rience of a tertiary paediatric centre. J Paediatr Child Health 2011;47(5):287–91.

[17] Buyukpamukcu M, Varan A, Kupeli S, et al. Malignant sacrococcygeal germ cell tu-
mors in children: a 30-year experience from a single institution. Tumori 2013;99
(1):51–6.
[18] NiramisR, AnuntkosolM, BuranakitjaroenV, et al. Long-termoutcomesof sacrococcygeal
germ cell tumors in infancy and childhood. Surg Res Pract 2015;2015:398549.

[19] Bilik R, Shandling B, Pope M, et al. Malignant benign neonatal sacrococcygeal tera-
toma. J Pediatr Surg 1993;28(9):1158–60.

[20] Lahdenne P, Kuusela P, Siimes MA, et al. Biphasic reduction and concanavalin A
binding properties of serum alpha-fetoprotein in preterm and term infants. J Pediatr
1991;118(2):272–6.

[21] Weber Guimarães Barreto M, Vivas Silva L, Barini R, et al. Alpha-fetoprotein follow-
ing neonatal resection of SACROCOCCYGEAL TERATOMA. Pediatr Hematol Oncol
2006;23(4):287–91.

[22] Heerema-McKenney A, Harrison MR, Bratton B, et al. Congenital teratoma: a clinico-
pathologic study of 22 fetal and neonatal tumors. Am J Surg Pathol 2005;29(1):
29–38.

[23] Sayed HA, Ali AM, Hamza HM, et al. Sacrococcygeal tumors: clinical characteristics
and outcome of pediatric patients treated at South Egypt Cancer institute. A retro-
spective analysis. J Pediatr Surg 2013;48(7):1604–8.

[24] Gobel U, Calaminus G, Schneider DT, et al. Management of germ cell tumors in chil-
dren: approaches to cure. Onkologie 2002;25(1):14–22.

[25] Schneider D, Calaminus G, Göbel U. Diagnostic value of alpha(1)-fetoprotein and
beta-human chorionic gonadotropin in infancy and childhood. Pediatr Hematol
Oncol 2001;18(1):11–26.

[26] Vesterling-Hörner D, Calaminus G, Göbel U. Alpha1-fetoprotein (AFP) reference
values in infants up to 2 years of age AU - Blohm, M. E. G. Pediatr Hematol Oncol
1998;15(2):135–42.

[27] Dirix M, van Becelaere T, Berkenbosch L, et al. Malignant transformation in
sacrococcygeal teratoma and in presacral teratoma associated with Currarino syn-
drome: a comparative study. J Pediatr Surg 2015;50(3):462–4.

[28] Matsuoka K, Nakazawa A, Yoshida M, et al. Sacrococcygeal yolk sac tumor develop-
ing after teratoma: a clinicopathological study of pediatric sacrococcygeal germ cell
tumors and a proposal of the pathogenesis of sacrococcygeal yolk sac tumors. J
Pediatr Surg 2013;48(4):776–81.

[29] Nam SH, Cho MJ, Kim DY, et al. Half-life of alpha-fetoprotein in neonatal
sacrococcygeal teratoma. J Pediatr Surg 2018;53(12):2470–4.

[30] Yoshida M, Tanaka M, Gomi K, et al. Malignant steroidogenic tumor arising from
sacrococcygeal mature teratoma. Hum Pathol 2011;42(10):1568–72.

[31] Derikx JP, De BA, van de Schoot L, et al. Factors associated with recurrence and me-
tastasis in sacrococcygeal teratoma. Br J Surg 2006;93(12):1543–8.

[32] Baranzelli MC, Flamant F, De Lumley L, et al. Treatment of non-metastatic, non-
seminomatous malignant germ-cell tumours in childhood: experience of the
"Societe Francaise d'Oncologie Pediatrique" MGCT 1985-1989 study. Med Pediatr
Oncol 1993;21(6):395–401.

http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0005
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0005
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0010
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0010
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0015
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0015
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0015
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0020
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0020
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0020
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0025
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0025
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0030
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0030
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0035
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0035
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0035
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0040
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0040
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0045
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0045
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0045
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0050
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0050
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0050
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0055
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0055
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0060
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0060
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0065
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0065
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf6000
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf6000
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0070
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0070
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0075
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0075
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0080
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0080
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0080
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0085
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0085
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0090
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0090
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0095
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0095
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0095
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0100
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0100
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0100
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0105
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0105
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0105
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0110
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0110
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0110
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0115
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0115
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf55555
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf55555
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf55555
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0120
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0120
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0120
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0125
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0125
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0125
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0130
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0130
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0130
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0130
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0135
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0135
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0140
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0140
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0145
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf0145
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf9000
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf9000
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf9000
http://refhub.elsevier.com/S0022-3468(20)30238-4/rf9000

	Diagnostic accuracy of serum alpha-�fetoprotein levels in diagnosing recurrent sacrococcygeal teratoma: A systematic review
	1. Methods
	1.1. Protocol
	1.2. Literature search
	1.3. Eligibility criteria
	1.4. Study selection and methodological quality assessment
	1.5. Data extraction and analysis

	2. Results
	2.1. Literature search
	2.2. Study characteristics
	2.3. Methodological quality
	2.4. Patients with recurrent SCT
	2.5. AFP levels in recurrent SCT
	2.6. Diagnostic accuracy
	2.7. AFP normative values
	2.8. AFP levels and histology

	3. Discussion
	Declaration of competing interest
	Acknowledgments
	Appendix A. Search Strategy
	Appendix B. Data collected for each included study
	References




