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Abstract: Objective: To determine the clinical, imaging, and histological features, and surgical resection modalities
and outcomes of adult sacrococcygeal teratoma (SCT). Methods: Adult patients with histopathologically diagnosed
SCT were enrolled in our hospital between August 2010 and August 2018. Each patient’s characteristics and clinical
information were reviewed. Results: There were 8 patients in the study (2 males, 6 females) with a median age of
34 years (range, 18-67 years). The time to clinical symptoms was 14 d to 35 years, with a median time of 4 years. Six
patients presented with symptoms of sacrococcygeal pain, and four with signs of sacrococcygeal mass and ulceration
in the sacrococcygeal region. Six patients were evaluated using a combination of computed tomography (CT) and
magnetic resonance imaging (MRI). All patients showed a presacral tumor with heterogeneous intensity on CT images.
All patients underwent surgical treatment, including 6 parasacral, 1 transabdominal, and 1 combined anterior-
posterior surgery cases. Seven patients were histopathologically diagnosed with benign mature SCT, and have shown
no recurrence. One patient had malignant SCT, with recurrence at 84 months after surgery. After a second surgery, the
patient had no recurrence within 6 months follow-up after re-resection. Conclusions: Our retrospective study demon-
strated: (1) adult SCT is difficult to diagnose because of a lack of typical clinical symptoms and signs; (2) a combination
of CT and MRI examination is beneficial for preoperative diagnosis; (3) the choice of surgical approach and surgical
resection modality depends on the size, location, and components of the tumor, which can be defined from preoper-
ative CT and MRI evaluation; (4) most adult SCTs are benign; the surgical outcome for the malignant SCT patient was
good after complete resection. Even for the patient with recurrent malignant SCT, the surgical outcome was good after
re-resection.
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2017). SCT is a rare tumor that presents predominantly
in neonates with a prevalence of between 1 in 15000
and 1 in 40000 live births (Kremer et al., 2015). Most
SCTs can be found in prenatal diagnosis, 50%—70%
within a few days after birth, and about 10% after age
2 years (Luk et al., 2011). Adult SCT is extremely
rare with a rate between 1 in 40000 and 1 in 63000,
and with a female:male predominance of 3:1 (Su-
khadiya and Das, 2015). Most SCTs are benign. The
malignancy rate increases with age, and the incidence
of malignant transformation in adults is 40%—50%.

Most SCTs are asymptomatic and often found
only by physical examination. The symptoms of adult
SCT depend on the compression effect of the tumor
on surrounding tissues, resulting in corresponding
defecation or urination symptoms, or pain or puffi-
ness of the perineum or sacral tail. The diagnosis
depends on physical examination and related diag-
nostic imaging. Complete surgical resection remains
the preferred treatment modality for SCT. Incomplete
or intralesional resection may increase the possibility
of malignant transformation. Few institution case
series regarding diagnostic imaging, surgical modali-
ties, and surgical outcomes of adult SCT have been
reported. Therefore, the aim of this study was to de-
termine: (1) the clinical features of adult SCT; (2) the
diagnostic imaging features; (3) surgical resection
modalities; (4) histological features; (5) surgical
outcomes, from our single institution experience over
an 8-year period.

2 Patients and methods

This retrospective study was approved by the
Institutional Ethics Review Board of Zhejiang Uni-
versity (Hangzhou, China). All patients reviewed
were more than 18 years of age with SCTs histo-
pathologically confirmed in our hospital between
August 2010 and August 2018. Six of the eight pa-
tients were evaluated using a combination of com-
puted tomography (CT) and magnetic resonance im-
aging (MRI). The other two patients were evaluated
using CT without MRI. CT and MRI images were
interpreted by a radiologist (Jing-peng LIU) with
15 years’ experience in pelvic CT and MRIL

Each patient’s characteristics (age, sex), clinical
features (symptoms, signs, tumor markers, Altman

classification (types I-I1V)), diagnostic imaging fea-
tures (CT, MRI), surgical resection modalities (single-
stage resection, multi-stage resection, resection of
coccyx, complete resection of tumor), histological
features (mature, immature, malignant, primary tu-
mor size), and surgical outcomes (recurrence, overall
survival) were reviewed and recorded. According to
the Altman Classification (Szyllo and Lesnik, 2013),
SCT tumors are of four types: type I, predominantly
external; type II, predominantly external, but have a
small intrapelvic component; type III, predominantly
intrapelvic, with a small external mass; and type 1V,
entirely internal, otherwise known as retrorectal or
presacral teratomas.

A multidisciplinary approach was applied to
manage each patient. Generally, the lesions need to be
removed completely to achieve clear resection mar-
gins (R0). Tumors that extend above the third sacral
body (S3) require an anterior approach (trans-
abdominal), whereas those below S3 are removed
using a posterior-only approach (parasacral). A com-
bined anterior-posterior approach is used for large
tumors that cannot be removed completely through a
single incision. In addition, for patients with huge
tumors, multi-stage resection can be used rather than
single-stage resection (Sheng et al., 2015).

3 Results

Eight patients (Table 1) were identified, of
whom six were female. The mean age was 34 years
(range, 18—67 years). One patient, who had been
operated on previously for sacrococcygeal teratoma,
was offered resection for recurrent disease. Six pa-
tients presented with symptoms of sacrococcygeal
pain, and four with signs of sacrococcygeal mass and
ulceration in the sacrococcygeal region. The time to
clinical symptoms was 14 d to 35 years, and the me-
dian time was 4 years. One patient was discovered
incidentally without any symptoms or signs.

All patients showed a presacral tumor with
heterogeneous intensity on CT images. CT images
(Table 2) revealed fat tissue with characteristic CT
values (—80 to —20 Hounsfield units (HU)) in all
eight patients (Figs. 1a, 1b, 2a, and 3a), cystic com-
ponents (both clear and hemorrhagic) in all eight
patients (Figs. 1a, 1b, 2a, and 3a), and calcium with
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characteristic CT values (80—300 HU) in two patients
(Figs. 2a and 3a). The corresponding diagnostic im-
aging features of fat tissue (Figs. 1c, 1d, 2b—2e, and
3b—3e) and cystic components (Figs. 1c, 1d, 2b—2e,
and 3b—3e) were also confirmed with MRI.

Seven patients underwent single-stage resection
and one patient underwent multi-stage resection to
achieve complete resection of the teratoma (Table 3).
Six patients were treated with parasacral surgery, one
with transabdominal surgery, and one with a combined

Xu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2019 20(8):670-678

anterior-posterior surgical approach. Three cases
were resected with the coccyx, and two were resected
with the fifth sacrum (S5). There were no periopera-
tive deaths. Most patients were histopathologically
diagnosed with benign mature SCTs (Figs. 2 and 3),
and there has yet been no recurrence. One patient was
histopathologically diagnosed with malignant SCT,
and recurrence at 84 months after surgery. After a
second surgery, the patient had no recurrence with
6 months of follow-up after re-resection.

Table 1 Clinical features of adult SCT patients

Case Sex  Age (year) Symptom Sign Duration  Altman’s type
1 F 67 Sacrococcygeal pain Sacrococcygeal mass and ulceration 4 years 1II
in the sacrococcygeal region
2 F 39 Sacrococcygeal pain Sacrococcygeal mass and ulceration 35 years 1II
in the sacrococcygeal region
3 M 21 Sacrococcygeal pain Sacrococcygeal mass and ulceration 6 months 111
in the sacrococcygeal region
4 M 49 Sacrococcygeal pain Constipation 2 weeks I
5 F 21 Sacrococcygeal pain Constipation 1 month 1I
6 F 23 Dysuresia Urinary retention 4 years 11
7 F 34 No symptom Incidental note 2 weeks v
8 F 18 Sacrococcygeal pain Sacrococcygeal mass and ulceration 18 years 111
in the sacrococcygeal region
F: female; M: male
Table 2 Typical CT and MRI characteristics of adult SCT patients
CT MRI
Case - -
Fat Cyst Calcium Fat Cyst Calcium
1 + + - + + -
2 + + - + + -
3 + + + + + -
4 + + -
5 + + - + + -
6 + + -
7 + + - + + -
8 + + + + + -

+: positive imaging features; —: negative imaging features

Table 3 Surgical resection modalities, histological features, and surgical outcomes of adult SCT patients

Single- or multi-stage

Resection

Resection

Case resection Surgical approach of coceyx  of sacrum Pathology Surgical outcomes
1 Single-stage resection ~ Combined anterior- No No Malignant SCT Recurrence at 84 months
posterior approach after surgery
2 Single-stage resection  Parasacral Yes Yes (S5) Mature SCT ~ No recurrence
3 Single-stage resection ~ Parasacral No No Mature SCT ~ No recurrence
4 Single-stage resection ~ Transabdominal No No Mature SCT  No recurrence
5 Multi-stage resection Parasacral Yes Yes (S5) Mature SCT  No recurrence
6 Single-stage resection ~ Parasacral Yes No Mature SCT ~ No recurrence
7 Single-stage resection  Parasacral No No Mature SCT ~ No recurrence
8 Single-stage resection ~ Parasacral No No Mature SCT ~ No recurrence

S5: fifth sacrum
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Fig. 1 Pelvic CT and MRI images of a 21-year-old male patient with a benign mature SCT
(a, b) Axial CT images of the pelvis show the mass (arrows) in the sacrococcygeal area, containing fat (white asterisks, CT
values: —80 to —20 HU) and cystic components (dark asterisks). Axial enhanced CT image of the pelvis shows that the wall
of the presacral mass (arrowheads) was slightly enhanced. (c, d) Sagittal MRI images of the pelvis show a large heteroge-
neous presacral mass (arrows) containing fat (white asterisks) with high signal intensity on T1-weighted image (c) and T2-
weighted image (d), and cystic components (arrows) with low signal intensity on T1-weighted image (c) and high signal
intensity on T2-weighted image (d)

4 Discussion found on physical examination or by chance during
imaging studies. However, in our study most patients

Adult SCT is relatively rare. We found only eight ~ complained of sacrococcygeal pain, and only one
cases over eight years old who underwent surgery at  patient had no symptoms. In other words, it is difficult
our hospital. As in the study of Sukhadiya and Das  to diagnose SCT without clinical symptoms and signs,
(2015), we found a female:male preponderance of 3:1.  especially for patients with a small tumor mass, or
As reported in the literature (Emoto et al., 2018),  classified with type IV of the Altman classification,
many SCTs in adults are asymptomatic and often  which is entirely internal. In our study, only one



674 Xu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2019 20(8):670-678

Fig. 2 Pelvic CT, MRI, and histology images of an 18-year-old female patient with a benign mature SCT

(a) Axial CT image of the pelvis shows the mass (arrow) in the sacrococcygeal area, containing fat (white asterisks, CT
value: =80 to —20 HU), cystic components (dark asterisks), and calcification tissue (bow arrow, CT value: 180 to 250 HU).
(b, ¢) Axial MRI images of the pelvis show a large heterogeneous presacral mass (arrows) containing fat (white asterisks)
with high signal intensity on T1-weighted image (b) and T2-weighted image (c), cystic components (dark asterisks) with
low to intermediate signal intensity on T1-weighted image (b), and high signal intensity on T2-weighted image (c).
(d, e) Sagittal MRI images of the pelvis show a large heterogeneous presacral mass (arrows) containing fat (white asterisks)
with high signal intensity on T2-weighted image (d), low signal intensity on T2-weighted fat suppression image (e), and
cystic components (dark asterisks). (f) Excised SCT specimen. (g—i) Histology (hematoxylin and eosin (H&E), magnifica-
tion, x200) reveals a mature differentiated teratoma containing all three germ layers: mucous columnar epithelium and
ciliated columnar epithelium (g), squamous epithelium (h), and differentiation of mature cartilage tissue (i)

patient was found with SCT by chance on imaging,
due to the small tumor mass and type IV of the Alt-
man classification. Generally, symptoms of sacro-
coccygeal pain, constipation, and frequent urination
or urinary retention might be due to a large SCT de-
veloped in the intrapelvic space (Hambraeus et al.,
2018a; Shatnawi et al., 2019). Sometimes SCT can be

associated with infection, presenting as ulcers in the
sacrococcygeal region that look like anal fistulas
(Mengual-Ballester et al., 2014). In our study, there
were three cases involving changes in the appearance
of the anal fistula, and one case of recurrent skin
infection and pigmentation. Furthermore, we found
digital rectal examination (DRE) was beneficial for a
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Fig. 3 Pelvic CT, MRI, and histology images of a 21-year-old male patient with a benign mature SCT

(a) Axial CT image of the pelvis shows the mass (arrow) in the sacrococcygeal area, containing fat (white asterisks, CT
value: —80 to —20 HU), cystic components (dark asterisk), and calcification tissue (bow arrow, CT value: 180 to 250 HU).
(b) Axial T2-weighted MRI image of the pelvis shows a large heterogeneous presacral mass (arrow) containing fat (white
asterisks) with high signal intensity, and cystic components (dark asterisk) with high signal intensity. (c—e) Sagittal MRI
images of the pelvis show a large heterogeneous presacral mass (arrows) containing fat (white asterisks) with high signal
intensity on T1-weighted image (c) and T2-weighted image (d), and low signal intensity on T2-weighted fat suppression
image (e), and containing cystic components (dark asterisks) with low to high signal intensity on T1-weighted image (c),
high signal intensity on T2-weighted image (d), and T2-weighted fat suppression image (e). (f~h) Histology (hematoxylin
and eosin (H&E), magnification, x200) reveals the cyst wall covered with squamous epithelium and ciliated columnar ep-

ithelium (f), and ciliated columnar epithelium (g, h)

general evaluation of the size, texture, and invasion
range of the tumor, and was helpful for differentiating
SCT from anal fistulas.

Because of its anatomical characteristics, SCT is
difficult to biopsy. Therefore, preoperative diagnosis
is challenging. Ultrasonography remains the most
important clinical imaging modality for routine

screening during pregnancy. It is a widely available,
cost-efficient, and safe method that allows a real-time
examination of the fetus. However, ultrasonography
includes a limited field of view and there are diffi-
culties in penetrating bones which result in acoustic
shadowing (Firszt et al., 2018). Therefore, to deter-
mine the structure, vascularity, exact location, and
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components of a tumor and its relationship to the
surrounding structures, CT and MRI are usually used
for preoperative examination because they can over-
come the limitations of ultrasound (Saba et al., 2014;
Patel et al., 2016). Because of its better soft resolution,
MRI clearly shows the relationship of the tumor to the
surrounding organs, such as the bladder, ureter, rec-
tum, gynecological viscera, and pelvic wall. In our
study, all patients were examined by abdominal-
pelvic CT, and six were examined by MRI. The SCTs
were multilocular tumors consisting of soft tissue, fat,
calcification, and liquid components in variable pro-
portions. CT is good at detecting fat and calcification,
because fat tissue and calcium have characteristic CT
values of —80 to —20 HU and 80 to 300 HU, respec-
tively. Fat tissue was found in eight cases and calci-
fication in two cases of our study, with typical CT
values. Each of these components can also be identi-
fied using MRI, based on signal intensity. The soft
tissue component is characterized by intermediate
signal intensity in both T1- and T2-weighted images.
Fat is highly hyperintense in both T1- and T2-weighted
images, and is suppressed in fat-saturation images.
Cystic components always are T2-hyperintense and
T1-hypointense, and sometimes are T2-hyperintense
and T1-hyperintense for hemorrhagic or high protein
cystic tissue. However, it is more difficult to detect
calcifications in MRI images than in CT images. The
adult SCTs were mostly benign. They lacked typical
diagnostic imaging features that differentiate malig-
nant from benign SCTs. The features of local invasion
and regional lymph node enlargement might suggest
underlying malignancy. However, our study included
only one malignant case which did not present im-
aging features significantly different from those of the
benign cases. It has been reported that serum tumor
markers are helpful in differentiating malignant from
benign tumors in postoperative follow-up (Hunter
et al., 2009). In our study, the serum tumor markers of
a fetoprotein (AFP), carcinoembryonic antigen (CEA),
cancer antigen 199 (CA199), and CA125 were all
normal in our seven cases of benign and one case of
malignant SCT.

Complete surgical resection is the most im-
portant treatment for SCT. Generally, tumors that
extend above the S3 require an anterior approach
(transabdominal) (Hiller et al., 2015), whereas those
below S3 are removed using a posterior-only ap-

proach (parasacral) (Saxena et al., 2015). A combined
anterior-posterior approach is used for large tumors
that cannot be removed completely (Wessell et al.,
2018). Therefore, to choose the appropriate specific
surgical path for resection of an SCT, preoperative
CT and MRI examination, and even DRE, might be
helpful in defining the location and surrounding in-
filtration of the SCT. In other words, CT and MRI are
useful for determining the optimal surgical procedure.
From our experience in this study, if the tumor is
mainly cystic, it is not necessary to be restricted to S3.
After exposing the tumor through the sacrum, the
cystic fluid could be extracted, collapsing the tumor,
which could then be completely resected using the
posterior-only approach. Whether to resect the coccyx
during the operation is controversial (Simpson et al.,
2014). The main reasons for coccyx resection are
based on the following considerations: (1) for a huge
tumor, it may be necessary for exposure during the
operation; (2) the SCT may originate from the plu-
ripotent cells of the coccyx; (3) the tumor may tend to
cling to the coccyx, and resection of the coccyx may
prevent recurrence. In our study, the coccyxes of three
cases were resected due to the huge size of the tumor.
As for surgical resection, SCT resection is normally
performed in a single stage. However, in our study,
one patient with a huge tumor underwent multi-stage
resection, and the coccyx and the S5 were resected.
The surgical treatment of adult SCT patients is rarely
reported in the literature and the long-term treatment
outcomes remain unknown (Hambraeus et al., 2018b).
In our study, most patients were histopathologically
diagnosed with benign mature SCT, and no recur-
rence was found. For the patient histopathologically
diagnosed with malignant SCT, the tumor recurred at
84 months follow-up after surgery. After a second
surgery, the patient had no recurrence within 6 months
of follow-up after re-resection. Therefore, the surgical
outcome was good after complete resection, even for
the malignant SCT patient. Also, even for a recurrent
malignant SCT, re-resection of the lesion might con-
tribute to a good outcome.

5 Conclusions

In summary, this retrospective study over eight
years at our single institution demonstrated: (1) adult
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SCT can be difficult to diagnose because of a lack of
typical clinical symptoms and signs; (2) a combina-
tion of CT and MRI examination is beneficial for
preoperative diagnosis; (3) the choice of surgical
approach and surgical resection modality depends on
the size, location, and components of the tumor,
which can be defined from preoperative CT and MRI
evaluation; (4) most adult SCTs are benign; the surgical
outcome for the malignant SCT patient was also good
after complete resection, and even after recurrence,
the surgical outcome was good after re-resection.
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