MODERN PATHOLOGY (2014) 27, 562-568

562

© 2014 USCAP, Inc All rights reserved 0893-3952/14 $32.00

Sacrococcygeal teratomas: clinico-
pathological characteristics and
isochromosome 12p status

Grzegorz T Gurda'®, Christopher ] VandenBussche'®, Raluca Yonescu?,
Nilda Gonzalez-Roibon?, Carla L Ellis!, Denise AS Batista? and George ] Netto!:34

IDepartment of Pathology, Division of Surgical Pathology, Johns Hopkins Medical Institutions, Baltimore,
MD, USA; ?Molecular Pathology, Cytogenetics Laboratory, Johns Hopkins Medical Institutions, Baltimore,
MD, USA; 3Department of Urology, Johns Hopkins Medical Institutions, Baltimore, MD, USA and
“Department of Oncology, Johns Hopkins Medical Institutions, Baltimore, MD, USA

The biological behavior of teratomas is highly variable, and morphologic features alone are insufficient to
predict their clinical course. Prognostic factors that influence behavior include the following: patient sex,
age, anatomic site, coincident neoplasm, and cytogenetic abnormalities. Gonadal teratomas have been well-
characterized; postpubertal testicular teratomas are commonly associated with isochromosome 12p (i12p)
and considered to nearly always carry a potential for malignant behavior, whereas ovarian and prepubertal
testicular teratomas are i12p negative and predominantly benign in behavior. For extragonadal sites, such as
sacrum and coccyx, clinical characteristics and i12p status are yet to be adequately characterized. As part of
this study, we identified 19 sacrococcygeal teratomas in our surgical pathology archives from 1990 to 2012.
Clinical records and slides were reviewed to confirm the original diagnosis. Gains in chromosome 12p,
including i12p status were assessed in representative paraffin sections by fluorescence in situ hybridization.
Our cases included 16 mature sacrococcygeal teratomas (11 prepubertal and 5 postpubertal) and three
immature saccrococygeal teratomas (all prepubertal). Among mature teratomas, the average tumor size was
larger in adults compared with prepubertal patients. A higher number of adult cases were recurrences (80% vs
21%), but only pediatric recurrences were managed with postoperative chemotherapy. All examined tumors
were negative for i12p. 100% survival was documented in our cohort with a median follow-up of 6 years. We
present a large series of sacrococcygeal teratomas and the first series to examine postpubertal adults at this
anatomic site. All tumors lacked chromosome 12p gains, including i12p. Both pre- and postpubertal

sacrococcygeal teratomas had a favorable outcome regardless of age or sex.
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Teratomas are diverse neoplasms that may represent
a challenge for diagnosis, prognosis, and treatment.
Teratomas by definition display histologic compo-
nents derived from at least two of three develop-
mental germ layers and are classified as a subgroup
within germ cell tumors. Germ cell tumors arise
primarily within the gonads, but a significant
minority can also be found in extragonadal midline
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locations, including the sacrum, presacral space,
coccyx, mediastinum, retroperitoneum, and pineal/
intracranial space.! The biological behavior and
prognosis of extragonadal teratomas have been
interpreted analogously to the tumors in the
ovaries and testes, using criteria such as age, size,
the presence of immature elements, and concurrent
somatic malignant transformation of any of its
elements. Whereas ovarian teratomas are typically
cystic, composed of mature elements and almost
uniformly benign, postpubertal testicular tumors are
considered to nearly always? carry a potential for
malignant behavior, even when composed entirely
of mature elements.? The cytogenetic and molecular
characteristics that underpin the differences among
gonadal germ cell tumors are now better understood,
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with the landmark finding of isochromosome 12p or
12p amplification in the majority of testicular germ
cell tumors,* but a complete absence thereof in
benign, mature ovarian teratomas.® A recent study of
anterior mediastinal extragonadal germ cell tumors
has shown that the biological behavior and
prognosis of teratomas at this site is intermediate
between those of the testis and the ovary.® Studies
addressing other extragonadal sites are still lacking,
particularly in adults.

Here we review the clinicopathologic character-
istics and the i12p status for a large series of primary
sacrococcygeal teratomas from our institution.

Materials and methods
Criteria for Selection of Patients

The study was approved by the institutional review
board at our hospital. The surgical pathology
database at the Johns Hopkins Hospital (Baltimore,
MD, USA) was searched for all in-house teratoma
cases occurring in the sacrum and coccyx between
1990 and 2012. All microscopic slides were
re-evaluated by a senior urological pathologist on
the study (GJN). Medical records were examined for
clinical and laboratory data, including tumor size
(based on available gross pathologic examination or
radiologic assesssment when the latter was not
recorded), alpha fetoprotein, adjuvant chemother-
apy, and recurrence and survival data. A total of 22
cases were identified. One case was excluded based
on a change of diagnosis to epidermoid inclusion
cyst upon review. Another case in the series
contained focal yolk sac elements/endodermal sinus
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tumor, and upon retrospective review an additional
case (reported as a mature teratoma) was found to
represent a recurrence; to maintain a clear, focused
study cohort, both were excluded from further
analysis. Blocks were available in 16 of the 19 cases
in the current study.

Fluorescence in Situ Hybridization

Interphase FISH was performed on all 16 tumors
where formalin-fixed and paraffin-embedded blocks
were available, using a 12 centromere control probe
(D1273, Abbott Molecular-Vysis, Des Plaines, IL,
USA) and a probe for 12p12.1 previously validated
in our laboratory for clinical identification of i12p.”
i12p is an abnormal chromosome formed by a
transverse rather than normal longitudinal splitting
of a replicating chromosome, resulting in a median
centromere with two identical arms of 12p. Briefly,
the centromeric probe was labeled with green
fluorescence, whereas the 12p probe is labeled
with  Orange-dUTP  fluorescence (02N33-050,
Abbott Molecular). The slides were deparaffinized
using a VP 2000 processor (Abbott Molecular).
Following deparaffinization the slides and the
probe mix were co-denatured at 80°C for 7min
and allowed to hybridize over night at 37°C in
humidified atmosphere. At the end of the
incubation the slides were washed in 2 X SSC/
0.3% NP-40 for 2min at 72 °C and for 2 min at room
temperature. The slides were counterstained with
DAPI and a cover slip was applied using Vectashield
mounting medium (H-1000, Vector Laboratories,
Inc.). The signal pattern was evaluated in 60 cells
within the area designated on the H&E slide and

Table 1 Clinicopathologic and chromosome 12p FISH data in 19 sacrococcygeal teratoma cases

Age at Size Term Age at AFP AFP, ng/ml Follow-up
Case surgery Sex (cm) Recurr Chemo Immature (wga) level (URR) (months) FISH
1 1dy F 11.5 N N Y 34+0/7 NA NA 0 NA
2 3 dy F 1.3 Y N Y 28 3 dy 67516 (125893) 6 NA
3 3 dy F 21 N N Y 31+4/7 1 dy 508092 (165959) 71 Neg
4 2 dy F 25 N N N NA NA NA 234 Neg
5 3 dy F 9.8 N N N FT 3 dy 67516 (125893) 13 Neg
6 3 dy M 13 N N N 33+ 4/7 0 dy 221955 (799834) 48 Neg
7 6 dy F 3 N N N 36 +5/7 4 dy 76868 (500035) 83 Neg
8 7 dy F 6.9 N N N FT 4 dy 55367 (109648) 18 Neg
9 2 mo F 5 N N N FT 69 dy 28 (1045) 124 NA
10 4 mo F 4.3 Y N N 28 96 dy 2110 (18620) 2 NA
11 17 mo M 4.5 N Y N 35 14 mo 58920 (372) 168 Neg
12 22 mo F 4.5 N Y N FT 20 mo 59708 (87) 7 Neg
13 35 mo M 4.5 N N N NA NA NA 170 NA
14 50 mo F 1.5 Y Y N NA NA NA 147 Neg
15 33 yr M 7.0 Y N N NA 0 Neg
16 38 yr F 3.1 Y N N NA 7 NA
17 45 yr F 11 Y N N NA 103 Neg
18 48 yr F 11.5 Y N N NA 0 Neg
19 51 yr M 13 N N N NA 0 Neg

Abbreviations: AFP, alpha fetoprotein; chemo, chemotherapy; dy, days; F, female; FT, Full term; M, male; N, no; NA, not available; neg, negative;
mo, month; recurr, recurrence; wga, weeks gestational age; URR, upper reference range; Y, yes; yr, year.

Bold indicates a value above the upper reference range (URR).

563

MODERN PATHOLOGY (2014) 27, 562-568



Characterization of sacrococcygeal teratomas

564

GT Gurda et al

expressed as a ratio, with 12p/centromere ratio
above 1.5 judged as indicative of i12p. FISH was
successful in 13 of 16 cases, with no additional
results upon repeat hybridization. Among three
cases not successfully hybridized, two were more
than 10 years old (initial surgical material from 1990
to 2000) and one was from an extremely scant
biopsy specimen, with only minimal material
remaining upon reprocessing.

Statistical Analysis

Significance of tumor size was evaluated using a
non-parametric analysis of variance (Kruskall-
Wallis). Significance for categorical variables (recur-
rence rates, chemotherapy, elevated AFP, and survi-
val and i12p status) was evaluated using a y2-test. In
all statistical evaluations, P < 0.05 was considered
statistically significant.

Results

A total of 19 cases were included in the study.
Clinicopathologic characteristics are shown in
Table 1 and summarized in Table 2. Fourteen cases
were prepubertal and five cases were postpubertal;
16 cases consisted entirely of mature teratomatous
tissues and 3 showed at least focal immature
component hereafter referred to as immature; the
adult patients ranged from 32 to 51 years with a
median age of 45, whereas the pediatric patients
ranged from neonates (2 days old) to a 4-year-old
with a median age of 3 months; available follow-up
was variable, but generally longer in pediatric

patients than in adult patients (8.3 vs 1.2 years);
there was a female predominance in both groups,
particularly within the small subset of sacrococcy-
geal teratomas containing immature elements.

Tumor characteristics were compared between
adult and pediatric tumors (Table 3). For mature
teratomas, the average tumor size was significantly
larger in adults than in prepubertal patients (9.1 vs
5.4 cm; P=0.018). Among prepubertal patients,
immature teratomas were highly variable but gen-
erally larger than mature counterparts (11.3 vs
5.4 cm, not significant). On the basis of the available
clinical history, 3 of the 14 pediatric cases were
recurrences; among adults, 4 out of 5 cases were
recurrences of previously resected pediatric tumors.
The fifth adult teratoma was detected incidentally
without a previously established pediatric tumor.

All adult patients were treated by surgical exci-
sion alone. A subset of older (>12 months) pediatric
patients, particularly those with elevated «-fetopro-
tein, were treated with both surgical excision and
chemotherapy. The tumor marker o-fetoprotein
(AFP) was measured in 10 of 14 pediatric patients,
and adjusting for gestational age® was found to be
elevated in two. AFP was not available in any of the
adult cases. No fatalities were attributed to the
tumors, and all patients presented in this case series
are still alive.

We also investigated the isochromosome 12p
status among both pediatric and adult sacrococcy-
geal teratomas. None of the cases we successfully
tested were positive for i12p, including the imma-
ture sacrococcygeal teratomas (Figure 1 and Table 3).
The only incidental finding was the detection of
focal increase in 12p signal within a carcinoid

Table 2 Summary of demographic and follow-up for 19 sacrococcygeal teratoma cases

N Female Male Age range Median Age Follow-up (range)
All 19 74% (14) 26% (5) 3 dy-51 yrs 4 mo 0-20 yrs
Adult (post-pubertal) 5 60% (3) 40% (2) 32-51 yrs 45 yr 0-8.5 yr
Pediatric (pre-pubertal) mature teratomas 11 73% (8) 27% (3) 2 dy-50 mo 3 mo 2 mo-20 yr
Pediatric (pre-pubertal) immature teratomas 3 100% (3) 0% (0) 1 dy-3 dy 2 dy 0 mo- 71 mo

Abbreviations: dy, days; mo, month; yr, year.

Table 3 Summary of clinicopathologic, outcome, and i12p FISH data

Adult (post-pubertal)  Pediatric (prepubertal) Pediatric (prepubertal) Statistical
All mature mature immature significance
Mean size (cm) 7.3%5.1 9.1+4.0 5.4+3.3 11.3+9.8 0.018%/NS
Recurrent 37% (7/19) 80% (4/5) 18% (2/11) 33% (1/3) NS
Chemotherapy 16% (3/19) 0% (0/5) 27% (3/11) 0% (0/3) NS
Elevated AFP 20% (2/10) NAb 25% (2/8) 0% (0/2) NA
Chromosome 12p 0% (0/13) 0% (0/4) 0% (0/8) 0% (0/1) NS
FISH
Survival 100% (19/19) 5/5 (100%) 100% (11/11) 100% (3/3) NS

Abbreviations: AFP, alpha fetoprotein; FISH, fluorescent in situ hybridization; NS, not significant.
8P<0.05 for adult vs pediatric mature teratoma; NS for adult versus pediatric immature teratoma.

Not measured in any of the five cases.
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arising within a mature teratoma portion of that case
(case 3, Figures 1e and f). Upon further inspection,
there was a coincident increase in the centromeric
signal, such that 12p/centromere ratio was ~1 and
did not represent i12p. Altogether, no differences in
the ratio of the targeted 12p/centromere signal were
detected in multiple comparisons, including males
vs females, adults vs pediatric patient, and primary
tumors vs recurrences.

: f&km*; S
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Discussion

Teratomas are diverse neoplasms with a wide range
of epidemiology, histological characteristics, and
biological behavior. The prognostic implications of a
teratoma diagnosis have been primarily based on
three factors: the anatomic location of the tumor,
patient demographics, and the presence of coin-
cident malignancy (teratoma with somatic malig-

Figure 1 (a, b) Case 9, representative mature teratoma: (a) Hematoxylin-eosin/H&E stain ( x 400 magnification) of mature, stratified
ciliated epithelium; (b) negative chromosome 12p FISH, selected field within the boxed area. (c, d) Case 2, immature teratoma: (c) H&E
( x 400 magnification) of immature neuronal tissue. (d) Negative chromosome 12p FISH, selected field within the boxed area. (e, f) Case 3,
carcinoid arising within a mature elements of the teratoma: (e) H&E ( x 400 magnification) carcinoid arising in a mature teratoma; (f)
Chromosome 12p FISH, selected field within the boxed area; arrows highlight a focal increase in both green-red probes without increase
in their ratio (approximately 1:1), among several cells within the carcinoid.
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Figure 1 Continued.

nant transformation) or immature histological ele-
ments. Ovarian teratomas are nearly uniformly
benign regardless of age and show only moderately
increased risk with the presence of immature
elements.9 In the testes, however, teratomas tend to
be benign in prepubertal males yet harbor increased
risk of malignant behavior in postpubertal patients
regardless of histology.® In addition, testicular
teratomas are known to harbor higher rates of
concurrent somatic malignant transformation and/
or other germ cell tumors, which necessitate wide
sampling and careful follow-up. Among extra-
gonadal sites, a large case series and meta-analysis
have shown mature teratomas of anterior media-
stinum to be largely but not uniformly benign,
whereas teratomas with immature elements have a
substantial risk of aggressive behavior (metastasis or
recurrence).® This places teratomas of the anterior
mediastinum as a prognostically intermediate group
between teratomas of the testes and those of the
ovary. The data are largely lacking for other
anatomic sites including the retroperitoneum,!°
sacrum and coccyx, particularly in adults; perhaps
questionably, clinical decisions are currently made
based on extrapolations from what is known about
gonadal teratomas or a handful of case reports.
Sacrococcygeal teratomas are most commonly seen
as congenital neoplasms with an incidence of
~1:35000-40000 of live births.!'! These tumors are
much less common in adults and are thought to
represent either a previously undetected or an
incompletely excised congenital tumor.'> Only
limited studies examining sacrococcygeal teratomas
for genetic abnormalities have been performed, and
almost none in adults. One case series failed to detect
any abnormal karyotypes in five sacrococcygeal
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pediatric immature teratomas.!®> Another case series
of pediatric teratomas did not identify any recurrent
abnormalities, and all sacrococcygeal teratomas
showed a normal karyotype.® Remaining studies are
largely individual case reports and demonstrate
similar findings.'#~'8 For adults, only one case of an
untreated congenital sacrococcygeal teratoma has
been examined in detail: this tumor underwent a
malignant transformation to an adenocarcinoma,
with cytogenetic aberrations (amplifications of 8q
and 12p) present only within the adenocarcinoma
component.'® The remaining literature consists of
purely descriptive individual case reports.

Our case series represents the largest report to
date of adult sacrococcygeal teratomas. We confirm
that adult sacrococcygeal teratomas mostly (80%)
represent known recurrences, which suggests that
even incidentally discovered adult mature sacrococ-
cygeal teratomas may have been previously unrec-
ognized or untreated tumors. The pathological
tumor characteristics in our study are well-defined
and include tumor size, margin status, and the
explicit exclusion of any tumor with other malig-
nant histological elements (other germ cell tumor
elements, like yolk sac tumor or concurrent testi-
cular germ cell tumors in males). Many tumors (10/
21) were entirely submitted, with the remaining
sampled exhaustively. We correlate these data with
clinical characteristics such as age, tumors markers
(alpha fetoprotein/AFP), initial imaging and impor-
tantly follow-up data such as social security index-
linked mortality, time to recurrence (if any), and
postoperative tumor marker measurements. Our
data strongly support the conclusion that resected
mature sacrococcygeal teratomas in pediatric
patients, even those with subsequent recurrences,



will ultimately have a favorable outcome?’ and
suggest that recurrent sacrococcygeal teratomas in
postpubertal patients are also indolent.

The genetic aberrations that underpin teratomas
are thought to be quite diverse. The best studied
among them is i12p.* This cytogenetic abnormality
is present in the majority of testicular teratomas,
regardless of age and presence of immature elements.
In contrast, i12p is largely absent in immature
ovarian teratomas and uniformly absent in mature
ones. The i12p status at extragonadal sites remains
poorly understood. In the largest study of the
pediatric population via genome-wide, array-based
comparative genomic hybridization,?! seven out of
eight mature sacrococcygeal teratomas and one of two
immature sacrococcygeal teratomas showed no
cytogenetic aberrations; the two outlier cases were
both negative for i12p or gain of 12p. Aside from the
above mentioned single case report of mature
teratoma with an element of adenocarcinoma,!® the
cytogenetic profile of adult sacrococcygeal teratomas
has never been examined. Here, we evaluate i12p
status of sacrococcygeal teratoma using FISH. In the
cases we were able to examine, the i12p aberration
was absent regardless of age, gender, or subsequent
recurrence, including one case of immature sacro-
coccygeal teratoma. i12p status may also prove to be a
useful diagnostic and potentially prognostic marker,
particularly in males. In a large series (n=143) of
postpubertal men with germ cell tumors, most
primary tumors (90%) were in the testes and most
nonseminomatous germ cell tumors (79%) were
positive for i12p.?? Although low case numbers
precluded a definite analysis, patients with i12p
appeared to do poorly with higher likelihood of
incomplete response to therapy, recurrence or death
than the counterparts without the chromosomal
aberration. The authors of that work and other
studies?®?* indicate the presence of i12p as a
hallmark finding diagnostic of midline germ cell
tumors and i12p positivity as a factor in
carcinogenesis, including the evolving under-
standing of the stroma?? and invasive growth.?* In
addition, testicular teratomas can metastize to the
sacrum and retroperitoneum, whereas primary
testicular sites can regress or involute. Thus far, the
recommended management of germ cell tumors from
the presacral space and retroperitoneum in males
involves a testicular ultrasound with or without
biopsy and a lengthy follow-up. Given the odds at
each anatomic site further highlighted by our study,
positivity for i12p in extragonadal tumors may
prompt consideration of repeat search for a testi-
cular primary.

Here we review the clinicopathologic character-
istics and the i12p status for a large series of primary
sacrococcygeal teratomas from our institution. We
show that mature sacrococcygeal teratomas behave
in a benign manner. Like ovarian teratomas, we
show that sacrococcygeal teratomas are negative for
alterations in chromosome 12p, although a larger
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series may warrant examination. Within our subset
of immature sacrococcygeal teratomas in neonates,
all had a favorable outcome following a surgical
resection.
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