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Embryonal tumor with abundant neuropil and true 
rosettes (ETANTR) has been identified as a his-
tologically distinctive CNS PNET. It has mixed 

histological features of ependymoblastoma and neuro-
blastoma. This new subtype was first reported in 2000 
by Eberhart and colleagues.6 The most distinctive and 
consistent features of ETANTR are the presence of un-
differentiated neuroepithelial cells and ependymoblastic 
rosettes arising abruptly in a paucicellular background of 
abundant neoplastic neuropil.

The classification of CNS PNETs has long been con-
troversial. In 2007, the WHO classified CNS PNETs as 
one of 3 histological subtypes of primitive embryonal tu-
mors, the other 2 subtypes being medulloblastoma and 
atypical teratoid/rhabdoid tumor (AT/RT).14 The WHO 
recognizes 5 PNET subtypes including PNET not oth-
erwise specified (NOS), medulloepithelioma, neuroblas-
toma, ganglioneuroblastoma, and ependymoblastoma. 
ETANTR appears similar to ependymoblastoma and 
neuroblastoma but has unique histological, immunohis-
tochemical, and ultrastructural features. The WHO clas-
sifies ependymoblastoma and neuroblastoma as separate 

entities, while ETANTR is currently considered only a 
variant.14 Whether ETANTR should be split off as a dis-
tinct pathological entity is a topic currently under debate.

ETANTR is associated with a high potential for ma-
lignancy and a dismal prognosis. The paucity of reported 
cases and lack of treatment guidelines prompted us to ex-
plore the pathology and management of this unusual le-
sion.

Case Reports
Case 1

History and Presentation. This 4-year-old boy pre-
sented with right-sided headaches that became progres-
sively worse over 3 weeks. The headaches became severe 
4 days prior to admission and awakened him from sleep 
in the morning. Examination was remarkable for macro-
crania and no lateralizing neurological deficits. 

Imaging Evaluation. Cranial CT showed a large in-
traaxial right parietal brain tumor with slight calcification 
and significant mass effect. Magnetic resonance imaging 
delineated the intraaxial tumor, which was hypointense 
on T1-weighted images and heterogeneous on T2-weight-
ed images, with prominent vessels within the mass. There 
was minimal contrast enhancement (Fig. 1).
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Operation. The patient underwent right parietal cra-
niotomy and radical resection of the tumor. The tumor 
presented at the cortical surface and was adherent to the 
dura in some areas. It appeared as a fleshy, reddish-gray 
intraaxial mass that was highly vascular. Thrombosed ves-
sels were observed within the mass. Medially, the tumor 
extended to the sagittal sinus and falx cerebri, which were 
visualized at the end of the resection. A radical tumor re-
section was achieved.

Postoperative Course and Findings. Postoperatively 
the patient had no focal neurological deficits. The biopsy 
showed ETANTR, strongly positive for neuropil and syn-
aptophysin (Fig. 2). The pathological diagnosis was con-
firmed by external review. Postoperative MR imaging 
confirmed radical resection of the tumor (Fig. 3). An MR 
imaging study of the spine showed no evidence of dissemi-
nated disease. Cerebrospinal fluid cytology was negative 
for tumor.

Adjuvant Therapy and Follow-Up. The patient was 
treated with radiation and chemotherapy at Mott Chil-
dren’s Hospital, University of Michigan. Craniospinal ra-
diation was administered over 6 weeks, with 36 Gy to the 
brain and spinal cord and a boost to 55.8 Gy to the tumor 
bed. Chemotherapy was administered according to Chil-
dren’s Cancer Group Protocol 99701, although the patient 
was treated off-study. This was a Phase I trial of the use of 
carboplatin as a radiation sensitizer. The patient received 
carboplatin at the maximum tolerated dose (cumulative 
dose 1050 mg/m2) and vincristine concurrently with ra-
diation therapy. This was followed by cis-platinum (cu-
mulative dose 450 mg/m2), vincristine (cumulative dose 
30 mg/m2), and cyclophosphamide (cumulative dose 11.5 
mg/m2) over a period of 6 months (Arm B). Surveillance 
MR imaging was performed 4 times a year for 1 year, 
then 3 times a year for 1 year, then twice a year for 1 year, 
and then yearly thereafter. Follow-up MR imaging of the 
brain 7 years after surgery showed no evidence of recur-
rent tumor (Fig. 4). Spine imaging was performed serially 
during the first 4 postoperative years but not thereafter. 
No spinal disease was noted.

Seven years following surgery, the patient remains 
neurologically intact except for mild high-pitched hear-
ing loss in the right ear. He is mainstreamed (in regular 
classes) in the fifth grade. He has some cognitive delay 
and receives assistance in mathematics. He is active phys-
ically and plays baseball and tackle football. He recently 
completed a 50-mile bicycle ride. He does have short stat-
ure and hypothyroidism for which he receives treatment 
with growth hormone and levothyroxine.

Case 2

History and Presentation. This 17-month-old previ-
ously healthy boy presented with a 3-day history of pro-
gressive lethargy, vomiting, and left-sided weakness af-
fecting his upper extremity followed by his lower extrem-
ity, which proceeded to an acute deterioration of mental 
status with extensor posturing. 

Imaging Evaluation. Cranial CT showed a 7-cm–

diameter intraaxial lesion in the right hemisphere with 
edema and 12 mm of midline shift. Magnetic resonance 
imaging showed a prominent, globoid, weakly enhanc-
ing, partially cystic mass, with scattered foci of nodular-
ity. The mass was hypointense on T1-weighted sequences. 
It was located in the suprasylvian region and occupied a 
substantial portion of the right hemisphere (Fig. 5).

First Operation, Postoperative Course, and Adju-
vant Therapy. The patient underwent an emergent crani-
otomy and radical resection of the tumor. Postoperative 
MR imaging showed no significant residual tumor (Fig. 
6). Pathological specimens showed ETANTR. Postop-
eratively, the patient did well following a course of reha-
bilitation. He was able to ambulate independently with a 
steady gait. His hemiparesis improved but did not resolve. 
He received adjuvant chemotherapy with cyclophospha-
mide, etoposide, and methotrexate.

Second Operation, Postoperative Course, and Adju-
vant Therapy. Four months after surgery, he developed 
irritability and had frequent falls. Repeat MR imaging 
showed recurrence of tumor within the operative bed 
(Fig. 7). The patient underwent repeat tumor resection, 
and postoperative MR imaging again showed no residual 
tumor. He was started on myeloablative chemotherapy us-
ing thiotepa and carboplatin, with autologous stem cell 
rescue. There was initial regression of tumor on MR im-
aging after completion of 2 cycles of stem cell rescue, and 
he subsequently received a third infusion of autologous 
stem cells. He developed severe leukopenia and bactere-
mia with Klebsiella, Pseudomonas, Acinetobacter, and 
Enterobacter that responded to antibiotic therapy. Repeat 
MR imaging 1 year following the initial surgery showed a 
new right occipital metastatic lesion adjacent to the trans-
verse sinus. Palliative intensity modulation radiation ther-
apy was recommended, but the family declined further 
treatment and the child died shortly thereafter (Fig. 8).

Discussion
Embryonal tumor with abundant neuropil and true 

rosettes (ETANTR) is a histologically distinctive malig-
nant brain tumor of childhood. Since its initial descrip-
tion a decade ago, there have been fewer than 50 cases 
cited in the literature. In the present report, we describe 
2 children with supratentorial ETANTR who each pre-
sented with a short history and rapid progression of clini-
cal symptoms. In each case, the tumor was very large and 
exhibited mass effect. The patient in Case 1 was treated 
with radical surgery, craniospinal radiation, and chemo-
therapy, and he is alive without clinical or radiological 
evidence of active disease 7 years after presentation. This 
represents the longest reported survival for a patient with 
ETANTR to date.

The explanation for this long survival is not entirely 
clear. The tumor was hemispheric, and we were able to 
achieve a radical resection. Adjuvant therapy included both 
craniospinal radiation and chemotherapy. The PNETs as 
a group show better response to radiation than chemo-
therapy. The use of high-dose carboplatin as a radiation 
sensitizer may have played a role in achieving disease con-
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trol. Other long-term survivors may exist, but, since most 
reported series are in pathology journals, this information 
is not easily available.

ETANTR was first described by Eberhart and col-

leagues6 in 2000, when they reported 7 cases as a distinc-
tive form of CNS PNET. They initially called the lesion 
“pediatric neuroblastic tumor with abundant neuropil 
and true rosettes” (PNTANTR).7,8 The finding of micro-

Fig. 1.  Case 1. Preoperative MR imaging.    A: Axial T1-weighted images obtained without contrast enhancement.    B: Axial 
T1-weighted Gd-enhanced images.    C: Axial T2-weighted images.    D: Coronal Gd-enhanced T1-weighted images.    E: Sag-
ittal Gd-enhanced T1-weighted images. 
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tubules and tumor cells with neurosecretory granules 
suggested to them a neuroblastic nature of the tumor and 
accounted for the diffuse synaptophysin immunostain 
positivity. Occasional glial differentiation of the tumor 

explained the GFAP positivity. However, the name was 
subsequently changed to “embryonal tumor with abun-
dant neuropil and true rosettes” (ETANTR) after other 
groups reported 17 similar cases. Subsequently, Eberhart 

Fig. 3.  Case 1. Immediate-postoperative Gd-enhanced MR images showing radical tumor resection.

Fig. 2.  Case 1. Histopathological features of ETANTR.    A: Low-power photomicrograph demonstrating abundant neuropil 
containing occasional true rosettes. H & E.    B: High-power photomicrograph of true rosettes demonstrating multilayering of 
pleomorphic nuclei. H & E.    C: Low-power photomicrograph obtained after immunostaining for Ki 67, which highlights the prolif-
erative activity of cells comprising the true rosettes.    D: Photomicrograph obtained after immunostaining for synaptophysin. The 
neuropil separating the true rosettes is highlighted, but the cells comprising the rosettes are not stained. Original magnification 
× 100 (Α and C), × 200 (D), and × 400 (B).
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and colleagues reported an additional 22 cases in 2009, 
thus making a total of 46 cases of ETANTR reported in 
the literature to date.1,3,5–9,11,13,15

ETANTR has been identified as a histologically 
distinctive CNS PNET. It is characterized by the pres-
ence of undifferentiated neuroepithelial cells resembling 
those of the classic PNET as well as broad zones of well-
differentiated neuropil and ependymoblastic rosettes 
arising abruptly from paucicellular regions of neoplastic 
neuropil. The rosette-forming cells form a multilayered 
(pseudostratified) wall in which both mitoses and karyor-
rhectic debris are seen, typically without a luminal base-
ment membrane. Homer Wright rosettes (pathognomonic 
of neuroblastic differentiation in medulloblastoma) may 
also be present. A well-defined internal limiting mem-
brane is a hallmark of these lesions, with the outer cells of 
the rosette merging into the adjacent neuropil and embry-
onal cells.9 Medulloblastoma, on the other hand, shows 
classical Homer-Wright rosettes, and medulloepithelioma 
shows a canalicular growth pattern with an intact lumi-
nal basement membrane and divergent differentiation. 
Medulloblastoma itself is a very heterogeneous neoplasm 
with several variants such as classic, desmoplastic, large-
cell anaplastic, melanotic, and medullomyoblastoma. 
These lesions show divergent neuronal differentiation 
with neuroblastic rosettes, epithelial, glial, and retinoblas-
toma-like differentiation.4,10,13 Anaplastic ependymomas, 
however, show perivascular pseudorosettes that carry a 
sharp distinction from true rosettes (Table 1).4,10,16

The diagnosis of ependymoblastoma is controversial 
and has been debated since its initial description in 1926. 

Recently this subcategory has been considered to be nei-
ther precise nor specific.11 Ependymoblastic rosettes, once 
considered the hallmark of ependymoblastoma, are no 
longer considered pathognomonic for this tumor. Judkins 
and Ellison11 reviewed 14 cases that had been diagnosed 
previously as ependymoblastoma and reclassified 8 of 
them as ETANTR on the basis of the embryonal nature 
of the cells. They noted that ependymoblastic rosettes 
were more frequently encountered in ETANTR than in 
other CNS embryonal neoplasms. They went on to sug-
gest withdrawing the diagnosis of ependymoblastoma 
from the classification of CNS tumors.

In an effort to further distinguish ETANTR, some 
investigative groups have recently performed cytogenetic 
studies on pathological specimens. Fuller and colleagues8 
found abnormalities on chromosome 17 in 2 cases (iso-
chromosome 17q in 1 tumor and polysomy of 17 in the 
other), anomalies that are typical of medulloblastoma. 
This suggests that ETANTR, despite arising at locations 
outside the cerebellum, may be more closely related to 
cerebellar medulloblastomas than supratentorial PNETs. 
Subsequently, Gessi and colleagues9 found extra copies of 
chromosome 2 in both of the 2 cases in which they per-
formed cytogenetic testing. Buccoliero and colleagues3 
also found chromosome 2 polysomy in 1 case, as did 
Pfister and colleagues in 1 case.15 Although duplication 
of genetic material on chromosome 17 and loss of genetic 
material on chromosome 22 has been well documented 
in embryonal CNS tumors, chromosome 2 polysomy may 
be a differentiating feature of ETANTR.2

Although ETANTR shows some cytogenetic features 

Fig. 4.  Case 1. Follow-up Gd-enhanced MR images obtained 7 years after surgery showing absence of recurrent tumor.

Fig. 5.  Case 2. Preoperative Gd-enhanced sagittal, axial, and coronal MR images.
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resembling medulloblastoma, recent molecular studies 
have also demonstrated analogies between ETANTR and 
ependymoblastoma. Pfister and colleagues,15 who noted 
the chromosome 2 polysomy in ETANTR, also found a 
high-level amplification on chromosome 19 at position 
19q13.42 causing an upregulation of microRNA clusters 
and several protein-coding genes. This molecular aber-
ration had not been described in any other brain tumor, 
further supporting the hypothesis that ETANTR was a 
distinct tumor entity.

Subsequently, Korshunov and colleagues12 used fluo-
rescence in situ hybridization to evaluate tumors that had 
been diagnosed morphologically as either ETANTR or 
ependymoblastoma. They demonstrated focal genomic 
amplification at 19q13.42 in 37 of 40 samples (93%). 
Among tumors harboring this amplification, 19 samples 
were identified as ETANTR and 18 as ependymoblasto-
ma. This suggests that ETANTR and ependymoblastoma 
may be closely related.

The natural history of ETANTR is similar to that of 
other malignant pediatric brain tumors. ETANTRs occur 

in the pediatric population, usually in children 4 years of 
age or younger, with a slight female preponderance com-
pared with other PNETs. Although these neoplasms are 
found in supra- and infratentorial locations, there seems 
to be a predilection for the supratentorial space, especial-
ly the frontal and parietal lobes, where they tend to oc-
cur as large, cystic, sometimes calcific intraaxial masses. 
The radiological differential diagnosis of these lesions 
includes desmoplastic infantile ganglioglioma, PNET, 
and supratentorial ependymoma. Gessi and colleagues9 
reported one case with leptomeningeal dissemination that 
responded to intrathecal chemotherapy. Infantile lesions, 
in general, are highly malignant and generally associated 
with a poor clinical outcome, despite aggressive surgical 
and adjuvant therapy. Like PNETs, these tumors appear 
to be less sensitive to chemotherapy. The patient in our 
illustrative Case 2, a 17-month-old child, fared poorly. He 
was treated with chemotherapy without radiation because 
of his young age. Both of our patients presented with a 
short history of rapid clinical deterioration over weeks, 
suggesting a fast-paced progression of this neoplasm.

Fig. 6.  Case 2. Immediate postoperative MR images showing radical resection.

Fig. 7.  Case 2. Follow-up MR images obtained 4 months after initial surgery showing tumor recurrence.
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Of the 46 cases of ETANTR reported to date, the 
clinical outcome has been poor, with the longest sur-
vival found to be only 42 months. The largest series was 
reported by Gessi and colleagues,9 who described 29 pa-
tients (7 cases from Eberhart and colleagues in 2000 and 
an additional 22 cases in 2009). Their patients ranged in 
age from 9 to 48 months. Older patients, who were treated 
with resection, chemotherapy, and radiation had a better 
outcome than younger infants, who had only resection and 
chemotherapy. The longest infant survival was 18 months. 
Al-Hussain and Dababo1 reported on a 2-year-old girl with 
a vermian ETANTR tumor. She underwent near-total re-
section followed by chemotherapy but developed a recur-
rence in 6 months. In 2010, Buccoliero and colleagues3 
described a 2-year-old girl with a bihemispheric lesion of 
the parietooccipital lobes that was completely removed in 
2 stages. In 2007, Dunham and colleagues5 reported on a 
2-year-old boy with a partly calcified cystic left temporo-
parietal hemispheric ETANTR who underwent near-total 
resection with no adjuvant therapy. He developed a poste-

rior fossa tumor recurrence after 11 months necessitating 
urgent debulking. The parents declined further treatment. 
In 2006, Fuller and colleagues8 reported on 2 patients, a 
boy and girl, each 4 months old. The boy had a minimally 
enhancing, large, midpontine lesion that was debulked and 
subsequently treated with radiation and chemotherapy. He 
had stable disease at 19 months’ follow-up. The girl, who 
had a left parietooccipital lesion, underwent 3 debulking 
procedures followed by high-dose chemotherapy and ra-
diation but died within 6 months of the initial diagnosis. In 
2006, La Spina and colleagues13 reported on a 4-year-old 
boy with a nonenhancing partly cystic intrinsic brainstem 
ETANTR. Following resection, he underwent hyperfrac-
tionated craniospinal radiation and aggressive multiagent 
chemotherapy and was alive and disease-free 34 months 
after surgery. In 2009, Pfister and colleagues15 described 
a 2-year-old girl with a vermian mass who underwent 
subtotal resection followed by chemotherapy, stem cell 
transplantation, and radiation therapy, with stabilization of 
disease at 16 months follow-up. In 2010, Ferri Niguez and 
colleagues7 reported on 2 girls aged 9 and 23 months who 
both underwent resection and chemotherapy. The latter pa-
tient received radiation therapy also. However, both died 
after 10 months.

Conclusions
ETANTR has been identified as a histologically dis-

tinctive, PNET of the CNS. Ependymoblastic rosettes, 
previously felt to be diagnostic of ependymoblastoma, are 
more frequently seen in ETANTR than other embryonal 
tumors. Since the initial description of ETANTR in 2000, 
the limited reports in the literature have shown a female 
predominance. The patients are usually young children, 
presenting before the age of 4 years. ETANTR has unique 
cytogenetic features including focal genomic amplifica-
tion of 19q13.42 as well as chromosome 2 polysomy. The 
treatment strategy is similar to that of PNETs, including 
resection, systemic chemotherapy, and craniospinal ra-
diation when possible. Although this tumor has a high 
potential for malignancy and has been associated with 
a dismal prognosis, it appears that long-term survival is 
possible following radical surgery and adjuvant therapy, 
as we have reported in Case 1. As we learn more about 
the molecular and genetic basis of this malignant neo-
plasm, it may be possible to develop targeted and more 
effective therapies.

Fig. 8.  Case 2. Follow-up MR images showing tumor recurrence af-
ter the second resection of the ETANTR, radiation, chemotherapy, and 
stem cell rescue.

TABLE 1: Histological differential diagnosis of ETANTR and 
characteristic features

Tumor Type Histological Characteristics

ETANTR multilayered true rosettes lacking a luminal  
  basement membrane

medulloblastoma Homer-Wright rosettes
medulloepithelioma canalicular growth pattern; luminal base- 

  ment membrane; divergent differentiation
anaplastic ependymoma perivascular pseudorosettes; monolayered  

  true rosettes
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