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The postirradiation incidence of cavernous angioma is higher
in patients with childhood pineoblastoma or primitive
neuroectodermal tumors than medulloblastoma
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Abstract

Purpose The purpose of this study is to investigate the inci-
dence of cavernous angioma (CVA) in long-term survivors of
childhood embryonal tumors treated by cranial irradiation.
Materials and methods Between 1990 and 2012, we treated
25 patients (13 males, 12 females) with embryonal tumors (17
medulloblastomas, 5 primitive neuroectodermal tumors
(PNET), 3 pineoblastomas) with craniospinal irradiation.
Follow-up ranged from 15.5 to 289.9 months, the irradiation
dose to the whole neural axis from 18 to 36 Gy, and the total
local dose from 49.6 to 60 Gy. All patients underwent follow-
up magnetic resonance imaging (MRI) studies at least once a
year, and the diagnosis of posttreatment CVA was based solely
on MRI findings.

Results At the time of this writing, 18 were alive and free of
the recurrence of the original disease or the development of
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secondary neoplasms other than CVA; another 2 were alive
with medulloblastoma or diffuse astrocytoma. Posttreatment,
14 patients developed CVAs in the course of a median of
56.7 months; 13 of these presented with multiple CVAs. Pa-
tients who underwent radiation therapy (RT) at an age youn-
ger than 6 years developed multiple CVAs significantly earlier
than those treated at a later age (p=0.0110). Patients with
PNET or pineoblastoma developed Zabramski type 1 and 2
CVA significantly earlier than did medulloblastoma patients
(p=0.0042).

Conclusion We attribute the high rate of post-RT CVA in our
long-term follow-up study of pediatric patients to the delivery
of cranial irradiation for embryonal tumors, especially PNET
and pineoblastoma, and recommend the regular, long-term
follow-up of patients whose embryonal tumors were treated
by cranial irradiation.

Keywords Pincoblastoma - Primitive neuroectodermal
tumors - Medulloblastoma - Cavernous angioma

Introduction

Children with central nervous system neoplasms treated by
cranial or craniospinal irradiation or radiation combined with
chemotherapy may several years later present with intracranial
hemorrhage at sites other than that of the primary tumor [1, 2].
Based on histological studies, such intracerebral hemorrhages
were attributed to the postirradiation development of cavern-
ous angioma (CVA) [3-10]. Despite the growing number of
reports on this phenomenon [8—15], much remains unknown
including the relationship between cavernoma formation and
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the radiation dose, the site and volume of the lesion, the con-
tribution of chemotherapy, the cumulative incidence, and the
incidence of symptomatic and asymptomatic hemorrhagic
events.

The aim of this study was to evaluate the cumulative inci-
dence of CVA in patients with childhood embryonal tumors
including medulloblastoma, pineoblastoma, and primitive
neuroectodermal tumor (PNET) treated by craniospinal radia-
tion therapy (RT) at a single institution. They were followed
long-term (from 15.5 to 289.9 months) and underwent at least
annual post-RT MRI studies. We compared follow-up obser-
vations made on patients with pediatric medulloblastoma and
those with pineoblastoma or PNET. As embryonal tumors
tend to arise at a young age and have relatively high survival
rates, the possible long-term sequelae of whole-brain irradia-
tion in childhood must be understood and minimized.

Materials and methods
Patients

This retrospective study was approved by our institutional
review board; written patient consent was waived. To protect
patient privacy, we removed all identifiers from our records
upon completion of our analyses. Between 1990 and 2012, we
treated 31 patients (16 males, 15 females) with childhood
embryonal tumors (22 medulloblastomas, 6 PNET, 3
pineoblastomas); 25 who underwent cranial irradiation were
included in this study (17 medulloblastomas, 5 PNET, 3
pineoblastomas). Three patients each were subsequently ex-
cluded because they were younger than 3 years and underwent
chemotherapy only or because the follow-up period was less
than 1 year. Preoperative MR studies denied the presence of
CVA before treatment in all included patients. The irradiation
dose to the whole neural axis ranged from 18 to 36 Gy and the
total local dose from 49.6 to 60 Gy. No patients had a history
of previous surgery, chemotherapy, or RT.

Ofthe 25 patients, 13 were censored during their follow-up
due to recurrence of the original disease (n=5), the detection
of secondary leukemia (n=1) or of secondary diffuse astrocy-
toma (n=1), or the absence of CVA on the last follow-up MRI
study (n=6). Of the 25 patients, 14 developed CVA during
follow-up; 2 of these were subsequently censored due to the
development of secondary diffuse astrocytoma or secondary
leukemia.

MRI studies
All patients underwent MRI including T2-weighted imaging
(WI) (TR 4800 ms, TE 100 ms, echo train length 18, field-of-

view (FOV) 22 %22 cm, matrix size 512 x320/2 NEX, section
thickness 6 mm, intersection gap 1.0 mm, 1 acquisition) or
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FLAIR imaging (TR 10,000 ms, TE 140.0 ms, inversion re-
covery time 2400.0 ms, FOV 22x22 cm, matrix size 288 x
160/1 NEX, section thickness 6 mm, intersection gap 1.0 mm,
2 acquisitions), and pre- and post-gadolinium-enhanced T1-
WI (TR 450 ms, TE 18 ms, FOV 22 x22 cm, matrix size 256 x
192/1 NEX, section thickness 6 mm, intersection gap 1.0 mm,
2 acquisitions). The parameters for T2*-WI were gradient
echo, TR 600 ms, TE 12 ms, flip angle 20°, FOV 22x
22 cm, matrix size 320x192/1 NEX, slice thickness 6 mm,
intersection gap 1.0 mm, scan time 1:30.

CVA evaluation

The diagnosis of CVA was based solely on post-RT MRI
findings. The CVAs were classified by the consensus of three
authors (F.Y., T.T., R.N.) into four types based on the classifi-
cation of Zabramski et al. [16]. None of the patients underwent
surgery for CVA, and none of the lesions were confirmed
histologically.

Statistical analysis

Statistical analyses were with PRISM version 5.0 (GraphPad
Software Inc, La Jolla, CA, USA). The interval between the
delivery of craniospinal irradiation and the subsequent detec-
tion of CVA was the time between the first RT session and the
post-RT diagnosis of CVA. To evaluate the diagnostic value,
we performed Kaplan-Meier analysis (log-rank test) that incor-
porated the diagnosis of CVA based on MRI findings. The time
to the development of the first post-RT CVA, to the progression
to multiple CVAs, and to the classification of Zabramski type 1
or 2 CVA was compared between patients who received RT at
an age >6 and <6 years and between patients with medullo-
blastoma or with PNET or pineoblastoma.

Results

The characteristics of the 25 original patients with embryonal
tumors are summarized in Table 1. At the time of this writing,
18 were alive and free of the recurrence of the original disease
or the development of secondary neoplasms other than CVA;
the median follow-up term was 89.7 months (range 15.5—
289.9 months, mean 108.6 months). Of the 25 patients, 14
(56 %) developed CVAs 26.0-227.3 months (median
56.7 months, mean 81.9 months) post-RT (Fig. 1); in 13, the
CVAs were multiple. The cumulative incidence was 14.3,
38.9, 68.8, and 93.3 %, at 3-, 5-, 10-, and 20-year post-RT,
respectively. The time to the development of multiple CVAs in
13 patients ranged from 34.3 to 269.4 months (median
62.8 months, mean 93.5 months). The interval between the
detection of single and multiple CVAs ranged from 0 (cases 6
and 25) to 42.5 months (case 12) (median 10.3 months, mean
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Table 1  Characteristics of children with embryonal tumors who post-RT developed cavernous angioma identified by MRI
Caseno. Age Sex Disease Rec. Currentstatus  Radiation dose Time post-RT  Time post-RT to  Time post-RT to Follow-up
in Gy (local/ to initial CVA  multiple CVA Zabramski type 1 or 2 period
craniospinal)  diagnosis diagnosis CVA diagnosis (months) (months)
(months) (months)
1 10.6 F MB yes alive with MB  54/24 51.8
2 79 F MB no alive 49.6/25.6 82.3 91.2 108.5
3 93 M MB yes dead 50/30 71.5
4 47 F MB no  alive 54/24 41.6 49.7 90.3
5 144 F MB no  alive 54.6/24 67.9
6 6 M MB no  alive 54.6/24 355 355 60.3
7 158 M MB no  alive 54.6/36 57.1
8 54 M MB no  alive 50.6/24 28.3 343 54.0
9 72 F MB yes  dead 54.8/36.8 15.5
10 88 F MB no alive 50.6/30.6 178.8
11 74 F MB no alive 54/25.2 389 46.7 104.1
12 95 F MB no alive with DA  56/24 86.1 128.6 116.0 217.8
13 66 M MB no alive 50/30 274.6
14 23 M MB no alive 49.6/24 2273 269.4 286.8
15 121 M MB no alive 56/40 177.5 198.7 274.9 289.9
16 108 M MB yes  dead 49/24 335
17 3 F MB no  alive 51.6/19.2 26.6
18 4 M PNET no alive 54/18 51.4 62.8 68.6 922
19 109 M PNET no  dead(leukemia) 60/24 36.4 46.7 89.7 89.7
20 103 F PNET yes dead 60/24 25.0
21 72 F PNET no  alive 54.6/24 62.0 62.0
22 93 M PNET no alive 54.6/24 38.8
23 45 F PB no  alive 51.6/30 70.7 73.0 83.1 95.2
24 36 M PB no  alive 53.2/35.2 26.0 383 26.0 157.1
25 76 M PB no alive 54/36 141.0 141.0 165.4

rec. recurrences of the original disease, CVA cavernous angioma, /B medulloblastoma, PNET primitive neuroectodermal tumor, PB pineoblastoma, DA

diffuse astrocytoma

15.7 months). We were unable to detect a trend with respect to
the development site of the secondary CVAs.

Next, we analyzed the effect of the patient age at the time of
RT on the development of post-RT CVAs. Compared to
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Fig. 1 Probability of developing cavernous angioma in 25 patients who

were followed for more than 12 months after craniospinal irradiation for
embryonal tumors

children who underwent RT when they were at least 6 years
old, those treated at an age younger than 6 years developed
CVAs significantly earlier (median 41.6 vs 86.1 months, p=
0.0496, log-rank test), and they developed multiple CVAs
significantly earlier than the older children (Fig. 2, median
44.0 vs 141.0 months, p=0.0110, log-rank test).

Then, we divided our patients into two groups, a medullo-
blastoma group who underwent whole neural axis irradiation
with a boost delivered mainly at the posterior fossa (group 1,
n=17) and a second group with PNET or pineoblastoma who
also received whole neural axis irradiation with a boost deliv-
ered mainly at the cerebral hemisphere (group 2, n=10). Pa-
tients with PNET or pineoblastoma developed CVA signifi-
cantly earlier than did patients with childhood medulloblasto-
ma (Fig. 3, p=0.0481, log-rank test).

Finally, we focused on CVAs classified as Zabramski type
1 and 2 because these lesions present with hemorrhage and are
clinically relevant. In our series, 6 (24 %) of 25 patients
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Fig. 2 Probability of developing multiple cavernous angioma in 25
patients who were followed for more than 12 months after craniospinal
irradiation for embryonal tumors. Comparison of patients subjected to
radiotherapy at an age >6 and <6 years

developed Zabramski type 1 or 2 CVAs 26.0-274.9 months
(median 86.4 months, mean 109.7 months) post-RT. The le-
sions were symptomatic (headache/diplopia/abducens palsy)
in 3 patients cases 15, 18, 24. We found that patients with
PNET or pineoblastoma developed Zabramski type 1 and 2
CVAs significantly earlier than did patients with medulloblas-
toma (Fig. 4, p=0.0042, log-rank test). A representative case
(case 18) is shown in Fig. 5. The 3 patients with symptomatic
Zabramski type 1 or 2 CVAs were treated conservatively and
their symptoms improved. None required surgery, suffered
rebleeding, or subsequently developed multiple lesion defined
as Zabramski type 1 or 2.

Discussion

Wilson first suggested that CVAs could arise after cranial ir-
radiation [17]. Circillo et al. [3] subsequently reported 7 pa-
tients with CVA as a possible sequela of cranial irradiation.
According to others [4—7, 18-21], the incidence of cavernoma

100-
759 5
2
8 5o
[e]
B
a
251 .
-+- PNET & pineoblastoma
-~ medulloblastoma
0 : : v . ,
0 60 120 180 240 300

Months after cranio-spinal irradiation

Fig. 3 Probability of developing cavernous angioma in 25 patients who
were followed for more than 12 months after craniospinal irradiation for
embryonal tumors. Comparison was between patients with
medulloblastoma and patients with PNET or pineoblastoma
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Fig. 4 Probability of developing Zabramski type 1 or 2 cavernous
angioma in 25 patients who were followed for more than 12 months
after craniospinal irradiation for embryonal tumors. Comparison was
between patients with medulloblastoma and patients with PNET or
pineoblastoma

after cranial irradiation ranged from 3.4 to 41.2 %. Of our 25
patients with embryonal tumors treated with RT, 14 (56 %)
subsequently developed CVA. We also found that secondary
CVA after cranial irradiation developed significantly earlier in
patients with PNET or pineoblastoma than in those with
medulloblastoma.

Zabramski et al. [16] classified CVAs into four types. On
T1- and T2-WI, typel shows a hyperintense signal, type 2 a
reticulated core of mixed signal intensity surrounded by a
hemosiderin ring, and type 3 an iso- to hypointense area. Type
4 is poorly visualized except on T2*-WI. Their type 1 and 2
CVAs manifest recent hemorrhage and may become symp-
tomatic. According to Vinchon et al. [22], CVA may not be
detected as long as 20 years after RT. On the other hand, Koike
et al. [18] reported that CVAs arose 24 years after 612 Gy of
cranial irradiation and hematopoietic stem cell transplantation
and that all of their patients treated with 18-36 Gy manifested
CVAs within 16 years. Among long-term survivors of medul-
loblastoma followed by Lew et al. [20], one presented with
CVA 16.1 years after cranial irradiation and chemotherapy.
We found that Zabramski type 1 or 2 CVA may arise 20 years
after the treatment of embryonal tumors with high-dose crani-
al irradiation and document that the cumulative incidence of
secondary postirradiation CVA increased year by year. Others
[22, 23] warned that cranial irradiation may elicit secondary
neoplasms; 10 years post-RT, gliomas, meningiomas, and sar-
comas were found in 4 % of survivors. In fact, one of our
patients (case 12) presented with secondary diffuse astrocyto-
ma at the center of the irradiation field 10 years post-RT. Other
complications include a volume loss of the brain,
leukoencephalopathy, neurological and neuropsychological
dysfunction, endocrine complications, social impairment, spi-
nal deformities, and alopecia [24, 25]. The dose and/or field of
irradiation in patients with embryonal tumors tends to be larg-
er than that in patients with leukemia, germinoma, lymphoma,
and glioma, and our findings suggest that patients with
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Fig. 5 A patient with a primitive
neuroectodermal tumor who
underwent radiochemotherapy at
the age of 4 years, case 18. Five
years and 8 months later, he
presented with headache. Axial
T1-weighted (a), T2-weighted
(b), and T2*-weighted (c) images
showed heterogeneous
hemorrhage with a hemosiderin
rim in the left frontal lobe
(arrow). Sixteen months later, the
lesion was demonstrably smaller
(d) (arrow). Other Zabramski
type 4 lesions were observed in
the left frontal lobe 51-month
postirradiation (e, arrowhead)
and in the right frontal lobe 77-
month postirradiation (f,
arrowhead)

embyronal tumors subjected to cranial irradiation must be
followed long-term to look for secondary changes.

The mechanism(s) underlying the development of post-RT
CVA remains unclear. Heckl et al. [9] posited that the molec-
ular mechanisms involved in their elicitation depend on vascu-
lar endothelial growth factor (VEGF) and hypoxy-inducible
factor-1 (HIF-1). Irradiation results in narrowing of the vascu-
lar vessel lumen due to endothelial proliferation with
hyalinization and fibrinoid necrosis of the vascular wall [2].
This leads to ischemia and microinfarction followed by reac-
tive angiogenesis due to the induction of HIF-1, which in turn
induces VEGF [26]. The expression of these factors is high in
the very young and may explain the earlier development of
CVA in patients subjected to irradiation at a young age
[18-22, 25, 27]. Other mechanisms may involve direct injury
to the parenchyma or an immunologic mechanism with an
allergic hypersensitivity response [28]. The development of
hemorrhages may reflect disruptions and changes in capillary
vascular integrity elicited by RT as it can induce Moyamoya-
like disease and capillary telangiectasia [29-31]. Maeder et al.
[14] suggested venous restrictive disease as a sequela of radi-
ation changes resulting in impaired venous flow and that the
consequent increase in venous pressure results in the formation
of cavernomas. As in some patient subgroups, the incidence of
secondary post-RT CVA is higher and the time to their

manifestation is shorter than in other patients, genetic or epi-
genetic heterogeneity may be involved. In fact, mutations in
cerebral cavernous malformation 1 (CCM1)/Krev interaction
trapped protein 1 (KRIT1)-, CCM2/MGC4607-, and CCM3/
programmed cell death 10 (PDCD10) genes as well as CCM3
were associated with familial CVA [32, 33]. He et al. [34]
reported that stabilization of VEGF receptor 2 signaling by
CCM3 is critical for vascular development, and Jung et al.
[35] pointed to the relationship between VEGF and CVA.

Sporadically occurring CVA developed symptomatic hem-
orrhage at the annual rate of 1.6-3.1 % [36]. It is unclear
whether post-RT CVAs have a similar propensity to bleed.
As they tend to be multiple, the incidence of hemorrhagic
events can be expected to be higher than in sporadic CVA
but not higher than in familial CVA. Brunereau et al. [37]
reported that the clinical manifestations in patients with famil-
ial and sporadic CVA appear to be similar. Affected patients
may be entirely asymptomatic, and some CVAs remain stable
in size, grow, or shrink [20]. In patients with sporadic asymp-
tomatic post-RT secondary CVA detected incidentally, the rec-
ommended standard practice is conservative observation even
though their detection on conventional MRI scans may pre-
sage later complications [25].

Our study has some limitations. The number of long-term
survivors of embryonal brain tumors was small, and we did
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not evaluate any of the CVAs histologically. Some Zabramski
type 4 CVAs may have included areas of calcification or
microbleeds due to etiologies such as senescence. We evalu-
ated the CVA type without regard to the lesion size. The CVA
size on T2*-WI scans is not accurate because on such images,
the signal from hemorrhage is larger. The clinical implications
of detecting Zabramski type 4 CVAs on T2*-WI scans remain
to be determined. Nonetheless, we suggest that T2*-WI stud-
ies be included in the follow-up of patients whose embryonal
tumors were addressed by cranial irradiation.

Conclusion

We attribute the higher incidence of post-RT CVA in our than
earlier studies to our very long-term follow-up (range 15.5 to
289.9 months) of patients who had undergone RT to address
embryonal tumors. The incidence of Zabramski type 1 or 2
CVA was high in our series, especially in patients with PNET
and pineoblastoma. Based on our findings, we recommend
that survivors of childhood embryonal tumors be followed
long-term and regularly because secondary changes may be
detected long after the delivery of RT.
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