2INA

stimulated by the recombinant Ang2. Exposure to 3¢ uM of MMP
inhibitor I11, 20 uM of Marimastat (Fig. 5C), or 50 uM of GM6001
(data not shown) effectively inhibited the Ang2-stimulated enzy-
matic activities of MMP-2 in U8TMG/Ang2 or the Ang2-
stimulated US7MG glioma cells.

Finally, we determined whether Ang2-stimulated in vitro cell
invasiveness was mediated by modulation of the activation of
MMP-2 in glioma cells. We performed the cell invasion assays by
using US7MG/Ang2 or parental USTMG cells treated with recom-
binant Ang?2, in the presence or absence of MMP inhibitor III (50
M) or Marimastat (20 uM). Both MMP inhibitors prevented
glioma cell invasion stimulated by Ang?2 either by overexpression of
Ang2 or by exposure to the recombinant Ang2 (Fig. 5D). Thus,
Ang?2 promotes human glioma cell invasion through the activation
of MIMP-2 in glioma cells both in vive (Fig. 3) and in vitro (Figs. 4
and 5).

Discussion

Although the diverse roles of Ang2 in tumor progression have
been studicd extensively, investigations of its functions have been
primarily focused on its action on angiogenesis through a
Tie2-dependent pathway in ECs (6). Increased expression of
Ang2 in human tumor tissues or enhanced tumor growth by
overexpressing Ang? in xenografted tumors has been attributed
to the effects of Ang2 on ECs (7-11). For example, arecent study
that nicely describes a role of Ang2 in gastric cancer progression
ascribes the effect of Ang2 on tumor metastases and dissemi-
nation to the stimulation of Ang2 on ECs (9). In this report, we
present evidence that Ang2 can also directly induce glioma cell
invasion in the absence of detectable Tie2 expression. Ectopic
expression of Ang2 by US7MG glioma cells conferred an ag-
gressively invasive phenotype to otherwise spheroid-shaped
USTMG gliomas. The in vive induction of USTMG glioma
invasion by Ang2 was accompanied by increased vessel growth
only at the invasive fronts (tumor-adjacent brain parenchyma) of
the invading USTMG/Ang2 tumors. Ang2 was also capable of
directly inducing invasive behaviors by Tie2-deificent glioma
cells in vitro where it increased their abilities to invade through
Matrigel or VN. These activities were apparent whether the
tumor cells expressed the Ang2 or were exposed exogenously to
it. Thus, Ang2 is capable of affecting glioma invasion both
through its direct activity on Tie2-deficient tumor cells as well as
its well documented activity through the Tie2 receptor on EC,

It has been reported that increased expression of MMFE-2,
MMP-9, and membrane type-1 MMP (MT1-MMP) is correlated
with the invasive phenotype of glioma and other types of tumors (2,
17). MT1-MMP is invoived in the activation of MMP-2 (17).
Although inhibition of MMP-2 expression suppresses the invasive-
ness of tumor cells in several model systems (14, 18, 19), which

molecules induce MMP-2 activation during tumor development has
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not beent defined (17). Our results demonstrate that Ang2 can
function as such an inducer and thereby affect glioma cell invasive-
ness. Interestingly, we also found that MTL1-MMP was coexpressed
with Ang2 and MMP-2 in the invasive regions in clinical glioma
specimens and the -Ang2-expressing gliomas (data not shown),
suggesting a role for it in Ang2-induced glioma invasion. In contrast,
we found diffuse expression of MMP-% in the invasive Ang2-
expressing gliomas, suggesting that it was produced by tumor
stroma (20). The responsiveness of the glioma cells to Ang2 even
though they lack detectable Tie2 expression raises the question of
the details of Anp?2 signaling in this case. However, it has been
recently reporfed that Ang? interacts with certain cell surface
integrins to support adhesion for fibroblasts and ECin vitro through
a Tie2-independent pathway (21). Currently, we are investigating
the invalvement of integrins and other molecules in modulating the
activation of MMP-2 during the Ang2-induced glioma invasion.

1In addition to MMPs, compelling evidence shows that integrins
(22), urckinase-like plasminogen activator receptor (23), osteopon-
tin, tenasin (24), and SPARC (25) are also involved in glioma
invasion. SPARC is an ECM-binding protein that is up-regulated in
human primary gliomas. Qverexpression of SPARC by URBTMG
cells induced glioma cell invasion in vitre as well as in vive (26). Our
studies demonstrate that Ang2 has a similar capacity of inducing
glioma cell invasion. Analyses of parental US7MG, LacZ-, or
Ang2-expressing cells or various xenografted gliomas derived from
these celis showed similar levels of SPARC expression (data not
shown}. We thus postulate that both SPARC and Ang2 are able to
induce glioma invasion with similar phenotypes in brain, and that
these two molecules may act independently or synergistically during
the glioma prograssion.

In summary, our data show that in addition to modulating vessel
growth, Ang2 is capable of causing MIMP-2 activation and therchy
inducing glioma ccll invasion clearly in vitro and may also be of
televance to the i vivo setting. We have established a system that
should prove useful in deciphering the pathophysiological mecha-
nisms underlying the invasive behaviors of glioma cells in vive and
in vitro. Defining the pathways by which Ang? induces tumor

invasion could provide critical information with regard to the

potential of Ang2 and its effectors as new therapeutic targets in
glioma treatment. '
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1. Introduction

Navigation system has emerged as a heavyweight in neurosurgery However, the 2-D images of
coventional navigation are not helpful for surgeons to comprehend the place of the region in the
surgical field intuitively. To improve the surgeon’s intuitive comprehension of spatial localization of
their tools, we here report the development of 3-D navigation system updated with intraoperative
MRI and its initial experiences of clinical study,

2. Methods

The 3-D navigation system was innovated from a-surgical navigation system (PRS navigator™
Toshiba) based on a conventional infrared location-identification device (Polaris™, Northem
Digital) by the install of a volume rendering graphic board (Volume Pro™, Asahi Electronics).
The 3-D image was displayed besides the three orthogonal planes display on the computer monitor
and the frame rate of the 3-D image was 30 frame/s. The 3D navigation was used in two patients
presented with gliomas adjacent to the eloquent brain.

3. Results and conclusion

The frame rate (30 frame/s) could demonstrate the position of the tip of the surgeon’s tool real-
timely. The 3-D images were acceptable for the surgeons and enough quality for surgeons to
comprehend the physical relationship between the region and the other landmarks. We developed the
new 3-D navigation systern that had fast frame rate and good image quality. The 3-D navigation
system updated with intraoperative MRI was advanced system whose d1sp1ay was very useful for
surgeons to comprehend the location of the region intuitively.

* Corresponding author, Tel.: +81-33353-8111; fax: +81-35269-7438,
E-mail address: yrouragaki@nij.twmu.ac.jp (Y. Muragaki).

0531-5131/03 © 2003 Published by Elsevier Science B.V.
doi:10.1016/50531-5131(03)00308-X
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OBJECTIVE. The aim of our study was to describe the CT and MR! findings of recurrent
turnors and second primary (malignant and benign} neoplasms in patients with retincblastoma
and to evaluate imaging features to assist in distinguishing them.

MATERIALS AND METHODS, Records of 445 pathologically confirmed retinoblasto-
mas were retrospectively reviewed. Thirty-four patients with recursent retinoblastomas and 15
patients with second primary neoplasms who underwent CT and MRI were evaluated by two
radiologists with agreement by consensus.

RESULTS. Invasive patterns of recurrent wmors inciuded type A, intraocular tumor (n = 13);
type B, intraorbital tumor with spread into the optic nerve shown as enlargement and marked en-
hancement of the optic nerve on contrast-enhanced CT or MR] {n=16), and type C, umor extending
1o the lateral aspect of the orbit and invading the brain via the sphenoidal bone { = 2). Thirty-eight
percent of patients with recurrent tumors had distant metastases (n = 7} or Jeptomeningeal me-
tastases (1 = 6). Leptomeningeal metastases were found only in recurrent tumors. Second primary
neoplasms included osteosarcoma {n = $), rhabdomyosarcoma (n = 3), meningioma (n = 4), and

other tumors (1 = 3). A significant difference was seen between the petients’ ages at the time of dj-
.agnosis of recurrent tumors and second primary neoplasms (p < 0.0001). Extraorbital tamors were

found more frequently among second primary neoplasms than among recurrent tummors (p < 0.001),
CONCLUSION. Both recurrent tumors and second primary neoplasms in patients with
retinoblastoma often show characteristic imaging features. The tumor distribution on CT and

MRI may help in differentiating recurrent tumors and second primary neoplasms.

P, I .
LoMaYPil etinoblastoma is the most common

§ primary ocular malignancy of early
wikalisess childhood, The tumor js hereditary
in 2l patients with bilateral retinoblastoma and
in 10-15% of those with unilateral disease iden-
tified by z family history of retinoblastoma {1,
2. Although the cure rate of retinoblastoma is
excellent afier enucleation or irradiation, survi-
vors of hereditary retinobiastoma are at in-
creased sisk of developing recurrent umors or
second primary (malignant and benign) neo-
plasms, most commonly osteosarcoma and
other soft-tissue sarcomas [1-10). Loss or mu-
tation of the retinoblastoma gene, which is a

- prototypical tumor-suppressor gene located on

human chromosome 1314, has been associ-
ated with development of other malignancies,
including csteosarcoma and other mcscnch}(-

mal tumors {11-13).

The incidence of second primary neoplasms
after retinoblastoma increases with the Jength of
time from initial diagnosis, with a curmulative in-
cidence of 8.4% 18 years afler diagnosis {10},

However, a short latency has been found among
padents with recuirent tomors, and the incidence
may be overestimated because of difficulties in
distinguishing second primary neoplasms from
recurent tumors. Second primary neoplasms of-
ten show both high-grade and undifferentiated
features on microscopic observation, making
them difficull to diagnose and digtinguish from
the small, undifferentiated round cell numors that
are characteristic of recurrent retinoblastomas
[14-21}. Although the CT and MRI findings of
patients with Tetincbliastorna are established,
there have been only a few descriptions of sec-
ond primary neoplasms in patients with reting-
blastoma {22]. In our study, we retrogpectively
reviewed and described CT and MR] findings in
recurrent tumors and second primary neoplasms

{0 Paiicnts With retnobiasioma,

Materials and Methods

We reviewed cross-refesenced records from Janu-
ary 1980 10 Sepiember 2002 in the divisions of radia-
lion oncology and pathology at the National Caneer
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Center Hospiial, Tokyo, and identified 445 patients
with pathologically confirmed retinobiastoma. Qf
these, 34 patients with recurrent retinoblastomas ang
15 patients with second primary neoplasms were in-
cluded in our study. Of the 15 patients with second po-
mary nieoplasms, two patients developed two separate
second primary tumors. One child had a_termporal

thabdomyosarcoma and developed osteosarcoma 12

years later. Another child first developed meibomian
carcinoma in the eyelid, followed 5 years later by 2
meningioma arising in the skull base. Therefore, we
reviewed )5 patients with 17 second primary neo-
plasms for data analysis, Patients seen in consultation
were included in the analysis even if they did not re-
ceive all primary therapy for retinoblastorna at our in-
stie because some children were referred with
recurrent disease afier having inifia)l treatment at an
outside institution.

Of the 49 patients evaluated, data regarding age a1
diagnosis; sex; family history; hisiologic subtype; lo-
cation; latent period; and all initial treatment for pri-
mary wumors including enucleation, chemotherapy,
radiation therapy, and treatment of recurrent tumors
and second primary neoplasms were documented. Pa-
tients with recurrent mamors or second primary neo-
plasms received combined modality therapy
consisting of surgical resection or biopsy, fallowed by
combination chemotherapy either in standard doses or
in escalating doses with amologous bone marmow or
peripheral blood stem cell transplantation, with or

* without radiation therapy. The latent period was cal-
culated from the titne of initial diagnosis to the time of
diagnosis of recurrent tumors or second primary neo-
plasms. AH tumors in the field of radiation were sp
classified if they appeared to be originating in the eye-
lids, orbits, paranasal sinuses, temporal bones, or soft
tissues overlying the temporal bone region,

CT and MRI examinations were reviewed by two
radiologists with agreement by consensus. The im-
ages of 49 patients included both CT and MRI (1 =
27), only CT {n = 3), or only MRI (1 = 19}, Unen-
hanced CT scans were obtained in 30 patients, and
contrast-enhanced CT scans were obtained in 24-pa-
tients with the use of IV ijodinated contrast material.
Section thickness ranged between 5 and 10 mm. CT
scans were evaluated for predominant attenuation; ho-
mogeneity or helerogeneity; and the presence of cal-
cification, bone destruction, surrounding edema, and
tumor enhancement, . '

MRI was performed using L5-T systems, Using
the spin-eche technique, we obtained T1-weighted
images (TR range/TE range, 400-660/12-15) in the
axial and coronal planes, T2-weighted spin-echo or
fast spin-echo images (3000-5700/80—} 18) were then
obtained in the axial and coronal planes. Whole-brain
images wese obtained with a field of view of 30-40
cm, an image matrix of 128 x 256, and a slice thick-
fiess of 5-10 mm, Localions were judged by the type
of margin, extent of tissue invalvement, imemal archi-
feciure, presence of invasion 1o sumounding tissue,
size, and signal characteristics on Ti- and T2-
weighied images, Tumor size was determined by the
largest diameter in the axia) plane of CT scans or
MRIs. Locaiions were correlated with the radiation
field in all patients. Signal characteristics were de-
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seribed as hypointense, isointense, or hyperintense
telative fo the surmounding structures: muscle or white
matter. MRIs vblained afier the IV edministration of a
gadoliniom chelate with Ti-weighting (n = 30) were
evaluated for the degree and type of enhancement,
For evaluation of recurrent tumors in patients with
retinoblastoma, we categarized growth patterns into
three fypes for assessing recurrent retinoblastomz; in-
traocular tumor {type A), intraorbital mmer with Jocal
spread into the optic nerve (type B), and tumor ex-

" tending to the lateral aspect of the orbit and invading

the brain via the sphenoidal bone (type C),

CT and MRI findings were assessed in both recur-
rent tumors and each histologic type of second pri-
mary neoplasms. We also assessed CT and MRJ
findings to assist in the differentiation of recurrent -
moss and second primary neoplasms,

The data obtained related to disease starus regard-
ing retinoblastoma and the second primary neoplasms
in all patients. Current status was docurmented by fol-
low-up examination, and follow-up was calculated in
months from the date of initial diagnosis to the maost
recent follow-up. Differences between subgroups
were analyzed for comelations with the chi-square
test, Fisher's exact probability test, or Spearman's
rank correlation coefficient test The interobserver
variation of the extent of various abnormalities was
evaluated with the Spearman'’s rank correlation coeffi-
cient test A p value of less than 0.05 was considered 2
statistically significant difference,

Results
Clinical Findings

The clinical features of the patients are sum-
marized in Table 1. A significant difference was
seen in age at the time of diagnosis berween pa-
tients with recurrent fumors and those with sec-
ond primary neoplasms {p < 0.0001). Patients
with hereditary tumors developed second po-
mary neoplasms more frequently than they de-
veloped recurrent tumors (p < 0.001). The initial
therapy for patients with both tumor types in-
cluded combination therapy. No significant dif-
ference was found in the radiation dose between
recurrent tumors and second primary neoplasme,

The latent period of second primary tumon
ranged between 15 and 400 months (median -
SD, 178.7 = 28.7 months). There was a signif
cant difference in the latent period between re
current fumors and second primary peoplasm
{p < 0.0001). The significans difference was als:
found in the latent period between histologi
subtypes including osteosarcoma, rhabdomyo
sarcoma, and meningioma (Table 2). Seventy
one percent of patients with recusrent tumor:
and 73% of patienis with second primary neo-
plasms were still alive, with 8 median follow-ug
of 58.2 and 271.3 months, respectively.

Imaging Fewres in Recurren: Tumers

Sixty-two percent of patients with recurrent
tumors had local lesions. Invasive patterns (Fig,
1) of recurrent tumors identified on CT or MRI
included type A, intraocular tumor {n =13,
38%) (Fig. 2); type B, intraorbital tumor with
spread into the optic nerve shown 2s enlarge-
ment and marked enhancement of the optic
nérve on contrast-enhanced CT or MRI (n =6,
18%) (Fig. 3); and type C, umor extending to
the lateral aspect of the orbit and invading the
brain via the sphencidal bone (2 = 2, 6%) (Fig.
4). Peripherally located intralesional calcifica-
tion was found in type A (n = 13, 100%) and
type B(n =2, 33%) wmors on unenhanced CT,
In addition, no caicification was found in type
C twmors. Tumors appeared hypo- 10 isointense
in relation to normal temporal muscle on T1-
weighted images and of moderately high signal
intensity on T2-weighted images in all patients
who tnderwent MRL All iocalizéd lesions
were depicled as heterogeneously enhanced
masses with a sightly imeguiar surface on con-
trast-enhanced CT or MR], .

Thirty-eight percent of patients with recur-
rent twmors had distant metastases (n = T)orlep-
Lomeningeal metastases (1 = 6) {Fig. 5). Muliiple
brain metastases were found in three patients.
Although the signal characteristics on Tl- and

Recurrent Tumor | Second Primary Neoplasm p

No, of patients 34 15
Age {yr} 25204 (0-12) 14,92 2.4 (1-33) <0000
Sex NS

Male 21162) 7147}

Female 13 (38) 8 (53)
Family history 7{21 17 NS
Heraditary tumor 6118} 12180} <000
Radiation dose (Gy} 40321 435+23 NS
Latent period (moj 28.5+ 3.5 (5-79] 178.7 + 28.7 (15400} < [,0001
Martality rate 10 (28} 4 (27 NS

Note.—Numbers in parentheses are percentages of ranges. NS = nat significant,
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CT and MRI of Retinoblastoma

Disgnosis Nq. of Size Latent Period ®
i Patients {mm}- {mo}
Dsteosarcoma 5 50.0 £ 5.4 (45~70) - 199.0 + 54,7 (15-318)
Rhabdomyosarcoma 5 40.02 5.6 {10-80) 55.0 + 13.8 [15-03)
Meningioma 4 47.5212.0{10-80} 281.3 + 47.3 (165400}
Malignant fibrous histiocytama 1 3% 192
Meibomian glsnd carcinoma 1 20 28

" Note.—Numbers in parentheses are ranges.

ISigniticant difference was found in letent period among ostegsarcoma, thabdomyosarcems, and meningioms by Speat-

man's tank conelation coefficient test {5 < 0.05),

T2-weighted images were nonspecific, lesions
showed heterogeneous enhancement on con-
trast-enhanced CT or MRL. One patient devel-
oped skull metastasis that was seen as focal bone
destruction on unenhanced CT and 2 moderately
enhanced mass on contrast-enhanced MR

Imaging Features in Second Primory Neoplosms
Seventeen second primary neoplosms in-
cluded various histologic types of tumors.
Malignant tumors consisted of osteosarcoma
{n = 5), rhabdomyosarcoma (1 = 5), malignant
fibrous histiocytoma {n- = 1), and meibomian

Fig, 1.—Drawing shows types of tu-
mor extension in recurrent retinoblas-
toma. Three growth patterns are
present in recurrent retingblastoma:
intraocular tumar ftype A), intraorbital
tumor with {ocal spread into optic
nerve {type B}, and tumor extending to
lateral aspect of orbit and invading
brain via sphenoidal bone (type C).

Fig. 2—2-year-old boy with recur-
rent Tetinoblastoma who underwent
enucleation of left eve end irradiation
of both eyes. Axial T2-weighted im-
age (TR/TE, 4000/118) shows soft-tis-
sue mass in right globe ftype AJ,
Temor {arrowheads) shows hetero-
geneous high signal intensity relative
to temporal muscle,

Fig, 3.—3-yesr-0ld oy with recurrent
retinoblasioma who underwent irradi-
stion of leht eye. Axial contrast-en-
hanced T1-weighted image [TR/TE,
630115) shows recurrent tumor (gr-
rowhesds} that extended inte optic
nerve {type B with heterogenedus en-
hancement,

Fi9. 8.—8B-year-old boy with recurrent
retinoblastoma who underwent enu-

cleation and irradiation of feh eye. Ax-
lal ctontrast-enhanced T1-weighted
image (TA/TE, 600715} shows turmor ex-
tension {asrows) through greater wing
ot sphenoid 1o middie cranial fossa
ftype C1.
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gland carcinoma (1 = 1), whereas benign mmors
were meningioma (1 = 4) (Table 2),

Osteosarcoma was one of the frequent his-
tologic subtypes (20%). Tumars originated
from previously irradiated regions, including
the intracrbit (i = 2), temporal bone (n = 1),
and ethmoid bone (1 = 1). One patient devel-
oped a turnor in the dista) femur ouiside the ir-
radiated field, Unenhanced CT scans reveated
irregular masses in the orbit, temporal boae, or
ethmoid bone with calcification (1 = 4, 80%)
{Fig. 6). Two tumors showed severe bone de-
swuction on unenhanced CT. Contast-en-
hanced CT and MRI showed heterogenous
enhancement with perifocal edema (n = 3,
100%). Fluid-fluid Jevels, suggestive of hem-
orrhage, were identified in two tumors on T2-
weighted .images. Caleification ideniified on
unenhanced CT corresponded in part to areas
of signa voids or Jow signal intensity on both
Ti- and T2-weighted images.



All rhabdomyosarcomas arose in the region
previously irradiated, including five tumors that
developed in the temporal muscle within the ir-
radiated field and one that involved the con-
trajateral temporal muscle, which may have
received d radiation dose of 50-60% of that in
the irradiated field. Unenhanced CT revealed
well-defined masses with ovoid contours situ-
ated in the temporal muscle (1 = 5, 100%). Five
patients underwent both -contrast-enhanced CT
and MRI,; of these, three tumors (60%) showed
heterogencous and slight enhancement relative
to the adjacent muscle (Fig. 7). Fluid—fluid lev-
els were found in one twmor on both T)- and
T2-weighted images. Signal characteristics on
T1- and T2-weighted images were nonspecific
in the other four turnors.

A 16-year-old gir] with hereditary retinoblas-
toma developed malignant fibrous histiocytoma
in the orbit, with severe destruction of bane iden-
tified on unenhanced CT (Fig. 8). The tumor
showed nonspecific signal characteristics on T1-
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and TZ-weighted images, but marked enhance-
ment was found on contrast-enhanced CT scans
and MRIs. A 20-year-old woiman developed a
well-defined mass in the eyelid that was seen on
unenhanced CT and diagnosed as a meibomian
gland carcinoma afier 3 latent perod of 121
months. The tumor showed nonspecific signal
characteristics on both Ti- and T2-weighted im-
ages, but areas of marked enhancement were
found on contrast-enhanced MRIs (Fig. 9).

All meningiomas criginated from the previ-.

ously irradiated skull base. Tumors showed
hyperattenuation on upenhanced CT {n = 4),
and marked enhancement was found in all
cases on contrast-enhanced CT and MRI (Fig.
10). Punciate calcification was found in one
case; this wmor was associated with secondary
hyperplastic change of the adjacent bone, Sig-
nal characteristics were nonspacific on T1- and
T2-weighted images. However, _perifocal
edema was found in three cases in the adjacent
while matter on T2-weighted images;
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Fig. 5,—~4-year-oid boy with recur-
rent retinoblastoma who underwent
enucleation, irradiation, and chemo-
therapy. Coronal contrast-enhanced
T-weighted image {TR/TE, 400/15)
shows muftiple leplomeningeal me-
tastases {arronheads),

Fig. 6.—0steosarcoma in 25-year-
old man with hereditary retinoblas-
toma who underwent enucleation,
irradiation, and chemotherapy of
both eyes. Axial CT scan shows
faintly calcified mass [arrowheads)
of iemparal bone invading both brain
8nd soff lissues.

6

Differentiation Between Recurrent Tumors and
Second Primary Neoplasms

Peripherally located intralesional calcification
was found in all type A and in 33% of type B tu-
mors on upenhanced CT. However, this finding
was similar to that of osteosarcoma arising in the
orbit. Three invasive patterns of recurrent tumors
were identified on CT or MRI, whereas only twa
patients with second primary twmors showed
these patterns, However, this configuration of in-
vasive.patterns did not assist in the differentiation
of recurrent wmors and second primary neo-
plasms (Table 3). Brain metastases and lepto-
meningeal merastases were found only in
recurrent tumors. A statistically significant differ-
ence was found in intra- and extraorbital location
of himors between recurrent tumers and sccond
primary neoplasms (Table 4).

-Discussion

In our study, we described the CT and MR}
findings of both recurvent twmors and second

Fig. 7.—Rhabdomyossrcoma in 5-
yeat-old girl with retinoblastorna who
underwent irradiation in right eye.
. Bxial T2-weighted image (TR/TE,
57007105} shows well-delined soh-
tisswe mass arising from deep aspect
of temporal muscle. Temor (arrow-
heads] shows high signal intensity
relative to muscle.

;lg. ﬁ.—-Mal'llgnanl m:rous Hsu'ocy-
toms in 16-year-old girl with hereditary
refingblastoms whe underwent enu-
cleation and irradiation in sight eye. Ax-
isl contrast-enhanced CT scan shows
Iregular mass {arrow) with bone de-
struclion in erbit,

AJR:181, September 2003



Fig. 9.—Meibomian gland tarcinoma
in 20-year-old woman with hereditary
retinoblastoma who undenwent ent-
cleation and irradiation,

A, Axial T1-weighted image (TR/TE,
600/15) shows well-defined soft-tis-
sue mass {arrow] in orbit.

B, Axial contrast-enhanced T1-weighted
image (600/15) shows marked enhance-
ment of tumgr,

primary neoplasms in patients with retinoblas-
toma. The short latency among patients with
retinoblastoma is one factor that encourages us
to question whether their new lesions are re-
current tumors or second primary neoplasms.
* Second primary neoplasms tend to appear af-
ter longer intervals,,usually showing a latent
period of at least 10 years [1, 2). This finding
was mostly in accordance with our results.
However, two cases of second primary neo-
plasms had much shorter latent periods of 15
months. Our results show that both the recur-
rent tumors and the second primiary neoplasms
may be seen in the same latent periods. The
type of second primary neoplasm appears to

be related to the latent period. Rhabdomyosar- .

coma seems to occur earlier than other tumors,
with a relatively short latency ranging from 15
to 93 months. Osteosarcoma is usually consid-

Fig. 10—~Meningioma in 24-Year-old

man with hereditary retinoblastoma
who underwent enucleation and irradi-
gtion, Axia! conwasi-enhanced Ti-
weighted image [TR/TE, 600/15) shows
extraaxial mass with marked enhance-
ment adjacent to sphenoid bone.

AJR:181, September 2003

CT and MRI of Retinoblastoma

ered 1o be the most frequent second primary
tumor in patients with hereditary retinoblas-
toma. The relatively short follow-up periods in
earlier studies probably gave the misleading
impression that it is osteosarcoma that prefer-
entially develops in patients who have sur-

. vived a hereditary tumor at ann earlier age than

other types of second primary neoplasins.
CT and MR! can show tumor extension by

 three types of growth patterns in primary retino-

blastoma: the endophytic type, in which the -
mor projects anteriorly and grows into the
vitreous; the exophytic type, in which the umor
arises introretinally and subsequensly grows into
the subretinal space; and the diffuse infiltrating
type, in which turnor growth in the retina appears
as a plaquelike mass {14-16}. Our results also
suggested that three growth patterns rmight exist
in recument retinoblastoma, it that CT and
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MRI can detect tumor extension: intraocular tu-
mor (type A), inraorbital tumor with local spread
into the optic nerve {type B), and tumor extend-
ing to the lateral aspect of the orbit and invading
the brain via the sphenoidal bone (type C).
Different types of second primary neo-
plasms have also been documented in previous
studies, with most of the second primary neo-
plasms being soft-tissue sarcomas, followed
by melanomas, brain tumors, Jeukemias, and
other epithelial tumors [1-9]. In our study, the
most common fypes of second primary neo-
plasms in patients with retinoblastoma: were
osteosarcoma and rhabdomyosarcoma.
Osteosarcoma is one of the most frequent
second primary neoplasms criginating from a
previously imadiated region. Calcification
within the tumor that depends on the amount of
mineralization is observed on CT. Four of our
patients showed central calcification within the
mass on unenhanced CT. An important feature
1o diagnose osteosarcoma on CT may be central
calcification within the mass situated in the iira-
diated field, including the intraorbit, temporal
bone, and ethmioid bone. Exuaskeletal osteogar-
¢oma presents nonspecific signal characteristics
on MRI: 2 mass with mixed low signal intensity
on Tl-weighted images and mixed but predom-
inantly high signal intensity on T2-weighled
images [23-25]. Fluid-Auid fevels, suggestive
of hemorrhage, were identified in two of our pa-
tients on T2-weighted images; this finding was
consistent with a previous repo [23),
Rhabdomyosarcoma  also presents with
rather nonspecific CT and MRI findings. but
some characteristic findings were discavered
in our patients. All thabdomyosarcomas arose

* within the region previously irradiated. As a

sy hbdomyosarcomas in e head ond
neck region grow rapidly, ofien in an infiltra-
tive and destructive manner |26, 27). However,
all of our patients presented with well-defined
masses with ovoid contours situaled in the em-
poral muscle on both CT and MRJ. The MRI
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RUCINE W IrVaivie Patterns in Recurvent Turnors and'Secand Primary Neoplasmis i
Type B Type C
Invasive Types
No. % Nao. % No. %
Recurrent tumor {n = 21) 13 62 6 29 2 9
Second primary neoplasm [n= 2) 0 1 50 1 50

Note,—Patients with distant metasisses are excluded. invasive patierns do not help 10 distinguish recurrent tumers snd sec-
ond primary neoplesms by Spearman’s 7onk correlation test (p=

0.13), Type A = intraocular twmor, type B = intraorbita! tumor

with spread int optie nerve, type C = tumer extending 16 katers] spect of oibit and invading brain via sphenoidal bone.

TABLE 4 lé‘.tr

. Intraorbital Extraorbital
Characteristics
: No. Range No. Range
Recurrent tumor {n = 34} bil 6z 13 38
Second primary ngoplasm (n=17) 2 n 15 g8

Nove—Significent difference was foung between two groups by Fisher's exact probebility test { p < 0.0D1).

signal characteristics and enhancement patterns
identified on both contrast-enhanced CT and
MR] were nonspecifie. Few characteristic im-
aging findings reflect the degres of cellularity;
the relative amounts of collagen; and the pres-
ence and extent of secondary changes such as
hemorthage, necrosis, and vlceration,

The initial therapy for primary twmors has
been enucleation of the most severely affecied
eye and irradiation of the contralateral eye 1o
preserve vision. Patients with hereditary retino-
blastoma may have an increased susceptibility
ta the induction of second primary neoplasms
by radiation [28].

Radiation increases the 1otal risk in addition
10 the already high incidence because more
second primary mors develop in the imadi-
ated field than outside the iradiated field [2).
Sarcomas can be categorized as radiation-in-
duced if they meet the following criteria: -
mor must develop within the boundaries of a .
previpusly iwadiated area, a relatively long
asymptomatic latent period (Z 4 years) must
“have elapsed, the tumor muwst have a different
histology from the original lesion, and the -
mor must be histologically confirmed [28].
Most of our cases of second primary neo-
plasms arose in the iiradialed field. However,

. some tumors occwrred with relatively shon la-
tency and outside the hvadiation field. Similar
findings have suggested that neiwly all second
primary neoplasms occur among hereditary re-

linoblactoms tumar, and thal many second
primary tumers occur outside the irradiation
field, with sone among nonirradiated fumors
[2, 28}. Second primary neoplasms in patients
with retinoblastoma may oceur both as a result
of, and independemly of, radiation therapy.
However, the follow-up period and the number
of patients with second primary neoplasms in

B34

our study are not sufficient for conclusive anal-
ysis. Further follow-up study is. necessary 1o
evaluate the refationship between imadiation
and the occurrence of second primary neo-
plasms in patients with retinoblastoma,

In conclusion, several kinds of imaging fea-
tures were present both in recurrent tumors
and in second primary neoplasms in patients
with retinoblastoma. The tumor distribmion on

CT and MRI may help in differentiating recur-

rent tumors and second primary neoplasms,
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