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tic markers and as puossible therapeutic targets as the
number of trials grows for biospecific inhibitors. The
ERBB2 (also called HER-2} protooncogene, which is
located on human chromosome 17, encodes a 185-
kilodalton transmembrane glycoprotein that shows
significant structural similarity® and functional asso-
ciation to the epidermal growth factor receptor
(EGFR).* ® ERBBZ has been found to be overexpressed
in many different types of human malignancies, nota-
bly, lung,” breast,® ovarian,” pancreatic,'® and osteo-
sarcoma.' 11?2 Qverexpression of ERBBZ in breast car-
cinoma has been associated with poor averall survival
and has been shown to enhance malignancy and met-
astatic potential. Trastuzumab (ITercepting Genen-
tech, South San Francisco, CA), a monoclonal anti-
body that targets ERBBZ, demonstrated therapeutic
henefit in advanced breast carcinoma patients.'? Ab-
errant expression and activation of EGFR is character-
istic of many human cancets and is often associated
with poor clinical outcome and chemoresistance."
Gefitinib (Iressa; AstruZeneca Plc., London, UK), a
small molecule inhibitor of EGFR tyrosine kinase ac-
tivity, has already been approved for cancer treat-
ment.!®

KIT, an RTK for the stem cell factor, has been
implicated in the pathophysiologic mechanisins of a
variety of human tumors.'®"'* Activaling mutations of
KIT have been described in gustrointestinal stromal
tumaoars (GIST). STI571 [Glivec; Novartis Ag, Basel,
Switzerland), a specific inhibitor of tyrosine kinases,
has shown promise in the management of patients
with GIST.#

Relatively little is known about expression of these
RTKs in STS and their clinical significance ta STS has
been poorly investigated. Our group studied expres-
sion patterns of BGTTL, ERBAZ, and KIT on 281 patients
with common adult TS by standard immunohisto-
chemical staining and, then, veritied whether a signif-
icant association with prognosis was present.

MATERIALS AND METHODS

Patients

Records of 281 patients with primary localized STSs of
the extremity and trunk wall, whao were dizgnosed and
treated between January, 1975 and December, 2002
wete retrieved from the pathology files of the Natinnal
Cancer Center (NCC), Tokyo, Japan. Common histo-
logic categorics such as liposarcoma, myxofibrosar-
coma, malignant fibrous histiocytoma {MFTI), syno-
vial sarcoma, and spindle cell sareoma (fibrosarcoma,
leinmyosarcoma, and malignant peripheral nerve
sheath tumoer: MPNST) were included in the current
study. MEIT lesions were subdivided into pleomorphic
MU (PMETD and myxolibrosarcoma, Tiposarcoma

was subclassified into well differentiated liposarcoma
and myxoid liposarcoma, Dedifferentiated liposar-
coma and pleomorphic liposarcoma were not in-
cluded in the current study. Between the two dates,
745 newly diagnosed STS patients were seen. Aimong
them, 379 were excluded because of tumor histology:
thabdomyosarcoma (194), alvcolar soft part sarcoma
{20), angiosarcoma (30), epithelioid sarcoma (25), ex-
traskeletal myxoid chondrosurcoma (20), extraskeletal
Ewing sarcoma (21), extraskeletal osteosarcoma (13),
clear cell sarcoma (16), dedifferentiated liposarcoma
(34) and pleomorphic liposarcoma (8). Our grotup ex-
cluded rhabdomyosarcema and Ewing sarcoma, as
their treatment is different. The other histologic cate-
gories were excluded because of rarity. Because tu-
mors having the same histology will exhibit different
behavior patterns depending on anatomical site,? 42
patients with retroperitoneal, head and neck, visceral,
and intrathoracic tumors were excluded. Patients with
Stage IV sarcomas (43) were also excluded.

There were 152 females and 129 males, whose
ages ranged {rom 10 to 85 years (median 50 yrs). The
clinical details, including follow-up information, were
obtained by reviewing all medical charts. All of the
patients underwent tumor resection. Adjuvant treat-
ment in the form of radiotherapy (25 patients), che-
motherapy (37), or both (23) was administered as part
of standard care or as part of clinical trials. Preopera-
tive adjuvant treatment was given to 43 patients. No
patients were lost to follow up. Follow-up data hegan
on the date of diagnosis. Median follow up was 60
months. Overall survival was recorded as the time (o
deathy due to cause related with disease.

The protacol of this study was reviewed and ap-
proved by the Institutional Review Board of the NCC.

Pathofogy Reviewing, Grade, and Staging

Histologic slides of primuary tumors trom all patients
were reviewed for diagnosis hy an NCC pathelogist
(T. 11) who had developed the grading system.?!
Whenever necessary, immunohistochemistry  was
used for confirming the diagnosis or tumor typing
according to the World Health Organization Classifi-
cation of Soft Tissue Tumors (2002).** The histologic
prade is a three-grade system (using scores 0, 1, 2, 3)
that is ohtained hy adding scores for tumor dilferen-
tiation, turmor necrosis, and the MIB-1 labeling index.
MIB-1 scores were determined by staining sections
with an antibody for MIB-1 (1:100, Immunotech, Mar-
seille, France). An MIB-1 score of | was assigned to
lesions with an MIB-1 lubeling index {I1) of 0-9%, an
MIB-1 score of 2 was assigned to lesions with an
MIB-U LT of 10 29%, and an MIB-1 score of 3 was
assigned (o lesions with an MIB-1 11 = 30%.2° Our
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TABLE 1

Primary Antibodies.

Antihody Source Clone  Dilutton Paslifve control
EGER, mouse

monoctonal - DakoCyomation® 21809 Prediluted  Breast carinoma
ERBB2, rabbit

polyefonal DakoCytomatiun 1:500 Breast carcinoma
KIT, rabhil

polyclonal  DakoCytomation 1:50 Mast cefls

* Manulactuser is located in Glostrup, Denmark.

group has previously shown that validity and repro-
ducibility of the MIB-1 score are superior to those of
the mitotic score.?*

For TNM staging classification,”* Grade 1 tumors
that were assessed by using the above-mentioned
grading system were grouped as low grade, and Grade
2 and 3 tumors as high grade. To define depth, super-
ficial lesions did not involve the superficial fascia, and
deep lesions had reached to or invaded the superficial
fascia.

Immunohistochemical Analysis of EGFR, ERBBZ, and KIT
in Tissue Samples
Immunohistochemical analysis of ERBB2 and KIT was
performed on tissue sections from paraffin blocks by
the labeled streptavidin-biotin method. Sections were
dewaxed, rehydrated, and moistened with phosphate-
butfered saline (PBS; p!1 7.4). They were pretreated in
an autoctave at 121 °C for 10 minutes in 10 mmol/L
citrate buffer (pH 6.0}, before being incubated either
with antihuman ERBB2 or KIT antibody on an auto-
mated immunostaining system (i6000™; BioGenex,
San Ramon, CA) for 30 minutes. Immunchistochemj-
cal staining of EGIFR on sections from paraffin blocks
was performed according to manufacturer’s instruc-
tions included with the EGFR detection system (EGFR
pharmDx ki, DakoCytomation, Glostrup, Denmark).
Specifications of primary antibodies are listed in Table
1. Anti-EGEFR monoeclonal antibody, clone 2-18¢9,
which binds to an epitope located near the ligand
binding domain on the extracellutar domain of EGIR,
is specific for EGFR and does not crossreact with
ERBB2 or the other receptors of the ERBB family. 25
In an attempt to clucidate whether the overex-
pressed EGFR was really functioning, immunohisto-
chemical analysis of phosphorylated EGIR was per-
formed on formalin-fixed, paratfin-cmbedded tissue
sections from 20 synovial sarcomas in which an in-
creased fevel of EGIPR was detected, Our group used a
mouse monoclonal anti-HERTpY1042 {1068) antibody,
kindly provided by DakoCytomation A/S (Glostrup,
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Denmark), which detects specifically the levels of
phosphorylated EGFR at tyrosine 1068. It does not
detect other phosphorylated EGFR families.

A multiheaded microscope was used to read im-
munohistochemical results, which were judged by in-
vestigators, all of whom were blinded to the clinical
status of patients. A consensus judgment was adopted
as to the proper immunohistochemical score of a tu-
mor based on strength: 0 = nepative; 1+ = weak
staining; 2+ = moderate staining; 3+ = strong stain-
ing. Negative controls, in which the primary antibody
was omitted, were included with each run. Breast car-
cinomas with stain results of 3+ were used as positive
controls for anti-EGFR and anti-ERBB2 antibodies.
Tissue mast cells, which stained a 3+ score, were used
as internal positive controls for the anti-KIT antibody.
The distribution of positive ceils was also recorded to
impart the diffuse or focal nature of positive cells;
sporadic (positive cells < 10%}); focal (11% < positive
cells < 50%); diffuse (positive cells = 50%). The im-
munchistochemical scores of 2+ and 3+ with focal to
diffuse distribution were considered to be pusitive for
all three antibodies,

Statistical Methods

The chi-square test was used to evaluate the associa-
tion between two dichotomous variables. Kaplan—
Meier plots and the log-rank test were used to evaluate
the association of overexpression of EGFR with overall
survival. Cox proportional-hazards regression analysis
with forward selection of variables was performed to
estimate the rate ratios for possible risk factors for the
occurrence of adverse events. Data analysis was per-
formed with an SAS software statistical package (ver-
sion 6.0, SAS Institute, Cary, NC).

RESULTS

The study group comprised 281 primary STSs, which
included 52 myxoid liposarcomas, 50 well differenti-
ated liposarcomas, 53 myxofibrosarcomas, 44 PM1' s,
42 synovial sarcomas, 18 MPNTs, 11 fibrosarcomas,
and 11 leiomyosarcomas.

Results are summarized in Table 2. Moderate (2+)
to strong (3+4) staining of EGEFR was observed 164 of
281 (60%) patients, which included 39 of 44 (89%)
PMIEH, 47 of 53 (89%) myxofibrosarcomas, 32 of 42
(76%) synovial sarcomas, 16 of 18 (94%) MPNST, and
# of 11 (73%) leiomyosarcomas (Figs. 1 and 2). The
incidence of positive staining was lower in fibrosarco-
mas {4 of 11, 36%), myxoid liposarcomas (3 of 52, 6%),
and well ditferentiated liposarcomas (19 of 50, 369%).

Overexpression of both ERBB2 and KIT was lim-
ited. Moderate (24) staining of ERBBR2 was observed in
A synovial sarcomas, whereas weak (14} staining was
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TABLE 2
Immunohistochemical Pattern of EGFR, ERBE2, and KIT in 281 STS Patients
EGFR EnBR2 Kr
No.
Histologic type Patlents 0 1+ 2+ 3+ 0 1+ 24 4+ 0 1+ 24 3+
Fibrosatcoma 1l 7 & 4 0 1 & 0 0 11 0 0 0
Leivmyasarcoma n 3 (] 8 0 n ¢ 0 0 8 3 .0 0
Myxaid lipsarcoma 52 48 1 3 0 520 0 0 52 0 0 0
Well differentiated liposarcoma 50 28 3 11 8 5 0 0 0 50 0 0 ¢
Myxofibrosarcoma 53 H 0 26" 22 53 0 0 0 52 1 [t 0
MPNST 18 1 0 i 11 17 1 0 0 17 1 0 ¢
PMFL M 4 i} 22 18 Lt ¢ 0 0 44 0 0 0
Synovial sarcoma 42 L] L3 15 17 23 16 3 0 40 0 2 0
Biphasic type i1
Spindle cells 0 2 4 5 2 9 0 0 1 0 0 0
Epithelioid cells 5 6 0 ] 2 B 3 ¢ 1 0 0 0
Monaophasic type k1l
Spindle cells 4 4 1 12 21 10 0 0 29 1} 2 0

MPNST: malignam periphetal nerve sheath umor, PMPH: pleomorphic MEH,

* Each of these groups includes a case with sporadic disteibunion. They were evaluated as negative staning,
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FIGURE 1. immunohistechemical pattem of EGFR overexpresslon In adult soft tissue sarcoma. Moderate {2 1) and diffuse stalning in a leiomyosarcoma {A), and
strong (3 + ) and diffuse staining in & matignant peripheral nerve sheath lumor. (Magnitication x 400).

noted in 16 synovial sarcomas and 1 MPNS'T. In syno-
vial sarcomas, IRBB2 was expressed in the glandular
cpithelial component of 9 biphasic tumors and in
solid spindle cell areas of 10 monophasic tumors. In
contrast, moderate (24) to strong (3+) staining of
EGIR was found only in spindle cells of either biphasic
or monophasic tumors (Fig. 2). In KIT expression,
maderate (2+4) staining was identified in 2 monapha-
sic synovial sarcomas. Weak (14} staining was ob-
served in 3 lejomyosarcomas, 1 myxofibrosarcoma,
and 1 MPNST

Naotewarthy is that overexpressed BGER may ac-
tually be fumctioning in tumors. Immunohistochemi-
cal analysis of phosphorylated EGFR was performed in

20 synovial sarcomas in which overexpression of EGIR
was identified. Positive membranous staining of phos-
phorylated EGIR was found in 10 of 20 (50%) tumors
(Fig. 3). Phosphorylated EGFR was expressed in either
spindle cells or epithelioid cells of monophasic and
biphasic tumaors.

Association of EGFR Qverexpression with Clinicat and
Pathologic Features

fmmunostaining for EGFR was positive more fre-
quently in superficial tumaors (P = 0.001) and in
smaller tumors (P2 = 0.002). Overexpression of EGFR
was significantly associated with tumor stage and his-
tologic grade (P = 0.001). No significant association
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FIGURE 2. immunohistochemical pattem of EGFR and £RBB2 expression In a biphasic synovial sarcoma. Strong (3 +) staiting of EGFR in spindle cells (4) and

moderate (2 + ) staining of ERFB2 In epithelioid cells (B). (Magnification X 400).
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FIGURE 3. immunohistochemical pattern of phosphorylated EGFR In synovial
sarcoma in which increased ‘evels of EGFR were detected. Positive membra-
nous staining of phosphorylated EGFR In both epithelioid and spindle cells of a
biphasic synovial sarcoma. (Magnification x 400).

was found between the incidence of EGIFR positivity
and age, gender, or anatomic site (Table 3).

In 281 patients, increased levels of EGIR were
significantly associated with a decreased probability of
overall survival (P = 0.01}; probability of overall sur-
vival at 5 years was 63.6% in patients with increased
fevels of LGER and 79.1% in patients without such
overexpression (Fig. 4). The survival of these patients
within each histologic subgraup was no different be-
tween EGIR positive and negative tumors (data not
shown),

Several varjables were tested to assess whether
they had an impact on survival. Univariate analysis
showed that tumor stage, histologic grade, tumor
depth, tumor size, and positive BGUR staining were
predictors of survival (Table 4). Multivariate analysis

revealed that histologic grade and tumor size persisted
as independent risk factors for poor outcome, The
association between EGFR overexpression and de-
creased survival of patients was no longer statistically
significant (Table 5). This allowed comparison be-
tween EGFR positive and negative tumors stratified
either by histologic grade or tumor size (Figs. 5 and 6).
There was no statistical difference in survival of pa-
tients between EGFR positive and negative tumors
within each histologic grade subgroup. A significant
association between EGIR overexpression and de-
creased survival was observed only in the > 5 cm 1o
10cm tumor size subgroup.

DISCUSSION

The current study provides the first immunohisto-
chemical evidence based on large series that EGFR
overexpression occurs in 60% of STSs. Increased levels
of EGFR were significantly associated with a decreased
overall survival on univariate analysis and correlated
with histologic grade, which is an independent risk
factor for a poor outcome. Moreover, phosphorylation
of EGFR at tyrosine 1068 was detected in at Jeast 50%
of synovial sarcomas that overexpressed LGFR. Ty-
rosine 1068 within the cytoplasmic domain of the
receptor is an autophosphorylation site used as a
marker of receptor activation.®® Qur results indicate
that this parameter may provide prognostic informa-
tion and, therefore, the authors of the current study
suggest that specific therapy with humanized monao-
clonal antibodies against LGER or small molecular
inhibitors for tyrosine kinase of BGER be considered in
a significant number of §18s, In contrast, the distri-
bition of ERBBZ2 and KIT uverexpression is limited,
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TABLE 4
Variables Associated with Patient Survival: Univariate Analysis

TABLE 3
Association of EGFR and Clinical Variables
EGFR averexpresstin
Nu, of
Variable patients Negallve Pusltive %" P value
Age (yrs)
< 50 123 54 69 % 03
=50 158 59 99 63
Gunder
Male 129 47 B2 64 03
Female 152 66 46 57
Site
Extremity 202 87 115 5 01
Trunk 79 26 53 7
Size:
=5cm 69 17 52 75 0.002
510em 135 55 80 58
> 10¢em 77 4] 36 47
Tumer depth
Supetficial 65 15 50 770001
Decp 218 % 118 55
HNistologic type
Well differentiated liposarcoma 50 3l 19 38 <0000
Myxoid liposarcoma 52 49 3 6
Myxofibrosarcoma 53 6 1 49
PMIH 44 5 39 L]
Synovial sarcoma 42 10 32 76
MPNST 18 2 16 89
Leivmyasarcoma H 3 8 71
Fibrosarcoma 11 7 4 38
Histulogic grade
| 48 65 3 2 <aml
Il i 22 52 70
] 111 26 85 77
Stage
1 72 23 48 < {L.o0]
I 129 i3} [ 47
I w 22 58 73

AL pleomonhic MEH; MPNST: matignang peripheral neree sheath umar -

* Porrentage of positive crses

No. 5-yr survival logrank  Relative

Vardables patie  rate (95% CI) P value risk
Age (yrs)

<50 123 T1.0(61.6-80.3} 05 (=)

=50 158 69.8(6].2-78.3}
Gender

Male 129 TII(R4-80.1 09 (=

Female 152 7141{62.3-80.5)
Siw

Extremity 202 72.1{64.7-79.6) 05 -}

Trenk 7 66.3 (54.6-78.1)
Size

<5cm 69 81.5(703-018) 002 1

5-10cm 135 71.2 (62.0-80.3) 18 (0.83.7)

> 10em (i 58.5 (45.4-71.5) 21 (1357
Tumor depth

Superficial 65 818(70.7-928) 004 1

Deep 216 66.8(59.4-74.2) 20 (1.04.1)
Histologic type

Wl differentiated

liposarcuma 50 100 < {.001 {—)

Myxoid liposarcoma 52 6.7 (63.5-89.6)

Myxofibrosarcoma 53 84.7 (73.0-96.4)

PMEH 44 44.9(27.5-62.3)

Synovial sarcoma 42 585 (41.9-74.9)

MPNST 18 482 (2.8-73.H)

[rinmyosarcoma Li 455 (8.1-82.8)

Fibrsarcoma 1 £8.6 (32.1-100)
Histologic grade

I 96 97.8 (93.6-100) < 0,001 |

H L] 79.7 (B9.3-90.1) 13 {1.8-104)

1l I 419 (30.9-53.0) 57 (BN-414)
Stage

| 72 94.0 {87.2-100) < 101 1

I 129 746 (F5.5-83.8) 53 (16-17)

] B 412(28.2-5¢.2) 18 (54-57)
EGIFR overexpsession

Negative 113 1705876 Q0 ]

Pasitive 168 R3.A{M.7-724) 1.8 {b1-3.04
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FIGURE 4. Kaptan-Meier plots far overall survival for EGFR positive cases
compared with negative cases

U1 confidence interval; PMEL: pleomerphic MEH; MPNST: malighant petipheral nerve sheath wme.

suggesting that their therapeutic use does not appear
promising.

Immunohistochemistry (IHC} is the most com-
mon method for detection of RTK overexpresston, but
it is significantly affected by the sensitivity and spec-
ificity of the antibodies used, the type of tissue {frozen
versus formalin-fixed, paraffin-embedded), and vari-
ous interpretative criteria and scoring systems used to
evaluate cases. For these reasons, our group used an
EGER 1HC test developed by DakoCytomation
(Glostrup, Denmark), the pharm Dx BEGFR THC assay,
to evaluate EGEFR immunoreactivity and two poly-
clonal antibodies to evaluate ERBB2 and KIT, respec-
tively. These antibodies are arguably the most diffuse
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TABLE 5
Factors Relevant for Survival: Cox Proportional Hazards Regression
Model

Varlable Hazard ratlo 95% Cl Palue
Tumer size
= 5em ]
510 em 14 0).68-3.0 0.35
> 10cm 24 1.1-52 0.029
Depth
Superficial 1
Deep 1! 053-24 78
Grade
I 1
I 16 2.2-130 0.007
i 5] 8.7-480 < 0,001
EGTR overexpression
Negative 1
Positive 0.83 0.48-14 0.51
Cl: confidence interval,
1.09
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FIGURE 8. Kaplan-Meier survival curves stratified by EGFR status and by
histologic grade. A: histologic Grade 2, B: histologic Grade 3
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FIGURE 6. Kaplan-Mefer survival curves stratified by EGFR status and by
tomor size. A: size = 5 ¢cm, 8: 5-10 ¢y, € > 10 em.

and thoroughly tested antibodies for cach of the
three RTKs. Positivity was determined by evaluating
both intensity and distribution of immunastaining.
The scoring system was adapted from tests of ERBRZ
expression. Breast carcinomas with stain 3+ were
used as a positive control of LGER, and ERBBZ cx-
pression and tissue mast cells with stain 3+ were
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used as an internal positive control of KIT expres-
sion,

The overexpression of EGFR in §TSs was first doc-
umented by two teams of investigators in the 1980s.
Guesterson et al?” identified overexpressed EGFR in
18 of 35 sarcoma specimens by IHC. Strong immuno-
staining was noted in MFH, epithelioid sarcoma, and
synovial sarcoma. Perosio et al.*® demonstrated that
20 of 40 STSs exhibited positive imnumoreactivity.
Afterward, Duda et al.”* determined gene amplifica-
tion and expression of EGFR in sarcomas. Amplifica-
tion of EGFR was identified in 2 of 117 (1.7%) sarco-
mas. Overexpression of EGFR was identified in 21 of
43 (49%) sarcomas. The overexpression was frequently
observed in MFH and leiomyosarcoma. A recent in-
vestigation reported gene expression profiles of 41 soft
tissue tumors with cDNA microarray analysis. Among
these sarcomas, 6 monophasic synovial sarcomas
were characterized by a unique expression pattern of
a cluster of 104 genes, including EGFR.*® Barbashina et
al®! reported that 13 of 19 (68%) synovial sarcomas
were immunoreactive to EGFR. Nielsen et al.*? showed
that 52% of synovial sarcomas were strongly immuno-
reactive to the same monoclonal antibody, 2-18C9,
used in this study. The current study expands upon
previous work by demonstrating, in a larger cohort of
patients, that positive staining of EGFR was found in
60% of 281 adult STSs, and that PMFH, myxofibrosar-
coma, synovial sarcoma, MPNST, and leiomyosar-
coma had a substantial proportion of tumors with
strong, diffuse positivity for EGFR. FISI1 analysis, used
in the current study, has also disclosed that this over-
expression is notassociated with gene amplification in
maost of the EGFR 3+ tumors {data not shown).,

To date, there has been no report showing the
association of EGFR overexpression and clinical out-
come in §TSs. In our 8T8 patients, increased levels of
LEGFR were significantly associated with decreased
overall survival rate, although at least by univariate
analysis. When histologic grade and tumor size vari-
ables were analyzed by the Cox proportional hazards
model, this association was 1o longer statistically sig-
nificant. The stratified log-rank test failed to show
statistical difference in survival of patients between
EGIR positive and negative tumors in cach grade-size
subgroup, with the exception of the > 5-10 ¢cm tumor
size subgroup. These ohservations suggest that EGIR
overexpression is an unfavorable prognostic factor
that may have a strong association with histologic
grade. The initial univariate association may be a re-
flection of ditferences in histologic grade.

Whether ERBB2 and KIT overexpression occur in
STSs remains controversial. Reports demonstrated that
ERBE2 is overexpressed in 30-50% of §T8g30 13

lowever, Merimsky et al.*® found no overexpression
of ERBBZin 230 cases of STS. There have been several
reports of KITimmunostaining in a limited number of
STSs, other than GISTs, including clear cell sarcoma,
synovial sarcoma, dermatofibrosarcoma protuberans,
and Ewing sarcoma.®® Hornick et al.*” evaluated 365
specimens of §TSs and found KIT overexpression in a
very limited number of tumors. Qur results are con-
sistent with studies based on large series showing
limited expression of ERBBZ and XIT in STS.

There was a significant difference in EGFR expres-
ston between well differentiated and myxoid liposar-
comas. It is suggested that well differentiated liposar-
comas contain exclusively fibroblastic spindle and
satellite cells.*®*? In contrast, myxoid liposarcomas
are neoplasms composed primarily of a mixture of cell
types, varying from undifferentiated mesenchymatl
cells to late lipoblasts, and, occasionally, mature adi-
pocytes.*® The distinct tumor cell components may
explain the differences in EGFR expression between
these two subgroups of liposarcoma.

The overexpression of EGFR was more frequent in
small and/or superticial tumors compared to large/
deep tumaors. There was also a significant correlation
with decreased overall survival. This counterintuitive
result may be explained by the heterogeneity of these
groups and does not appear biologically significant. A
number of small/superficial tumors included PMFII,
synovial sarcomas, and MPNST, which were of high
grade and expressed EGFR frequently. Conversely, a
number of large/decp tumaors included well differen-
tiated liposarcomas and myxoid liposarcomas, which
were of low grade and expressed EGER less frequently.

It is unknown why tumors associated with Stage 11
discase were less likely to demonstrate EGFR overex-
pression than Stage 1 or 1l tumors. Stages are deter-
mined by histologic grade, tumor size, and tumor
depth. The impact of EGFR overexpression varies ac-
cording to each of the three factors, and, overall, this
averaged difference is not so great. Therefore, this may
be an example of random variation.

An interesting obscrvation is reciprocal expres-
sion of EGIR and ERBBZ in synovial sarcoma. EGFR
was predominantly expressed in spindle cells, whercas
ERBB2 was expressed in epithelioid cells, which is
concordant with recent studies.®'*42 [t is likely that
Liphasic synovial sarcomas coexpress LEGER and
ERBB2. ERBBZ2 forms heterodimers with EGFR and
modulates EGIR function.®® The heterodimerization
of EGEFR and ERBB2 may play a role in the mesenchy-
mal to epithelial differentiation of synovial sarcoma.
Synovial sarcoma consistently shows a specific t(X;18;
plhgln), which usually represents cither of two gene
fusions, SYI-85X1 or SYT-88XZ, encoding putative
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transcriptional protein differing at the 13 amino acid
position. There is a strong association of fusion type
and morphology, with almost all $YT-S8X2 tumors
showing absence of glandular differentiation
{monophasic histology) and almost all biphasic tu-
mors containing SYT-S5X1.4344 It js unknown whether
these translocation-derived chimeric transcription
factors are associated with the ERBB2 gene expression
profile.

Therapeutic approaches targeting the EGFR sig-
naling pathway, either alone or in combination with
radiation or cytotoxic agents, are being intensively
investigated. Strategies that are in various stages of
development include blockade of the extracellular re-
ceptor domain,*®*® inhibition of the intracellular ty-
rosine kinase activity, inhibition of receptor produc-
tion by antisense approaches, expression of a
truncated dominant-negative EGFR mutant, and so
on. For example, anti-EGFR monoclonal antibody,
IMC-C225/cetuximab, in combination with chemo-
therapy or radiation, is being addressed in Phase 111
clinical trials, and many small-maolecule tyrosine ki-
nase inhibitors are in Phase I-11 clinical testing (See
Grunwald.'®). These results, along with the determi-
nation of the high frequency of EGIR expression in
ST3 and its association with a negative prognosis, may
upen the door to a clinical trial of currently available
biospecific inhibitors of EGFR in STS.
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Abstract

Objective: Inflammatory myofibroblastic tumor (IMT) is a rare disease that usually occurs in the lung. Recently, several reports have
suggested that IMT is a truc neoplasm rather than a reactive lesion. In this retrospective study, we reviewed clinicopathological
characteristics and prognoses for all patients with surgically resected IMT of the lung at our institute. Methods: From January 1985 to
December 2002, nine patients had surgical intervention for IMT of the lung at the National Cancer Center Hospital, Tokyo. The resected
lesions were studied histologically, immunchistochemically, and ultrastructurally. Follow-up was complete in all patients and varied from 3
months to 16 years 2 months (median, 6 years 2 months}). Results: These nine patients included five men and four women. They rangedinage
from 25 to 66 ycars. Seven patients were asymptomatic. The two symptomatic patients had problems including cough, hemoptysis, and
dyspnea. For all these patients, the diagnostic procedure was surgical excision. The resected tamor size ranged from 1.0t0 4.0 cm in diameter.
Histologically, a variety of inflammatory and spindle cells were observed. The spindle cells comesponded ultrastructurally to myofibroblasts
or fibroblasts. With the exception of one patient who had spontaneous resolution of a recurrent tumor, there was no recurrence in these
patients, and all of them are in good health. Concluslons: Histopathologically, IMT is characterized by myofibroblasts that are mixed with
chronic inflammatory cells, including plasma cells, lymphocytes, and histiocytes, Surgical resection, when possible, can be chosen as the
treatment. Complete resection leads to excellent survival.
© 2003 Elsevier B.V. All rights reseyved,

Keywords: Lung pathology; Surgery; Survival; Inflammatory pseudotumor; Pulmenary neoplasm

1. Introduction To examine the clinicopathological characteristics and

prognosis, we reviewed a set of patients with surgically

Inflammatory myofibroblastic tumor (IMT) is a rare resected IMT of the lung.
disease that usually occurs in the lung. IMT has been
described by various terms because of its variable cellular
2. Material and methods

components, which includes plasma cell granuloma,
inflammatory pseudotumor, xanthogranuloma, and fibrous
histiocytoma [1-18). The notion of IMT being a reactive
lesion or a neoplasm was controversial | 18]. However, this
entity has been characterized by not variable chronic
inflammatory cells but myofibroblasts, and the recent
cytogenetic studies have suggested that IMT is a true
neoplasm [14—16]. There is little information on the
clinicopathological features because IMT is rare and its
terminology was confusing.

* Corresponding author. Tel.: 4 81-3-3542-2511; fax: + 81-3-3542-3815.
E-mail address: sakuraihm@ ybb.nejp (H. Sakurai).

1010-7940/8 - sce front matter © 2003 Elscvier B.V. All rights reserved.
doi:10.1016/81010-7940(03)00678-X

2,1, Patients

Between January 1985 and December 2002, nine patients
had surgical intervention for IMT of the lung at the National
Cancer Center Hospital, Tokyo. These patients comprised
0.18% of 4893 patients who had thoracic surgical
procedures at our institute during the same period, The
clinical characteristics of these patients are shown in Table
1. Preoperative work-up included laboratory examinations,
fiberoptic bronchoscopy, chest radiograph, and computed
tomographic (CT) scans. Follow-up was complete in all
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Table 1
Clinical characteristics of patients with inflammatory myofibroblastic tumor
Case Scx/age Symptom Location Tumor size Mode of Prognosis after
(cm) operation surgery

1 Fi59 None HLN 25 Extirpation 16 years 2 months, alive
2 Fi41 None LLL 1.0 Lobectomy 13 yearz 9 months, alive
3l F/s8 - Cough/ RIB 20 Bilobectomy 1 year 4 months, alive

Hemoptysis
4 M3 None LUL 22 Segmentectomy 2 years 3 months, alive
5 M/49 None LUL 36 Segmentectomy 9 years 6 months, alive
6 M/66 None LUL 35 Segmentectomy 6 years 6 months, alive
7 M/4T Cough/ IMB 40 ' Segmental 6 months, alive

Dyspnca bronchial

resection

8 M6 None LLL 30 Segmentectomy 5 ycars 2 months, alive
9 F/30 None RUL 32 Lobectomy 3 months, alive

HLN, hilar lymph node; LLL, lcft Jower lobe; RIB, right intermediate bronchus; LUL, left upper lobe; LMB, left main bronchus; RUL, right upper lobe.

patients and ranged from 3 months to 16 years 2 months
(median, 6 years 2 months).

2.2, Pathological and ultrastructural evaluations

In each case, the tissue was fixed in 10% buffered
formalin, processed routinely, and embedded in paraffin.
Sections 4 pum thick, were cut and then stained with
hematoxylin and eosin. Each section was also evaluated
immunochistochemically, Immunohistochemical staining
was accomplished by the labeled streptavidin-biotin method
using an LSAB kit (Dako Corporation, Carpinteria, CA).
Primary :antibodies against various antigens were vsed in
this study: vimentin (V10 clone; Dako; 1:200), cytokeratin
(CAMS.2 clone; Becton Dickinson, San Jose, CA; 1:100),
cytokeratin (AE1/AE3 clone; Dako; 1:125), desmin (Dako;
1:500), smooth muscle actin (1A4 clone; Dako; 1:100),
CD34 (Myl0 clone; Becton Dickinson; 1:100), S100
protein (Dako; 1:2000), and epithelial membrane antigen
(Dako; 1:100).

Smal] fresh fragments of tumor tissue in four cases {cases
3,4,7 and 9) were fixed in 2.5% glutaraldehyde, post-fixed
in 1% osmium tetroxide, and embedded in epoxy resin,
After contrasting with uranyl acetate and lead citrate,
ultrathin sections were examined with a transmission
clectron microscope.

3. Results
3.1 Clinical findings

These nine patients included five men and four women.
They ranged in age from 25 to 66 years, with a mean age of
44.6 years. Seven patients were asymptomatic and were
found to have pulmonary nodules on routine chest
radiography (Fiz. 1). One of these patients (case 6) was
clinically suspected of pulmonary metastasis. This was

pointed out during postoperative follow-up of a right
nephrectomy for renal cell carcinoma that the patient had
undergone 5 years before. The two symptomitic patients
had problems including cough, hemoptysis, and dyspnea.
The preoperative laboratory results were within normal
limits for eight patients, but one patient (case 5) had a C-
reactive protein (CRP) rate of 9.4 mg/dl and a white blood
cell (WBC) count of 10,000/, These findings retumed to
normal within 10 days after operation. All patients under-
went a fiberoptic bronchoscopy preoperatively, Six patients
did not have any bronchial abnormality. One (case 1) had a
stenosis of the right basal bronchus. The other two bad an
endobronchial tumor. One patient {case 7) with an
endobronchial tumor had complete atelectasis of the left
lung (Fig. 2). Chest CT showed a solitary, well-circum-
scribed nodule or mass in all patients. A definitive diagnosis
of IMT was not made in any of the patients, although all
patients had undergone transhronchial biopsy or transthor-
acic needle biopsy for diagnosis preoperatively. The spindle
cells and inflammatory cells in small biopsied specimen,
even if they were taken by biopsy, were useless for

Fig. 1. Chest radiograph shows a well-defined mass in the left lung (case 5).
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Fig. 2. This patient (case 7) had complete atelectasis of the left whole lung.
Bronchoscopy shows & polypoid lesion, which almost completely occluded
the left main bronchus (A). Chest CT on the coronal view shows a well-
circumscribed enhanced mass with occlusion of left main bronchus (B).

the definitive diagnosis because they followed a variety of
lesions such as inflammation or malignancy. One patient
(case 6) had an erronecus diagnosis of adenocarcinoma by
aspiration cytology, because the cytologic findings showed
atypical epithelial-like cells with lymphocytes and histio-
cytes. For all these patients, the diagnostic procedure was
surgical excision. Although an intraoperative frozen section
was done for the tumor in all cases, the confirmed diagnosis
could not be made. However, all the tumors were regarded
as low-grade malignancy because of low nuclear atypia and
infrequent mitosis. The extent of surgical excision was as
follows: segmentectomy in four patients, segmental bron-
chial resection in one, lobectomy in two, bilobectomy with
bronchoplasty in one, and extirpation in one. Complets
resection of the tumor was accomplished in eight patients
(89%). One patient (case 7) had a pathological residual
tumor in the submucosal tissue of the left main bronchus.
None of the operations resulted in death. On the follow-up
CT one patient (case 6) had a suspected recurrent tumor
developing adjacent to the resected line four years after the
initial resection, although this tumor was not evaluated
histologically. Interestingly, spontaneous resolution of this
tumor has been observed (Fig. 3). In the other eight patients,
no recurrence of IMT occurred. All of the patients have
remained healthy.

3.2. Pathological and ultrastructural findings

The resected tumeor size ranged from 1.0 to 4.0 cm in the
greatest diameter, with a mean of 2.8 cm. For gross
appearance, most of the tumors were well-circumscribed
masses without fibrous capsules and yellow to whitish in
color on cut section.

Microscopically, the lesions consisted of a variety of
inflammatory and mesenchyma! cells, including plasma
cells, histiocytes, lymphocytes, and spindle cells, All of

Fig. 3. On the CT findings, one paticnt (case 6) suffered from margin
relapse, which developed adjacent to resected staple line (arrow), 4 years
after initial resection (A). About 8 months later, spontancous resolution of
the tumor hag been observed (B).

the tumors showed interlacing fascicles, or a storiform
patten of spindle cells and an admixwre of diverse
inflammatory cells (Fig. 4A). The spindle cells had low
cellular atypia and no mitotic activity (Fig. 4B). Blood
vessel invasion was identified in one instance (case 4).
Immunohistochemically, most of spindle cells in all nine
cases showed diffuse and strong reactivity for vimentin. All
tumors exhibited reactivity for smooth muscle actin (Fig. 5).
The staining was diffuse in eight of nine cases (89%) and
focal in one (11%). One tumor exhibited focal staining for
desmin. All tumors were negative for cytokeratins, CD34,
S100 protein, and epithelial membrane antigen.
Ultrastructurally, two tumors (cases 3 and 9) out of four
contained a varying proportion of myofibroblastic cells, as
well as fibroblastic cells with a prominent Golgi apparatus

Fig. 4. Photomicrographs show an inflammatory myofibroblastic turnor.
The Iesion is composed of spindle cells amranged in interlacing fascicles,
with admixed diverse inflammatory cells (A). The spindle cells have low
cetlular atypia and no mitotic activity, and the inflammatory <ells are
mature (B). (both, hematoxylin-cosin; A, original magnification 100 X, B,
original magnification 400 X ).
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Fig. 5. Immunohistochemically, the spindle cells of the Jesion show diffuse
and strong reactivity for smocth muscle actin (immunohistochemistry for
smooth muscle actin, original magnification 200 X ).

and well developed rough endoplasmic reticulum (RER).
The myofibroblastic tumor cells were recognized by the
presence of an often well developed branching RER and
primarily peripheral bundles of actin microfilaments with
interspersed fusiform densities (Fig. 6). Subplasmalemmal
attachment plaques, focal basal lamina-like material, and
micropinocytotic vesicles were present to variable degrees
in these cells. The other tumors consisted of fibroblastic and
histiocytic cells with lysosomes and lipid droplets,

4. Discussion

IMT of the lung is rare, and its incidence is reported to be
0.04-1% of all tumors of the lung {1,3]. Although IMT can
grow at a wide variety of other sites [19,20], it usually arises
within the lung [1]. Concerning the age of patients at
diagnosis, the mean age of 44.6 years in this study was
relatively older than those reported previously [4.5,7,10,17].
According to previous reports, most of the patients were
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Fig. 6. Ultrastructurally, the myofibroblastic tumeor cell is recognized by the
presence of a well developed branching RER and primarily peripheral
bundles of actin microfilaments with interspersed fusiform densities.

under 40 years old, with a mean age of 27-50 years. There
was no predominance of either sex. The precise etiology of
IMT of the lung is still unknown. Although a history of prior
pulmonary infection in some patients with IMT has been
pointed out [4], this type of patient was not found in the
present study. Patients with IMT usually are asymptomatic,
with 2 solitary nodule or mass detected by routine chest
roentgenogram [5]. Endobronchial growth of IMT has only
rarely been observed [2,6,7], with a prevalence of between ¢
and 12%. In this study we had a relatively high prevalence
(two of nine, or 22%) of patients with endobronchial growth
of IMT. On the other hand, it has been known that IMT
carries a risk of extension to neighboring organs [1,49,11],
in particular to the mediastinum, although we did not
observe this, Preoperative laboratory findings indicated that
only one patient {11%) with a solitary pulmenary mass had
an elevated CRP rate and WBC count, and the IMT
appeared to have no connection with these laboratory
findings [3,4]. The precperative diagnosis of IMT is seldom
confirmed, and small biopsied specimens are generally
considered insufficient for diagnosis because of the
predominance of inflammatory cells.

Pathologically, IMT is composed of a variable inflam-
matory and mesenchymal cellular mixture including plasma
cells, histiocytes, lymphocytes, and spindle cells. Therefore,
depending on the predominant cellular components, many
synonyms for this disease have been described. In 1990,
Pettinato and colleagues referred to this entity as IMT
because the bulk of the lesion invariably consisted of not
specific inflammatory cells, but proliferative myofibroblasts
and fibroblasts {17]. Most of the spindle cells were
myofibroblasts, which showed immunohistochemical stain-
ing for vimentin and smooth muscle actin, and consistent
ultrastructural features. The spindle cells commonly have
low cellular atypia and no mitotic activity, Inflammatory
cells are mature and have no cellular atypia, and do not
show monoclonal proliferation [3,17,18]. IMT occasionally
invades bronchi or blood vessels [8,18]. We treated one
patient (11%) with IMT who showed blood vessel invasion
{case 4). However, it is doubtful that these are truly the
tumor infiltrations, because the existing histologic architec-
ture of the lung can also be destroyed by infiltration of only
inflammatory cells, Furthermore, distant metastases from
IMT are hardly ever reported. The differential diagnosis of
IMT is multifarious because of its variable cellular
admixture. It includes malignant lymphoma, lymphoid
hyperplasia, pseudolymphoma, plasmacytoma, malignant
fibrous histiocytoma, sarcomatoid carcinoma of the lung,
sclerosing hemangioma, sarcoma, and/or nodular chronic
pneumonitis. These lesions can be differentiated by careful
attention to cellular atypia, necrosis, mitotic activity,
immunoreactivity, or clonality {1,9,18]. IMT of the lung
also has the histologic resemblance to the fibromas of the
parietal or visceral pleuras. The fibromas shows short
fascicles or haphazard fashion of spindle cells with few
inflammatory cells, whereas IMT shows interlacing
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fascicles or a storiform pattern of spindle cells and an
admixture of diverse inflammatory cells [21].

Although the notion of IMT being a reactive lesion or a
neoplasm had been controversial, IMT has been recently
thought of as a neoplasm rather than 2 reactive lesion
because of clonal chromosomal abnormalities [15), chro-
mosomal rearrangements involving the ALK receptor
tyrosine-kinase Jocus region (chromosome band 2p23)
[16], or DNA aneuploidy in IMT [14]. IMT usually grows
locally and slowly. Therefore, taking into account these
histopathologic and biological findings, IMT may be
regarded as low-grade malignancy or benign tumor.

Surgical resection is recommended as the treatment of
choice. Cerfolio and colleagues reported that the residual
tumor became enlarged in 60% of patients who had
incomplete resection [1]. They advocated the importance
of initial complete resection of the tumor. Surgical
removal usvatly fills the role of both diagnosis and
treatment, The effectiveness of radiotherapy, chemother-
apy, or steroids is uncertain [1,12]. The spontaneous
tegression of IMT has been reported only infrequently [9].
Likewise, we cared for one patient with spontaneous
regression of the recurrent tumor, although this was not
confirmed histologically. The cavses of these remissions
are unknown. The outcome after resection is usually
excellent, and all of the patients in this study have also
remained well over the longer term. However, long-term
follow-up is necessary because of reported cases of
recurrences many years after resection [2,22).

In conclusion, IMT of the lung is rare, Histopathologi-
cally, IMT is characterized by myofibroblasts that are mixed
with chronic inflammatory components, consisting of
plasma cells, lymphocytes, and histiocytes. Surgical resec-
tion, when possible, is recommended as the treatment of
choice. The outcome after complete resection is excellent.
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OBIJECTIVE. The aims of this study were to determine the prognostic significance of
MRI findings in patients with myxoid—round cell liposarcomas and to clarify which MRI fea-
tures best indicate tumors with adverse clinical behavior.

MATERIALS AND METHODS. The initial MRI studies of 36 pathologically con-
firmed myxoid-round cell liposarcomas were retrospectively reviewed, and observations
from this review were correlated with the histopathologic features. MR images were evalu-
ated by two radiologists with agreement by consensus, and both univariate and multivariate
analyses were conducted to evaluate survival with a median clinical follow-up of 33 months
(range, 9-276 months).

RESULTS. Statistically significant MRI findings that favored a diagnosis of intermediate-
or high-grade tumor were large tumor size (> 10 cm), deeply situated tumor, tumor possessing
irregular contours, absence of Jobulation, absence of thin septa, presence of thick septa, ab-
sence of tumor capsule, high-intensity signal pattern, pronounced enhancement, and globular
or nodular enhancement. Of these MR] findings, thin septa (p < 0.05), a tumor capsule (p <
0.01), and pronouticed enhancement (p < 0.01) were associated significantly, according to
univariate analysis, with overall survival, Multivariate analysis indicated that pronounced en-
hancement was associated significantly with overall survival (p <0.05).

CONCLUSION. Contrast-enhanced MRI findings can indicate a good or adverss prog-

nosis in patients with myxoid—round cell liposarcomas.

** jposarcomas are classified into
well-dxﬁ'cmmatod. myxoid, round
ce!l, and pleomorphic subtypes.

Myxmd hposamonms are the most common

subtype of liposarcoma, occurring in the ex-

tremities of adults. They are considered low-
grade sarcomas with a low risk of metastasis

and are associated with prolonged survival [1-

5]. On the other hand, round cell liposarcomas

are considered high-grade sarcomas with a

higher likelihood of metastasis and mortality

due to disease [1-5]. Recent studies reveal that
myxoid and round cell liposarcomas belong to

a continuous histopathologic spectrum charac-

terized by a chromosome translocation

(12;16)q13;pl1) resulting in the fusion tran-

script of the 7LS and CHOP genes [6-5].

However, diagnosis and prognostic predictions

can often be complicated by lesions that con-

tain admixed morphologic components of
myxoid and round cell subtypes.

The chamcteristic MRI features of myxoid—
round cell liposarcomas are attributable to the pro-
dominantly myxoid matrix of the tumor. Tumors
appezr on T2-weighted MR images as encapsu-
lated tumors with signals that are hyperintense
compared with the surrounding structures [10-
14]. On contrast-enhanced studies, they ofien
show marked or heterogeneous enhancement
with nonenhanced areas corresponding to myxoid
material [13, 14]. As expected from the fiact that
the histopathologic spectrumn from myxoid to
round cel] liposarcomas is continuous, these -
mors show considerable diversity on imaging.
Therefore, it is important to review the reliability
of MRI features for characterizing myxoid-
round cell liposarcomas, The objectives of this
study were to determine the prognostic signifi-
cance of MRI findings in patients with myxoid-
round cell liposarcomas and to clanfy which
MRI features best indicate tamors with adverse
clinical behavior.
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Materials and Methods
Patients

We reviewed materials from 36 patients with
myxoid—round cell liposarcomas, alt of whom who
were registored in our pathology files. The clinical
details, including follow-up information, were ob-
tained by reviewing all the medical charts. None of
the patients was lost to follow-up, which began on
the date of primary surgery. The median duration of
follow-up was 33 months and ranged from 9 to 276
menths. The time to death due to any canse was re-
corded to determine the overall suvival rate,

MR Studies and Pathologic Correlations

MRI was performed wsing one of two L5-T sys-

tems (Horizon, General Electric Medical Systems,
Milwaukes, WI; or Visart, Toshiba Medical Sys-
tems, Tokyo, Japan). Either the spin-echo or the fast
spin-ccho technique was used to obtain T1-weighted
itnages (TR range/TE range, 460-720/12-27) in one
or more planes (coronal or axial). T2-weighted im-
ages (TR range/TE ¢ range, 3,500-6,000/96-112;
echorain length, 8-12) with flow compensation
and presaturation superiorly and inferiorly were then
obtained in ofi¢ or more plancs wsing a body coil.
The images were obtained with a ficld of view of
30-40 cm, an image matrix of 128 x 256, and a slice
thickness of 6-10 mm, Gadopentctate dimeglumine
was administered [V, and T1-weighted images were
obtained in one or more plancs with (# = 20) or
without (n = 16) fat suppression.

Two radiologists reviewed the MR images, and
the findings were reported as a consensus opinion.
The kesions were judged according to size, location,
depth (superficial or deep), type of margin and con-
tours, internal architectre, presence of a tumor cap-
sule, signal characteristics on T1- and T2-weighted
images, and homogeneity (homogeneous or hetero-
geneous). A superficial tamor (dermal or subcutane-
ous tumor) was located exclusively abowve the
superficial fascia without invasion of the fascia,
whereas a deep tumor was located cither exclusively
beneath the superficial fascia or superficial to the
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fascia with imvasion of or through the fascia, The
signal characteristics were described as isointense or
hyperintense refative to the signal intensity of skele-
tal muscle. The extent (none and weak or pro-
nounced), pattern (globular and nodular or diffuse),
and homegeneity of gadolinium-based enhancement
were also recorded. Globular and nodular enhance-
ment corresponded to spotty enhancement {range,
3-10 mm) within the mass on contrast-enhanced
MR, images, Septal structures were calegorized as
thin (uniform linear structures £ 2 mm) or thick (fo-
cally thickened lincar structures > 2 mm). Tumors
containing areas with high-intensity characteriatica
on both T1- and T2-weighted MR images were con-
sidered positive for & high-intensity signal pattem.
Histologic slides of all the patients’ tumors were re-
viewed for diagnosis by an expet pathologist. Immu-
nohistochemical staining was performed in all cases to
confirm the diagnosis ot tanor type according to the
classification system described by Enzinger and Weiss
[1}. In this study, the histologic grade of a tumor was
determined using a three-grade system established by
Hascgawa et al [15-17] According to this system,
myxoid-round cell liposarcemnas are assigned a grade
of 1, 2, or 3. Grade 1 tzmors (n =12, 33,3%) arc con-
sidered low-grade tumom, grade 2 umors (2 = 14,
38.9%%) arc intermediate-grade tumor, and grade 3 -
mors {n = 10, 27.8%) are high-grade tumors (n = 24,
66.7%). Excised specimens were available for review
or for mapping comrelation with images. Pathology re-
ports were reviewed for descriptive comments charac-
terizing the necrosis and myxoid-round cell umor

" components of the lesions.

Statistical Analysis

Patients® demographica and naging characteris-
tics wene compared using Wilcoxon's rank sum test
for continuous variables and the chi-square test or
Fisher's exact test for categorized variables. Univari-
alc analyzis was performed by comparing survival
curves generated using the Kaplan-Meier method and
carrying out log-rank tests, The relative risk of cach
varizble subjected to multivariate analysis was esti-
mated using a Cox proportional hazards model, ALl

analyses were conducted using SPSS software ver-
sion 11.07 (Statistical Package for the Social Sciences,
Chicago, IL) for Windows (Microsoft, Redmond,
WA). Differences and correlations at a p vahue of less
than 0.05 were corsidered statistically significant,

Results

Twenty-one (58.3%) of the 36 patients were
menand 15 were women (41.7%), The mean age
stdiagnosis was 47 years, and the patients ranged
in age from 17 to 87 years. The tumors were lo-
cated on the lower extremities in 31 patients
(86.1%) and the trunk in five (13.9%). The mean
tumor size was 9.6 cm, and 16 tumors (44.4%)
were Jarger than 10 om. Thirty-one tumors
(6.1%) were situated deeply, and five (13.9%)
were superficial. The surgical procedures con-
sisted of wide excision, amputation, or disarticu-
lation. Swigical margins were confimed to be
sdequate at pathology in 28 patients (77.8%).
Marginal or intralesional excision with inade-
quate margins were found in eight (22.2%), Ad-
ditional treatment included chemotherapy in five
patients (13.9%), radiotherapy in nine (25.0%),
and both in seven (19.4%).

Metastases occurred in 11 (30.6%) of the 36
patients; the location of metastasis was the peri-
toneal cavity in five patients (13.9%); soft-tissue
in five (13.9%); lung in three (8.3%); and bone,
liver, retropenitorieum, and mediastinum in one
(2.8%). Eight (38.0%) of the 21 patients who
received additional treatment had metastasis
subsequently. Twelve (33.3%) of the 36 patients
developed local recurrences. Three petients
(83%) with inadequate excision had local re-
currence. Four patients (11.1%4) with local re-
currence underwent additional therapy,

Ten (27.8%) and 26 (72.2%6) of 36 tumors had
regular and irregular tumor contours, respectively
(Figs. 1-4). Sixteen tumors (44.4%) showed lob-

Fig. 1.—38-year-old woman with low-
grade myxold-round cell liposarcoma
i left thigh.

A, M-weighted spin-echa MR image
(TRITE, 720/20) shows tumor has reg-
ular contours with small amount of
fat signal In periphery (arrowhead),
B, Contrast-enhanced T1-welghted
spin-echo MR image (120/20) shows
diffuse enhancement of wmor.
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MRI of Myxcid-Round Cell Liposarcoma

Flg. 2—62-year-oid man with low-grade myxoid-round cell liposarcoma in

left buttock.

A, Axlal T2-weighted fast spin-echo MR image {TR/TE, 3,500/100) shows sep-
tate appearance of lesion. Linear structures of low Intensity contained thick

septa (arrow) and thin septa (arrowheads).

B, Axlal fat-saturated contrast-enhanced T1- welghled spin-echo MR Image
ﬂzufzo) shows tumnor of high intensity with slight enhancement of septa,

C, Photomicrograph of specimen shows paucicellular myxoid liposarcoma
with less than 25% round cell components has dispersed small round or short
spindled cells and multivacuolated lipoblasts within abundant myxold matrix

and plexiform vascular network, (H and £, x200)

ulated morphology. On MR images, thin and
thick septa (Fig. 2) were identified in 31 (86.1%)
and 10 (27.8%) tumors, respectively. On TI-
weighted MR images the signals of the tumors
relative to those of muscle were hyperintense
(n = 15), isointense (= 12), or hypointense (n =
9). Tumors showed predominantly increased sig-
nal intensity compared with that of the skeletal
muscle on T2-weighted MR images. The images
showed the tumor as having a heterogeneous ap-
pearance with thin or thick septa of low intensity.
High-intensity signals similar o subcutaneous
futty tissue (high-intensity signal pattem) were
found in 15 tumors (41.7%) on both T1- and T2-
weighted MR images (Figs. I and 4).

On contrast-enhanced MR images, pro-
nounced enhancement (Fig, 4) located mosty
at the peripheries of the lesions was present in
22 tumors (61.1%). Globular and nodular en-
hancement (Figs. 3 and 4) was found mostly in
the centers of the lesions of 16 patients
(44.4%), whereas diffuse enhancement (Fig.

AJR:182, March 2004

1) was seen in six lesions (16.796). Contrast-
enhanced MR images also revealed that 23 tu-
mors (63.9%) had homogeneously enhanced
tumor capsules (Fig. 3).

All tumors were characterized microscopi-
cally by a prominent plexiform vascular pat-
tern admixed with an abundant myxoid matrix.
The extent of cellulanty ranged from slight to
moderate, and the lesions were composed of
small uniform, round, or spindle-shaped hy-
perchromatic cells. Tumor necrosis was found
on microscopic observation in 12 cases
(33.3%). The necrotic areas varied in degree,
but most tumors contained only a small
amount of necrotic areas that were difficult
identify on MR images.

Statistically significant MRI findings that fa-
vored a diagnosis of intermediate- or high-grade
tumor were large tumor size (> 10 em) (p <
0.01), deeply situated tumor {p < 0.05), tumor
possessing iregular contours (p < 0.001), ab-
sence of lobulation (p < 0.001), absence of thin

septa (p < 0.05), presence of thick septa (p <
0.01), absence of tumor capsule (» < 0.001),
high-intensity signal pattern (p < 0.01), pro-
nounced enhancement (p < 0.001), and globular
and nodular enhancement (p < 0.001). The pres-
ence of thin septa or a tumor capsule indicates
low-grade tumor. Irregular contours were found
in only 10 high-grade tumors (58.8%). All the
low-grade tumors had a capsule, thin septa, and
a high-intensity signal pattern. The odds ratios
for a specific finding favoring a diagnosis of in-
termediate- or high-grade tumor are shown in
Table 1. The multiple logistic regression mode]
showed that irregular contour and thick septa
were the most significant predictors of interme-
diate- or high-grade tumors, with an odds ratio
of 13.8 for both (95% confidence interval [Cl],
1.5-128.8; p <0.05).

At the last follow-up, 10 (27.8%) of the 35
patients had died of their disease and four
(11.1%6) were alive with metastatic discase.
The 5- and 10-year survival rates were 80.5%
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and 72.4%, respectively. The univanate analy-
sis showed that thin septa (p < 0.05), tumor
capsule (p < 0.01), and pronounced enhance-
ment (p < 0.01) were significantly associated

Tateishi et al.

Pg. 3.—28-year-old man with intermedi-
ale-grade myxoid-round cell liposarcoma
inleft thigh,

A, Axial T1-welghted spin-echo MR Image
(TR/TE, 550412} shows high-intensity signal
pattern{arrowheads) in periphery of tumor.
B, Fat-suppressed contrast-enhanced T1-
welghted spin-echo MR image (650/12)
shows psewdocapsular enhancement (ar-
rows) and globular and nodular enhance-
ment {(arrowheads).

€, Photomicrograph of specimen shows
cellufar myxoid liposarcoma with round
cell components composed of salid sheets
of round cefls with large and coarse chro-

Odds Ratlo for Foalurn
Favoring Dlagnosla of
LGINGE B Intormiodiate- or ngh-Grado
Myxold—Round Cel;:
Liposarcoma’::

Odds
Feature Ratlo 95% Cl

Size >10cm 90 2.6-309
Lobulation: absent 210 | 83-1265
Thick septa present 203 | 21-1887
Pronounced enhancement | 347 | 3.72-324.1

prasent
Globular and nodufar 9.0 20413

enhancement present

Note.—Cl = confidence interval,
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with overall survival (Table 2). The multivari-
ate analysis revealed that pronounced enhance-
ment was the most significant adverse
prognostic factor (Fig. 5) with a relative risk of
7.3(95% CI, 1.5-35.1; p<0.05).

Discussion

In this study, we documented the prognostic
significance of MRI features in patients with
myxoid-round cell liposarcomas. Univariate
analysis revealed that the presence of thin
sepia, a tumor capsule, and pronounced en-
hancement had a significant correlation with
overall survival, Muitivariate analysis showed
thet, of these variables, pronounced enhance-
ment on contrast-enhanced MR images was
the most influential adverse prognostic factor.
This MRI finding of enhancement correlated
with the round cell-component content on
pathologic specimens, The prognostic impor-

matin and little intervening myxoid stroma.
(H and E, %200}

tance of the round cell component has been ac-
knowledged in previous studies [18-20]. From
4 practical viewpoint, detection of this en-
hancement pattern on contrast-enhanced MR
images in myxoid-sound cell liposarcomas js
useful for predicting their behavior.

The amount of necrosis has been reported
to be correlated with clinical outcome [21-
25]. Spontancous tumor necrosis identified in
four (4%) of 95 patients with myxoid-round
cell liposarcomas was correlated with in-
creased risks of metstasis and death [18], In
our study, we did not evaluate the relationship
between the presence of tumor necrosis and
patient prognosis, because most fumors ac-
compenied by necrosis in our study contained
only a small amount of necrotic arees that
were difficult to identify on MR images.

On contrast-enhanced MR images, pro-
nounced enhancement was located mainly at
the periphery of the lesion in 61.1% of the pa-

AJR182, Mﬁql 2004
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Fig. 4—£9-year-old man with
high-grade myxeld-round cell
fiposarcoma in leR thigh,

A, Sagiial contrast-enhanced T1-
welghted spin-echo MR image
(TRITE, 6005} shows globular
and nodular enhancement (ar-
rows) and pronounced enhance-
ment {armowheads) predominandy
at tumor periphery.

B, Photograph of macroscopic
specimen of same tumor as inA
shows heterogenecus tumor
componerts (amowheads).

C, Photomicrograph shows that
specimenis ¢ of solid
sheets of uniform round cells
with large and coarse chroma-
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tients, and globular and nodular enhancement
occurred at the lesion center in 44.4%. These
two patterns of enhancement were characteris-
tic of intermediate- or high-grade tumors.
Round cell components were reported to be lo-
cated at the peripheries of lobules; adjacent to
fibrous septa extending through the tumor; and
surrounding large vessels, particularly in tu-
mors with only a small amount of round cell
components [7, 8]. Thus, these two enhance-
ment patterns may be reliable imaging find-
ings for detecting round cell components
within tumors, In one study, despite a smalf

sample size, researchers showed that patients

(n = 5} who initially had a tumor with 5% or
greater round cell components had a sgnifi-
cantly higher incidence of metastasis or death
from disease than those (n = 7) who initially
had a turnor with less than 5% round cell com-

AJR:182, March 2004

ponents [18]. In a study of 24 patients with
round cell components composing 25% or
more of the tumor, round cell components were
associated significantly with a lower survival
rate [191. However, the comrelation between the
quantity of round cell components and the clin-
ical outcome may depend on the difficulty in
quantifying the round cell components at tran-
sitional areas at microscopic observation.
There was no significant difference be-
tween the risks of an adverse outcome in pa-
tients with myxoid and transitional areas
without round cell components and those with
myxoid areas alone [19]. The pathologic van-
ables responsible for differences among ob-
servers in identifying round cell components
are considered to be numerous and include in-
accurate ¢ritena for tissue processing and se-
lection of the assessment arca within the

spectrum of myxoid—round cell liposarcomas
{20]). Our results suggest that contrast-en-
hanced MR imeges can assist in defecting
round cell component content within the en-
tire tumor and assist in the distinction of low-
grade and of intermediate- or high-grade
myxoid-round cell liposarcomas,

In previous reports [26-29), the descriptions
of the enhancement pattemns identified on MR
images included little enhancement or a few
pattemns (i.e, heterogeneous, homogeneous,
no enhancement). However, the end points se-
lected in these prior studies depended simply
on the pathologic diagnosis of “myxoeid liposar-
coma,” and the investigators were unaware of
the lineage of “myxoid-round cell liposar-
coma” as a disease entity. The results of our
study are based on a definite diagnosis of myx-
oid-round cell liposarcoma, and we stress that
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ST CITR I VRl Findings and Unlvarlate Anafyso: of Survlval in36 Caso: of T
Myxoid-Round Cell Lipesarcoma . """ e

MRI Findings No. (%) of Cases | 5-Year Survlval Rate (%) P

Slze {cm) .10
<10 20 (55.6) 842
>10 16 (44.4) 56.8

Depth 0.26
Superficial 5{13.9) 100
Deep 386 66.7

Contour 0.27
Regular 26(122) nz
Irregular 10 21.8) 62.5

Lobulation 0.19
Absent 20 (55.6) 598
Present 16 {(44.4) 85.2

Thin septa 0.02
Absent 5(13.9) 267
Present 31(86.1) m

Thick septa 047
Absent 26 (122) 66.7
Present 10 (27.8) 123

Tumor capsule <00
Absent 13 36.) 16.6
Present 23 (63.9) 831

Pronounced enhancement <001
Absent 14 (38.9) 100
Present 2 61.7) 54.9

Globular and nodular enhancement 0.9
Absent 20 {55.6) 784
Present 16 (44.4) 66.3

High-intensity signat pattern on
Absent 21(58.3) 24
Present 15 @417 69.1
* og-rank lesL,

0.2

Proportion of Surviving Patients

0.0

L)
100

T
200

Survival Time (months)

1
300

Fig. §.—Graph shows Kaplan-Meier survival curve according o presénoe (solid lin) or absence (dashed ine) of pro-

nounced enhancement on contrast-enhanced MR Images for 36 patients with myxoid-round cell tiposarcomas.
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the presence of globular and nodular or pro-
nounced enhancement identified on MRI is a
finding suggestive of intermediate- or high-
grade tumor and reflects the amount of round
cell components in the tumor, which strongly
affects patient outcome.

The presence of linear or amorphous hyper-
intense foci behaving like fatty tissue on T1-
weighted MR images has been reported to be a
pattern suggestive of myxoid liposarcoma [27].
Myxoid-round cell liposarcoma often consists
of multiple histologic subtypes in the same lo-
sion. We obscrved a high-intensity signal pat-
tern in 15 low-grade tumors, and this finding
was consistent with immature fatty tissue or the
fat components of the fumors, Immature spin-
dle cells lacking obvious fat genesis may be
seen next to multivacuolated lipoblasts. Al-
though MRI is sensitive enough to detect
minute fat deposits or immature fatty compo-
nents, our univatiate analysis showed no signif-
icant association between high-intensity signal
pattern on MR images and survival [28, 29].

In summary, the spectrum of MRI findings
in myxoid-round cell liposarcomas is contin-
uous. MRI findings can essist in the distinc-
tion between low-grade and intermediate- or
high-grade myxoid-round cell liposarcomas,
MRI findings that favored a diagnosis of inter-
mediate- or high-grade tumor included large
(> 10 cm) size of tumor, deeply sitvated tu-
mor, tumor possessing irregular contours, ab-
sence of lobulation, absence of a tumor
capsule, absence of thin septa, presence of
thick septa, high-intensity signal pattemn, pro-
nounced enhancement, and globular and nod-
ular enhancement. The presence of thin septa
or a tumor capsule indicates low-grade tumor.
Imeging features associated with overall sur-
vival were thin septa, a tumor capsule, and
pronounced enhancement. Multivariate analy-
sis showed that pronounced enhancement on
MRI is the most significant factor in predict-
ing an adverse prognosis for patients with
myxoid-round cell liposarcoma.
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