trix, and 2 signals acquired. Afierthe IV administration of
0.1 mmol of gadopentetate dimeglumine (Magnevist,
Schering) per kilogram of body weight, transverse T1-
weighted images with (2 = 3) or without (== 1) fat sup-
pression were obtained in the sagittal and coronal planes.

MR images were reviewed by two radiologists and *

findings wererecorded by consensus. Images were eval-
uated for lesion location and size, depth (supesficial or
deep), shape of margin (well or ill defined), and the pres-
ence or absence of extracompartmental extension. To
define depth, superficial Jesions did not involve the su-
perficial fascia, and deep lesions were deep inrelation to
or invaded the superficial fascia. The relationship be-
tween tamor and the underlying tendon sheath was also
evaluated. MR images were evaluated for predominant
signal intensity characteristics (low, intermediate, high),
signal homogeneity or heterogeneity, and enhancement
charactetistics. On T1-weighted images, low signal in-
tensity was defined as signal intensity less than that of
rmuscle; intermediate signal intensity, similar to that of
muscle; and high signal intensity, similar to that of fat.
On T2-weighted images, low signal intensity was de-
fined as signal inteasity similar to that of muscle; inter-
mediate signal intensity, greater than that of muscle but
less than that of fat; and high signal intensity, equal to or
greater than thiat of fat. Tumor enhancement was visually
graded as greater than, less than, or equal to that of sur-
rounding mmuscle and vessels.

Tateishi et al.

Results
Clinical Features

All patients were symptomatic at presentation.
Presenting complaints were painless swelling of
the distal extremities. The mean symptom dura-
tion was 4.8 months. Tumors arose from the feet
(n=2), hands (n= 1), and fingers (n = 1). All pa-
tients received excisional biopsy for definitive di-
agnosis and primary therapy. Surgical margins
were adequate in three patients and inadequate in
one patient. The one patient with an ipadequate
surgical margin underwent subsequent wide re-
section. Chemotherapy and radiation therapy were
not included in the treatment regimen in any pa-

- tient. Local recurrence occurred 26.5 months after

the initial surgery in two patients. These patients
received wide resection. At the latest follow-up
(27-82 months; mean, 45 months), no patients
had developed further recurrence or metastasis.

MRI Findings and Pathologic Correlations

The gross characteristics of the resected spec-
imens featured multinodular architecture corrfe-
sponding to MRI features. The mean tumor
diameter was 2.4 cm (range, 1.2-3.0 cm). Tu-
mors were located along the tendon sheath in all
patients. Findings of extensive involverent sur-
rounding the tendon sheath by the tumor were

seen. In two patients, the tumor existed beneath
the tendon sheath (Fig. 1), and in two it involved
the surrounding tendon sheath diffusely and fo-
cally infiltrated the dermis (Fig. 2). One patient
had an ill-defined, irregularly marginated mass
involving the ulnar nerve and the tendon sheath
of the flexor carpi ulnaris (Fig. 2).

Cortical invasion was not identified in any pa-
tient on radiographs. All tumors showed predom-
inantly low signal intensity relative to muscle on
Ti-weighted MR images (Fig. 3). Two lesions
showed moderate and homogeneous enhance-
ment after the IV administration of contrast ma-
terial (Figs. 1 and 3). The cut surface of resected
specimens showed solid nests of neoplastic cells
that featured spindle and epithelioid cells with
higher cellularity, which corresponded to homo-
geneous enhancement on contrast-enhanced MR
images. Two lesions showed heterogeneous en-
hancement of the tumor that correlated with geo-
graphic areas of the myxoid stromal matrix on
microscopic observations (Fig. 4). On T2-
weighted MR images, all lesions had intermedi-
ate signal intensity greater than that of muscle but
Iess than that of fat (Fig. 2). In all cases, the cut
surface of specimens revealed solid nests of cel-
Tular areas with foci of hyalinized collagen fibers
and hypocellular areas with a myxoid stromal
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mass in finger.

enhancement (arrows).

Fig. 1.—Myxoinflammatory fibroblastic sarcoma in 62-year-old man with painless

A, Sagittal T1-weighted MR image (TR/TE, 450/15) shows poorly circumscribed mass
beneath tendon sheath of flexor hallucis longus {arrows).
B, Sagittal contrast-enhanced T1-weighted MR image {450/15) shows homageneous

€, Photagraph of histopathologic specimen shows solid nests of spindie and epithe-
lioid tumor cells with foci of inflammatory cell infilrate {arrows).

AJR:184, June 2005
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matrix, which corresponded to the imaging ap-
pearance of intermediate signal intensity on T2-
weighted MR images.

Two patients developed recurrent turmors and
underwent follow-up MRI after treatment. One
patient developed a mass of sheetlike appear-
ance beneath the dorsal portion of the underly-
ing tendon sheath (Fig. 3). Signal characteristics
and homogeneous enhancement patterns were
similar to those of the primary tumors. Histo-
pathologic examination of this patient showed
an infiltrate of lymphoid cells and a marked pro-
liferation of spindle-shaped tumor cells sur-
rounding the tendon sheaths.

In the second patient, a mass of branching
pattern occurred along the extensor digitorum

Fig. 2—Myxainflammatory fibroblastic sarcoma in 31-year-old man with painless mass in sub-

cutaneous soft tissue of wrist.

A, Coronal contrast-enhanced T1-weighted MR image (TR/TE, 520/15} shows peorly circum- ‘
scribed mass with ill-defined border. Tumor involves surrounding tendon sheath diffusely and

focally infiltrates dermis (arrow).

B, Axial contrast-enhanced T1-weighted MR image {520/15) shows mass involving ulnar nerve
{arrow} and tendon sheath of flexor carpi ulnaris (arrowhead).
C, Photograph of histepathclogic specimen reveals that numerous small nodules consisting of

tumor cells infiltrate along ulnar nerve {arrows).

AJR:184, June 2005

longus tendon sheaths of the second and fourth
toes without distortion of the architecture of the
tendon sheaths (Fig. 4). This patient had also
MRI findings suggesting capsular involvement
in the metatarsophalangeal joint of the second
toe. Histopathologic examination revealed that
the tumor arose from the extensor digitorum
longus tendon sheaths and also involved the ex-
tensor digitorum brevis tendon sheath, cutane-
ous nerve, and dermis.

Discussion

Myxoinflammatory fibroblastic sarcoma is a
rare turmor of the subcutaneous soft tissue that can
arise on the trunk but most commonly occurs in
the distant extremities {1, 2]. According to the lit-

erature and our experience, myxoinflammatory fi-
broblastic sarcoma s a tumor that most commonly
affects adults who are symptomatic at presentation
[1,2]. All patients in our series were symptomatic,
with common complaints of a painless mass.
Myxoinflammatory fibroblastic sarcoma has a
relatively good prognosis with a long life expect-
ancy despite frequent local recurrence [1-3]. Two
of our patients developed local recurrence, with
an average duration of 26.5 months. According to
the literature, the local recurrence rate in patients
with. myxoinflammatory fibroblastic sarcoma
ranges from 22% to 67% [1, 2]. The metastasis
rate in patients with myxoinflammatory fibro-
blastic sarcoma is uncertain. Metastases have
been reported to develop in only a few cases [1].




In all of our patients, excisional biopsy for
definitive diagnosis and primary therapy was
performed. However, tumor margins in one of

our patients were inadequate and the patientun-

derwent subsequent wide resection. Tumors are
often removed piecemeal by surgical proce-
dures, with curative wide resection considered
to be the adequate treatment of choice [1].
Grossly, myxoinflammatory fibroblastic sar-
coma forms a poosly circumscribed mass sur-
rounding the tendon sheath that may extend into
the dermiis and skeletal muscle. Microscopically,
the tumor is characterized by solid nests of atypi-
cal spindle and epithelioid cells in a myxoid
stroma and dense inflammatory infiltrates. The tu-
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mor cells often have large vesicular nuclei similar
to those of virocytes or Reed-Sternberg cells. The
immunophenotype is positive for vimentin, with
variable immunoreactivity for CD34, CD68, cy-
tokeratin, and smooth-muscle actin {1-6}.

On MR images, myxoinflammatory fibro-
blastic sarcomna typically manifests as a poorly
circumscribed mass with a multinodular ap-
pearance. Extensive involvement surrounding
the tendon sheath is also a common feature.

The appearance of the extension along the
tendon sheath in this tumor s similar to that seen
in tenosynovitis. Differentiating tenosynovitis
from myxoinflammatory fibroblastic sarcoma
solely on MRI findings is difficult. Tenosynovi-

focal recurrence.

tis also canlead to an ill-defined soft-tissue mass
or enlargement of its sheath. However, this con-
dition typically manifests as the accumulation
of fluid with increased signal intensity of the af-
fected tendon on T2-weighted MR images [8].
Clinical characteristics can allow the differenti-
ation of tenosynovitis from myxoinflammatory
fibroblastic sarcoma because tenosynovitis of-
ten decreases in size during the course of dis-
ease, whereas myxoinflammatory fibroblastic
sarcoma usually grows with infiltration [1].
MRI findings of myxoinflammatory fibro-
blastic sarcoma also closely resemble those of
giant cell tumors of the tendon sheath, prolif-
erative fasciitis, acral fibromyxoma, myxoid

Fig. 3—Myxoinflammatory fibroblastic sarcoma in foot of 32-year-old woman with

A, Sagittal T2-weighted MR image {TR/TE, 3,600/120) shows mass of sheetlike
appearance beneath dorsal portion of tendon sheath. Tumor shows intermediate sig-
nal intensity, greater than that of muscle {arrow).

B, Sagittal contrast-enhanced fat-saturated Ti-weighted MR image {520/15) shows
homogeneous enhancement of turmor {arrows).

€, Photograph of histopathologic specimen shows sheetlike proliferation of spindle-
shaped tumor cells {arrows) with ganglionlike cells, Reed-Sternberg-fike cells, and
tymphoid cells surrounding tendon sheaths.

AJR:184, June 2005
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local recurrence.

A, Coronal fat-saturated T2-weighted MR image {TR/TE, 3,500/105) shows mass of
branching pattern that occurred along extensor digitorum longus tendon sheaths of
second and fourth toes (arrows). Tumor shows intermediate signal intensity, greater

than that of muscle.

B, Coronal contrast-enhanced T1-weighted MR image (520/15) shows heteroge-

neous enhancement of tumor {arrows).

€, Photograph of histopathologic specimens shows proliferation of spmdle-shaped
tumor cells {arrows) with prominent nucleoli in abundant myxoid stromal matrix.

liposarcoma, and myxofibrosarcoma [9-13].
These conditions could not be distinguished ra-
diologically from myxoinflammatory fibroblas-
tic sarcoma on the basis of our study results.
Signal characteristics and enhancement patterns
were nonspecific. However, heterogeneous en-
hancement on contrast-enhanced MR images
corresponded to geographic areas of the myxoid
stromal matrix in the pathologic specimens. In
two of our patients, MRI findings of recurent
tumors were ill defined and the twmors had
sheetlike appearances involving the tendon
sheath. A significant association may exist be-
tween recurrent turniors and the tendon sheath.
In summary, myxoinflammatory fibroblastic
sarcoma typically affects-adult subjects as a
painless mass of the distal extremities at presen-
tation. Myxoinflammatory fibroblastic sarcoma
usually manifests on MR images as a multinod-
ular and poorly circumscribed mass involving
the surrounding tendon sheath. Although it is
unlikely that such arare condition could reason-
ably be diagnosed on the basis of MRI findings
alone, the condition should be considered in the

AJR:184, June 2005

Fig. 4—Myxoinflammatory fibroblastic sarcoma in foot of 24-year-old man with

differential diagnosis of a soft-tissue mass in the
distal extremities of adult patients.
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Prediction of Lung Adenocarcinoma

Without Vessel Invasion®
A CT Scan Volumetric Analysis

Ukihide Tateishi, MD, PhD; Hajime Uno, PhD; Kan Yonemori, MD;
Mistuo Satake, MD; Masahiro Takeuchi, ScD, MPH; and Yasuaki Arai, MD, PhD

Study objectives: Patients with lang adenocarcinoma without vessel invasion have a favorable
prognosis after resection and are among the candidates for limited surgery. The purpose of the
present study was to predict lung adenocarcinoma without vessel invasion based on a volumetric
analysis of the lesion with a CT scan prior to the operation.

Methods: CT scan images were obtained in 288 consecutive patients with adenocarcinoma of the
lung before surgical resection. Total tumor volume, the volume of the nonsolid component, and
the proportion occupied by the nonsolid component were calculated by the perimeter method.
The performance of the derived logistic regression model and the volumetric results were
evaluated by receiver operating characteristic analysis. The model derived for the prediction of
tumors without vessel invasion was assessed by means of the leave-one-out cross-validation
technique.

Resulis: The pathologic diagnosis was adenocarcinoma with vessel invasion in 160 cases, and
without vessel invasion in 128 cases. The median total tumor volume, the median volume of the
nonsolid component, and median proportion occupied by the nonselid component were 1,123.7
mm?®, 253.4 mm®, and 58.0%, respectively. With the derivation of the predictive rule, stepwise
regression yielded the following five features: the proportion occupied by the nonsolid compo-
nent; spiculation; pleural indentation; gender; and tumor size. The Az value, a measure of
diagnostic power represented as the area under the curve, was 0.957 for prediction of lung
adenocarcinoma without vessel invasion. The cross-validation aceuracy achieved by applying the
rule was 90.3%.

Conclusions: The proportion occupied by the nonsolid component based on a CT scan volumetric
analysis was a reliable predictor of tumors without vessel invasion in patients with adenocarci-

noma of the lung.

Key words: CT scan; lung; lung cancer

pulmonary nodule

Abbreviations: CI = confidence interval; OR = odds ratio; ROC = receiver operating characteristic; SPN = solitary

(CHEST 2005; 128:3276 -3283)

P atients with lung adenocarcinoma without vessel
invasion clearly have the best outcome after
resection, and they are among the candidates for
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limited surgery.’-? Some studies®# have highlighted
the potential diagnostic role of thin-section CT
scanning in identifying nonsolid components of ad-
enocarcinoma of the lung. The nonsolid component
is larger in patients with noninvasive tumors and has
been shown to discriminate between patients with
noninvasive tumors and patients with advanced tu-
mors with a high degree of power.® In addition, the
proportion of the tumor occupied by the nonsolid
component correlates well with the absence of vas-
cular or lymphatic invasion and with better out-
come.®-10 Thus, identification of the size of the
nonsolid component on CT scan images of lung
adenocarcinoma is a potenﬁal surrogate measure-
ment for tumor aggressiveness.

The reliability of almost all data on the proportion
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occupied by the nonsolid component is limited,
because the investigators assumed that the lesions
were spherical and used the maximum cross-sec-
tional diameter on CT scan images to calculate it,>6
and the only large series to date used the maximum
cross-sectional area of the tumor to predict inva-
sion.)! To our knowledge, few studies have used CT
scanning to calculate the volume of the nonsolid
component within tumors and to correlate the pro-
portion occupied by the nonsolid component with
pathologic characteristics of tumor invasion. More-
over, most studies to date have proposed diagnostic
criteria for lesions without testing their diagnostic
validity.6-11

We therefore conducted both a derivation and
validation cohort study of patients with adenocarci-
noma of the lung in order to predict tumors without
vessel invasion. Our results will assist physicians in
estimating more accurately the probability of a tu-
mor being unassociated with vessel invasion and to
decide whether further investigation is necessary to
rule the presence of a noninvasive tumor in or out.

MATERIALS AND METHODS

A retrospective review of the pathologic records for the period
between October 2001 and January 2004 identified 288 who had
been patients treated for adenocarcinoma of the lung the maxi-
mum dimension of which was < 2 em. A consecutive subset of
988 patients contributed to the derivation analysis and the
cross-validation analysis based on the leave-one-out method. The
study population consisted of 113 men and 175 women, and their
mean age was 64.7 years (age range, 41 to 86 years). All patients
had undergone surgical resection consisting of wedge resection
or lobectomy. Complete dissection (n = 96; 33%) and sampling
of mediastinal or hilar lymph nodes (n = 192; 67%) were per-
formed. The nodes included high and low ipsilateral, paratra-
cheal, subcarinal, and inferior pulmonary ligament lymph nodes,
and any other suspicious lymph nodes identified at surgery.
Surgical specimens were fixed in formalin and embedded in
paraffin. Four-micrometer sections were stained with hematoxy-
lin and eosin and elastica-van Gieson stain. Tumors without
vessel invasion were diagnosed when no lymphatic or blood
vessel invasion was identified within the lesion microscopically.
Based on the current international TNM classification for staging
lung cancer,’? 274 tumors (95%) were classified as stage Ia, and
the other 14 tumors (5%) were classified as stage I1a. The clinical
records of all patients were available for review. No patients were
lost to follow-up, which began on the date of the initial operation.
The median duration of follow-up was 22 months, and ranged
from 1 to 40 months. This study was approved by our institutional
review board after confirmation of informed consent by the
patients to a review of their records and images.

CT scanning was performed with a multidetector scanner
(Aquilion V-detector; Toshiba Medical Systems; Tokyo, Japan) by
using axial 2.0-mm X 4 or 1.0-mm X 16 modes (ie, 4 or 16
images per gantry rotation), 120 kVp, 200 to 250 mA, and a 0.5-s
scanning time. Thin-section CT scan images were obtained using
92.0-mm sections that were reconstructed at 2.0-mm intervals by
means of a high-spatial frequency algorithm and were retrospec-
tively retargeted to each lung with a 20-cm field of view.-All

www.chestjournal.org

images were displayed at window settings for lung (center, —600
Hounsfield units; width, 2,000 Hounsfield units). Image viewing
and manipulation were controlled with a workstation (ZIOSOFT
M900, Quadra, version 3.10f; ZIOSoft Inc; Tokyo, Japan) that
allows the reader to draw lines through regions of interest and the
perimeters around them.

The CT scan images were assessed in random order by two
independent observers without reference to the clinical findings.
The observers examined the images for the following: maximum
tumor diameter; nodular edge (irregular or not); presence of a
nonsolid component; presence of an air-bronchogram; presence
of cavitation, lobulation, pleural indentation, bubble-like lucen-
cies, spiculation, vascular convergence, bronchiectasis, or bron-
chiolectasis; and the lobe in which the lesion was located (eg,
upper, middle, or lower). Nonsolid component was defined as an
area of ground-glass attenuation or hazy increased parenchymal
attenuation without obscuring of the underlying vascular mark-
ings. We distinguished between nonsolid tumors and part-solid
tumors, with the former being defined as tumors containing only
a nonsolid component, and the latter as tumors that contained a
partially solid component. Bubble-like lucencies were diagnosed
when there were multiple cystic air spaces measuring < 5 mm in
diameter within the lesion surrounded by a wall of variable
thickness.’® After an initial independent evaluation, the two
observers reviewed all cases in which their interpretations dis-
agreed and reached a final decision by consensus.

The volume of each tumor was calculated by the perimeter
method.*#-16 The cross-sectional areas of the entire tumor and of
the solid component were calculated by a workstation that
manipulates a voxel matrix of 512 X 512 pixels. Two board-
certified radiologists who were experienced with image-viewing
and image-manipulation software drew a line around the perim-
eter of each tumor twice. The total tumor volume and the volume
of the solid component were calculated by summing the cross-
sectional areas and multiplying by the section increment. The
volume of the nonsolid component was calculated by subtracting
the volume of the solid component from the total volume. The
averages of the two volume values calculated by each of the two
observers were used in the analyses.

Statistical Analysis

Interobserver variation in relation to CT scan findings was
quantified as the weighted « coefficient of agreement. The
predictive performance of volumetric data was evaluated by
receiver operating characteristic (ROC) analysis, and the areas
under curve were represented by the Az values, which are a
measure of diagnostic power represented by the area under the
curve.1 A stepwise procedure was used in the logistic regres-
sion analysis to select the independent variables that should have
been included in the model to predict tumors without vessel
invasion. A variable was entered into the model if the probability
of its score statistic was < 0.05. The odds ratio (OR) and 95%
confidence interval (CI) for the multivariate predictors were
estimated. The .Hosmer-Lemeshow test was also performed to
evaluate goodness-of-fit.’ Calibration curves comparing the ob-
served proportion of tumors without vessel invasion with the
probability of tumors without vessel invasion ordered by the
increasing probability of tumors without vessel invasion were
constructed. The performance of the learned model was verified
by using the leave-one-out cross-validation method, in which all
cases but one were used to train the prediction rule, which was
then applied to the single excluded case.20-22 This procedure was
repeated for each case, until each case had been left out only
once. Cross-validation accuracy was calculated by comparing the
predicted response and the observed response.2® The following
variables were considered for their prognostic value: age; gender;
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Table 1—Patient Demographics*

No Vessel Vessel
Invasion Invasion
Characteristics (n = 128) (n = 160)
Gender
Male 39 (30) 74 (46)
Female 89 (70) 86 (54)
Age,t yr
Mean 64 65.4
sD 9.1 8.8
Range 41-84 41-86
Location of tumor
Upper lobe 78 (61) 91 (57)
Middle lobe 14 (11) 5(3)
Lower lobe 36 (28) 64 (40)
Tumor size,t mm
Mean 12.4 158
SD 45 3.5
Range 5.0-20.0 7.0-20.0
Tumor with nonsolid component 124 (97) 78 (49)
Nonsolid tumor 81 (63) 1(1)
Part-solid tumor 43 (34) 77 (48)
Solid tumor - 4(3) 82 (51)

*Values are given as No. (%).

$The differences between two groups were assessed by a two-sample
¢ test. The two tumor subgroups differed significantly in terms of
gender (p 0.01 [xz test]). Tumors without vessel invasion were
significantly more frequent (p 0.01 [x2 test]) in the upper lobe than
those with vessel invasion. Tumor size was significantly smaller in
tumors without vessel invasion (p 0.01 [¢ test]) than that in tumors
with vessel invasion. Tumors with a nonsolid component were
significantly more frequent (p 0.0001 [x? test]) among tumors
without vessel invasion.

presence or absence of vessel invasion; tumor size; total tumor
volume; the volume of the nonsolid component; the proportion
occupied by the nonsolid component; and CT scan findings.
Univariate analysis was performed by comparing Kaplan-Meier.
disease-free or recurrence-free survival curves and carrying out
log-rank tests. All analyses were conducted using a statistical

software package (SAS, version 8.2; SAS Institute, Cary, NC; and
R software, version 1.9.0; R project, Center for Computational
Intelligence; Vienna, Austria).

REesuLTs

The clinical characteristics and outcomes of all
patients with adenocarcinoma of the lung are sum-
marized in Table 1. The pathologic diagnosis was
lung adenocarcinoma with vessel invasion in 160 of
the 288 patients (55.6%), and without vessel invasion
in the other 128 patients (44.4%). Female patients
had a predilection for tumors without vessel invasion
according to the results of the univariate analysis.
The median age at presentation was 66 years (age
range, 41 to 86 years). Age was not statistically
associated with tumor type. Most tumors (n = 169;
58.7%) were in the upper lobe. The median tumor
size was 15.0 mm (range, 5.0 to 20.0 mm). Tumors
with vessel invasion were significantly larger than
tumors without vessel invasion. Among the tumors
without vessel invasion, nonsolid tumors (n = 81;
28.1%) were more common than part-solid or solid
tumors (n = 47; 16.3%); whereas, among the tumors
with vessel invasion, solid or part-solid tumors
(n = 159; 55.2%) were more common than nonsolid
tumors (n = 1; 0.3%). Tumors with a nonsolid com-
ponent were more COIMMOn among the tumors with-
out vessel invasion than among the tumors with
vesse] invasion. A

There was good interobserver agreement in the
analysis of the CT scan findings (weighted k coefficient,
0.63 to 0.79). The following CT scan findings were
more frequently identified in tumors with vessel inva-
sion than in tumors without vessel invasion according to
the univariate analysis: cavitation; air bronchogram;

Table 2—Summary Statistics of Volumetric Measurements®

Variables

No Vessel Invasion

Vessel Invasion

Tumor volume, mnm”

Mean 1,155.7 1,773.6

SD 1,411.1 1,321.3

Q1-Median-Q3 247.6-713.8-1,544.6 867.1-1,492.5-2,367.4

Range 43.6-6,828.0 120.8-6,912.2
Volume of nonsolid component, mm®

Mean 1,027.5 496.9

SD 1,372.7 8996

Q1-Median-Q3 157.5-567.7-1,413.3 0.0-0.0-658.5

Range 0.0-6,593.4 0.0-4583.6
Proportion of nonsolid component, % .

Mean 88.1 24.3

sD 26.4 332

Q1-Median-Q3 93.4-100.0-100.0 0.0-0.0-41.4

Range 0.0-100.0 0.0-100.0

*The differences between two groups were assessed by the Wilcoxon two-sample ¢ test. The tumor subgroups differed significantly in terms of
the volume of those three kinds of measurements (p 0.0001). Q1 = 25th percentile; Q3 = 75th percentile.
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FIGURE 1. Top, A: ROC curve for total tumor volume determined by the perimeter method. The mean
(= SE) Az value was 0.699 + 0.030. Middle, B: the ROC curve for the volume of the nonsolid
component determined by the perimeter method. The mean Az (% SE) value was 0.714 = 0.030.
Botfom, C: ROC curve for the proportion occupied by the nonsolid component determined by the
perimeter method. The mean Az (£ SE) value was 0.928 = 0.015.

irregular margin; speculation; lobulation; and bronchi-
ectasis or bronchiolectasis. Irregular margins were
common in tumors without vessel invasion but were
more frequent in tumors with vessel invasion. Vascular
convergence was a less common finding and was noted
only in patients with tumors that were associated with
vessel mvasion. Bubble-like lucencies were observed in
one tumor with vessel invasion and in one tumor
without vessel invasion.

Volumetric Analysis

The results of the volumetric analysis are summa-
rized in Table 2. The median total tumor volume, the
median volume of the nonsolid component, and the
median proportion occupied by the nonsolid compo-
nent were 1,123.7 mm® (range, 43.6 t0 6,912.2 mm?),

www.chestjournal.org

953.4 mm® (range, 0 to 6,593.4 mm®), and 58.0%
(range, 0 to 100%), respectively. Significant differ-
ences were found between the mean values for total
volume and the proportion values in two groups. The
ROC analyses to predict tumors without vessel inva-
sion revealed that Az values of total tumor volume,
the volume of the nonsolid component, and the
proportion occupied by the nonsolid component
were 0.699 (95% CI, 0.638 to 0.760), 0.714 (95% CI,
0.653 to 0.775), and 0.928 (95% CI, 0.895 to 0.961),
respectively (Fig 1). The potential predictors of
tumors without vessel invasion at the threshold of
each median value were as follows: total tumor
volume; the volume of the nonsolid component; and
the proportion occupied by the nonsolid component
(Table 3). Univariate analysis showed that our pre-
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Table 3—Potential Predictors of Tumors Without Vessel Invasion*®

Proportion of Tumors Without

OR 95% CI

Criteria Vessel Invasion, % p Valuet

Gender 1.9636 1.2053-3.1992 0.0064
Female ‘ 50.9
Male 34.5

Age 1.1124 0.6983-1.7723 0.6543
=66 yr 45.7
> 66 yr 43.1

Tumor size 4.0588 2.4416-6.7472 < 0.0001
= 15 mm 58.5
> 15 mm 25.8

Air bronchogram 0.1143 0.0585-0.2235 < 0.0001
Positive 13.6
Negative 58.0

Irregular margin 0.1605 0.0636-0.4049 < (0.0001
Positive 40.1
Negative 80.6

Spiculation 0.0349 0.0159-0.0767 < 0.0001
Positive 7.1
Negative 68.6

Lobulation 0.1496 0.0185-1.2122 0.0412
Positive 111
Negative 45.5

Pleural indentation 0.1148 0.0673-0.1961 < 0.0001
Positive 21.2
Negative 70.1

Bubble-like lucencies 1.2540 0.1742-9.0269 0.8221
Positive 50.0
Negative 44 .4

Vascular convergence NA NA < 0.0001
Positive 0.0
Negative 50.0

Bronchiectasis or bronchiolectasis 0.2150 0.0468-0.9882 0.0312
Positive 15.4
Negative 45

Tumor volume 2.9934 1.8465-4.8528 < 0.0001
= 1,123.7 mm® 57.6
> 1,123.7 mm® 31.3

Volume of nonsolid component 2.6535 1.6431-4.2853 < 0.0001
> 253.4 mm® 56.3
= 953.4 mm® 32.6

Proportion of nonsolid component 42.778 21.5856-84.7761 < 0.0001
> 80% 84.6 -
= 80% 114

*The median value was considered to be a cutoff in age, tumor size, tumor volume, the volume of the nonsolid component, and the proportion

of the nonsolid component. NA = not applicable.
1x2 test.

dictor of interest, the proportion occupied by the
nonsolid component, was highly predictive of tumors
without vessel invasion at an OR of 42.8 (95% CI,
91.6 to 84.8) with 80.0% as the threshold value.

Derivation of the Prediction Rule

From the 13 variables that reached the level of
statistical significance in the univariate analyses com-
baring tumors with and without vessel invasion, we
excluded location of the tumor because the absolute
difference fell within the precision range of the test.
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The logistic regression analysis identified the follow-
ing five significant predictors of tumors without
vessel invasion: proportion occupied by the nonsolid
component; spiculation; pleural indentation; gender;
and tumor size (Table 4). The Az value of the ROC
analysis for prediction of a tumor without vessel
invasion in the derivation phase was 0.957 (Fig 2).
We adopted the threshold that yielded an appropri-
ate tradeoff between sensitivity and specificity (ie,
probability of a tumor without vessel invasion, 0.5).
At that point in the ROC curve, the sensitivity,
specificity, accuracy, positive predictive value, and
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Table 4—Significant Predictors of Tumors Without Vessel Invasion

Variables Coefficient OR* 95% CI p Value
Intercept —1.6729
Proportion of nonsolid component > 80% vs = 80% 3.5744 35.673 14.392-88.421 < 0.0001
Positive vs negative spiculation —2.3889 0.092 0.032-0.261 < 0.0001
Positive vs negative pleural indentation —1.3982 0.247 0.101-0.602 0.0021
Female vs male gender 1.0056 2.734 1.141-6.551 0.0241
Tumor size = 15 mm vs > 15.0 mm 1.1271 3.087 1.249-7.627 0.0146

*OR was presented to predict tumors without vessel invasion.

negative predictive value of the rule were 88.3%,
91.9%, 90.3%, 89.7%, and 90.7%, resgectively. The
results of the goodness-of-fit test (x°, 3.6563; de-
grees of freedom, 8; p = 0.89) indicated that the
observed proportion of patients with tumors without
vessel invasion was similar to the predicted propor-
tion in the derivation group. The calibration curves
for the derivation data demonstrated good calibra-
tion of the prediction rule.

Cross-Validation Accuracy

When the rule derived from the 288 patients was
applied to the leave-one-out cross-validation cohort,
the validation accuracy based on the leave-one-out
method was 90.3%, which was quite similar to the
model accuracy, suggesting that the rule that was
derived to predict tumors without vessel invasion is
stable.

Sensitvity
08 0.8 1.0

04

0.2

T i

04 BB
1-Specificity

02

0.0

0o 08 1.0

FIGURE 2. ROC curve for the derived model to predict tumor
without vessel invasion. The probability of the occurrence of a
tumor without vessel invasion Il))ased on the derived model can be
considered diagnostic, and the tradeoff between sensitivity and
specificity at various thresholds of the probability of a tumor
without vessel invasion is given by the ROC curve.
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Prognostic Analysis

At the last follow-up, 1 of the 288 patients (0.3%)
had died, 12 patients (4.2%) were alive with recur-
rent disease, and the 5-year overall survival rate was
98.7%. Univariate analysis revealed that none of the
variables had a significant impact on overall survival.
The 5-year recurrence-free survival rate was 83.5%.
The patients with tumors without vessel involvement
had a 5-year recurrence-free rate of 88.0%, which
was significantly better than the rate of 74.6% among
the patients with vessel invasion (p < 0.05). Cavita-
tion and vascular convergence were significantly
associated with recurrence-free survival according to
the univariate analysis (p < 0.01).

DiscuUssionN

The proportion occupied by the nonsolid compo-
nent is characteristically higher in patients with lung
adenocarcinoma without vessel invasion, and several
studies*5 have demonstrated that it distinguishes
tumors without vessel invasion from tumors with
vessel invasion. Nevertheless, controversy remains
regarding its reproducibility in optimally distinguish-
ing tumors without vessel invasion from tumors with
vessel invasion. In this study, we investigated the
diagnostic capacity of the proportion occupied by the
nonsolid component to predict tumors without vessel
invasion in a well-characterized study population.

We performed ROC analysis to assess the ability of
the proportion occupied by the nonsolid component
to discriminate between tumors with and without
vessel invasion. We have documented that the diag-
nostic probability of the proportion occupied by the
nonsolid component for tumors without vessel inva-
sion is accurate. The Az value observed for the
proportion occupied by the nonsolid component was
0.957. In our study population, its discriminatory
capacity yielded positive and negative predictive
values for tumors without vessel invasion of 89.7%
and 90.7%, respectively. These observations suggest
that the identification of the proportion occupied by
the nonsolid component on CT images may be useful
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for predicting tumors without vessel invasion in
patients with adenocarcinoma of the lung.

At both baseline screenings and repeat CT screen-
ings for lung cancer, tumors containing a nonsolid
component have been found to be a significant sign
of malignancy. Henschke and colleagues® found
that 19% of the 233 cases with positive results at
baseline screening had a tumor with the nonsolid
component and that the tumors were predominantly
bronchioloalveolar carcinoma and adenocarcinoma
with bronchioloalveolar carcinoma features. These
predominant histologic types of malignancy corre-
sponded to noninvasive and invasive tumors of lung
adenocarcinoma. The quantification of the extent or
growth rate of the solid and nonsolid components of
tumors is necessary during CT scan screening for
lung cancer.

Swensen and colleagues'® created a multivariate
logistic regression model to predict a malignant
solitary pulmonary nodule (SPN) in a derivation and
validation analysis. Of 629 radiologically intermedi-
ate nodules in their study, 23% were malignant
SPNs. The investigators identified the following
three independent findings that predicted malignant
SPNs: upper lobe distribution; tumor size; and spic-
ulation. Among these findings, spiculation was asso-
ciated with the prediction model in our results.
Pleural indentation and male predilection were also
significant predictors of tumors with vessel invasion
in our study.

Some studies?6-28 using the segmentation algo-
rithm of software have yielded calculations of tumor
volume in three dimensions. The excellent interob-
server variability suggests that tumor volume estima-
tions by different observers can be reliably compared
when three-dimensional volumetric software is used.
However, this technique does not enable the seg-
mentation of tumors that contain a nonsolid compo-
nent.27-28 Since most tumors in our study contained a
nonsolid component and were not appropriate for
three-dimensional volumetric analysis, tumor vol-
ume was calculated by the perimeter method, which
had potential sources of error that affected the
results of volumetric analyses.?

The proportion occupied by the nonsolid compo-
nent was dichotomized using the median value for a
threshold level in the univariate and multivariate
analyses performed. In both the univariate and mul-
tivariate analyses, the proportion occupied by the
nonsolid component yielded the highest point esti-
mates and CIs for the ORs of tumors without vessel
invasion. However, it should be noted that there was
enough of a difference between the wvalues' for
patients in whom the nonsolid component occupied
a high proportion of the tumor and those for patients
in whom the nonsolid component occupied a small

3282

proportion of the tumor that similar results could
have been obtained with different threshold values.

There are other potential limitations of this study.
The size of the sample may also have led to false-
positive results because of the number of covariates
included in the inital analysis. However, the
strength of the association with our primary outcome
of interest, as well as the historical precedence of
other significant predictors in our multivariate anal-
ysis, lends credence to our conclusions. In summary,
the results of our study confirm that the proportion
occupied by the nonsolid component of a tumor on
CT scans is a reliable predictor of tumors without
vessel invasion with much greater confidence than
was possible in the past.
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Objective: Some studies to daie have suggested the development of multiple primary malignan-
cies in patients with soft tissue sarcoma. The current study was performed to quantify the risk of
development of multiple primary malignancies in adult patients with soft tissue sarcoma.
Methods: A total of 406 consecutive patients who were diagnosed with soft tissue sarcoma were
identified in the study analysis. The cumulative incidence of multiple malignancies was calculated
by comparing Kaplan—-Meier curves and log-rank tests from each histological type. A Cox
proportional hazards model was used to estimate the influence on the hazard ratio (HR) of
each variable.

Resulis: A total of 35 patients with soft tissue sarcoma (9%), having preceding (n= 15) and
subsequent (n = 20) malignancies other than soft tissue sarcoma were documented. The 5- and
10-year estimated cumulative incidence of multiple primary malignancies were 7.6 and 12.3%,
respectively. The hazard risk of multiple primary malignancies adjusted for potential confounding
variables was significanily associated with age at diagnosis (HR = 1.51, P = 0.0019). The risk
of multiple primary malignancies was also increased in patients with myxofibrosarcoma adjusted
by the potential confounding variables (HR = 2.34, P = 0.048). The 5- and 10-year estimated
cumulative incidence of multiple primary malighancies in patients with myxofibrosarcoma were
both 16.9%.

Conclusion: The results of our study confirm that the risk of multiple malignancies appears to
be impacted by age at the time of diagnosis of the first tumor and by the histological type of
myxofibrosarcoma.

Key words: soft tissue sarcoma — myxofibrosarcoma — multiple malignancies — second primary tumor

INTRODUCTION

The development of multiple malignancies in a single indi-
vidual has been reported after successful treatment of primary
tumors (1,2). The greatest attention has been focused on second
primary tumors (SPTs) after treatment of malignant lymphoma
(3), retinoblastoma (4) and malignant germ cell tumor (5,6)
because good cure rates have been achieved for many years,
resulting in many long-term survivors.

The occurrence of multiple malignancies in patients with
soft tissue sarcoma (STS) has also been reported (7,8). Studies
focused on patients with osteosarcoma have revealed an over-
all 10-year cumulative incidence of SPT of 2.0-3.1% (9,10).
Adult patients with STS have been found to develop other
malignant neoplasms either before or after the diagnosis of

For reprints and all correspondence: Ukihide Tateishi, Division of Diagnostic
Radiology, National Cancer Center Hospital, 5-1-1, Tsukiji, Chuo-ku,
104-0045 Tokyo, Japan. E-mail: utateish@ncc.go.jp

STS, and this phenomenon occurred at a significantly higher
rate than reported for the occurrence of STS in the general
cancer population (11).

However, the risk of SPT after treatment of the first tumor
has been mainly described in children with STS. Although we
have observed the occurrence of multiple primary malignan-
cies that occurred in adult patients with various histological
types of STS, especially pleomorphic malignant fibrous
histiocytoma (MFH) and myxofibrosarcoma, in daily clinical
practice there has been little information on the management of
these patients. The current study was therefore undertaken to
assess the risk of development of another primary malignant
tumor in adult patients with STS.

MATERIALS AND METHODS
PATIENTS

The records of 500 consecutive adult STS patients diagnosed
and treated between February 1962 and August 2003 were

© 2005 Foundation for Promotion of Cancer Research



retrieved from the pathology files of our institution. This study
was approved by the local Ethics Committees after confirma-
tion of informed consent by the patients to a review of their
records and images. The enrollment criteria consisted of (i)
adult STS patients whose pathological specimens and medical
charts were available for review; and (ii) patients who were not
lost to follow-up. The exclusion criteria consisted of (i) subjects
whose pathological specimens and medical charts were insuf-
ficient for review; and (ii) subjects whose pathological sub-
types were considered to be rare in the clinical setting. Thus, 94
patients (19%) whose tumors comprised epithelioid sarcoma
(n = 25), alveolar soft part sarcoma (n = 20), clear cell sar-
coma (1 = 16), extraskeletal myxoid chondrosarcoma (n = 20)
or extraskeletal osteosarcoma (n = 13) were excluded from the
analysis, and the 406 patients with common STSs were
included in the analysis. The patients consisted of 223 men
and 183 women, and they ranged in age from 16 to 87 years
(median age: 53 years). During the period 1962-2003, the
concept of MFH or myxofibrosarcoma changed. Twenty-
three myxofibrosarcomas (34%) which were previously dia-
gnosed as myxoid variant of MFH or solely fibrosarcoma were
reclassified by the review of pathological examinations. Aut-
opsy was performed in 16 cases (4%) and their pathological
specimens were also available for review.

In the patients who developed multiple primary malignan-
cies, we investigated: age at diagnosis, gender, family history,
anatomic site, tamor size, depth, surgical margin, histological
type, MIB-1 score, grade, whether chemotherapy has been
performed, whether radiation therapy has been performed
and the outcome. If the patient had died, the date and the
cause of death were also noted.

Patients were followed-up with regard to survival until
August 31, 2004, at which time 250 patients were alive
with no evidence of disease, 26 patients were alive with disease
and 130 patients had died of their disease. The malignancy-free
survival period (MFSP) was measured from the date of dia-
gnosis of STS to the date of the first observations of multiple
malignancies. If the detection of malignancy other than STS
preceded the date of diagnosis of the STS, the MFSP was
recorded as 0. If a patient was alive without developing any
multiple malignancies at the last visit, the data on MFESP were
censored as of the date when the survival was confirmed. If a
patient died without detection of other primary malignancies,
the MFSP was censored at the date of death. If other primary
malignancy was found at autopsy, the date of death was treated
as an event.

Histological slides of the primary tumors of all patients were
reviewed for diagnosis by two experts. Whenever necessary,
immunohistochemistry was used to confirm the diagnosis or
tumor type according to the WHO classification (12). MIB-1
immunostaining was performed to grade all tumors. An MIB-1
score of 1 was assigned to lesions with an MIB-1 labeling
index (LI) of 0-9%, an MIB-1 score of 2 was given to lesions
with an MIB-1 LI of 10-29%, and an MIB-1 score of 3 was
given to lesions with an MIB-1 LI = 30%. There were tumors
with an MIB-1 score of 1 (n = 140; 35%), 2 (n = 62; 15%) and
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3 (n = 204; 50%). The histological grade is a three-grade sys-
tem obtained by adding the scores for tumor differentiation,
tumor necrosis and MIB-1 score, each of which was given a
score of 0-3 (13). By using the grading system, tumors cor-
responded to grade 1 (n = 128; 32%), grade 2 (n = 107; 26%)
and grade 3 (n = 171; 42%), respectively. Tumor depth was
measured relative to muscular fascia that had been invaded and
was characterized as superficial or deep. The vast majority of
lesions (1 = 322; 79%) were deep seated, and 94 tumors were
superficial.

STATISTICAL ANALYSIS

Univariate analysis of the cumulative incidence of multiple
malignancies was performed by comparing Kaplan—Meier
curves and log-rank tests from each histological type. The
hazard ratio (HR) of each variable was estimated by using a
Cox proportional hazards model in the univariate and mul-
tivariate analyses. The following factors are considered as
potential confounding factors for the incidence of multiple
malignancies: age at presentation, gender, family history of
malignant neoplasm, anatomic site, tumor size, depth, surgical
margin, histological type, MIB-1 score (1, 2 or 3) and grade
(1, 2 or 3). Variable selection by the backward elimination
(o = 0.2) procedure was performed in the multivariate ana-
lyses. All analyses were performed with SAS Software
(version 6.12; SAS Institute, Cary, NC).

RESULTS

Tumors had a diameter >5 cm in 302 patients (74%). Most
tumors were located in the extremities (n = 244; 60%) com-
pared with the trunk (n = 96; 24%) and other sites (n = 66;
16%). The histological types consisted of liposarcoma
(n = 159; 39%), myxofibrosarcoma (n=67; 17%), pleo-
morphic MFH (n=53; 13%), synovial sarcoma (n = 50;
12%), leiomyosarcoma (n = 32; 8%), malignant peripheral
nerve sheath tumor (MPNST; n = 25; 6%) and fibrosarcoma
(n = 20; 4%). Of these 406 tumors, 371 tumors (91%) did not
develop multiple malignancies (Table 1).

A total of 35 patients (9%) with STS were documented in
the study population, among whom the STS was preceded
by (n=15) and followed by (n = 20) malignancies other
than STS. The median age at the time of diagnosis of the
first tumors was 63 years (range 39-79 years). The SPTs
were diagnosed a median of 64 months after the diagnosis
of the first tumor. A third primary tumor (TPT) was found
in eight patients, a median of 127 months after the first tumor.
One patient was found to have a fourth primary tumor 331
months after the first tumor. The overall 5- and 10-year estim-
ated cumulative incidence of multiple primary malignancy was
7.6% [95% confidence interval (CI) 4.7-10.4] and 12.3% (95%
CI 7.4-18.0), respectively.

Information related to the patients is listed in Table 2. The
most frequent histological types of STS were myxofibrosar-
coma (n = 13; 19.4%) and pleomorphic MFH (n = 6; 11.3%).
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Table 1. Demographics of patients without multiple malignancies

Variables LS MFS PMFH 8S . LMS MPNST FS Total
7 148 54 47 50 30 24 18 37
Mean age (years) 51.6 60.5 579 32.9 553 50.0 42.4 50.9

SD 12.8 13.1 14.3 15.4 13.8 15.5 215 16.3

Range 18-87 29-87 26-86 18-72 30-83 28-74 18-87 18-87
Gender

Male 89 27 31 22 11 9 12 201

Female 59 27 16 28 19 15 6 170
Distribution

Extremities 91 (62) 37 (69) 31 (66) 36 (72) 6 (20) 13 (54) 12 (67) 226 (60)

Trunk 21 (14 16 (30) 15 (32) 11 (22) 9 (30) 10 (42) 5(28) 87 (23)

Others 36 24 1 1@ 3 15 (50) 1@&@ 1(6) 58 (15)
MIB-1 score

1 99 (67 10 (19) 24 5010 2( 521 739 130 34)

2 17 (12) 14 (26) 3 (6) 12 24 300 1@ 6(33) 56 (15)

3 32(22) 30 (56) 42 (89) 33 (66) 25 (83) 18 (75) 5(29) 185 (49)
Grade

1 94 (64) 917D 24 0 27 4Q7) 8 (44) 119 (31)

2 22 (15) 34 (63) 8(17 14 (28) 7(23) 2(8) 7(39) 94 (25)

3 32(22) 11 20) 37 (79) 36 (72) 21 (70) 18 (75) 307 158 (42)
Depth

Superficial 19 (13) 16 (30) 14 (30) 7 (14) 6 (20 4 QA7 5(28) 71 (19)

Deep 129 87 38 (70) 33 (70) 43 (86) 24 (80) 20 (83) 13 (72) 300 (79)
Size (cm)

0-5 10 20 (37) 15 (32) 24 (48) 8 (27 729 11 (61) 95 (26)

5-10 59 (40) 25 (46) 17 (36) 18 (36) 13 (43) 13 (54) 5(28) 150 (40)

>10 79 (53) 97 15 (32) 8 (16) 9 (30) 47 2(11) 126 (33)
Margin

Adequate 105 (71 46 (85) 44 (94) 45 (90) 26 (87) 17 (71) 15 (83) 298 (79)

Inadequate 43 (29) 8 (15) 3(6) 5 (10) 4 (13) 729 307 73 (19)
Chemotherapy 28 (19) 13 (24) 24 (51) 31 (62) 12 (40) 13 (54) 6 (33) 127 (34)
Radiation therapy 36 (24) 19 35) 14 (30) 11 22) 10 (33) 10 (42) 4(22) 104 (27)
Family history of cancer 21 (49) 4(9) 6 (14) 245 2(5) 6 (14) 2(5 43 (12)
Survival rate (%)

5 year 86.7 89.3 51.6 61.8 27.5 452 66.2 71.7

10 year 78.5 69.6 41.4 48.4 275 24.1 48.4 579

The numbers in parentheses are percentages.

LS, liposarcoma; MFS, myxofibrosarcoma; PMFH, pleomorphic malignant histiocytoma; SS, synovial sarcoma; LMS, leiomyosarcoma; MPNST, malignant

peripheral nerve sheath tumor; FS, fibrosarcoma.

Less common histological types consisted of fibrosarcoma
(n = 2; 10%), liposarcoma (n = 11; 6.9%), lelomyosarcoma
(n = 2; 6.3%) and MPNST (n = 1; 4%).

The risk of multiple malignancies differed significantly
according to the histological type of the STS (log rank test:
P = 0.0055). None of the patients with synovial sarcoma had
multiple malignancies. The multivariate analysis adjusted
for potential confounding variables showed a higher risk of

multiple malignancy in patients with myxofibrosarcoma
(Table 3). When patients with pleomorphic MFH and myx-
ofibrosarcoma were combined into the same histological
category, the risk of multiple malignancies was 2.13
(95% CI 1.00-4.55, P =0.0496). However, no significant
association was found between risk of multiple malignancies
and survival rate, or familiar history of malignant neoplasm in
pleomorphic' MFH ‘and myxofibrosarcoma.



Table 2. Demographics of patients with multiple malignancies
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Table 3. Hazard risk of multiple malignancies adjusted for potential
confounding variables
Variables HR 95% C1 P-value
Age 1.51 1.17-1.96 0.0019
Tumor size 1.03 0.99-1.07 0.18
MFS 2.34 1.01-5.41 0.048
PMFH 1.85 0.69-4.97 0.22

Other tumors®

Variables MFS PMFH Other tumors  Total
n 13 (37) 6 (17) 16 (46) 35
Mean age (years) 63.8 66.5 58.8 62.0

SD 11.4 13.1 10.9 11.5

Range 45-79 47-76 39-79 39-79
Gender

Male 10 5 7 22

Female 3 1 9 13
Distribution

Extremities 10 (77) 2(33) 6 (38) 18 (51)

Trunk 323) 4 (66) 2(13) 9 (26)

Others 0 0 8 (50) 8 (23)
MIB-1 score

1 323 0 7 (44) 10 (29)

2 3(23) 0 3(19) 6 (17)

3 7 (54) 6 (100) 6 (38) 19 (54)
Grade

1 3(23) 0 6 (38) 9 (26)

2 8 (62) 107 4 (26) 13 (37)

3 2 (15) 5(83) 6 (38) 13 (37
Depth

Superficial 9 (69) 4 (66) 0 13 (37)

Deep 4 (30 2(33) 16 (100 22 (63)
Size {cm)

0-5 5(38) 137 319 9 (26)

5-10 7 (54) 5(83) 4 (26) 16 (46)

10+ 1(® 0 9 (69 10 29
Margin

Adequate 11 (85) 6 (100) 11 (69) 28 (80)

Inadequate 2 (15) 0 531 7 (20)
Survival rate (%)

5 year 84.6 50.0 66.1 70.0

10 year 70.5 16.7 27.3 43.1

The numbers in parentheses are percentages.
MES, myxofibrosarcora; PMFH, pleomorphic malignant fibrous histiocytoma.

Twelve patients (37.1%) had a family history of cancer. One
patient had familial adenomatous polyposis (FAP) with a
germline mutation in the APC gene. Two patients with a
second or third primary STS had previously received systemic
chemotherapy and radiation therapy. Patients with a second or
third primary cancer whose STS preceded it had previously
received chemotherapy (n = 3) and radiation therapy (n = 4).
Only one patient had a third primary cancer within the
radiation field.

Age at the time of diagnosis was associated with
increased risk of multiple malignancies in the unadjusted
analysis (HR = 1.52, 95% CI 1.17-1.97, P = 0.0016), but

*Adjusted hazard risk (HR) referenced to other tumors is presented.
MFS, myxofibrosarcoma; PMFH, pleomorphic malignant fibrous histiocytoma.

no significant association was found with gender, family
history of cancer, MIB-1 score, grade, tumor size, depth or
margin. Furthermore, no interaction was evidenced between
the risk of multiple malignancies and having received chemo-
therapy or radiation therapy.

Myxofibrosarcoma developed as the first tumor in three
patients, the second tumor in seven, the third tumor in two,
and the fourth tumor in one (Table 4). The MFSP between the
diagnosis of the first and second malignancies ranged from 4 to
275 months (median: 69.0 months). The TPTs were detected
within 142 months after the diagnosis of the first tumor. One
myxofibrosarcoma of the thigh developed after radiation ther-
apy for a second primary esophageal carcinoma. The fourth
primary tumor developed in a patient who had undergone
surgical resection three times for carcinomas of the colon
and cecum. The patient developed a myxofibrosarcoma
of the thigh that was treated by surgery and chemotherapy
120 months after the diagnosis of the SPT. The 5- and 10-
year estimated cumulative incidence of multiple malignancies
in patients with myxofibrosarcoma were both 16.9% (95% CI
7.8-26.1; Fig. 1). The overall survival time of the 13 patients in
the group after the diagnosis of .the first tumor ranged from
10 to 408 months (median: 148.0 months). The 5-year survival
rate of the group was similar to that of the patients without
multiple malignancies (84.6 versus §9.3%, P = 0.81).

Pleomorphic MFH occurred as the first tumor in five patients
(Table 5), and in one patient it was followed by esophageal
carcinoma. The MFSP between the diagnosis of the first and
second malignancies varied from 17 to 94 months (median:
74.0 months). The 5-year estimated cumulative incidence of
multiple malignancies in patients with pleomorphic MFH was
10.2% (95% C1 0.0-20.6; Fig. 1). The overall survival time of
the six patients in this group ranged from 48 to 155 months
(median: 113.0 months), and the 5-year survival rate was not
significantly different from that of pleomorphic MFH patients
without multiple malignancies (50.0 versus 51.6%, P = 0.32).
One patient died of the first tumor after developing a
metastasis, and the other five patiénts died of the SPT.

Nineteen multiple malignancies were associated with four
types of adult STSs: liposarcomas in 11 patients, fibrosarcomas
in two, leiomyosarcomas in two and MPNST in one (Table 6).
The MFSP between the diagnosis of the primary malignancy
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and the second malignancy ranged from 1 to 141 months
(median: 60.0 months). The 5- and 10-year estimated cumu-
lative incidence of multiple malignancies in this group was
5.1% (95% CI 2.2-8.0) and 9.7% (95% CI 3.8-15.7%; Fig. 1),
respectively. The overall survival time of the 16 patients
from the time of diagnosis of the first tumor ranged from
6 to 223 months (median: 96.5 months). No significant differ-
ence in 5-year survival rate was found between the patients
with and without multiple malignancies (66.1 versus 71.6%,

P = 0.80).

DISCUSSION

The objective of this study was to review the incidence of
multiple malignancy in adult STS patients. The results of
the analysis showed that 9% of the patients had multiple malig-
nancies. The 5- and 10-year estimated cumulative incidence of
multiple malignancy was 7.6% (95% CI 4.7-10.4) and 12.3%

ez MFS (0=67)

ptd4— —+ PMFH (n=53)

Cumulative incidence
[

Other tumors (n=286)

A4 ;HJ b b - s - =t

5] 100 200 300 400 500 600
Montlks

Figure 1. Cumulative incidence of multiple malignancies in STS. MFS,
myxofibrosarcoma; PMFH, pleomorphic malignant fibrous histiocytoma. A
statistically significant difference is found between the three groups (log
rank P = 0.002).

Table 5. Pleomorphic MFH with multiple malignancies (n = 6)
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(95% CI1 7.4-18.0), respectively. In addition, the risk of mul-
tiple malignancy appeared to be impacted by age at the time of
diagnosis of the first tumor and by the histological type of
myxofibrosarcoma.

The results of this analysis add to the evidence of an asso-
ciation between STS and the risk of multiple malignancy. The
results are consistent with the findings in the cohort study
Merimsky et al. that assessed the risk of multiple malignancies
associated with STS (11). In their study, 28 of 375 adult
patients (7.5%) with STS were found to have developed
another primary malignant neoplasm either before or after
the diagnosis of STS, a significantly higher rate than reported
for the occurrence of STS in the general cancer patient
population (1.0%). In addition, they also observed an associ-
ation between primary MFH and the occurrence of renal cell
carcinoma. However, Merimsky et al. did not evaluate risk'
according to histological types of STS, and they included
several patients with bone sarcoma in their analysis. Thus,
our study expanded on the findings of Merimsky et al. by
assessing the impact of histological type.

Previous studies in patients with STS have found frequencies
of an SPT ranging from 1.2 to 6.0% (14,15). In contrast, one
study that investigated the risk of developing SPT in patients
with non-Hodgkin lymphoma yielded a frequency of 15.4%
(16). However, the populations in these studies were mainly
children or adolescents. In our study, the rate of association
of an SPT or TPT with STS was 9.0%, suggesting that the
frequency of multiple malignancies is similar in the different
age populations. Age at the time of diagnosis was strongly
associated with increased risk of multiple malignancies in
adult patients with STS.

The results of our study showed that the risk of multiple
malignancies was similar when the analysis was conducted
separately for patients with pleomorphic MFH and myxo-
fibrosarcoma, the most common types of STS. Multiple
malignancies were detected in six patients with pleomorphic
MFH, and in five patients where the pleomorphic MFH was
preceded by another malignant tumor. Similarly, the other
malignancy was detected first in three of the 13 patients
(23%) with myxofibrosarcoma and subsequently in the other

Patient Age Gender FT Site CT RT MFSP SPT  Site cr RT . MFSP TPT Site CT RT Prognosis OS
(years) from SPT

1 76 Male PMFH Shoulder - 325Gy 64 Ad Bile duct MMC - - - - - - DOD 78

2 76 Male PMFH Thigh - - 84 Ad Lung - - - - - - - DOD 155

3 53 Male PMFH Elbow VCR - 6 Sq Tongue — - - - - - - DOD 106

ADR

4 47 Male PMFH Buttock - - 31 Ad Colon - - - - - - - DOD 48
76 Male PMFH Back - 50Gy 121 Ad Stomach - 50 Gy — - - - -~ DOD 138

6 71 Male Sq Esophagus — - 94  PMFH Back - - 7 Ad Stomach - -~ DOD 120;

FT. first tumor; CT, chemotherapy; RT, radiotherapy; MESP, malignancy-free survival period (months); SPT, second primary tumor; TPT, third primary tumor; DOD,
died of disease; NED, no evidence of disease; OS, overall survival (months); PMFH, pleomorphic malignant fibrous histiocytoma; Sq, squamous cell carcioma; Ad,

adenocarcinoma; VCR, vincristine; ADR, adriamycin; MMC, mitomycin C.





