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Table 4 Univariate survival analysis in 29 soft tissue sarcoma
patients with lung metastasis

Characteristics n 3-year survival (%) P value

Age
=65 11 23.9 0.54
<65 18 389

Gender
Male 17 32.1 0.87
Female 12 36.7

Local recurrence
Yes 15 53.6 0.12
No 14 20.0

No. of lung met.
>3 11 30.3 0.76
=3 18 36.1

Maximum tumor size of lung met.
>10 7 17.1 0.70
<10 22 38.6

Lung met. at presentation
Yes 8 12.5 0.06
No 21 434

Distribution
Lateral 14 21.4 0.08
Bilateral 15 47.0

VDT
>26 days 15 50.6 0.01
<26 days 14 15.9

VDT Volume doubling time

Table 5 Multivariate survival analysis in 29 soft tissue sarcoma
patients with lung metastasis

Variables HR (95% CI) P value

0.36 (0.139-0.93) 0.03
1.83 (0.76-4.47) 0.18
0.27 (0.11-0.69)  0.006

Lung met. at presentation  No
Unilateral
>26 days

Distribution
VDT

95% CI: 95% Confidence interval
HR Hazard Risk, VDT volume doubling time

method. The analysis of the growth rate of a tumor
expressed as the “tumor doubling time” appears to be an
accurate and precise method to compare the biological
aggressiveness of tumors in different patients [8-14].
However, there are few reports on the growth rate of lung
metastases from soft tissue and skeletal sarcoma [11, 12, 15,
16]. Although these previous analyses used chest radiog-
raphy, the current study measured the volume doubling time
using chest CT images in patients with lung metastases,
because lung metastases are detected more accurately and
earlier with CT scan than with chest radiography.
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Fig. 3 Kaplan-Meier survival curve shows survival after lung
metastasis of the 29 patients with soft tissue sarcomas. (a patients
with a VDT of more than 26 days b patients with a VDT of within
26 days)

The current measurement of lung metastases showed
that there was variability in the growth rate both between
metastases in different patients and between different his-
tological tumor types. The VDT of patients with high grade
tumors was significantly shorter than that of low grade
tumors. These data are consistent with several reports of
OS, MFH, and LMS (Table 7). Interestingly, the VDTs of
the patients with myxoid liposarcoma were relatively short
(20 and 26 days). In contrast, the VDTs of synovial sar-
coma patients were relatively longer than other high grade
sarcomas (27, 65, and 185 days).

Approximately 10-38% of patients with sarcomas have
isolated lung metastatic disease [7, 17, 18]. It is very
important to determine whether the lung nodule is malig-
nant or benign, because it usually affects the subsequent
treatment plan, including surgical excision, radiation
therapy and chemotherapy. However, chest radiography
usually do not allow detection of small lung nodules
(<10 mm) [19]. Improvements in CT scanning have
enabled clinicians to detect small lung nodules less than
5 mm in size [20]. A lung nodule of 5 mm in patients with
a short VDT (within 30 days) tumor, like OS, LMS,
MPNST, would grow to about 10 mm within 3 months
based on the Schwaltz equation [9]. A tumor with a VDT of
10, 20 and 30 days would grow to 10 mm in 30, 60, and
90 days, respectively. Therefore, the next chest CT should
be taken within 2 months in patients with small lung
nodules. Treatment such as RFA or surgical excision of the
nodules is recommended if the nodule becomes larger. The
nodules normally continue to be benign if they remain
5 mm or smaller than 5 mm in size for more than 6 months
[201.

Several large series have defined a number of clinical
prognostic factors that are associated with post-metastatic
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Table 6 Univariate survival analysis in 11 bone sarcoma patients
with lung metastasis

Table 7 Review of the literature describing volume doubling time in
sarcoma patients

Characteristics N 3-year P value Authors Device Histology n VDT
survival (%) (day)
Age Joseph et al. [11] X-ray  Osteogenic sarcoma 25 11-360
=65 3 N.A 0.90 Fibrosarcoma 12 13-340
<65 8 25.0 Ewing sarcoma 8 7-18
Gender Liposarcoma 6 11-100
Male 6 333 0.97 Rhabdomyosarcoma 5 10-20
Female 5 20.0 Synovial sarcoma 4 16-80
Local recurrence Rooser et al. [16] X-ray  Leiomyosarcoma 3 32-198
Yes 4 25.0 083 MFH 2 1742
No 7 28.6 Liposarcoma 2 9-38
No. of lung met. Band and Kocandrle  X-ray  Osteogenic sarcoma 8 11-79
>3 6 16.7 0.27 [15] Fibrosarcoma 2 11-23
<3 5 40.0 Ewing sarcoma 2 25-37
Maximum tumor size of lung met. Blomgvist et al. [12] X-ray  Leiomyosarcoma 3 11276
>10 S 60.0 0.16 Ewing sarcoma 2 16-28
<10 6 0 MFH 2 79
Lung met. at presentation Liposarcoma 2 35-75
Yes 4 25.0 0.82 Nakamura et al. CcT Osteosarcoma 6 7-13
No 7 28.6 [Present study] MPNST 5 10-37
Distribution Leiomyosarcoma 5 11-38
Lateral 2 N.A 0.36 MFH 5 12-65
Bilateral 9 222 ESCS 4 64-410
VDT Synovial sarcoma 3 27-187
>13 days 4 50.0 0.24 Chondrosarcoma 2 33-255
<13 days 7 14.3 Liposarcoma 2 20-26

N.A Not applicable, VDT volume doubling time

survival [1-7]. Present study investigated whether there
was any correlation between the VDT and survival after
lung metastasis. Joseph et al. [11] reported that patients
with a VDT of greater than 40 days had better prognosis
than those within 40 days in 113 patients with lung meta-
static disease, including 64 sarcoma patients. Roth et al.
[10] reported that patients with a VDT less than 20 days
had significantly poorer prognosis after metastasectomy
than patients with a VDT of 20 days or more in soft tissue
sarcoma with lung metastasis, although the histological
types were not recorded in this study. The current univar-
iate analysis revealed significantly poorer predictive values
for VDT in all 40 sarcoma patients and 29 soft tissue
sarcoma patients. A multivariate analysis showed the VDT
to be an independent predictor of survival in 29 soft tissue
sarcoma patients. However, VDT was not a significant
predictive value for bone sarcoma patients because the
majority of patients had rapid VDTs and there were only a
small number of bone sarcoma patients.

These results suggest that patients with a shorter VDT
and consequently a more rapid rate of tumor growth have a
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VDT Volume doubling time, MFH malignant fibrous histiocytoma,
ESCS extra-skeletal chondrosarcoma

significantly lower chance for long term survival especially
in soft tissue sarcoma. Furthermore, these results indicate
that the VDT appears to enable one to select a group of
patients for metastasectomy and/or RFA who will have a
more favorable prognosis. The patients with lung metas-
tasis that have a longer VDT should therefore be consid-
ered for metastasectomy and/or lung RFA even if the
lesions are multiple and/or bilateral.

There are some limitations in the current study.
Although our study represents, one of the largest series of
CT screening that measured lung metastasis in sarcoma
patients, it includes variety histological types of sarcomas
which consist of the relatively small number of patients.
Another limitation is patient’s selection bias. Thirty-two of
72 patients were excluded from this study because of
various reasons such as treatment, progression of lung
metastases. There may be a bias when evaluating the
prognosis of the patients with lung metastases.

Furthermore, it would be useful to further investigate
whether the treatment such as RFA, metastasectomy or
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chemotherapy influenced VDT of the remaining or new
metastatic lesions in larger number of patients.

Conclusion

There was variability in the growth rate both between
metastases in different patients and between different his-
tological tumor types in our study.

The next chest CT images should be taken within
2 months in sarcoma patients with lung small nodules.
Treatment such as RFA or surgical excision of the nodules
is recommended if the nodule becomes larger. However, the
patients with a shorter VDT and consequently a more rapid
rate of tumor growth have a significantly lower chance for
long term survival, especially in soft tissue sarcoma.

Conflict of interest None.
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Acridine Orange Inhibits Pulmonary
Metastasis of Mouse Osteosarcoma
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Ahstract. Although the survival of patients with

osteosarcoma has improved following development of

chemotherapy and surgery, the presence of pulmonary
metastases indicate a poor prognosis. We developed
photodynamic and radiodynamic therapies with acridine
orange (AO-PDT and AO-RDT) for minimally invasive surgery
to treat musculoskeletal sarcomas and reported a good clinical
outcome of local control and limb function. We investigated
the effect of AO-PDT using flash-wave light (FWL) on
pulmonary metastasis of mouse osteosarcoma. In in vitro and
in vivo studies, AO alone and AO-PDT significantly inhibited
cell invasion and the growth of pulmonary metastases from
primary mouse osteosarcoma. AO may have a specific
metastasis-inhibitory effect, different from the effect of AO-
PDT. The fluorovisualization effect on pulmonary metastases
following intravenous AO administration showed that
pulmonary metastases localized on the lung surface were
recognized as brilliant green lesions. In conclusion, AO-PDT
using FWL inhibited cell invasion and pulmonary metastases
in mouse osteosarcoma, therefore, this treatment modality
might be applicable for treating pulmonary metastasis from
malignant musculoskeletal tumors in humans.

The survival of patients with osteosarcoma has improved due
to the development of chemotherapy and surgical techniques
(1); however, approximately 15-20% of osteosarcoma
patients undergo detectable metastatic disease (2-4). Primary
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metastases of osteosarcoma affect the lung in 87% of the
cases, distant bones in 21% of the cases, and other soft
tissues in 9% of the cases, thus result in poor prognosis (5).

We developed photodynamic and radiodynamic therapies
with acridine orange (AO-PDT and AO-RDT) as a minimally
invasive surgery for treating musculoskeletal sarcomas, making
it possible to preserve excellent limb function with a low risk
of local tumor recurrence. On the basis of the satisfactory
outcome of clinical trials involving more than 100 patients with
high-grade malignant bone and soft tissue sarcomas, our
previous reports revealed that this modality was clinically
applicable (6-11). Nevertheless, in those clinical trials, AO was
locally administered by flooding of the surgical field after
tumor resection, and prognosis of these patients was better than
that of patients treated with conventional wide tumor resection.
Therefore, AO-PDT may inhibit metastasis. Furthermore, our
previous studies demonstrated that intravenous AQ
administration had excellent fluorovisualization effect for
photodynamic diagnosis (PDD) of mouse osteosarcoma (12)
and that AO-PDT with intravenous AO injection significantly
inhibited tumor growth of mouse osteosarcoma (13). Moreover,
we have previously reported that a high-power flash-wave light
(FWL) from a xenon lamp in AO-PDT exerts a stronger
cytocidal effect than a continuous-wave light (CWL) on a
mouse osteosarcoma cell line (14, 15).

In this study, we investigated whether PDT using FWL
with intravenous AO administration exhibits anti-metastatic
activity in the development of pulmonary metastasis in
mouse osteosarcoma.

Materials and Methods

Tumor cell line and cell culture. The mouse osteosarcoma cell line
derived from Dunn’s osteosarcoma, LM8, which is highly
metastatic, was used in the present study (16). LMS8 cells were
harvested in Dulbecco’s modified Eagle’s medium (DMEM,
Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum
at 37°C in 5% CO,. All experiments described below were started
after 24 h of cell culture.
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Light sources. A xenon lamp was used as the source of FWL (17).
The illumination machine, High Power Strobo Flash XF-1000 (Nissin
Electric Co., Kyoto, Japan), was used for FWL irradiation. The light
irradiation frequency of the FWL was 30 Hz and the pulse width was
less than | ms. The energy generated by one shot-irradiation with
FWL was 0.1 J cm?, and the illuminance level was 106 lux.

In vitro study. Cell invasion assay: LM8 cells were divided into six
groups (n=6); group 1, exposure to AO-free DMEM and no FWL
irradiation (control group (C)); group 2, exposure to AO-free
DMEM and irradiation with FWL for 10 min (irradiation group
(IR)); groups 3-6, exposure to different concentrations (0.1 and 1.0
pg/ml) of AO (Sigma-Aldrich Munich, Germany) for 10 min and no
FWL irradiation (group 3, 0.1-AO; group 4, 1.0-AO; group 5, 0.1-
AO+IR; group 6, 1.0-AO+IR). At the beginning of the treatment,
the medium in each group was exchanged with DMEM containing
different concentrations of AO (0.1 and 1.0 pg/ml) or with AO-free
DMEM. After exposure to AO for 10 min, the medium was washed
out to remove the AO, and AO-free DMEM was added. The cells
were isolated from the culture dishes by trypsinization and loaded
into the upper chamber in growth medium-containing 6-well BD
Matrigel™ Invasion Chamber, pore size, 8 um (BD Bioscience, CA,
USA) at a cell density of 5x104 cells per well and were excited with
FWL for 10 min. After this treatment, the cells were harvested for
24 h at 37°C in 5% CO,, following which, duplicate membranes of
the chambers were processed and stained with HE. Invading cells
were evaluated by counting the number of cells in all fields under
high-power light microscopy.

In vivo study. Mouse osteosarcoma model: A suspension containing
1x106 cells isolated from culture dishes using trypsinization was
inoculated into the soft tissues, including the subcutaneous tissue
and muscles of the back, after removal of the hair at the
implantation site in C3H mice (5-week-old males) (Japan SLC. Inc.,
Shizuoka, Japan). Subsequent experiments were conducted on
tumors that grew to a macroscopically detectable size (3-6 mm in
diameter) within 10 days.

Inhibition of pulmonary metastasis by AO-PDT using FWL: Tumor-
bearing mice were divided randomly into four groups of five mice
each: group 1, no treatment (C); group 2, irradiation with FWL
alone for 10 min (IR); group 3, intravenous administration of AO at
1.0 mg/kg alone (AO); and group 4, intravenous administration of
AO at 1.0 mg/kg followed by irradiation with FWL for 10 min
(AO+IR). Tumor-bearing mice administered AO via the tail vein
were exposed to FWL illumination for 10 min at 2 h after AO
injection, as previously described (13). Briefly, AO mice
administered were placed in a stainless steel bow] under anesthesia
induced by intraperitoneally administered pentobarbital sodium and
were exposed to FWL irradiation using an illumination machine
(XF-1000) for 10 min. AO was used at a concentration of 1.0 mg/kg
because our previous studjes showed that this concentration yields
the strongest cytocidal effect and the lowest toxicity in mice (12,
13). The irradiation time (10 min) was also determined on the basis
of the results of previous studies (12, 13, 15, 18, 19). On day 28
after the above treatment, AO was administered intravenously at a
concentration of 1.0 mg/kg to tumor-bearing mice via the tail vein.
After 2 h, mice in each group were sacrificed under anesthesia and
the lungs were removed. The lungs were illuminated using a 5,000-
luminance blue light selected through an interference filter (450-490
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nm) from a 500-W high-power xenon lamp source (SAN-EI Electric
MFG Co., Ltd., Tokyo, Japan) and guided through a single fiber
tube. The fluorescence emitted from the AO accumulated in the
pulmonary metastases was detected using a digital camera system
C-5050 equipped with an absorption filter (>520 nm) set at a
distance of 10 cm from the tumor surface (photodynamic diagnosis
with acridine orange (AO-PDD)). This procedure was conducted in
a dark room (12). Image data from the photogram were entered into
a personal computer using Adobe Photoshop 7.0 software (Adobe
Systems Co., MD, USA). The number of metastatic lesions on the
surface of the lungs was counted on the AO-PDD images, regardless
of the tumor size (18). The removed lungs were fixed in 10%
formalin and embedded in paraffin. The paraffin-embedded lung
tissues were cut at their maximum dimensions and were stained
with HE. The number of pulmonary metastases was then counted
based on histological findings, regardless of the tumor size, under
high-powered light microscopy.

Statistical analysis. Statistical analysis was performed using the
StatView statistical software version 5.0 (SAS Institute Inc Cary,
NC, USA). Significant differences among the groups were evaluated
using Student’s r-test. p-Values less than 0.05 were considered
statistically significant.

All experiments were performed in accordance with the
guidelines in the Declaration of Helsinki and the Interdisciplinary
Principles and Guidelines for the Use of Animals in Research,
Testing, and Education.

Results

In vitro study. Cell invasion assay: Figure 1 shows the results
of the study involving the BD Matrigel™ Invasion Chamber
and demonstrates that the average number of LMS8 cells that
had passed through the chamber membrane after 24 h was
114£14 in group 1 (C) and 11712 in group 2 (IR). There
were no significant differences between these groups. In the
AQ group alone, the average numbers of invading cells were
61+19 in group 3 (0.1-AO) and 61+6 in group 4 (1.0-AO). The
ability of cells to pass through the membrane was significantly
inhibited in the AO group than in the control group (p<0.01).
In the AO-PDT group, the number of invading cells was
34£19 in group 5 (0.1-AO+IR) and 51 in group 6 (1.0-
AO+IR). In both groups, there was a remarkable decrease of
the invading number of cells compared to groups 1 (C) and 2
(IR) (p<0.01). In the AO-PDT group, the inhibitory effect of
AO on cell invasion was concentration dependent.

In vivo study. Count of pulmonary metastatic lesions by
histology and fluorescence imaging after AO administration:
Figure 2 shows the brilliant green fluorescence emitted from
the ex vivo pulmonary metastatic lesions localized on the lung
surface in group 1 (C) under blue light excitation of AO
selectively bound to tumor cells. Visualization of the
pulmonary metastases on fluorescence images (right side of the
figure, fluorovisualization) is much easier than macroscopic
detection under normal light (left side of the figure). Figure 3
shows the histological findings of the pulmonary metastases



Satonaka et al: Acridine Orange Inhibits Pulmonary Metastasis of Mouse Osteosarcoma

)
S

S
5]

o
L]

*t

No. of invading cells
5 S

2 =1
0 5
0
0.1-A0  1.0-A0
C IR 0.1-A0  1.0-AO IR IR

Figure 1. Number of invading LM8 cells after acridine orange (AO)
exposure or followed by illumination with flash-wave light (FWL) in the
BD Matrigel™ Invasion Chamber assay. C, control group; IR, FWL
irradiation group; 0.1-AO, exposure to 0.1 ug/ml of AO group; 1.0-AO,
exposure to 1.0 ug/ml of AO group; 0.1-AO+IR, exposure to 0.1 ug/imL
of AO and FWL irradiation group; 1.0-AO+IR, exposure to 1.0 pg/mL
of AO and FWL irradiation group. *, p<0.01 vs. C; 1, p<0.01 vs. IR.

originating from the osteosarcoma in group 1 (C). Not only
were surface metastatic lesions seen on fluorescence images
but deeply located lesions were detectable as well. The graph in
Figure 4 presents both the numbers of the pulmonary
metastatic lesions counted on histological sections and the
surface metastatic lesions visualized using AO fluorescence
images in each group. There was no significant differences in
the number of lesions detected with each method in groups 1
(C), 2 (IR), and 4 (AO+IR); however, in group 3 (AO), twice
the number of lesions was observed on fluorescence images as
compared to the ones detected by histological examination.
Numerous pulmonary metastases were detected in groups 1 (C)
and 2 (IR), whereas in group 4 (AO+IR), a markedly reduced
number of metastases was detected (C vs. AO+IR: histological
examination, p<0.04 and fluorescence imaging, p<0.04; IR vs.
AO+IR: histological examination, p<0.03 and fluorescence
imaging, p<0.01). Group 3 (AO) also exhibited a significant
decrease in the number of metastatic lesions as compared to
groups 1 (C) and 2 (IR) (C vs. AO: histological examination,
p<0.05 and fluorescence imaging, p<0.05; IR vs. AO:
histological examination, p<0.05 and fluorescence imaging,
p<0.05).

Discussion

Patients  with  osteosarcoma commonly  undergo
hematogenous metastasis to the lungs (3, 20). The prognosis
of patients with pulmonary metastasis remains poor despite
multimodal treatments, including chemotherapy and surgery
(3, 5). Recently, the efficacy of percutaneous radiofrequency

ablation in treating pulmonary metastases arising from
sarcoma (21) was reported; however, there are presently few
effective therapies available for treating multiple pulmonary
metastases from osteosarcoma.

We developed and established a limb salvage surgery
combined with minimal invasive tumor excision and AO-
PDT followed by AO-RDT to preserve excellent limb
function with a low risk of local tumor recurrence (6-11). In
clinical studies, AO was locally administered by flooding of
the surgical field after tumor resection, but the prognosis of
patients was better than that of patients treated with
conventional wide tumor resection surgery. Therefore, we
speculated that AO-PDT may inhibit metastasis.

The results of this study revealed that AO-PDT using FWL
and AO alone, had a remarkable in vitro anti-invasive effect
and an in vivo anti-metastatic effect on mouse osteosarcoma
cells. Since previous studies reported that AO-PDT has a
strong cytocidal effect on malignant musculoskeletal
sarcomas (14, 15, 19), cell apoptosis by AO-PDT may reduce
cellular invasive ability. Our in vivo study demonstrated that
AO-PDT using FWL as the excitation light after intravenous
AO injection, was also highly effective for inhibiting the
growth of pulmonary metastases from primary mouse
osteosarcomas, without resection of the local lesion, thus
suggesting that AO-PDT prevents metastasis to the lung. This
effect may be primarily due to growth inhibition of the
primary tumor; however, cellular pulmonary metastasis is
considered to occur within 10 days after tumor cell
inoculation in our osteosarcoma model (22) because mice in
which the primary tumor had been widely resected later died
of pulmonary metastasis without local recurrence. Therefore,
a possible mechanism underlying on the pulmonary
metastasis-inhibitory effect of AO-PDT may be the
destruction of cellular metastatic lesions by AO or AO-PDT.
Since mice treated using AO-PDT received illumination over
the entire body, the high-power FWL penetrated the chest
wall to exert a cytocidal effect against metastatic lesions
incorporating intravenously administered AO.

Interestingly and unexpectedly, cell invasion was
significantly suppressed in the group exposed to AO alone
in vitro. Inhibition of pulmonary metastases was also
observed in mice treated with AO alone in vivo. It has been
established that AO alone, does not have a strong cytocidal
effect against mouse osteosarcomas either in vitro or in vivo
(13, 15); therefore, the mechanism of this effect remains
unclear. AO may have a specific metastasis-inhibitory effect,
which in different from the effect of AO-PDT. High-grade
malignant tumors exist in an acidic environment, which is
considered to accelerate metastasis (23). AO selectively
binds to acidic structures in the tumor cells, such as
lysosomes or acidic vesicles containing a large amount of
protons (low pH), in order to neutralize the acidic conditions
(24). The lysosome contains many enzymes, some of which
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Figure 2. Stereoscopic findings of pulmonary metastatic lesions localized on the lung surface under ordinary light (a) and under blue light using a

yellow absorption filter (b).

Figure 3. Histological findings (a) and fluorescence images in photodynamic diagnosis with acridine orange (AO-PDD) (b) of pulmonary metastatic

tumors ﬁ'om nwouse osteosarcomda.

are important for tumor invasion and metastasis, such as
cathepsin groups, metalloproteases, and heparinases (25-27).
AO may induce dysfunction of lysosomal enzymes related
to pH. This may be one of the mechanisms underlying the
prevention of pulmonary metastasis by AO, although further
investigation is needed. Another potential mechanism is that
after PDT, antitumor immunity may be enhanced, and tumor
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antibodies may kill pulmonary metastatic tumor cells (28).
Recently, it was reported that exosomes induced by PDT
also enhance antitumor immunity after stimulating
macrophage antigen expression (29). These tumor
immunity-related mechanisms which suppress pulmonary
metastasis of osteosarcoma are fascinating in the clinical
application of AO-PDT.
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Figure 4. Number of pulmonary metastases derected using histological
and fluorescence imaging methods in each group studied with acridine
(AO) alone and photodynamic therapy with acridine orange (AO-PDT).
C, control group; IR, flush-wave light (FWL) irradiation group; AO,
intravenous administration of 1.0 ug/ml of AO group; AO+IR,
intravenous administration of 1.0 ug/mi of AO and FWL irradiation
group. *, p<0.05 vs. C; 1, p<0.05 vs. IR; *¥*, p<0.04 vs. C; 11, p<0.03
vs. IR; 711, p<0.0] vs. IR.

An ex vivo fluorescence imaging study of the
fluorovisualization effect on pulmonary metastases following
intravenous AO administration showed that pulmonary
metastases localized on the lung surface were recognized as
brilliant green lesions. Clinically, this effect may be very
useful for determining the surgical margin during endoscopic
resections, such as thoracoscopy, bronchoscopy, cystoscopy,
and laparoscopy (30-32). Although many experimental
methods have been suggested for assessing pulmonary
metastases (33, 34), fluorescent detection following
intravenous AO administration, referred to as AO-PDD, is
useful and easier than other methods. If the fluorescence
intensity of AO over the entire lung was measured using a
photomultiplier, more accurate estimation of the metastatic
tumor volume, as compared with that using the count
method, could be possible.

In conclusion, AO-PDT using FWL inhibited cell invasion
and pulmonary metastasis in mouse osteosarcoma; therefore,
we believe that this treatment modality may be applicable for
treating pulmonary metastasis of malignant musculoskeletal
tumors in humans, although additional studies are needed to
verify this finding.
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The adverse effect of an unplanned surgical
excision of foot soft tissue sarcoma
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Abstract

planned surgical excisions.

(PT; n = 9) surgical excisions of foot sarcomas.

Background: Malignant soft tissue tumors of the foot are extremely rare and thus can be prematurely excised
without appropriate preoperative evaluation. The present study compares adverse effects between unplanned and

Methods: We retrospectively reviewed the clinical records, radiographs, pathology reports and pathological
specimens of 14 consecutive patients with soft tissue sarcoma of the foot among 592 with sarcomas between
1973 and 2009. We then compared the incidence and clinical outcomes after unplanned (UT; n = 5) and planned

Results: The most frequent diagnosis was synovial sarcoma (n = 4; 28.6%). The overall 5-year survival rates of the
PT and UT groups were 65.6% and 60.0%, respectively, and the event-free 5-year survival rates were 63.5% and
40.0%, respectively. Event-free and overall survival rates did not significantly differ between the two groups.
However, tumors were significantly farger in the PT group than in the UT group (p < 0.05).

Conclusions: Unplanned resection lead to a relatively worse prognosis and a likelihood of recurrence despite
additional resections. We recommend that soft tumors of the foot should only be excised after appropriate
preoperative evaluation regardless of the size of the tumor.

Background

Soft tissue sarcomas are rare malignancies that account
for < 1% of all adult malignancies that annually develop
in the United States of America [1]. Among them, malig-
nant soft tissue tumors of the foot are extremely rare,
occurring at a rate of 2% to 5% of soft tissue malignancies
[2], whereas benign soft-tissue tumors, such as schwan-
noma, lipomas and hemangiomas, arise more frequently
[3-5].

Soft-tissue sarcomas of the foot and benign tumors are
notoriously difficult to clinically differentiate [6-8], as their
similar presenting features include a palpable mass, swel-
ling, increased warmth, limping and pain. Furthermore,
soft-tissue sarcomas of the foot tend to be relatively smal-
ler than those of the proximal limbs, because discomfort
while wearing shoes results in seeking medical attention.
These non-specific clinical features coupled with the
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'Department of Orthopaedic Surgery, Mie University Graduate School of
Medicine, 2-174 Edobashi, Tsu City, Mie 514-8507, Japan
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( BiolMed Central

relative rarity and small size, frequently lead to inadequate
treatment of soft tissue sarcomas of the foot compared
with sarcomas at other anatomical sites [8].

The initial choice of treatment for soft-tissue sarcoma
influences the final oncological outcome [6,9]. Thus, wide
surgical excision of a sarcoma of the foot after diagnostic
imaging, and accurate biopsy is crucial to achieve a good
clinical outcome. However, many potential treatment
errors are associated with soft tissue sarcomas of the foot.
Unplanned surgical excision of a foot sarcoma without
appropriate diagnostic evaluation is quite common
(6,9,10]. Unplanned surgical excision can result in an inap-
propriate surgical margin that will require further wide
surgical excision and residual disease that can cause
repeated local recurrences that can result in limb amputa-
tion or be life-threatening.

The present study compares the prognostic outcomes
of unplanned and planned surgical excisions of soft-tis-
sue sarcomas of the foot.

© 2011 Nishimura et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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Methods

We retrospectively reviewed the medical records, radio-
graphs and pathology reports of 592 patients who pre-
sented at our hospital with soft tissue sarcoma between
1973 and 2009. Among these, we enrolled 14 consecutive
patients with foot sarcoma. The exclusion criteria were
benign tumors, bone tumors, myeloma, lymphoma, meta-
static carcinoma, and tumors arising from the skin. The
mean follow-up period was 56.5 months (range 6 - 170
months) after the initial consultation. The patient group
included 10 males and four females with a mean age of
35.8 (range 2 - 67) years at the first presentation. Clinical
records, radiographs, pathology reports, and pathological
specimens were retrospectively reviewed to compare inci-
dences and clinical outcomes of unplanned (UT group)
and planned (PT group) surgical resections. All histologi-
cal diagnoses were made by our institutional pathologists.
The tumor grade was assessed according to the updated
version of the FNCLCC system based on tumor differen-
tiation, the mitotic count and necrosis [11]. Unplanned
surgical excision was defined as that proceeding without
preoperative imaging evaluation or staging studies. The
cases initially treated by a general surgeon or general
orthopedic surgeon without considering the possibility of
malignancy were classified in the UT group. Among the
UT group patients, extensive hematoma and inappropriate
drainage and improper skin incision were observed in 2, 1
and 5 patients, respectively. In contrast, planned surgical
resection was defined as that proceeding with appropriate
preoperative imaging evaluation. The cases treated by
orthopedic oncologists or treated under the supervision of
an orthopedic oncologist were classified in the PT group.
As a result, there were no patients who showed extensive
hematoma, inappropriate drainage or an improper skin
incision in the PT group. Variables included patient age,
gender, tumor location, grade, surgical margin of initial
surgery, tumor size (23 cm, group B; < 3 cm, group S),
complications, overall survival rates, event-free survival
rates and limb preservation (yes or no) between the UT
and PT groups. The overall survival was defined as the
time from the initial treatment to the date of death attrib-
uted to sarcoma. The event-free survival was defined as
the time from the initial treatment to the date of clinically
documented local recurrence/distant metastasis. The loca-
tions of soft-tissue sarcomas in the foot were classified
according to the zones described by Kirby et al. [12]. A
transverse plane was drawn from the mid-point of the
metatarsal heads to the level of the insertion point of the
Achilles tendon, and two vertical planes were drawn from
the mid-tarsal point to the posterior end of the longitudi-
nal plantar arch and another from the metatarsophalan-
geal joints down to the sole of the foot. These three lines
form five zones, including the region of the ankle (zone 1),
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heel (zone 2), dorsum of foot (zone 3), sole (zone 4) and
toes (zone 5). Soft-tissue sarcomas arising in zone 1 were
excluded. Sarcomas were staged according to the Ennek-
ing staging system [13].

The Ethics Committees of Mie University approved
the study.

Statistical analysis

Data were statistically analyzed using SPSS Statistics ver-
sion 18.0 (SPSS Inc, Chicago, IL). P values below 0.05
were considered significant. All data are expressed as
means * standard deviation (SD). Associations in data
between the UT and PT groups were determined using an
unpaired t-test or the x> test. Actuarial data for overall
and event-free survival rates at the final follow-up were
calculated using Kaplan-Maier analysis.

Results

Table 1 shows details of the 14 patients who were treated
for soft-tissue sarcoma of the foot. The most common
diagnoses were synovial sarcoma in 4 patients and clear
cell sarcoma and rhabdomyosarcoma in one patient each.
Five patients underwent unplanned resection elsewhere
before referral (UT group), and nine underwent biopsy
and surgical excision at our institution (PT group).

Seven patients had wide excision of the tumors or addi-
tional wider excision of lesions that had been inadequately
excised. Six patients had undergone amputation. One
patient died of the disease before undergoing wide resec-
tion. Another patient did not require additional excision
because the estimated surgical margin after the initial exci-
sion was negative. Four patients died due to the sarcoma
and all of them had pulmonary metastasis. One patient
died of other causes. The mean time from surgery to
death was 13.8 months (range 11 - 38).

Chemotherapy was administered to 5 patients with
synovial sarcoma, rhabdomyosarcoma, fibrosarcoma and
leiomyosarcoma. Radiation therapy was administered to
2 patients. Only one patient with high-grade sarcoma
(rhabdomyosarcoma) received both chemotherapy and
radiation therapy. Five did not receive adjuvant che-
motherapy after resection because the histological grade
was low or intermediate.

Figures 1 and 2 show Kaplan-Meier analysis for event-
free and overall survival rates, respectively. The overall
5-year survival rate of all patients was 66.8%. The overall
5-year survival rates for the PT and UT groups were
65.6% and 60.0%, respectively. The overall event-free 5-
year survival rate of all of our patients was 55.0%. The
event-free 5-year survival rates for the PT and UT
groups were 63.5% and 40.0%, respectively. Two devel-
oped local recurrence and six developed lung metas-
tases. Only one patient with clear cell sarcoma had
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Table 1 Patients’ data
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Case Age Sex Diagnosis LC CcC Stage FNCLCC grade Size FSM LP Chem RT Follow-up (months) Prog Group
1 25 M RMS 4 Uncertain -8 3 S amp No No  Yes 6 DOD ut
2 46 F 5S 5 Mass II-8 3 S amp No Yes No 7 DOD uT
3 50 M LPS 3 Mass I-B 1 B wide Yes No No 24 CDF PT
4 2 F RMS 4 Swelling 11i-B 3 S noop Yes Yes Yes 1 DOD  PT
5 33 M CCs 5 Mass I-B 2 B amp No No No 128 CDF PT
6 41 M ) 4 Mass I-B 2 S ad Yes No No 89 CDF ur
7 0 M FS 3 Mass -8 2 B wide Yes Yes No 170 CDF PT
8 67 M Cssp 4 Uncertain I-8 2 B amp  No No No 7 DOC PT
9 42 M LMS 4 Pain, mass -8 2 B amp No Yes No 38 DOD PT
10 39 F SS 4 Tenderness II-B 2 B ad Yes Yes No 92 AWD UT
11 47 M SS 4 Mass II-B 3 B amp No No No 110 CDF PT
12 19 F CCS 2 Tendemess -8 2 S ad Yes No Yes 84 NED ur
13 6 M ESMCS 4 Uncertain I-B 1 B wide Yes No Yes 12 AWD PT
14 14 M DFSP 3 Mass I-A 2 B wide Yes No No 13 CDF PT

Patients are in chronological order. LC, location; CC, chief complaint; FNCLCC grade, Fédération Nationale des Centres de Lutte Contre le Cancer Grading System;
FSM, final surgical margin; LP, limb preservation; Chem, chemotherapy; RT, radiation therapy; Prog, Prognosis. CCS, Clear cell sarcoma; CSSP, chondrosarcoma of
soft part; DFSP, dermatofibrosarcoma protuberance; ESMCS, extraskeletal myxoid chondrosarcoma; FS, fibrosarcoma; LMS, leiomyosarcoma; LPS, liposarocoma;
RMS, rhabdomyosarcoma; SS, synovial sarcoma. Tumor size: S, < 3 cm; B, 23 cm; amp, amputation; wide, wide resection; no op, no operation; ad, additional
wider resection; AWD, alive with disease; CDF, complete disease free; NED, no evidence of disease; DOD, died of disease; DOC, died of other causes. PT, planned

excision; UT, unplanned excision.

inguinal node metastases. Event-free and overall survival
rates did not significantly differ between the PT and UT
groups.

Among patient age, gender, tumor location, histologi-
cal grade, tumor size, complications and limb preserva-
tion, only tumor size significantly differed between the
UT and PT groups (p < 0.05).

Discussion

Soft tissue tumors or tumor-like lesion of the foot are
usually histologically benign [4]. Ganglions comprise
about one-third of all soft tissue tumors [5]. Because
patients with asymptomatic small tumors do not often
receive appropriate medical care, the literature does not
always reflect the true proportion of soft-tissue tumors

that are foot sarcomas. However, Berlin [3] identified
449 sarcomas in an analysis of 307,601 tumors and
tumor-like conditions of the foot. Kirby et al. [4]
reviewed 83 patients with soft-tissue tumors and tumor-
like conditions of the foot and ankle and identified 11
(13%) malignant tumors of which synovial sarcoma was
the most frequent. Temple et al. [8] described 12
(34.3%) synovial sarcomas among 39 soft tissue sarco-
mas of the foot and ankle. Thacker et al. [14] described
17 (32.7%) among 52 soft tissue sarcomas and Cribb et
al. [15] found 12 (44.4%) among 27 soft tissue sarcomas.
We found here that synovial sarcomas (n = 4; 28.6%)
comprised the most frequent soft tissue sarcoma of the
foot, even after tumors originating in the ankle were
excluded.

-
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Figure 1 Kaplan-Meier overall survival estimates for unplanned Figure 2 Kaplan-Meier event-free survival estimates for
and planned excisions of foot sarcoma. No significant differences unplanned and planned excisions of foot sarcoma. No
between PT and UT groups. PT, planned excision; UT, unplanned significant differences between PT and UT groups. PT, planned
excision. L excision; UT, unplanned excision.
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The prognosis of sarcomas is better when they are
located in the distal extremity compared with the proximal
extremity. Zeytoonjian et al. [16] described that the overall
death rate all sarcomas was 26.6% (630/2367 patients),
whereas that of foot sarcoma was 10.3% (18/170 patients).
Cribb et al. [15] reported a rate of 14.8% (4/27 patients).
Thacker et al. [14] indicated a 5-year survival rate of 78.2%
(11/52 patients) among 52 patients. The 5-year survival
rate of 66.8% (4/14 patients) in the present study was rela-
tively lower than those described by others [14-16]. How-
ever, the 5-year survival rate of latest five patients was
100%. We speculated that improvements in diagnostic
imaging technology including MRI enabled accurate preo-
perative evaluation of tumors. MRI is useful to know
tumor size, tumor location and tumor margin. And, we
believe that preoperative MRI is useful for evaluating and
diagnosing foot tumors, because most of the benign soft-
tissue tumors that frequently occur on the foot, such as
schwannoma, epidermal cysts, ganglion cysts, lipomas and
hemangiomas, can be diagnosed using MR imaging [3-5].
For the diagnosis of schwannoma, Tinel's-like sign with
specific MRI findings (target sign) may be useful. In the
case of epidermal cysts, T1-weighted images after gadoli-
nium administration show rim-enhancement with subcu-
taneous involvement. Ganglion cysts can be easily
diagnosed because of the homogenous intensity of the
lesion. Lipomas can also be easily diagnosed due to their
homogeneous high-intensity area on both T1-and T2-
weighted images. Although hemangioma is sometimes dif-
ficult to distinguish from malignancy, the MR findings
often show lobulation, septation, and central low-signal-
intensity dots with small fat intensity foci. On the contrary,
when a definite imaging diagnosis can not be obtained, the
surgeon should carefully excise the tumor after consider-
ing the possibility of malignancy, even if the tumor size is
small. These preoperative imaging analyses might have
been associated with a good clinical result.

Five (35.7%) of 14 patients in the present study had
unplanned excisions. However, Davis et al. [6] and Good-
lad et al. [10] reported that 43.5% and 40% of patients with
soft-tissue sarcomas in their series, respectively, underwent
unplanned resections; our findings were comparable to
these results. The physical features of soft tissue sarcomas
of the foot, including palpable mass, swelling, local
warmth, and pain, are similar to those of benign lesions,
and thus many smaller lesions tend to undergo simple
unplanned excisions without appropriate diagnostic ima-
ging and biopsies. These non-specific features might in
part facilitate the high incidence of unplanned surgical
excisions. Indeed, tumors were significantly smaller in the
UT group than in the PT group in the present series. This
result might paradoxically show that smaller tumors throw
clinicians off guard. An excisional biopsy may be justified
when the tumor is less than 3 cm. However, the problem
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is whether the initial surgery was performed while consid-
ering the possibility of malignancy. Unfortunately, in this
study, all of the UT group patients were initially treated
without considering the possibility of malignancy, and this
led to extensive hematoma formation, inappropriate drai-
nage and improper skin incisions. Therefore, we classified
the cases initially treated by general surgeons or general
orthopaedic surgeon without considering the possibility of
malignancy as part of the UT group.

Unplanned excisions of soft tissue sarcomas are fre-
quent, but their influence on local recurrence, distant
metastasis and patient survival remains controversial
[17-19]. Davis et al. [6] compared the clinical outcomes
between patients primarily treated at an institution specia-
lizing in cancer and those who were referred following
unplanned excision at a general hospital. They found a
higher local recurrence rate in the group with unplanned
surgical excisions, especially those with residual tumors in
re-resected specimens. Clasby et al. [9] reviewed 377
patients with primary soft-tissue sarcomas, and estimated
that 21.3% (80/377 patients) of them had been inade-
quately treated. Furthermore, they noted a poorer out-
come among patients with tumors that recurred after
marginal excision. Thacker et al. [14] reported 5-year
oncological survival rates of 80.4% (21/23 patients) and
73.4% (22/29 patients) in patients who underwent planned
and unplanned excisions, respectively, and 5-year event
free survival rates of 68.1% (9/23 patients) and 60.8% (11/
23 patients), respectively. Temple et al. [8] reported 4-year
oncologic survival rates of 76.5% (13/17 patients) and
77.8% (12/18 patients) in the PT and UT groups, respec-
tively, and local recurrence rates of 11.8% (2/17 patients)
and 16.7% (3/18 patients), respectively.

In the present series, 5-year overall survival rate in the
PT group was 65.6% (7/9 patients) and that in the UT
group was 60.0% (3/5 patients). The 5-year event free sur-
vival rates were 63.5% (6/9 patients) and 40.0% (2/5
patients) in the PT and UT groups, respectively. Rates of
tumor recurrence or tumor death did not significantly dif-
fer between the UT and PT groups. However, tumors
were significantly Jarger in the PT group than in the UT
group in this study. Larger tumors significantly and nega-
tively affect prognosis in patients with soft tissue sarcoma
[20,21]. These findings suggested a relatively worse prog-
nosis for the UT group than for the PT group. Because
the absence of a statistical difference was probably due to
the low number of recurrences and metastasis in the pre-
sent study, further large-scale studies are warranted.

In point of the anatomical site of foot sarcoma, dorsal
side (location 3) sarcomas of the foot were all big size (> 3
cm), On the other side, plantar side (loation 2 and 4) sar-
comas of the foot were 4/9 cases small size and 5/9 big
size. Thus, dorsal side sarcomas of the foot tend to be
neglect until the tumor grew big size. Patients who have
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plantal sarcomas of the foot tend to be seen in hospital
earlier, because they might feel discomfort and pain of
their sole.

The major shortcoming of this study was the limited
patient population, because soft tissue sarcoma of the
foot is extremely rare. Therefore, the statistical power of
this study is very low.

Most soft tissue tumors of the foot are small and benign,
which results in frequent unplanned excisions. Although
benign tumors would not pose a clinical problem, malig-
nant tumors lead to a higher incidence of local recurrence
even after additional surgery and result in a poor prog-
nosis. We emphasize that unplanned excisions should be
averted by appropriate preoperative evaluation such as by
MRI, early referral of all potential malignancies to a cancer
center, biopsy assessment and wide excision of malignant
lesions.

Conclusions

Sarcomas of the foot are rare and thus tend not to be sus-
pected by either patients or clinicians. Event-free and over-
all survival rates did not significantly differ between the PT
and UT groups, but tumors were significantly larger in the
PT group. Larger tumors negatively affect the prognosis in
patients with soft tissue sarcoma. Therefore, we concluded
that the UT group had a relatively worse prognosis than
the PT group. Therefore, we conclude that unplanned
resection leads to a relatively worse prognosis and a likeli-
hood of recurrence despite additional resections. We
recommend that even small soft tumors of the foot should
be preoperatively evaluated by imaging to avoid repeated
local recurrence.
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Abstract. Extraskeletal osteosarcoma (ESOS) occurs in
approximately 1% of soft tissue sarcomas and 2-4% of all
osteosarcomas. In particular, subcutaneous osteosarcoma is
extremely rare, occurring in less than 10% of ESOS cases.
This report presents a case of a subcutaneous tumor in the
upper arm of a 79-year-old male. Imaging and pathological
findings led to the conclusion that the soft tissue tumor should
be diagnosed as subcutaneous osteosarcoma. Additionally, this
case report documented the clinicopathological findings of
the extraskeletal subcutaneous osteosarcoma in this case and
discussed its clinical features by reviewing cases previously
described in the literature.

Introduction

Extraskeletal osteosarcoma (ESOS) is a rare malignancy that
accounts for approximately 1% of all soft tissue sarcomas and
for 2-4% of all osteosarcomas (1-3). ESOS usually occurs in
the deep soft tissue of the extremities of adults (4). It typically
arises in the deep soft tissue of the thigh. Other less frequent
sites include the buttock, shoulder, trunk and retroperitoneum.
Approximately 24% of cases have been associated with
previous radiotherapy or trauma (5). In contrast to primary
osteosarcoma of the bone, this variant typically develops after
the fifth decade of life, and the prognosis is uniformly poor
(5,6). The present report documented the clinicopathological
findings in a patient who had an ESOS arising from the subcu-
taneous tissue of the upper arm and reviews previous cases of
subcutaneous ESOS.
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Case report

A19-year-old male was referred to the Mie University Hospital
due to an enlarged, slightly painful mass in the left upper arm.
The patient first noted the mass 3 years prior to presentation.
No history of trauma or therapy had previously occurred at
this site. Moreover, the patient had experienced no recent
health problems and recalled no family history of cancer. A
physical examination confirmed the presence of a lobulated
hard mass with a diameter of 4 cm at the lateral side of the left
upper arm. Radiographs of the left upper arm revealed a mass
with ossification which appeared to be separated from the
humerus (Fig. 1). Magnetic resonance images (MRI) showed
a soft tissue mass above the fascia of the triceps with a low
signal intensity on T1-weighted images and a heterogeneous
signal intensity on T2-weighted images (Fig. 2). Computed
tomography (CT) of the chest did not demonstrate any pulmo-
nary masses. All routine laboratory data were normal. The
long clinical course from the first awareness of the tumor and
the clinical findings, suggested that the tumor was benign
or a malignant calcifying epithelioma with ossification. The
patient was treated with wide resection and a skin graft from
an inguinal lesion. Gross sectioning of the specimen showed a
4x4x2.5 cm firm and solid mass in the deep dermis and subcu-
taneous tissue (Fig. 3). A microscopic examination showed
the presence of numerous spindle and atypical cells often
exhibiting pronounced nuclear atypia or multinucleated giant
cells with bone and osteoid formation. A high mitotic activity
with numerous atypical mitoses was noted (Fig. 4). These
findings led to the conclusion that this soft tissue tumor was
a subcutaneous ESOS. The patient had no evidence of local
recurrence and distant metastasis 1 year following resection.

Discussion

Since ESOS was initially described by Wilson in 1941, approx-
imately 300 cases have been reported thus far (5,6). ESOS is
defined as a malignant mesenchymal neoplasm composed
of cells producing osteoid, bone and/or chondroid material,
with no attachment to bone or periosteum (7). It occurs most
often in the deep soft tissues of the extremities of adults, at
an average age of 50 years. Clinically, ESOS usually carries
an extremely poor prognosis. The 5-year survival rate ranges
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A

Figure 1. Radiographs revealed a subcutaneous soft tissue mass with ossifi-
cation in the upper arm.

Figure 3. Gross appearance of the tumor (A, surface; B, cut surface).
(A) Gross appearance of the resected tumor showed a lobulated hard mass
without cutaneous ulceration. (B) The cut surface of the specimen showed a
4x4x2.5 cm firm and solid mass in the deep dermis and subcutaneous tissue.

Figure 2. MRI showed a soft-tissue mass above the fascia of the triceps with
(A) a low signal intensity on T1-weighted images and (B) a heterogeneous
signal intensity on T2-weighted images.

from 25. to 37% for ESOS as prev19usly reported -(3,4).‘The Figure 4. Microscopic findings showed numerous spindle and atypical cells
tumor size appears to be the only reliable prognostic variable  with one or more nuclei, occasional multinucleated giant cells and osteoid and
in that tumors greater than 5 cm have a poor prognosis (3). bone formation. H&E staining (A, magnification, x10; B, magnification, x40).
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Table I. Review of the literature describing cases of primary subcutaneous extraskeletal osteosarcoma.

Author Age/gender Location Size (cm) Therapy Outcome
Fang et al (8) 59/female Abdominal wall 10 Surgery CDF, 16 years
Yamakage et al (9) 62/male Forehead 3.0 Surgery DOD, 2 months
(brain metastasis)

Dubec ez al (10) 75/female Lower leg 150 Surgery CDF, 12 months
Pillay et al (11) 56/male Scalp 100 Surgery and chemotherapy  Unknown
Oonuma et al (6) 55/female Buttock 10 Surgery and chemotherapy ~ CDF, 48 months
Matsumoto et al (12) 68/ female  Buttock 1.0 Surgery CDF, 16 months
Hatano ef al (13) 25/male Jaw 15 Surgery and chemotherapy  CDF, 16 months
Nakamura et al (Present study) 79/male Upper arm 40 Surgery CDF, 12 months
CDF, continuously disease-free; DOD, dead of disease.

Subcutaneous ESOS was rarely reported. Only eight References

cases, including the present one, were found in the literature
(6,8-13) (Table I). Patients in those studies included 4 males
and 4 females, ranging in age from 25 to 79 years. Lesions
were located in the buttock in 2 cases and in the scalp, fore-
head, jaw, abdominal wall, lower leg and upper arm each in
1 case. In general, ESOS develops in the lower extremities,
with the thigh being involved most; however, these 8 cases
developed ESOS in various anatomical sites. The tumor size
was less than 5 cm in all but 2 cases. A surgical resection was
performed in all cases. The consequent surgical margin was
wide in 7 patients, including an additional wide resection in
2 cases and an intralesional margin in 1 case. A total of three
patients received chemotherapy. A wide surgical resection
was performed in the present case. No chemotherapy was
administered as a result of the advanced age of the patient. A
wide margin is generally recommended for ESOS, as for other
high-grade sarcomas (14). Lee et al reported that recurrence
is common in ESOS and usually occurs in more than half of
the patients (3). However, a wide (or radical) resection should
decrease the recurrence of ESOS. :

The role of adjuvant chemotherapy in ESOS is unclear.
A recent series (14,15) found that the S5-year survival rate
of patients with ESOS receiving chemotherapy showed an
obvious improvement in comparison to what was described
in previous reports (3,4). The two most recent reports found
that the 5-year survival rate of patients with chemotherapy
was approximately 70% (14,15). Although adjuvant therapy for
ESOS remains controversial, chemotherapy may be useful in
an aggressive multimodality approach to this tumor.

The 5-year survival rates associated with ESOS are rela-
tively poor. However, 7 of the 8 cases of subcutaneous ESOS
were continuously disease-free. The prognostic significance of
the tumor location with respect to its relationship to the super-
ficial fascia of the extremity or trunk was incorporated into the
staging system of soft tissue sarcoma in 1998 (16). Although
only 9 patients with primary subcutaneous ESOS were previ-
ously reported in the literature, these reports may indicate that
subcutaneous ESOS has a more favorable prognosis than their
more deeply situated counterparts.
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Abstract. Numerous studies have reported the survival of
metastatic sarcoma patients who have undergone either a lung
metastasectomy or chemotherapy. However, little is known
with regards to the clinical course of patients with bone or
soft tissue sarcomas who have succumbed to disease. This
study aimed to analyze the metastatic patterns of sarcoma
patients and to describe the clinical course after the detec-
tion of distant metastasis. We reviewed the clinical records of
255 patients with a diagnosis of sarcoma who were referred to
our institution, and found 63 patients who succumbed due to
metastasis. We examined the clinical features of the initially
detected distant metastases, the subsequent clinical course up
to the time of patient death and the survival time of patients
who died of lung metastasis. Of the 63 patients who died of
distant metastasis, 52 (83%) developed lung metastasis as the
first metastatic site, while 22 (35%) developed extra-pulmonary
metastasis. The majority (77%; 49 of 63 patients) died of
primary metastasis. While all 18 bone sarcoma patients died of
lung metastasis, 11 of the 45 soft tissue sarcoma patients died of
extra-pulmonary metastasis. Six patients died of brain metas-
tasis. The survival of the patients with lung metastasis was only
approximately 6 months following the cessation of treatment,
regardless of the type of treatment used. These results indicate
that planned follow-up and treatment of sarcomas require a
precise knowledge of tumor clinical behavior, particularly of
the preponderant activity.

Introduction

Although the prognosis for patients with bone or soft tissue
sarcomas has shown marked improvement over the past three
decades, those who develop local recurrence or metastatic
disease continue to have high mortality rates. Of all patients
diagnosed with malignant musculoskeletal tumors, 5-30%
(1-3) have a recurrence and 10-38% of patients present with
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clinically detectable metastases (4-6). A number of studies have
reported the survival of patients who have undergone either a
lung metastasectomy or chemotherapy (4,5,7-9).However, little
is known about the clinical course of patients with bone or
soft tissue sarcomas who have succumbed to the disease. For
example, only a few reports are available regarding the clinical
course, such as the metastatic site, which led to the cause of
death or the survival time following initial detection of metas-
tases (10). Thus, this study aimed to analyze the metastatic
patterns of sarcoma patients and to describe the clinical course
following the detection of distant metastasis.

Patients and methods

We retrospectively reviewed the medical records of newly
diagnosed patients with either bone or soft tissue sarcoma
referred to Mie University Hospital between January 1999
and December 2008. Well-differentiated liposarcomas were
excluded from this study. During this period, 255 patients with
a diagnosis of sarcoma were referred to our institution. We
reviewed the clinical records of these patients and found 63
patients who died of metastasis.

We examined the clinical features of the initially detected
distant metastases, the subsequent clinical course up to
the patient's death and the survival time of the patients who
succumbed to lung metastasis.

Statistical analysis. Overall survival was estimated using the
Kaplan-Meier method. Factors affecting patient survival were
examined based on the log-rank test. The StatMate III program
(ATMS Co., Tokyo, Japan software) was used to conduct
statistical analysis. Post-metastatic survival was defined as the
duration between the first detection of distant metastases and
patient death. The post-treatment survival time was defined as
the duration between the final treatment [surgery, lung radiof-
requency (RF) ablation and chemotherapy] for metastases and
death.

Results

Patient and tumor characteristics and follow-up. A total of
34 male and 29 female patients were included in our study. The
average age was 51 years (range 6-80), including 17 patients
who were 270 years of age. The follow-up periods ranged
from 1 to 82 months (average 16) after the initial detection of
metastasis.
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The histological diagnoses of the primary bone tumor were
osteosarcoma (n=10), malignant fibrous histiocytoma (MFH)
of the bone (n=3), chondrosarcoma (n=2), Ewing's sarcoma
(n=2) and others (n=2). Soft tissue tumor included malignant
peripheral nerve sheath tumors (n=9), MFH (n=9), leiomyo-
sarcoma (n=6), myxoid liposarcoma (n=4), synovial sarcoma
(n=3), alveolar soft part tumor (ASPS) (n=3), extra-skeletal
myxoid chondrosarcoma (n=2), epithelioid sarcoma (n=2) and
others (n=6). According to the American Joint Commission on
Cancer classification and stage grouping of bone sarcomas, 9
were classified as stage 2B, 6 as 3A and 1 as stage 3B. Of the
soft tissue sarcomas, 3 were classified as stage 2, 26 as stage 3
and 18 as stage 4.

Post-treatment follow-up was performed at 3-month inter-
vals for 2 years, then every 4-6 months for 5 years, and every
year subsequently. At follow-up, a chest X-ray was routinely
carried out, and an examination using computed tomography
(CT) (X-Vigor or Aquilion; Toshiba, Tokyo, Japan; or HiSpeed
Advantage Qx/I; GE Healthcare, USA; or Asteion; Toshiba)
was performed at 3- to 6-month intervals to detect distant
metastasis. A CT scan of the abdomen and pelvic cavity was
performed at 6-month intervals for the patients with myxoid
liposarcoma.

Treatment of the primary tumor. A surgical resection was
performed in 56 of the 63 patients. Local recurrence occurred
in 26 of the 56 patients. In 10 of the 26 patients, the local
recurrence had developed prior to the first detection of distant
metastasis. Local recurrence was treated with surgical resec-
tion (n=20), radiotherapy (n=4) and chemotherapy (n=3). In
total, 7 of the 63 patients were not treated with surgery for
their primary tumor. Four patients underwent radiotherapy
due to their advanced age (n=2), or an unresectable tumor size
and location (n=2). One patient with post-radiation MFH at a
sacro-iliac lesion underwent carbon ion radiotherapy since it
was considered to be less invasive. One patient received only
palliative therapy for multiple metastatic lesions. A 6-year-old
female with osteosarcoma in her femur was treated only with
chemotherapy as her family rejected surgical excision.

Clinical features of the initially detected distant metastases
and the clinical course until patient death. The location of
the initially detected distant metastases was investigated. In
53 of the 63 patients, lung metastasis developed (83%) and in
21 patients (33%) extra-pulmonary metastasis developed. The
average size of the maximum diameter of the lung metastases
was 10 mm (3-40 mm), and the average number of lung
metastases was 5 (1-20) upon detection.

The sites of extra-pulmonary metastasis were bone (n=10),
liver (n=5), soft tissue (n=3), brain (n=2), heart (n=2), pelvic
cavity (n=1) and stomach (n=I). The occurrence of lung and
extra-pulmonary metastases was observed in 11 patients. Ten
patients had only extra-pulmonary metastasis without any
co-existing lung metastasis in the following sites: bone (n=5),
liver (n=1), brain (n=1), heart (n=1), subcutaneous tissue (n=1)
and pelvic cavity (n=1) (Fig. 1).

Of the 53 patients who had lung lesions at the first detection
of distant metastasis, 46 died of progression of lung metastasis,
2 of liver metastasis, 4 of brain metastasis and 1 of adrenal
metastasis. Of the 5 patients who had bone lesions at the first

NAKAMURA et al: ANALYSIS OF METASTATIC SARCOMA PATIENTS

W -

Liver (n=1) < “2 | Liver (n=2)
< 1.
' Subcutaneous tissue (n=1) }"’l 1} T”} ~ |Adrenal grand
- (n=1)
LPelvic cavity (n=1) } n Pelvic cavity
(n=1)
Heart (n=1) n Heart (n=1)

Figure 1. Relationship between the primary metastatic site and the cause of
death: left section, initial metastatic site; right section, focus with cause of
death.

detection of distant metastasis, 4 died of lung metastasis and
1 of brain metastasis. One patient who had distant metastasis
in the subcutaneous tissue at the first detection of metastasis
died of lung metastasis. Each patient who had metastasis in the
brain, liver, heart or pelvic cavity at the first detection of the
metastasis died of aggravation of the initial metastasis (Fig. 1).
As a result, of the 63 patients, 52 died of lung metastasis, 6 of
brain, 2 of liver and 1 of heart, pelvic cavity or adrenal metas-
tasis. A total of 77% of patients (49 of the 63) succumbed to the
primary metastasis.

While all 18 bone sarcoma patients died of lung metastasis,
11 of the 45 soft tissue sarcoma patients succumbed to extra-
pulmonary metastasis. Seven of these 11 patients died of other
additional distant metastases. The 3 patients with ASPS died
of brain metastases.

The 10 patients that survived >2 years following the initial
detection of distant metastasis developed other additional
distant metastases (Table I). The sites of additional distant
metastasis were: retroperitoneum (n=2), bone (n=2), soft tissue
(n=1), lymph node (n=1), radial nerve (n=1), lung (n=1), adrenal
grand (n=1) and brain (n=1).

Length of survival of the 52 patients who succumbed to lung
metastasis. The length of survival of the 52 patients who died
of lung metastasis was examined. The median post-treatment
survival of the 20 patients who underwent treatment for
metastasis, including metastasectomy, RF ablation and chemo-
therapy, was 6 months (Fig. 2). The following treatments for
the lung metastases were performed: lung RF ablation alone
(n=5), lung RF ablation and chemotherapy (n=6), metastasec-
tomy and chemotherapy (n=4), chemotherapy alone (n=4), and
metastasectomy and lung RF ablation (n=1).

The median post-metastatic survival of the 32 patients who
received no treatment for their metastasis was 7.2 months. By
contrast, the median post-metastatic survival in the 20 patients
who underwent treatment for metastasis was 16 months.
This represents a significant difference in the survival rate
(P=0.003) (Fig. 3).
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Table I. Pattern of metastases in patients who survived more than 2 years following the initial metastasis.

Diagnosis Initial metastatic Other metastatic Cause of Follow-up periods
site site death (months)
ASPS Lung Brain Brain 45
Synovial sarcoma Lung Adrenal gland Adrenal gland 32
Ewing's sarcoma Lung Retroperitoneum Lung 85
MGCT Lung Soft tissue Lung 63
MFH Subcutaneous Lung Lung 43
ESCS Lung Lymph node Lung 59
Synovial sarcoma Lung Radial nerve Lung 29
Myxoid sarcoma Lung Retroperitoneum Lung 25
Osteosarcoma Lung Bone Lung 35
Rhabdomyosarcoma Lung Brain Brain 24

ASPS, alveolar soft part sarcoma; MGCT, malignant granular cell tumor; MFH, malignant fibrous histiocytoma; ESCS, extra-skeletal chondro-

sarcoma.
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Figure 2. Kaplan-Meier curves showing the post-treatment survival
of 20 patients receiving treatment for the metastasis (A), and the post-
metastatic survival of 32 patients who did not receive any treatment for the
metastasis (B).

Discussion

Regarding the location of metastases, 62-82% of sarcoma
patients had lung metastasis and 50-70% had isolated lung
metastases in previous studies (4,11). In our series, 83% (52 of
63 patients) developed lung metastasis as the initial metastatic
site. Therefore, the present results are consistent with previous
reports. Although numerous reports exist regarding the initial
metastatic site in sarcoma patients and the treatment of patients
with metastasis, few reports are available regarding the loca-
tion of the metastatic lesion that ultimately caused patient death
(4,5,7-11). In the present study, 82.5% of patients succumbed
to lung metastasis and 10% to brain metastasis. Other patients
succumbed to liver (3%), heart (1.5%), adrenal grand (1.5%)
and pelvic metastasis (1.5%).

Brain metastases from soft tissue sarcoma are believed
to occur in a minority of soft tissue sarcoma patients, with a
reported prevalence ranging between 1 and 6% (12,13). In
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Figure 3. Kaplan-Meier curves showing post-metastatic survival in patients
who received treatment (A) and patients who did not receive any radical
treatment (B).

osteosarcoma, the incidence of brain metastasis is reported to
be 2-6.5% (14). Particularly in the absence of lung metastases,
brain metastasis is thought to be a relatively uncommon event
in the natural history of bone and soft tissue sarcomas. In
our cases, only 1 patient with epithelioid sarcoma had brain
metastasis without lung metastasis. ASPS has been reported
to metastasize to the brain more commonly than other types
of high-grade sarcoma, although the majority of studies
concerning ASPS are in the form of case reports and small
corrective series (15-17). In our present series, brain metas-
tasis developed within 4 years of the primary surgery in the
3 patients with APSP. We therefore recommend the regular use
of intracranial CT imaging for patients with ASPS.

Although the prognosis of sarcoma patients has improved,
extra-pulmonary metastases should be further investigated. In
our series, 11 of the 45 soft tissue sarcoma patients died of
extra-pulmonary metastasis. In addition, 7 of the 11 patients
succumbed to other additional distant metastases. Although
follow-up chest CT and physical examinations were routinely



