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Abstract

Background: Myxoid liposarcoma (MLS) has the tendency to metastasize extrapulmonary. Although prognostic
factors at the initial diagnosis of MLS have been reported, those at diagnosis of metastasis remain unclear. The
purpose of this study was to investigate the prognostic factors for disease-specific survival at the initial diagnosis of
metastasis.

Methods: This retrospective observational study was conducted at three cancer centers and two university
hospitals in Japan. Of 274 MLS patients pathologically diagnosed between 2001 and 2015, 48 metastatic patients
were examined.

Results: Lung metastases were detected in nine patients (18.8%) and extrapulmonary metastases in 45 (93.8%).
Interval from primary diagnosis to the first metastasis was significantly shorter in patients with lung metastases than
without (p = 0.007). Median disease-specific survival after diagnosis of metastases was 52.5 months in all patients. In
multivariable analysis, liver metastasis (hazard ratio (HR), 2.71 [95% confidence interval (CI), 1.00–7.09]) and no
evidence of disease (NED) achieved by radical treatment (resection with or without radiation therapy, or radiation
therapy ≥60 Gy) or semi-radical (radiation therapy ≥40 Gy) treatment were significantly related to survival (HR, 0.36;
95%CI [0.13–0.95]). The number of metastases (odds ratio (OR), 0.44; 95%CI [0.25–0.78]) and abdominal/
retroperitoneal metastases (OR, 0.09; 95%CI [0.008–0.95]) were the significant inhibitory factors of achieving NED.

Conclusions: This is the first study to statistically demonstrate the importance of achieving NED with surgical
resection or radiation therapy for longer survival in metastatic MLS patients. As number of metastases was a
significant factor for achieving NED, early detection of metastases might be important.
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Background
Myxoid liposarcoma (MLS) is the second most common
type of liposarcoma, representing approximately one
third of all liposarcomas and 10% of all adult soft tissue
sarcomas [1, 8]. MLS carries an intermediate risk with
approximately one third of patients developing metasta-
ses and eventually dying of these tumors [5, 11, 14, 23].
Factors found to influence the prognosis at initial diag-

nosis of MLS include patient age, tumor size, tumor
depth, the surgical margins achieved, and morphological
factors such as grading, necrosis and mitotic rate, prolif-
eration index (MiB-1, Ki-67 immunostain), and P53
overexpression [5, 9, 11, 14]. Of these, the amount of
round cell component is reported to be the most im-
portant factor affecting the development of distant me-
tastases or survival [2, 9, 12, 14, 16].
MLS has been reported to have a characteristic meta-

static behavior; the incidence of extrapulmonary metas-
tases, including the trunk and extremities, is as high as
87% of the metastatic MLS patients [10]. Although some
studies have investigated the metastatic patterns of MLS,
the prognostic factors related to metastasis characteris-
tics at the initial diagnosis of metastasis remain unclear.
Spillane et al. [24] have recommended aggressive treat-
ment for metastatic disease involving further surgery;
however, a treatment strategy for metastatic MLS has
yet to be established.
In this retrospective, multi-center study, we enrolled

MLS patients with metastasis, examined the characteris-
tics of the metastases, and investigated the prognostic
factors affecting overall survival at the initial diagnosis of
metastasis. Then, we discuss a treatment strategy for
metastatic MLS.

Methods
Study design and setting
This was a retrospective, observational study conducted
at three cancer centers and two university hospitals in
Japan (Higashi-nihon Orthopedic and Pediatric Sarcoma
Group; HOPES); the study was performed in accordance
with the Declaration of Helsinki and ethical guidelines
for epidemiological research of the Japanese Ministry of
Education, Culture, Sports, Science and Technology and
the Ministry of Health, Labor, and Welfare.

Participants
Between 2001 and 2015, a total of 274 patients with
MLS were pathologically diagnosed and treated at these
hospitals. All MLS patients were prospectively registered
in a computerized database. There were 260 (94.9%) M0
patients and 14 (5.1%) M1 patients at initial diagnosis.
We regarded patients as M1 if the metastasis had been
detected within 1 month of initial diagnosis. Of the M0
patients, 38 patients developed metastasis during follow-

up. Basically, whole body CT was performed at least
once a year until 5 years after the initial diagnosis. But 2
patients were followed by plain chest radiography only,
and 5 were followed at other hospitals.
We extracted the data from a total of 52 (19.0%) patients

with metastasis; however, we excluded four patients whom
we could not follow up after the diagnosis of metastasis.

Data collection
We extracted the following clinic-pathological data col-
lected at the time of initial metastasis diagnosis from the
database: age; sex; time to metastasis (defined as interval
from primary diagnosis to the first metastasis. It was de-
fined as 0 month in M1 patients); number of metastases;
location of each metastasis; diameter of the largest me-
tastasis; and modality used for detecting metastasis. In
addition, we examined the treatment details for the me-
tastasis. We defined local radical treatment as R0 resec-
tion, R0 or R1 resection with adjuvant radiation therapy,
or radiation therapy with ≥60 Gy, including carbon ion
therapy and photon beam therapy, and semi-radical
treatment as radiation therapy with ≥40 Gy. We next de-
fined status following local treatment; no evidence of
disease (NED) signified the status after completion of
radical or semi-radical treatment for all of the remaining
tumor. Remaining tumor included all metastases, pri-
mary tumors, and local recurrence, detectable in imaging
examination. While alive with disease (AWD) signified
any remaining lesion with or without palliative therapy.
In addition, we examined the prognosis at final follow-
up (NED, AWD, or dead of disease [DOD]). NED at the
final follow up was defined as status with no active dis-
ease detectable by imaging inspection. Finally, we ana-
lyzed the prognostic factors for overall survival following
the initial diagnosis of metastasis.
Regarding primary tumor, we also extracted the fol-

lowing data: age at diagnosis of primary tumor, location,
size, if radical treatment or adjuvant chemotherapy were
done, and whether there was a local recurrence. For
NED patients, we also examined if the patients received
adjuvant chemotherapy.

Statistical analysis
The duration from primary diagnosis to metastasis and
cumulative survival rates were calculated using the
Kaplan-Meier method. The difference in time to metasta-
sis by existence of lung metastases was analyzed using the
log-rank test. Survival following diagnosis of metastasis
was defined as the time to disease specific death. Prognos-
tic factors were identified by Cox-proportional hazards re-
gression analysis. A p-value < 0.05 was considered
statistically significant. Variables revealed to be significant
by univariate analysis were evaluated by log-rank test and
multivariable analysis using Cox-proportional hazards
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model. Statistical analyses were performed with JMP 13
(SAS Institute Inc., Cary, NC, USA).
Factors for achieving NED were analyzed by logistic re-

gression analysis. Factors revealed to be significant by uni-
variate analysis were examined using multivariable analysis.

Results
Median follow-up following primary diagnosis was 47.4
(4.7–187.2) months and that following initial metastasis was
25.8 (2.1–96.8) months. The baseline clinical characteristics
at the initial diagnosis of metastasis are shown in Table 1.
Thirty-four patients (70.8%) were male and the median age
was 43 years. The number of patients with metastasis at pri-
mary diagnosis (M1 patients) was 14 (29.2%). The median
duration from primary diagnosis to metastasis was 27.5
months for M0 patients, and 13.2months for all patients in-
cluding M1. Twenty-three patients (47.9%) had multiple me-
tastases and 45 patients (93.8%) had extrapulmonary
metastasis. Three patients (6.3%) had only lung metastasis,
six patients (12.5%) had both pulmonary and extrapulmon-
ary metastases, and 39 patients (81.3%) had only extrapul-
monary metastases. The median size of the largest metastasis
for each patient was 5 cm and eight patients (17.8%) had a
metastasis > 10 cm. Thirty-five patients (72.9%) were diag-
nosed with metastasis by computed tomography (CT), 13
(27.1%) by magnetic resonance imaging (MRI), and one by
positron emission tomography (PET)-CT.
Regarding the primary tumor, characteristics and

treatments were shown in Supplementary Table. 1. In
M0 patients, primary tumor was resected in all of the
patients, and adjuvant chemotherapy was performed in 6
out of 34 patients (17.6%). In M1 patients, resection was
performed in 7 patients (50.0%).
Time to metastasis in M0 patients is shown in Fig. 1a.

Twenty-eight patients (82.4% of metastatic patients) de-
veloped metastasis within 4 years and 31 patients
(91.2%) within 8 years. Only three patients (8.8%) devel-
oped metastasis after 8 years of follow-up. In patients
with lung metastases, five out of 9 patients (55.6%) had
metastasis at the initial diagnosis of MLS, and all pa-
tients were diagnosed to have metastasis within 2 years
(Fig. 1b), which was significantly shorter than in patients
without lung metastases (15.3 months; p = 0.007).
The metastasis treatment characteristics and outcomes

are shown in Table 2. Twenty-four patients were under-
going local radical treatment, 19 had undergone resec-
tion, and five had undergone radical radiotherapy with
≥60 Gy including carbon ion and photon beam therapy.
Two patients had undergone semi-radical radiotherapy
with ≥40 Gy. As a result of local radical or semi-radical
treatment, 26 patients had become NED. Among 26
NED patients, 9 patients received chemotherapy for the
metastasis. Disease status at final follow-up was DOD in
24 (50.0%), AWD in 14 (29.2%), and NED in 10 (20.8%)

patients. There was no NED patient at the final follow-
up among patients with multiple metastases. Five pa-
tients had maintained NED for over 3 years at the final
follow-up.
The median disease-specific survival following the

diagnosis of metastasis was 52.5 months and the 5-year
survival rate was 40.6% (Fig. 2a). The median disease

Table 1 Baseline characteristics at the initial diagnosis of
metastasis (N = 48)

a, b, c, ¶

Variable n %

Sex

Male 34 70.8

Female 14 29.2

Age [median: 43 years (26–72)]

< 45 26 54.2

≥ 45 years 22 45.8

Time to metastasisa [median: 13.2 months (0–140.1)]

at primary diagnosis (M1) 14 29.2

during follow up (M0) [median: 27.5m] 34 70.8

< 24months 16 33.3

≥ 24 12 25.0

≥ 60 6 12.5

Number of metastasis at the initial diagnosis of metastasis

single 25 52.1

multiple 23 47.9

Location of metastasisb (number of patients)

lung 9 18.8

extrapulmonary metastasis 45 93.8

bone 15 31.3

abdomen or retroperitoneum 11 22.9

liver 9 18.8

other soft tissuesc 23 47.9

Size of the largest metastasis [median: 5 cm (1–20)]

< 10 cm 37 82.2

≥ 10 8 17.8

Diagnostic modality for the first metastasis

CT with contrast enhancement 22 45.8

CT without contrast enhancement 13 27.1

MRI 11 22.9

PET-CT 1 2.1

Others 1 2.1
a Interval from primary diagnosis to the first metastasis
It was defined as 0month in M1 patients
b Presence of metastasis in indicated organ with or without that in
another location
c including lymph node metastasis
Abbreviations: CT computed tomography; MRI magnetic resonance imaging;
PET-CT positron emission tomography
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specific survival following the diagnosis of the primary
tumor for metastatic patients was 87.3 months and the
5-year survival rate was 56.2% (Fig. 2b).

Next, we analyzed the prognostic factors at the initial
diagnosis of metastasis (Table 3). Univariate analysis in-
dicated that shorter time to metastasis (p = 0.019) and

Fig. 1 Time to metastasis from the primary diagnosis. a M0 patients (n = 34), b all patients with or without pulmonary metastases (n = 48). a
Twenty-eight patients (82.4%) developed metastasis within 4 years and 31 patients (91.2%) within 8 years. Only three patients (8.8%) developed
metastasis after 8 years of follow-up. b “with lung metastasis” means the presence of lung metastasis with or without metastasis in another
location, and “without lung metastasis” means absence of lung metastasis at the initial diagnosis of metastasis. In patients “with lung metastases”,
five out of 9 patients (55.6%) had metastasis at the initial diagnosis of primary MLS, and all patients were diagnosed to have metastasis within 2
years, which was significantly shorter than in patients “without lung metastases” (15.3 months; p = 0.007)
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presence of liver metastasis (p = 0.005) were significantly
related to worse prognosis. NED following local treatment
was significantly related to better prognosis (p = 0.0007).
Moreover, the survival curve examined using the Kaplan-
Meier method showed a significant difference in survival
for these three factors (Fig. 3a– c). Based on multivariable
analysis, disease specific survival was significantly shorter in
patients with liver metastases (hazard ratio [HR], 2.71; 95%
confidence interval [CI], 1.00–7.09; p = 0.049), and longer
in patients who achieved NED following local treatment
(HR, 0.36; 95%CI, 0.13–0.95; p = 0.040). Characteristics of
primary tumor and local recurrence were not related to
survival based on Cox-proportional hazards regression ana-
lysis (Supplementary Table. 2).
Subsequently, we analyzed the factors related to NED

achievement (Table 4). Univariate analysis indicated
that the number of metastases (p < 0.0001), size of the
largest metastasis (p = 0.04), and abdominal/retroperi-
toneal metastasis (p = 0.001) were the significant factors
inhibiting NED achievement. Multivariable analysis
demonstrated that number (odds ratio [OR], 0.44;
95%CI, 0.25–0.78; p = 0.0007) and abdominal/retroperi-
toneal metastases (OR, 0.99 [0.008–0.95]; p = 0.002)
were significant factors inhibiting NED achievement.

Discussion
The Prognostic factors of MLS at the initial diagnosis have
been described in previous studies. However, to date, the
prognostic factors for metastatic MLS patients have not
been elucidated in detail. In this retrospective study, we
analyzed 48 metastatic MLS patients, examined the clin-
ical course, and investigated the prognostic factors at the
initial diagnosis of metastasis. Multivariable analysis indi-
cated that liver metastases and NED achievement follow-
ing radical or semi-radical local treatment for metastasis,
including resection and radiation, were significant factors
for longer survival. Number of metastases and abdominal/
retroperitoneal metastases were the significant inhibitory
factors for achieving NED. To the best of our knowledge,
this is the first study to statistically demonstrate the im-
portance of achieving NED for longer survival in meta-
static MLS patients.
We first examined the epidemiology of the metastases

and found that extrapulmonary metastasis was detected
in 93.8% of metastatic MLS patients, which is as high as
proportion reported to date. Previous reports have
shown MLS metastasizes to extrapulmonary sites, in-
cluding the abdominal wall and cavity, retroperitoneum,
subcutaneous soft tissue, and bone, at a rate as high as
86.5% in metastatic patients [1, 3, 8, 10, 15, 25]. There
has been no consensus about the mechanism why MLS
tends to metastasize extrapulmonary. Asano et al. [3]
have suggested that large tumor size and low histological
grade are significantly associated with extrapulmonary
metastasis; however, Haniball et al. [10] have reported
that there is no clear correlation between the site of first
metastases, tumor size, or the round cell component of
the primary tumors. Our data indicates that lung metas-
tases appear significantly earlier than extrapulmonary
metastases (Fig. 1b), indicating that the mechanism of
metastasis differs between pulmonary and extrapulmon-
ary metastases or that MLS which metastasize to the
lung are more aggressive than those that do not. Further
investigation is needed to elucidate the mechanisms
underlying the tendency of MLS to metastasize extrapul-
monary, as well as the differences between pulmonary
and extrapulmonary metastases, to ensure proper man-
agement of MLS metastases.
In the present study, the liver was the only significant

metastatic site for poor prognosis in univariate and mul-
tivariable analyses and the survival tended to be shorter
in patients with pulmonary metastases in univariate ana-
lysis (p = 0.09). Previous reports have shown that the
disease-free interval and the overall survival rate were
significantly better in patients with extrapulmonary me-
tastases compared to those with pulmonary metastases
[3, 6, 17]. Liver metastasis has not been reported to be
important for survival, as these previous studies did not
analyze the prognosis by each metastatic organ. Taken

Table 2 Treatment characteristics and outcomes (N = 48)

Variable n %

No evidence of disease (NEDa) following local treatment.

yes 26 54.2

radical treatment 24 50.0

resection only 12 25.0

resection with adjuvant radiation therapy 7 14.6

conventional radiation therapy with ≥60 Gy 2 4.2

carbon ion therapy 2 4.2

photon beam therapy 1 2.1

semi-radical treatment 2 4.2

conventional radiation therapy with ≥40 Gy 2 4.2

no 22 45.8

palliative treatment 20 41.7

no treatment 2 4.2

Adjuvant chemotherapy for NEDa patients (n = 26)

yes 9 34.6

no 17 65.4

Disease status at the final follow up

DOD (Dead of disease) 24 50.0

AWD (Alive with disease) 14 29.2

NEDb (No evidence of disease) 10 20.8
aNED: Status after completion of radical or semi-radical treatment for all of the
remaining tumor
bNED: Status with no active disease detectable by imaging inspection
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together, our current results and these previous reports
suggest that liver and lung metastases may be prognostic
factors of shorter survival. As vital organ such as brain,
lung, or liver metastasis is associated with poor progno-
sis in common cancers [13], it is plausible that lung and
liver metastasis may also be related to poor prognosis in
MLS patients. In addition, the poor prognosis of patients

with lung metastases might be due to more aggressive
biology or the speed, as discussed in the previous
paragraph.
In this study, NED achievement was one of the signifi-

cant factors related to disease specific survival in multivar-
iable analysis. A number of reports support our findings.
Spillane et al. [24] analyzed the natural history of soft

Fig. 2 Disease-specific survival. a after the diagnosis of metastasis, (B) after the diagnosis of primary tumor. a The median disease-specific survival
following the diagnosis of metastasis was 52.5 months and the 5-year survival rate was 40.6%. b The median disease specific survival following
the diagnosis of the primary tumor for metastatic patients was 87.3 months and the 5-year survival rate was 56.2%
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tissue metastasis from MLS and concluded that soft tissue
metastases should be managed aggressively, most often in-
volving further surgery, because patients only with soft tissue
metastasis have relatively long prognosis. There are two case
reports of long-term survival following complete resection of
metastases [22, 26]. Although extrapulmonary metastasis has
been thought to be equivalent to systemic metastasis in all
types of sarcomas, long-term survival has been achieved
when a complete resection was possible for both the pul-
monary and extrapulmonary metastases [4]. Our results and
these reports indicate that complete resection of metastases
from MLS should be considered, if possible.
We had hypothesized that complete resection of me-

tastases might lead to the best prognosis; however, NED
achievement by resection was not significant in the
present study (data not shown). As MLS is known to be
particularly sensitive to radiotherapy compared with
other histological subtypes of soft tissue sarcoma [7, 18],
we included patients who were administered radical and
semi-radical radiotherapy for the metastasis, which sig-
nificantly improved the prognosis of NED patients. In
addition to patients who underwent radical radiation
therapy, including carbon ion therapy, photon beam
therapy, and conventional radiation therapy with ≥60 Gy,
there were two patients who achieved NED by semi-
radical radiation therapy with ≥40 Gy. In both cases
there was no local recurrence surrounding the irradiated
metastasis at the final follow up, indicating that semi-
radical radiation therapy might be useful for extending
survival when radical therapy cannot be adapted. Based
on these data, the first choice treatment strategy should

be metastasis resection; however, if this is not possible,
radiotherapy might be the second choice, as this could
lead to a better prognosis. Further investigation is
needed with a larger number of patients to determine
the effect of radiotherapy on survival.
The number of metastases and metastases to abdomen

or retroperitoneum were the significant inhibitory factor
for achieving NED. As the number was significant factor, it
might be better to detect metastases while the number is
low by periodic surveillance. Total body MRI has been pro-
posed for early detection of bone and soft tissue metastases,
including MLS metastasis [19, 21]. However, total body
MRI is not common in Japan or around the world. Import-
antly, both PET scans and bone scans are reported as not
highly sensitive to MLS metastases [20, 21]. In the present
study, the metastases of 35 (73.1%) patients were detected
by CT. As CT is one of the most common imaging modal-
ities, liver metastasis was one of the worse prognostic fac-
tors by multivariable analysis, and abdominal/
retroperitoneal metastases were factors inhibiting the
achievement of NED, contrast-enhanced CT might be use-
ful for metastasis surveillance in MLS patients. In the
present study, the number of patients who developed me-
tastasis linearly increased to 80% within the first 4 years and
approximately 90% of the metastatic patients were diag-
nosed within 8 years (Fig. 1a). Thus, we recommend whole
body surveillance 2–3 times per year during the first 4 years
and once a year till 8 years. As the presence of a round cell
component on histopathology was reported to be predictive
of a much higher metastatic rate compared with the ab-
sence of a round cell component [14, 23, 24], surveillance

Table 3 Prognostic factors for disease-specific survival after diagnosis of metastasis

(Cox-proportional hazards regression analysis)

Univariate Multivariable

Variable HR 95%CI p-value HR 95%CI p-value

Male 2.18 0.80–5.92 0.13 – – –

Age (years)a 1.02 0.99–1.06 0.24 – – –

Time to metastasis‡ (months)a 0.98 0.96–1.00 0.019* 0.99 0.97–1.00 0.17

Number of metastasesa 1.18 0.97–1.42 0.10 – – –

Size of largest metastasis (cm)a 1.08 0.96–1.20 0.18 – – –

Location of metastasis

lung (n = 9) 2.28 0.87–5.39 0.09 – – –

bone (n = 15) 1.01 0.41–2.32 0.97 – – –

abdomen or retroperitoneum (n = 11) 1.65 0.59–4.02 0.32 – – –

liver (n = 9) 4.14 1.60–10.2 0.005** 2.71 1.00–7.09 0.049*

NEDb following local treatment (n = 26) 4.45 1.86–11.5 0.0007** 0.36 0.13–0.95 0.040*

Chemotherapy for NEDb patients (n = 9) 1.95 0.52–7.30 0.32 – – –
acalculated by unit hazard ratio, ‡Interval from primary diagnosis to the first metastasis. It was defined as 0month in M1 patients
bNED: Status after completion of radical or semi-radical treatment for all of the remaining tumor
* p < 0.05, **p < 0.01
Abbreviations: HR hazard ratio; CI confidence interval
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Fig. 3 Disease-specific survival after the diagnosis of metastasis by (a) Time to metastasis, (b) with or without liver metastasis, (c) NED
achievement. a Time to metastasis ≥24 month, b Patients without liver metastasis, and c NED achievement were significantly related to longer
disease specific survival analyzed by Kaplan-Meier method
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should be recommended especially for patients with a round
cell component > 5%. It should also be noted that a number
of patients will develop metastases beyond the 8 years after
the initial diagnosis. As it is not pragmatic to survey all pa-
tients with whole body CT once a year after 8 years of
follow-up, we should carefully listen to patients over 15 years,
check whether there are symptoms or signs of recurrence,
and perform contrast-enhanced CT if any appear.
This study had some limitations. First and most import-

antly, this was a retrospective study. Although we showed
that achievement of NED was the important prognostic fac-
tor in multivariable analysis, it is possible that the tumors of
NED patients might have been less aggressive originally. In
addition, modality and frequency of imaging examination for
systemic screening before and after the diagnosis of metasta-
sis were not completely unified. Different imaging modalities
could lead to variable results. Second, we did not investigate
the proportion of the round cell component. Although previ-
ous study which analyzed 160 patients reported that survival
following the diagnosis of metastasis was not affected by the
round cell component [10], it may be still important and has
to be confirmed in the future. Third, we did not examine the
effect of palliative chemotherapy. In this study, as we investi-
gated the prognostic factors at the initial diagnosis of metas-
tasis, palliative chemotherapy was performed only for
patients without NED. Because all of the patients with me-
tastasis including NED patients at the initial diagnosis would
receive palliative chemotherapy when metastases get locally
uncontrollable, we thought we would not be able to see the
effect. However, trabectedin, the effect of which is apparent
for MLS, was not used in daily practice because it had not
been covered by insurance in Japan during the study registra-
tion period.

Conclusions
Over 90% of MLS metastatic patients had extrapulmonary
metastases. Although only 18.8% had lung metastasis, it

appeared significantly earlier than extrapulmonary metas-
tases. As multivariable analysis indicated that NED
achievement following resection or radiation therapy were
significant factors for longer survival, resection or radi-
ation therapy should be considered for all of the metasta-
ses. As number of metastases was a significant factor for
achieving NED, early detection of metastases might be
important.
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