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Abstract: Bone and soft tissue sarcomas with complex and varied clinical, imaging, and pathological
characteristics cannot be diagnosed and treated by a single discipline, as each discipline has some
limitations. This study aimed to explore the role of a multidisciplinary team (MDT) in the diagnosis
and treatment of bone and soft tissue sarcomas over the past four consecutive years. The subjects
were 269 patients discussed during MDT meetings at a Bone and Soft Tissue Sarcomas Center in
South China. The diagnosis, relapse diagnosis, unplanned resection, management of pulmonary
nodules, and treatment of refractory and advanced tumors were compared to similar data provided
in the literature to (i) determine whether the MDT significantly affected the diagnosis and treatment
of bone and soft tissue sarcomas, and (ii) explore trends in the types of patients with bone and
soft tissue sarcomas and treatment decision-making since the establishment of the MDT. Results
revealed that the MDT significantly improved preoperative diagnostic accuracy for patients with
bone and soft tissue sarcomas; the accuracy of diagnosis and relapse diagnosis by the MDT reached
95.42% and 100%, respectively. After an MDT discussion, the positive pathology rate for extended
resection after unplanned resection was 81.2%. The overall accuracy of the MDT in determining the
nature of pulmonary nodules was 87.1–91.9%. For patients presenting with pulmonary nodules in
osteosarcoma, no statistically significant difference in survival was shown between cases discussed
by the MDT and those without an MDT discussion (p = 0.5751). Collectively, the MDT can play a
positive role in accurate preoperative diagnosis, relapse diagnosis, the decision to extend resection
after an unplanned resection, and the diagnostic accuracy of pulmonary nodules.

Keywords: bone tumor; soft tissue sarcomas; multidisciplinary team; diagnosis; treatment; prognosis

1. Introduction

Bone and soft tissue sarcomas are a heterogeneous group of mesenchymal malignan-
cies, including primary or metastatic malignant bone tumors and soft tissue sarcomas [1,2],
accounting for approximately 1% of adult and 15% of pediatric malignant tumors [3]. The
low incidence and high heterogeneity of imaging and pathological characteristics pose a
challenge to the diagnosis and treatment of bone and soft tissue sarcomas. Despite the
widespread availability of treatment guidelines, misdiagnosis and improper or negligent
surgery still occur frequently, which may largely be attributed to the limited experience
within a single discipline. Therefore, the diagnosis and treatment of bone and soft tissue
tumors require collaboration between experts from multidisciplinary teams (MDT). Addi-
tionally, pulmonary metastasis is common in patients with bone and soft tissue sarcomas.
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However, not all pulmonary nodules identified on chest computed tomography (CT) are
metastatic foci, so the proper management of pulmonary nodules also requires extensive
discussion by an MDT. In clinical practice, non-musculoskeletal oncologists may have
insufficient knowledge of bone and soft tissue tumors, which could result in frequent mis-
diagnosis of some sarcomas as benign tumors and lead to inappropriate surgical excision.
Thus, MDT discussion is critical for managing bone and soft tissue tumors because it serves
not only to guide treatment but also to ensure adherence to the latest clinical guidelines, tak-
ing into account the local context. Nonetheless, there is little evidence regarding the value
of MDT panel discussions for treating bone and soft tissue sarcoma patients. This study
aimed to evaluate the benefit of MDT discussion of these patients in a single Chinese center.

2. Methods
2.1. The Multidisciplinary Approach

Established in January 2018, the multidisciplinary center at the Second Xiangya Hos-
pital of Central South University is one of the largest bone and soft tissue tumor centers
in China that meets international standards. Approximately 300 patients with bone and
soft tissue tumors were potential subjects of multidisciplinary discussion during the past
four consecutive years. Experts in various specialties are all skilled in the diagnosis and
treatment of these tumors.

An MDT panel on the diagnosis and treatment of bone and soft tissue tumors in-
cludes orthopedic surgeons, oncologists, radiologists, pathologists, thoracic surgeons, and
non-core members, such as clinical pharmacists, nutritionists, psychiatrists, and nurses.
Orthopedics is the core of the team, and orthopedic surgeons are mainly responsible for
patient consultations regarding bone and soft tissue diseases, hospital admission, prelimi-
nary diagnosis, and follow-up. The MDT discussion was held weekly. Outpatients and
inpatients submitted their applications for discussion at the MDT center. Prior to the panel
discussion, the physicians retrieved the medical history and compiled the imaging data and
other relevant information. Information about the patient to be discussed was provided to
the MDT experts one day in advance. Generally, the discussion was organized as follows:
The medical history of patients, clinical symptoms, physical examination, imaging charac-
teristics, histological findings, and preliminary diagnosis were initially reviewed. Then,
the experts who participated in the MDT discussion expressed their views on diagnosis
and treatment. Finally, an orthopedic oncologist made a summary, including consensus
on the diagnosis, relapse diagnosis, treatment of the disease, features and management of
pulmonary nodules, and the potential need for extended resection and unplanned surgery.

2.2. Study Population and Design

This study was conducted at the Second Xiangya Hospital of Central South University
in Changsha, Hunan Province, China. A total of 269 patients were subjects of MDT
discussions from January 2018 (inception) to December 2021. The basic information for all
patients, including clinical symptoms, imaging, and pathological findings, was obtained
from electronic medical records. MDT discussions concerning these recruited patients
were retrospectively examined. This study was approved by the Ethics Committee of
Central South University and conducted in accordance with the Declaration of Helsinki.
An audit was commenced in January 2018. A total of 331 panel discussions were held
regarding 269 patients, as some patients were discussed several times before reaching a
final consensus. To reflect the involvement of the MDT in the diagnosis and treatment of
bone and soft tissue sarcomas, the period from January 2018 to December 2021 was further
divided into four parts.

The 269 patients were sorted into different categories by type of disease. Demographic
data were obtained, such as age, gender, tumor site, Enneking stage, theme of discussion,
benign or malignant tumors, whether metastasis occurred, and survival. Further data
include the accuracy of diagnosis before and after MDT discussion, the accuracy of relapse
diagnosis, unplanned excision decisions, and pulmonary nodule management. Tumor treat-
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ment effects, namely complete response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD), were also assessed. For osteosarcoma patients with pulmonary
nodules, we conducted a comparative survival analysis between patients who were dis-
cussed by the MDT versus undiscussed patients. The experimental group (n = 42) consisted
of patients who were discussed by an MDT, and 40 osteosarcoma patients with complete
information who did not apply for MDT discussion served as the controls. Multiple param-
eters, including age, gender, tumor location, Enneking stage, metastasis occurrence, and
survival, were compared between the two groups.

2.3. Standards and Endpoints

Follow-up began in January 2018. The first postoperative day was used as the initial
time point for follow-up. The follow-up schedule was as follows: every three months for
years one and two; every four months for year three; every six months for years four and
five; and yearly thereafter. Patients with pulmonary nodules had their lung CT reviewed
at every follow-up visit and submitted a request for MDT discussion when there were
changes in the lung nodules. The starting point for survival analysis was the day of surgery,
and the survival analysis endpoint was on 31 December 2021, or upon the patient’s death.

2.4. Statistical Analysis

Statistical analysis was performed using the SPSS Statistics 25 package. A p < 0.05
was considered to be statistically significant. Categorical variables were expressed as
percentages. The rate of age, gender, tumor location, Enneking stage, and metastasis were
compared between the experimental and control groups using the chi-square (χ2) test and
Fisher’s exact test. Kaplan-Meier estimation was used to create graphs of the observed
survival curves, while the log-rank test was used to compare curves from different groups.

3. Results
3.1. Clinical Characteristics of Patients Discussed by the MDT

Overall, 269 patients with bone and soft tissue tumors were discussed by the MDT at
the Second Xiangya Hospital of Central South University. Among them, 137 (50.9%) were
male, and 132 were female (49.1%), with a wide age distribution ranging from 3 to 77 years.
The ten leading causes of MDT patient discussion were osteosarcoma (24.16%), bone
metastasis (8.18%), chondrosarcoma (5.58%), synovial sarcoma (5.2%), chronic infection and
osteomyelitis (4.83%), malignant mesenchymal tumors (4.46%), the absence of evidence of
malignancy (4.09%), Ewing sarcoma (3.35%), fibrosarcoma (3.35%), and rhabdomyosarcoma
(2.97%) (Figure 1 and Supplementary Materials Table S1). Demographic data on patients
discussed by the MDT are shown in Table 1.
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Table 1. Demographic data of patients discussed by the MDT during each year of the study.

Patient Characteristics 2018 2019 2020 2021

Sex
Male 22 (50.0) 21 (45.7) 40 (48.2) 81 (51.3)
Female 22 (50.0) 25 (54.3) 43 (51.8) 77 (48.7)

Age of Onset
0–9 1 (2.3) 0 (0) 3 (3.6) 5 (3.2)
10–19 10 (22.7) 11 (23.9) 22 (26.5) 59 (37.3)
20–29 13 (29.6) 16 (34.8) 9 (10.8) 28 (17.7)
30–39 4 (9.1) 5 (10.9) 10 (12.1) 19 (12.0)
40–49 6 (13.6) 3 (6.5) 10 (12.1) 10 (6.3)
50–59 4 (9.1) 8 (17.4) 22 (26.5) 20 (12.7)
60–69 4 (9.1) 3 (6.5) 4 (4.8) 12 (7.6)
70–79 2 (4.6) 0 (0) 3 (3.6) 5 (3.2)

Theme of Discussion
Unplanned Excision 3 (6.8) 3 (6.5) 13 (15.7) 11 (7.0)
Pulmonary Nodules 14 (31.8) 14 (30.4) 17 (20.5) 48 (30.4)
Tumor Recurrence 2 (4.6) 2 (4.4) 3 (3.6) 15 (9.5)
Diagnosis 19 (43.2) 21 (45.7) 42 (50.6) 62 (39.2)
Treatment 6 (13.6) 6 (13.0) 8 (9.6) 22 (13.9)

To explore the demographic trends and status of bone and soft tissue tumor patients
discussed by the MDT, we conducted statistical analyses on a yearly basis from January
2018 to December 2021. Since 47 patients applied for MDT discussion two to four times, a
total of 331 discussions were held regarding 269 patients. The following statistics are based
on the number of discussions. Of the 44 patients in 2018, 46 patients in 2019, 83 patients
in 2020, and 158 patients in 2021, the gender ratio was close to 1 (Figure 2A). The age
distribution is demonstrated in Figure 2B. The content discussed at MDT meetings can
be broadly divided into five categories: unplanned excision, pulmonary nodules, tumor
recurrence, diagnosis, and treatment (Figure 2C). Most MDT discussions (71.6%) were held
regarding pulmonary nodules and diagnosis. Of the 269 patients, there were 204 cases
(75.8%) of malignant tumors and 65 cases (24.2%) of non-malignant tumors (Figure 2D).

3.2. The Role of the MDT in Diagnosis

MDT discussions were held after admission or after a biopsy in 131 patients with an
unknown diagnosis, and the diagnosis was corrected in six cases during MDT discussion
after a biopsy (Table 2). Representative images of one case are shown in Supplementary
Materials S1. Six cases were misdiagnosed by the MDT, of which two cases had clear
postoperative pathology in our hospital, and four cases were diagnosed clearly in other
hospitals (Table 3). Thus, 125 cases were diagnosed accurately, and six were misdiagnosed,
so the accuracy of MDT diagnosis was 95.42%. However, if MDT discussions were not held,
the diagnostic accuracy was 90.84%.
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Table 2. The diagnosis corrected in six cases during MDT discussion after a biopsy.

Sex Age Biopsy Diagnosis MDT Time MDT Diagnosis

M 30 Osteosarcoma Post-biopsy Myositis ossificans

M 45 Low-grade malignant
mesenchymal tumor Post-biopsy Giant cell tumor of bone

F 17 Fibrosarcoma Post-biopsy Osteosarcoma
M 27 Aggressive fibromatosis Post-biopsy Deep fibrous histiocytoma
F 31 Angiosarcoma Post-biopsy Aggressive angiomyxoma
F 3 Osteosarcoma Post-biopsy Bone infection

Table 3. Six misdiagnosed cases by the MDT.

Sex Age Biopsy Diagnosis MDT Time MDT Diagnosis Final Diagnosis

F 22 Low-grade malignant
mesenchymal neoplasm Post-biopsy Myositis ossificans Parosteal osteosarcoma

M 13 The absence of evidence of
malignancy Post-biopsy Invasive osteoblastoma Well-differentiated

osteosarcoma
F 52 NA Pre-operation Giant cell tumor of bone Osteosarcoma
M 9 Low-grade osteosarcoma Post-biopsy Malignant bone tumor Periosteal fasciitis

F 50 Inflammatory cell
infiltration Post-operation Cystosarcoma phyllodes Extraskeletal osteosarcoma

F 19 The absence of evidence of
malignancy Post-biopsy Bone infection Bone metastasis of lung cancer

3.3. The Role of the MDT in Relapse Diagnosis

The MDT discussed the diagnosis of recurrence for a total of 17 cases, of which
one case was lost to follow-up, five cases were considered recurrence-free, and 11 cases
were considered recurrent (Table 4). The five cases considered recurrence-free had been
reviewed for at least six months, and no significant abnormal signal was observed on
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Magnetic Resonance Imaging (MRI). Among the 11 cases considered as recurrent, eight
underwent reoperation, and all were pathologically confirmed as tumor recurrence, and
three cases were treated non-operatively and closely followed after review, suggesting
tumor progression. Thus, the accuracy rate of relapse diagnosis by the MDT was 100%.

Table 4. Management and outcome of 16 cases which the MDT considered as relapse diagnosis.

Recurrence Non-Recurrence

Resection Non-Surgical Treatment No Abnormal
Signal on MRI

Abnormal
Signal on MRIPositive Negative Deterioration No Deterioration

8 0 3 0 5 0

3.4. Unplanned Resection

In total, 24 patients underwent unplanned resection and were discussed 30 times. One
patient was lost to follow-up. After MDT discussion, non-resection was recommended for
six patients, and follow-up and re-examination were conducted. One patient’s follow-up
MRI showed an increase in abnormal signal range after one year of close follow-up, and
it was decided to perform a wide excision. Wide excision was recommended in 17 cases
and rejected in one case. Among the 16 cases of wide excision, three were pathologically
negative (18.8%), and 13 were pathologically positive (81.2%). Representative images of
one case are shown in Supplementary Materials S2.

3.5. Pulmonary Nodules

Pulmonary nodules were discussed by the MDT 93 times for 67 patients with bone
and soft tissue sarcomas. Of these, five were lost to follow-up, and 62 were included in the
study. At the time of presentation, 29 had no metastases, and 33 had pulmonary metastases;
29 cases presented with pulmonary nodules ranging from 1 to 48 months after consultation.

There were four pulmonary nodule types: inflammatory, indeterminate, benign, and
metastatic nodules (Figure 3). The former three types were usually treated by observation,
surveillance, and periodic examination. For metastatic nodules, three management strate-
gies were adopted: core needle biopsy, excision, and targeted therapy. These patients were
followed for at least six months (from six months to four years) and underwent at least one
chest CT scan.
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Figure 3. Classification and management pattern after MDT discussion of pulmonary nodules.

The MDT considered 24 cases as benign nodules, five cases as inflammatory nodules,
four cases as indeterminate nodules, and the remaining 29 cases as metastatic nodules.
Among the 24 benign nodules, after multiple reviews over six months, 18 cases were
unchanged, five cases disappeared, and one showed progression. While for inflammatory
nodules, three cases were unchanged, one disappeared, and one showed progression. All
indeterminate pulmonary nodules had no change during the periodic review (Table 5).
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Table 5. Management and outcome of non-metastatic pulmonary nodules.

Benign Pulmonary
Nodules

Inflammatory
Pulmonary Nodules

Indeterminate
Pulmonary Nodules

Unchanged 18 3 4
Disappeared 5 1 0
Progressive 1 1 0

Total 24 5 4
Accuracy 95.8% 80% 100%

Among the 29 cases of metastatic nodules, surgical resection was recommended in
11 cases, and all cases were pathologically confirmed after surgery (Table 6 and representa-
tive images of one case are shown in Supplementary Materials S3); a core needle biopsy
was recommended in four cases, after which one case was pathologically confirmed, and
three cases were negative. Specifically, one of these three negative cases was ultimately
diagnosed as a pneumococcal infection. Targeted therapy was recommended in 14 cases.
One of which had no change in the lung nodules upon re-examination, 11 cases showed
progression, and two cases of pulmonary nodules had disappeared.

Table 6. Management and outcome of metastatic pulmonary nodules.

Excision Core Needle Biopsy Targeted Therapy

Pathologically
Positive 11 1

Pathologically
Negative 0 3

Unchanged 1
Disappeared 2
Progressive 11

Total 11 4 14
Accuracy 100% 25% 78.6–100%

Taken together, the diagnostic accuracy of pulmonary nodules in patients with bone
and soft tissue sarcomas by the MDT reached 87.1–91.9%.

3.6. The Role of the MDT in Treatment

The MDT discussed the treatment of a total of 32 patients with a clear diagnosis of bone
and soft tissue malignancies that were either postoperative or metastatic. Among these
patients, three cases (9.37%) achieved a CR, two cases (6.25%) achieved a PR, eight cases
(25%) experienced SD, and 19 cases (59.38%) had PD. Of the 19 patients in the progressive
stage, 15 (78.9%) died (Table 7 and Supplementary Materials Table S2).

Table 7. Outcome of 32 patients after MDT discussion of treatment plan.

Therapeutic Evaluation No. of Patients Percentage

Complete Response (CR) 3 9.37%
Partial Response (PR) 2 6.25%

Stable Disease (SD) 8 25%
Progressive Disease (PD) 19 59.38%

3.7. Comparison between Groups of Patients with Osteosarcoma Presenting with Pulmonary
Nodules Who Were Discussed by the MDT versus Undiscussed Patients and Survival Analysis

The mean survival time was 2.52 years (range 0.5~6.9) and 2.16 years (range 0.5~5) in
the MDT and non-MDT groups, respectively. A comparison of the clinical characteristics of
patients in the two groups showed a similar median age, gender, tumor location, Enneking
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stage, metastasis, and survival. There were 21 males and 21 females in the MDT group,
aged 19.76 (16, 20) years (range 12–50 years), and 22 males and 18 females in the non-
MDT group, aged 16.68 (13, 20.25) years (range 4–52) (Table 8). There was no significant
difference in age, gender, tumor location, Enneking stage, metastasis, and survival between
groups (p > 0.05). For osteosarcoma patients presenting with pulmonary nodules, the
3-year overall survival (OS) rate in the MDT group and the non-MDT group was 75% and
60.7%, respectively, and the 5-year progression-free survival (PFS) rate in the two groups
was 79.3% and 58.6%, respectively. For osteosarcoma patients presenting with pulmonary
nodules, no statistically significant difference in survival was found between the MDT and
non-MDT groups (p = 0.5751) (Figure 4).

Table 8. Patient characteristics.

Characteristics MDT Group Non-MDT Group p Value

Age 19.76 (16–20) 16.68 (12–19.25) 0.086
Gender 0.65

Male 21 22
Female 21 18

Tumor Location 0.811
Femur 21 18
Tibia 14 12
Humerus 3 7
Radius 1 1
Fibula 1 1
Pelvis 2 1

Enneking Stage 0.49
IA 0 0
IB 0 0
IIA 0 1
IIB 31 31
III 11 8

Metastasis 0.507
Yes 11 8
No 31 32

Survival Status 0.341
Alive 31 19
Dead 11 11
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4. Discussion

Bone and soft tissue sarcomas are a highly heterogeneous group of mesenchymal
malignancies, including malignant bone tumors [4]. Primary malignant bone tumors are
extremely rare neoplasms accounting for fewer than 0.2% of all malignancies, although the
actual incidence is difficult to determine [5]. Soft tissue sarcomas contribute to 1% of all
adult malignancies, with more than 100 histologic subtypes that have developed from or
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within muscle, fat, nerve, cartilage, and bone tissues [6]. The low incidence of bone and soft
tissue tumors is further complicated by their variable histological, imaging, and clinical
manifestations. The same type of tumor may have different radiographic characteristics,
and different tumors may show similar imaging features. The early clinical features of
bone and soft tissue tumors are generally not obvious. Even if bone and soft tissue tumors
have typical imaging features, physicians can only make a preliminary diagnosis based on
imaging results, and pathological examination is required to establish the final diagnosis.
Histological examination is usually considered the most accurate diagnostic method, but
these pathologic observations are only one of the diagnostic criteria for bone and soft
tissue tumors. Pathologic tissue biopsy may also be affected by many factors, such as
the biopsy site and preservation of specimens, which may bring certain difficulties to
pathological diagnosis and increase the misdiagnosis rate. Accordingly, the diagnosis
and treatment of bone and soft tissue tumors cannot be made by one discipline alone.
Therefore, a multidisciplinary collaboration among orthopedic surgeons, radiologists,
pathologists, oncologists, thoracic surgeons, and other specialists is required to reduce
the rate of misdiagnosis, underdiagnosis, and mistreatment so that patients can receive
standardized and precise treatment.

To the best of our knowledge, this is the first study to investigate the role of an MDT
in the management of diagnosis and treatment of bone and soft tissue tumors.

Diagnosis and pulmonary nodules were the main topics of the MDT discussions.
The number of cases discussed by the MDT increased every year, with the number of
cases in 2021 being almost twice as high as in 2020. This indicates that MDT discussions
are becoming increasingly widespread in the diagnosis and treatment of bone and soft
tissue tumors.

In recent studies, the diagnostic accuracy of bone and soft tissue tumors based on core
needle biopsies ranged from 74% to 98% [7–11]. In line with these results, we identified
an overall diagnostic accuracy of 90.84% in bone and soft tissue tumors without MDT
discussion. However, the MDT discussion increased the diagnostic accuracy to 95.42%.
Diagnosis of bone and soft tissue tumors based on imaging and pathological observations
is complex and difficult. The pathological tissue subtypes are diverse and have overlapping
histological features. The advantage of the MDT discussions in improving diagnostic
accuracy is evident. For certain difficult cases, through preoperative MDT discussions,
radiologists and pathologists can communicate with orthopedic surgeons and advise the
most suitable site for biopsy, which may reduce the probability of invalid specimens and
improve the quality of specimens. For cases in which the pathological diagnosis is still
unclear after biopsy, an MDT discussion can clarify whether to perform a repeat biopsy,
switch from core-needle to open biopsy, or proceed to the next step of treatment, which
improves the efficiency of diagnosis and the quality of treatment.

Despite effective treatment, local recurrence or distant metastases of bone and soft
tissue sarcomas occur in up to 60% of patients who initially receive treatment [12,13].
Recurrent or refractory bone and soft tissue sarcomas have a very poor prognosis in children.
Second-line chemotherapy regimens or newly developed agents have not improved the
outcome. OS rates have been reported to be less than 40% after relapse in most series [14–22].
Survival rates for osteosarcoma and Ewing sarcoma after relapse are less than 30% [17,19,23]
and 23% [17,22], respectively. Soft tissue sarcoma local recurrences occur in approximately
10% of patients treated with margin-negative resection. Most recurrences occur within
the first two years [24]. Given the high risk of recurrence in this patient population, the
accurate and early detection of local or recurrent metastatic lesions is highly warranted
because early treatment can prolong survival. The diagnostic sensitivity and specificity
using contrast-enhanced CT alone were 78% and 67%, respectively, with an accuracy of
73%. In contrast, the diagnostic sensitivity and specificity of 18F-FDG PET/CT were 94%
and 92%, respectively, with an accuracy of 93%. 18F-FDG PET/CT was particularly superior
regarding the detection of local recurrence of soft tissue lesions (sensitivity and specificity:
83% and 100% vs. 50% and 100%, respectively) or bone metastases (100% and 100% vs. 85%
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and 88%, respectively) [25]. In our study, 16 patients were included in the discussion of a
recurrence diagnosis. Of the 11 patients considered for recurrence after MDT discussion,
eight cases underwent reoperation, and all had positive postoperative pathology. The three
patients who did not undergo reoperation had worsening lesions upon re-examination. In
the five cases not considered as recurrence, no significant imaging changes were observed
upon re-examination. The accuracy of relapse diagnosis by the MDT reached 100%, and
the MDT improved the accuracy of a recurrence diagnosis of bone and soft tissue tumors
compared to the available literature.

Unplanned resection usually refers to inappropriate surgical resection of a soft tissue
sarcoma misdiagnosed as a benign tumor, resulting in a positive tumor specimen margin or
residual tumor. Unplanned resection, which continues to be a major issue for musculoskele-
tal oncologists, is common in bone and soft tissue sarcomas. Osseous malignancies with a
non-classic presentation are frequently misdiagnosed; therefore, they receive inappropriate
surgical management. Those referred for secondary treatment after an unplanned resection
are more likely to have a sarcoma with a diameter of <5 cm that is superficially located and
painless [26–29]. Lesions with the above manifestations are regarded as benign tumors. In
addition, there is currently no effective referral system in China. Patients with bone and
soft tissue tumors, especially soft tissue tumors, are treated in orthopedics, general surgery,
and even other departments. Even when treatment is provided in orthopedic departments,
it is often not administered by an orthopedic oncologist. In addition, up to one-third of
all soft tissue sarcomas arise superficially to the investing muscular fascia, and they can
range in size from a few millimeters to several tens of centimeters [27]. Reported rates
of residual sarcoma in the re-resected specimen after unplanned resections are uniformly
high, ranging from 24% to 74% [26,28,30–35]. In contrast, the residual rate of re-excision
after MDT discussion at our center was 81.2%, higher than that reported in the literature.
These data may indicate to some extent that the MDT plays an active role in the decision to
perform re-excision after unplanned resection.

The lung is the most common site for sarcoma metastasis. It is reported that approx-
imately 15–20% of osteosarcoma patients suffered from distant metastases at the time
of presentation, with more than 85% of these metastases being pulmonary [36]. Of pa-
tients with extremity sarcomas, approximately 20% may proceed with isolated pulmonary
metastatic disease at some point in the course of their disease [37]. Since CT examination is
more sensitive than chest plain film, it has been regarded as the best method to diagnose
metastatic pulmonary tumors. However, there are many studies showing that CT cannot
detect the exact number of pulmonary metastases accurately [38,39]. It is well recognized
that not all pulmonary nodules identified on a chest CT in patients with sarcoma rep-
resent metastases [40,41] and that a chest CT is relatively insensitive compared to lung
palpation/thoracotomy in the identification of pulmonary metastases [42–44]. CT has
become the standard for detecting and monitoring pulmonary lesions, but it frequently
identifies nodules of uncertain clinical significance. Often the assumption is that, especially
in children, these nodules represent metastatic disease. However, up to 60% of pulmonary
nodules in adults and 33% in children may be non-malignant [45,46].

Differentiating benign and malignant lesions is essential for planning treatment and
determining prognosis. When nodules are detected, invasive procedures may be necessary
to establish the histopathologic diagnosis, but in many cases, the nodules are simply mon-
itored with periodic CT scans. From the patients’ perspective, these nodules may cause
psychological distress due to the uncertain origin and biological features of the nodules.
Therefore, the diagnosis of pulmonary nodules requires multidisciplinary cooperation so
that the strengths of each department can be better utilized to offer patients individual-
ized treatment. The pulmonary nodules were broadly classified into four types: benign,
metastatic, indeterminate, and inflammatory. After the MDT discussion, inflammatory,
benign, and indeterminate pulmonary nodules were monitored with CT scans. In our
MDT, the accuracy of diagnosis of benign pulmonary nodules achieved 95.8%. Of the
24 patients, only one showed progressive lesions after review, five showed a disappearance
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of pulmonary nodules, and 18 showed no significant changes. Four cases of indeterminate
pulmonary nodules without significant changes on multiple re-examinations were reported.
Among the five cases of inflammatory nodules, one case showed progressive lesions, three
cases showed no significant changes, and one case of pulmonary nodules disappeared
(Table 5). The 29 cases considered to be metastatic pulmonary nodules were managed
in three ways, metastasectomy, biopsy, and targeted therapy, according to the condition
and resectability of the pulmonary nodules. We found that postoperative pathology was
positive in all pulmonary nodules undergoing metastasectomy, while in three of the four
cases for which the MDT recommended puncture biopsy, postoperative pathology was
negative. Of the 14 patients for whom targeted therapy was recommended by the MDT,
11 cases had progressive lung nodule lesions, nodules disappeared in two cases, and one
case had no change (Table 6). The possible causes of the three pulmonary nodules without
progressive lesions were either effective treatment or incorrect MDT judgement. Therefore,
the overall accuracy of the MDT in determining the nature of pulmonary nodules was
87.1–91.9%. In contrast, the literature reports that between 68% and 74% of nodules were
correctly classified by the reporting CT radiologists [47]. This suggests that an MDT can
improve the diagnostic accuracy of pulmonary nodules and better guide treatment.

Indeterminate pulmonary nodules present a continued diagnostic dilemma for a large
range of solid cancers, and there is a clear paucity in the literature guiding best practices
in their management [48,49]. Regarding the need for a multidisciplinary approach in
the treatment of rare diseases such as metastatic soft tissue sarcomas [50], cooperation
between orthopedic surgeons, pathologists, oncologists, and thoracic surgeons is of utmost
importance. In the current literature, the resection of pulmonary nodules remains a vital
cornerstone in treating patients with bone and soft tissue sarcoma metastasis. The thoracic
surgeon has therefore become an integral part of the sarcoma team. The accurate diagnosis
of pulmonary metastases, specifically differentiating them from infection or non-specific
pulmonary nodules, requires close cooperation with oncologists and radiologists.

We conducted a comparative survival analysis between groups of patients with os-
teosarcoma presenting with pulmonary nodules who were discussed by the MDT versus
undiscussed patients. There was no significant difference in age, gender, tumor location,
Enneking stage, metastasis, and survival between the two groups (p > 0.05). Our study did
not demonstrate any statistically significant survival benefit from MDT management of
osteosarcoma patients with pulmonary nodules (p = 0.5751) (Figure 4). However, in the
first four years of follow-up, it can be seen that the survival time curve for patients who
were subjects of the MDT discussions is superior to that of undiscussed patients. It remains
to be further validated if early survival rates are higher in patients discussed by the MDT.
Possible explanations for the absence of any significant survival difference between the two
groups include the insufficient number of cases, the comparatively short follow-up time,
and the potential bias of selected cases.

Despite significant improvements in modern multimodality treatment, the outcomes
and OS rates remain poor for bone and soft tissue sarcoma patients with advanced, re-
fractory, metastatic, or relapsed lesions. The prognosis of those patients has risen from
one year in the 1980s and 1990s to 18 months in the last two decades [51,52]. The MDT
discussed the treatment of a total of 32 patients with a clear diagnosis of bone and soft
tissue malignancies that were either postoperative or metastatic. Among these patients,
three cases (9.37%) obtained a CR, two cases (6.25%) achieved a PR, eight cases (25%)
experienced SD, and 19 cases (59.38%) had progressive disease. Of the 19 patients in the
progressive stage, 15 (78.9%) died. Most of the patients discussed by the MDT for treatment
were those with multiple metastases, pelvic malignancies, and tumors of high malignancy;
therefore, the prognosis was poor. Those patients with CR, such as isolated fibrous tumors,
bone metastases from breast cancer, and chondrosarcoma, are less malignant or have a
better prognosis. All but one of the patients in the progressive stage died within two years,
and the majority died within one year, which is generally consistent with what has been



J. Pers. Med. 2022, 12, 2079 12 of 15

reported in the literature [51–55]. An MDT may not significantly effect survival in advanced
bone and soft tissue tumors.

Our study has several limitations, including the inherent limitations of a unicentric
and retrospective study. Moreover, the MDT was not blinded and had access to the initial
clinical plan, which may have introduced potential bias. Additionally, in our study, the
follow-up time was not very long, and some cases were excluded.

In conclusion, the rarity of bone and soft tissue sarcomas and the difficulty in interpret-
ing the imaging and histology results make diagnosis and treatment difficult and complex.
Precise and standardized diagnosis and treatment require systematic MDT management of
patients with these diseases. MDT discussion can play an important role in the diagnosis
and treatment of bone and soft tissue tumors.
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