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Abstract: Background: Synovial sarcoma is a relatively chemosensitive type of soft tissue sarcoma and
it often metastasizes to the lung. We investigated the role of adjuvant chemotherapy in patients with
high-grade synovial sarcoma at their first lung metastasectomy (LMTS). Methods: Forty-six HGSS
patients had their first LMTS at our institute (Rizzoli Orthopedic Hospital, Bologna, Italy) between
2000 and 2020. We divided them into two groups: (1) those undergoing adjuvant chemotherapy
(n = 24) and (2) those not receiving adjuvant chemotherapy (1 = 22). The primary outcome was a
median survival at 32.5 (IQR 18.0-82.7) median follow-up. The disease-free interval was calculated
at time zero (DFly, interval between the diagnosis of the primary tumor and the first CT-diagnosed
lung metastasis) and at any further lung relapse (DFI;_3). Ty was defined as the time at first LMTS
and T;-Tj referred to the time of further metastasectomy. Results: Freedom from SS-specific mortality
at 60 months was significantly higher in patients without chemotherapy (50.0% (33.0-76.0%) vs.
20.8% (9.55%-45.4%), p = 0.01). Chemotherapy was associated with a higher risk of SS-specific
mortality at multivariable Cox regression (HR 2.8, p = 0.02). Furthermore, DFIy < 6 months, female
sex, age > 40 years, and primary tumor > 10 cm increased the risk of death by about four, six, >three,
and >five times, respectively. Conclusions. Adjuvant chemotherapy did not show any advantage in
terms of freedom from SS-specific mortality in HGSS patients. Further larger studies are necessary to
confirm our findings.

Keywords: synovial sarcoma; chemotherapy; lung metastases; lung metastasectomy; soft tissue
sarcoma

1. Introduction

Synovial sarcoma (SS) is a rare, highly malignant type of soft tissue sarcoma (STS) [1].
SS is relatively chemosensitive compared to other STS and neoadjuvant treatments were
proven to improve survival [2]. Nonetheless, although local control has improved, metas-
tases develop in 40% of patients, with lung involvement in the metastatic process in 90% of
cases [3]. Therefore, surgery is considered a first-line treatment for metastatic SS [4] and
it continues to evolve with the introduction of new techniques, including radiofrequency
ablation (RA) and stereotactic body radiation therapy (SBRT) [5].

Chemotherapy is typically used as an adjuvant treatment but its proper role for
high-grade SS (HGSS) remains unclear [6]. Therefore, we explored the survival benefit of
adjuvant chemotherapy after first lung metastasectomy (LMTS) in HGSS patients.
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2. Material and Methods
2.1. Patient Population

Patients undergoing lung metastasectomy for HGSS at a tertiary STS referral center
(Rizzoli Orthopedic Hospital, Bologna, Italy) between 2000 and 2020 were the subject of
the study. As a result, HGSS was defined as grade > 2 of the disease following the 2013
WHO/French Federation of Cancer Centers Sarcoma Group/National Cancer Institute
(US) tumor grading system [7]. Moreover, all patients included had lung metastases, thus
falling into stage IV of the 2017 classification by the American Joint Committee on Cancer
(AJCC) [8].

Inclusion criteria were: (1) availability of histological examination for all primary
tumors and resected nodules; (2) availability of clinical data related to the primary tumor;
(3) available preoperative, postoperative, and follow-up CT images; and (4) no residual
nodules at first metastasectomy. Patients also treated with RA and SBRT were excluded.
Clinical data were recorded by one radiologist (C.T.), one clinician (M.R.), and one oncolo-
gist (A.L.).

2.2. Definitions and Classifications

A pathologist reviewed all the histologic examinations. CT scan features were defined
following the Fleischner Society Glossary of Terms for Thoracic Imaging [9,10]. The
American Joint Committee on Cancer recommendations were followed for residual tumor
R classification [11].

Ty was defined as the time at first LMTS, while T;-Tj3 referred to the time of further
LMTS.

The primary endpoint was freedom from SS-specific mortality.

The disease-free interval at time zero (DFIj) was the interval between the diagnosis of
the primary tumor and the first CT-diagnosed lung metastasis. The disease-free interval
was calculated at any appearance of lung metastases and defined as the interval from the
previous metastasectomy to the diagnosis of new-onset metastasis (DFI;_4).

First-line adjuvant chemotherapy was chosen based on DFIy. Ifosfamide and anthra-
cyclines were the first choices and the primary tumor. Nonetheless, when the DFI, was
short, other regimens were applied.

2.3. Statistical Analysis

Data were tested for normality using the Shapiro-Wilk test and expressed as the
mean + SD or median and interquartile range. Statistical differences were analyzed using
the Mann-Whitney test, whereas the other variables were analyzed with Pearson’s X? test
and Fisher’s exact test. Univariable and multivariable Cox analyses were used in the whole
patient population to determine independent predictors of disease-specific mortality at
follow-up. The proportional hazards assumption was checked for each covariate to test for
independence between residuals and time. Additionally, a global test was performed for
the model. The resulting p-values were not statistically significant, confirming the initial
assumption.

All variables associated with p < 0.1 in the univariable analysis were entered into
the multivariable Cox regression. Furthermore, to test for interaction terms, a subgroup
analysis was performed to analyze the interactions between the main predictors. Cut-off
values were found employing the receiver operating characteristic (ROC) curves. Survival
analysis was performed using the Kaplan-Meier method, and the log-rank test was used to
detect statistical differences between curves between the two groups. Finally, a sub-analysis
was carried out comparing survival curves in the two groups by different variables. All
analyses were corrected by the year of surgery.

R software v. 3.5.3 (R Foundation for Statistical Computing, Vienna, Austria) was
employed for analysis. A p-value of less than 0.05 was considered significant.
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3. Results
3.1. Patient Population

The patient population consisted of 46 HGSS patients divided into two groups, in-
cluding (1) patients undergoing adjuvant chemotherapy after lung metastasectomy (n = 24)
and (2) patients who did not receive chemotherapy following LMTS (n = 22). Table 1 shows
the demographic characteristics and the primary tumor features in the two groups. No
statistical difference was found between patients with or without adjuvant chemotherapy.
Characteristics of metastases in the two groups are displayed in Table 2 and no significant
difference was detected between the groups.

Table 1. Demographics and primary tumor characteristics (1 = 46).

Chemotherapy No Chemotherapy p
n=24 n=22
Age 43+ 14 49+ 14 0.12
Gender (female) 12 (50.0) 14 (63.6) 0.53
Primary tumor diameter
(cm)
0-5 6(27.3) 4(16.7)
5-10 10 (45.4) 17 (70.8) 0.10
>10 6(27.3) 3(12.5)
Margins
RO 15 (62.5) 11 (50.0)
R1 6 (25.0) 8 (36.4) 0.66
R2 3(12.5) 3(13.6)
Biphasic/Monophasic SS 3/21(12.5/87.5) 4/18 (18.2/81.8) 0.62
Primary tumor site
Lower limbs 18 (75.0) 10 (45.5)
Upper limbs 5(20.8) 3(13.6)
Abdominal wall 0 (0.0) 1(4.5) 0.08
Back 0(0.0) 3(13.6)
Neck 0 (0.0) 2(9.1)
Gluteus 1(4.2) 3(13.6)
Limbs 23 (95.8) 13 (60.0) 0.003
Trunk 1(4.1) 7 (46.6) 0.01
Neck 0(0) 2(9.1) 0.22
Primary tumor
chemotherapy
Overall chemotherapy 20/4 (83.3/16.7) 19/3 (86.4/13.6) 0.79
yes/no
Neoadjuvant 3(12.5) 9 (40.9) 0.08
Adjuvant 9 (37.5) 8 (36.4)
Combined 8 (33.3) 2(9.1)
Primary tumor
radiotherapy 6(26.1) 8 (36.4) 0.67
DFI, 6.00 [5.00, 9.00] 5.00 [4.00, 7.00] 0.38

Data expressed as median (interquartile range) or number (percentages). Abbreviations: DFIj = disease-free
interval from the primary tumor resection to the first diagnosed metastasis.

3.2. Chemotherapy

For the primary tumor, neoadjuvant/adjuvant chemotherapy was performed with a
combination of Ifosfamide and Epirubicin ((n = 42) 9 g¢/m? and 120 mg/m?, respectively)
or Ifosfamide and Doxorubicin ((n = 4) 9 g/m? and 75 mg/m? (60 mg/m? in patients older
than 65 years), respectively) for each cycle. The number of cycles ranged from three to six
applied every three weeks, with a treatment length comprised between 2 and 4 months.
No significant difference was detected between the two study groups (p = 0.07).
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Table 2. Characteristics of lung metastases (1 = 46).

Chemotherapy No Chemotherapy
n=24 n=22 p
Number of LM at T
1-4 15 (62.5) 18 (81.8)
5-10 7(29.1) 2(9.1) 0.22
>10 2(8.3) 2(9.1)
Bilateral LM 7(29.2) 8 (36.4) 0.84
Max diameter of LM 1.15 [0.95-2.00] 1.05 [0.83-1.48] 0.40
Number of LM at T
Biphasic 5.5 [2-9] 4.5 [1-8] 0.6
Monophasic 2 [1-3] 2 [1-4] 04
Metastases at other sites 4(16.7) 2(9.1) 0.75
PT local recurrence 9 (37.5) 9 (40.9) >0.9
Surgery
Wedge 23 (95.8) 21 (95.5)
Segmentectomy 1(4.2) 0(0.0) 0.37
Lobectomy 0(0.0) 1(4.5)
LM among survivors at Tq
1-4 9 (37.5) 10 (47.6)
5-10 8(33.3) 1(4.7) 0.09
>10 7(29.2) 3(14.3)
LM among survivors at Ty
1-4 5 (45.5) 9 (75.0)
5-10 4 (36.3) 2 (16.6) 0.34
>10 2 (18.1) 1(8.3)
DFI; 4.00 [3.00-7.00] 4.00 [2.50-4.00] 0.48
DFI, 10.33 [7.64-14.2) 12.00 [7.21-15.4] 0.80
Inoperable after first LMTS 11 (45.8) 9 (40.9) >0.9

Data expressed as median (interquartile range) or number (percentages). Abbreviations: LM = lung metastases;
DFI = disease-free interval from the previous metastasectomy to the diagnosis of new-onset metastasis (DFl;.,);
LMTS = lung metastasectomy; Ty: time at first LMTS; and T1-Tj3. at first LMTS at second and third LMTS (if
applicable).

In 24 patients undergoing first-line adjuvant chemotherapy after lung metastasectomy,
the following regimens were applied and administrated every 21 days starting from the
first day: (1) high dose Ifosfamide (15 g/ m?)in 5 days (n = 4); (2) Ifosfamide (9 g/ m?
6g/ m? if >65 years), nn = 8); (3) combination of Ifosfamide (9 g/ m? (6 g/ m? if >65 years))
and Epirubicin (120 mg/ m?, n = 2); (4) Epirubicin (120 mg/ m?, n = 2); (5) a combination
of Gemcitabine (1800 mg/m?) and Docetaxel (75 mg/m?, n = 6); and (6) Trabectedin
(1.3 mg/mz, n=2).

The number of cycles ranged from four to five, with a treatment length comprised
between 3 and 4 months.

In the case of disease progression and need for further chemotherapy lines, the
following drugs were employed: (1) oral regimen of Pazopanib (800 mg/die (400 mg/die
in the case of reduced renal /hepatic function)) and (2) Dacarbazine (850 mg/m?).

3.3. Survival Analysis

At a median follow-up of 32.5 months (IQR 18.0-82.7), thirty-two patients died of the
disease, 21 were in the chemotherapy group, and 11 did not receive the treatment.

In patients undergoing adjuvant chemotherapy after LMTS, freedom from SS-specific
mortality at 60 and 120 months was 20.8% (9.55-45.4%). In patients who did not receive the
chemotherapy, this figure was significantly higher: 50.0 % (33.0-76.0%), p = 0.01 (Figure 1).
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Figure 1. Freedom from synovial sarcoma (SS)-specific mortality.

In the sub-analysis comparing actuarial curves in patients with or without chemother-
apy by different variables, we found, in the chemotherapy group, significantly higher
freedom from SS mortality in patients with mono-lateral metastases (Figure 2A). In con-
trast, we failed to find any difference in the group without chemotherapy (Figure 2B).
Similarly, in the chemotherapy group (Figure 3A), patients with a primary tumor > 10 cm
showed a significantly lower survival (p < 0.001), whereas this difference was not found in
patients without chemotherapy (Figure 3B, p = 0.9). No other differences were detected in
the subgroups.

3.4. Chemotherapy as a Predictor of Death

Table 3 displays the results of the univariable and multivariable Cox analysis. Chemoth-
erapy was associated with a risk of death of 2.5 times higher (p = 0.014) at the univariable
research stage. This was confirmed by multivariable Cox regression (HR 2.8, p = 0.02).
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Figure 2. Freedom from SS-specific mortality in mono/bilateral metastasis. (A) Patients were
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Table 3. Cox analysis.

Covariate Univariate Multivariate
HR 95% CI P HR 95% CI p
Chemotherapy 2.5 1.2-5.2 0.014 2.8 1.2-6.6 0.02
PT size 0.84 0.67-1 0.1 0.96 0.74-1.2 0.73
LM Mono/Bilateral 24 1.2-49 0.018 2.9 1.4-6.3 0.0047

Abbreviations: HR = hazard ratio; CI = confidence interval; PT = primary tumor; and LM = lung metastases.

Likely, the presence of bilateral metastases significantly increased the risk of death
at univariable and multivariable analysis (HR 2.4, p = 0.018 and HR 2.9, p = 0.0047, re-
spectively). However, no other covariates resulted in being significant and among them,
remarkably, the PT size was not a significant predictor of death.

To assess the independent value of chemotherapy as a predictor of survival compared
to the other predictors, we carried out an interaction analysis. As displayed in Figure 4,
chemotherapy as a predictor of death was not strengthened by the presence of bilateral
metastases, which was the only significant co-predictor of death at multivariable analysis.

Interactions

Covariates Levels Estimate (Clys) p

Gender Female * 6.44 (2.00-20.73) 0.002
Gender Male ——— 0.95 (0.36-2.51) 0.921
Age >48 * 3.15(1.01-9.79) 0.048
Age <48 . 2.15(0.81-5.66) 0.123
Primary Tumor Diameter >10cm . 5.27 (1.01-27.44) 0.048
Primary Tumor Diameter <10cm . 2.25 (0.97-5.20) 0.058
Radiotherapy for Primary Tumor No - 2.29 (0.98-5.34) 0.054
Radiotherapy for Primary Tumor Yes ° 2.57 (0.57-11.57) 0.218
Lung Metastases Mono . 3.34 (0.98-9.34) 0.055
Lung Metastases Bilateral 2.67 (0.88-8.11) 0.083
Metastases in Other Sites No - 2.72 (0.93-5.95) 0.071
Metastases in Other Sites Yes * 1.79 (0.19-17.27) 0.614
Number of Lung Procedures >1 . 2.79 (0.85-9.12) 0.089
Number of Lung Procedures 1 2.38 (0.93-6.10) 0.07

Lung Metastases Diameter >1cm —_—————— 1.65 (0.63-4.38) 0.31

Lung Metastases Diameter <1cm 4.00 (0.94-12.64) 0.078
DFlg > 6 months . 1.63 (0.42-6.32) 0.48

DFlg < 6 months * 3.79 (1.48-9.67) 0.005

Figure 4. Interaction graph between chemotherapy and other variables. Abbreviations: DFIy = disease-free interval at
time zero was the interval between the diagnosis of the primary tumor and the first CT-diagnosed lung metastasis, and
CI = confidence interval.
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We further analyzed the covariate that, although not significant at Cox regression,
could have strengthened the adverse effects of chemotherapy on death. Female sex in-
creased the risk of dying of chemotherapy by more than six times. In addition, the HR
was raised by approximately three times in patients older than 48 years by >five times
when the primary tumor was > 10 cm and by slightly less than four times when the DFI,
was <6 months.

4. Discussion

Synovial sarcoma (SS) is a rare malignancy representing a soft tissue sarcoma (STS)
of uncertain differentiation. It accounts for 5-10% of all STS [12,13]. It occurs at any age,
even though young adults are mostly affected [14-16]. Lower extremities represent the
most common primary site (70%), especially around the knee, but almost any anatomic site
can be involved [17]. It occurs primarily in the para-articular regions, usually associated
with tendon sheaths, bursae, and joint capsules [18]. Histologically, synovial sarcoma is
characterized by epithelial-like and spindle cell components arranged in a biphasic or
monophasic pattern. The classic biphasic type consists of spindle cells and epithelial cells
(usually glandular structures). In contrast, the monophasic type comprises only spindle
cells [17], which are a poorly differentiated type consisting of small cells. In addition, a
poorly differentiated type consisting of cells resembling small round blue cell tumors has
been described more recently [17,19].

Thus, the term synovial sarcoma has been used due to the similarity between cells
of this tumor and primitive synoviocytes. However, it occurs in areas with no apparent
relation to synovial structures [20]. Synovial sarcoma is considered an aggressive tumor
and tends to give local recurrence as well as early and late metastases [14,21,22], and
metastatic spread occurs in the lungs in approximately 70% [13].

The SS is considered relatively chemosensitive compared to other STS [23], with
a response rate of 58.6% [24] compared to the 28-47% [25-29] in overall STS. Further-
more, the association between Ifosfamide and Doxorubicin improved survival in patients
with advanced disease [24,30-32]. Nonetheless, these findings are based on small stud-
ies [25,26,33,34] and, more recently, the French Sarcoma Group showed no overall survival
benefit with neoadjuvant or adjuvant chemotherapy in adults with SS [35].

However, there is little data regarding the role of adjuvant chemotherapy in treating
LMTS in patients with HGSS [21]. In addition, adjuvant chemotherapy is often reserved
for patients with advanced disease and for people whose all metastases cannot be entirely
removed by surgery. Therefore, it is challenging to compare imbalanced populations and
establish adjuvant chemotherapy’s effective influence in metastatic HGSS. The strength of
our work is the balanced cohort between the two groups regarding either the primary tumor
or lung metastases’ characteristics, as well as the exclusion of patients with incomplete first
LMTS. These reduce the bias observed between patients chosen or not for chemotherapy
and allow for a more reliable analysis of the effect of the adjuvant chemotherapy treatment
on survival.

Moreover, our study is focused on a cohort of patients undergoing LMTS for HGSS
over 20 years. There was no constant consensus regarding the most appropriate therapy
regimen through such an extended period. Therefore, the indication for chemotherapy
after the first metastasectomy followed the evolving institution policy: at the beginning,
surgery was more aggressive, while in the following years, with the published evidence
of the positive outcomes of chemotherapy in SS, there was an increasing use of adjuvant
treatment in these patients. However, this was considered in the analysis corrected by the
year of surgery.

Patients undergoing adjuvant chemotherapy after LMTS showed a 5-year freedom
from SS-specific mortality significantly lower than patients not treated. In addition,
chemotherapy raised the risk of death by 2.5 times during the follow-up. In our pre-
vious work [36], we demonstrated that chemotherapy negatively influences the recurrence
of metastases. We postulated that chemotherapy might enhance metastasis recurrence by
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suppressing anti-tumor immunity [37,38]. The harmful effect in destroying the anti-tumor
immune response and inhibiting the development of anti-tumor T-cell memory might favor
the development of latent metastases, leading to recurrence [38]. Hence, it can be hypothe-
sized that suppression of anti-tumor immunity might play a critical multifactorial role in
worsening general patients’ clinical conditions leading to death. In our report, although the
adverse effect of chemotherapy was also confirmed for survival, we failed to demonstrate
that patients with chemotherapy had a higher number of lung recurrences. Indeed, after
the first metastasectomy, more patients without chemotherapy had an oligometastatic lung
spread, although this did not reach statistical significance.

Interestingly, in our experience, the negative effect of chemotherapy on survival was
influenced neither by the bilateral occurrence of lung metastases nor by primary tumor size.
Additionally, the number of patients with bilateral metastases at T; and T3 was higher in
subjects who underwent chemotherapy, although this did not reach statistical significance.

Finally, we analyzed factors that enhance the adverse effect of chemotherapy on
disease-specific survival and found that DFI < 6, female sex, age > 40 years, and primary
tumor > 10 cm increased the risk of death by about four, six, >three, and >five times,
respectively. In contrast, the presence of metastases in other sites, local recurrence, and
adjuvant radiotherapy did not affect the influence of chemotherapy on the outcome.

5. Limitations

Our study has some limitations that must be highlighted. First, this concerns the
retrospective nature of the research and the limited number of patients. Nonetheless, the
rarity of STS makes a large sample size challenging to obtain and thus this limitation
is shared with most published studies. Second, there are limitations regarding patients
who were not amenable to surgical lung resection and only underwent chemotherapeutic
treatment. This might have given more insight on the role of chemotherapy on lung
metastatic HGSS. Third, the study was conducted long-term, implying different diagnostic
and surgical techniques that have improved over time. However, the analysis was corrected
by the year of surgery. Fourth, immune response-related blood data was not available.
Finally, the paper does not include head SS, which are not referred to at our institution.

6. Conclusions

Adjuvant chemotherapy did not show any advantage in terms of disease-specific
survival in HGSS patients undergoing metastasectomy. In contrast, it negatively correlated
long-term disease-specific survival that was worsened by the female sex, age > 48 years, and
primary tumor size > 10 cm. Prospective studies are needed to confirm our findings and
explore whether chemotherapy might benefit advanced disease or when the disease-free
interval is short.
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Graphical Abstract Legend: The figure shows the main findings of the paper. Overall survival
was significantly higher in patients without chemotherapy and DFIly < 6 months, female sex,
age > 40 years, and primary tumor >10 cm increased the risk of death by about four, six, >three, and
>five times, respectively. Abbreviations: LM = lung metastasis and PT = primary tumor.

References

1.  Fiore, M.; Sambri, A.; Spinnato, P.; Zucchini, R.; Giannini, C.; Caldari, E.; Pirini, M.G.; De Paolis, M. The biology of synovial
sarcoma: State-of-the-Art and future Perspective. Curr Treat Options Oncol. 2021, 22, 109. [CrossRef]

2. Wu, Y, Bi, W; Han, G,; Jia, J.; Xu, M. Influence of neoadjuvant chemotherapy on the prognosis of patients with synovial sarcoma.
World J. Surg. Oncol. 2017, 15, 101. [CrossRef]

3. Lindner, L.H,; Litiere, S.; Sleijfer, S.; Benson, C.; Italiano, A.; Kasper, B.; Messiou, C.; Gelderblom, H.; Wardelmann, E.; Le Cesne,
A.; et al. Prognostic factors for soft tissue sarcoma patients with lung metastases only who are receiving first-line chemotherapy:
An exploratory, retrospective analysis of the European Organization for Research and Treatment of Cancer-Soft Tissue and Bone
Sarcoma Group (EORTC-STBSG). Int. ]. Cancer 2018, 142, 2610-2620. [PubMed]

4. Chudgar, N.P; Brennan, M.F,; Munhoz, R.R.; Bucciarelli, PR.; Tan, K.S.; D’Angelo, S.P,; Bains, M.S.; Bott, M.; Huang, ].; Park, B.J.;
et al. Pulmonary metastasectomy with therapeutic intent for soft-tissue sarcoma. J. Thorac. Cardiovasc. Surg. 2017, 154, 319-330.e1.
[CrossRef] [PubMed]

5. Wigge, S.; Heifiner, K.; Steger, V.; Ladurner, R.; Traub, F; Sipos, B.; Bosmdiller, H.; Kanz, L.; Mayer, F.; Kopp, H.G. Impact of
surgery in patients with metastatic soft tissue sarcoma: A monocentric retrospective analysis. J. Surg. Oncol. 2018, 118, 167-176.
[CrossRef] [PubMed]

6. Digesu, C.S.; Wiesel, O.; Vaporciyan, A.A.; Colson, Y.L. Management of Sarcoma Metastases to the Lung. Surg. Oncol. Clin. N.
Am. 2016, 25, 721-733. [CrossRef]

7. Fletcher, C.D. The evolving classification of soft tissue tumors—an update based on the new 2013 WHO classification. Histopathology
2014, 64, 2-11. [CrossRef] [PubMed]

8.  Tanaka, K; Ozaki, T. New TNM classification (AJCC eighth edition) of bone and soft tissue sarcomas: JCOG Bone and Soft Tissue
Tumor Study Group. Jpn. ]. Clin. Oncol. 2019, 49, 103-107. [CrossRef] [PubMed]

9. Bueno, J.; Landeras, L.; Chung, J.H. Updated Fleischner Society Guidelines for Managing Incidental Pulmonary Nodules:
Common Questions and Challenging Scenarios. Radiographics 2018, 38, 1337-1350. [CrossRef] [PubMed]

10. MacMahon, H.; Naidich, D.P.,; Goo, ] M.; Lee, K.S.; Leung, A.N.; Mayo, ].R.; Mehta, A.C.; Ohno, Y.; Powell, C.A.; Prokop, M.;
et al. Guidelines for Management of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017.
Radiology 2017, 284, 228-243. [CrossRef]

11.  AJCC. Staging, ER Reporting, AC Society, Manual for the Staging of Cancer; Lippincott-Raven: Philadelphia, PA, USA, 1997.

12.  Gazendam, A.M.; Popovic, S.; Munir, S.; Parasu, N.; Wilson, D.; Ghert, M. Synovial Sarcoma: A Clinical Review. Curr. Oncol.
2021, 28, 1909-1920. [CrossRef]

13.  Shi, W.; Indelicato, D.J.; Morris, C.G.; Scarborough, M.T.; Gibbs, C.P; Zlotecki, R.A. Long-term treatment outcomes for patients
with synovial sarcoma: A 40-year experience at the University of Florida. Am. ]. Clin. Oncol. 2013, 36, 83-88. [CrossRef]

14. Thway, K.; Fisher, C. Synovial sarcoma: Defining features and diagnostic evolution. Ann. Diagn. Pathol. 2014, 18, 369-380.
[CrossRef] [PubMed]

15. Fisher, C. Synovial sarcoma. Ann. Diagn. Pathol. 1998, 2, 401-421. [CrossRef]

16. Chan, G.S; Yuen, S.T.; Chan, K.W. Synovial sarcoma presenting as a polypoid jejunal mass. Histopathology 2004, 44, 191-193.
[CrossRef]

17. Bakri, A.; Shinagare, A.B.; Krajewski, KM.; Howard, S.A.; Jagannathan, J.P.; Hornick, J.L.; Ramaiya, N.H. Synovial sarcoma:
Imaging features of common and uncommon primary sites, metastatic patterns, and treatment response. AJR Am. J. Roentgenol.
2012, 199, W208-W215. [CrossRef] [PubMed]

18. Steinstraesser, L.; Hauk, J.; Jacobsen, F.; Stricker, I.; Steinau, H.U.; Al-Benna, S. Establishment of a synovial sarcoma model in
athymic nude mice. In Vivo 2011, 25, 165-169.

19. Ferrari, A.; Gronchi, A.; Casanova, M.; Meazza, C.; Gandola, L.; Collini, P; Lozza, L.; Bertulli, R.; Olmi, P; Casali, P.G. Synovial
sarcoma: A retrospective analysis of 271 patients of all ages treated at a single institution. Cancer 2004, 101, 627-634. [CrossRef]

20. Steinstraesser, L.; Agarwal, R.; Stricker, I.; Steinau, H.-U.; Al-Benna, S. Biphasic synovial sarcoma of the extremity: Quadruple
approach of isolated limb perfusion, surgical ablation, adipofascial perforator flap, and radiation to avoid amputation. Case Rep.
Oncol. 2011, 4, 222-228. [CrossRef]

21. Stacchiotti, S.; Van Tine, B.A. Synovial Sarcoma: Current Concepts and Future Perspectives. J. Clin. Oncol. 2017, 36, 180-187.
[CrossRef]

22. Krieg, A.H.; Hefti, F; Speth, B.M.; Jundt, G.; Guillou, L.; Exner, U.G.; Von Hochstetter, A.R.; Cserhati, M.D.; Fuchs, B.; Mouhsine,
E.; et al. Synovial sarcomas usually metastasize after >5 years: A multicenter retrospective analysis with minimum follow-up of
10 years for survivors. Ann. Oncol. 2011, 22, 458-467. [CrossRef] [PubMed]

23. Linch, M.; Miah, A.B.; Thway, K.; Judson, L.R.; Benson, C. Systemic treatment of soft-tissue sarcoma-gold standard and novel

therapies. Nat. Rev. Clin. Oncol. 2014, 11, 187-202. [CrossRef]


http://doi.org/10.1007/s11864-021-00914-4
http://doi.org/10.1186/s12957-017-1165-9
http://www.ncbi.nlm.nih.gov/pubmed/29383713
http://doi.org/10.1016/j.jtcvs.2017.02.061
http://www.ncbi.nlm.nih.gov/pubmed/28395901
http://doi.org/10.1002/jso.25115
http://www.ncbi.nlm.nih.gov/pubmed/29953623
http://doi.org/10.1016/j.soc.2016.05.005
http://doi.org/10.1111/his.12267
http://www.ncbi.nlm.nih.gov/pubmed/24164390
http://doi.org/10.1093/jjco/hyy157
http://www.ncbi.nlm.nih.gov/pubmed/30423153
http://doi.org/10.1148/rg.2018180017
http://www.ncbi.nlm.nih.gov/pubmed/30207935
http://doi.org/10.1148/radiol.2017161659
http://doi.org/10.3390/curroncol28030177
http://doi.org/10.1097/COC.0b013e31823fe450
http://doi.org/10.1016/j.anndiagpath.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25438927
http://doi.org/10.1016/S1092-9134(98)80042-7
http://doi.org/10.1111/j.1365-2559.2004.01780.x
http://doi.org/10.2214/AJR.11.8039
http://www.ncbi.nlm.nih.gov/pubmed/22826423
http://doi.org/10.1002/cncr.20386
http://doi.org/10.1159/000327845
http://doi.org/10.1200/JCO.2017.75.1941
http://doi.org/10.1093/annonc/mdq394
http://www.ncbi.nlm.nih.gov/pubmed/20716627
http://doi.org/10.1038/nrclinonc.2014.26

J. Clin. Med. 2021, 10, 5956 12 of 12

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Spurrell, E.L.; Fisher, C.; Thomas, ].M.; Judson, I.R. Prognostic factors in advanced synovial sarcoma: An analysis of 104 patients
treated at the Royal Marsden Hospital. Ann. Oncol. 2005, 16, 437-444. [CrossRef]

Baker, L.H.; Frank, J.; Fine, G.; Balcerzak, S.P,; Stephens, R.L.; Stuckey, W.J.; Rivkin, S.A.; Saiki, J.; Ward, J.H. Combination
chemotherapy using adriamycin, DTIC, cyclophosphamide, and actinomycin D for advanced soft tissue sarcomas: A randomized
comparative trial. A phase III, Southwest Oncology Group Study (7613). J. Clin. Oncol. 1987, 5, 851-861. [CrossRef] [PubMed]
Edmonson, J.H.; Ryan, LM.; Blum, R.H.; Brooks, J.S.; Shiraki, M.; Frytak, S.; Parkinson, D.R. Randomized comparison of
doxorubicin alone versus ifosfamide plus doxorubicin or mitomycin, doxorubicin, and cisplatin against advanced soft tissue
sarcomas. J. Clin. Oncol. 1993, 11, 1269-1275. [CrossRef] [PubMed]

Santoro, A.; Tursz, T.; Mouridsen, H.; Verweij, J.; Steward, W.; Somers, R.; Buesa, J.; Casali, P.; Spooner, D.; Rankin, E. Doxorubicin
versus CYVADIC versus doxorubicin plus ifosfamide in first-line treatment of advanced soft tissue sarcomas: A randomized
study of the European Organization for Research and Treatment of Cancer Soft Tissue and Bone Sarcoma Group. J. Clin. Oncol.
1995, 13, 1537-1545. [CrossRef]

Steward, W.P; Verweij, J.; Somers, R.; Spooner, D.; Kerbrat, P.; Clavel, M.; Crowther, D.; Rouesse, J.; Tursz, T.; Tueni, E.
Granulocyte-macrophage colony-stimulating factor allows safe escalation of dose-intensity of chemotherapy in metastatic adult
soft tissue sarcomas: A study of the European Organization for Research and Treatment of Cancer Soft Tissue and Bone Sarcoma
Group. J. Clin. Oncol. 1993, 11, 15-21. [CrossRef]

Van Glabbeke, M.; Van Oosterom, A.T.; Oosterhuis, ] W.; Mouridsen, H.; Crowther, D.; Somers, R.; Verweij, J.; Santoro, A.; Buesa,
J.; Tursz, T. Prognostic factors for the outcome of chemotherapy in advanced soft tissue sarcoma: An analysis of 2185 patients
treated with anthracycline-containing first-line regimens—A European Organization for Research and Treatment of Cancer Soft
Tissue and Bone Sarcoma Group Study. J. Clin. Oncol. 1999, 17, 150-157. [PubMed]

Tascilar, M.; Loos, W.J.; Seynaeve, C.; Verweij, ].; Sleijfer, S. The pharmacologic basis of ifosfamide use in adult patients with
advanced soft tissue sarcomas. Oncologist 2007, 12, 1351-1360. [CrossRef] [PubMed]

Loi, M.; Duijm, M.; Baker, S.; Rossi, L.; Grunhagen, D.; Verhoef, C.; Nuyttens, ]. Stereotaatic body radiotherapy for oligometastatyic
soft tissue sarcoma. Radiol med. 2018, 123, 871-878. [CrossRef] [PubMed]

Rosen, G.; Forscher, C.; Lowenbraun, S.; Eilber, F.; Eckardt, J.; Holmes, C.; Fu, Y.S. Synovial sarcoma. Uniform response of
metastases to high dose ifosfamide. Cancer 1994, 73, 2506-2511. [CrossRef]

Borden, E.C.; Amato, D.A.; Rosenbaum, C.; Enterline, H.T.; Shiraki, M.].; Creech, R.H.; Lerner, H.].; Carbone, P.P. Randomized
comparison of three adriamycin regimens for metastatic soft tissue sarcomas. J. Clin. Oncol. 1987, 5, 840-850. [CrossRef] [PubMed]
Reichardt, P; Tilgner, J.; Hohenberger, P.; Doérken, B. Dose-intensive chemotherapy with ifosfamide, epirubicin, and filgrastim
for adult patients with metastatic or locally advanced soft tissue sarcoma: A phase II study. J. Clin. Oncol. 1998, 16, 1438-1443.
[CrossRef]

Italiano, A.; Penel, N.; Robin, Y.M.; Bui, B.; Le Cesne, A.; Piperno-Neumann, S.; Tubiana-Hulin, M.; Bompas, E.; Chevreau, C,;
Isambert, N.; et al. Neo/adjuvant chemotherapy does not improve outcome in resected primary synovial sarcoma: A study of the
French Sarcoma Group. Ann. Oncol. 2009, 20, 425-430. [CrossRef] [PubMed]

Tetta, C.; Rocca, M.; Salone, M.; Longhi, A.; Ferrari, C.; Londero, E; Parise, G.; Parise, O.; Giugliano, A.; Maessen, ].G.; et al.
Predictors of lung recurrence and disease-specific mortality after pulmonary metastasectomy for soft tissue sarcoma. Surg. Oncol.
2021, 37, 101532. [CrossRef] [PubMed]

Gao, Y,; Bergman, I. Potent Antitumor T-Cell Memory Is Generated by Curative Viral Oncolytic Inmunotherapy but Not Curative
Chemotherapy. Anticancer Res. 2018, 38, 6621-6629. [CrossRef] [PubMed]

Shibayama, Y.; Tsukahara, T.; Emori, M.; Murata, K.; Mizushima, E.; Hirohashi, Y.; Kanaseki, T.; Nakatsugawa, M.; Kubo, T.;
Yamashita, T.; et al. Implication of chemo-resistant memory T cells for immune surveillance in patients with sarcoma receiving
chemotherapy. Cancer Sci. 2017, 108, 1739-1745. [CrossRef]


http://doi.org/10.1093/annonc/mdi082
http://doi.org/10.1200/JCO.1987.5.6.851
http://www.ncbi.nlm.nih.gov/pubmed/3295129
http://doi.org/10.1200/JCO.1993.11.7.1269
http://www.ncbi.nlm.nih.gov/pubmed/8315424
http://doi.org/10.1200/JCO.1995.13.7.1537
http://doi.org/10.1200/JCO.1993.11.1.15
http://www.ncbi.nlm.nih.gov/pubmed/10458228
http://doi.org/10.1634/theoncologist.12-11-1351
http://www.ncbi.nlm.nih.gov/pubmed/18055856
http://doi.org/10.1007/s11547-018-0912-5
http://www.ncbi.nlm.nih.gov/pubmed/29923086
http://doi.org/10.1002/1097-0142(19940515)73:10&lt;2506::AID-CNCR2820731009&gt;3.0.CO;2-S
http://doi.org/10.1200/JCO.1987.5.6.840
http://www.ncbi.nlm.nih.gov/pubmed/3585441
http://doi.org/10.1200/JCO.1998.16.4.1438
http://doi.org/10.1093/annonc/mdn678
http://www.ncbi.nlm.nih.gov/pubmed/19088169
http://doi.org/10.1016/j.suronc.2021.101532
http://www.ncbi.nlm.nih.gov/pubmed/33639455
http://doi.org/10.21873/anticanres.13029
http://www.ncbi.nlm.nih.gov/pubmed/30504370
http://doi.org/10.1111/cas.13319

	Introduction 
	Material and Methods 
	Patient Population 
	Definitions and Classifications 
	Statistical Analysis 

	Results 
	Patient Population 
	Chemotherapy 
	Survival Analysis 
	Chemotherapy as a Predictor of Death 

	Discussion 
	Limitations 
	Conclusions 
	References

