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A B S T R A C T

Introduction: Small cell osteosarcoma (SCOS) is a rare subtype of osteosarcoma, with limited studies mainly
focusing on histological features. Our study aims to analyze our own patients and those reported in the literature
to increase the recognition of this rare disease, to evaluate patient survival and to further determine potential
prognostic factors.
Material and methods: Twenty patients with SCOS were treated in our hospital between 2010 and 2019. Their
follow-up data were collected retrospectively. A total of 336 literature cases from 58 manuscripts were retrieved
by means of a PubMed search with the key word “small cell osteosarcoma”. Data pertaining to treatment and
follow-up were extracted. We performed a pooled analysis for the survival of patients and the risk factors for
local recurrence (LR), as well as metastatic disease (MD), in a total of 160 patients using the Kaplan-Meier
method and Cox regression method.
Results: We reported our experience in diagnosing and treating SCOS. In our cases, elevated alkaline phos-
phatase (P=0.013) and lactate dehydrogenase (P= 0.001) significantly impaired overall survival. In the
pooled analysis, SCOS was diagnosed at the median age of 17 years and affected both sexes almost equally. The
median follow-up duration was 19.5 months. In the pooled analysis cases, the 5-year overall survival rate was
38.6%, and 36.4% of patients survived 10 years. However, an increasing trend was detected, indicating recent
improvements in management. The surgical margin status (P= 0.024) and metastases (P=0.008) significantly
impaired overall survival, and the response to chemotherapy was related to disease-free survival (P= 0.012). LR
and MD were significantly correlated (P=0.002) and could be observed after 5 years of follow-up. LR was
significantly dependent on response to chemotherapy (P=0.020). The development of MD seemed to be af-
fected by response to chemotherapy (P= 0.060). Correlations between imaging features and prognosis were not
detected.
Conclusions: This study suggested that positive margins, poor response to chemotherapy and MD are negative
prognostic factors for SCOS, implied the potential role of laboratory examinations in the survival prediction and
supported the need for prolonged or more intensive surveillance in patients with MD or LR. More well-docu-
mented literatures are encouraged to allow further confirmations.

1. Introduction

Small cell osteosarcoma (SCOS), a rare subtype of osteosarcoma,
was first described as a distinct clinicopathological entity as a form of
“osteosarcoma with small cells simulating Ewing’s sarcoma” by Sim

et al [1]. It is generally believed to account for 1.5% of all osteo-
sarcomas, with more than half occurring in the metaphysis of long
bones. SCOS affects patients aged 5 to 83 years and is most frequently
seen in patients in their second or third decades of life, with a slight
predominance in females [2].

https://doi.org/10.1016/j.jbo.2020.100305
Received 22 April 2020; Received in revised form 27 June 2020; Accepted 28 June 2020

Abbreviations: ALP, alkaline phosphatase; CT, computed tomography; DFS, disease-free survival; LDH, lactate dehydrogenase; LR, local recurrence; MD, metastatic
disease; MRI, magnetic resonance imaging; OS, overall survival; SCOS, small cell osteosarcoma

⁎ Corresponding authors.
E-mail addresses: liuyuanblz@aliyun.com (H. Zhang), yaoweiwuhuan@163.com (W. Yao).

1 Jingyu Zhong and Yangfan Hu contributed equally to this article.

Journal of Bone Oncology 24 (2020) 100305

Available online 15 July 2020
2212-1374/ © 2020 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/BY-NC-ND/4.0/).

T

http://www.sciencedirect.com/science/journal/22121374
https://www.elsevier.com/locate/jbo
https://doi.org/10.1016/j.jbo.2020.100305
https://doi.org/10.1016/j.jbo.2020.100305
mailto:liuyuanblz@aliyun.com
mailto:yaoweiwuhuan@163.com
https://doi.org/10.1016/j.jbo.2020.100305
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbo.2020.100305&domain=pdf


SCOS is composed of small cells with scant cytoplasm associated
with osteoid production [2] and is histologically difficult to distinguish
from other small round cell malignancies, especially Ewing’s sarcoma,
malignant lymphoma and mesenchymal chondrosarcoma [3]. Calcifi-
cation in the intramedullary cavity or an associated extraosseous soft-
tissue mass, reflecting the osteoid matrix produced by tumor cells, oc-
curs frequently and is helpful for the differential diagnosis of SCOS from
other small cell tumors [4,5]. Occasionally, nonrepresentative histology
sections have demonstrated sheets with no tumor osteoid production,
which might lead to misinterpretation as Ewing’s sarcoma; however,
uncorrelated radiological features indicating new tumor bone may
eliminate that diagnosis [6]. Other radiographic features are not dis-
tinctive, such as permeative lytic bone destruction, a soft-tissue mass
and periosteal reaction, since they are similar to conventional osteo-
sarcomas [4]. To the best of our knowledge, most of the previous stu-
dies on SCOS focused on histological features, and imaging features
were not the major consideration [1,6–15].

The most important reasons for making the distinction between
SCOS and other small cell tumors are therapy and the related prognosis
[1]. Exquisitely radiosensitive Ewing’s sarcomas require radiation for
local control, but osteosarcomas are almost always insensitive to
radiotherapy [15]. As Nakajima et al [11] reported, the 5-year survival
rate in their institute was only 28.6% based on an analysis of all of their
cases, but patients treated since 1975 might benefit from che-
motherapy, which showed a statistically significant advantage in sur-
vival. A similar trend might be reflected by results reported recently.
The studies reported that the survival rate of SCOS was 41.6% for
5 years in 2004 [16] and 52.6% for 10 years in 2015 [17], implying an
improvement in survival. However, limited studies with a survival
analysis of SCOS have been documented so far [1,12], and related
factors have seldom been analyzed. Therefore, it is necessary to clarify
the factors that might be related to prognosis.

To increase the recognition of this rare disease, we reported our
experience in diagnosing and treating SCOS in 20 patients. Moreover,
we attempted to evaluate their survival rate and further determine re-
lated factors based on a detailed literature review and our own ex-
periences.

2. Materials and methods

We retrospectively reviewed 20 patients with pathologically proven
SCOS who had been treated in our institution between 2010 and 2019

(Fig. 1). The diagnosis was established based on a biopsy and confirmed
by surgery if operation was performed. Molecular investigations were
performed to approach the diagnosis if necessary. All images were re-
viewed by two radiologists, and the tumor features were recorded based
on expert consensus. The lesion was staged according to the surgical
staging system established by Enneking et al [18]. Tumor necrosis was
graded based on various axial sections, and patients were divided into
good or poor responders [19]. The relevant clinical features and
treatment information were retrospectively collected. All patients were
followed-up by imaging examinations on an outpatient basis.

The literature review was performed via the PubMed, China
National Knowledge Infrastructure and Wanfang Data databases with
“small cell osteosarcoma” as the keyword. Studies in languages other
than English, Japanese, German or Chinese and those published before
1979 were excluded. The initial search found 50 studies in Chinese and
280 studies in English after exclusion of duplicates. The titles and ab-
stracts were screened to determine eligibility, full texts were reviewed,
and study data were extracted. The reference lists of the included stu-
dies were screened for additional potentially eligible articles. In total,
58 manuscripts with 336 cases were identified [6–9,11–14,20–67].
Follow-up information was available for 140 patients (Fig. 2).

All analyses were performed using SPSS version 22.0 (SPSS Inc.,
Chicago, IL, USA). The data of current cases were merged with the
literature data. All cases with missing data were excluded from the
analysis. Continuous variables were reported as the median and range,
and categorical variables were reported as percentages and frequency
distributions; the chi-square test was used for categorical variables, and
Fisher’s exact test was used for those groups with small sample sizes.
Survival analysis was estimated using the Kaplan-Meier method based
on available patient-level data. Significance analysis was performed by
the log-rank test or chi-square test using a 95% confidence interval.
Multivariate analysis by the Cox regression method was used for
prognostic factors that had statistical significance in prior analyses. All
of the statistical tests were 2-sided, and a P value of < 0.05 was con-
sidered statistically significant.

The ethics committee of our institution approved this study, and it
conformed to the provisions of the Declaration of Helsinki. The re-
quirement for informed consent was waived because of the retro-
spective nature of the study using deidentified patient data.

Fig. 1. Flowchart of patient inclusion. Twenty patients with pathologically proven small cell osteosarcoma who had been treated in our institution between 2010 and
2019 were included.
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3. Results

3.1. Current cases

The detailed clinical characteristics of patients are summarized in
Table 1. Sixteen males and four females were enrolled in our study with
a median age of 23 years, ranging from 8 to 69 years. The most fre-
quently involved site was the femur. In fifteen cases involving long
bones, nine cases involved the metaphysis. Patients presented with
pain, masses and swelling. Notably, there was one patient with a family
history of cancer and another patient with a history of radiation
therapy.

For laboratory examinations, 12 out of 20 patients had an elevated
alkaline phosphatase (ALP) level; 9 out of 20 patients had an elevated
lactate dehydrogenase (LDH) level before treatment. Eight patients
demonstrated both abnormal ALP and LDH levels.

On radiographs or CT scans, all tumors showed a slight lytic com-
ponent and six presented with an associated osteogenic component
(Fig. 3 A-B). Matrix mineralization was found in sixteen of the tumors,
ten of which showed mineralization in the associated soft-tissue mass to
support the diagnosis of osteosarcoma (Fig. 3 C). Periosteal reaction
was detected in thirteen of our cases, and pathologic fracture was found
in nine cases. On MRI, tumors were typically isointense to hypointense
homogeneous lesions on T1-weighted imaging and hyperintense het-
erogeneous lesions on T2-weighted imaging compared to muscle. After
contrast administration, most tumors exhibited an intermediate to no-
table heterogeneous enhancement pattern. A soft-tissue mass was de-
tected in fifteen cases, and slight soft tissue edema was found in eight
cases (Fig. 3 D-F).

Pathological diagnoses were confirmed in nineteen cases after sur-
gery and in one case with biopsy. Grossly, the tumors showed a gray-

white appearance with invasive growth patterns. Histologically, round,
oval or short spindle tumor cells were distributed in a patchy or diffuse
manner with unclear cell boundaries. The presence of osteoid produc-
tion directly by the small tumor cells was detected in all cases and is the
most distinctive feature conferring the diagnosis of osteosarcoma (Fig. 3
G). The osteoid deposition was scantly distributed in a lace-like pattern,
and broad sheets of osteoid were not found. Immunohistochemically,
STAB2 (19/19) and vimentin (16/16) were positive in all cases, and
two-thirds of all cases expressed CD99 (12/18); S-100, CK, CD45, Syn
and SMA immunoreactions were seldom detected. In two cases, the
EWSR1 gene test was performed, and no rearrangement was detected.

All patients were treated under the direction of a multidisciplinary
team. Nineteen patients received neoadjuvant chemotherapy before
surgery, and one of the patients was further treated with transcutaneous
arterial embolization. Eighteen patients were treated with surgical re-
section after chemotherapy, one patient came to us only for palliative
care, while one patient refused surgery due to initial lung metastasis
and poor general condition. Sixteen patients continued to receive ad-
juvant chemotherapy after surgical treatment, and one patient also
underwent radiotherapy. Three patients underwent reoperation.

In nineteen patients treated with chemotherapy, eighteen of them
received chemotherapy with an optimized osteosarcoma-directed dox-
orubicin- or pirarubicin-based protocol [68,69]; one of them received
an Ewing’s sarcoma-directed chemotherapy [70], due to misdiagnosis.
After surgery, the pathologists corrected their diagnosis to SCOS. Then
the patient received an adjuvant chemotherapy with doxorubicin
-based protocol with a delay of 2months.

Follow-up information was available for all patients. The median
duration of follow-up was 21months, ranging from 4 to 126months.
Local recurrence (LR) was detected in six patients, and one of them
experienced LR twice; metastatic disease (MD) was found in ten

Fig. 2. Flowchart of pooled analysis. A total of 336 cases of small cell osteosarcoma extracted from 58 manuscripts were identified. A total of 140 patients with
follow-up information and 20 patients in our institution were pooled and analyzed.
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patients. The predominant site of MD was the lung.
The median disease-free survival (DFS) was 18months, and the

median overall survival (OS) was 21months. The 5-year survival rate
was 41.7% in our case series. Abnormal ALP was found to be related to
MD (p=0.010) and negatively influenced DFS (7.0 vs not evaluable,
p= 0.005). Abnormal LDH and ALP both had negative impacts on OS
(7 vs 21months, p= 0.013; 7 vs 21months, p= 0.001).

3.2. Pooled analysis of data

A total of 336 cases were identified, including 154 males, 161 fe-
males and 21 patients of unknown gender (Table 2). Taking our own 20
cases into consideration, the gender ratio was 1.03:1 (170 male and 165
female). The median age at the time of diagnosis was 17 years, ranging
from 5 to 83 years. The most affected site was the femur (35.9%), fol-
lowed by the tibia and pelvis (Fig. 4). Tumor size was available for 29
patients and ranged from 2 to 27.2 cm, with a median of 7.5 cm. Ima-
ging features were available for 46 patients. A total of 36.7% (11/30) of
patients had pathological fractures, 73.8% (31/42) had periosteal re-
actions, and 73.9% (34/46) showed mineralization.

Outcome data could be obtained for 173 cases (51.5%) (Table 2).
Sixty-two patients (35.8%) were alive with no evidence of disease, 22
patients (12.7%) were alive with LR or MD, and 89 patients (51.4%)
died due to the disease. Thirteen patients experienced LR, and MD was
detected in 66 cases. The primary site for MD was the lung.

However, detailed follow-up data were only available for 160 cases
(47.6%) and further pooled for analysis. The median follow-up duration

was 20months, ranging from 1 to 216months. The median DFS and OS
were 26 and 36months, respectively (Fig. 5). In total, 38.6% of cases
survived 5 years, and only 36.4% of patients survived 10 years. The 5-
year survival rate has been on the rise in recent years. Only 14.3% of
patients survived for 5 years before 1980, while from 1980 to 2000, the
percentage was 40.6%, and after 2000, it was 50.0%.

Treatment modalities could be evaluated in all these cases. A total of
126 patients (78.8%) underwent surgery. R0 resection was achieved in
82 cases (65.1%), R1/2 resection was achieved in 32 cases (25.4%), and
the margins remained unknown in 12 cases (9.5%). Of the 33 patients
who refused surgery, ten were treated with both chemotherapy and
radiotherapy, ten with only chemotherapy, nine with only radiotherapy
and four refused any treatment. Neoadjuvant chemotherapy was ad-
ministered in 52 patients (32.5%); the tumor necrosis percentage was
available in 31 patients. Thirteen patients were classified as good re-
sponders, and 18 patients were classified as poor responders.

In the group of pooled analysis cases, twelve patients (7.5%) ex-
perienced LR in the median 10.5 months, ranging from 2 to 192months,
after resection of the tumor. The correlation between the surgical
margin and LR could not be detected (p= 0.288), while response to
chemotherapy was related to LR (p=0.020). LR showed no significant
influence on OS (p=0.138).

In the pooled analysis cases, 62 patients (38.8%) had MD. Six of the
MD cases were discovered at the time of diagnosis; 36 patients devel-
oped metastases during the median follow-up time of 10months, ran-
ging from 1 to 168months; and the time until detection of 20 patients
was unknown. A significant correlation was found between MD and LR

Fig. 3. Radiological and pathological findings of
SCOS. A-B, Case 17, an 8-year-old boy.
Radiograph and CT scan showed a lytic lesion of
the right distal femur with an associated soft-
tissue mass with an osteogenic component.
Periosteal reaction was detected. C-G, Case 20, a
69-year-old male. CT scan demonstrated a soft-
tissue mass with mineralization associated with
the left ilium (C). The tumor was found to be
homogeneously isointense on T1-weighted ima-
ging and heterogeneously hyperintense on T2-
weighted imaging when compared to muscle (D,
E). A significant heterogeneous peripheral en-
hancement pattern was detected after contrast
administration (F). High-magnification images
(hematoxylin-eosin staining, 400×) showed
short spindle-shaped tumor cells with osteoid
production (G).

J. Zhong, et al. Journal of Bone Oncology 24 (2020) 100305

5



Table 2
Included studies.

Author [Reference] Year Patients (n) Gender (M/
F)

Age (year) Outcome Follow-up
(months)

Local recurrence (LR) Metastatic disease (MD)

ANED AWD DOD LR (n) Time to LR
(months)

MD (n) Time to MD
(months)

Sim et al. [1] 1979 24 12/12 9–83; average
28

4 2 18 1–75; median
25.5

0 N/A 3 0–120; median
19

Martin et al. [7] 1982 6 1/5 6–31; median
15

4 0 2 0–120; median
22

0 N/A 1 13

Giangaspero et al. [20] 1984 1 0/1 8 1 0 0 24 0 N/A 1 N/A
Roessner et al. [21] 1985 1 0/1 29 0 0 1 204 1 192 1 168
Ediken et al. [6] 1987 13 5/8 6–28; median

15
5 3 5 2–84; median

20.5
0 N/A 4 6–24

Sanjay et al. [22] 1987 1 1/0 10 0 0 1 7 0 N/A 1 2
Stea et al. [15] 1988 8 2/6 6–31; median

17
3 1 4 10–216; median

57
1 60 5 9–120; median

22
Ayala et al. [9] 1989 27 12/15 6–28; median

14
12 1 14 1–115; median

20
0 N/A 17 N/A

Bertoni et al. [8] 1989 11 4/7 6–20; median
13

1 0 8 3–18; median 6 1 3 8 0–14; median 3

Nguera et al. [23] 1990 1 1/0 20 0 0 1 10 0 N/A 1 10
Dickersin et al. [24] 1991 4 3/1 17–39; median

25
0 2 2 4–78; median

12
0 N/A 1 72

Huang et al. [25] 1991 1 1/0 34 N/A N/A N/A N/A N/A N/A N/A N/A
Kyriakos et al. [26] 1992 1 1/0 15 1 0 0 57 0 N/A 0 N/A
Devaney et al. [27] 1993 16 N/A 16–28; average

19
N/A N/A N/A N/A N/A N/A N/A N/A

Stracca-Pansa et al. [28] 1994 4 3/1 3–11; mean
7.5

N/A 1 N/A N/A N/A N/A N/A N/A

Park et al. [29] 1995 1 0/1 8 N/A N/A N/A N/A N/A N/A N/A N/A
Robinson et al. [30] 1995 1 0/1 30 1 0 0 9 0 N/A 0 N/A
Nakajima et al. [11] 1997 72 39/33 5–71; median

20
4 0 14 3–199 0 N/A 1 53

Sipos et al. [31] 1997 1 0/1 16 1 0 0 48 0 N/A 0 N/A
Ye [32] 1997 1 1/0 40 N/A N/A N/A N/A N/A N/A N/A N/A
Tian et al. [33] 1998 1 1/0 14 N/A N/A N/A N/A N/A N/A N/A N/A
Lintz et al. [34] 1999 1 1/0 32 0 0 1 36 0 N/A 1 0
Mulligan et al. [35] 1999 1 1/0 63 0 0 1 26 0 N/A 1 17
Park et al. [36] 1999 1 0/1 37 N/A N/A N/A N/A N/A N/A N/A N/A
Todesco et al. [37] 2000 1 1/0 12 1 0 0 33 0 N/A 1 15
Nakamura et al. [38] 2001 1 1/0 36 1 0 0 95 0 N/A 1 48
Cai et al. [39] 2002 1 0/1 23 0 0 1 14 0 N/A 1 N/A
Zhang et al. [40] 2003 1 1/0 16 1 0 0 24 0 N/A 0 0
Nishio et al. [41] 2006 1 1/0 9 N/A N/A N/A N/A N/A N/A N/A N/A
Weng et al. [42] 2006 1 1/0 18 N/A N/A N/A N/A N/A N/A N/A N/A
Fang et al. [43] 2009 1 1/0 24 N/A N/A N/A N/A N/A N/A N/A N/A
Li et al. [44] 2009 1 0/1 32 1 0 0 12 0 N/A 0 0
Kallel et al. [45] 2009 1 1/0 14 N/A N/A N/A N/A N/A N/A N/A N/A
Yang et al. [46] 2009 1 1/0 31 1 0 0 24 0 N/A 0 N/A
Bishop et al. [13] 2010 5 N/A 11–37 1 1 2 up to 48 1 N/A 1 N/A
Machado et al. [14] 2010 10 4/6 5–48; median

28
N/A N/A N/A N/A N/A N/A N/A N/A

PosthumaDeBoer et al.
[47]

2010 1 1/0 30 1 0 0 6 0 N/A 1 N/A

Qi et al. [48] 2010 1 1/0 31 N/A N/A N/A N/A N/A N/A N/A N/A
Debelenko et al. [49] 2011 1 0/1 12 0 1 0 36 0 N/A 1 0
Uma et al. [50] 2011 1 0/1 28 N/A 1 N/A N/A N/A N/A N/A N/A
Ali et al. [51] 2012 1 0/1 36 0 1 0 5 0 N/A 1 0
Findik et al. [52] 2012 1 0/1 28 1 0 0 17 0 N/A 0 N/A
Futani et al. [53] 2012 1 1/0 11 1 0 0 48 0 N/A 0 N/A
Huang et al. [54] 2012 14 7/7 12–73; median

29
1 1 1 12–15; median

15
1 12 0 0

Jambhekar et al. [55] 2012 1 0/1 17 0 1 0 9 0 N/A 1 5
Pugi et al. [56] 2012 1 1/0 11 1 0 0 12 0 N/A 0 N/A
Kang et al. [57] 2013 1 1/0 16 0 0 1 42 1 10 1 10
Wan et al. [58] 2013 12 6/6 11–59; median

27
3 3 0 4–55; median

15.5
1 4 0 0

Sood et al. [59] 2014 1 0/1 60 1 0 0 6 0 N/A 0 N/A
Zhang et al. [60] 2014 1 0/1 40 1 0 0 36 0 N/A 0 N/A
Agarwal et al. [61] 2015 1 0/1 16 0 0 1 6 0 N/A 0 0
Handa et al. [62] 2015 1 1/0 10 1 0 0 6 0 N/A 0 N/A
Righi et al. [12] 2015 36 17 7–72 N/A N/A N/A N/A N/A N/A N/A N/A
Chen et al. [63] 2017 1 0/1 5 N/A N/A N/A N/A N/A N/A N/A N/A
Jeong et al. [64] 2017 1 1/0 31 1 0 0 73 0 N/A 0 N/A
Wang et al. [65] 2017 32 16/16 13–76; median

30
N/A N/A N/A N/A N/A N/A N/A N/A

(continued on next page)
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(p= 0.002). However, the correlation between the surgical margin
(p=0.180) and MD could not be detected but seemed to be affected by
response to chemotherapy and MD (p=0.060). MD negatively influ-
enced OS (18months vs not evaluable, p < 0.001).

With regard to DFS, response to chemotherapy was detected to be
significant in univariate analysis. With regard to OS, surgical margin,
response to chemotherapy and MD were all suggested to be significant
in univariate analysis with pooled data. However, in multivariate
analysis, only surgical margin and MD maintained statistical sig-
nificance (Table 3).

4. Discussion

4.1. Diagnostic consideration

SCOS has been defined as a small, round cell mesenchymal malig-
nancy whose characteristic trait is osteoid production directly by tumor
cells [1,12,14]. The age and skeletal distribution of SCOS were similar
to those of conventional osteosarcoma [11]. In our study, this disease
affected the patients most in the second decade of life and arose most
frequently in the femur, but there was no obvious gender predominance
detected.

Imaging features of SCOS, including lytic bone destruction, soft-

Table 2 (continued)

Author [Reference] Year Patients (n) Gender (M/
F)

Age (year) Outcome Follow-up
(months)

Local recurrence (LR) Metastatic disease (MD)

ANED AWD DOD LR (n) Time to LR
(months)

MD (n) Time to MD
(months)

AbdullGaffar [66] 2018 1 0/1 32 N/A N/A N/A N/A N/A N/A N/A N/A
Syriac et al. [67] 2019 1 0/1 36 0 1 0 96 0 N/A 1 96
Current cases N/A 20 16/4 8–60; median

27
7 2 11 4–126; median

21
6 2–15; median

10.5
10 1–95; median 5.5

Total N/A 356 170/165 5–83; median
17

62 22 89 1–216; median
20

13 2–192; median
10.5

66 0–168; median
10

Abbreviations: AWD, alive with disease; ANED, alive with no evidence of disease; DOD, died of disease; F, female; LR, local recurrence; M, male; MD, metastatic
disease; N/A, not available.

Fig. 4. Location distribution of pooled analysis cases.
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tissue masses and periosteal reaction, were as frequently seen as in
conventional osteosarcoma [4]. Mineralization in the intramedullary
cavity or in an associated soft-tissue mass was a helpful diagnostic clue
implying that the lesion was producing osteoid matrix [4]. However,
this feature was not consistently typical for SCOS because there might
be little mineralized matrix produced [5]. In our study, most included
cases showed periosteal reactions, and more than one-third of patients
presented with pathological fractures. Mineralization, a useful feature
for distinguishing between SCOS and Ewing’s sarcoma [4], was de-
tected in most cases.

The diagnosis of SCOS is difficult, particularly in cases with
minimal, doubtful or absent osteoid production [5,12,14]. All of our
cases were diagnosed after the detection of osteoid production by small
tumor cells, according to the original definition established by Sim et al
[1]. In our study, pink-staining matrix material produce by small round
tumor cells, which was considered to be osteoid, were detected and
confirmed by experienced pathologists in all of our cases. We retro-
spectively performed the STAB2 immunostaining to further confirm our
findings, except for one case whose sample was not available. All
stained cases were positive with SATB2 expression, which is believed to
provide one of the key diagnostic clues to distinguish small cell osteo-
sarcomas from other small round cell malignancies of bone [12].

Nonetheless, in the absence of a specific immunoprofile or a known
common molecular denominator, differential diagnosis of SCOS has
been challenging. The role of CD99 was inconclusive. Although Righi
et al [12] found that CD99 expression was consistently negative in their
cases, our findings and other studies [13,14] demonstrated that CD99
could be positive in some SCOS patients and thus should not be used to
distinguish SCOS from Ewing’s sarcoma or primitive neuroectodermal
tumors [3]. However, other immunoprofiles are useful in distinguishing
malignant lymphoma, metastatic small cell carcinoma and other small
cell malignancies [3].

The presence of particular molecular signatures led to several dis-
tinctive diseases [3]; on the other hand, no reproducible molecular
genetic abnormalities were detected in SCOS, but a minority of patients
shared either EWSR1 or BCOR rearrangements [3,12,14]. Only two
cases in our study used EWSR1 gene tests, and no specific genetic ab-
normalities were detected. Further molecular exploration such as RNA-
seq technique may detect transcripts associated with Ewing’s sarcoma,
mesenchymal chondrosarcoma, and other small cell tumors.

To date, osteoid production by tumor cells, STAB2 expression and
the absence of EWSR1 gene rearrangement are believed to enable the
recognition of SCOS in the appropriate clinical settings. SCOS-

associated particular molecular signatures has not been detected so far;
however, molecular exploration may help the pathologist to exclude
familiar small cell tumors.

4.2. Treatment and prognosis

The most important reason to distinguish SCOS from other small cell
tumors is the diversity of therapy. SCOS does not appear to be radio-
sensitive, and radical surgery and chemotherapy could offer the best
chance of a cure [1]. Similar to in conventional osteosarcoma, this in-
ference is currently widely accepted but only supported by limited
studies focusing on SCOS [1,6,11]. Our review of the literature implied
that replacement of radiotherapy with chemotherapy resulted in an
increasing trend for the survival rate of SCOS (Fig. 6) with a 5-year
survival rate over 40%, similar to the results of a database analysis in
2004 [16]. Moreover, the 10-year survival rate of 52.6% calculated in
2015 [17] might further reflect improvements in the treatment in re-
cent years.

We further determined prognosis-related factors, and therapy-re-
lated factors were the first concern. As a previous study discovered,
response to chemotherapy and a surgical margin had independent
prognostic value in osteosarcoma [71]. In the pooled analysis, a nega-
tive surgical margin was confirmed to be a beneficial factor for OS.
However, no relation between a surgical margin and LR was detected;
this outcome might be explained by limited LR cases and incomplete
records of margin status. The response to chemotherapy was found to
be related to LR and had a positive influence on DFS and OS in uni-
variate analysis. However, due to the respective nature of this study,
only 31 cases of tumor necrosis were analyzed; therefore, larger studies
are needed to verify this conclusion. Furthermore, some patients might
not have been appropriately diagnosed at the time they receive treat-
ment, and thus might have received Ewing’s sarcoma-directed che-
motherapy rather than osteosarcoma-directed chemotherapy. Several
various osteosarcoma-directed protocols used in different studies, as
another probable confounding factor, could bias the conclusion.

Metastasis at present was considered a negative predictor for the
prognosis of conventional osteosarcoma [71]; however, because only
six cases with primary metastases and more than one-third of cases with
undetermined metastatic time were recorded, the relationship between
primary metastases and OS was not examined. In ten cases, both MD
and LR occurred, indicating a significant correlation between MD and
LR. Five cases of MD were detected after 5 years, and two cases with LR
events were found at 60 and 192months during follow-up, supporting

Fig. 5. DFS and OS of the pooled analysis cases. A, Disease-free survival. B, Overall survival.
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the need for prolonged or more intensive surveillance in patients with
MD or LR. Only MD had a negative influence on OS and maintained
statistical significance in multivariate analysis, as indicated in a pre-
vious study [12].

The poor prognostic factors detected in SCOS, including positive
margins, poor response to chemotherapy and occurrence of MD, seemed
very overlapping with conventional high-grade osteosarcoma. On one
hand, although SCOS has a distinct histological appearance from con-
ventional osteosarcoma, this subtype of osteosarcoma may hold a si-
milar biological behavior to conventional ones. In our study, we also
found that the demographic characteristics, skeletal distribution of
SCOS were closed to those of conventional osteosarcoma. These find-
ings indicated that SCOS is a subtype of osteosarcoma, different from
other small cell tumors. On the other hand, the poor prognostic factors
detected in our study were commonly accepted as those for almost all
tumors. Therefore, it is acceptable that those are overlapping with
conventional osteosarcoma.

Two additional potential negative prognostic factors for SCOS were
ALP and LDH. In our own cases, abnormal levels of ALP and LDH were
found for the first time to be related to MD and negatively influence the
prognosis of SCOS, in accordance with previous findings in patients
with conventional osteosarcoma [72,73]. Meta-analyses demonstrated
that ALP and LDH were related with poor prognosis in osteosarcoma
patients, including event-free survival and overall survival [74,75].
Many researchers thought higher serum ALP and LDH level meant
heavier osteosarcoma burden, which implied worse prognosis [74,75].
However, a pooled analysis was unavailable since laboratory ex-
aminations were not the main consideration in case reports and series
of SCOS. The potential role of laboratory examinations in SCOS prog-
nosis prediction needs more well-documented studies to allow further
research.

We analyzed the role of imaging features in the prognosis of SCOS.
Although a recent study observed the occurrence of pathological frac-
ture to correlate with inferior OS in adult patients [76], the predictive
value of its presentation and other imaging features in the prognosis of
SCOS could not be detected.

4.3. Limitations and future directions

There are certain limitations in our study. As is the case with most of
the literature on this subject, only a small number of cases were
available. The heterogeneous quality of the published data and missing
follow-up details in more than half of the researched cases were the
main reasons for the inability to perform a precise statistical evaluation.
The lack of laboratory examination results and sparse imaging char-
acteristics did not allow us to obtain a more profound evaluation of the
influence of differentiation on prognosis. Chemotherapy with Ewing’s
sarcoma-directed protocol and various osteosarcoma-directed protocols
could affect the necrosis rate of tumor. Due to the retrospective nature
of this study, some prognostic factors were analyzed in small sub-
groups, such as necrosis rate of tumor, serum ALP and LDH levels. Thus,
the conclusion should be further confirmed. However, our study pro-
vided several statistically significant predictive factors in the prognosis
of SCOS, which will help obtain a more robust rationale to start a
protocol for osteosarcoma. The number of cases and incomplete details
limited the possibility of further analysis on this subject, and publica-
tion of well-documented case reports is encouraged to enable future
explorations.

5. Conclusion

To summarize, our study reported our experience in diagnosing and
treating SCOS in detail and discovered the potential role of ALP and
LDH in the prognosis of SCOS patients. In the pooled analysis, we de-
tected an increasing trend for the survival rate in SCOS and verified
positive margins, poor response to chemotherapy and occurrence of MDTa
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as negative predictors for the prognosis of SCOS. However, no imaging
features related to prognosis were found. MD and LR were significantly
correlated and could arise a dozen years after treatment, supporting the
need for prolonged or more intensive surveillance in patients with MD
or LR. Further analysis could be possible if more literature reporting
response to chemotherapy, laboratory examinations and imaging fea-
tures in detail, were available in future.
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