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High‑grade focal areas in low‑grade 
central osteosarcoma: high‑grade or still 
low‑grade osteosarcoma?
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Abstract 

Background:  High-grade foci (grade 3 according to Broder’s grading system) are sometimes detected in low-grade 
(grade 1 and 2) central osteosarcoma. The aim of this study was to retrospectively evaluate the clinical outcome in 
patients upgraded to high grade (grade 3) after a first diagnosis of low-grade osteosarcoma, following the detection 
of high-grade areas (grade 3) in the resected specimen.

Methods:  Of the 132 patients with a diagnosis of low-grade central osteosarcoma at surgical biopsy at our Institute, 
33 patients were considered eligible for the study.

Results:  Median age was 37 (range 13–58 years). Location was in an extremity in 29 patients (88 %). Post-operative 
chemotherapy was given in 22 (67 %) patients. Follow-up data were available for all patients, with a median observa-
tion time of 115 months (range 4–322 months). After histological revision, areas of high-grade (grade 3) osteosarcoma 
accounting for less than 50 % of the tumor were found in 20 (61 %) patients, whereas the majority of the tumor was 
composed of a high-grade (grade 3) component in 13 (39 %) patients. In the 20 cases of low-grade osteosarcoma 
with high-grade foci (grade 3) in less than 50 % of the tumor, 9 patients did not receive adjuvant chemotherapy; 
only one of them died, of unrelated causes. In the adjuvant chemotherapy group (11 out of 20 patients), one patient 
developed multiple lung metastases and died of disease 39 months after the first diagnosis. In the other 13 cases of 
low-grade osteosarcoma with high-grade foci (grade 3) in more than 50 % of the tumor, 12 patients received adjuvant 
chemotherapy: 2 had recurrence, 4 developed multiple lung metastases and 3 died of disease. The only patient who 
did not receive chemotherapy is alive without disease 232 months after complete surgical remission.

Conclusion:  Our data indicate that patients with a diagnosis of low-grade osteosarcoma where the high-grade 
(grade 3) component is lower than 50 % of the resected specimen, may not require chemotherapy, achieving high 
survival rates by means of complete surgical resection only.
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Background
The grading of malignant bone tumors has tradition-
ally been based on a combination of histologic diagnosis 
and Broder’s grading system, which assesses cellularity 
and degree of anaplasia [1]. The 7th edition of the AJCC 

Cancer Staging Manual recommends a 4 grade system, 
with grades 1 and 2 being considered “low-grade” and 
grades 3 and 4 “high-grade”. The World Health Organiza-
tion endorses the use of a two-tier system designating an 
osteosarcoma as low-grade (grades 1 and 2 in a four-tier 
system) or high-grade (grades 3 and 4 in a four-tier sys-
tem) [2].

Histologic grading of osteosarcoma has an important 
impact on clinical outcome: the risk of distant metasta-
ses is low in grade 1–2 (low-grade) and high in cases of 
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grade 3–4 (high-grade) osteosarcoma, making chemo-
therapy mandatory in patients with a diagnosis of grade 
3–4 (high-grade) osteosarcoma [3, 4].

Low-grade central osteosarcoma is an uncommon 
variant, accounting for approximately 1–2 % of all oste-
osarcomas composed of low-grade, mostly fibroblas-
tic, osteogenic proliferation featuring mild cytological 
atypia [5, 6]. The low-grade central osteosarcoma series 
published in the literature report an incidence of areas 
of high-grade osteosarcoma ranging between 10 and 
36 % of cases [3–5, 7–12]. Some authors regard the high-
grade component of low-grade central osteosarcoma as a 
separate entity from conventional high-grade osteosar-
coma, and consider it a form of morphologic progression 
(dedifferentiation) of a low-grade osteosarcoma [7–9, 11, 
12]. While this distinction is controversial and not uni-
formly accepted, it appears that low-grade tumors with 
focal high-grade progression actually behave differently 
than their conventional high-grade counterparts [7–9, 
11]. Unfortunately there are no established criteria (such 
as the percentage of the overall tumor with a high-grade 
component) to categorize these tumors as typical high-
grade (grade 3–4) osteosarcoma [3–5]. In principle, the 
presence of any high-grade area in a low-grade lesion 
makes the tumor high-grade, thereby prompting sys-
temic adjuvant treatment [13–15]. Nevertheless, there is 
little data in support of such therapeutic approach, and 
it is not well established whether low-grade (grade 1–2) 
central osteosarcoma with areas of high-grade (grade 
3) osteosarcoma actually differs from high-grade (grade 
3–4) osteosarcoma, with regard to rates of local recur-
rence, metastasis, and survival.

The aim of this study was to retrospectively evaluate 
the clinical outcome in patients who, after a first diagno-
sis of low-grade central osteosarcoma based on surgical 
biopsy, were upgraded to high-grade (grade 3) osteosar-
coma following evaluation of the surgical specimen at 
resection.

Methods
The medical records were retrieved of a consecutive 
series of patients diagnosed and treated for low-grade 
osteosarcoma (grade 1–2 according to Broder’s grading 
system) at the Rizzoli Institute, Bologna, Italy, between 
January 1981 and June 2014 (Fig.  1a, b). The resected 
specimens and radiological imaging were reviewed. No 
patients received preoperative chemotherapy. A state-
ment on consent to use the data for scientific purposes 
was obtained from all patients. Inclusion criteria were: 
(a) availability of the histologic slides of both the biopsy 
and surgical specimens, in which systematic mapping 
of the entire tumor featured a low-grade osteosarcoma 

according to the protocol for the examination of bone 
tumor specimens [16]. Three pathologists (A.R., M.G., 
A.D.T.) independently reviewed the slides stained with 
hematoxylin and eosin, evaluating diagnosis, subtype, 
and grade. On the basis of the predominant morphol-
ogy of the neoplastic cells and quality of the intercel-
lular matrix, osteosarcomas were classified in surgical 
specimens by the following subtypes: osteoblastic, chon-
droblastic and fibroblastic. Tumours were graded accord-
ing to the 4-tiered Broder’s grading system by assessing 
cellularity and degree of atypia [1]. Where high-grade 
(grade 3) areas were detected (defined as the presence of 
increased cellularity, absence of the typical architectural 
pattern of growth of low-grade osteosarcoma and higher 
nuclear atypia), tumor maps were examined and the per-
centage of high-grade (grade 3) areas scored (Fig. 2a–c).

After definitive surgical treatment, the use of postoper-
ative chemotherapy was mainly based on clinical experi-
ence, as no specific guidelines were available. For patients 
younger than 40  years, the chemotherapy regimen was 
based on the protocol adopted at the time for non meta-
static osteosarcoma. The remaining patients received a 
chemotherapy regimen without methotrexate and usu-
ally including doxorubicin, cisplatin and ifosfamide. All 
patients, regardless of the use of adjuvant chemotherapy, 
were followed up every 2–3 months in the first 2–3 years 
and then every 4–6  months. Survival analysis was per-
formed according to Kaplan–Meier. All analyses were 
performed using Stata/SE statistical software (version 
10.0; StataCorp LT, College Station, TX, USA).

Results
Of the 132 patients with a diagnosis of low-grade (grade 
1 and 2) osteosarcoma at surgical biopsy, 33 patients were 
considered eligible for the study. The clinical and patho-
logical features are summarized in Table  1. The median 
age was 37 years (range 13–58 years) with a slight preva-
lence of females. Most of the tumours were located in the 
extremities. The majority of the patients (26 cases, 79 %) 
had a diagnosis of fibroblastic osteosarcoma (of these, 4 
cases had the fibrous dysplasia-like variant), followed by 
osteoblastic osteosarcoma (5 cases, 15  %) and chondro-
blastic osteosarcoma (2 cases, 6 %). All patients were sur-
gically treated with wide surgical margins. Twenty-two 
(67 %) patients received adjuvant chemotherapy.

Follow-up data were available for all patients with 
a median observation time of 115  months (range 
4–322  months). Twenty (61  %) patients showed areas 
of high-grade (grade 3) osteosarcoma accounting for 
less than 50 % of the tumor, whereas 13 (39 %) patients 
showed a high-grade (grade 3) component in the major-
ity of the tumor (Table 1).
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Low‑grade osteosarcoma with high‑grade foci (grade 3 
in less than 50 % of the tumor: 20 patients)
None of the patients belonging to this group showed 
metastatic lesions at the staging workup. Adjuvant 
chemotherapy was not given to 9 (45  %) patients. One 
patient (case 8) showed a local recurrence in the soft tis-
sue 53  months after surgical resection. Recurrence was 
surgically removed and morphologically it was associ-
ated with progression to a higher grade (grade 4, fibro-
blastic and osteoblastic osteosarcoma). Therefore the 
patient received adjuvant chemotherapy and at the last 
follow-up (232  months after the surgical bone resec-
tion) is alive without disease. Another patient (case 18) 
developed a single bone metastasis in the thoracic verte-
bra, which was surgically removed. Morphologically the 
vertebral lesion showed the same features as the primi-
tive osteosarcoma (grade 2 fibroblastic osteosarcoma, 
fibrous dysplasia-like variant). The patient started adju-
vant chemotherapy and at the last follow-up (57 months 
after the surgical bone resection) is alive without disease. 
Another patient of this group (case 12) died of unrelated 

causes. The remaining patients are disease-free at last fol-
low-up. Adjuvant chemotherapy was given to 11 (55  %) 
patients. One patient (case 2) developed multiple lung 
metastases 13  months after surgery. Histologically, the 
lung metastases were diagnosed as grade 4 osteoblastic 

Fig. 1  a, b A low grade (grade 2) fibroblastic osteosarcoma, fibrous 
dysplasia-like variant (case no. 18)

Fig. 2  a–c An example of a case with high-grade (grade 3) areas 
characterized by the presence of increased cellularity, lack of typical 
architectural pattern of growth of low grade osteosarcoma and 
higher nuclear atypia
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osteosarcoma. After surgical resection of the lung metas-
tases the patient underwent second line chemotherapy 
and died of disease 39 months after the first diagnosis.

Overall 18 (90  %) of the 20 patients with an area of 
high-grade (grade 3) osteosarcoma accounting for less 
than 50 % of the tumor were alive without disease, none 

of the patients who did not receive adjuvant chemother-
apy died of disease. The median observation time was 
109 months (from 29 to 284 months). The probability of 
evidence-free survival and overall survival at 5 years was 
88 % (95 % CI 72–100 %) and 95 % (95 % CI 84–100 %), 
respectively.

Table 1  The clinical and  pathological features of  33 cases of  low-grade central osteosarcoma with  areas of  high-grade 
(grade 3)

Case Age/sex Site % high-grade 
(grade 3) areas

Histotype Adjuvant 
chemotherapy

Local recur‑
rence (months 
after surgery)

Metastases 
(months 
after surgery)

Follow-up 
(months 
after surgery)

1 56/F Distal femur 2 Osteoblastic No NED (55)

2 39/M Proximal humerus 4 Fibroblastic 
(fibrous 
dysplasia-like)

Yes Lung (13) DOD (39)

3 19/M Distal femur 4 Osteoblastic No NED (157)

4 34/F Proximal humerus 4 Fibroblastic No NED (120)

5 35/F Distal femur 4 Fibroblastic Yes NED (225)

6 44/M Proximal humerus 4 Fibroblastic Yes NED (56)

7 23/M Distal femur 4 Fibroblastic Yes NED (69)

8 25/F Distal femur 4 Fibroblastic No Yes (53) NED (284)

9 13/F Clavicle 9 Fibroblastic 
(fibrous 
dysplasia-like)

Yes NED (103)

10 22/F Proximal femur 9 Fibroblastic Yes NED (132)

11 32/F Proximal humerus 9 Fibroblastic No NED (109)

12 58/F Proximal femur 11 Fibroblastic No DOC (136)

13 27/M Proximal tibia 16 Fibroblastic No NED (231)

14 45/M Distal tibia 16 Fibroblastic Yes NED (45)

15 24/F Distal femur 16 Osteoblastic Yes NED (45)

16 41/M Proximal tibia 16 Osteoblastic No NED (89)

17 55/F Pelvis 31 Osteoblastic Yes NED (33)

18 28/M Proximal humerus 31 Fibroblastic 
(fibrous 
dysplasia-like)

No Bone thoracic 
vertebra (51)

NED (57)

19 50/M Distal femur 35 Fibroblastic No NED (262)

20 21/M Distal femur 40 Fibroblastic Yes NED (151)

21 42/M Proximal femur 51 Fibroblastic Yes Yes (21) Lung (46; 65) DOD (108)

22 38/F proximal humerus 51 Fibroblastic 
(fibrous 
dysplasia-like)

Yes NED (134)

23 59/M Proximal humerus 51 Fibroblastic Yes Lung (37; 85) NED (137)

24 35/F Distal ulna 51 Fibroblastic Yes NED (4)

25 25/M Lumbar vertebra 51 Fibroblastic Yes NED (10)

26 24/M Proximal humerus 51 Osteoblastic Yes NED (65)

27 40/M Proximal tibia 81 Fibroblastic Yes Lung (10) DOD (32)

28 53/F Proximal tibia 81 Fibroblastic Yes Yes (2) DOD (5)

29 46/F Distal femur 81 Fibroblastic Yes Lung (14;38;50) NED (132)

30 49/F Distal femur 81 Chondroblastic Yes NED (164)

31 42/F Pelvis 81 Fibroblastic Yes NED (27)

32 20/F Proximal femur 81 Chondroblastic No NED (250)

33 48/F Distal femur 81 Fibroblastic Yes NED (322)
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Low‑grade osteosarcoma with high‑grade foci (grade 3) 
in more than 50 % of the tumor (13 patients)
Twelve patients received adjuvant chemotherapy. Of 
these, two patients had recurrent disease in the soft tis-
sues (cases 21, 28) after 2 and 21  months of follow-up, 
respectively, and one of them (case 28) died of disease 
5 months after the surgical resection. Four patients devel-
oped lung metastases (cases 21, 23, 27, 29) after a mean 
follow-up of 27 months (range 10–46 months). Three of 
these 4 patients (cases 21, 23, 29) developed other multi-
ple lung metastases following the first lung metastasecto-
mies. Both the two recurrences and lung metastases were 
histologically associated with progression to a higher 
grade (grade 4) osteosarcoma.

Two of 4 patients with lung metastases (cases 21, 27) 
died of disease after 108 and 32 months, respectively. The 
patient (case 32) who did not receive chemotherapy is 
alive without disease 232 months after complete surgical 
remission.

Overall 10 (77  %) of the 13 patients with areas of 
high-grade (grade 3) osteosarcoma accounting for more 
than 50  % of the tumor were alive without disease, 5 
(38.5  %) patients experienced recurrent disease, with 
distant metastases in 4 and local recurrence in only one 
patient. The median observation time was 120 months 
(from 4 to 322  months). The probability of evidence-
free survival and overall survival at 5  years was 68  % 
(95  % CI 42–94  %) and 83  % (95  % CI 61–100  %), 
respectively.

Discussion
The grading of osteosarcoma is based on morphologic 
observation of a set of parameters that have proved rel-
atively reproducible [1, 2, 4]. Some discrepancies are 
unavoidable when comparing biopsy material with the 
corresponding surgical specimen, in which variable 
amounts of higher grade malignancy can be seen. It is 
our experience that areas of high-grade (grade 3) osteo-
sarcoma can be found in patients with a bioptic diagnosis 
of low-grade (grade 1–2) osteosarcoma, even when the 
biopsy was obtained from the site showing the greatest 
aggressiveness on imaging studies [6–8, 17, 18].

Interestingly, the group of patients forming the study 
population exhibit clinical features that differ from those 
observed in patients with conventional high-grade oste-
osarcoma. The age of our patients was higher than the 
age reported for classic osteosarcoma, with most of the 
patients being adults [1, 2, 4]. Another observed differ-
ence was the histologic subtype. It is well known that 
osteoblastic osteosarcoma is the most frequent subtype 
[1, 2, 4], whereas most low-grade osteosarcomas with 
high-grade areas were fibroblastic osteosarcoma.

High-grade dedifferentiation or progression to a higher 
grade in low-grade central osteosarcoma represents an 
exceedingly rare event, which can be seen in the primary 
tumor, but more commonly in recurrences [7–12, 19]. 
Our series reports a 25  % rate of progression to high-
grade (grade 3) osteosarcoma (33/132 cases), which to 
some extent overlaps with the range of 10–36 % of cases 
reported in the literature [3–5, 7–12]. Previous reports 
have documented the association between inadequate 
surgical resection, local recurrence, and morphologic 
progression to higher grade, which was associated with a 
poor prognosis [7, 8, 19]. While surgery alone is deemed 
adequate for low-grade central osteosarcoma, even in the 
absence of published guidelines, the addition of chemo-
therapy is being suggested as an option for those patients 
featuring areas of histologic progression (also defined by 
some authors as dedifferentiation) [7–15, 19].

This study shows that the presence of areas of high-
grade (grade 3) progression in patients with low-grade 
osteosarcoma does not by itself imply biological systemic 
aggressiveness. Furthermore we have shown a correlation 
between the percentage of high-grade (grade 3) areas and 
risk of metastatic spread. In our retrospective analysis, 
those patients with low-grade osteosarcoma with a high-
grade (grade 3) component of less than 50 % of the tumor 
did in fact have a very high probability of survival regard-
less of the use of adjuvant chemotherapy. By contrast, 
the clinical behaviour of tumors featuring a high-grade 
(grade 3) osteosarcoma component greater than 50  % 
overlaps with that reported for conventional high-grade 
osteosarcoma [1, 2, 4, 17, 18].

In surgical pathology it is broadly accepted that 
the grade of any tumor is based on the highest grade 
observed in the surgical specimen [20]. Our study seems 
to suggest that this general rule cannot be applied sys-
tematically to all osteosarcomas.

The standard treatment of high-grade (grade 3–4) oste-
osarcoma is surgical removal of the tumor and adjuvant 
(or neo-adjuvant) chemotherapy [3, 13–15]. A pathology 
report describing areas of high-grade (grade 3–4) osteo-
sarcoma would currently represent the rationale for the 
use of chemotherapy [3, 13–15].

Conclusion
Our data indicate that not all patients with a diagnosis of 
osteosarcoma featuring a high-grade (grade 3) compo-
nent would benefit from systemic treatment. In particu-
lar, in patients with small foci with high-grade (grade 3) 
progression or in whom the high-grade (grade 3) com-
ponent is less than 50  % of the resected specimen at 
tumour map examination, high survival rates can only be 
achieved by means of complete surgical resection.



Page 6 of 6Righi et al. Clin Sarcoma Res  (2015) 5:23 

Authors’ contributions
AR, MG, ADT and PP reviewed the histological slides of all cases. EM, EP, MC, AP 
participated in the design of the study and performed the statistical analysis. 
ADT, DD, SF conceived the study, participated in its design and coordination, 
and helped to draft the manuscript. All authors read and approved the final 
manuscript.

Author details
1 Department of Pathology, Rizzoli Institute, Via di Barbiano 1/10, 40136 Bolo-
gna, Italy. 2 Department of Oncology, Rizzoli Institute, Bologna, Italy. 3 Depart-
ment of Orthopaedic Oncology, Rizzoli Institute, Bologna, Italy. 4 Department 
of Pathology, Treviso Regional Hospital, Treviso, Italy. 

Competing interests
The authors declare that they have no competing interests.

Received: 8 September 2015   Accepted: 27 October 2015

References
	1.	 Unni KK. Osteosarcoma of bone. New York: Churchill Livingstone; 1988.
	2.	 Grimer RJ, Hogendoorn PCW, Vanel D. Tumours of bone: introduction. 

In: Fletcher CDM, Bridge JA, Hogendoorn PCW, Mertens F, editors. World 
Health organization classification of tumours. Pathology and genetics 
of tumours of soft tissue and bone. 4th ed. Lyon: IARC Press; 2013. p. 
244–7.

	3.	 Bielack S, Carrle D, Casali PG, ESMO Guidelines Working Group. Osteo-
sarcoma: ESMO clinical recommendations for diagnosis, treatment and 
follow-up. Ann Oncol. 2009;20:137–9.

	4.	 Klein MJ, Siegal GP. Osteosarcoma: anatomic and histologic variants. Am J 
Clin Pathol. 2006;125(4):555–81.

	5.	 Inwards C, Squire J. Low-grade central osteosarcoma. In: Fletcher CDM, 
Bridge JA, Hogendoorn PCW, Mertens F, editors. World Health Organiza-
tion Classification of Tumours. Pathology and genetics of tumours of soft 
tissue and bone. 4th ed. Lyon: IARC Press; 2013. p. 281.

	6.	 Bertoni F, Bacchini P, Fabbri N, Mercuri M, Picci P, Ruggieri T, Campanacci 
M. Low grade intraosseous-type osteosarcoma, histologically resembling 
parosteal osteosarcoma, fibrous dysplasia, and desmoplastic fibroma. 
Cancer. 1993;71:338–45.

	7.	 Kurt AM, Unni KK, McLeod RA, Pritchard DJ. Low-grade intraosseous 
osteosarcoma. Cancer. 1990;65(6):1418–28.

	8.	 Schwab JH, Antonescu CR, Athanasian EA, Boland PJ, Healey JH, Morris 
CD. A comparison of intramedullary and juxtacortical low-grade osteo-
genic sarcoma. Clin Orthop Relat Res. 2008;466(6):1318–22.

	9.	 Wenger DE, Sundaram M, Unni KK, Janney CG, Merkel K. Microscopic 
correlation of radiographically disparate appearing well differentiated 
osteosarcoma. Skeletal Radiol. 2002;31(8):488–92.

	10.	 Ogose A, Hotta T, Emura I, Imaizumi S, Takeda M, Yamamura S. Repeated 
dedifferentiation of low-grade intraosseous osteosarcoma. Hum Pathol. 
2000;31:615–8.

	11.	 Yoshida A, Ushiku T, Motoi T, Beppu Y, Fukayama M, Tsuda H, Shibata T. 
MDM2 and CDK4 immunohistochemical coexpression in high-grade 
osteosarcoma: correlation with a dedifferentiated subtype. Am J Surg 
Pathol. 2012;36:423–31.

	12.	 Antonescu CR, Huvos AG. Low-grade osteogenic sarcoma arising in med-
ullary and surface osseous locations. Am J Clin Pathol. 2000;114:S90–103.

	13.	 Luetke A, Meyers PA, Lewis I, Juergens H. Osteosarcoma treatment—
where do we stand? A state of the art review. Cancer Treat Rev. 
2014;40:523–32.

	14.	 Manoso MW, Healey JH, Boland PJ, Athanasian EA, Maki RG, Huvos AG, 
Morris CD. De novo osteogenic sarcoma in patients older than forty: 
benefit of multimodality therapy. Clin Orthop Relat Res. 2005;438:110–5.

	15.	 Meyers PA, Heller G, Healey J, Huvos A, Lane J, Marcove R, Applewhite A, 
Vlamis V, Rosen G. Chemotherapy for nonmetastatic osteogenic sarcoma: 
the Memorial Sloan-Kettering experience. J Clin Oncol. 1992;10:5–15.

	16.	 Rubin BP, Antonescu CR, Gannon FH, Hunt JL, Inwards CY, Klein MJ, Kneisl 
JS, Montag AG, Peabody TD, Reith JD, Rosenberg AE, Krausz T, Members 
of the Cancer Committee, College of American Pathologists. Protocol for 
the examination of specimens from patients with tumors of bone. Arch 
Pathol Lab Med. 2010;134:e1–7.

	17.	 Kenan S, Ginat DT, Steiner GC. Dedifferentiated high-grade osteosarcoma 
originating from low-grade central osteosarcoma of the fibula. Skeletal 
Radiol. 2007;36(4):347–51.

	18.	 Iemoto Y, Ushigome S, Fukunaga M, Nikaido T, Asanuma K. Case report 
679. Central low-grade osteosarcoma with foci of dedifferentiation. 
Skeletal Radiol. 1991;20(5):379–82.

	19.	 Choong PF, Pritchard DJ, Rock MG, Sim FH, McLeod RA, Unni KK. Low 
grade central osteogenic sarcoma. A long-term follow-up of 20 patients. 
Clin Orthop Relat Res. 1996;322:198–206.

	20.	 Rosai J, Ackerman LV. Surgical pathology. 10th ed. USA: Mosby Elsevier; 
2011.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	High-grade focal areas in low-grade central osteosarcoma: high-grade or still low-grade osteosarcoma?
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Low-grade osteosarcoma with high-grade foci (grade 3 in less than 50 % of the tumor: 20 patients)
	Low-grade osteosarcoma with high-grade foci (grade 3) in more than 50 % of the tumor (13 patients)

	Discussion
	Conclusion
	Authors’ contributions
	References




