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Periosteal osteosarcoma (PO), an intermediate-grade chondroblastic osteosarcoma (OST) arising from the
surface of the bones, is a rare histological subtype among primary bone sarcomas, most commonly diag-
nosed in young patients. It is characterized by distinct specific radiological and pathological features. The
current management strategy is based on several case reports and series, without any solid international
recommendations. Most sarcoma experts agree on the crucial role of an optimal complete surgical
approach. However, with the paucity of available reports, the role of systemic treatment and its timing
remains debatable. With this paper, we will review the available data on the actual impact of chemother-
apy in PO patients with emphasis on the radiological, pathological, and therapeutic characteristics of this
rare entity.
� 2021 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/).
1. Introduction

Osteosarcomas (OSTs) are the most common primary malignant
tumors of the bones with an overall incidence of approximately
0.2–3 per 100 000 cases, yearly [1,2]. This group of malignant
tumors, with aggressive local behavior and an increased tendency
for distant metastasis, are most commonly found in the young pop-
ulation [3]. They share common histological features of high
osteoid formation with the presence of malignant mesenchymal
cells [4]. Although the conventional subgroup is the most common
among the high-grade OSTs, there are other diverse subgroups,
including the osteoblastic, chondroblastic, and fibroblastic sub-
groups [5].

On the other hand, surface OSTs (also commonly called ‘‘juxta-
cortical osteosarcomas”) represent 4%–10% of all the diagnosed
OST cases. Based on their location, radiological aspects, and
histopathological features, surface OSTs can be subclassified as
parosteal, periosteal, and high-grade surface OSTs [6–10]. Although
parosteal OSTs are treated with surgical excision only, patients
with high-grade surface OSTs may be managed with additional
treatments, including chemotherapy and/or radiation therapy
[11–13]. The treatment strategy for periosteal osteosarcomas
(POs) usually includes a complete surgical removal with cleanmar-
gins; however, the role of systemic therapy remains debatable
[13,14].

Although POs were first identified as distinct entities in 1939 by
Ewing and in 1959 by Lichtenstein, their detailed pathological
characteristics and oncological outcomes were reported initially
by Unni et al in 1976 [15–17]. PO is a rare variant that represents
approximately 1% of all of the diagnosed OSTs and approximately
25% of juxtacortical OSTs [18]. PO, an intermediate-grade chon-
droblastic OST arising from the surface of the bones, is most com-
monly diagnosed among young patients in their second and third
decades of life with a median age of 18 years [12,19,20]. In contrast
to conventional OSTs where only 5%–10% of cases occur in the dia-
physeal region, it usually affects the periosteum of long bones of
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the femur and tibia [15,16,21,22]. Distant metastases occur more
commonly in the lungs and pleura; however, isolated cases of bone
skip lesions and diaphragmatic metastases have also been reported
[23,24]. Even though they have distinct specific radiological and
pathological features, the current management strategies are
based on only several case reports and series, without any solid
recommendations [25–28]. Nonetheless, most experts agree on
the crucial role of an optimal complete surgical approach. With
the paucity of available reports, the role of chemotherapy and its
timing remain debatable. In this review paper, we aimed to review
the available studies on the role of chemotherapy in POs focusing
on potential predictive biomarkers.
2. Discussion

2.1. Diagnostic features

2.1.1. Pathology
Sarcomasarisingadjacent to theouter surface of cortical bone are

composed mainly of periosteal chondrosarcomas and surface OSTs.
POs as a subclass of surface OSTs are mostly located in the femur
or the tibia, but any bone in the body can be affected, including both
flat and long bones [29–38]. PO is a predominantly chondroblastic,
bone-formingmalignantneoplasm,whicharisesmainlyunderneath
the periosteum. The tumor appears grossly as a well-demarcated
lobulated broad-based mass, attached to the surface of the cortex,
with a cartilaginous cut surface [39]. The incidence of medullary
involvement, a common feature of high-grade surface OSTs, varied
among the different reports of POs. In many reports, medullary
involvement was described as rare; however, Cesari et al. reported
this typeof involvement in almost 70%of cases [14]. It is not yet clear
whether the presence of intra-medullary involvement conferred a
poorer prognosis. However, in some reports, intra-medullary
involvement seemed to predict a more aggressive clinical course
with the propensity to develop distant metastases [14].

Histopathology has indicated that PO is composed of variably
sized lobules of well-differentiated and cytologically atypical hya-
line cartilage with intervening bands of bone-forming malignant
mesenchymal cells in which fibroblastic appearing areas and
undifferentiated areas may be seen [40]. An accurate diagnosis is
necessary for adequate treatment with surface OSTs being divided
into three different categories: Parosteal OST (low grade), PO (in-
termediate grade) and high-grade surface OST [6–10]. On one
hand, parosteal OST carries the best prognosis, and on the other
hand, a PO has a lower propensity for metastasis in comparison
to a high-grade surface OST and a conventional OST. Microscopic
examinations have indicated that parosteal OST consists of well-
formed bone trabeculae with fibroblastic backgrounds where carti-
laginous differentiation has been described in only half of the
cases. In contrast to PO, parosteal OST display cartilaginous differ-
entiation as cartilaginous nodules or in the form of a cartilaginous
cap. Histologically, high-grade surface OSTs are identical to con-
ventional OSTs and display high-grade anaplastic features [40].
There are no reliable immunohistochemical features that allow
surface chondroblastic OSTs to be distinguished from chondrosar-
comas or surface OSTs from conventional OSTs [41]. Also, no
amplification of mouse double minute 2 oncogene (MDM2) at
the RNA or protein levels (commonly found in low-grade and par-
osteal OST) or point mutations in TP53 (20% of conventional OST),
have been described in PO [42]. Fig. 1 demonstrates the patholog-
ical findings of PO.
2.1.2. Radiology
Despite the lack of population studies, the radiological charac-

teristics of POs constitute an essential pillar in their diagnosis, in
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addition to their specific pathologic features, [43]. In the largest
series on POs, Murphy et al. reported the association between
the pathological and radiological features of 40 patients with PO
[8].

In plain radiographs, the main characteristic appearance of a PO
is a broad-based surface soft tissue mass attached to the bone cor-
tex, causing cortical thickening and/or erosion/scalloping with a
perpendicular periosteal reaction extending to the soft-tissue com-
ponent. Furthermore, additional areas of mineralization were also
identified in almost 68% of the PO cases. These characteristics were
also identified on CT (computed tomography)-scan and MRI (mag-
netic resonance imaging), but plain radiographs were more specific
for these features. Additionally, the soft-tissue mass component
was identified in almost all the cases of PO that surrounded a med-
ian of 50%–55% of the bone cortex. From bone scintigraphy, the
tumor demonstrated increased eccentric uptake in all the patients
with PO, with a homogenous radionuclide activity in almost 70% of
patients. In comparison to a PO, a parosteal OS is usually without a
perpendicular periosteal reaction affecting the metaphysis,
whereas a high-grade OST affects a larger circumference of the
bones with a medullary invasion, but without the high-water con-
tent soft tissue mass [8].

Conversely, the available CT-scan images of the majority of
cases showed a low attenuation of the non-mineralized component
of the soft tissue mass in comparison with muscles with well-
defined lesion margins as well as the absence of pseudo capsules.
Additionally, there were increased areas of calcifications within
the soft-tissue mass component. The MRI showed a high signal
heterogeneous intensity on the T2-weighted images with a pre-
dominant similar signal intensity for the muscle on the T1-
weighted images. Focal areas of marrow replacement without con-
tinuity with the soft-mass component were identified; these were
mostly reactive, which is essential for the determination of the
exact area of resection. Also, the lesion margins were predomi-
nantly well-defined without pseudo-capsules. These are most
likely related to the high water content within the chondroblastic
lesions of the POs [8]. Fig. 1 shows the radiological aspect of PO.

2.2. Therapeutic management

2.2.1. The general approach for the treatment of OST
The current approach for the management of patients with

localized OSTs relies on a multimodal approach with peri-
operative systemic chemotherapy, which has drastically changed
the prognosis of OST patients [3]. Although the incorporation of
neoadjuvant or induction chemotherapy in the treatment sequence
has largely improved the functional outcomes of patients (limb-
salvage approach and decreased rate of amputations), it has also
decreased the risk of developing distant metastases [44–46]. Also,
the multidisciplinary surgical approach (plastic, vascular and
orthopedic surgery) has drastically changed the functional out-
comes after optimal surgery in PO. The achievement of a high
pathological response after neoadjuvant chemotherapy (>90% of
tumor necrosis) was associated with improved oncological out-
comes and prolonged survival [47,48]. The current standard of care
is to administer different combinations of chemotherapy, including
doxorubicin, cisplatin, high dose methotrexate, ifosfamide, and
etoposide in both neoadjuvant and adjuvant settings [2,3]. These
different approaches have achieved a substantial improvement in
outcomes (recurrence-free survival and overall survival) and qual-
ity of life [3,49]; however, it is still not yet clear which chemother-
apy protocol is optimal. Some oncologists have tended to omit
high-dose methotrexate in the adult population and have limited
its use to younger patients (<18 years), whereas others have opted
to modify the adjuvant chemotherapeutic regimen based on the
histological responses to neoadjuvant chemotherapy (>or < 90%



Fig. 1. Microscopic findings in periosteal osteosarcoma showing (A) nodules with predominant neoplastic hyaline cartilage delineated by a layer of fibrous tissue
(hematoxylin and eosin stain – H&E, �4 magnification). (B) Neoplastic cartilage is hyaline and hypercellular (asterisk) with tumor bone having a coarse and lace-like
appearance (arrow) (H&E, �10 magnification). (C) Irregular purple tumor bone merges with cartilage (H&E, �20 magnification). (D) Proliferating malignant cells with Moderate
to severe cytologic atypia are seen (arrowhead) (H&E, �20 magnification). (E) Hypercellular areas are composed of atypical tumor cells that contain hyperchromatic nuclei.
Tumor cells are in intimate contact with unmineralized lace-like tumor bone (H&E, �40 magnification). (F) short fascicles of malignant spindle cells may be seen (H&E, �40
magnification). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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of tumor necrosis) [49]. In patients with relapsed disease, data are
sparse on the use of the different active targeted therapies, mainly
anti-angiogenic agents, including regorafenib, cabozantinib, and
sorafenib as well as different chemotherapeutic combinations
[50–52]. By extrapolation from the available data on the treatment
of conventional OSTs, the same chemotherapeutic protocols and
approaches are currently applied to patients with PO.

2.2.2. Available data on the management of PO
With the lack of strict guidelines and recommendations on the

management of POs, the mainstay of therapy depends on complete
surgical excisions with clear margins; however, controversy
remains regarding the role of chemotherapy in this subset of
patients [13,18,53]. Different surgical approaches were evaluated
in POs to preserve limb function andmaintain a good quality of life.
The diaphyseal location of these tumors facilitated a limb-salvage
approach surgery without affecting the joint surface [8]. The cur-
rent understanding of the pathophysiology of the PO has led to
3

major modifications in the surgical approach with a significant
decrease in amputation rates; currently limited to patients in
which resection en bloc was not feasible.

Wide surgical excision with clear margins is the currently
accepted approach for patients with PO, more particularly with
advances in reconstructive surgery leading to limb and function
preservation. The role of systemic chemotherapy in localized POs
is not yet clear as there are discordant results in the literature. Dif-
ferent chemotherapeutic protocols were used and reported in few
case reports and small case series without any clear indications,
primary endpoints, and outcomes. Studies on POs and the use of
systemic chemotherapy are summarized in Table 1.

2.2.3. Management without chemotherapy
In one of the first available studies on PO, Unni et al. reported

the outcomes of 23 patients with PO; however, the administration
of chemotherapy was not part of the treatment strategy, despite all
patients exhibiting high-grade features. Of these 23 patients, 13



Fig. 2. MRI Findings of periosteal osteosarcoma: a high signal of heterogeneous intensity with a mass of the posterior fossa of the leg in contact with the posterior and medial
cortical bone of the proximal metaphysis of the tibia; hypersignal T2-weighted images with a predominant similar signal intensity for the muscle on the T1-weighted images
and heterogeneous enhancement. Focal areas of marrow replacement without continuity with the soft-mass component and the lesion margins are poly-lobulated.

Table 1
Patients characteristics.

Author Year N Study design Grade Grade (High) MI (%) CT (%) LOE

Unni et al. 1976 23 Retrospective High - intermediate NA NA 0 VI
Bertoni et al. 1982 20 Retrospective All NA NA 2 (10%) VI
Hall et al. 1985 6 Retrospective NA NA 3 (50%) 3 (50%) VI
Ritts et al. 1985 22 Retrospective NA NA 0 2 (9.1%) VI
Revell et al. 2002 17 Retrospective High - intermediate NA 4 (24%) 14 (82%) VI
Grimer et al. 2005 119 Retrospective All 44 (86%) NA 81 (69%) VI
Rose et al. 2006 29 Retrospective High - intermediate 18 (62%) NA 9 (35%) VI
Cesari et al. 2011 33 Retrospective All 14 (42%) 16 (69%) 14 (42%) VI
Giulia et al. 2014 18 Retrospective NA NA 7 (44%) 16 (89%) VI
Chan et al. 2018 18 Retrospective All 12 (66.6%) 10 (50%) 11 (61%) VI

Abbreviations: NA: Not assessed; LOE: LevelOf Evidence; MI: medullary involvement; CT: chemotherapy
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were managed with amputations (three died from distant metas-
tases), whereas the remaining had resections or excisions of their
primary tumors. Overall, seven patients had a local recurrence
(30%), four had confirmed distant metastases (17%), and the overall
survival was 65% [16] (Table 2).

Additional data on 20 patients by Bertoni et al. demonstrated a
high rate of local recurrence in seven patients (35%) with a further
three patients (15%) dying from lung metastases within 1 year of
Table 2
Chemotherapy outcomes in PO patients.

Author Year N Chemotherapy
protocol

Indication NeoA (%)

Unni et al. (1976) 1976 23 NA NA NA
Bertoni et al. (1982) 1982 20 NA NA 0
Hall et al. (1985) 1985 6 Adrimaycine /

methotrextate
+ vincristine

NA 0

Ritts et al. (1985) 1985 22 NA NA 0
Revell et al. (2002) 2002 17 Doxorubicin

+ Cisplatin
High grade or MI 10 (59%)

Grimer et al. (2005) 2005 119 Doxorubicin-
based

NA 50 (42%)

Rose et al. (2006) 2006 29 MAP + I (Various) All patients 2 (7%)
Cesari et al. (2011) 2011 33 MAP + I (Various) Grade 3 5 (15%)

Giulia et al. (2014) 2014 18 NA All patients 16 (89%)
Chan et al. (2018) 2018 18 NA HIgh grade 5 (28%)

OS: Overall survival; DM: Distant metastasis; FU:Follow-up; MI:medulary involvemen
drosarcoma; LPS: liposarcoma; AML: acute myeloid leukemia; N: necrosis
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diagnosis. Seven patients underwent amputations, including those
with recurrent disease, whereas seven out of eight patients with
marginal excisions had local recurrences of their diseases. Never-
theless, chemotherapy was only administered in two patients
(10%) and the 10-year overall survival was 85% [54].

Further data on 22 patients showed a 10-year overall survival of
71.3%; however, chemotherapy had not become a part of the ther-
apeutic regimen as only two patients received chemotherapy for
N > 90% (%) LR DM OS Second malignancy

NA 7 (30%) 4 (17%) 65% 2 (AML and LPS)
NA 8 (40%) 3 (15%) 10y OS = 85%
NA 1 (17%) 0 84%

NA 3 (13.6%) 3 (13.6%) 10y OS = 71.3% 2 (AML and LPS)
2 (20%) 1 (6%) 0 88% at last FU 2 (AML/brain)

10 (32%) 8 (6.7%) 17 (14%) 10y OS = 83% 3 (AML/colon cancer/
Brain tumor)

0 (2 pts) NA NA NA
3 (75%) 7 (21%) 3 (9%) 10y OS = 84% 3 (AML, breast cancer,

MCS)
4 (40%) 2 (11%) 4 (22%) 5y OS = 83.3%
3 (75%) 1 (5.3%) 2 (10.5%) 10y OS = 77% 1 (MCS)

t; LR: local relapse; NeoA (%): neoadjuvant approach; MCS: Mesenchymal Chon-
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their metastatic disease [20]. Surgical management included 15
amputations and two patients with local surgical therapy had local
recurrence.

Another small series by Hall et al. had six patients who were
treated successfully with surgery with no distant metastases
observed at a longer follow-up and only one local relapse. Interest-
ingly, the authors did not recommend adjuvant chemotherapy
after surgery even though three patients (50%) had received
chemotherapy (two had systemic therapy [one with adriamycin
and the other a combination of methotrexate and vincristine for
microscopic intramedullary involvement] and one with a superfi-
cial femoral artery administration of adriamycin) [55].

In these case series, amputation was performed on the majority
of PO patients, whereas local surgery (excision or wide resection)
was associated with a non-negligible rate of local recurrence, thus
affecting the functional outcomes of the limbs. Systemic therapy
was not considered as a standard approach either for a higher
chance of limb-preserving surgery or for improving survival out-
comes. Nevertheless, these data are based on old data when access
to optimal radiological evaluation was limited, thus largely affect-
ing the functional and surgical outcomes.

2.2.4. Management with chemotherapy
With the rare occurrence of POs, few case reports and series

were in favor of using chemotherapy to improve the functional
outcomes and to delay local recurrences of the disease
[32,33,53,56–58]. In the case series by Revell et al, 17 patients with
localized POs were included in the analysis. Systemic chemother-
apy was offered to all the patients with high-grade features
(high-grade and medullary involvement). All the patients had their
tumors removed surgically, whereas 14 patients (82%) received
chemotherapy with doxorubicin and cisplatin, similar to conven-
tional OST; of these, ten patients (59%) received systemic therapy
preoperatively. Overall, none developed distant metastases, two
patients were considered good responders (>90% of necrosis) and
there were no tumor-related deaths. Only one patient exhibited a
local recurrence after adjuvant therapy alone and that patient
opted for an elective amputation. The authors attributed their out-
comes to the radical excisions of the tumors, which reduced local
recurrences, and second, to the use of systemic therapy. They also
concluded that it would be prudent to treat patients with high-
grade tumors and medullary involvement with a neoadjuvant
approach [53].

Moreover, with the paucity of available data on neoadjuvant
chemotherapy, individual cases treated successfully with preoper-
ative therapy followed by local surgery might point to the impor-
tant role of chemotherapy in Pos, despite their limitations. For
instance, two siblings with the Li-Fraumeni syndrome and a con-
firmed diagnosis of PO (including a multifocal PO) were success-
fully treated with neoadjuvant chemotherapy (MAP + ifosfamide
and etoposide) (60%–70% necrosis) followed by surgery and adju-
vant chemotherapy with no evidence of disease after a long follow
up [59]. An interesting approach was the use of Bone SPECT/CT
(single-photon emission computed tomography) to evaluate its
role as a potential tool in the detection of the response to neoadju-
vant chemotherapy (two cycles of MAP) in a young patient [60].
Moreover, two young PO patients underwent successful tibial mar-
ginal resections of two tibias after neoadjuvant chemotherapy
using two different protocols. In the first patient, two preoperative
2-week cycles with ifosfamide (2 g/m2, high dose methotrexate
[8–12 g/m2] and doxorubicin [30 mg/m2], then six adjuvant 2-
week cycles of the same regimen was used), whereas in the second
patient, cisplatin (120 mg/m2) was administered instead of
methotrexate) [61].

Notwithstanding these findings, and despite some evidence of
activity, mostly in the preoperative setting, several case series con-
5

cluded against a solid role for chemotherapy in POs, partly because
of their chondroblastic pathological feature which might confer
greater resistance to chemotherapy [61]. A collaborative report
by the EMSOS (European Musculo-Skeletal Oncology Society) dis-
cussed the outcomes of 119 patients with a median age of 18 years
diagnosed with POs. Almost all the patients had successful limb-
sparing surgery, whereas only nine patients had amputations with
a 10-year overall survival of 83%. Local relapse was the only factor
related to reduced survival (eight patients [7%] had a local relapse),
but not age, size of the tumor, chemotherapy administration,
degree of necrosis, or inadequate margins. Seventeen patients
developed distant metastases with lungs being the most common
site of the disease (14%). Concerning systemic chemotherapy, 81
patients received doxorubicin-based systemic therapy, among
which 50 patients received it in the neoadjuvant setting. Among
the 38 patients with documented necrosis, 32% were found to be
good responders (necrosis > 90%) with no significant differences
among the different chemotherapeutic protocols (a combination
of doxorubicin, cisplatin, ifosfamide, and high-dose methotrexate).
There was no local recurrence occurring in those with very good
histological responses. Since the administration of chemotherapy
in POs was not a prognostic factor and did not affect survival in this
study, the authors did not recommend the systematic use of
chemotherapy in this rare group of patients. However, it is impor-
tant to note that not only were the patients who received
chemotherapy younger (mean age 19.4 vs. 28.6 years; P = 0.003)
but that different selection criteria for the chemotherapy as well
as different chemotherapeutic regimens were used between the
different centers affecting the generalization of the results. Another
limitation for this analysis was that a central review was not prop-
erly conducted and few cases of parosteal OS or high-grade OS may
have been included [13].

Rose et al. evaluated the long-term outcomes of 29 patients with
POs in an attempt to overcome the lack of longer follows up within
other studies. Importantly, local or distant relapses and death
occurred in the first 3 years following the initial diagnosis, and the
disease-free survival (DFS) after 15.8 years of follow-up was 83%.
There were no differences in the local relapse in terms of anatomic
locations (proximal or distal), tumor grades, or types of surgery (am-
putation or limb salvage surgery). Due to the long duration of inclu-
sion, only nine patients (35%) were offered chemotherapy, among
which only two received neoadjuvant therapy since they amended
their protocols to include neoadjuvant chemotherapy in all PO
patients in the 1990 s. In those who received preoperative therapy,
tumor necrosis was poor (10%–20%); however, the small sample
size, non-standardized chemotherapeutic protocols, and the long
period of follow-up precluded any meaningful conclusion, regard-
less of the efficacy of systemic chemotherapy.

In another report by Giulia et al., 18 patients with localized POs
were treated in a systematically similar manner to high-grade OSTs
with neoadjuvant chemotherapy followed by surgery and adjuvant
chemotherapy. All the patients had undergone limb-preserving
surgery, except for the one patient who had an amputation. Over-
all, four out of ten patients exhibited good pathological responses
after neoadjuvant chemotherapy (40%) and the five-year overall
survival was 83.3%. Two patients had local relapses (11%), whereas
four patients had distant metastases (22%). In those with distant
metastasis, two were good responders to chemotherapy (99% of
necrosis). There was a trend toward poor survival at 5 years in
those with a medullary involvement (90% vs. 75%, P = 0.32); how-
ever, there was no impact on survival between the good and poor
responders to neoadjuvant chemotherapy [62].

In addition, Cesari et al. reported that 33 patients with localized
POs were evaluated, and among these 14 pts (42%) received
chemotherapy for grade 3 tumors. There was no difference in the
OS of those who received chemotherapy versus chemotherapy-
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free patients (86% vs. 83%; P = 0.73). Only four patients received
neoadjuvant chemotherapy (with various protocols) with their
tumor necrosis ranging from 70% to 95%. Three of these patients
had no evidence of disease, at the last follow-up. The medullary
extension was an important prognostic factor with a 10-year DFS
of 61% versus 86% when confirmed. The ten-year DFS was 65% of
all the recurrent diseases in the first 3 years from diagnosis.
Despite different chemotherapeutic protocols, a small sample size,
and the low rate of neoadjuvant therapy, the authors concluded
that chemotherapy should not be administered in this population
[14].

Recently, Chan et al using 18 patients with PO, demonstrated a
10-year overall survival of 77.1% and a 10-year recurrence-free
survival of 66.4%. The indication for chemotherapy in this popula-
tion included high-grade features (12 patients, 66%) and it was
offered to 11 patients (61.1%). No prognostic factors were identi-
fied, including the use of chemotherapy; nevertheless, there was
no difference in outcomes between those who received
chemotherapy and those who did not. Neoadjuvant chemotherapy
in five patients demonstrated a potential sensitivity to chemother-
apy (three patients [75%] were good responders), in particular in
those with high-grade tumors [24].

Building evidence for rare diseases such as PO constitutes a true
challenge in the medical community. The design of dedicated clin-
ical trials is often complicated by the low number of patients but
also by financial issues at the pharmaceutical level or policymak-
ers. Several strategies have been suggested to overcome this hurdle
such as the use of systematic observation forms gathered from
experts or ad hoc qualitative date, or registry or indirect data
through extrapolation from common diseases [63]. Current guide-
lines and recommendations do not seem to share common ground
about the role of chemotherapy in POs. In the ESMO–PaedCan–EUR
ACAN Clinical Practice Guidelines on bone sarcomas, chemother-
apy for surface OSTs, including parosteal and periosteal OSTs, with
its lack of benefit in this subset of patients, is not recommended
and should not be routinely used [2]. However, in the National
Comprehensive Cancer Network guidelines, chemotherapy is con-
sidered in the neoadjuvant setting of POs followed by postopera-
tive adjuvant systemic therapy in case of high-grade tumors with
the same chemotherapy approach in high-grade OSTs [64].
3. Conclusions

In summary, the management of rare malignancies constitutes
a true challenge, mainly because of the complexity of conducting
randomized controlled trials to draw solid conclusions and recom-
mendations [65]. Reporting individual experiences from large cen-
ters is mandatory to support the role of systemic therapy in POs.
The earlier series reported a high incidence of radical surgery with
amputations and a higher risk of local recurrences, thus highlight-
ing a potential role for systemic therapy to improve functional out-
comes, mostly in the neoadjuvant setting [16,54]. The authors have
also expressed their concerns regarding the risk of secondary
malignancies; nevertheless, causality cannot be confirmed with
essentially the time bias related to the occurrence of POs at a
younger age as well as the incidence of secondary malignancies
in the pre-chemotherapy era [14,16,20].

Available data are in favor of administering chemotherapy only
to patients with high-risk characteristics, including high grade and
medullary involvement thus excluding those with low-grade
tumors. Also, chemotherapy plays a major role in high-risk patients
in need of tumor downsizing before excisional surgery, except
those with low-grade, chemo-resistant tumors. Encouraging data
in this regard has been reported in the preoperative setting. There
is an unmet need for better identification of potentially predictive
6

biomarkers in PO patients who may benefit from systemic
chemotherapy to improve functional and survival outcomes.
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