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Aims: Examine: (1) If length of symptoms (LS) of children with osteosarcoma has improved in the last
15 years (2) Is delay in diagnosis related to the presence of metastases at presentation? (3) The impact
of delay in diagnosis on prognosis.
Methods: 250 consecutive patients with a diagnosis of osteosarcoma of bone treated at a national bone
tumor treatment center between 2004 and 2018 were studied retrospectively. Three groups comprising
those diagnosed over a five-year period (Group 1: 2004–2008, Group 2: 2009–2013; Group 3: 2014–
2018) were studied.
Results: There were 126 males and 124 females with a mean age 12.2 years. The median LS for all patients
was eight weeks. The median LS for Group 3 was significantly shorter than that for other groups.
Development of metastasis during follow-up period was significantly less in Group 3 compared to the
other groups. Overall survival gradually improved over the whole study period. There was no difference
in the proportion presenting with metastases at diagnosis between the three groups. The survival rates in
patients with LS shorter than 4 weeks was better than those with LS longer than 4 weeks, irrespective of
the study time period.
Conclusions: There has been an improvement in the LS in patients diagnosed with osteosarcoma over the
last 15 years. The development of metastasis during follow-up has reduced and the overall survival in the
last 15 years has improved. LS longer than 4 weeks is associated with a poorer prognosis.
� 2021 The Authors. 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

Osteosarcoma is the most common primary high-grade sar-
coma of the bone in children [1,2]. The most common symptom
of osteosarcoma is an enlarging, painful mass [1,2]. This symptom
is usually present for a number of weeks to several months before
diagnosis [1,2]. Osteosarcoma is usually treated with a combina-
tion of chemotherapy and surgery. Before the introduction of
chemotherapy, 80% of patients treated with surgery alone died of
the disease [1]. However, survival improved significantly with
the introduction of chemotherapy from the 1970s to the 1990s
[3,4]. Currently, the standard of care for the treatment of high-
grade osteosarcoma is multiagent chemotherapy and limb salvage
surgery, with a 5-year overall survival of 60–70% [1,3]. Predictors
of poor prognosis include; age, male sex, involvement of the prox-
imal extremity or within the axial skeleton, large tumor size,
metastasis at the time of diagnosis and poor response to
chemotherapy [1,5].

Delayed diagnosis of pediatric malignancy remains a problem. It
is a source of remorse for physicians and parents and a leading
cause of malpractice claims and litigation [6,7]. According to recent
studies, more than 80% of litigation related to sarcomas in the Uni-
ted States and the United Kingdom is due to a delay in diagnosis
[8,9]. A delay in diagnosis is associated with a poor outcome in sev-
eral pediatric malignancies, such as, retinoblastoma, leukemia and
rhabdomyosarcoma [7]. On the other hand, the impact of delayed
diagnosis on outcome in osteosarcoma patients remains unclear
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[10]. Some reports have demonstrated that a delayed diagnosis, in
which time the tumor can increase in size, can be associated with a
poorer prognosis in osteosarcoma [1,5,11]. However, several other
studies report that a delayed diagnosis does not affect prognosis.
[6,11–17] Other studies have demonstrated that the period from
the onset of symptoms to diagnosis is shorter in patients with
metastatic disease compared to patients with localized disease
[18,19].

The aims of the present study are to examine: (1) If length of
symptoms (LS) of children with high grade osteosarcoma has
improved in the last 15 years. (2) Is delay in diagnosis related to
the presence of metastases at presentation? (3) The impact of delay
in diagnosis on prognosis.
Table 1
Demographics and clinical information (N = 250).

Age, years (Mean) 4–16 (12.2)

Gender
Male 126 (50.4%)
Female 124 (49.6%)

Diagnosis year
Group 1 (2004–2008) 86 (34.4%)
Group 2 (2009–2013) 100 (40.0%)
Group 3 (2014–2018) 64 (25.6%)
Median follow-up period in months (IQR) 55 (22–100)

Involved site
Upper limb 34 (13.6%)
Lower limb 207 (82.8%)
Pelvis 8 (3.2%)

Involved bone
Femur 124 (49.6%))
Tibia 71 (28.4%)
Humerus 32 (12.8%)
Fibula 10 (4.0%)
Pelvis 8 (3.2%)
Radius 2 (0.8%)
Soft tissue of thigh 2 (0.8%)
Scapula 1 (0.4%)
Median LS in weeks (IQR) 8 (4–12)

Metastasis at diagnosis
Yes 73 (29.2%)
No 177 (70.8%)

Pathological fracture at diagnosis
Yes 37 (14.8%)
No 213 (85.2%)
2. Patients and methods

2.1. Study design and patient eligibility

This study was designed as a retrospective analysis of a single
institution’s experience of treating osteosarcoma. Between January
2004 and December 2018, 327 pediatric osteosarcoma cases (under
16 years old)were treated in our institute. Among them, a total of 77
cases were excluded, including low grade malignancy cases and
cases with incomplete data. The remaining 250 patients were
included in the study (Fig. 1). All patients were diagnosed with an
osteosarcoma on histological examination by an experienced mus-
culoskeletal pathologist. Treatment decisions were made at the
supra-regional multi-disciplinary team. Chemotherapy was admin-
istered according to international protocols active at the time.

2.2. Patient information

Clinicopathological information including age at diagnosis, gen-
der, year of diagnosis, involved site (upper limb, pelvis, and lower
limb), involved bone, LS, metastatic status at the time of diagnosis,
presence or absence of pathological fracture at the time of diagno-
sis, type of surgery (amputation, limb salvage, and no surgery),
development of metastasis during follow-up, and status of disease
at last follow-up were collected. LS was defined as a period of time
between the onset of symptoms and the first review by a specialist
in our institute. Three groups, comprising those diagnosed over a
five-year period (Group 1: 2004–2008, Group 2: 2009–2013, Group
3: 2014–2018) were compared. In order to assess the impact of LS
on overall survival, we compared patients with LS <4 weeks and
<8 weeks to those patients with LS >4 weeks and >8 weeks.

2.3. Statistical analysis

Statistical analysis was performed using SPSS Statistics 24 (IBM,
Armonk, NY, USA). The overall survival was defined as the time
period from the date of diagnosis to that of death or the last
Fig. 1. Flowchart of this study.
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follow-up. Survival was calculated using the Kaplan-Meier method
and differences in survival were assessed by the log-rank test and
Cox proportional hazard regression analysis. Categorical variables
were analyzed using Chi-square or Fisher’s exact test and continu-
ous variables were analyzed using Manne-Whitney U test. To com-
pare continuous variables of three groups, Kruskal-Wallis test was
used. The differences were considered statistically significant
when P-values were less than 0.05.
3. Results

3.1. Demographics and clinical information

Demographics and clinical information for the 250 patients are
shown in Table 1. There were 126 males and 124 females. Mean
age was 12.2 years old and median follow-up period was
53 months (interquartile ranges (IQR) 22–100). Median LS was
eight weeks (IQR 4–12). There were 86, 100 and 64 cases in Group
1, 2 and 3, respectively. Five-year overall survival for all cases was
67.4%. Surgical treatments including amputation and limb salvage
surgery were performed in 237 case (94.8%). 13 cases (5.2%) had no
Type of surgery
Amputation 58 (23.2%)
Limb salvage 179 (71.6%)
No surgery 13 (5.2%)

Metastasis during follow-up period
Yes 100 (40.0%)
No 150 (60.0%)

State of disease at last follow-up
NED 148 (59.2%)
AWD 26 (10.4%)
DOD 74 (29.6%)
Died from chemotherapy 2 (0.8%)
5-year overall survival 67.40%

Abbreviations: LS, length of symptoms; IQR, interquartile ranges ;NED, no evidence
of disease; AWD, alive with disease; DOD, dead of disease



Fig. 2. Comparison of length of symptoms (LS) grouped by presence or absence of
metastasis at diagnosis. There were no significant differences in the LS of those with
or without metastases at diagnosis.
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surgical treatment. Among these 13 cases, 12 had multiple metas-
tasis and surgery was judged not to be beneficial because of tumor
progression despite chemotherapy. One other patient died because
of sepsis and renal failure during 1st chemotherapy.

3.2. Comparison of outcomes during each five-year period

Table 2 shows the results of comparison for each five-year per-
iod studied over 15 years. The median LS for Group 3 was six
weeks, significantly shorter than the eight weeks for Group 1 and
2 (p = 0.014). There was no difference in the proportion presenting
with metastases at the time of diagnosis between the three groups.
The overall amputation rate was 23.2% and there was no significant
difference in amputation rate between the three groups. The devel-
opment of metastasis during the follow-up period was significantly
less in Group 3 compared to other two groups (Group 1: 42 cases
(48.8%), Group 2: 41 cases (41.0%), Group 3: 17 cases (26.6%),
p = 0.022). There has been a gradual improvement in 5-year overall
survival (Group 1: 55.6%, Group 2: 73.2%, Group 3: 80.3%,
p = 0.012).

3.3. The impact of LS on the presence of metastases at diagnosis and
prognosis

There was no difference in the LS for those patients with or
without metastases at diagnosis (Fig. 2). There were no differences
in overall survival between patients with LS less than 8 weeks
compared to those with LS more than 8 weeks (5-year overall sur-
vival, 70.1% vs. 61.4%, p = 0.431) (Fig. 3a). However, overall survival
in patients with LS less than 4 weeks were better than those with
LS more than 4 weeks (5-year overall survival, 78.5% vs. 62.4%,
Table 2
Comparison of the last 15-year outcomes each five-year period.

All case Group 1
(2004–2008)

Patient number 250 86

Age, years (Mean) 4–16 (12.2) 4–16 (12.4)

Gender
Male 126 (50.4%) 47 (54.7%)
Female 124 (49.6%) 39 (45.3%)

Involved site
Upper limb 34 (13.6%) 7 (8.1%)
Lower limb 207 (82.8%) 74 (86.1%)
Pelvis 8 (3.2%) 5 (5.8%)
Median LS in weeks (IQR) 8 (4–12) 8 (6–16)

Length of symptoms
�4 weeks 79 (31.6%) 20 (25.3%)
>4 weeks 171 (68.4%) 66 (38.6%)
�8 weeks 157 (62.8%) 45 (28.7%)
>8 weeks 93 (37.2%) 41 (44.1%)

Metastasis at diagnosis
Yes 73 (29.2%) 25 (29.1%)
No 177 (70.8%) 61 (70.9%)

Pathological fracture at diagnosis
Yes 37 (14.8%) 12 (14.0%)
No 213 (85.2%) 74 (86.0%)

Type of surgery
Amputation 58 (23.2%) 16 (18.6%)
Limb salvage 179 (71.6%) 62 (72.1%)
No surgery 13 (5.2%) 8 (9.3%)

Metastasis during follow-up period
Yes 100 (40.0%) 42 (48.8%)
No 150 (60.0%) 44 (51.2%)
5-year OS 67.40% 55.60%

Abbreviations: LS, length of symptoms; IQR, interquartile ranges; OS, over
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p = 0.018) (Fig. 3b). Table 3 shows the comparison between the
two groups with LS less than 4 weeks or more than 4 weeks. The
mean age for those presenting with LS less than 4 weeks was
11.5 compared to mean age with those with LS more than 4 weeks
was 12.6 (p = 0.016). The LS of all pelvic cases was longer than
Group 2
(2009–2013)

Group 3
(2014–2018)

p value

100 64

4–16 (12.3) 4–16 (11.9) 0.407

51 (51.0%) 28 (43.8%) 0.413
49 (49.0%) 36 (56.2%)

16 (16.0%) 12 (18.8%) 0.112
81 (81.0%) 52 (81.2%)
3 (3.0%) 0 (0.0%)
8 (3–12) 6 (4–12) 0.014 *

35 (44.3%) 24 (30.4%) 0.114
65 (38.0%) 40 (23.4%)
67 (42.6%) 45 (28.7%) 0.42 *
33 (35.5%) 19 (20.4%)

29 (29.0%) 19 (29.7%) 0.995
71 (71.0%) 45 (70.3%)

12 (12.0%) 13 (20.3%) 0.331
88 (88.0%) 51 (79.7%)

23 (23.0%) 19 (29.7%) 0.15
73 (73.0%) 44 (68.8%)
4 (4.0%) 1 (1.5%)

41 (41.0%) 17 (26.6%) 0.022 *
59 (59.0%) 47 (73.4%)
73.20% 80.30% 0.012 *

all survival.



Fig. 3. Kaplan–Meier curves of time to dead of disease grouped by length of symptoms (LS). Cut-off value; a 8 weeks, b 4 weeks. There were no significant differences of
survival rate between two groups divided by LS at eight weeks (a). However, the survival rates in the group with LS shorter than 4 weeks were better than those in groups
with longer than 4 weeks (b).

Table 3
Comparison of each group separating by the LS less than 4 weeks or longer.

�4 weeks n = 79 >4 weeks n = 171 p value

Diagnosis year (%)
Group 1 20 (25.3) 66 (38.6) 0.114
Group 2 35 (44.3) 65 (38.0)
Group 3 24 (30.4) 40 (23.4)
Mean age 11.5 12.6 0.016

Gender (%)
Male 39 (49.4) 87 (50.9) 0.824
Female 40 (50.6) 84 (49.1)

Site (%)
Upper limb 14 (17.7) 21 (12.3) 0.089
Pelvis 0 (0) 8 (4.7)
Lower limb 65 (82.3) 142 (43.0)

Metastasis at diagnosis (%)
Yes 25 (31.6) 48 (28.1) 0.563
No 54 (68.4) 123 (79.1)

Fracture at diagnosis (%)
Yes 15 (19.0) 22 (12.9) 0.205
No 64 (81.0) 149 (87.1)

Type of surgery
Amputation (%) 17 (21.5) 41 (24.0) 0.694
Limb salvage (%) 59 (74.7) 120 (70.2)
No surgery (%) 3 (3.8) 10 (5.8)

Metastasis during follow-up period (%)
Yes 27 (34.2) 73 (42.4) 0.201
No 52 (65.8) 98 (57.6)

Abbreviations: LS, length of symptoms.

Fig. 4. Comparison of length of symptoms (LS) grouped by involved site (Extremity
or Pelvis). The LS of pelvic cases trend to longer than extremity cases (it was not
significant).
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4 weeks. Although it was not significant, the LS for pelvic cases
tended to be longer than extremity cases (p = 0.06) (Fig. 4).

3.4. Risk factor analysis of prognosis

Table 4 shows the results of risk factor analysis. The 5-year
overall survival of pelvic cases was significantly lower than lower
extremity cases (25% vs 70.3%, p = 0.001). In univariate analysis,
six factors including patients in Group 1, pelvic cases, LS more than
4 weeks, presence of metastasis at the time of diagnosis, amputa-
tion cases and non-operative cases were significantly related to a
4

poor prognosis. Among these six factors, five factors including
patients in Group 1 (hazard ratio (HR): 1.913, 95% confidence inter-
val (95% CI): 1.193–3.068), LS more than 4 weeks (HR: 2.103, 95%
CI: 1.175–3.765), presence of metastasis at the time of diagnosis
(HR: 2.240, 95% CI: 1.306–3.841), amputation cases (HR: 1.995,
95% CI: 1.153–3.454) and non-operative cases (HR: 17.96, 95% CI:
6.961–46.338) were found to correlate significantly with a poor
prognosis by multivariate analysis.

4. Discussion

Numerous studies have evaluated changes in the outcomes of
osteosarcoma over time [3,4,20–22]. Several studies have demon-
strated that there has been little improvement in survival for
osteosarcoma since the 1990s [3,4,20]. Mirabello et al. evaluated



Table 4
Risk factor analysis of prognosis.

Univariate analysis

Factors Categories N (%) 5y-OS (%) p value

Age <12 years old 90 (36.0) 65.8 0.807
�12 years old 160 (64.0) 68.2

Gender Male 126 (50.4) 64.1 0.335
Female 124 (49.6) 70.9

Diagnosis year Group 1 86 (34.4%) 55.6 0.019 *
Group 2 100 (40.0%) 73.2 0.423
Group 3 64 (25.6%) 80.3

Involved site Upper limb 34 (13.6) 61.5 0.28
Lower limb 207 (82.8) 70.3
Pelvis 8 (3.2) 25 0.001 *

Length of symptoms �4 weeks 79 (31.6) 78.5
>4 weeks 171 (68.4) 62.4 0.018 *

Metastasis at diagnosis Yes 73 (29.2) 47.5 <0.001 *
No 177 (70.8) 80.5

Pathological fracture at diagnosis Yes 37 (14.8) 67.5 0.909
No 213 (85.2) 67.5

Type of surgery Amputation 58 (23.2) 54.8 0.004 *
Limb salvage 179 (71.6) 75.2
No surgery 13 (5.2) 0 <0.001 *

Multivariate analysis

Factors Hazard ratio 95% CI p value

Type of surgery, No surgery 17.96 6.961–46.338 less than0.001 *
Metastasis at diagnosis, Yes 2.24 1.306–3.841 0.003 *
Type of surgery, Amputation 1.995 1.153–3.454 0.014 *
Length of symptoms, >4 weeks 2.103 1.175–3.765 0.012 *
Diagnosis year, 2004–2008 1.913 1.193–3.068 0.007 *
Involved site, Pelvis 1.114 0.432–2.875 0.823

Abbreviations: OS, overall survival; CI, confidence interval.
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survival of osteosarcoma between 1973 and 2004 and reported
that there was little improvement between 1993 and 2004 [4].
Jawad et al. reported improvement in survival since 1985 is limited
to patients with high-grade disease only [20]. On the other hand,
other studies report outcomes for osteosarcoma have improved
in recent years [21,22]. Hung et al. evaluated osteosarcoma cases
between 1995 and 2011 [21]. They compared two groups divided
by whether managed before or after 2004 and reported the sur-
vival rates of patients after 2004 were significantly higher mainly
due to the effectiveness of chemotherapy [21]. Picci et al. analyzed
osteosarcoma cases treated between 1982 and 2002, and reported
that there was a constant improvement in survival despite the lack
of new treatment modalities or new drugs [22]. In the present
study, 5-year overall survival for the last 15 years was 67.4%, which
is equivalent to previous reports. Especially in the last 5 years,
overall survival has improved with a shortening of LS compared
to the previous 10 years. Shortening of LS implies an earlier diag-
nosis and instigation of earlier treatment. Therefore, our results
indicate that shortening of LS is considered to be one of the reasons
for the improved outcomes.

Numerous studies have been reported that evaluated whether
delayed diagnosis was associated with a poor prognosis in malig-
nant disease, including osteosarcoma [6,11–17,19,23]. Several
reports state that the period until diagnosis does not affect the
presence of metastasis at the time of diagnosis and prognosis in
osteosarcoma [6,11–17]. Lawrenz et al. evaluated 1807 bone sar-
coma cases and reported that longer duration of symptom prior
to diagnosis was not associated with a poorer overall survival [6].
Petrilli et al. evaluated 225 osteosarcoma patients and concluded
that long duration of pre-diagnostic symptoms was not a predic-
tive factor of advanced disease [11]. Other reports suggest that a
shorter duration of symptoms was a risk factor for the presence
of metastasis at the time of diagnosis and was associated with a
poor prognosis [19,23]. Bacci et al. evaluated 1071 osteosarcoma
5

cases and reported that the interval between the onset of first
symptoms and the final diagnosis was significantly shorter in
patients with metastases than in patients with a localized tumor
[19]. They concluded that it probably reflects a more rapid growth
of the tumor [19]. Ferrari et al. reported that the short duration of
symptoms until diagnosis in children with osteosarcoma was asso-
ciated with a poor prognosis [23]. They concluded that the com-
plex relations between delay in diagnosis and outcome are likely
a reflection of tumor biology rather than on parental or medical
factors [23]. In the present study, there were no differences in
the LS for those with or without metastases at diagnosis. However,
overall survival has improved with a shortening of LS. Further-
more, LS longer than 4 weeks was a predictive factor of poor prog-
nosis. These results indicate that a delay in consultation with a
specialist of more than 4 weeks may increase the risk of subse-
quent metastasis, which were not detected at the time of diagnosis.

Osteosarcoma of the pelvis is a particularly difficult tumor to
treat [24–26]. The 5-year overall survival of pelvic osteosarcoma
is reported to be less than 30% [24–26]. Wurtz et al. evaluated 68
patients who had a pelvic primary bone tumor, including osteosar-
coma [15]. They concluded that patients who have a primary bone
sarcoma of the pelvis often have had symptoms for a long duration
that mimic those of more commonly encountered non-neoplastic
musculoskeletal conditions [15]. In the present study, all eight
cases of pelvic osteosarcoma had LS longer than 4 weeks. Among
them, most cases had a combination of symptoms including pain
around the pelvis, lower limb pain and lower limb neurological
symptoms. Only 2 cases complained of a palpable mass, which is
an important clinical finding when considering a musculoskeletal
oncological condition, including osteosarcoma [27]. These results
indicate that pelvic osteosarcoma tend to have longer symptoms
because they are less likely to notice a mass.

Many previous studies about delay in diagnosis of osteosarcoma
have been reported [10,18,28]. Most of these studies evaluated
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durations between the onset of symptoms and definitive diagnosis,
and the results were varied [10,18,28]. Li et al. from Shanghai [10],
Guerra et al. from Sao Paulo [28] and Bacci et al. from Rizzoli [18]
reported that mean intervals between the onset of symptoms and
definitive diagnosis were twomonths, 5.25months and 10.5 weeks,
respectively. In several studies, the details were evaluated dividing
the duration between the onset of symptoms and definitive diag-
nosis [12,29]. Goedhart et al. from the Netherlands evaluated 44
osteosarcoma cases dividing the duration from initial symptoms
to diagnosis into four categories; between the initial symptoms
and first consultation with a general practitioner (GP), between
presentation to the GP’s office and presentation to a primary hos-
pital, between presentation at a primary hospital and an oncology
center, between presentation to an oncology center and definitive
histopathological diagnosis. According to their data, mean duration
between initial symptoms and first consultation with an oncology
specialist was 17 weeks [12]. Similarly, Pan et al. evaluated 30
osteosarcoma cases around the knee joint dividing the duration
from initial symptoms to diagnosis into following three categories;
between the onset of symptoms and first medical consultation,
between first medical consultation and radiography, between
radiography and referral to specialists. According to their data,
mean duration between initial symptoms and first consultation
with a specialist of oncology was 15 weeks [29]. In the present
study, we demonstrated that the median LS was shorter than pre-
vious studies. This difference may be due to differences in patient
referral systems and medical systems, such as imaging and patho-
logical diagnosis. Several previous studies reported that most
doctor-related delays occurred at the GP’s office [12,13]. Therefore,
our findings that consultation with a specialist within four weeks
of the onset of symptoms can contribute to a better prognosis is
particularly important for primary and secondary care
practitioners.

This study has the following limitations; many cases were
excluded, other known risk factors were not evaluated such as
tumor size, surgical margin and the necrosis rate after chemother-
apy, and specific regimens of chemotherapy were not evaluated.
5. Conclusions

There has been an improvement in the LS at presentation to a
specialized sarcoma service in patients diagnosed with high-
grade osteosarcoma over the last 15 years. Furthermore, the devel-
opment of metastasis during follow-up has reduced and the overall
survival in the last 15 years has improved, despite the proportion
of patients with metastases at the time of diagnosis remaining
unchanged. We have demonstrated that LS longer than 4 weeks
is associated with a poorer prognosis, even in those without mea-
surable metastatic disease at presentation. This implies that LS is
associated with the subsequent development of latent metastasis.
It is encouraging that this study has demonstrated a reduction in LS
for patients diagnosed with osteosarcoma over the last 15 years.
This implies that physician education is highlighting the impor-
tance of early investigation and referral to specialist unit. However,
it is clear that more work is needed in the general medical setting
to promote a high index of suspicion if patients with bone pain
and/ or swelling.
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