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Abstract
Purpose The purpose of this study was to investigate (a)
whether pre-operative serum CRP is a predictor of survival
in patients with high-grade osteosarcoma, (b) whether post-
operative infection is a predictor of survival in these
patients and (c) whether CRP is a predictor of post-
operative infection, and especially deep prosthetic infection.
Methods In this retrospective single-centre study, pre-
operative serum CRP levels in 79 patients (37 females, 42
males; average age, 18 years; mean follow-up, 46 months)
undergoing resection of an osteosarcoma were correlated
with clinical data and survival.
Results The mean pre-operative serum CRP level of all 79
patients was 0.53 mg/dl (SD, 1.27 mg/dl). Patients dying of
their underlying disease had significantly higher CRP levels
compared to patients surviving throughout the follow-up
period (1.09 mg/dl±2.02 mg/dl versus 0.32 mg/dl±
0.75 mg/dl, respectively; p=0.015). CRP levels were
significantly correlated with survival (Pearson’s correlation
coefficient=−0.25; p=0.026) and histological subtype

(Pearson’s correlation coefficient=−0.42; p<0.001), but
not with sex, age, histological response, tumour size or
metastatic disease. In uni- and multivariate survival
analysis, age, response to chemotherapy and serum CRP
were associated with disease-specific survival. Patients with
a CRP level over 1 mg/dl had a significantly lower disease-
specific five-year survival of 36.7% compared to 73.8% in
patients with normal CRP values (p=0.020). Infection was
not correlated with disease-specific survival. Pre-operative
serum CRP levels were not correlated with post-operative
infection or deep prosthetic infection.
Conclusions Pre-operative serum CRP seems to be an
independent predictor of survival in patients with high-
grade osteosarcoma. Further studies are needed to confirm
these results on a large-scale basis.

Introduction

Osteosarcoma is the most frequent primary malignant bone
tumour [1]. Standard therapy today comprises neo-adjuvant
multidrug chemotherapy, wide surgical resection and
adjuvant chemotherapy. It is well established that patients
with poor histological response to chemotherapy have an
adverse outcome [2, 3]. Even though efforts have been
made to improve the survival of these patients by dose
intensification or second-line therapies, effects of such
changes are limited [4]. Therefore, many studies have tried
to define different prognostic factors not only to improve
outcome evaluation and potentially stratify risk before
starting therapy, but also to investigate new targets for
alternative treatment regimens [2, 5–9]. In osteosarcoma,
definition of such factors, both on a clinical and molecular
basis, remains controversial due to the rarity of the disease,
and there is an ongoing search for further, easily available
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markers predicting survival. In this context, even post-
operative infection in patients undergoing surgery for
osteosarcoma has been raised as a potential predictor of
survival [10, 11].

C-reactive protein (CRP), an acute phase protein, is
produced mainly by hepatocytes as a response to inflam-
mation [12]. Thus, the measurement of circulating serum
CRP is an important monitor of inflammatory disease in
clinical routine [13]. Moreover, there is a rapidly increasing
body of evidence that CRP levels can also be elevated in
patients with chronic infections, artherosclerosis or malig-
nant disease when compared to healthy controls [14–18].
Additionally, it has been shown that in many cancer types
overall survival is strongly linked to and can reliably be
predicted by pre-operative serum CRP levels [19]. To date
there is no published evidence that this is also the case in
patients with high-grade osteosarcoma.

Finally, elevated pre-operative CRP levels have been
linked to an elevated peri-operative risk for complication
and post-operative infection in patients undergoing surgery
[20–22]. Infection represents one of the most severe
complications in patients undergoing limb salvage surgery
for musculoskeletal tumours by endoprosthetic reconstruc-
tion, which today is regarded the gold standard of extremity
osteosarcoma treatment. Infection in these patients has a
lifelong incidence of 12% and often leads to frequent
revision surgery, pain, immobility or even amputation [23].
CRP was shown to predict deep infection in standard
arthroplasty [24]; however, no such data is available for the
orthopaedic-oncological patient population.

The aim of this retrospective single-centre study was to
investigate (a) whether pre-operative serum CRP is a
predictor of survival in patients with high-grade osteosar-
coma, (b) whether post-operative infection is a predictor of
survival in these patients and, furthermore, (c) whether
CRP is a predictor of post-operative infection, and
especially of deep prosthetic infection.

Material and methods

To evaluate the prognostic impact of pre-operative serum
CRP levels on survival, database analysis within the Vienna
Bone and Soft Tissue Tumour Registry identified 192
patients who underwent surgical treatment for an osteosar-
coma between 1998 and 2008. Inclusion criteria for this
retrospective single centre study of histologically confirmed
high-grade osteosarcoma, were treatment after 1998 to
provide standardised and technically consistent CRP mea-
surement; a minimum follow-up of two years, unless death
from disease had occurred within those two years; and pre-
operative in-house assessment of serum CRP. Patients were
not allowed to have a history of nicotine consumption or

cardio-vascular disease at the time of treatment. A
concomitant infection was ruled out by clinical and
radiological investigation. Patients over the age of 60 years
and patients with an osteosarcoma of the soft tissues were
excluded. Consequently, a total of 79 patients (41.1%) were
included in this analysis. Data were collected with
retrospective review of patient files in our registry.
Approval of the respective institutional review board was
obtained prior to this investigation and informed consent
was routinely obtained from the subjects and/or their
guardians at the time of treatment to further use their files
and registry data for scientific analyses.

Patients

The study group included 37 female (46.8%) and 42 male
(53.2%) patients with a mean age of 18 years (median,
16 years; range 6–50 years). Tumour distribution included the
femur in 42 patients (53.2%), the tibia in 20 (25.3%), the
humerus in seven (8.9%) and other bones in ten (12.7%).
Mean tumor size was 10.6cm in longest diameter (range, 1.0–
27.5cm). All diagnoses were histologically confirmed by open
biopsy and all patients were managed with curative intention
by multi-modal treatment including wide tumour resection
and (neo-)adjuvant chemotherapy according to the COSS-96
protocol (66 patients, 83.5%), the EURAMOS-1 protocol
(seven patients, 8.9%) or other protocols (six patients, 7.6%).
Fifty-nine patients (74.7%) underwent resection and endopros-
thetic reconstruction, 14 (17.7%) had a resection with or
without biological reconstruction, five (6.3%) had a resection-
replantation or rotationplasty and one patient (1.3%) was
amputated. Resection margins were wide in 77 patients
(97.5%) and marginal in two (2.5%). Histological tumour
subtypes comprised conventional osteosarcoma (73 patients,
92.4%), teleangiectatic osteosarcoma (four, 5.1%) and high-
grade parosteal osteosarcoma (two, 2.5%). Response to
chemotherapy was rated as Salzer-Kuntschik grades 1 to 6
[25]. Accordingly, responders were defined as grades 1 to 3
(23 patients, 29.1%), non-responders as grades 4 to 6 (56
patients, 70.9%). Patients were followed up by clinical and
radiological examination. Our standard follow-up protocol
for sarcoma patients consists of clinical and radiographic
examination of the tumour site and thoracic/abdominal
computertomography scans every four months for three
years, every six months for further three years and yearly
post-operatively thereafter, as well as yearly technetium
bone scans.

CRP

Patients’ blood was obtained before tumour resection by
venous puncture. CRP measurements were not expressly
ascertained for study purposes but performed as part of a pre-
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operative clinical routine by a latex-enhanced immuno-
turbidimetric test (Olympus AU 2700 CRP Latex, Beckman
Coulter Inc., Brea, California) according to the manufacturer’s
instructions. The respective hardware specifications indicate a
coefficient of variation of 1.65–3.79% in a normal-sensitivity
setting, covering serum CRP levels ranging from 0.02–45mg/
dl. A serum CRP level of <1 mg/dl was regarded normal
corresponding to our clinical routine practice.

Statistical analysis

Statistical analyses of the data focused on disease-specific
survival in relation to CRP levels or infection, respectively.
CRP values are indicated as means with standard deviation
(SD). Values were compared using the t-test, correlations
calculated by the Pearson’s correlation coefficient. Demo-
graphic (sex and age), surgical (endoprosthetic or other
reconstruction) and clinico-pathological variables (serum
CRP-level, response to chemotherapy, histological subtype,
tumour size, post-operative infection, metastatic disease and
death of disease) were examined. Age, tumour size and
serum CRP levels were regarded as continuous variables;
all other covariates were modelled as categorical variables.
Investigated endpoints of the study were death of disease,
metastatic disease and post-operative infection. Actuarial
survival was estimated using the Kaplan-Meier method.
Significance between survival functions was identified by
the log-rank test. According to previous reports investigat-
ing the prognostic value of post-operative infection on
survival [10, 11], landmark analysis was performed
additionally in order to better control confounding factors.
For this, a landmark was defined at 12 months post-
operatively and patients dying from metastases before this
landmark as well as patients developing infection after this
landmark were excluded before survival analysis. Uni- and
multivariate analyses were calculated by a Cox-regression
model. All statistical tests were two-sided. A p-value of <0.05
was considered significant. All calculations were made with
the SPSS® (SPSS Inc., Chicago, Illinois; version 13.0, 2004)
software package, graphical visualisation was performed by
use of GraphPad Prism® (GraphPad Software Inc., LaJolla,
California; version 4.00, 2003).

Results

A total of 30 patients (38.0%) developed metastatic disease
at a mean of 12 months post-operatively (median,
ten months; range, 1–44 months). Twenty-six patients
(32.9%) developed metastatic disease within 24 months of
diagnosis. Twenty-two patients (27.8%) died of their
underlying disease 21 months after operation (median,
17 months; range, 1–60 months). There were no concurrent

fatal events throughout the follow-up period. Disease-
specific survival of all patients was 81.0% at two years
and 67.5% at five and ten years, respectively. The mean
overall follow-up was 46 months (median, 33 months;
range, 1–126 months); the mean follow-up for patients
surviving their disease was 56 months (median, 44 months;
range, 24–126 months).

CRP and survival

The mean pre-operative serumCRP level of all 79 patients was
0.53 mg/dl (SD, 1.27 mg/dl). Fourteen patients (17.1%) had
pre-operative serum CRP levels above the defined cut-off of
1 mg/dl, ranging from 1.20 mg/dl to 8.50 mg/dl. Table 1 gives
a detailed description of patient characteristics and
corresponding CRP levels. Patients dying of their underlying
disease had significantly higher CRP levels compared to
patients surviving throughout the follow-up period (1.09 mg/
dl±2.02 mg/dl versus 0.32 mg/dl±0.75 mg/dl; p=0.015).
Also, patients with teleangiectatic or high-grade parosteal
osteosarcoma had significantly higher CRP levels than
patients with the conventional subtype (2.40 mg/dl±
3.31 mg/dl versus 0.38 mg/dl±0.82 mg/dl; p<0.001). Thus,
CRP levels were significantly correlated with survival
(Pearson’s correlation coefficient=−0.25; p=0.026) and his-
tological subtype (Pearson’s correlation coefficient=−0.42; p
<0.001), but not with sex, age, histological response, tumour
size or metastatic disease. In a univariate survival analysis
age, histological response to neo-adjuvant chemotherapy and
pre-operative serum CRP were associated with disease-
specific survival. These factors remained statistically signif-
icant in the multivariate Cox regression model. Table 2
represents the respective test results.

Patients with a pre-operative serum CRP level over
1 mg/dl had a significantly lower disease-specific two-year
survival of 64.2% compared to 84.6% in patients with CRP
values below the cut-off (p=0.020). The respective disease-
specific five-year survival rates were 36.7% versus 73.8%
(see Fig. 1). Given our total patient number of 79, a power
analysis revealed a power of 0.95 to detect a survival
difference of 28.4% or higher.

Infection and survival

A total of 13 patients (16.5%) developed an infection at
a mean of 17 months post-operatively (median,
eight months; range, one to 53 months). Infection only
occurred in patients with endoprosthetic reconstruction.
Infection was not correlated with disease-specific surviv-
al. The disease-specific two-year and five-year survival
rates of patients with infection versus patients without
infection were 84.6% versus 80.3% and 59.8% versus
69.5%, respectively (p=0.600; see Fig. 2).
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For landmark analysis, 22 patients (27.8%) were excluded
as they either developed metastatic disease within 12 months
post-operatively or had infection more than one year after
index surgery. This did not reveal significant differences in
disease-specific survival. The respective disease-specific sur-
vival rates were 100% for patients with infection versus 96.2%
for patients without infection at two years and 75.0% versus
82.5% at five years, respectively (p=0.740).

CRP and infection

Pre-operative serum CRP levels were not correlated with
post-operative infection. Conversely, patients without post-
operative infection had higher pre-operative CRP levels
than patients with septic complications; however, this was
not statistically significant (see Table 1). CRP levels had no
significant impact on infection-free survival. Two-year and

Variable N (%) Mean pre-operative serum CRP level (SD) p value (t-test)

Sex

Male 42 (53.2%) 0.42 (0.94)

Female 37 (46.8%) 0.66 (1.57) 0.417

Age

<40 years 74 (93.7%) 0.55 (1.31)

>40 years 5 (6.3%) 0.19 (0.27) 0.545

Post-operative infection

Yes 13 (16.5%) 0.25 (0.90)

No 66 (83.5%) 0.59 (1.33) 0.395

Histological response to chemotherapy

Yes 23 (29.1%) 0.37 (0.80)

No 56 (70.9%) 0.60 (1.42) 0.478

Tumor size

<10 cm 46 (58.2%) 0.50 (1.01)

>10 cm 33 (41.8%) 0.58 (1.59) 0.778

Histological subtype

Conventional 73 (92.4%) 0.38 (0.82)

Others 6 (7.6%) 2.40 (3.31) <0.001

Metastatic disease

Yes 30 (38.0%) 0.81 (1.78)

No 49 (62.0%) 0.36 (0.80) 0.132

Death of Disease

Yes 22 (27.8%) 1.09 (2.02)

No 57 (72.2%) 0.32 (0.75) 0.015

Table 1 Clinico-pathological
characteristics and respective
pre-operative serum CRP
levels of 79 patients with
high-grade osteosarcoma

CRP C-reactive protein,
SD standard deviation

Table 2 Univariate and multivariate survival analysis in 79 patients with high-grade osteosarcoma

Variable Univariate p Multivariate p Multivariate hazard ratio (95% confidence interval)

Sex 0.281a 0.410 1.5 (0.6–3.7)

Age 0.003b 0.003 1.1 (1.0–1.1)

Post-operative infection 0.600a 0.815 1.1 (0.4–3.3)

Histological response to chemotherapy 0.002a 0.024 10.8 (1.4–85.6)

Tumour size 0.153b 0.267 1.0 (1.0–1.1)

Histological subtype (conventional vs. other) 0.052a 0.519 0.6 (0.1–3.3)

Pre-operative serum CRP level <0.001b 0.031 1.4 (1.0–1.8)

CRP C-reactive protein
a Log-rank test
b Univariate Cox regression
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five-year infection-free survival of patients with a pre-
operative serum CRP level over 1 mg/dl versus patients
with normal levels were 100% versus 87.5% and 88.9%
versus 73.9%, respectively (p=0.368).

Endoprosthetic reconstruction

Finally, a subgroup analysis for the 59 patients with
endoprosthetic reconstruction was performed. Pre-
operative serum CRP levels were not significantly different
between patients with or without deep prosthetic infection
(p=0.530). Infection-free survival was independent of pre-
operative CRP levels (p=0.399). Nor did infection have
significant influence on disease-specific survival of patients
with endoprosthetic reconstruction (p=0.471) irrespective
of landmark analysis (p=0.771). There was, however, a

significant difference in disease-specific survival between
patients with CRP levels over 1 mg/dl versus patients with
normal levels (two-year disease-specific survival, 70.0%
versus 85.7%; five-year disease-specific survival, 37.3%
versus 74.8%; p=0.038) and again patients dying of their
disease had significantly higher pre-operative serum CRP
levels compared to those surviving throughout the follow-
up period (0.80 mg/dl±1.32 mg/dl versus 0.24 mg/dl±
0.64 mg/dl; p=0.034).

Discussion

This study, to our best knowledge, represents the first
attempt to investigate CRP as a prognostic factor in patients
with high-grade osteosarcoma. We have been able to show
that pre-operative serum CRP levels before tumour resec-
tion correlate with disease-specific outcome, i.e. patients
with CRP levels above the cut-off of 1 mg/dl had a
significantly worse survival. Furthermore, we have inves-
tigated the impact of infection on survival in these patients,
but have failed to identify significant correlations. Finally,
we were unable to link pre-operative CRP levels to the
likelihood of developing post-operative infection. This was
also the case in a subset of patients with endoprosthetic
reconstruction.

There certainly are limitations to this study. First, this is
an analysis with a retrospective, single-centre design.
Osteosarcoma is a rare disease and for evaluation of
prognostic factors long-term results are preferable. There-
fore, most reports in this field are entirely based on
retrospective series [6], as prospective trials would require
a vast time span. Second, we only were able to include a
small group of 79 patients. In total, 192 patients with
osteosarcoma have been treated throughout the recruitment
period; however, a high exclusion rate was dictated by the
necessity of a reasonable follow-up for event-free patients
and the elimination of clinical factors potentially influenc-
ing serum CRP levels. Nevertheless, we have identified a
high power (0.95) in our survival analysis. The patients we
have included form a representative spectrum of patients
with high-grade osteosarcoma. The predominant age was
around the second decade of life, there was a male
preponderance and the anatomical tumour distribution
reflects that of large scale studies [2, 3, 7]. As 87% of all
metastatic events occurred within 24 months of diagnosis,
our follow-up should provide adequate evidence. Also, the
overall survival rate of 68% at five and ten years goes along
with pooled results of the Cooperative Osteosarcoma Study
Group [2]. Third, we have only investigated pre-operative
CRP levels before tumour resection and not before
commencement of chemotherapy. We are unable to draw
any conclusions from these results concerning the value of

Fig. 2 Kaplan-Meier curves for disease-specific survival of 79
patients with high-grade osteosarcoma according to the event of
post-operative infection

Fig. 1 Kaplan-Meier curves for disease-specific survival of 79
patients with high-grade osteosarcoma according to pre-operative
serum C-reactive protein (CRP) levels
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CRP as a pre-treatment predictor before neo-adjuvant
treatment. The rational for this primarily was that this study
was designed to investigate not only the correlation
between CRP and survival but also between CRP and
post-operative infection as well as between infection and
survival, and thus required the use of pre-operative CRP
values as in previous investigations [20–22]. Furthermore,
CRP levels before biopsy or induction therapy were only
available in a small subset of our patients as in clinical
routine of a tertiary referral centre many of these patients
presented for tumour resection only and had undergone
(neo-)adjuvant therapy at other institutions or presented
with institutional CRP measurements, that were technically
not comparable to our in-house assessments. Finally, due to
the retrospective design we also were unable to assess the
prognostic relevance of other acute phase proteins, as they
were not a consistent part of standardised pre-operative
diagnostic routine. The fact that elevated CRP levels before
surgical treatment can predict survival raises the question of
whether this marker could serve as a potential surveillance
tool of tumour activity before and during chemotherapy [19]
and has encouraged us to further investigate pre-biopsy CRP
levels and other acute phase proteins such as fibrinogen.

There are many studies investigating demographic,
clinicopathological, serological and molecular markers in
osteosarcoma [2, 5–9, 26]. A variety of less common
clinical factors such as disease onset, relative tumour
burden, skip lesions, tumour pattern, tumour necrosis rate
and/or volume under chemotherapy have shown prognostic
evidence [26–28], while others such as pathological
fracture have failed to do so or remain controversial [29,
30]. This has allowed the definition of risk stratification
models [4] and even nomograms [26] throughout single-
centre studies. Many of these factors, however, have lost
their significance when analysed in large study cohorts or
pooled data analyses and have been closely connected or
outweighed by histological necrosis (i.e. response rate to
neo-adjuvant chemotherapy) [5–7]. Well-established clini-
cal factors are rather confined to age [2, 3, 7], tumour site
[2, 7], size [3, 6] and response rate [2–7], with the latter
being observed as the most reliable indicator [5]. Similarly,
controversial evidence is reported for serological markers
such as alkaline phosphatase or lactate dehydrogenase [3, 6,
8] while different molecular factors prove to be of rather
reproducible predictive value, including, among others,
human epidermal growth factor receptor 2 (HER2),
vascular endothelial growth factor (VEGF), p-
glycoprotein, transmembrane glycoprotein ErbB-2, chemo-
kine receptor, matrix metalloproteinases (MMPs), livin,
ezrin or heat shock proteins [8, 9, 31–33]. Though, their
measurement is to some extent time-consuming and
complex and therefore often not integrated into clinical
practice.

CRP is evaluated in daily routine. Measurement is
relatively cheap and performed by commercially available
and standardised test systems. Elevated levels of CRP have
been described as a prognostic factor in various human
malignancies including like gastro-esophageal, ovarian, and
several others [34, 35]. Significantly higher levels of CRP
in cancer patients compared to healthy controls have been
linked to carcinogenesis as expression of the host defence
or as paraneoplastic syndrome due to the up-regulation of
inflammatory pathways by the tumour microenvironment
[18, 19]. Some of the malignancies investigated in this
context have been closely tied to inflammatory disease [34,
35]. Such connections have not yet been described in
osteosarcoma.

In this study, we have observed significantly higher
levels of pre-operative CRP in patients dying of osteosar-
coma. All patients in this series died of metastatic disease,
and there certainly was a trend towards higher levels in
patients developing metastases (see Table 1), possibly
linking CRP to aggressive tumour behaviour. CRP levels
were also higher in non-responders to chemotherapy;
however, this was not statistically significant. CRP levels
were not correlated to tumour size. Therefore, it remains
unclear, whether CRP is elevated, because of aggressive
tumour biology, or if this is the consequence of local
inflammatory host reactions to a tumour with a high rate of
viable cells despite chemotherapy (i.e. non-responder).

CRP was additionally elevated in patients with other
than conventional histological subtype, but subtype had no
influence on survival. Besides, the low number of this
subgroup (six out of 73) limits the usefulness of this
finding. In the uni- and multivariate survival analysis, age,
response rate and CRP levels were the only independent
prognostic variables (see Table 2 and Fig. 1).

Post operative infection was also shown to be of
prognostic value in patients undergoing surgery for osteo-
sarcoma. A study of 412 patients with osteosarcoma has
shown that the ten-year survival of 85% for patients with
infection was significantly better compared to 62% in the
non-infected group [10]. Controversially, this data could
not be confirmed by another report on 31 infected patients
out of a total cohort of 347 after matched control group
analysis and the authors attributed positive effects of
infection on survival to clinical characteristics of infected
patients rather than to an anti-tumour effect of infection
itself [11]. Our study did not find a significant impact of
infection on survival (see Fig. 2). Patients with infection
had even lower pre-operative CRP levels compared to non-
infected patients (not significant; see Table 1), which leaves
the impact of infection unclear.

Several surgical studies have linked high pre-operative
CRP levels to later surgical complications [20, 21] or post-
operative infection, especially after orthopaedic interven-
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tions such as arthroplasty [22, 24]. No such data has so far
been reported for orthopaedic-oncological patients or
patients receiving megaprostheses. In this series, post-
operative infection was not predictable from elevated pre-
operative CRP levels, despite a similar methodological
approach. It is noteworthy that, all patients with infection
had also received megaprostheses, and it is well established
that these implants are accompanied by a remarkable risk of
infection [23]. We therefore conclude that this factor (i.e.
the implantation of a megaprosthesis) outweighs a possible
predictive effect of elevated CRP levels or similar prog-
nosticators of post-operative infection. We also performed a
sub-group analysis of patients with megaprostheses, as deep
infection of standard total joint arthroplasties was described
to depend on elevated pre-operative CRP [22]. A recent
report has shown that optimised CRP cut-off levels to
predict infection in standard arthroplasties range from
>1 mg/dl to 7 mg/dl [24]. This was not the case in our
study and we failed to predict prosthetic infection, again
most likely due to the elevated risk of infection in
megaprostheses per se. Obviously, in oncological patients
with megaprostheses, there are a variety of different
additional factors influencing the risk of implant infection
such as immuno-suppression, long operating times and
extensive soft tissue loss. Strikingly, in this subset of
patients with megaprostheses (i.e. extremity osteosarcoma
only), CRP was still significantly predicting disease-
specific survival.

In conclusion, pre-operative serum CRP seems to be an
independent predictor of survival in patients with high-
grade osteosarcoma. CRP levels do not predict the
likelihood of a post-operative infection or deep prosthetic
infection in these patients. The impact of infection on
survival remains unclear. Further studies are required to
confirm these results on a large-scale basis and to
investigate CRP and other acute phase proteins as a pre-
treatment predictor in osteosarcoma patients before induc-
tion chemotherapy.

Disclosure The authors declare that they have no conflict of interest.
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