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Osteosarcoma is the most common primary bone tumor characterized by juvenile onset, tumor heterogeneity, and
early pulmonary metastasis. Therapeutic improvement stagnates since more than two decades. Unlike major
malignancies, biomarkers as prognostic factors at time of diagnosis are missing. Disease rareness hampers study
recruitment of patient numbers sufficient to outweigh tumor heterogeneity. Here, we analyzed in a multicenter cohort
the osteosarcoma microenvironment to reduce effects of tumor cell heterogeneity. We hypothesized that quantitative
ratios of intratumoral CD8CT-cells to FOXP3CT-cells (CD8C/FOXP3C-ratios) provide strong prognostic information when
analyzed by whole-slide imaging in diagnostic biopsies. We followed recommendations-for-tumor-marker-prognostic-
studies (REMARK). From 150 included cases, patients with complete treatment were identified and assigned to the
discovery (diagnosis before 2004) or the validation cohort (diagnosis 2004–2012). Highly standardized
immunohistochemistry of CD8C and FOXP3C, which was validated by methylation-specific gene analysis, was
performed followed by whole-slide analysis and clinical outcome correlations. We observed improved estimated
survival in patients with CD8C/FOXP3C-ratios above the median (3.08) compared to patients with lower CD8C/FOXP3C-
ratios (p D 0.000001). No patients with a CD8C/FOXP3C-ratio above the third quartile died within the observation
period (median follow-up 69 mo). Multivariate analysis demonstrated independence from current prognostic factors
including metastasis and response to neoadjuvant chemotherapy. Data from an independent validation cohort
confirmed improved survival (p D 0.001) in patients with CD8C/FOXP3C-ratios above 3.08. Multivariate analysis proofed
that this observation was also independent from prognostic factors at diagnosis within the validation cohort.
Intratumoral CD8C/FOXP3C-ratio in pretreatment biopsies separates patients with prolonged survival from non-
survivors in osteosarcoma.
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Introduction

Osteosarcoma is characterized by high vascularization, early
metastasis mostly into the lung and poor prognosis. Since intro-
duction of neo-adjuvant chemotherapy 30 y ago little further
progress has been achieved.1 In fact, uniform neo-adjuvant che-
motherapy is applied to all patients, although some patient sub-
groups might not benefit from chemotherapy.2 Prognostic
biomarkers for risk stratification at the time of diagnosis are
missing and are a major drawback in clinical testing of novel
therapeutic agents.3 Candidate biomarkers derived from osteo-
sarcoma tumor cells have been suggested, but clinical translation
has been hampered by several factors including demanding
methodology of promising prognostic parameters.4,5 Heteroge-
neity of tumor cells with various osteosarcoma subentities fur-
ther complicates identification of robust biomarkers with broad
clinical application. Alternatively, analysis of the tumor micro-
environment for osteosarcoma outcome related biomarkers
might be less dependent from the osteosarcoma subtype. It has
been suggested in other tumors that intensity of tumor microen-
vironment infiltration with T-cells, especially cytotoxic tumor-
infiltrating CD8CT-cells (CD8CTILs) allows more powerful
prognostic staging than traditional staging and this is currently
tested for some tumors in a multicenter study.6,7 The results
from validation of intratumoral immune cells called
“immunoscore” are considered as a new component for the clas-
sification of cancer, designated TNM-I (TNM-Immune).6 Fur-
thermore, the segregation of tumors based on the presence or
absence of T-cells in the microenvironment is important since
novel drugs are available to boost the T-cell antitumor
response.8 Whereas some drugs directly activate cytotoxic T-
cells, several antibody-based drugs are now available to inhibit
immunosuppressive pathways in the tumor microenvironment,
i.e. by reduction of FOXP3C regulatory T-cells (Tregs).

8 Intratu-
moral accumulation of FOXP3CTregs has been shown as a
major immune escape mechanism of many tumors.9,10 In con-
trast to most tumors, presence of FOXP3CTregs in osteosarcoma
tumor lesions is completely unknown since data about
FOXP3CTregs in osteosarcoma are lacking. Only little quantita-
tive information is available for the quantity of intratumoral
CD8CTILs in osteosarcoma, and whether their frequency can
predict osteosarcoma disease outcome.11–13 These short-comings
might be largely explained by difficulties to perform sensitive
and specific immunohistochemistry in bone tumor tissue. We
have recently established standardized detection of FOXP3Ccells
and CD8CTILs in osteosarcoma by systematic optimization of
antigen detection and demonstrated whole-slide imaging as
superior quantification method compared to conventional spot
based analysis in osteosarcoma.14 Here, we analyzed in a multi-
center cohort of 150 osteosarcoma patients if CD8CTILs and
FOXP3C Tregs are substantially present in the osteosarcoma
microenvironment and evaluated if these biomarkers alone or
their ratio could be used as prognostic factors to predict osteo-
sarcoma outcome at time of diagnosis previous to neoadjuvant
chemotherapy. Furthermore, we validated our findings in an
independent cohort of osteosarcoma patients.

Results

Patient characteristics
Biopsies from 150 treatment-naive patients were included in

the study cohort. Of these samples, 95% showed more than 10
FOXP3Ccells in the whole section. Similarly, 95% of investi-
gated patients showed more than 30 CD8Ccells. Representative
immunostainings for CD8C and FOXP3C are shown in Figs. 1
A and B. For comparison of clinical outcome, 48 patients were
excluded as required by the study design (see CONSORT flow
diagram and study design, suppl. Fig. 1). 102 patients were fur-
ther assessed in a discovery and validation cohort. Patient charac-
teristics are shown in Table 1. The cohort showed representative
correlations of major clinicopathological predictors to previously
described osteosarcoma cohorts.15–19

Whole-slide analysis of CD8CTILs and FOXP3Ccells in
osteosarcoma tissue and relation to survival

We have previously demonstrated that a subpopulation of
patients with atypical low osteosarcoma vascularization (below
first quartile CD31-expression) showed a much better survival
than osteosarcoma patients with normal or high vasculariza-
tion.20 However, quantification of tumor vascularization in the
majority of osteosarcoma patients with typical tumor vasculariza-
tion could not add substantial information for outcome predic-
tion at the time of diagnosis. Therefore, we asked at first, if
whole-slide CD8CTIL-densities correlated with patient survival
in those samples from the discovery cohort, which exhibited a
typical vascularization for osteosarcoma. Indeed patients with
increasing CD8CTIL-densities showed significant better esti-
mated survival in univariate cox regression analysis (p D 0.032).
Furthermore, multivariate Cox-regression analysis showed that
this observation was independent from major clinicopathological
variables at time of diagnosis including age, gender, and tumor
location (pD 0.028). Accordingly patients with high (above third
quartile) or intermediate (between first and third quartile)
CD8CTIL-densities had a significant better estimated survival
compared to patients with low (below first quartile) CD8CTIL-
densities (p D 0.006; log-rank) (Fig. 1C). Improved survival
with increasing CD8CTIL-densities could still be observed when
the complete discovery group was analyzed (Fig. 1D).

Next, intratumoral whole-slide FOXP3Ccell-densities were
assessed as prognostic factor in the discovery cohort. Since char-
acteristic FOXP3 gene demethylation is currently considered as
the most specific regulatory T cell marker, we performed side-by-
side comparison of immunohistochemistry-based FOXP3Ccell
quantification with frequencies of cells with Treg-specific
demethylation pattern in 20 randomly selected osteosarcoma
samples. We observed a significant correlation between number
of cells positive for scurfin, the FOXP3-endoced protein by
immunohistochemistry, and frequencies of T cells with demethy-
lated FOXP3 gene locus (p D 0.018, Pearson).

Determination of intratumoral whole-slide FOXP3Ccell-den-
sities in the discovery cohort revealed an improved survival for
patients with decreasing FOXP3Ccell-densities, which was not
dependent on low vascularized samples (Fig. S3). However, this
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observation held
only true, when
osteosarcoma sam-
ples with very high
CD8Ccell-densities
(above third quar-
tile) were excluded.
In this case, univari-
ate Cox-regression
analysis revealed a
significant better
estimated survival
(p D 0.006) and

multivariate Cox-regression analysis showed that this effect was
independent from major clinicopathological prognostic factors at
time of diagnosis including primary metastasis, age, gender, and
tumor location (p D 0.001). When patients were assigned to

subgroups with low, intermediate or high FOXP3Ccell-densities,
estimated survival was significantly better in low and intermedi-
ate groups (p D 0.008; log rank) (Fig. S3).

Collectively, increasing CD8CTIL-densities but decreasing
FOXP3Ccell-densities in pretreatment biopsies indicated
improved estimated survival rates. Given a strong correlation of
CD8CTIL-densities with FOXP3Ccell-densities in osteosarcoma
biopsies (p D 5.17 £ 1027; Pearson) (Fig.1 E), but opposing
effects of both cell types on clinical outcome and biological func-
tion, further information might be gained, when CD8CTIL-den-
sities were analyzed in relation to FOXP3Ccell-densities (CD8C/
FOXP3C-ratios).

CD8C/FOXP3C-ratios correlate with survival independent
of primary metastasis and response to chemotherapy

Determination of intratumoral CD8C/FOXP3C-ratios
revealed extensive variation of CD8CTILs in relation to

Figure 1. Estimated overall survival of the
discovery cohort grouped for CD8CTIL- den-
sities and correlation of CD8CTIL- densities
with FOXPC-cell densities in pretreatment
biopsies. (A) Representative FFPE osteosar-
coma samples immunostained for FOXP3.
Positive stained cells are shown in red and
sections were counterstained by hematoxy-
lin. (B) FFPE osteosarcoma samples immu-
nostained for CD8. (C) Kaplan–Meier
estimated overall survival of typically vascu-
larized osteosarcoma patients of the discov-
ery cohort with high (above third quartile),
medium (between first and third quartile)
and low (below first quartile) CD8CTIL-densi-
ties within whole slides of pretreatment
biopsies. Narrow dotted line: patients with
CD8CTIL-densities above the third quartile (n
D 12) .Wide dotted line: Patients with
CD8CTIL-densities between the first and
third quartile (n D 31). Dashed line: Patients
with CD8CTIL-densities below the first quar-
tile (n D 15). Overall survival indicated in
months. Cumulative survival indicated in
percent. Patients at risk are indicated per
year in the table below corresponding
Kaplan–Meier Plot. Statistical significances as
p-values by log- rank test. (D) Kaplan–Meier
estimated overall survival of all patients of
the discovery cohort with high (above third
quartile), medium (between first and third
quartile), and low (below first quartile)
CD8CTIL-densities within whole slides of pre-
treatment biopsies. Narrow dotted line:
patients with CD8CTIL-densities above the
third quartile (n D 18).Wide dotted line:
Patients with CD8CTIL-densities between the
first and third quartile (n D 38). Dashed line:
Patients with CD8CTIL-densities below the
first quartile (n D 19). Overall survival indi-
cated in months. Cumulative survival indi-
cated in percent. Patients at risk are
indicated per year in the table below corre-
sponding Kaplan–Meier Plot. Statistical sig-
nificances as p-values by log- rank test. (E)
Distribution and correlation of CD8CTIL-den-
sities and FOXP3Ccell-densities in whole
slides of pretreatment osteosarcoma biop-
sies of the discovery group (n D 75). Each
dot represents one osteosarcoma sample.
CD8CTIL- and FOXP3Ccell-densities are indi-
cated in positive stained cells per 0.1mm2

analyzed tumor area. Upper and lower lines
indicate the 95% confidence interval. Statisti-
cal significance as two sided p-value by Pear-
son correlation, r indicates correlation
coefficient.
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FOXP3Ccells in the discovery cohort (Fig. 2A). Decreasing
CD8C/FOXP3C-ratios in the pretreatment biopsy was a highly
significant prognostic factor for poor patient survival in univari-
ate Cox-regression (p D 0.0001). Multivariate Cox-regression
confirmed that this observation was independent of major clini-
copathological prognostic factors at diagnosis including primary
metastasis, age, gender, and tumor site (p D 0.002) (Table 2).
To test if intratumoral CD8C/FOXP3C-ratios separate survivors
from non-survivors in the discovery cohort, we determined esti-
mated survival of patients with CD8C/FOXP3C-ratios above the
median vs. patients with CD8C/FOXP3C-ratios below the
median (Fig. 2B). Almost all non-survivors during the observa-
tion period (median follow-up 69 mo) had CD8C/FOXP3C-
ratios below the median (95%). Vice versa, 98% of patients with
CD8C/FOXP3C-ratios above the median survived the observa-
tion period. Estimated survival of patients with CD8C/
FOXP3C-ratios above the median was significantly increased
compared to patients with CD8C/FOXP3C-ratios below the
median (p D 0.00001; log-rank) (Fig. 2B). We retrieved similar

results (p D 0.00001; log-rank) when we excluded all patients
with CD31 expression below the first quartile. Since we observed
some correlation of CD8C/FOXP3C-ratios at diagnosis with pri-
mary metastasis (p D 0.01), although this could not explain the
independent predictive power of CD8C/FOXP3C-ratios as deter-
mined by multivariate Cox-regression (p D 0.002), we compared
estimated survival only in patients without primary metastasis.
Again, patients in this subgroup with CD8C/FOXP3C-ratios
below the median had a significant shorter estimated survival
than patients with CD8C/FOXP3C-ratios above the median (p
D 0.00007; log-rank).

Next, CD8C/FOXP3C-ratios were tested against response to
neoadjuvant chemotherapy. Again, CD8C/FOXP3C-ratio was an
independent prognostic factor (p D 0.003, Cox-regression)
(Table 2). Similar observations as reported for metastasis could
be made for the subgroup of patients with good response to neo-
adjuvant chemotherapy: Patients with good chemoresponse but
CD8C/FOXP3C-ratios below the median value of the discovery
cohort showed significantly reduced estimated survival than
patients with CD8C/FOXP3C-ratios above the median (p D
0.045; log-rank) (data not shown). Among patients with poor
chemoresponse estimated survival behaved accordingly (p D
0.016; log-rank) (data not shown).

Low CD8C/FOXP3C-ratios identify osteosarcoma patients
with poor prognosis

Clinical translation of novel outcome prognostic factors
largely depends on their discriminatory power. Therefore, we
asked if estimated survival of patients with low (below first quar-
tile) intratumoral CD8C/FOXP3Cratio could clearly be sepa-
rated from estimated survival of patients with high (above third
quartile) CD8C/FOXP3Cratio in the discovery cohort. Kaplan–
Meier estimated survival varied highly significant (p D
0.000000035; log-rank) when patients were grouped by quartiles
of CD8C/FOXP3C-ratios (Fig. 2C). Accordingly, no patients
with a CD8C/FOXP3Cratio above the third quartile, but 79 %
of the patients with CD8C/FOXP3C-ratios below the first quar-
tile died within the observation period. Of note, discriminatory
power to intermediate groups was also substantial, since patients
with low CD8C/FOXP3C-ratios had a significant worse esti-
mated survival when compared to patients with intermediate low
or intermediate high CD8C/FOXP3C-ratios (p D 0.002 / p D
0.00003; log rank).

Validation of intratumoral CD8C/FOXP3C-ratios of
pretreatment biopsies as prognostic factor

Intratumoral CD8C/FOXP3Cratio as an independent prog-
nostic factor was validated in an independent validation cohort
that was defined previous to sample retrieval and included
patients with current state of the art diagnosis and therapy (see
CONSORT Fig. S1). Patients of the validation cohort with
CD8C/FOXP3C-ratios above 3.075 (D median of the discovery
cohort) showed a significant longer estimated survival than
patients with CD8C/FOXP3C-ratios below 3.075 (p D 0.001;
log-rank) (Fig. 3A) consistent with findings in the discovery
group (Fig. 2B). Similar results were retrieved when other

Table 1. Patient characteristics

n D 102

Median age in years (range) 15.5 (6–70)
Follow-up time in months (range) 69.1 (3–252)
Gender
Male 61
Female 41

Tumor site
Femur 54
Tibia 33
Humerus 5
Fibula 2
Radius 2
Trunk 6

Primary metastasis
Absent 74
Detected 15
NA 13

Primary or secondary osteosarcoma
Primary 102
Secondary 0

Grade
High-grade central osteosarcoma 102

Histological subtype
Osteoblastic 74
Fibroblastic 14
Mixed chondro-/osteobalstic 4
Teleangiectatic 7
Sclerotic 2
Small cell 1

Tumor response to chemotherapy
Good response 56
Poor response 22
NA 24

Surgical remission
Good (wide/amputation/radical) 89
Bad (marginal/intralesional) 5
NA 8

Chemotherapy 102
NA: data not available
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statistical validation strategies were applied post-hoc (i.e., cross
validation with discovery group as validation cohort, split-sam-
pling validation). The CD8C/FOXP3C-ratio median value of
discovery and validation together was 3.074. Multivariate Cox-
regression analysis confirmed that this observation in the valida-
tion group was independent of major clinicopathological prog-
nostic factors at diagnosis including primary metastasis, age,
gender, and tumor site (p D 0.04). Furthermore, estimated sur-
vival of patients in the validation cohort without primary metas-
tasis was longer in patients with CD8C/FOXP3C-ratios above
3.075 (p D 0.014; log-rank) (Fig. 3B) consistent with discovery
group data. Similarly, patients of the validation cohort with good
response to neoadjuvant chemotherapy could be separated by
CD8C/FOXP3C-ratios in two groups with different estimated
survival. Whereas patients with CD8C/FOXP3C-ratios above
3.075 showed indeed good estimated survival, patients with
CD8C/FOXP3C-ratios below 3.075 had exhibited less favor-
able estimated survival although the response to chemotherapy
was good (p D 0.008; log-rank) (Fig. 3C) as indicated above
for the discovery group.

Discussion

Progress in cancer treatment proceeds not in equal measures
for all tumor entities. Therapy of major hematologic and solid
malignancies has already entered precision or stratified medi-
cine. Homogeneous patient groups can be defined by specific
biomarkers that are likely to benefit from a specific therapy. In

contrast, all osteosarcoma patients get uniform neoadjuvant che-
motherapy with no significant improvement in survival over 20–
30 y. Given the high inter- and intra-tumoral heterogeneity in
osteosarcoma, individualized cancer therapy has been claimed to
be essential for further progress in osteosarcoma.21 Along these
lines, most effective targeted drugs require response prediction
biomarkers, but in osteosarcoma no reliable molecular prognostic
markers are available so far.22 With less than five new patients in
a million suffering from osteosarcoma, research is largely aca-
demic driven and not by pharmaceutical companies23 with many
osteosarcoma studies being statistically under powered. Further-
more, most outcome-related biomarker studies have included

Figure 2. Distribution of the CD8C / FOXP3C-ratios and estimated overall
survival of the discovery cohort grouped for median and quartiles of
CD8C / FOXP3C-ratios. (A) Distribution of CD8C/FOXP3C-ratios of the dis-
covery cohort in whole slides of pretreatment osteosarcoma biopsies.
Each dot represents one osteosarcoma sample. Overlaid black box indi-
cates first and third quartile and interquartile range. Median is indicated
by black line within the box. Whisker hairs represent the 1.5-fold inter-
quartile distance above the upper quartile and below the lower quartile.
Four samples with ratios above a value of 14 are not indicated (ratios:
18.4; 19.2; 29.4; 68.9). (B) Kaplan–Meier estimated overall survival of
patients of the discovery cohort with CD8C/FOXP3C-ratios above the
median and below the median. Narrow dotted line: patients with CD8C/
FOXP3C-ratios above the median (n D 37). Wide dotted line: Patients
with CD8C/FOXP3C-ratios below the median (n D 38). Overall survival
indicated in months. Cumulative survival indicated in percent. Patients
at risk are indicated per year in the corresponding tables below Kaplan–
Meier Plots. Statistical significances as p-values by log- rank test. (C)
Kaplan–Meier estimated overall survival of patients of the discovery
cohort with CD8C/FOXP3C-ratios above the third quartile, between sec-
ond and third quartile, between first and second quartile and below the
first quartile in pretreatment biopsies. Narrow dotted line: patients with
CD8C/FOXP3C-ratios above the third quartile (n D 18). Wide dotted line:
Patients with CD8C/FOXP3C-ratios between second and third quartile (n
D 19). Dashed line: Patients with CD8C/FOXP3C-ratios between the
between first and second quartile (n D 18). Dotted and dashed line:
Patients with CD8C/FOXP3C-ratios below the first quartile (n D 19). Over-
all survival indicated in months. Cumulative survival indicated in percent.
Patients at risk are indicated per year in the corresponding tables below
Kaplan–Meier Plots. Statistical significances as p-values by log-rank test.
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not only too little patient numbers to detect homogeneous sub-
groups (n < 100 ), but are also hampered by major difficulties in
reliable work-up of bone material. Third, independent patient
groups for validation of candidate outcome prediction bio-
markers are mostly missing.

In the present study, we addressed these issues and included
pretreatment biopsies from a multicenter cohort of 150 osteosar-
coma patients with validation of our finding in an independent
patient group. To overcome tumor heterogeneity we explored
the tumor microenvironment instead of tumor cells and intro-
duced whole-slide immunohistochemical analysis instead of anal-
ysis of small spots.14 Furthermore, we have previously optimized
antigen detection to allow reliable detection of tumor infiltrating
immune cells in bone tissue.14 Although, we had expertise to
detect FOXP3Ccells in diseases including other malignancies24–
27, sufficient conditions for successful immunohistochemical
FOXP3Ccell detection in osteosarcoma turned out to be largely
different from conventional protocols14 and might explain the
lack of reports demonstrating FOXP3Ccells in human
osteosarcoma.

Here, we show that osteosarcoma patients with higher (above
median) intratumoral CD8C/FOXP3C-ratios at time of diagno-
sis have a much better outcome than patients with lower (below
median) CD8C/FOXP3C-ratios (Fig. 2B and Table 2). Previous
reports on CD8CTILs in osteosarcoma are limited to case
reports28 and to semi-quantitative studies of small patient
series.11–13 The largest study included pretreatment biopsies
from 35 osteosarcoma patients and performed semi-quantitative
analysis of CD8CTILs 16 y ago.12 At that time, human Tregs

were unknown and not included in the study, which did not
detect any correlation of TILs with osteosarcoma outcome. How-
ever, a few years later, data by Th�eoleyre and colleagues sup-
ported the notion of Treg presence in osteosarcoma: TILs isolated
from osteosarcoma exhibited lytic activity in vitro but obviously
not in vivo.29 Nowadays, having the knowledge that intratumoral

Treg can suppress antitumoral CD8CTILs, quantitative assess-
ment of CD8CTILs should include assessment of Tregs. Accord-
ingly, recent studies from other malignancies focus on CD8C/
FOXP3C-ratios30–33 as one step forward from using CD8CTIL
numbers34 or intratumoral Treg numbers alone as predictive
markers.

Caution is advised, when considering all lymphocytes with
FOXP3 expression as Treg. Recent studies have demonstrated
that also conventional T cells (Tconv) can upregulate FOXP3 in
vitro.35–42 If this observation holds true for human TILs in vivo
as shown for mice in vivo43 awaits further confirmation. Treg can
be either thymus-derived or are induced in the periphery from a
pool of potential Tregs.

44,45 As a characteristic feature both Treg

populations exhibit a specific demethylation pattern within the
FOXP3 gene locus in contrast to activated Tconv.

42,43 Therefore,
we performed side-by-side analysis of demethylated FOXP3
DNA content from the whole FFPE section in parallel with
whole-slide FOXP3 immunohistochemistry. Although, we could
demonstrate a significant correlation (p D 0,018), we cannot rule
out that some conventional TILs upregulated FOXP3.

Given the well-established paradigm of Treg-accumulation in
other tumor9,10 and the strong outcome-related data presented
here, we consider most FOXP3Ccells to exert Treg function in
the osteosarcoma microenvironment. In general, assigning osteo-
sarcoma to a T-cell-inflamed phenotype is encouraging since
novel immunotherapeutic interventions have entered cancer ther-
apy for this phenotype.8 Tumor escape by accumulating intratu-
moral Treg, expression of Programmed-death-Ligand-1 (PD-L-1)
or Indoleamine 2,3-dioxygenase (IDO) are not only emerging
mechanisms which explain suppression of antitumor immunity
in the tumor microenvironment, but they can already be inter-
fered by novel drugs.8 Interestingly, Treg, PD-L-1, and IDO
upregulation might be all driven by infiltrating CD8CT-cells46,
which is consistent with the observed correlation of CD8CTILs
and FOXP3Ccells in our study (Fig. 1C). Though present on
osteosarcoma tumor cells, semi-quantitative analysis of PD-L-147

or IDO48 were of no or only limited suitability to predict osteo-
sarcoma outcome. In contrast, determination of CD8C/
FOXP3C-ratios showed strong correlation with survival. Collec-
tively, cytokine-driven activation of CD8CTILs together with
antibody-based Treg depletion could represent a potential novel
strategy in osteosarcoma since appropriate drugs have already
entered clinical trials in other malignancies.8 Activation of antitu-
mor T-cell responses might also shed new light on the observed
beneficial effect of infection in osteosarcoma progression beyond
TNFa-mediated mechanisms.21 Even conventional MAP neoad-
juvant osteosarcoma chemotherapy might act partially by activat-
ing antitumor TILs and decreasing Treg numbers in some
patients, i.e. via doxorubicin.49

In summary, we report for the first time CD8C/FOXP3C-
ratio as strong prognostic factor at time of osteosarcoma diagno-
sis. Multivariate analysis showed that this novel parameter was
independent from tumor metastasis and response to neoadjuvant
chemotherapy and could be validated in an independent patient
cohort with current state of the art diagnosis and treatment of

Table 2. Multivariate Cox-regression analysis of CD8C/FOXP3C-ratio within
whole slides and variables known at time of diagnosis and response to neo-
adjuvant chemotherapy for overall survival of osteosarcoma patients.

Multivariate values

Model Variable Hazard ratio 95%CI p

1 CD8C/ FOXP3C -ratio 0.461a 0.334–0.846 0.002**
Age 1.020 0.971–1.072 0.420
Gender 1.047 0.277–3.962 0.946
female vs. male

Tumor site 0.623 0.480–0.623 0.480
Trunk vs. extremity

Metastasis at diag. 0.168 0.038–0.736 0.018*
detected vs. abscent

2 CD8 / FOXP3 ratio 0.413 0.229–0.745 0.003**
Resp. to chemotherapy 0.136 0.028–0.660 0.013*
non resp. vs. resp.

acontinuous variable; Hazard ratio for CD8C/ FOXP3C- ratio below vs. above
the median: 25.4
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osteosarcoma. Furthermore, whole-slide CD8C/FOXP3C-ratios
can be determined by standardized immunohistochemistry pro-
tocols in a time-efficient manner.14 In future, patient prognosis
in osteosarcoma might be estimated not only by the assessment
of tumor criteria (TNM classification) and clinical parameters,
but also by the immune component of the tumor microenviron-
ment similar to “immunoscores” in other tumors.50 Improved
outcome prediction by CD8C/FOXP3C-ratios at time of diagno-
sis would not only allow improved treatment stratification of
high-risk patients in osteosarcoma: Previously, administration of
novel drugs like IFN-a without any biomarker for potential res-
ponders was challenged by the vast heterogeneity in osteosar-
coma.21,51 CD8C/FOXP3C-ratios might be helpful to define
patients groups that are likely to benefit from specific immuno-
modulatory therapy.

Patients and Methods

Patients
Patients with pretreatment open biopsies from primary high-

grade central osteosarcoma registered in the bone tumor banks of
the University Hospitals of Heidelberg, Budapest and Valencia
with available formalin-fixed paraffin embedded (FFPE)-material
and registered in corresponding tumor patient registers were eli-
gible and randomly selected. Optimal sampling location was
identified by respecting the future (mostly limb-salvage) tumor
resection approach and by using MRI/ CT scans (PET if avail-
able). Patient`s exclusion criteria are shown in a consolidated
standard of reporting trials (CONSORT) flow diagram
(Fig. S1).52,53 Patients assigned to complete treatment protocols
with neoadjuvant chemotherapy, resection, and adjuvant chemo-
therapy based on high-dose methotrexate (according to major
treatment protocols of the Cooperative German–Austrian–Swiss
Osteosarcoma Study Group (COSS) (more than 95%), the

European Organization for Research and Treatment of Cancer
(EORTC) or a Rosen protocol) were differed from patients with
incomplete treatment protocols. All included patients were stage
Enneking II or III. This study was approved by the Ethical com-
mittee of the University of Heidelberg (No.312/2006) according
to the Declaration of Helsinki.

Figure 3. Estimated overall survival of the validation cohort grouped for
the median of the CD8C/ FOXP3C-ratios. (A–C) Kaplan–Meier estimated
overall survival of patients of the validation cohort with CD8C/FOXP3C-
ratios above the median and below the median. (A) All patients, narrow
dotted lines: patients with a CD8C/FOXP3C-ratios above the median
(n D 13), wide dotted line: patients with a CD8C/FOXP3C-ratios below
the median (n D 14). Overall survival indicated in months. Cumulative
survival indicated in percent. Patients at risk are indicated per year in the
corresponding tables below Meier Plots. Statistical significances as p-val-
ues by log- rank test. (B) Patients without primary metastasis, narrow
dotted lines: patients with a CD8C/ FOXP3C-ratios above the median (n
D 11), wide dotted line: patients with a CD8C/FOXP3C-ratios below the
median (n D 10). Overall survival indicated in months. Cumulative sur-
vival indicated in percent. Patients at risk are indicated per year in the
corresponding tables below Kaplan–Meier Plots. Statistical significances
as p-values by log-rank test. (C) Patients with good response to neoadju-
vant chemotherapy. Narrow dotted lines: patients with a CD8C/ FOXP3C-
ratios above the median (n D 12) (C). Wide dotted line: Patients with a
CD8C / FOXP3C- ratio below the median n D 9 (C). Overall survival indi-
cated in months. Cumulative survival indicated in percent. Patients at
risk are indicated per year in the corresponding tables below Meier Plots.
Statistical significances as p-values by log-rank test.
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Immunohistochemical staining and quantification of
CD8CTILs and FOXP3CTILs

We have recently described an optimized immunohistochemi-
cal detection of immunovascular antigens in FFPE osteosarcoma
samples, including CD8C and FOXP3C and identified whole-
slide analysis of CD8CTILs and FOXP3Ccells as most reliable
method to quantify TILs in osteosarcoma biopsies.14 CD8C- and
FOXP3C-cells were detected using FOXP3 mAb (clone236A/E7,
eBioscience) and CD8 mAb (clone C8/144B, Dako) within serial
whole sections. For optimization we have evaluated over 200
staining modalities and optimized CD8C and FOXP3C antigen
detection was performed as follows: After deparaffinization and
rehydration antigen retrieval was performed in a CertoClav EL
pressure cooker (Certoclav) at 127� for 15 min in EDTA buffer
with pH 7.0 for FOXP3 or pH 8.0 for CD8C. After three times
washing in PBS and blocking with 10% human serum in PBS,
osteosarcoma cross sections were covered by cover plates and
transferred to slide racks (Thermo Shandon Limited). FOXP3
mAb (clone236A/E7, eBioscience) and CD8 mAb (clone C8/
144B, Dako) were diluted 1:50 in 10% human serum and incu-
bated at 4� overnight. Alkaline phosphatase labeling was per-
formed by polymer linked secondary antibody (UltraVision LP,
Thermo Fisher Scientific) and liquid fast red (Thermo Fisher Sci-
entific) was used as chromogen. After staining, sections were
washed in PBS, and counterstained with hematoxylin. Immunos-
tained sections were digitalized using an Aperio Scanscope CS
slide scanner.

Tumor areas on digitalized immunostained sections were
annotated by an experienced bone pathologist, avascular, and
non-infiltrated chondroblastic areas were excluded. Due to
inconsistent results by computer assisted positive cell counts
caused by known heterogeneous staining properties14,
CD8CTILs and FOXP3Ccells were manually counted through-
out digitalized serial whole sections for highest accuracy and
reproducibility. Investigators were blinded for the presented clin-
ical outcome.

Study design
Study design for this multicenter retrospective study includes

discovery and validation cohorts and was defined previous to
recruitment of samples. It is shown in a CONSORT flow dia-
gram52,53 (Fig. S1) and follows reporting recommendations for
tumor marker prognostic studies (REMARK)54 (Fig. S2). Sam-
ple size estimation was based on expected event (death) rates
from published15,17,18 and own data20 and following the modi-
fied “rule of ten”55,56 for multivariate analysis. Following random
patient selection, 160 patients were assessed eligible for this

study. Abiding to an “honest broker” concept57, samples for the
validation cohort were not accessed before completion of discov-
ery cohort analysis.

Out of the included 150 patients, 48 had to be excluded for
comparison of clinical outcome parameters. Out of these
patients, 30 patients were assigned to incomplete treatment
cycles, immunohistochemistry was insufficient in samples of 4
patients, clinical follow-up data was missing in 9 cases and 6 cases
were primarily chondroblastic tumors without relevant vasculari-
zation and TIL infiltration. Criteria are also listed in detail in the
CONSORT diagram (Fig. S1). 102 patients with assignment to
complete treatment protocols were identified. To allow long
term follow up with overall survival as major clinical end point
instead of desease free survival (REMARK), patients with time of
diagnosis from 1982 until 2003 were assigned to the discovery
group. To validate the observed effects in a cohort with state of
the art diagnosis and treatment patients with diagnosis between
2004 and 2012 were assigned to the validation cohort. Discovery
and validation cohort sample sizes were determined by frequen-
cies of patients with diagnosis before or after 2004 in the random
patient selection process.

Statistical analysis
Statistical analyses were conducted in collaboration with the

Department of Medical Biometry and Informatics, University of
Heidelberg, using the SPSS software (IBM, Armonk, USA). Uni-
variate and multivariate Cox-regression analysis were applied to
determine the prognostic values on survival of osteosarcoma
patients. Kaplan–Meier estimated survival curves and log-rank
testing were used to determine differences in survival within
grouped osteosarcoma patients. Correlation of response to che-
motherapy and CD8C/FOXP3C-ratios was analyzed by Mann–
Whitney-U-test. Reported p-values are two-sided.
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