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Abstract. The prognostic quality of increased osteopontin
(OPN) plasma levels has been demonstrated for the chemo-
therapy and surgery of lung cancer. There is also evidence in
the literature that tumor volume impacts prognosis in definitive
radiotherapy (RT) of (lung) cancer. We previously demonstrated
that elevated plasma levels of OPN before, and increasing OPN
plasma levels after RT significantly correlate with survival and
outcome after curative-intent RT of non-small-cell lung cancer
(NSCLC). Tumor volume was also associated with prognosis.
The present prospective clinical study investigated the prog-
nostic interrelation of OPN plasma levels and tumor volume
and their changes in the radical RT of NSCLC. We evaluated
a subset of patients (n=27) with inoperable, non-metastasized
NSCLC of the previously published patient collective. Patients
were treated with radical radiochemotherapy (2 Gy ad 66 Gy).
OPN plasma concentrations were determined by ELISA before
(t0), at the end (t1), and 4 weeks after RT (t2). GTV was delin-
eated PET- and CT-correlated before RT (GTV1) and after
40 Gy (GTV2). The course of OPN during and after RT and
the change of GTV during RT was monitored over time and
correlated with prognosis. Median GTV2 after 40 Gy (63 ml)
was significantly lower than pre-RT GTV1 (90 ml, P<0.0001).
Median OPN before (t0), at the end of (t1) and four weeks after RT
(t2) was 846, 777 and 624 ng/ml and not significantly different.
GTYV significantly declined by 39 ml during RT (P<0.0001) and
OPN non-significantly decreased by 56 ng/ml during (tO to t1)
and by 54 ng/ml after RT (t1 to t2). No correlations were deter-
mined between absolute OPN and GTV values or their relative
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changes during RT. In univariate analysis, only GTV2 signifi-
cantly predicted overall survival (OS, P=0.03). In multivariate
analysis, both OPN t1 (P<0.001) and GTV2 (P=0.001) remained
significant predictors of OS. Relative OPN plasma level changes
after (t1 to t2) and GTV changes during RT (GTV 1 to GTV 2)
significantly predicted OS (P=0.02). The combination of abso-
lute GTV values before RT (GTV1) and GTV changes during
RT (GTV1 to 2) were significantly associated with OS in both
uni- and multivariate analysis (P=0.03). The combination of
absolute OPN plasma levels and their changes with GTV and
its changes did not reach statistical significance. The lack of a
significant correlation between OPN and GTV together with
the finding that OPN and GTV remained independent predic-
tors of survival outcome but were not associated with OS in
combination supports the hypothesis that tumor volume (GTV)
and OPN plasma levels (both their changes and absolute values)
are not interrelated in terms of prognosis but do possess each
parameter separately, a prognostic quality in the radical RT of
NSCLC which justifies further prospective studies to validate
these results.

Introduction

Lung cancer is a devastating disease and prognosis is still poor
especially in locally advanced stages where the standard treat-
ment is definite concurrent chemoradiotherapy (CCRT) (1,2).
Tumor hypoxia is a critical factor of the tumor microenviron-
ment which negatively impacts response to CCRT in many
human cancers, including lung cancer (3-7).

Predictive and prognostic factors which specifically iden-
tify patients with hypoxic and radioresistant tumors before
radiotherapy (RT) who are likely to benefit from anti-hypoxic
treatment would be valuable tools in the curative-intent RT of
advanced non-small cell lung cancer (NSCLC) (8-10).

We previously demonstrated that elevated baseline plasma
levels of the hypoxia-related proteins osteopontin (OPN),
vascular-endothelial-growth-factor (VEGF) and carbonic
anhydrase IX (CAIX) additively correlate with prognosis (11)
and that particularly post-treatment OPN plasma level changes
predict survival after radical CCRT of NSCLC (12).

Interestingly, we also found a significant association of
OPN plasma levels with gross tumor volume (i.e. higher basal
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OPN plasma levels in patients with larger GTV) in a series
of 69 NSCLC MO-stage patients treated with definite CCRT.
In the literature, there is evidence that GTV has a clinically
relevant impact on overall survival (OS) after CCRT of
NSCLC (13-16).

This prospective clinical study investigated the potential
prognostic interrelation of tumor volume and its changes with
OPN plasma levels during CCRT of NSCLC and aimed to
determine whether OPN plasma levels merely are a surrogate
of radiation-induced tumor volume changes accounting for the
prognostic effect of OPN.

Patients and methods

Patients. In this prospective study, a subset of 27 patients of
the previously published patient collective (11,12) was evalu-
ated. Only patients with complete OPN and tumor volume
data on different time points were analyzed. Inclusion criteria
were age =18 years, histologically confirmed, inoperable
and untreated NSCLC without distant metastases (MO-stage
only), indication for definitive RT as determined by multidis-
ciplinary tumor board. The study protocol was approved by
the ethics committee of the Medical Faculty of the Martin
Luther University Halle-Wittenberg. Staging was performed
according to the TNM classification of malignant tumors
(7th edition). Written informed consent was obtained from
all patients prior to enrollment into the trial. The local Ethics
Committee of the University approved the study and all
procedures were in accordance with the Helsinki Declaration
of 1975 (as revised 2008).

Radiochemotherapy and volumetric parameters.
Three-dimensional conformal RT (3D-RT) was adminis-
tered normofractionated (5 fractions/week) with curative
intent (66 Gy total dose, 2 Gy single dose; Siemens Primus,
Germany). Chemotherapy consisted of cisplatin (20 mg/m?
body surface on day 1-5) and vinorelbine (25 mg/m? body
surface on day 1) in treatment week one and five (2 courses)
if general performance status and comorbidities allowed
it (i.e. no renal and hepatic function impairment, normal
blood cell count). RT was computed tomography (CT) based
(Siemens Lightspeed RT, Germany) and all patients received
a positron emission tomography (PET)-scan (Philips Accel,
USA) before RT. CT and PET images were merged and
GTV was defined as the primary tumor and involved nodes
(pathologic confirmed, highly suspicious by CT and PET).
GTV was delineated by an experienced radiation oncologist
at planning CT before RT (GTVI) and all image data was
registered in the Oncentra Masterplan external beam plan-
ning software (Nucletron, USA) used for RT plan calculation.
After 40 Gy, a new planning CT was performed and GTV
was re-contoured (GTV2 i.e. before the initiation of boost
RT) and adjusted for atelectasis, pneumonia and pleural effu-
sion (Fig. 1).

OPN plasma samples and follow-up. Plasma samples were
collected from patients at the time of routine blood sampling
prior to (t0), at the end (t1), and at four weeks after radio-
therapy (t2). They were centrifuged and stored at -80°C
until assayed. OPN plasma concentration was determined

OSTHEIMER et al: TUMOR VOLUME AND OSTEOPONTIN IN RADIOTHERAPY OF NSCLC

by enzyme-linked-immunosorbent-assay (ELISA, Human
Osteopontin Assay, IBL Ltd., Japan). Clinico-pathological
and demographic information was taken from the patients'
charts and follow-up of patients was carried out regularly at
the Department of Radiation Oncology, University Hospital
Halle, Germany. Survival status was continuously monitored
in cooperation with local citizen registration offices.

Statistical analysis. All statistical analyses were performed
using the PASW statistical software (ver. 18, SPSS, Inc.,
Chicago, IL, USA) and statistical significance was accepted
with two-sided P<0.05, and a statistical trend was defined as
P<0.1. Only patients with a minimal follow-up time of two
years were evaluated.

Nonparametric tests (Mann-Whitney U, Kruskal-Wallis
H) evaluated the relationship of pre-RT GTV and OPN (t0)
plasma levels with clinicopathological characteristics and
Wilcoxon's test compared pre-treatment with post-treatment
OPN plasma levels and GTV. OPN plasma levels are
reported with median ng/ml (range) and median GTV as
ml (range). GTV changes were defined as absolute ml and
% (GTV2-GTVI1/GTV1). Absolute OPN and GTV values
detected at different time points were analyzed as categorical
variables with the median used as the cut-off value (i.e.
>=median vs. <median). Relative OPN and GTV changes
were incorporated into analyses as categorical variables with
the median change (%) used as a cut-off value (i.e. =median
vs. <median) and with increasing vs. decreasing OPN and
GTYV, respectively. Pearson's test was applied to determine
correlation between OPN plasma levels and GTV detected
at different time points. Survival curves were generated
using Kaplan-Meier analysis set to the primary endpoint
overall survival (OS, from start of RT until death or last seen
in follow-up) with the log-rank test to test for differences.
Uni- and multivariate analyses were performed to identify
prognostic factors for OS using the Cox proportional hazard
model to calculate relative risk, hazard ratio and its 95%
confidence interval (CI) (17). Multivariate analyses incorpo-
rated variables shown to be significant or a statistical trend in
univariate analysis in addition to known prognostic factors.

Results

Patient characteristics and their association with base-
line OPN and GTV. Of the 27 patients, 20 patients (74%)
received CCRT while 7 patients (26%) were treated with
RT only. Median single dose was 2 Gy and total dose was
66 Gy (50-72 Gy). 41% of patients were diagnosed in UICC
stage II and 59% were in stage II1. Table I provides patients'
demographics, tumor and clinical characteristics. No
associations between pre-RT GTV and clinical parameters
were identified, however, pre-RT OPN (t0) was higher in
patients with poorer lung function (i.e. lower FeV1) and in
patients who reported significant weight loss. Pre-RT OPN
was 914.6 (702.9-2441) ng/ml in patients with low FeV1
compared to 626.5 (361-100.5) ng/ml in patients high FeV1
(P=0.002). Patients with weight loss had a median pre-RT
OPN (t0) of 999.4 (7029 to 1712.9) ng/ml while it was 754.2
(357.4-2441) ng/ml in those without significant weight loss
(P=0.01).
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Figure 1. CT-based delineation of gross tumor volume (GTV). Representative thoracic CT scan (transversal plane) showing the ¢T4 tumor lesion (yellow circle)
of a NSCLC patient in the initial planning CT before the start of radiotherapy (left) and in the boost planning CT after 40 Gy (right). CT, computed tomography.

Course of OPN and GTV and their correlation. Median pre-RT
GTV1 was 90.4 ml (3.3-270.9 ml) and after 40 Gy, median
GTV2 was 63 ml which was significantly lower than GTV1
before RT (P<0.0001). A positive correlation was noted between
GTV1 (before RT) and GTV2 (at 40 Gy), r=.7 (P<0.0001). The
absolute GTV reduction was 38.9 (-265-61.9) ml during RT
(GTV1 to GTV2) and highly significant (P<0.0001). The relative
reduction of GTV during RT was -42% (-103- 99%) (P<0.0001).

Median OPN before (t0), at the end of (t1) and four weeks
after RT (t2) was 846 (361-2441), 777.4 (323-1397.7) and 623.5
(71.6-2248) ng/ml. Significant correlations could be determined
between OPN tl and t2 (r=0.6; P=0.005) and between relative
OPN plasma level changes during RT (tO to tl) and after RT
(t1 to t2, r=0.8; P<0.0001). Median OPN plasma levels before
(t0) and at the end of RT (t1) were not significantly different
(P=0.46) but OPN plasma levels 4 weeks after RT (t2) were
significantly lower than plasma levels at the end of RT (tl,
P=0.005). During RT (tO to tl), absolute median OPN decline
was 56.1 (-1732.7-616.8) ng/ml and after RT it was 54.1
(-761-1155.3) ng/ml. The relative OPN plasma level reduction
during RT (O to t1) was -7.9% (-71-147.6%) and after RT (t1 to t2)
it was -20.5% (-92.9- 225.2%). Howeyver, these relative changes
remained insignificant (P=0.37 and 0.74).

No correlation was observed neither between absolute
pre-RT OPN and GTV1 values (Fig. 2A; P=.97) nor between
absolute OPN plasma levels at the end of RT (OPN t1) and GTV2
(P=0.9). Relative OPN plasma level changes during RT (t0 to
t1) also did not correlate with GTV changes during RT (GTV1
to GTV2), P=0.14. In addition, cross table analysis revealed no
significant interrelation between OPN and GTV changes during
radiotherapy (P=0.1) (Fig. 2B; Table II).

Prognostic interrelation of OPN and GTV. Median follow-up
in surviving patients was 65 (28-66) months. By the time of
last survival data update, 24 patients (89%) already had died.
Median OS was 19.8 (2-66) months and 3-year survival rate was
17%.

On univariate analysis, higher grade (P=0.009), T-stage
(P=0.005), N-stage (P=0.03) and UICC-stage (P=0.02) were
associated with inferior OS. GTV2 significantly predicted OS
(P=0.03) which was 12.2 (9.8-14.6) months in patients with high
GTV2 compared to 29.6 (18.3-40.9) months in patients with low
GTV2. Pre-RT GTVI trended to be related to OS (P=.08) with
an elevated risk to die for patients with high baseline GTV1
(rr=2.1 [0.9-5.1], P=0.08).

Absolute OPN plasma levels at either time point (0, t1,
t2; P=0.25, 0.63, 0.77), relative OPN plasma level changes
during (tO to tl, P=0.78) and after RT (tl to t2, P=0.68) and
GTYV changes during RT (P=0.49) were not related to OS in
univariate analysis.

For multivariate analysis, OPN and GTV were evaluated
together with known prognostic factors and parameters which
were significantly associated with OS in univariate analysis.

Initially, we evaluated baseline GTV1 and OPN (t0). After
a stepwise backward multivariate analysis, OPN t0 (P=0.001)
and GTV1 (P=0.02) were independent predictors of OS besides
age (rr=1.3 [1.1-8.1], P=0.008), gender (rr=4.4 [1.9-35.2],
P=0.001), weight loss (rr=1.8 [1.3-17.5], P=0.001), grade
(rr=1.3 [1.8-8.2], P=0.001), T-stage (rr=2.2 [1.9-10.1], P<0.001)
and N-stage (rr=3 [1.7-14.6], P=0.02). We then analyzed OPN
at the end of RT (t1) and GTV2 (after 50 Gy) in the same initial
prognostic model and found both OPN t1 (P<0.001) and GTV2
(P=0.001) to be significant predictors of OS.

When relative OPN and GTV changes were evaluated in
multivariate analysis, OPN plasma level changes after (t1 to
t2) and GTV changes during RT (GTV 1 to GTV 2) remained
independent predictors for OS with a significantly elevated
risk of death for people OPN plasma level increases after (OPN
t1t2: rr=4.2 [0.24-71.5], P=0.02) or GTV increases during RT
(GTV 1 to 2: rr=6.7 [1.7-22.9], P=0.02) besides grade (rr=1.4
[0.5-8.3], P=0.01), histology (rr=1.2 [1.1-6.7], P=0.01) and
N-stage (rr=3 [0.6-14.6], P=0.06). Median OS was 8.7 (0-42.8)
months in patients with increasing OPN plasma levels after RT
compared to 31.4 (1.3-45.6) months in patients with decreasing
post-treatment OPN (t1 to t2). In patients whose GTV declined
during RT (from the start of RT until completion of 50 Gy),
median OS was 21.8 (4.2-35.5) while it was 2.3 (0-31.3) months
in patients with increasing GTV.

When absolute GTV values before RT (GTV1 >/< median)
were evaluated together with GTV changes during RT
(>/< median % change from GTVI1 to GTV2), the best OS
(33.9 [20.1-47.7] months, P=0.02) could be observed in the
subgroup with small pre-RT GTV1 (<median) and large GTV
decrease (from GTVI1 to GTV2) while the poorest survival
was noted in patients with high initial GTV1 before RT and a
GTV reduction during RT (GTV1 to GTV2) below the median
(6.9 [2.1-11.7] months) (Fig. 3A). The combination of absolute
pre-RT GTVI1 and GTV change during RT remained a signifi-
cant predictor of OS in multivariate analysis (P=0.03) besides
N-stage (P=0.02) and grade (P=0.04).
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Table I. Demographic and clinical characteristics of NSCLC

patients (n=27).

Table II. Cross table of the course (increase vs. decrease) of
OPN and gross tumor volume (GTV) during radiotherapy.

Clinical characteristics

No. patients (%)

Treatment
Radiotherapy
Radiochemotherapy

Gender
Male
Female

Age
Median (range)

Histology
Adeno
SCC!
Large-cell

Weight loss®
Yes
No

Anemia

Yes

No
Hemoglobin, g/dl

Median (range)
FEV1®

Median (range)
Tumor grade

Well (G1)

Moderate (G2)

Poor (G3)

Undifferentiated (G4)

Unknown
T-stage

T1

T2

T3

T4
N-stage

NO

N1

N2

N3
UICC-stage

ITA

1IB

IITA

7 (26)
20 (74)

23 (85)
4(15)

64 (47-86)

11 (40)
15 (56)
1(4)

7 (26)
20 (74)

13 (81)
3(19)

12.7 (8.4-14.7)

67.6 (36.4-106.1)

2(7)

5(19)
14 (52)
1(3)

5(19)

1(4)
9 (33)
5(19)
12 (44)

2(7)
0(0)
15 (56)
10 (37)

1(4)
10 (37)
16 (59)

"Weight loss =10% of baseline in 6 months, °forced expiratory
one-second volume in % of normal value. SCC, squamous cell carci-
noma; UICC, union for international cancer control.

By combining baseline OPN (t0) plasma levels and GTV (1)
before RT, a trend for superior OS (41.3 [9.3-73.3] months,

OPN t0 to t1
Decrease Increase Total
GTV1 to GTV2
Decrease 15 10 25
Increase 0 2 2
Total 15 12 27

OPN, osteopontin.

P=0.08) was noted in the group with both low GTV1 and low
OPN t0 (<median) before RT while patients with both high
OPN t0 and GTV1 (>median) had the most inferior OS (12.2
[12.1-12.3]) (Fig. 3B). In multivariate analysis, together with
other prognostic factors, the combination of OPN t0 plasma
levels and GTV1 did not reach statistical significance.

The combination of relative changes in OPN plasma levels
(t0 to tl) and GTV during RT (GTV1 to GTV2) was also related
to prognosis. Patients with a decline in both OPN plasma levels
(t0 to tl) levels and GTV during RT (GTVI to GTV2) higher
than the median had the best OS (29.6 [23.2-35.9] months)
compared to patients with increases of both OPN (t0 to t1) and
GTV (GTVI to GTV2) higher than the median during RT who
had the worst OS (6.9 [0-15.5], P=0.07). In the multivariate
analysis with other known prognostic factors, combined
OPN plasma level and GTV changes during RT remained
insignificant.

Discussion

The prognostic relevance of elevated OPN plasma levels has
been demonstrated in the chemotherapy (18,19) and surgery of
NSCLC (20), and also for tumor volume. Furthermore, there
is strong evidence in the literature that GTV is a potential
prognostic factor in conformal RT of NSCLC (13-16,21).

We previously demonstrated that both pre-treatment OPN
and particularly OPN plasma level changes after RT are asso-
ciated with prognosis in inoperable NSCLC treated by radical
CCRT (11,12). Interestingly, we also found a strong association
of GTV with survival in the same patient collective. Assuming
a possible prognostic quality of both OPN and GTV in the
CCRT of NSCLC, it needs to be determined whether OPN
plasma levels merely reflect tumor volume changes during RT,
accounting for their prognostic effect. Thus, the present study
aimed to investigate the interrelation of these two potential
prognostic factors in definite CCRT of NSCLC.

In the current study, we identified a significant association
of GTV2 (after 40 Gy) with survival outcome. GTV1 before
RT trended to be associated with OS in univariate analysis
which amends current literature showing strong evidence for
a prognostic significance of tumor volume detected before
RT (13-16,22) or chemotherapy of NSCLC (23). Koo et al (14)
for instance reported a trend for inferior survival outcome in
patients with poor tumor volume reduction during CCRT of
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NSCLC, which is supported by our finding that GTV changes
during RT were significantly associated with OS. In contrast
to these and our own results, is the work of Ball et al (24)
who did not find significant prognostic information provided
by tumor volume in the RT of NSCLC.

In our exploratory multivariate analysis, relative OPN
plasma level changes after and GTV changes during RT
remained independent predictors of OS. When absolute OPN
and GTV values were evaluated in multivariate an analysis,
we found baseline OPN (t0) and GTV1 before RT as well
as OPN at the end of RT (t1) and GTV2 (after 40 Gy) to be
independent predictors of OS in different prognostic models.
These results amend current literature such as the work of
Yamane et al (25) who reported residual tumor volume after
neoadjuvant chemotherapy of NSCLC to be prognostic,
contrasting the results of Koo er al (14) who did not find a
prognostic significance of post-RT GTV in the CCRT of
NSCLC.

Interestingly, when we evaluated the combination of abso-
lute GTV before RT and changes in GTV during RT, we found
that patients with low initial GTV (before RT) and a significant
decrease in GTV during RT had the best OS. Furthermore, the
combination of baseline OPN t0 and GTVI1 (before RT) was
prognostically relevant, that is, patients with both high pre-RT
OPN plasma levels and high GTV (>median), had the worst OS.
In addition, patients with a pronounced decrease in both OPN
plasma levels (t0 to t1) and GTV during RT (GTV1 to GTV2) had
superior OS. Unlike the combination of absolute GTV before
RT and GTV changes during RT however, which remained
independent predictors of OS in multivariate analysis, the above
mentioned combinations of pre-RT OPN t0 plasma levels and
GTV1 or OPN plasma level and GTV changes during RT did not
reach statistical significance. This suggests the hypothesis, that
OPN plasma levels and GTV (both their changes and absolute
values) are not interrelated in terms of prognosis, but do possess
each parameter separately, a prognostic quality.
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However, the changes of OPN plasma levels during RT, that
is from before RT (t0) to the end of RT (tl), do not depict the
same time frame as GTV changes during radiotherapy, i.e. from
before RT (GTV1) to 40 Gy (when GTV2 was re-contoured)
which limits conclusions from a combined analysis of OPN
plasma level and GTV changes during radiotherapy.

With definite CCRT being the standard approach in locally
advanced, non-metastasized inoperable NSCLC, a GTV
decline during RT could indicate a prognostically relevant
early response to treatment (14,26), while OPN plasma level
increases after RT might be related to early tumor or metas-
tasis regrowth (12).

The results of the present study were more robust when
known clinical prognostic factors (27) were included in
multivariate analysis together with OPN and GTV which is
suggestive of heterogeneities of clinical prognostic factors and
variable GT'Vs which may have masked to some extent survival
differences in univariate analysis which also was restricted by
the small overall patient number.

Bradley er al (13) noted a survival decrease with increasing
GTYV based on a size-dependent GTV classification. Due to
the small patient number in our study, further classification of
GTYV into subgroups according to size would not have been
reasonable. Thus, GTV changes in our study were split by the
median as a cut-off value in our study which of course is a
hypothetical cut-off value. Future studies could incorporate
receiver operating characteristic (ROC) curves and statistical
methods such as Contal and O'Quigleys (28) to test hypo-
thetical cut-off value candidates and identify the most reliable
cut-off value (14).

The present study did not specifically distinguish between
tumor and nodal volume, since nodal volume in our patients
was difficult to separate from tumor volume due to conglom-
erate with the primary. However, the prognostic role of a
segregation of lymph nodes from primary tumors remains
controversial (14,15,21).

To the best of our knowledge, this is the first study to eval-
uate the correlation of OPN with GTV in CCRT of NSCLC.
We found pre-RT OPN plasma levels not to be associated with
pre-RT GTV. Despite the positive correlation of OPN plasma
levels detected at different time points (t0, t1, t2), no correlation
between absolute OPN plasma levels and GTV values detected
at different time points was found. A correlation between rela-
tive OPN plasma level changes and GTV changes could also
not be determined which suggests that tumor volume (and its
changes) does not affect OPN plasma levels.

We noted a significant reduction of GTV during RT and
also OPN plasma levels declined both during and after RT.
Together with the lack of a significant correlation between
OPN and GTYV, these results could indicate that these two
parameters are independently affected by RT.

Initial GTV contouring in this study was PET-CT based
and tumor volume therefore reflecting a viable tumor compo-
nent. Considering the potential relation of OPN with tumor
hypoxia in lung cancer (11,12,29,30), the decrease in both OPN
plasma levels and GTV which was noted during RT in this
study could indicate a differential influence of radiation on
OPN and GTV. A radiation-induced decrease in specifically
hypoxic tumor volume might translate into a decline in OPN
secretion and ultimately result in reduced overall OPN plasma

OSTHEIMER et al: TUMOR VOLUME AND OSTEOPONTIN IN RADIOTHERAPY OF NSCLC

levels. Assuming that only vital tumor cells are capable of
producing and secreting OPN and given that necrotic or largely
hypoxic tumor areas have a considerably decreased glucose
uptake, decreasing GTV might merely reflect shrinkage of
active metabolic tumor volume (MTV). As such, GTV and
its changes might be related to tumor kinetics rather than to
tumor oxygenation (31,32). Also, post-RT PET contains not
only viable tumor volume but also radiation induced tissue
injury which has not been shown to influence OPN plasma
levels.

A major restriction of our study however is, that unlike
for initial GTV contouring which was CT-based but included
diagnostic FDG-PET information, for GTV re-contouring after
40 Gy, we used CT alone. Despite adjusting for confounding
hyperdensities such as atelectasis, pneumonia and pleural effu-
sion by an experienced radiation oncologist, differentiation
between treatment-induced changes and persistent or recurrent
tumor remained difficult (33). In addition, FDG-PET was not
part of routine surveillance and tumor response evaluation
after RT in our patient collective. Consequently, assessment of
tumor volume by PET-CT imaging at the time points of OPN
readings and during follow-up could enhance the value of
univariate and multivariate analyses by increasing congruency
of OPN and tumor volume detection. Additionally, functional
PET imaging such as hypoxia-specific FMISO-PET is a
reasonable complement for future studies (34) in order to
delineate the differential effects of radiation on hypoxic and
metabolic tumor volume.

It appears that OPN velocity also provides additional
clinical information (35) so that in future studies, OPN plasma
levels could be further classified by their velocity (31,35).

A clear limitation of this study which was a hypoth-
esis-generating one is its small size, reflecting stringent patient
selection criteria which included a minimum follow-up of two
years. Of note however is, the prospective nature of the study
and the homogeneity of the patient cohort where only NSCLC
patients in MO-stage with absence of distant metastasis (and
available OPN plasma samples at all three time points and
PET-CT based contoured GTV) were included. This is repre-
sentative of a patient population considered most appropriate
for curative-intent treatment where prognostic and predictive
factors are valuable tools. Nevertheless, the small patient
number in subgroups of univariate and multivariate analyses
underlines their exploratory character and needs to be taken
into consideration in the interpretation of the preliminary
results presented here.

In conclusion, the lack of a significant association and corre-
lation between OPN and GTV together with our finding that
OPN and GTV remained independent predictors of survival
outcome in multivariate analysis supports the hypothesis that
OPN plasma levels may not be surrogate and thus (prognosti-
cally) independent of tumor volume and its changes during RT.
This hypothesis is further strengthened by our finding that the
combination of absolute GTV before RT and GTV changes
during RT were related to prognosis both in univariate and
multivariate analysis but combinations of OPN plasma levels
and GTV (both absolute values and their changes) did not
reach statistical significance.

Consequently, tumor volume (GTV) and OPN plasma levels
(both their changes and absolute values) are not interrelated in
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terms of prognosis but do possess-each parameter separately-a
prognostic quality in the radical CCRT of NSCLC which justi-
fies further prospective studies incorporating a larger patient
number in order to determine the prognostic information OPN
plasma levels provide beyond tumor volume and know prog-
nostic factors such as T- and N-stage.
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