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Purpose: To assess variability in the use of Tomita and modified Bauer scores in spine metastases.
Materials and methods: Clinical data and imaging from 90 patients with biopsy-proven spinal metastases,
were provided to 83 specialists from 44 hospitals. Spinal levels involved and the Tomita and modified
Bauer scores for each case were determined twice by each clinician, with a minimum of 6-week interval.
Clinicians were blinded to every evaluation. Kappa statistic was used to assess intra and inter-observer
agreement. Subgroup analyses were performed according to clinicians’ specialty (medical oncology,
neurosurgery, radiology, orthopedic surgery and radiation oncology), years of experience (<7, 8-13,
>14), and type of hospital (four levels).
Results: For metastases identification, intra-observer agreement was “substantial” (0.60 < k < 0.80) at
sacrum, and “almost perfect” (k>0.80) at the other levels. Inter-observer agreement was “almost
perfect” at lumbar spine, and “substantial” at the other levels. Intra-observer agreement for the
Tomita and Bauer scores was almost perfect. Inter-observer agreement was almost perfect for
the Tomita score and substantial for the Bauer one. Results were similar across specialties, years of
experience and type of hospital.
Conclusion: Agreement in the assessment of metastatic spine disease is high. These scoring systems can
improve communication among clinicians involved in oncology care.
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The organ most commonly affected by metastatic cancer is the systems across different medical specialties [7], and none have

skeleton, which is also where it causes the highest morbidity [1].
While new chemotherapeutic agents hinder the progression of
spinal metastases and surgery is helpful for selected patients [2],
radiotherapy continues to be the cornerstone in the treatment
[3,4]. The Tomita and the modified Bauer scoring systems
(Appendix 1) have been advocated as two of the most accurate
methods for establishing the prognosis of metastatic spine disease
and helping to select the most appropriate treatment for each case
[5,6]. They are based on clinical data and imaging findings.
However, few studies have analyzed the reliability of these scoring
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assessed their intra and inter-observer agreement [8].

It has been reported that up to 98% of oncologists do not use a
standardized method to assess the risk of pathological fracture [9].
Gathering data on the reliability of the Tomita and modified Bauer
scores in clinical practice might be useful to promote their use
when appropriate. Assessing the agreement among the different
specialists involved in the assessment of spine metastatic disease
(medical oncologists, radiologists, radiation oncologists, orthope-
dic surgeons and neurosurgeons), may contribute to improving
consensus in the decision making process when determining the
most suitable treatment for each patient.

Therefore, the purpose of this study was to assess the intra- and
inter-observer agreement in the identification of the spine levels
affected by metastatic cancer and in the calculation of the
Tomita and modified Bauer scores, among a large sample of
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clinicians from different specialties, with varied degrees of
experience and working in different settings and locations.

Methods

Study design and participants

This prospective study was approved by the institutional review
boards of the participating hospitals, and complied with the
Guidelines for Reporting Reliability and Agreement Studies
(GRRAS) [10].

Selection of hospital departments and clinicians

Sample size was calculated assuming that the prevalence of
metastatic disease in a particular spinal level would be 10%, and
that at least five readers would be recruited per medical specialty
and five per hospital category; any increases in this prevalence or
in the number of readers would therefore increase the power of
this study. In order to ensure that, should kappa values reflect an
“almost perfect” agreement (k = 0.81), the lower limit of the 95%
confidence interval would lie within the range classified as
reflecting a “substantial agreement” (k =0.61-0.80), sample size
was established at 90 patients. Sample size calculations where
performed using kappa size package of the R library [11].

At the design phase of this study, the following medical spe-
cialties were defined as relevant for the clinical and therapeutic
management of metastatic spine disease: neurosurgery, medical
oncology, radiation oncology, radiology and orthopedic surgery.

All of the 132 physicians specialized in these clinical areas who
had previously participated in studies undertaken by the Spanish
Back Pain Research Network or had expressed interest in doing
so, were invited to participate in this study. They worked in 61 hos-
pital departments located in 44 hospitals across 14 out of the 17
Spanish regions; 12 were located in six private hospitals and the
other 49 in 38 not for profit Hospitals, belonging to or working
for the Spanish National Health Service (SNHS). The SNHS is the
tax-funded, government run, organization which provides free
health care to every resident in Spain.

The SNHS classifies Hospitals in five types, based on the size of
the catchment area, number of beds, number of clinicians, avail-
ability of high tech medical equipment and procedures, education,
training and academic activity, and clinical complexity of the cases
treated (i.e., being the “reference hospital” for specific diseases or
procedures) [12]. Category 1 is the simplest and category 5 is the
most complex.

Specialists invited to participate in this study as readers worked
in hospitals belonging to categories 2, 3, 4 and 5. Those who
accepted were asked to provide the number of years they had been
working in clinical practice after their residency. According to the
usual policy within the SNHS, the Departments and clinicians did
not receive any compensation for participating in this study.

Patients and images selection

Patients and images were selected by an oncoradiologist who
worked in a category 4 hospital and did not act as a reader in this
study. He reviewed consecutive MRIs performed in his Radiology
Department on patients who had been diagnosed as presenting
spine metastatic disease by the tumor boards at his hospital.
These cases were revised in inverse chronological order (i.e.,
MRIs performed more recently were revised first). All exams had
been acquired on the same 1.5 T superconducting system with a
phased-array multicoil (Siemens Symphony, Erlangen, Germany),
in the supine position with a fixed imaging protocol. The radiolo-
gist selected the two most representative sagittal images per
patient; one T1 weighted image and one short tau inversion-
recovery (STIR) weighted image [13].

The first 90 cases which complied with inclusion criterion and
not with exclusion criteria, were selected. Inclusion criterion was
presenting a stage IV (AJCC classification 7th Edition, 2010) spine
metastatic disease confirmed by biopsy from the primary tumor
site and from one of the spine metastases. Exclusion criteria were;
(a) clinical history lacking data required to assess Tomita and
modified Bauer scores, or (b) imaging of insufficient quality to
assess the spinal level/s affected.

Procedure

The recruiting radiologist prepared an information pack
corresponding to each patient, comprising the two MR images
and a clinical vignette which included patient’s age, oncologic
history, clinical signs and symptoms (Supplementary Fig. S1)
[14]. Patient identity was masked and a code was assigned to each
information pack. All the information packs were uploaded to an
online platform specifically designed for this study (http://www.
typeform.com/).

Each reader was provided with a personal password to assess
the information packs online. Readers were asked to indicate all
the spinal levels in which they detected metastases for each
patient (cervical, thoracic, lumbar, and/or sacral). They were only
provided with definitions included in the Tomita and modified
Bauer scores, as shown in Table 1. Visceral metastases included
in this study were not treatable with surgery or focal therapies;
therefore, they were considered as non-treatable when calculating
the Tomita score [5]. No attempt was made to further define or
standardize the meaning of the terms included in the scoring sys-
tems or to homogenize the diagnostic criteria, and readers did not
receive any instructions regarding the interpretation of images.
They were told to use their own clinical judgment when in doubt,
as they would do in every-day, routine clinical practice.

Readers assessed the information pack alone and on their own,
and uploaded the resulting report directly onto the online plat-
form. They were asked to assess the same clinical sets twice, with
a minimum of six weeks’ interval. The platform software ensured
that the minimum period was observed, and that readers had no
access to their own previous reports or to their colleagues’ current
or previous reports.

All reports were entered into the database at a centralized
coordination office. Data introduced into the platform were
automatically converted into a spreadsheet. The software engineer
in charge of developing the platform crosschecked that data in the
database matched the information introduced into the platform by
the readers.

Statistical analysis

The scores on the Tomita and modified Bauer scoring systems
were grouped according to the treatment they imply. Therefore,
scores on the modified Bauer scoring system were classified into
three categories; 0-1 (supportive care); 2 (short term palliation),
and 3-4 (middle term local control) [7]; while Tomita scores were
classified into four categories; 2-3 (long-term local control); 4-5
(middle-term local control); 6-7 (short-term palliation), and
8-10 (terminal care) [5]. Data on the presence of metastases at
each spinal level in each patient was classified as yes or no.

To assess intra- and inter-observer agreement, ratings from
each reader were cross-tabulated and the kappa statistic was
calculated. A weighted-kappa approach, with bi-squared weighting
scheme, was used for the analysis of the agreement when using the
Tomita and modified Bauer scoring systems. Kappa values
were categorized as “almost perfect” (0.81-1.00), “substantial”
(0.61-0.80), “moderate” (0.41-0.60), “fair” (0.21-0.40), “slight”
(0.00-0.20), and “poor” (<0.00) [15].
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Sample characteristics.

E. Arana et al. /Radiotherapy and Oncology 115 (2015) 135-140 137

Hospitals®

Departments®

Readers®

Patients

Spinal levels
involved*®

Degree of complexity”
Category 2

Category 3

Category 4

Category 5
Management

Not for profit

For profit

Radiology
Radiation oncology
Orthopedic surgery
Neurosurgery
Medical oncology

Specialty
Radiology
Radiation oncology
Orthopedic surgery
Neurosurgery
Medical oncology
Years in practice (post-residency)
<7
8-13
>14
Setting
Category of hospital in which they
work
Category 2
Category 3
Category 4
Category 5
Hospital management®
Not for profit
For profit

Age (years)®

Gender (males)®
Cancer subtype®
Breast carcinoma
Prostate carcinoma
Lung carcinoma
Renal cell carcinoma
Endometrial carcinoma
Unknown origin
Small bowel carcinoma
Melanoma
Ovarian carcinoma
Hemangiosarcoma
Ewing sarcoma
Testicular germ cell tumor
Cervix carcinoma
Gastric carcinoma
Hepatocellular carcinoma
Urinary bladder carcinoma
Location of metastases®
Cervical
Cervical and thoracic
Cervical, thoracic and lumbar
Cervical, thoracic, lumbar and sacral
Thoracic
Thoracic and lumbar
Thoracic, lumbar and sacral
Lumbar
Lumbar and sacral

Cervical
Thoracic
Lumbar
Sacral

44

3(6.8)
11 (25)
9 (20.4)
21 (47.7)

27 (32.5)
25 (30.1)
31 (37.4)

3 (3.6)

25 (30.1)
19 (22.9)
36 (43.4)

71
12

90
60.8
(12.3)

39 (43.3)

37 (41.1)
16 (17.8)
12 (13.3)
6 (6.7)

3

RN N S S R N
[eNEaEE N SRR RR)
L SIS I Sl Sy N}

4(4.4)
15 (16.7)
1(1.1)
2(22)
18 (20)
15 (16.7)
24 (26.7)
5 (5.6)

6 (6.7)

182

22
75
53
32

121
41.2
29.1
17.6

2 n(%).

b Category of hospital; complexity (based on size, availability of high tech
medical equipment and procedures, education activity, etc.) ranges from category 1
(the simplest-none of this type were included in this study) to category 5 (the most
complex). See text for details.

¢ Not for profit: Hospitals belonging to the Spanish National Health Service
(SNHS) or to charities working for the SNHS. For profit: hospitals under private
ownership and management.

4 Mean (SD).

To assess intra-observer agreement for each variable (Tomita
score, modified Bauer score, and level/s involved), a kappa index
was calculated for each one of the 83 readers, and median, 5th
and 95th percentiles values were calculated.

To assess inter-observer agreement, the corresponding kappa
index was calculated and the 95% Confidence Interval (95% CI)
was determined following the jackknife resampling method [16].

Subgroup analyses for each variable were performed, in which
kappa values were calculated separately depending on medical
specialty, hospital category and professional experience. Degree
of professional experience was classified as “recently specialized”
(<7 years in practice, after residency), “experienced” (8-13 years),
and “senior specialist” ( >14 years).

Statistical package Stata v 13. (StataCorp. 2013. Stata Statistical
Software: Release 13. College Station, TX: StataCorp LP) was used.

Results

Eighty-three (62.87%) out of the 132 clinicians who were invited
to act as readers, participated in this study; 23 radiologists, 22
radiation oncologists, 16 orthopedic surgeons, 14 neurosurgeons,
and 8 medical oncologists, working in 61 hospital departments.

The first 90 patients selected by the recruiting radiologist (51
women and 39 men, mean age 60.8 years) complied with the inclu-
sion criteria, and none was excluded. The number of spinal levels
involved was 182 Table 1 shows sample characteristics.

There were more than five readers for each specialty and degree
of professional experience. However, only three readers worked at
category 2 hospitals; therefore, agreement for this subgroup was
not calculated (Appendices 2 and 3, Tables 2 and 3).

Intra-observer agreement in the identification of the spinal
levels involved was “almost perfect” except for those located at
the sacral level, for which it was “substantial” (Appendix 2).
Subgroup analyses showed that these results were unaffected by
readers’ degree of experience, and category of the hospital in which
they worked. Intra-observer agreement among radiologist was “al-
most perfect” at all spinal levels (including sacral) and was “sub-
stantial” at the thoracic level for neurosurgeons and orthopedic
surgeons (Appendix 2).

Inter-observer agreement in the identification of the affected
spinal levels was “substantial” except at the lumbar level, for
which it was “almost perfect” (Appendix 3). Subgroup analyses
showed the following particularities; (1) agreement at the sacral
level was “moderate” among orthopedic surgeons, radiation
oncologists and readers working in category 5 hospitals; and “fair”
among radiologists and readers with >14 years of experience. (2)
Agreement at the thoracic level was “almost perfect” for neurosur-
geons. (3) Agreement at the cervical level was “almost perfect” for
orthopedic surgeons, and “moderate” for medical oncologists
(Appendix 3).

Intra-observer agreement in the Tomita and modified Bauer
scores was “almost perfect”. In subgroup analyses, the only excep-
tion was that agreement among medical oncologists when using
the modified Bauer score was “substantial” (Table 2).

Inter-observer agreements in the Tomita and modified Bauer
scores were “almost perfect” and ‘“substantial”, respectively
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Table 2

Intra-observer agreement among 83 readers in the modified Bauer and Tomita

scores.”

Agreement in metastatic spine disease scores

Bauer score

Tomita score

Global intra-observer agreement

By specialty
Orthopedic surgery
Neurosurgery
Medical oncology
Radiation oncology
Radiology

By experience
<7 years
8-13 years
>14 years

By hospital complexity”

Category 2¢
Category 3
Category 4
Category 5

0.884 (0.718; 0.973)

0.872 (0.646; 0.973)
0.889 (0.754; 0.973)
0.761 (0.387; 0.964)
0.888 (0.828; 0.971)
0.907 (0.818; 0.991)

0.884 (0.667; 0.955)
0.883 (0.734; 0.973)
0.901 (0.734; 0.991)

0.880 (0.710; 0.957)
0.884 (0.646; 0.991)
0.890 (0.734; 0.979)

0.960 (0.814; 0.996)

0.944 (0.471; 0.996)
0.944 (0.845; 0.993)
0.919 (0.496; 0.978)
0.966 (0.865; 0.996)
0.970 (0.854; 0.996)

0.955 (0.496; 0.989)
0.960 (0.873; 0.993)
0.962 (0.814; 0.996)

0.955 (0.496; 0.993)
0.964 (0.774; 0.996)
0.958 (0.858; 0.996)

a

K values: median (5th; 95th percentiles).

> Complexity (based on size, availability of high tech medical equipment and
procedures, education activity, etc.) ranges from category 1 (the simplest -none of
this category were included in this study) to category 5 (the most complex). See text
for details.

€ Only three specialists working in category 2 hospitals participated in this study.
Therefore, agreement was not calculated for this subgroup.

Table 3

Inter-observer agreement among 83 readers in the modified Bauer and Tomita

scores.”

Bauer score

Tomita score

Global inter-observer agreement

By specialty
Orthopedic surgery
Neurosurgery
Medical oncology
Radiation oncology
Radiology

By experience
<7 years
8-13 years
>14 years

0.790 (0.746; 0.840)

0.786 (0.679; 0.933)
0.769 (0.627; 0.958)
0.732 (0.409; 1.000)
0.771 (0.677; 0.894)
0.797 (0.721; 0.898)

0.774 (0.687; 0.884)
0.779 (0.687; 0.896)
0.811 (0.748; 0.890)

0.905 (0.881; 0.932)

0.893 (0.823; 0.986)
0.863 (0.765; 0.999)
0.933 (0.866; 1.000)
0.894 (0.839; 0.963)
0.914 (0.879; 0.961)

0.873 (0.811; 0.951)
0.910 (0.867; 0.964)
0.916 (0.886; 0.954)

By category of hospital”
Category 2¢ - -
0.758 (0.665; 0.877) 0.863 (0.795; 0.949)

Category 3
Category 4 0.784 (0.665; 0.939) 0.903 (0.838; 0.988)
Category 5 0.793 (0.728; 0.874) 0.912 (0.883; 0.948)

2 x values; median (95% CI).

> Complexity (based on size, availability of high tech medical equipment and
procedures, education activity, etc.) ranges from category 1 (the simplest -none of
this category were included in this study) to category 5 (the most complex). See text
for details.

¢ Only three specialists working in category 2 hospitals participated in this study.
Therefore, agreement was not calculated for this subgroup.

(Table 3). Subgroup analyses showed that agreement in the use of
the Tomita score was higher than the one derived from the modi-
fied Bauer score irrespective of specialty, degree of experience and
hospital category. When using the Tomita score, the agreement
was “almost perfect” across all categories, while the agreement
in the use of the modified Bauer score was “almost perfect” only
among readers with > 14 years of experience (Table 3).

Discussion
This study did not implement any measures for improving

inter-observer agreement (such as agreeing on diagnostic criteria
or using available online examples linked to standardized

nomenclature) [17,18]. A high number of readers participated, they
had different backgrounds and worked in different hospitals
located in different regions; most readers had never met their col-
leagues in person. Nevertheless, results from this study reflect a
high degree of agreement among clinicians involved in the man-
agement of spine metastatic disease, both when identifying the
spinal levels affected and when using the scoring systems which
help to establish a prognosis and determine the appropriate treat-
ment. In the subgroup analyses, the classification of the degree of
agreement varied across some subgroups (i.e., “almost perfect”
vs. “substantial”), but actual differences in kappa values were
small and likely to be clinically irrelevant [10]. This is reassuring
for patients, since it suggests that the decision-making process is
reasonably consistent irrespective of differences in the specialty
of the treating clinician, number of years of post-residency clinical
practice, and hospital characteristics.

Very few studies have focused on the agreement in the assess-
ment of metastatic spine diseases across specialties. A previous one
found a “moderate” to “poor” agreement between musculoskeletal
radiologists and orthopedic surgeons when assessing certain imag-
ing features of spinal metastases [8]. Differences in the specialties
being compared may account for differences in results from the
current study.

Bone marrow abnormalities are common in the sacral area [19],
which may make it more challenging to detect metastases [20,21].
This may account for the fact that, in this study, the finding with
the lowest intra- and inter-observer agreements was the presence
of metastases at the sacral level (Appendices 2 and 3).

The assessment of imaging by spine surgeons is usually
considered as the gold standard for deciding whether surgery is
appropriate for a patient with metastatic spine disease [22].
However, the degree of agreement found in this study was similar
across specialties and hospital categories (i.e., irrespective of their
size and complexity) (Appendices 2 and 3, Tables 2 and 3). This
suggests that the scoring systems are intrinsically reliable, and
may also reflect appropriate training standards, continuous medi-
cal education, a solid pattern of common knowledge, and good
interdisciplinary communication among clinicians managing onco-
logic patients [4]. These results are reassuring from the point of
view of equity in health care, and are generally consistent with
previous studies which have found no differences between con-
ventional hospitalization and quick diagnosis units [23].

Clinicians involved in the management of oncology patients
come from a variety of backgrounds. Good communication among
them leads to consistency of care, which is a prerequisite for
effectiveness [24]. Results from this study suggest that the use of
the modified Bauer or Tomita scoring systems can be useful for
accurate communication among multidisciplinary  team
members [2].

Previous studies have shown that the modified Bauer scoring
system is simpler (Appendix 1) and predicts survival better than
the Tomita one [5,6]. The agreement found in this study was higher
for the latter; values obtained when using the Tomita score are
consistently higher in all the analyses, for intra and inter-observer
agreement, for the whole sample and for all the subgroups (Tables
2 and 3). However differences in the kappa values are small, so
they should not be seen as the key criterion for selecting the
scoring system to be used in the clinical environment [2,10].

Some studies have found that an improvement in the quality of
care for oncologic patients does not necessarily translate immedi-
ately into better clinical results or improved survival rates [25].
Similarly, it may be argued that “agreement” when using a scoring
system, does not necessarily mean that the resulting recom-
mended treatment is “appropriate” or that it will lead to improved
survival rates [2]. In fact, it is theoretically possible for clinicians to
agree on measures which are not evidence-based or effective [26]
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and even reluctance to practice evidence-based radiotherapy [3].
Moreover, some features of the modified Bauer and Tomita scoring
systems may be criticized; for instance, while it is widely accepted
that the origin of the primary tumor is the most important prog-
nostic factor for survival [5,7], these scoring systems do not explic-
itly consider all subtypes of cancer which can cause spinal
metastases [2,27]. However, this study did not focus on assessing
the validity of the Tomita or modified Bauer scoring systems as a
tool for identifying the most effective treatment for each patient,
or on measuring the improvements in clinical results generated
by their use, as other prognostic factors may be valid [27,28].
This study focused on assessing the degree of agreement when
using these scoring systems. A high degree of intra- and inter-
observer agreement (Tables 2 and 3), suggests that these instruments
are reliable and can be used for inter-disciplinary communication
among the clinicians involved in each case. This supports their
use in clinical practice, but also in trials intended to assess whether
they improve clinical results, and in studies aiming to fine-tune
therapeutic decisions based on their score, as radiotherapy for
non-surgical candidates [2,4].

This study has some potential limitations. Readers were only
provided with two selected images per case. It is possible that sup-
plying every reader with all the images available for each patient
might have changed the degree of agreement. However, providing
the readers with a selection of images ensures that all assess the
same ones, and fits in with the procedure usually followed to
appraise reliability [14]. Physicians who acted as readers in this
study were volunteers, and were not randomly selected.
Therefore, selection bias may exist; it is possible that physicians
who agreed to participate in this study were the most motivated
or interested in spine metastatic disease [29]. Should this be the
case, agreement might have been lower had other clinicians less
familiar with spine metastatic disease, participated. It is impossible
to completely rule out this possibility. However, this does not
question the intrinsic reliability of the scoring systems used.
Moreover, the degree of agreement was high, despite the fact that
no measures were implemented to facilitate agreement, that the
number of participants was large and that they came from differ-
ent specialties and settings. All of the above suggests that their
use in routine clinical practice is reliable.

In conclusion, this study suggests that the agreement of radiolo-
gists, medical oncologists, radiation oncologists, orthopedic sur-
geons and neurosurgeons when identifying the spinal level
affected by metastases and using the Tomita and modified Bauer
scoring systems, is high.
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