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Purpose The aim of this study was to assess observer
agreement on the evaluation of treatment responses of
bone metastases by bone scintigraphy (BS) using different
scoring methods in prostate cancer patients.

Patients and methods Sixty-three paired BS from 55
patients were included. BS was performed before and after
more than 12 weeks of anticancer treatment. A panel of
experienced nuclear medicine physicians from several
institutions evaluated treatment response using three
different methods: (a) standard clinical assessment, (b) MD
Anderson criteria, and (c) Prostate Cancer Working Group 2
(PCWG-2) criteria. All methods were based on the
evaluation of paired before—-after bone scans.

Results Readers were able to classify the presence of
bone metastases at baseline with a high level of agreement
[Cohen’s k = 0.94, 95% confidence interval (Cl) 0.82-1.001.
Observer agreement on bone response by PCWG-2 criteria
showed considerable agreement (Cohen’s x = 0.84, 95% Cl:
0.69-0.99). Evaluation using standard clinical assessment
and MD Anderson criteria showed moderate agreement
(0.52, 95% Cl: 0.36-0.69 and 0.64, 95% CI: 0.48-0.79,
respectively). There was considerable variation among
readers for regional lesion count on individual scans, with
limits of agreement of — 10 to 10 lesions or more for the

Introduction

Prostate cancer is the second leading cause of cancer
deaths in men, and bone metastasis is one of the most
frequent and severe causes of morbidity [1,2]. New and
upcoming therapies are costly and economically chal-
lenging for the healthcare system worldwide. The aver-
age costs of treatment with new cancer therapies have
more than doubled in recent years [3-5]. As a con-
sequence, it is important that methods for the evaluation
of treatment response and patient benefit are valid and
precise to stop ineffective and costly treatments in a
timely manner.

According to international guidelines, planar whole-body
bone scintigraphy (BS) remains the recommended
method for staging and evaluating bone metastases [6,7].
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maijority of anatomical regions, including the thorax, spine,
and pelvis.

Conclusion Observer agreement on treatment response
by BS varied notably across methods. Optimal agreement
was achieved by the PCWG-2 criteria. Variation in the
classification of treatment response of bone metastases
may have a significant impact on clinical decision-making,
emphasizing the need for a uniform approach, including
during clinical practice. Response assessment by lesion
counting on repeated BS without access to previous scans
cannot be recommended. Nuc/ Med Commun 38:215-221
Copyright © 2017 Wolters Kluwer Health, Inc. All rights
reserved.
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Standard clinical assessment often classifies bone chan-
ges as regression, stable disease, or progression. In the
past, standardized response criteria have focused on
providing details for the classification of response cate-
gories, for example, the Response Evaluation Ciriteria in
Solid Tumours [8]. However, Response Evaluation
Criteria in Solid Tumours defines bone metastases on BS
as unmeasurable lesions. In 2004, Hamaoka and collea-
gues proposed the MD Anderson response criteria spe-
cifically for bone metastases. These criteria acknowledge
the presence of a response rather than quantifying pos-
sible changes [9]. In 2008, the Prostate Cancer Working
Group 2 (PCWG-2) proposed criteria to determine the
presence of radiographic progression. PCWG-2 defines
progression as the appearance of two or more confirmed
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bone metastases [10]. The PCWG-2 criteria have since
been widely adopted, primarily in clinical trials.
However, the consistency of these response evaluation
methods has not been investigated systematically.

The knowledge of observer agreement in treatment
response assessment on BS is scarce. Kaboteh e7 a/. [11]
showed an apparently high level of agreement among
three experienced readers using the PCWG-2 criteria in
266 patients for the assessment of BS changes. However,
the prevalence of bone metastasis was not reported and
patients with extensive metastatic disease were exclu-
ded. Anand e a/. [12] included 173 patients with meta-
static disease from the study by Kaboteh and colleagues
and reported agreement among readers using ‘increased
burden’ and PCWG-2 criteria. They found no difference
in observer agreement between the two reporting
methods, but large pair-wise observer variations for the
assessment of disease progression within methods, with
k values ranging from 0.55 to 0.90. Observer agreement
for standard clinical assessment and MD Anderson cri-
teria has not been investigated. Furthermore, no direct
comparison of observer agreement for different response
assessment methods has been attempted.

The aim of the present study was to assess observer
agreement among a panel of experienced nuclear medi-
cine physicians from several institutions evaluating bone
metastasis responses on BS in prostate cancer patients
undergoing various palliative cancer therapies. We
investigated response assessment of paired (before and
after therapy) BS using standard clinical assessment, MD
Anderson, and PCWG-2 criteria. In addition, we assessed
observer agreement for counting regional bone lesions in
individual bone scans without comparison with other BS
results.

Patients and methods

Patients

We identified all prostate cancer patients who had two or
more BS performed within 1 year during the period from
1 January 2009 to 22 November 2014 at the Department
of Nuclear Medicine at Aalborg University Hospital,
Denmark. The following eligibility criteria were applied:
(a) The patients were treated with androgen-deprivation
therapy (ADT), next-generation hormonal therapy
(NGH) (abiraterone or enzalutamide), or chemotherapy
and (b) each patient had two successive BS, a baseline
scan, and a follow-up scan while on the same treatment.
The baseline BS had to be performed within 3 months
before therapy and a maximum of 14 days after the
initiation of treatment. The follow-up BS had to be
performed from 12 to 52 weeks within treatment for
ADT or 12-30 weeks within treatment for NGH and
chemotherapy. Patients treated successively by different
treatments regimens and having more than one BS pair
fulfilling the eligibility criteria were allowed to be
included twice.

Bone scintigraphy

Bone scans were performed in accordance with the
European Society of Nuclear Medicine guideline on
BS [13]. Acquisition of whole-body, planar BS was
performed 2h after an intravenous injection of
750-1000 MBq ?*Tc-labeled hydroxymethylene dipho-
sphonate using a dual-head gamma camera with simul-
taneous anterior and posterior whole-body acquisition
and a multipurpose low-energy high-resolution collimator
according to institutional practices. Any additional single-
photon emission tomography/computed tomography was
not included in the response assessment.

Bone scintigraphy reading and classification

Five board-certified specialists in nuclear medicine with
4-13 years of experience participated in reading the BS.
Readers were recruited from three institutions to mini-
mize within-institution reading habituation. The readers
were blinded from the original interpretation of the BS
and any clinical data, except date of birth and the prostate
cancer diagnosis.

Baseline and follow-up images were evaluated indepen-
dently by the same two readers and assessed on a
dichotomous scale: bone metastases present (M1) or not
(MO). In M1 patients, readers were asked to indicate
whether the BS was consistent with a super scan.

Establishing progression according to the PCWG-2 cri-
teria depends on the ability of readers to identify new
bone metastases and thus counting/identification of
individual lesions. Although a side-by-side assessment of
images is likely recommended, it is not explicitly speci-
fied by PCWG [10]. Therefore, we evaluated observer
agreement in lesion counting when looking at baseline
and follow-up scans separately. Individual lesions were
counted in five skeletal regions: the skull (including
face), thorax (ribs and sternum), spine, pelvis (including
sacrum), and the extremities (including the shoulder
blade). Up to 20 lesions were counted per region.
Subsequently, on the basis of the regional lesion counts,
images were categorized according to the extent of dis-
ease (EOD) classification by Soloway ez a/. [14]: 0=no
bone metastases, 1 =< 6 bone metastases, 2 =6-20 bone
metastases, 3 => 20 bone metastases, or 4 =super scan.

Bone scan response

Each pair of baseline and follow-up BS were then eval-
uated side by side for changes during treatment using
three different methods (Table 1). Each BS pair was
evaluated by two readers; however, for logistical reasons,
the same two readers did not assess each bone scan pair
by all three response assessment methods. For example,
in patient 1, reader 1 and reader 2 assessed baseline and
follow-up BS by standard clinical assessment, reader 3
and reader 4 assessed baseline and follow-up BS by MD
Anderson criteria, and finally, reader 5 and reader 1
assessed baseline and follow-up BS by PCWG-2 criteria.
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Table 1 Treatment response assessment methods
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Standard clinical assessment

MD Anderson PCWG-2

Nonprogressive disease -

Regression

Stable disease

Progressive disease Progressive disease

Mixed response
Some areas showing regression and some areas
showing progression

Complete response -

Complete disappearance of hot spots or tumor

signal

Partial response -
Regression of lesions

Stable disease
No new lesions

Nonprogressive disease
No, or maximum one new lesion

Progressive disease
New lesions, increased intensity of existing
lesions, or both

Progressive disease
Two or more new lesions

PCWG-2, Prostate Cancer Working Group 2.

A consensus reading was performed if the two readers
disagreed. For each response assessment method, BS
pairs were evaluated by five pairs of observers.

Readers received detailed written and oral instructions on
the criteria for each of the response assessment methods.
For standard clinical assessment, the instruction was to
rate the response as they would in a standard clinical
situation at their institution and place their rating in one
of three response categories (Table 1). In some cases,
readers checked both regression and progression, thereby
creating a fourth category, hereafter named ‘mixed
response’. The readers argued that this was often the case
in clinical situations. Subsequently, when recategorizing
responses as progressive disease (PD) or non-PD, the
‘mixed response’ category was redefined as PD on the
basis of a consensus that if progression was present, even
with the presence of regression in other parts of the
skeleton, the patient had PD. The MD Anderson criteria
were provided with explanatory comments for each of the
response categories on the basis of the original descrip-
tion by Hamaoka ez /. [9] (Table 1) and readers were
asked to assess the BS pairs accordingly. The PCWG-2
criteria were likewise provided, and readers were asked
to assess the BS pairs accordingly. However, PCWG-2
criteria require that the presence of two or more new
lesions must be confirmed on a subsequent scan a
minimum of 6 weeks later, and at the time of the study,
this was not routine practice at our department; conse-
quently, confirmatory images were not available.

Statistical analysis

Cohen’s k¥ was used to assess observer agreement and
reported with 95% confidence intervals (ClIs). We used
unweighted Cohen’s «k for dichotomous and nonordinal
scales [15]. For the cases in which the scale was non-
dichotomous with a clearly ordinal ranking (EOD and
MD Anderson response criteria), linear-weighted
Cohen’s k was also calculated. The extent of agreement
of k values was interpreted according to the terminology

by Landis and Koch [16]: k=0.00-0.20: slight, 0.21-0.40:
fair, 0.41-0.60: moderate, 0.61-0.80: substantial, and
0.81-1.00: almost perfect agreement. Agreement on the
number of lesions in the different skeletal regions was
assessed by Bland—Altman analysis [17]. Bland—Altman
plots present the bias, that is, the mean difference in
lesion count between readers, and 95% limits of agree-
ment, which provide reference values of the maximum
differences that can be expected between readers when
counting the same BS.

Approvals

The present study complied with the Helsinki-II
declaration and was approved by the Danish Data
Protection Agency, which provided a waiver for access to
patient files without informed consent. Retrospective
studies do not require ethical approval in accordance with
national legislation.

Results
Patients
A total of 105 patients were identified from the hospital
records, of whom 55 patients with 63 BS pairs (cases)

Table 2 Patient demographics and baseline characteristics

Total patient cases (N =63)

70 (563-89)
253 (4.3-9.708)

Age [mean (range)] (years)
Baseline PSA [median (range)] (ng/ml)
Disease stage [n (%)]

Hormone sensitive 8 (12.7)
mHormone sensitive 19 (30.2)
CRPC 1(1.6)
mCRPC 35 (55.6)
Treatment [n (%)]
ADT 26 (41.3)
NGH before chemotherapy 8 (12.7)
NGH after chemotherapy 3 (4.8)
Chemotherapy 26 (41.3)

ADT, androgen-deprivation therapy; CRPC, castration-resistant prostate cancer;
mCRPC, metastatic castration-resistant prostate cancer; mHormone sensitive,
metastatic hormone sensitive; NGH, next-generation hormonal therapy; PSA,
prostate-specific antigen.
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were included in the final analysis (Table 2). Eight patients
provided more than one dataset. Fifty patients were
excluded for the following reasons: (a) the baseline and
follow-up BS were not related to the same treatment
regimen (7 =38), (b) follow-up BS was performed less than
12 weeks from baseline (#=7), and (c) patient files or
images were not retrievable (#z=15). Baseline BS was per-
formed from 68 days before the initiation of treatment to
12 days after treatment initiation. Follow-up BS was per-
formed from 12 to 48 weeks within treatment with ADT
(median: 26 weeks) and 12-28 weeks within treatment
with NGH and chemotherapy (median: 18 weeks).

Biochemical and bone scan responses

All cases were classified by prostate-specific antigen
(PSA) response according to PCWG-2 criteria [10],
except for responders who were classified according to
the PCWG-1 criteria, in which the response is classified
as PSA decrease by 50% or more from baseline to follow-
up [18]; this classification is not included in PCWG-2.
The distribution of PSA response was as follows: (a) 28
responders, (b) eight with stable PSA from baseline to
follow-up, (c) 22 so-called drifters, that is, initial PSA
response, followed by a slow increase, and (d) five with
PD, that is, more than or equal to 25% increase in PSA
from baseline to follow-up.

A total of 54 (86%) out of the 63 cases presented with
metastatic disease at baseline. Overall, progression from
baseline was observed in 33% of the cases by standard
clinical assessment, 35% of the cases by the MD
Anderson criteria, and 29% of the cases by the PCWG-2
criteria (‘Table 3).

Observer agreement on response assessment

Observer agreement for standard clinical assessment was
moderate (Table 4). The MD Anderson criteria showed
moderate agreement and the PCWG-2 criteria showed
considerable to almost perfect agreement (Table 4).
Linear weighting of the MD Anderson criteria did not
alter the x values significantly (x=0.64 vs. 0.60 when
unweighted), with considerably overlapping Cls.

Cohen’s « is per se affected by the number of response
categories, that is, the more the categories, the lower the
k values. Thus, we recalculated observer agreement for
the standard clinical assessment and the MD Anderson
on the basis of a reorganization of responses into PD and

Table 3 Bone scan responses per assessment method [n (%)]

Progressive Stable Complete
disease disease Response response
Standard clinical 21 (33.3)2 34 (54.0) 8 (12.7) -
assessment
MD Anderson 22 (34.9) 29 (46.0) 12 (19.0) 0 (0.0)
PCWG-2 18 (28.6) 45 (71.4) - -

PCWG:-2, Prostate Cancer Working Group 2.
Includes eight cases of ‘mixed response’.

Table 4 Agreement in response assessment by response
assessment method

Response assessment method Unweighted Cohen's k (95% ClI)

Standard clinical assessment 0.52 (0.36-0.69)
MD Anderson 0.60 (0.44-0.77)
PCWG-2 0.84 (0.69-0.99)

Cl, confidence interval; PCWG-2, Prostate Cancer Working Group 2.

non-PD; stable disease and regression comprised the
non-PD category. Observer agreement for the MD
Anderson criteria increased from moderate (x=0.60,
Table 4) to substantial (k=0.76, 95% CI: 0.58-0.93). A
dichotomous response classification of standard clinical
assessment did not alter the agreement (x=0.53 vs. 0.52
with the original categories, with considerably over-

lapping Cls).

Final consensus for response assessment

In 50 (79%) of the 63 cases, the final consensus on non-
PD versus PD was the same across the three assessment
methods. However, in more than 20% of the cases, the
final consensus for response varied across the three dif-
ferent assessment methods, that is, one or two methods
resulted in non-PD, whereas the other(s) resulted in PD.
An illustrative example is shown in Fig. 1.

Observer agreement on M-status at baseline

The variation in the response assessment could reflect a
general variation in image reading. However, it was docu-
mented that the readers consistently classified the pre-
sence or absence of bone metastasis at baseline. These data
showed almost perfect agreement (x=0.94, 95% CI
0.82-1.00). Similarly, considerable agreement was found
for the assessment of super scan at baseline, although in

this case, Cls were wider (x=0.78, 95% CI: 0.49-1.00).

Lesion count on individual images

The Bland-Altman analysis showed that the mean dif-
ference in lesion count between readers was low, ranging
from — 0.8 to 0.5 at baseline (Table 5). This means that
no reader systematically assessed the number of bone
metastases higher than the others. However, a large
variation in lesion count at the patient level was observed
with limits of agreement from —15 to 15. The lowest
variation was observed in the skull region, followed by
the extremities, thorax, pelvis, and the spine, which
showed the largest variation (Table 5). The skull and
extremities showed the lowest number of bone metas-
tases and the lowest limits of agreement, indicating that
the lower the number of bone metastases, the lower the
variation. This is also evident from the Bland-Altman
plots for the pelvis, thorax, and spine (Fig. 2).

Subsequent categorization of patients according to the
total lesion count classification, EOD, as defined by
Soloway [14], showed almost perfect agreement by
linear-weighted « (0.87, 95% CI: 0.80-0.95).
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Fig. 1
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(a) (b)

(c) (d)

Patient with different outcomes when using the three assessment methods. This patient presented with numerous bone metastases at baseline; (a)
anterior and (b) posterior. He received four cycles of chemotherapy (docetaxel) and had a follow-up bone scintigraphy at week 8; (c) anterior and (d)
posterior. By standard clinical assessment and MD Anderson criteria, readers agreed upon ‘stable disease’ The readers agreed on a decrease in intensity
in several areas of the follow-up bone scan, including the thorax, the columna, and the pelvic area, but agreed that the general appearance of the scan was
unchanged. According to the Prostate Cancer Working Group 2 criteria, progression is defined by the presence of two or more new lesions. One reader
identified only one new lesion, dotted arrow (c), and thus deemed the response as nonprogression, whereas the other reader identified two new lesions,
full arrow (d) and dotted arrow (c); they reached the consensus that two new lesions were present, and thus that there indeed was progression.

Table 5 Regional lesion count at baseline

Mean Lower limit of ~ Upper limit of
Region Median  Range difference agreement agreement
Skull 0 0-16 0.5 -4 5
Thorax 10 0 to > 20 —-0.8 —14 13
Spine 8 0to>20 0.4 —-15 15
Pelvis 6 0 to >20 0.1 —13 13
Extremities 3 0 to >20 0.2 -9 10

Mean difference, mean difference in lesion count between readers.

Discussion

Correct classification of BS and therefore agreement in
interpretation of treatment effect is the key to patient
management. Misclassification might deprive patients of
beneficial treatments or result in patients receiving
costly, noneffective treatments that might lead to severe
side effects. Despite the fact that BS is used widely, as it
is the recommended imaging modality for the diagnosis

and monitoring of bone metastases, very few studies have
investigated the observer agreement for evaluating
treatment response on BS. From our results, we may
conclude that the PCWG-2 criteria provided excellent
agreement for the assessment of disease progression.

Radiographic progression is the key in the management of
patients with advanced prostate cancer. At first glance, the
methods applied performed similarly by classifying ~30%
of the patients with PD. However, the level of agreement
between readers for evaluating bone response during
treatment depended notably on the method or the criteria
applied. Several factors could explain the variance among
readers in the response assessment. The disagreement in
response assessment did not reflect a general variation in
the reading of bone scans because classification of M1/MO
disease at baseline showed consistent results. The mea-
sures of observer agreement are often reported with crude
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Bland—Altman plot to evaluate variation in regional lesion count for the thorax, the columna, and the pelvis. The mean difference in the number of bone
metastases between readers was low (dashed line), range: —0.79 to 0.38. The upper and lower limits of agreement (dotted lines) ranged from — 14 to
13 for the thorax, — 15 to 15 for the columna, and —13 to 13 for the pelvic region.

agreement without taking into consideration the number
of classification categories or the prevalence of disease in
the population. « statistics take into consideration agree-
ment by chance. Standard clinical assessment and the MD
Anderson criteria both have four response categories,
versus two categories with the PCWG-2 criteria, meaning
that there is a higher probability of disagreement and
consequently, agreement will be lower [15]. In the study
by Zacho ez al. [19], crude agreement for the classification
of bone metastasis among three readers in 635 patients was
96% (k=0.87) for dichotomous M1/MO classification, but
only 66% (k=0.57) when reported on a four-point scale.
However, recategorization of the standard clinical assess-
ment and the MD Anderson criteria into PD versus non-
PD did not change observer agreement with the standard
clinical assessment. Such dichotomous reorganization of
responses improved observer agreement with the MD
Anderson criteria; however, agreement did not reach the
level as seen with the PCWG-2 criteria. The interpretation
of images by the standard clinical assessment and the MD
Anderson criteria is more subjective compared with the
PCWG-2 criteria. Interpretation of response by these
methods was entirely at the discretion of the individual
reviewer and their experience and based on subjective
interpretation of images without exact criteria for change
[9]. This may have caused some variation in the response
assessment among readers. No intraobserver studies were
carried out to clarify this hypothesis.

k values are frequently reported without specification on
the type of k. Unweighted « is mostly used. Weighted x
can be performed if there is a rank of categories among
response groups [19]. For the unweighted «, the relative
importance of disagreement between categories is the
same for adjacent categories as it is for distant categories,
whereas for the weighted «, the disagreements are ranked
according to the relative distance between the categories
[15]. Thus, with weighted «, the observer agreement with
the MD Anderson criteria would be lower if one reader

reported complete regression rather than partial regres-
sion and the other reader reported stable disease.
However, observer agreement was not improved by the
use of weighted « in our study.

The PCWG-2 criteria might be preferred on the basis of the
high level of agreement between readers, even though
valuable information may be lost when there is no dis-
tinction between disappearance and/or regression of lesions
and stable disease. The choice of two or more new lesions
might seem arbitrary; however, it has been shown that
radiographic progression, according to PCWG-2, is asso-
ciated significantly with overall survival [20]. In addition,
the most important clinical distinction is the presence of PD
or non-PD with respect to anticancer medication, which is
continued if tolerated in stable and responding patients.

Similar to our results, Kaboteh ez «/. [11] showed good
agreement between three readers for bone response
assessment by PCWG-2 criteria in prostate cancer
patients with and without bone metastases. However, no
k values were reported. In the sub-population of 173
patients with bone metastasis from the study by Kaboteh
and colleagues, Anand ef a/. [12] showed « values from
0.55 to 0.81 for observer agreement on BS response
assessment by PCWG-2 criteria between three readers.
They did not observe improved observer agreement with
PCWG-2 versus an unspecified clinical assessment
(increased burden of metastases). These data are in
contrast to our data, which showed superior observer
agreement with PCWG-2 for response assessment.

Observer variation can be influenced by many factors,
including institutional standardization or habituation of
disease classification and experience. In studies by
Kaboteh and colleagues and Anand and colleagues,
readers were recruited from the same institution. With
respect to classification of metastases on bone scans,
modest k values have been reported using a four-point
scale among physicians from 18 centers in Sweden

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



(k=0.48) [21]. Our current data on M1/MO classification
paralleled the results from other studies [19,22]. Our
study confirmed excellent overall agreement on treat-
ment response assessment with the PCWG-2 criteria with
five board-certified nuclear medicine physicians from
different institutions and with varying experience with
bone imaging, indicating the robustness of this response
assessment method. Finally, the two BS were performed
within the same treatment regimen, thus reflecting
standard clinical practice where follow-up BS is used to
assess disease status during treatment. Kaboteh and col-
leagues and Anand and colleagues included patients with
two BS performed within a time period of 7 years, but not
necessarily from within the same treatment.

Lesion counting is one way of reporting treatment out-
come if images are to be assessed without bias from
proceeding images or reports. Our findings indicated that
the counting of individual lesions resulted in a large
variation from reader to reader. The variation was the
lowest when the number of bone metastases was low.
These data imply high observer variation with increasing
number of lesions. Thus, variation is high in skeletal
regions most commonly affected by bone metastases in
prostate cancer, namely, the spine and pelvis. The
number of lesions in these regions is often high in
advanced prostate cancer. Agreement improved notably
when lesion numbers were reorganized according to the
EOD classification by Soloway ez 4/. [14], which has been
associated with overall survival. Thus, this method might
be preferred over simple counting.

Conclusion

The PCWG-2 criteria showed excellent agreement for
BS response assessment, whereas less agreement was
observed among experienced readers with other meth-
ods. Reproducible classification of bone status is impor-
tant in clinical decision-making. We recommend the use
of stringent and objective criteria, such as the PCWG-2
criteria, both in clinical trials and in clinical practice. The
separate counting of lesions without access to previous
scans cannot be recommended. If lesion counting is
required, we recommend the use of EOD grades and a
side-by-side comparison of BS.
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