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Automated CT volumetry of pulmonary

metastases: the effect of a reduced growth

threshold and target lesion number

on the reliability of therapy response

assessment using RECIST criteria

Abstract The purpose of this study
was to evaluate the reproducibility of
CT-volumetric tumour response as-
sessment of pulmonary metastasis
using variable volume change thresh-
olds (VCT) and target lesions with
response evaluation criteria in solid
tumours (RECIST). Fifty consecutive
patients with pulmonary metastases
undergoing follow-up multislice CT
under chemotherapy were assessed for
response to chemotherapy with mod-
ifications to RECIST: (1) decreasing
the percentual VCT for diagnosis of
tumour response (range=70%–20%),
(2) reducing the number of target
lesions (range=1–5). Continuous and
categorical observer agreements were
tested by Bland and Altman and
extended (κe) or non-weighted kappa
(κ) and correlated with percentual
VCT to predict observer agreement. A
total of 202 metastases were evaluated
(average volume=522.4 mm3±

902.4 mm3). General agreement on
treatment response was very high
(κe=0.93–1), but was reduced with
VCT<35% (κe<0.95). Kappa
correlation with VCT values was
strong (r=0.94–0.96; p≤0.0002).
Average confidence decreased signif-
icantly at VCT<45% (p<0.01) and
agreement on stable disease at VCT<
35% (κe<0.95; p<0.01). Reduction of
target lesions (n<3; VCT=35%) re-
sulted in decreased reader confidence
(for n=1: κ=0.49; p<0.05). Agree-
ment for evaluation of treatment re-
sponse was robust using VCT≥35%
and ≥3 metastases. This may translate
into shortening of follow-up intervals
or enable for response assessment
with tumours displaying minimal
volume change.

Keywords Lung . Nodule . Lung
neoplasms . Computed tomography
(CT) . Multi-detector row

Introduction

Accurate assessment of therapeutic tumour response is
critical for evaluation of chemotherapy results in patients
enrolled on phase I and II clinical trials. The “Response
Evaluation Criteria in Solid Tumours” (RECIST) using
unidimensional manual measurements of the sum of the
longest marker lesion diameters [1] are widely considered
as methodology of choice for assessment of tumour
response to treatment [2]. However recent evidence
suggests that the value of RECIST may be limited in
various circumstances in which uni-dimensional measure-
ments carry high variability. Moreover, in the evaluation of

targeted drugs that do not yield frank disease remission, the
RECIST classification, while compensating for errors of
manual measurements, is insensitive to such minimal
tumour responses [3]. In a consensus paper the Interna-
tional Cancer Imaging Society advocated modifications to
RECIST to compensate for such shortcomings and opted
for incorporation of multislice CT scanning options and
automated measurement approaches [4]. Fully automated
volumetry of pulmonary nodules was shown to decrease
observer variation with very high confidence in tumour
response assessment using RECIST [5–8]. However it
remains unknown if the recommended diameter thresholds
(20% tumour growth; 30% size diminution) and their
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converted volume equivalents (65% and 73%, respec-
tively) can be effectively reduced without sacrifice of
reproducibility in order to permit an earlier diagnosis of
tumour progression or partial response. It is uncertain if the
number of target lesions may be safely reduced to decrease
the amount of time required for volumetric assessment.

This study in patients with pulmonary metastases was
performed to longitudinally investigate: (1) the minimal
tumour volume change allowing to maintain high
reproducibility when used for classification of progressive
disease or partial tumour response and (2) the minimum
number of target lesions that is required to maintain the
high reproducibility of this reduced volume change
threshold.

Materials and methods

Patients and CT scans

This is a study evaluating the observer confidence for
RECIST response assessment of pulmonary metastases in a
prospective patient cohort with solid malignant tumours in
the setting of a tertiary referral cancer centre. We included
clinical routine multidetector-row CT (MDCT) scans of 50
consecutive patients (mean age: 59 years; range: 23–79 years;
39 men, 11 women) being evaluated for treatment response
of pulmonary metastatic disease. Patient informed consent
for the CT examinations was obtained in all cases, and
the study was approved by our institutional review board.
Intra- and inter-obsever variability of manual calibre and
volumetric tumour measurements in this patient collective
has been reported previously [6].

All examinations were performed at our centre using a
16-row MDCT unit (Sensation 16, Siemens Medical
Solutions, Forchheim, Germany). The scan parameters
used were tube voltage of 120 kV, tube current of 80 mAs
at 0.5/s gantry revolution, 0.75 mm slice collimation and
table feed of 19.2 mm/rot (pitch=1.6). Single phase
peripheral intravenous power injection was performed
using 80 ml non-ionic contrast material of 300 mg/ml
iodine concentration (Ultravist 300, Schering AG, Berlin,
Germany). Image data were reconstructed using a lung
filter kernel (B60f) at a slice thickness setting of 0.75 mm at
a 0.7-mm reconstruction increment.

CT evaluation

CT image data were evaluated on a dedicated workstation
in random order by two independent radiologists with
5 years of experience in clinical chest CT (FA, KM). Each
radiologist was blinded to patient data and to the results of
the other observer. Following RECIST criteria require-
ments, the five largest metastases were assessed as target
lesions by automated volumetry using commercially

available software (LungCare, Somaris 5 VB10 AW. 4,
Siemens Medical Solutions, Forchheim, Germany) [9].

The post-therapy follow-up scans were evaluated
following the same protocol without opportunity to review
data of the first measurements. On follow-up the treatment
response of lung metastases was defined according to
RECIST criteria as disease progression, stable disease,
partial remission or total remission [1].

As a modification to traditional RECIST criteria, varied
thresholds of volume change (hereinafter referred to as
volume change thresholds) were used to define tumour
response. For this purpose the diameter changes required
for diagnosis of progressive disease and partial tumour
response in the original RECIST guidelines were converted
to tumour volumes [1, 6]. The evaluation started at a
volume change threshold of 70% for diagnosis of progres-
sive disease or partial response. Then the volume change
threshold was reduced in steps of 5% down to 20% for
calculation of categorical observer agreement. After the
lowest acceptable volume change threshold for confident
diagnosis of treatment response was identified, the number
of included lesions was reduced one by one from five to
one, each time eliminating the smallest metastasis, and
continuous and categorical observer agreements were
repeatedly assessed to define the smallest number of
lesions allowing the maintainance of the response assess-
ment result with five included lesions.

Data analysis

In the first analysis, categorical agreement was calculated
using kappa statistics with the Fleiss-Nee-Landis extension
that is applicable to data of more than two observers or
ratings per pulmonary nodule [10, 11]. With this method
individual kappa values for each specific tumour response
category can be calculated using the Landis-Koch exten-
sion [12]. Agreement analysis was followed by linear and
polynomial regression analyses to identify various fitted
models for prediction of confidence over the entire range of
volume change thresholds. The best-fitting regression
function (R) was defined by additional regression-
embedded analysis of variance-which calculates the vari-
ance ratio F, the partial correlation coefficient and r square
(R2) and adjusted r square (Ra2) values from the regression
model, thereby defining the predictive value of the model
while compensating for the fact that R2 is bound to increase
with the number of predictors in the model-and was used
for prediction of kappa values within 95% confidence
intervals. Further, comparison was made between the
average predicted agreement of all response categories
reflecting the overall observer confidence, and the pre-
dicted agreement on specific categories of treatment
response, because the latter give more precise information
on how an individual patient is classified. Agreement on a
specific response category may be significantly decreased
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against overall observer confidence and could therefore
substantially deteriorate the confidence in individual
patients of that response group. Subsequently, the lowest
volume change threshold maintaining the overall observer
agreement and response category-specific agreement with-
in 95% confidence intervals was identified. This value was
used as a basis for subsequent agreement analysis with
reduction of the target lesion number.

In the second analysis, individual percentual metastatic
volume changes of the sum of all target lesions and the
average variance pertaining to all tumour response ratings
were calculated for both observers in the five datasets
based on five, four, three, two or one metastasis. Contin-
uous inter-observer agreement on individual metastatic
volume change was tested using the Bland and Altman
method and was compared between datasets including the
five, four, three, two and one target lesions [13]. To assess
the clinical relevance of inter-observer measurement
inaccuracy, the 95% limits of agreement were converted
to tumour doubling times on the basis of the average
metastasis volume in this study and a standard follow-up
interval of 90 days. The regression-predicted standard error
of relative volume change comparing the two observers
and pairs of the five datasets was calculated. Categorical
agreement on treatment response was tested using non-
weighted kappa statistics. Because Cohen’s kappa statistics
are likely to fall into error with small numbers (κ<0.5)
additional reader disagreement was estimated by using the
marginal homogeneity method of Maxwell [14].

Our statistical software (StatsDirect release 2.4.4,
CamCode, Herts, England) calculates Bland and Altman
statistics with a one-way random effects intra-class corre-
lation coefficient, estimated within-subjects standard devi-
ation and a repeatability coefficient. The intra-class
correlation coefficient is calculated as: rI ¼ mSSb � SStð Þ=
m� 1ð ÞSStð Þ -where m is the number of observations per

subject, SSb is the sum of squared between subjects and
SSt is the total sum of squares (as per one way ANOVA).
Within-subjects standard deviation is estimated as the
square root of the residual mean square from one way
ANOVA. The repeatability coefficient is calculated as:
Cr ¼ square root of mð ÞZ ξw -where m is the number of
observations per subject, Z is a quantile from the standard
normal distribution (usually taken as the 5% two-tailed
quantile of 1.96), and ξw is the estimated within-subjects
standard deviation (calculated as above). A P-value<0.05
was accepted to indicate statistical significance.

Results

Patients

In the 50 patients a total of 202 lung metastases (median=5
nodules per patient, range 1–5) were evaluated over a

median follow-up interval of 2 months (range 1–9 months).
Pulmonary metastases originated from solid tumours
including oesophageal cancer (n=13), non small cell lung
cancer (n=10), colorectal cancer (n=7), malignant mela-
noma (n=3), transitional cell carcinoma of the bladder (n=
3), chondrosarcoma (n=2), renal cell carcinoma (n=2), and
one patient each with breast cancer, malignant histiocyto-
ma, stomach carcinoma, pharyngeal carcinoma, leiomyo-
sarcoma, chorion carcinoma, sarcoma of the pleura,
osteosarcoma, synovial sarcoma and carcinoma of un-
known primary. All individuals received chemotherapy
according to various regimens between the initial and the
follow-up MDCT scans, which were initiated as part of
routine drug response assessment after the median follow-
up interval.

Nodule characteristics and automated volumetry

The 202 metastases followed over the study period had a
median volume of 182.22 mm3 (volume range=3.16–
5,195.13 mm3; converted median diameter=9.08 mm) at
initial assessment corresponding to a median volume of
124.79 mm3 (range: 0–6,359.23 mm3) at follow-up.
Automated volumetry was accomplished in all nodules.
Manual correction of automated nodule volume segmen-
tation (resizing of nodule templates) was performed in 7
solid nodules (1.75%) on first or second assessments
(7/404 measurements=1.75%) and was limited to cases
with obvious over-segmentation into neighbouring struc-
tures, such as pleura or vessels. Intra-and interobserver
variation of automated volumetry ranged from −17.9 to
13.2 % and −11.1 to 4.8 % for readers 1 and 2, respectively,
and from −16.9 to 13.2% and −21.3 to 3.9% for readings 1
and 2, respectively.

Tumour response classification using varied volume
change thresholds

For the 50 study patients, a total number of 200 tumour
response classifications were given (2 readers, 2 readings
for each reader). Using a volume change threshold of 70%,
13 patients were classified as having progressive disease,
28 patients as having stable disease, 7 patients as having a
partial response and 2 as having total response (Table 1).
With decreasing volume threshold the number of patients
classified as having progressive disease or partial response
increased substantially, while the number of patients with
stable disease was reduced. As a result, at a volume
change threshold of 20% there were only 9 patients
classified as having stable disease (reduction of 67.9%),
21 patients as having progressive disease (increase of
61.5%) and 18 as having partial response (increase of
157.1%). The number of patients with complete remission
maintained stable over the entire threshold range (κe=1;
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Table 1 Patient treatment
responses using modified
volume change thresholds

RECIST guidelines with
varying volume thresholds for
response category change
(20–70%)
PD=progressive disease;
SD=stable disease; PR=partial
remission
CR=complete remission;
*intraobserver response
discordance

Volume change threshold [%] Response reviewer 1 Response reviewer 2

PD SD PR CR

70 PD 13 – – –

SD – 28 – –

PR – – 7 –

CR – – – 2

65 PD 14 – – –

SD – 27 – –

PR – – 7 –

CR – – – 2

60 PD 14 – – –

SD – 27 – –

PR – – 7 –

CR – – – 2

55 PD 14 – – –

SD – 25 1 –

PR – – 8 –

CR – – – 2

50 PD 15* 1* – –

SD – 22* – –

PR – – 10 –

CR – – – 2

45 PD 16* – – –

SD 1* 21* – –

PR – – 10 –

CR – – – 2

40 PD 16* – – –

SD 1* 18* – –

PR – 1* 12* –

CR – – – 2

35 PD 16* – – –

SD 1* 17* 1* –

PR – – 13* –

CR – – – 2

30 PD 16* 1* – –

SD 1* 14* 1* –

PR – 1* 14* –

CR – – – 2

25 PD 18* – – –

SD 1* 11* 1* –

PR – – 17* –

CR – – – 2

20 PD 20* – – –

SD 1* 9* 1* –

PR – – 17* –

CR – – – 2
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all classifications concordant). When using 65% or 60%
volume change thresholds, all response classifications
were identical between the reviewers and readings (κe=1).
However there was growing discordance between the
observers/readings using lower volume change thresholds
(Table 1): at volume change thresholds between 55% and
45%, there were classification discordances in one patient,
at thresholds between 40% and 20% in two patients and at
a threshold of 30% in four patients. The overall agreement
using Fleiss-Nee-Landis kappa extension as well as the
agreements on specific response categories “progressive
disease”, “stable disease”, “partial response” and “com-
plete remission” are listed in Table 2, supplemented by the
“minimal agreement” (lowest kappa value) of any of the
specific response categories. All agreement categories
except the agreement on total response showed a decrease
of confidence with falling volume change thresholds. The
overall agreement, the agreement on stable disease and the
minimal agreement of the specific response categories
showed the most severe deterioration with decreasing
volume change threshold: for low thresholds between
30%–20% these agreements dropped to values below 0.95
(κe=0.93, 0.89 and 0.89 for combined categories, “stable
disease” and “lowest kappa” categories, respectively).

Regression analyses achieved best results when using
second degree polynomial fitting (Fig. 1): The linear
correlation coefficients were smaller than 0.9 [R2=86.91%,
R2=87.47% and R2=84.86% for the regression functions
R1 (“combined categories”), R2 (“stable disease”) and R3
(“lowest kappa”), respectively]. With polynomial regres-
sion the correlation coefficients of the corresponding
functions R1-R3 were for R1: r=0.94 (R2=87.61%;
Ra2=84.52%, F=28.30; P=0.0002), for R2: r=0.96
(R2=91.99%; Ra2=89.98%; F=45.91; P<0.0001) and for

R3: r=0.94 (R2=87.92%; Ra2=84.90%; F=29.11; P=
0.0002), respectively.

The variance ratios, F, for the overall second degree
polynomial regression were highly significant: thus we
have very little reason to doubt that agreement on either
response category is associated with volume change
threshold. The corrected r square values (Ra2) show that
over 84% of the variance of agreement is accounted for by
the polynomial regression. The intercepts were highly
significant for all response categories in the polynomial
regression model (P<0.0001 for all functions R1-R3).

Therefore the predictive value of this model is slightly
higher than that of the linear regression model, and the
linear regression model was dropped for prediction of
reader confidence. The polynomial regression functions
R1-R3 are expressed by the following equations:

Average agreement (R1):

κe ¼0:89þ 2:305E � 3 volume change thresholdð Þ
� 0:9E � 5 volume change thresholdð Þ2

Agreement on stable disease (R2):

κe ¼0:76þ 6:35E � 3 volume change thresholdð Þ
� 4:2E � 5 volume change thresholdð Þ2

Lowest kappa of any response category (R3):

κe ¼0:78þ 5:55E � 3 volume change thresholdð Þ
� 3:4E � 5 volume change thresholdð Þ2

Table 2 Categorical agreement on response using modified volume change thresholds

Fleiss-Nee-Landis extended kappa Landis-Koch extended kappa per response category

Volume change threshold [%] Combined categories SE PD SD PR CR Lowest κ of any response category SE

70 1 0.040 1 1 1 1 1 0.058

65 1 0.040 1 1 1 1 1 0.058

60 1 0.040 1 1 1 1 1 0.058

55 0.98 0.040 1 0.97 0.95 1 0.95 0.058

50 0.98 0.039 0.98 0.98 1 1 0.98 0.058

45 0.98 0.039 0.98 0.98 1 1 0.98 0.058

40 0.95 0.039 0.98 0.95 0.95 1 0.95 0.058

35 0.97 0.039 0.98 0.95 0.97 1 0.95 0.058

30 0.94 0.038 0.94 0.89 0.95 1 0.89 0.058

25 0.95 0.039 0.97 0.89 0.98 1 0.89 0.058

20 0.93 0.038 0.97 0.89 0.95 1 0.89 0.058

RECIST guidelines with varying volume thresholds for response category change (20–70%)
PD=progressive disease; SD=stable disease; PR=partial remission; CR=complete remission
SE=standard error
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The predicted observer confidence using the fitted
polynomial regression curves differed significantly over
the volume change threshold range for each of the three
indicated agreement categories (p<0.01). The deterioration
of average agreement became significant at a volume
change threshold of 45%. However the overall agreement
at this cut-off was still high (κe>0.95; Fig. 1). With
reduction of the volume change threshold below 35% the
predicted agreement in the stable disease category-and of
the lowest kappa of all response categories-fell signifi-
cantly below average agreement (p<0.05), indicating the
influence of discordance on patients within this category
(Fig. 2). For achievement of excellent predicted observer
confidence (κe≥0.95) in the “average agreement” (R1),
“stable disease” (R2) and “lowest kappa” (R3) categories,
the volume change thresholds were VCT≥30.4%, 39.8%
and 41.1%, respectively. For a defined volume threshold of
35% the estimated agreements were for R1: κe=0.96 (95%
CI=0.95–0.97), for R2: κe=0.94 (95% CI=0.92–0.95) and
for R3: κe=0.93 (95% CI=0.92–0.95). Because excellent
agreement without significant additional deterioration on
specific response categories could be achieved at a volume
change threshold equal to or larger than 35%, this threshold
value was chosen as the basis for subsequent evaluation of
reduced numbers of target lesions. With use of this
modification to RECIST, 9 of 50 patients (18%) who had
had stable disease with application of 70% volume change
threshold were concordantly categorized from stable to
progressive disease (n=3) or to partial response (n=6).

Fig. 1 Polynomial regression of
extended observer agreement
(κe) on average tumour response
with 95% confidence intervals.
Note the significant drop of κe
values for modification of
RECIST criteria using volume
change thresholds (VCT) smal-
ler than 45% (solid indicator
lines) (p<0.05). Agreement on
average tumour response re-
mained excellent (κ≥0.95) for
VCT larger or equal 35%

Fig. 2 Predicted extended observer agreement (κe) using poly-
nomial regression for average tumour response (circles), stable
disease (squares) and worst agreement of all response categories
(triangles) with 95% CI interval bars. Note the significant decline of
confidence with reduction volume change thresholds (p<0.01). For
VCT values smaller than 35% (dotted indicator lines) this
deterioration is significantly worse in the “stable disease” and
“worst agreement” categories than for average tumour response
(p<0.05)
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Tumour response classification using variable
numbers of target lesions

Of the 50 patients included in this study a subgroup of 33
patients (mean age: 66 years; range: 43 to 79 years; 8
women, 25 men) presented with five or more pulmonary
metastases. Data of this patient subgroup form the basis of
the tumour response assessment using a predefined volume
change threshold of 35% and consisted of 132 response
classifications of the two observers. The descriptive
statistics of the resulting five tumour response datasets
based on five, four, three, two and one target lesions
showed growing average variance (increase of 66%) in
percentual volume change with falling nodule numbers (p>
0.05; Table 3). Consequently, the continuous interobserver
agreement was best for the dataset based on five nodules
and poorest in the dataset based on one nodule. The limits of
agreement increased almost threefold with reduction of the
number of target lesions from five to one (95% limits of
agreement=−12.84–11.28 mm3 and −33.07=29.53 mm3
for five and one nodule, respectively, Table 4). When in the
dataset pertaining to one target lesion the limits of
agreement were converted to volume doubling times,
these figures were within the range of malignant growth
(VDT=311.5–415.4 days), indicating a clinical relevance
of measurement inaccuracy. In the datasets pertaining to
five, four and three lesions the volume doubling times were
within the range of benign growth (VDT=693.7–
1,038.6 days). When the dataset based on five target lesions
was accepted as best reference standard, comparison with
datasets based on reduced target lesions revealed an
increasing average measurement error (predicted measure-
ment error e=7.52–7.8% for four target lesions, and e=49–
52.1% and 48.7–49.9% for datasets with one and two target
lesions, respectively), which more than three times
exceeded the inter-observer measurement error (Table 5).

As a result, when including five, four or three lesions for
assessment of tumour response, all response classifications
were identical between the two observers (κ=1; Tables 6

and 7). In these datasets there were 9 patients classified as
having progressive disease, 14 patients as having stable
disease and 10 patients as having partial response. When
the number of included metastases was further reduced,
there were increasing classification discordances, which
affected three patients (9.1%) in the dataset based on two
lesions (one under-classification, two over-classifications)
and ten patients (30.3%) in the dataset based on one lesion
(seven under-classifications, three over-classifications;
Table 6). Due to these discordances, the intraobserver
agreement dropped substantially to kappa values smaller
than 0.87 for response data derived from two lesions and
significantly to values smaller than 0.5 for response data
derived from only one lesion (κ=0.86 and 0.49, respec-
tively, p<0.05) (Table 5). The marginal disagreement was
significant when comparing response between datasets
with five and one metastasis (p=0.033), indicating a
particularly low reliability of the assessment using only
one target lesion.

Discussion

The RECIST criteria are considered as the methodology of
choice for the morphological assessment of tumour
response [1, 2]. Despite the fact that RECIST attempts to
compensate measurement inaccuracies by inclusion of five
target lesions per organ and relatively high growth
thresholds for diagnosis of progressive disease or partial
response (+20% and −30% diameter change, respectively),
various studies have demonstrated discordant response
rates between primary investigators and secondary review
panels [15–17]. This disagreement was chiefly caused by
manual measurement inaccuracy [18–20] accounting for
45% of misclassifications [15].

Disagreement on tumour response can be substantially
decreased by use of fully automated volumetry [6].
Published data confirming high accuracy (within 3% of
3-mm-diameter nodules) of fully automated volumetry [17,

Table 3 Percentual metastatic volume change per patient with varying number of included metastases

Lesions included Observer Minimum Median Mean Maximum Average variance

5 1 −99.50 11.73 27.48 595.35 16,039.62

5 2 −99.50 11.17 28.04 595.36 16,443.26

4 1 −99.43 9.48 27.58 633.58 17,110.58

4 2 −99.43 8.85 28.23 633.59 17,499.85

3 1 −99.30 5.52 23.27 633.58 15,996.90

3 2 −99.30 4.81 23.88 633.59 16,121.91

2 1 −100 −19.25 20.78 748.46 21,337.66

2 2 −100 −19.25 21.79 748.14 21,476.97

1 1 −100 −17.90 18.55 828.33 26,507.97

1 2 −100 −17.90 20.10 828.33 26,731.48
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21] and an overall in vivo standard measurement error of
0.21–1.5% [5, 22] prompted us to assess its potential with
use of modified volume change thresholds.

Our findings demonstrate a very high observer concor-
dance and allowed halving the volume change threshold to
35% (converted original RECIST recommendation) at an
average predicted observer confidence of κ≥0.95.

However pulmonary metastases growth may be inho-
mogeneous. In a retrospective cohort of 21 patients with
multiple metastases (n=408) Chojniak et al. described a
high intra-individual variability of volume doubling times
with a tendency of smaller nodules to exhibit more rapid
growth [23]. In a second study on 33 patients the authors
found divergent intra-individual tumour responses in 35%
of metastases after chemotherapy compared to the overall
tumour response per patient, suggesting a possible influ-
ence of the choice of nodules on the assessment result.
Similarly, Schwartz et al. described a reduction of intra-
individual standardized average response variance by 90%

in an experimental modelling analysis simulating all
possible combinations of lesions for response classification
[24]. However individual tumour response depends in a
high proportion on volume change of large nodules and to a
lower degree on growth of smaller metastases. Neither of
these studies explored the effect of a reduction of the
number of assessed lesions on the result of response
categorisation, and it remains unclear how many pulmonary
target lesions can be excluded without sacrificing observer
confidence and thereby introducing misclassifications that
could substantially reduce the reliability of this method.

Our results support the findings of the groups of
Chojniak et al. and Schwartz et al. showing that the
average variance of metastatic volume change increased by
66.6% with reduction of the number of included pulmonary
lesions from five to one (Table 3), and the 95% limits of
inter-observer agreement were elevated almost threefold
(Table 4) and within the range of malignant lesions
reported by other authors [21, 25]. This implies that the
agreement between our observers assessing only one target
lesion would suffer from substantial inaccuracy.

When the assessment result of five lesions was accepted
as best available reference, the relative standard error for
comparison to datasets with reduced target lesion number
increased by more than 600%, exceeding the interobserver
error by more than 300% (Table 5). As a result, there were
discordances in the response classifications of two and
one nodules for both observers (Table 6), and the
agreement fell significantly after reduction to one nodule
(Table 7). However, a reduction of the number of target
lesions from five to three was possible with total observer
agreement (κ=1).

To date, the literature on the number of lesions to treat
for confident response assessment is scarce. Zacharia et al.
reported no significant discordance between measurements
of five and one lesions (κ=0.88, p>0.05). However these
authors used manual measurements with original RECIST
criteria on liver metastases of unknown size. Therefore
their data are not directly translatable to our study [26].

Our results are of potential relevance in various clinical
settings: first, chemotherapy trials with application of
targeted drugs could benefit from monitoring of minimal

Table 4 Interobserver volumetric agreement with varying number of included metastases

Lesions included 95% LoA [mm3] ICC coeff. ws-STD [mm3] Repeat. coeff.
for α=0.05

VDT conversion
of |lower 95% LoA|

VDT conversion
of |upper 95% LoA|

5 −12.84–11.28 0.999 4.32 11.97 853.75 1,038.63

4 −14.16–12.39 0.998 4.76 13.19 771.18 948.32

3 −15.67–13.88 0.998 5.29 14.66 693.77 849.79

2 −21.34–18.76 0.998 7.18 19.90 500.85 636.62

1 −33.07–29.53 0.995 11.19 31.02 311.51 415.36

LoA=limits of agreement (Bland and Altman); ICC-coeff=intra-class correlation coefficient
ws-STD=within subject standard deviation; repeat. coeff.=repeatability coefficient
VDT=volume doubling time

Table 5 Standard error of percentual metastatic volume change per
patient

Comparison lesions
included

Comparison
observers

Predicted SE
[%]

5 1 vs. 2 5.49

4 1 vs. 2 6.09

3 1 vs. 2 6.88

2 1 vs. 2 9.37

1 1 vs. 2 15.16

5 vs. 4 1 7.80

5 vs. 4 2 7.52

5 vs. 3 1 30.26

5 vs. 3 2 29.26

5 vs. 2 1 49.88

5 vs. 2 2 48.65

5 vs. 1 1 52.14

5 vs. 1 2 49.03

Predicted SE=regression-predicted standard error
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Table 6 Comparison of patient
responses when reducing the
number of included metastases

Response data based on RE-
CIST guidelines using modified
volume threshold for category
change of 35%
PD=progressive disease;
SD=stable disease; PR=partial
remission
CR=complete remission;
*intraobserver response
discordance

Lesions included Observer Response Response pertaining to five included lesions

PD SD PR CR

4 1 PD 9 – – –

SD – 14 – –

PR – – 10* –

CR – – – –

4 2 PD 9 – – –

SD – 14 – –

PR – – 10* –

CR – – – –

3 1 PD 9 – – –

SD – 14 – –

PR – – 10* –

CR – – – –

3 2 PD 9 – – –

SD – 14 – –

PR – – 10* –

CR – – – –

2 1 PD 8 2 – –

SD – 12* – –

PR – – 10* –

CR 1 – – –

2 2 PD 8 2* – –

SD – 12 – –

PR – – 10* –

CR 1 – – –

1 1 PD 7 4 – –

SD 1 7 – –

PR – 3 7* –

CR 1 – 3 –

1 2 PD 7 4 – –

SD 1 7 – –

PR – 3 7* –

CR 1 – 3 –

Table 7 Categorical agreement on response with varying number of included metastases

Observer Comparison of numbers of lesions Kappa 95% CI Disagreement

1 5 vs. 4 1 0.750–1.243 ns

5 vs. 3 1 0.750–1.243 ns

5 vs. 2 0.864 0.630–1.099 ns

5 vs. 1 0.491 0.284–0,698 p=0.033

2 5 vs. 4 1 0.750–1.243 ns

5 vs. 3 1 0.750–1.243 ns

5 vs. 2 0.864 0.630–1.099 ns

5 vs. 1 0.491 0.284–0,698 p=0.033

All response data based on RECIST guidelines using modified volume threshold for category change of 35%
CI=confidence interval; disagreement=marginal homogeneity method of Maxwell
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changes in tumour volume, which is likely to enhance the
diagnosis of therapy success, undetectable using standard
RECIST criteria [27]. This is of particular importance in
small pulmonary metastases <10 mm in diameter that do
not allow reliable assessment by other imaging techniques
such as positron emission tomography (PET) [28]. Second,
a higher sensitivity to volume change may allow for earlier
detection of treatment response, thereby allowing for
adjustment of highly toxic conventional chemotherapy
after shorter follow-up periods with a potential to increase
clinical patient benefit [22]. Third, a careful reduction of
the smallest target lesions could shorten assessment time
significantly, which has to be expected to be less than 5 min
per lesion, but was not assessed by this study.

A limitation of our study is the heterogeneous patient
collective, which included diverse tumour entities and
therapeutic regimens, without independent review of the
response rates reported by the study investigators. Also,
some of the follow-up intervals were relatively short.
However this is unlikely to affect measurement errors and
observer agreement in the evaluation of tumour response
comparing volume change thresholds within one measure-

ment technique. Further, no primary tumours or extra-
pulmonary metastatic lesions were evaluated, because the
volumetry software is specified to application in pulmo-
nary lesions. The study subgroup of 33 patients with five
target lesions is relatively small for assessment of reader
confidence on tumour response, and before clinical routine
evaluation of therapy response should adopt decreased
tumour size change thresholds or shorten follow-up
intervals, this data should be confirmed in large popula-
tions [24]. Last, the importance of additional clinical data
for definition of therapy response should be indicated,
which was not the focus of this study.

In conclusion, in our patients, the diagnosis of disease
progression, stable disease and partial response after
reduction of the volume change threshold from 70% to
35% was well reproducible. The stability of this observer
confidence in datasets based on five, four and three
metastases proves the robustness of the modified volume
change threshold against increasing intra-individual and
inter-observer variance. Therefore assessment of tumour
response in pulmonary metastases using these modified
criteria should include a minimum of three lesions.
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