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Abstract
Purpose: Target lesion selection is known to be a major factor for inter-reader discordance in RECIST 1.1. The purpose  
of this study was to assess whether volumetric measurements of target lesions result in different response categoriza-
tion, as opposed to standard unidimensional measurements, and to evaluate the impact on inter-reader agreement for 
response categorization when different readers select different sets of target lesions.

Material and methods: Fifty patients with measurable disease from solid tumours, in which 3 readers had blindly and 
independently selected different sets of target lesions and subsequently reached clinically significant discordant re-
sponse categorizations (progressive disease [PD] vs. non-progressive disease [non-PD]) based on RECIST 1.1 analyses 
were included in this study. Additional volumetric measurements of all target lesions were performed by the same 
readers in a second read. Intra-reader agreement between standard unidimensional measurements (uRECIST) and 
volumetric measurements (vRECIST) was assessed using Cohen’s k statistics. Fleiss k statistics was used to analyse 
the inter-reader agreement for uRECIST and vRECIST results.

Results: The 3 readers assigned the same response classifications based on uRECIST and vRECIST in 33/50 (66%), 
42/50 patients (84%), and 44/50 patients (88%), respectively. Inter-reader agreement improved from 0% when using 
uRECIST to 36% when using vRECIST.

Conclusions: Volumetric measurement of target lesions may improve inter-reader variability for response assessment 
as opposed to standard unidimensional measurements. However, in about two-thirds of patients, readers disagreed 
regardless of the measurement method, indicating that a limited set of target lesions may not be sufficiently repre-
sentative of the whole-body tumour burden.  
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Introduction
The Response Evaluation Criteria in Solid Tumours  
(RECIST) criteria are the most commonly used guidelines 
for standardized response assessment in cancer patients 
undergoing systemic treatment. The current version,  

RECIST 1.1, was published in 2009 and allows radiolo-
gists to designate a maximum of 5 metastases per patient 
(maximum 2 metastases per organ) as target lesions, which 
are subsequently used as “surrogates” to evaluate the re-
sponse to treatment in a patient [1].
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Previous studies, however, have shown that the selec-
tion of target lesions significantly impacts the inter-read-
er agreement for RECIST analyses [2,3]. When readers 
choose the same set of target lesions, inter-reader agree-
ment for response categorization according to RECIST 
is almost perfect, whereas when readers choose different 
target lesions, the inter-reader agreement for response  
categorization drops significantly.  One of the most likely 
explanations for this observation is clonal diversification 
of different cancer metastases in a patient, which may lead 
to differences in treatment response of these metastases. 
Depending on which subset of metastases is selected as 
target lesions and used for response evaluation, the re-
sponse categorization according to RECIST 1.1 may there-
fore vary. 

However, one other possible explanation for the inter- 
reader variability could be that uni-dimensional measure-
ments are insufficiently representative of the 3-dimension-
al tumour load. Several previous studies have demonstrat-
ed that response classification according to RECIST may 
differ significantly depending on whether unidimensional 
or volumetric measurements are used [4,5]. 

The purpose of this study was therefore to assess 
whether volumetric measurements of target lesions result 
in a different response classification compared to normal 
RECIST measurements and whether these volumetric mea-
surements improve the inter-reader variability in a subset  
of patients in which 3 readers chose different target lesions 
for analysis and reached discordant RECIST results.

Material and methods
Approval for this retrospective study was granted by the 
institutional review board (EK 028/19). 

Between July 2015 and July 2018, 355 patients with 
measurable disease from solid tumours, who underwent 
contrast-enhanced multi-detector computed tomogra-
phy according to a standardized protocol at our institu-
tion, were included in a prospective multi-reader study. 
All study participants underwent a baseline and at least  
1 follow-up CT examination, up to a maximum of 3 fol-
low-up CTs. The CT examinations were interpreted ac-
cording to RECIST 1.1 guidelines by 3 radiologists with 
5-12 years of experience in oncological imaging.

Parts of this patient cohort were from a previously 
published study [3]. For the present study, all patients in 
which readers chose the same target lesions, in which they 
reached the same RECIST results, and those patients in 
which the readers disagreed in their RECIST results pure-
ly based on changes to non-target lesions were exclud-
ed (n = 288). Of the remaining 67 patients, in which all  
3 readers had chosen different sets of target lesions and 
disagreed with their assessments regarding progressive 
versus non-progressive disease based purely on the analy-
ses of target lesions, we randomly selected 50 patients to 
be included in the present study. 

Image interpretation and response analysis  
with standard unidimensional measurements

The basic study design, including image interpretation by 
the 3 readers, has been described in detail elsewhere [3]. 
In brief, CT images of all patients were transferred to 
a workstation with dedicated oncology software (Mint-
Lesion, 2.6.4; MintMedical, Heidelberg, Germany), where  
3 radiologists with 5-12 years of experience in oncological 
imaging prospectively and independently read the scans. 
All readers were blinded to the study objectives to avoid 
biased readings. On the baseline examination the readers 
defined a maximum of 5 target lesions per patient (max 
of 2 per organ), as stipulated by the RECIST 1.1 guide-
lines, and strove to choose the largest measurable lesions 
that appeared “best reproducible” as recommended by 
Schwarz et al. [6]. The longest diameter of each target 
lesion was automatically measured by MintLesion, and 
the software also calculated the sum of diameters (SOD) 
of all target lesions after the read was finished. For the 
follow-up scans, readers re-identified their previously 
defined target lesions, and the longest diameter of each 
lesion was again measured automatically by the software. 
Readers also searched and evaluated non-target disease 
and other findings on the baseline and follow-up scans. 
Response classes were then automatically assigned by the 
software based on the change in SOD of the target lesions 
and based on other relevant findings (unequivocal pro-
gression of non-target lesions or occurrence of new target 
lesions) according to the RECIST guidelines. 

Response analysis with volumetric measurements

For the present study, all readers performed a second read 
of selected patients and performed volumetric measure-
ments of all their previously selected target lesions. Read-
ers re-opened the examinations of the respective patients 
in MintMedical, reviewed which target lesions they had 
previously chosen for analyses, and used the volume mea-
surement tool of the software to determine the volume of 
each target lesion on the baseline and all follow-up scans. 
All volume measurements were performed on axial slices 
with 1mm slice thickness in order to assure that the mea-
surements were as accurate as possible. The “interpolated 
volume measurement tool” requires the user to draw re-
gion of interests (ROI) along the borders of a lesion on the 
uppermost slice, on the slice of the largest diameter, and 
the lowermost slice. The software then automatically in-
terpolates the ROI on all slices in-between, which the user 
can then revise and correct as required. Once the lesion 
has been adequately defined by ROIs on all contiguous 
slices, the software automatically calculates the volume of 
the lesion. 

After the volumes of all lesions in a patient were de-
termined using the abovementioned method, and the 
software automatically calculated the sum of all target le-
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sion volumes. Response classes were assigned based on 
the RECIST guidelines for volumetric measurements [7]: 
an increase in the sum of volumes of all target lesions of  
≥ 73% was considered progressive disease, a decrease of the 
sum of volumes of ≥ 65% was classified as partial remission, 
complete disappearance of all target lesions was classified 
as complete remission, and everything that did not meet 
the aforementioned criteria was classified as stable disease.

Data analysis

First, the response assessment results using standard uni-
dimensional RECIST measurements (uRECIST) were 
compared to the results with use of volumetric measure-
ments (vRECIST) for each reader individually (intra-
reader agreement). Classification of a patient as “respond-
er” or “non-responder” is the main objective of a response 
assessment tool and usually directly impacts patient 
management; therefore, we dichotomized response class 
assignments into PD (progressive disease) vs. non-PD 
(stable disease, partial response, or complete response).  
This analysis was done on a patient-based level, meaning 
that agreement between uRECIST and vRECIST results in 
a patient by a specific reader was present when the reader 
assigned the same response class (PD vs. non-PD) based 
on both uRECIST as well as vRECIST over all follow-up 
occasions of a patient. 

Secondly, we analysed whether using vRECIST im-
proves inter-reader agreement. Again, this was done using 
dichotomized response classes on a patient-based level. 
Agreement was present when all readers agreed regard-
ing the distinction of PD vs. non-PD over all follow-up 
occasions of a patient. 

Statistical analysis

Cohen’s κ statistics were used to assess the intra-reader 
agreement for response assessment based on uRECIST 
and vRECIST for each of the 3 readers individually. Fleiss κ 
statistics were performed to analyse the inter-reader 
agreement for response assessment results based on volu-
metric measurements (vRECIST). Kappa values (κ) were 

interpreted as follows according to Landis et al. [8] : < 0.2 
as slight, 0.21-0.4 as fair, 0.41-0.6 as moderate, 0.61-0.8 as 
substantial, and 0.81-1.00 as almost perfect. 

Continuous variables were summarized using propor-
tions, mean, and standard deviation. Distributions were 
analysed using Clopper-Pearson 95% confidence intervals 
(95% CI). All statistical analyses were performed with SPSS 
statistical software (version 25; IBM, Armonk, NY, USA).

Results
The 50 patients in this study had undergone a total of 147 
CT examinations (baseline and up to three follow-up CTs). 
Reader 1 chose a total of 134 target lesions, reader 2 chose 
125 target lesions, and reader 3 chose 129 target lesions. 
Further patient demographics are summarized in Table 1, 
and a summary of primary tumour types in the patient 
cohort is shown in Table 2.

Intra-reader agreement for response categorization using 
uRECIST and vRECIST

Reader 1 assigned the same response classifications based 
on uRECIST and vRECIST in 33/50 patients (66%). Read-
er 2 reached identical response results using uRECIST and 
vRECIST in 42/50 patients (84%). Reader 3 assigned the 
same response classifications in 44/50 patients (88%). 
Intra-reader agreement for reader 1 (κ = 0.298, p = 0.035) 
was only fair whereas for readers 2 (κ = 0.682, p < 0.001) 
and 3 (κ = 0.754, p < 0.001) it was substantial.

Inter-reader disagreement for response categorization 
using uRECIST and vRECIST

Readers disagreed in 100% of patients regarding the re-
sponse classification (PD vs. non-PD) when using the 
standard unidimensional measurements of target lesions 

Table 2. Types of primary tumours in the patient cohort (N = 50)

Type of primary tumour n

Non-small cell lung cancer 10

Head and neck cancer 8

Breast cancer 5

Colorectal cancer 4

Prostate cancer 3

Malignant melanoma 3

Pancreatic cancer 2

Renal cell carcinoma 2

Small cell lung cancer 2

Oesophageal cancer 2

Other (e.g. sarcomas, cancer of unknown primary, 
neuroendocrine tumours)

9

Table 1. Patient characteristics

Total number of patients included N = 50

Mean age, years 60.9 ± 12.3

Male/Female, n 29/21

Mean number of target lesions per patient 2.6 ± 1.1

Mean baseline sum of target lesion diameter (mm) 78 ± 48

Mean baseline sum of volume of target lesions (mm3) 76 ± 140

Type of treatment 

Targeted cancer agent 9

Conventional chemotherapy 41
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according to the RECIST 1.1 guidelines. Using the volu-
metric measurements, readers disagreed in 32/50 patients 
(64%) and agreed in 18/50 patients (36%). The improved 
inter-reader agreement among the 3 readers in those  
18 patients resulted from upgrading a “non-PD” response 
classification with the use of uRECIST to “PD” when us-
ing volumetric measurements of target lesions (vRECIST) 
in 7 patients (7/18: 39%). In the remaining 11/18 (61%) 
patients, there was a downgrading of a “PD” classification 
when using unidimensional measurements (uRECIST) to 
“non-PD” when using vRECIST. A sample case illustrating 
inter-reader disagreement for response categorization is 
shown in Figures 1 and 2.

Fleiss k statistics for the inter-reader agreement on re-
sponse classification using vRECIST showed only a slight 
agreement (κ = 0.137, p = 0.094), which was neverthe-
less obviously better than the inter-reader agreement for  
uRECIST (κ = –0.281, p = 0.001).

Discussion
The selection of different target lesions is a known fac-
tor for inter-reader disagreement for response assess-
ment according to RECIST 1.1 guidelines [2,3]; however, 
the underlying reason for this observation remains to be 
identified. Unidimensional measurements, as stipulated 
by the current RECIST 1.1 guidelines, have been previ-
ously shown to lead to higher intra- [9] and inter-reader 
variability [10] compared to  volumetric measurements. 
Therefore, we tried to assess in this study whether such 
3-dimensional, volumetric measurements change the re-
sponse categorization of individual readers and whether 
this results in improved between-reader agreement in pa-
tients in whom radiologists selected different sets of target 
lesions. We found that in 12-34% of patients, volumetric 
measurements resulted in different response categoriza-
tion as responder or non-responder compared to when 
using unidimensional measurements. Accordingly, the 
between-reader agreement for response categorization 
(PD vs. non-PD) improved from 0% with unidimensional 
measurements to 36% with 3-dimensional measurements.

One possible explanation for the intra-individual 
variability of response categorization as responder or 
non-responder when using uni-dimensional or 3-dimen-
sional measurements with the same set of target lesions 
could be differences in threshold values for response cat-
egorization. Progressive disease according to RECIST 1.1 
guidelines requires an increase of the sum of diameters of 
all target lesions for > 20% and at least 5 mm in absolute 
values. Therefore, for patients in whom the absolute sum 
of target lesion diameters is small, very small size changes 
of just a few millimetres of these target lesions may push 
the SOD over the threshold to progressive disease, or the 
size changes may be just short of the threshold and lead 
to a classification as stable disease. This becomes even 
more problematic when considering that small lesions are 

known to have a lower reproducibility of unidimensional 
lesion measurements compared to large ones [11]. For 
volumetric measurements, an increase in the sum of vol-
umes of all target lesions of ≥ 73% according to RECIST 
guidelines indicates progressive disease, and this thresh-
old may be just different enough from the threshold for 
standard unidimensional measurements to yield differ-
ent response categorizations when the change of the SOD 
is close to the thresholds. At least 1 previous study has 
made similar observations and reported discordant clas-
sification of response to treatment between RECIST and 
volumetric measurements in 10-21% of patients [9]. This 
study also observed that volumetric measurements have 
an intra-observer reproducibility and are thus superior to 
unidimensional measurements.

However, even with volumetric measurements, in two-
thirds of patients in this study the readers still reached 
discordant response categorizations of individual patients 
as responder or non-responder. In these cases, the most 
likely explanation is that different metastatic lesions re-
sponded differently to treatment, and this heterogeneity 
of response is reflected by different response classifications 
depending on which metastases are selected as target le-
sions and used for response assessment. In other words, 
in these patients, a limited subset of metastases may not 
be representative of the whole body tumour burden. How-
ever, the RECIST 1.1 guidelines are based on this exact 
assumption – that a maximum of 5 lesions are indeed suf-
ficient for response assessment of the whole body tumour 
load assumes – which means that RECIST may just not 
lead to valid response assessment results in a significant 
number of patients. Further studies will need to evaluate 
whether volumetric measurements of the whole body tu-
mour load are actually necessary for accurate response as-
sessment results or whether a smaller number – although 
not as small as in the current RECIST guidelines – also 
yields acceptable results. 

There are several limitations of this study, most no-
tably the small cohort of patients with different types of 
primary tumours. However, manual volumetric measure-
ments of target lesions are very time-consuming; hence, 
limiting the number of patients was necessary. Further-
more, patients received different types of treatment, in-
cluding targeted cancer agents in a minority of patients, 
which usually requires the use of iRECIST instead of  
RECIST 1.1 for response assessment. However, the use 
of iRECIST would not have changed the results of this 
study because the aim was to compare the inter-reader 
variability instead of determining the “ground truth” for 
response categorization for each patient, and it was im-
possible to diagnose a possible pseudoprogression for the 
readers because they were all equally blinded regarding 
the type of treatment a patient received. Finally, we did 
not include patients in which readers reached concordant 
response assessment results using uRECIST, in which volu-
metric measurements could also lead to individual changes 
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Figure 1. A) Reader 1 selected 2 pulmonary metastases as target lesions, which yielded a 25% growth of the target lesions based on conventional uni
dimensional RECIST measurements between baseline (left) and follow-up examination (right). B) Based on volumetric measurements, reader 1 found  
an increase of 175% of these 2 target lesions between baseline (left) and follow-up examination (right). Reader 1 therefore assigned progressive disease  
(PD) as response category for both types of measurements

A

B
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Figure 2. A) Reader 2 selected 1 pulmonary and 1 osseous metastasis as target lesions in the same patient, which yielded a 13% increase on the sum  
of the longest axial diameters based on unidimensional RECIST measurements between baseline (left) and follow-up examination (right). B) Based on 
volumetric RECIST measurements, a 49% increase in the sum of target lesion volumes was noted between baseline (left) and follow-up examination (right) 
by reader 2. This resulted in the assignment of SD as response classification for both types of measurements by reader 2

A

B
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in response categorization and possibly increase the inter-
reader variability. 

Conclusions
Volumetric measurements may slightly improve the 

inter-reader variability compared to standard unidimen-
sional measurements for response assessment according 
to RECIST 1.1 guidelines. However, in about two-thirds 
of patients, readers disagreed about response categoriza-

tion as PD vs. non-PD regardless of the way of measure-
ment, meaning that changing the way of measuring does 
not solve the problem. Most likely, different metastatic 
lesions may respond differently to treatment; therefore, 
a limited subset of a maximum of 5 metastases may not be 
sufficiently representative of the whole body tumour load. 
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