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Abstract
Purpose: To assess agreement between CT volumetry change classifications derived from Quantitative Imaging Biomarker Alliance Profile cut- 
points (ie, QIBA CTvol classifications) and the Response Evaluation Criteria in Solid Tumors (RECIST) categories.
Materials and Methods: Target lesions in lung, liver, and lymph nodes were randomly chosen from patients in 10 historical clinical trials for 
various cancers, ensuring a balanced representation of lesion types, diameter ranges described in the QIBA Profile, and variations in change magni-
tudes. Three radiologists independently segmented these lesions at baseline and follow-up scans using 2 software tools. Two types of predefined 
disagreements were assessed: Type I: substantive disagreement, where the disagreement between QIBA CTvol classifications and RECIST cate-
gories could not be attributed to the improved sensitivity of volumetry in detecting changes; and Type II: disagreement potentially arising from the 
improved sensitivity of volumetry in detecting changes. The proportion of lesions with disagreements between QIBA CTvol and RECIST, as well as 
the type of disagreements, was reported along with 95% CIs, both overall and within subgroups representing various factors.
Results: A total of 2390 measurements from 478 lesions (158 lungs, 170 livers, 150 lymph nodes) in 281 patients were included. QIBA CTvol 
agreed with RECIST in 66.6% of interpretations. Of the 33.4% of interpretations with discrepancies, substantive disagreement (Type I) occurred in 
only 1.5% (95% CI: [0.8%, 2.1%]). Factors such as scanner vendor (P¼ .584), segmentation tool (P¼ .331), and lesion type (P¼ .492) were not sig-
nificant predictors of disagreement. Significantly more disagreements were observed for larger lesions (≥50 mm, as defined in the QIBA Profile).
Conclusion: We conclude that QIBA CTvol classifications agree with RECIST categories.
Keywords: tumor volumetry, volumetric response assessment, response assessment criteria, computed tomography

Introduction
In the era of precision medicine, targeted, immune, and com-
bination cancer therapies are rapidly advancing, with the 
goal of improving treatment outcomes. While clinical out-
comes, such as overall survival (OS), continue to be the gold 

standard for assessing the value of new drugs, reaching these 
outcomes in clinical trials may require years and large num-
bers of patients. For over 2 decades, Response Evaluation 
Criteria in Solid Tumors (RECIST) have served as a founda-
tional concept in oncology trials, using change in tumor 

Abbreviations
QIBA ¼ quantitative imaging biomarker alliance; CTvol ¼ volumetric CT; RECIST ¼ response evaluation criteria in solid tumor; Vol-PACT ¼
advanced metrics and modeling with volumetric CT for precision analysis of clinical trial results; PR ¼ partial response; SD ¼ stable dis-
ease; PD ¼ progressive disease; CR ¼ complete response; wCV ¼within-subject coefficient of variation.

Summary
Agreement between Quantitative Imaging Biomarker Alliance (QIBA) volumetric CT (CTvol) and RECIST classifications was established, 
which facilitates the use of precise volumetry for tracking tumor changes for treatment assessment.

Key Results
� QIBA CTvol classifications show strong agreement with the RECIST category system. 
� QIBA CTvol classifications demonstrate a potential advantage over RECIST-recommended volume cut-offs in detecting tumor response 

and progression when utilizing volume measurement. 
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unidimensional measurement obtained from serial computed 
tomography (CT) scans as a surrogate marker. RECIST 
employs a 30% decrease cut-off to define tumor response 
and a 20% increase cut-off to identify tumor progression.1,2

Evidence indicates that higher-dimensional and potentially 
more clinically informative data, such as tumor volume and 
more comprehensive radiomic features, can be accurately and 
practically quantified by contemporary scanners using ad-
vanced image analysis methods.3 Some studies have shown 
that the CT volumetric technique demonstrated the potential 
to serve as an early and more precise biomarker for drug de-
velopment. For example, a pilot study found that three weeks 
post-gefitinib therapy, tumor volume change was more 
closely correlated with the presence of a sensitizing EGFR 
mutation than changes in unidimensional measurements in 
early-stage non-small cell lung cancer (NSCLC) patients.4

According to a colorectal cancer (CRC) study, combining tu-
mor volume measurement with tumor growth rate estimated 
using exponential growth modeling revealed enhanced detec-
tion of treatment effects of aflibercept or panitumumab 
added to standard chemotherapy, surpassing what can be 
achieved with RECIST unidimensional measurement.5

Despite promising findings, the lack of clear guidance on 
using tumor volumetry as a response assessment biomarker 
hinders its widespread validation and adoption. Recently, 
controversial results have emerged regarding the clinical su-
periority of volumetry over unidimensional techniques, pri-
marily due to the use of varying response cut-offs for volume 
assessments.6–11 For example, the RECIST-suggested volume 
cut-offs for defining response and progression are −65% and 
þ73%, respectively, which correspond to unidimensional 
changes of −30% and þ20% for a spherical tumor that 
changes symmetrically. Although high-resolution imaging 
and advanced segmentation software allow for accurate vol-
ume measurement and extensive research has been conducted 
on measurement reproducibility,12 there remains no consen-
sus on response cut-off values for volumetric assessment.

After years of discussions among experts and analysis of 
relevant scientific publications on measurement reproducibil-
ity, the Quantitative Imaging Biomarkers Alliance (QIBA) 
has published its Profile “CT Tumor Volume Change for 
Advanced Disease (CTV-AD).”13 The QIBA Profile claims 
that: “A true change in tumor volume has occurred with 
95% confidence if the measured volume change is larger than 
24%, 29%, or 39% when the longest in-plane diameter at 
baseline is within 50-100 mm, 35-49 mm, or 10-34 mm, 
respectively.” The claims in the QIBA Profile regarding the 
within-subject coefficient of variation (wCV) and cut-points 
for determining the presence or absence of real volume 
change were based on published test–retest repeatability stud-
ies. The primary objective of this study was to evaluate the 
agreement between the QIBA Profile’s CT volumetry bio-
marker definition of change (ie, QIBA CTvol classifications, 
QIBA CTvol for short) and the RECIST unidimensional cate-
gory system (RECIST for short) of partial response (PR), 
complete response (CR), stable disease (SD), and progressive 
disease (PD).

Materials and methods
Study overview
This study utilized fully de-identified CT images obtained 
from a previous study, advanced metrics, and modeling using 

volumetric CT for precise analysis of clinical trial outcomes, 
known as Vol-PACT.14 In the authors’ institutions, investiga-
tions utilizing external, de-identified patient imaging datasets 
with no associated link to protected health information are 
considered non-human subjects research and thus exempt 
from institutional review board oversight. Figure 1 illustrates 
the study workflow. Subsequent sections provide fur-
ther detail.

Patient and lesion data collection
Retrospectively, patient images were obtained from 10 his-
torical Phase III drug trials collected in Vol-PACT. During 
the Vol-PACT project, target lesions were volumetrically seg-
mented for all CT scan timepoints in each clinical trial, with 
their anatomical locations recorded. Our analysis focused 
solely on three types of tumors located in the lung, liver, and 
lymph nodes, given their prevalence as common sites of meta-
static spread. We developed an algorithm (see Supplemental 
Materials S1 for details) to automate the selection process for 
patients, images, and lesions, ensuring a balanced representa-
tion of lesion types, size ranges, and percentage changes while 
adhering to QIBA’s criteria. Lesion diameters were catego-
rized into small (10-34 mm), medium (35-49 mm), and large 
(50-100 mm) groups. The magnitude of diameter change was 
classified as follows: <−50%, −50% to −20%, −20% to 
þ20%, þ20% to þ50%, and >þ50%. To assist radiologists 
who were blinded to the Vol-PACT segmentation results, a 1- 
cm lesion circle marker was automatically placed at the cen-
ter of each selected lesion on the original image, which had 
the largest area.

Lesion segmentation
Three radiologists, R1, R2, and R3, with different reading 
skills (25þ, 6, and 11 years of experience in CT interpreta-
tion, respectively) and training backgrounds were recruited 
as independent readers. Two semi-automated lesion segmen-
tation software tools were used: active contour-based seg-
mentation on a customized Weasis platform15 and GrowCut 
segmentation in 3D Slicer.16 There were 2 reading sessions, 
and there was at least a 2-week washout period between 
reading sessions of the same cases with different image analy-
sis tools. Computer-generated lesion contours on baseline 
and follow-up scans were reviewed and modified if deemed 
suboptimal by radiologists. This process was carried out in a 
side-by-side fashion to improve segmentation consistency be-
tween the two scans. During this procedure, radiologists were 
advised to use the window/level (W/L) settings predefined for 
different lesion types. Despite this guidance, radiologists had 
the flexibility to adjust W/L settings according to their prefer-
ences for improved lesion visualization. After completing the 
segmentation of a lesion, both its longest in-plane diameter 
(in mm) and volume (in mm3) were automatically computed 
from the segmentation mask.

Statistical analysis
The primary objective of this study was to assess agreement 
between the QIBA CTvol and the RECIST system using the 
categories of PR, SD, or PD. Table 1 illustrates the a priori 
definitions of agreement based on the count of lesion meas-
urements, where Δ represents the measured volume change is 
defined as (follow-up volume − baseline volume) / (baseline 
volume). The RECIST cut-offs of −30% and þ20% were 
used for the unidimensional measurements, and the 
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volumetric response cut-offs of x1/x2 were defined from the 
QIBA Profile CTvol classifications as −/þ39%, −/þ29%, 
and −/þ24%, for baseline lesions of 10-34, 35-49, and 50- 
100 mm diameters, respectively. Disagreements between the 
2 approaches were further categorized as (1) Type I: substan-
tive disagreement, where the disagreement between QIBA 
CTvol and RECIST cannot be attributed to the improved sen-
sitivity of volumetry in detecting changes and is undesirable, 
and (2) Type II: disagreement potentially due to the improved 
sensitivity of volumetry in detecting changes. The rationale 
for defining the 2 types of disagreement can be found in 
Supplementary Materials S2. A third scan (ie, a second post- 
therapy timepoint scan), when available, was collected and 
used to further explore these disagreements.

The proportion of interpretations with disagreement be-
tween QIBA CTvol and RECIST, as well as the type of dis-
agreement, was reported, along with 95% CIs overall and by 
sub-groups. The primary null hypothesis was that the propor-
tion of lesions with substantive disagreement is ≥15%; the al-
ternative hypothesis was that the proportion of lesions with 
substantive disagreement is <15%. The null hypothesis was 
tested based on the pooled data (across all readers, anatomic 
locations, and lesion characteristics). The proportion of 
lesions with substantive disagreement was calculated as the 
number of lesions categorized as substantive disagreement di-
vided by the total number of lesions. A generalized linear 
model with generalized estimating equations to account for 
the clustered data was used to construct a 95% CI for the 
proportion of substantive disagreement. If the upper 95% 
confidence bound was <15%, we concluded that these are 
comparable methods with negligible outliers.

Several factors may affect the agreement between QIBA 
CTvol and RECIST. Therefore, multiple-variable logistic re-
gression models were built to identify predictors of any dis-
agreement between the 2 classification systems. The 
independent variables included the scanner vendor, lesion lo-
cation, segmentation software, and baseline size.

Sample size considerations
The following assumptions were made in determining sample 
size for the primary study objective: the correlation between 
measurements on the same lesion is 0.5 (moderate); on aver-
age, patients have 2 eligible lesions; 3 readers will make the 
measurements for all lesions with 2 image segmentation soft-
ware tools; the proportion of substantial disagreement is be-
tween 0.05 and 0.10; and a study with 80% power and 5% 
type I error rate is required. Based on these assumptions, a 
study with 234 subjects and 3 readers was proposed, assum-
ing the proportion of substantive disagreement is ≤0.10.

Results
Patient and lesion data
In total, 478 lesions from 281 patients were selected at two 
time points (median time interval: 68.5 days, range: 15- 
399 days) from 10 phase III clinical trials (3 CRC, 2 renal cell 
carcinomas [RCC], 3 NSCLC, and 2 melanoma) collected 
through the Vol-PACT project. There were 170 liver metasta-
ses (36%), 158 lung lesions (33%), and 150 lymph nodes 
(31%) distributed from the lung apex to the base of the pel-
vis. Additional details, including lesion distributions, can be 
found in Supplementary Materials S3.

Figure 1. Overview of study workflow.

Table 1. Agreement endpoint definitions.

QIBA CTvol classificationsa

RECIST categories: Δ<x1 x1<Δ<x2 Δ>x2

“Response” “Stable” “Progression”

PR or CR (30% decrease in unidimensional measurement) Agreement Substantive Disagreement Substantive Disagreement
SD No Agreement Agreement No Agreement
PD (20% increase in unidimensional measurement) Substantive Disagreement Substantive Disagreement Agreement

ax1 and x2 are defined from the QIBA profile as −/þ39%, −/þ29%, and −/þ24%, for baseline lesions of 10-34, 35-49, and 50-100 mm diameters, 
respectively. For example, for small lesions 10-34 mm in diameter, response would be defined as a change in volume from baseline < −39% (denoted as x1), 
stable would be defined as a difference between −39% (denoted as x1) and þ39% (denoted as x2), and progressive defined as a change > þ39% (denoted as 
x2). For medium baseline lesions (35-49 mm), x1 becomes −29% and x2 becomes þ29%. For large baseline lesions (50-100 mm) x1 becomes −24% and x2 
becomes þ24%.
Abbreviations: CTvol ¼ CT volumetry, QIBA ¼ Quantitative Imaging Biomarker Alliance.
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Radiologists 1 and 2 provided measurements utilizing the 
two software tools. However, radiologist 3 only reported 
measurements using a single image analysis software 
(Weasis) due to the difficulties encountered while working 
with 3D Slicer (see Discussion). The analysis thus incorpo-
rated a total of 2390 measurements, with 956 measurements 
contributed by radiologist 1, 956 by radiologist 2, and 478 
measurements by radiologist 3.

Agreements between QIBA CTvol and RECIST
Table 2 summarizes the pooled overall agreement between 
QIBA CTvol and RECIST. The QIBA CTvol agreed with 
RECIST in 66.6% (1592/2390) of interpretations and dis-
agreed with RECIST in 33.4% (798/2390) of interpretations, 
categorized as (1) substantive disagreement in 1.5% (35/ 
2390) and (2) disagreement potentially due to improved re-
sponse assessment sensitivity with CT volumetry in 31.9% 
(763/2390). Since the substantive disagreement, with the 
95% CI for the proportion of interpretations of [0.8%, 
2.1%], was <15%, the null hypothesis was rejected, and we 
concluded that QIBA CTvol agreed with RECIST.

To verify SD as determined by RECIST while also present-
ing a Response or Progression according to QIBA CTvol, we 
examined the second follow-up scans. At this timepoint, we 
found that 195 out of 540 lesions (36.1%) initially classified 
as SD by RECIST and showing a Response by QIBA CTvol 
were reclassified as a PR by RECIST. Similarly, 101 out of 
223 lesions (45.3%) initially categorized as SD by RECIST 
but displaying Progression by QIBA CTvol were identified as 
PD by RECIST. Additional details can be found in 
Supplementary Materials S4.

Agreements between RECIST-suggested CTvol 
and RECIST
Table 3 outlines the pooled overall agreement between 
RECIST CTvol and RECIST. RECIST CTvol agreed with 
RECIST in 86.1% (2058/2390) of interpretations and dis-
agreed with RECIST in 13.9% (332/2390) of interpretations, 
broken down as (1) substantive disagreement in 6.6% (157/ 
2390) and (2) disagreement potentially due to improved sen-
sitivity with CT volumetry in 7.3% (175/2390). The 95% CI 
for the proportion of interpretations with substantive dis-
agreement is [5.4%, 8.1%].

Subgroup analyses: effects of variables on 
agreements between QIBA CTvol and RECIST
In secondary analyses, models were built to identify predic-
tors of disagreement between QIBA CTvol and RECIST. The 

proportion of substantial disagreement was small for all sub-
groups analyzed (See Table 4), far less than the hypothesized 
15%. Scanner vendor (P¼ .584), lesion segmentation tool 
(P¼ .331), and lesion anatomical location (P¼ .492) were 
not significant predictors of disagreement. The only signifi-
cant predictor of substantial disagreement was baseline size 
of the lesion, with significantly more disagreements for larger 
lesions (23.4% disagreement for small lesions, 39.2% for 
moderately-sized lesions, and 44.2% for large nodules, 
P< .001), though the proportion of substantial disagreement 
remained low for all lesion sizes.

Lastly, a model was built to assess the effect of the magni-
tude of change as a predictor of substantial disagreement be-
tween the QIBA CTvol and RECIST. The magnitude of 
change in volume from baseline was defined as large 
(>50%), moderate (20%-50%), and small (<20%). Among 
lesions with a large change in volume from baseline, the 
QIBA CTvol and RECIST substantially disagreed in only 
0.1% (2/1454), which was significantly less than for lesions 
with a moderate or small change in volume (3.3% [19/582] 
and 4.0% [14/354], respectively) (P< .004). Example lesions 
are shown in Figure 2.

Variability in lesion measurements
Figure 3 plots the inter-reader wCVs by software tool (1) and 
lesion type (2). The Weasis %wCV estimates were based on 
1434 pairs of baseline lesion measurements (478 lesions × 3 
combinations of reader pairs); the 3D Slicer %wCV estimates 
were based on 478 pairs of baseline lesion measurements 
(478 lesions with just one combination of reader pair). The 
inter-reader reproducibility did not show differences between 
the 2 segmentation software tools for both unidimensional 
and volumetric measurements. However, lymph nodes, par-
ticularly when measured using Weasis, demonstrated notably 
superior reproducibility compared to lung and liver lesions 
for both unidimensional and volumetric measurements.

Discussion
There is an ongoing need in cancer clinical trials for more ac-
curate and early imaging biomarker, such as tumor volume 
changes estimated from standard follow-up CT images, to 
monitor tumor progression. To accelerate the evaluation of 
volumetric techniques in tumor response assessment, we 
thoroughly assessed the agreement between QIBA CTvol 
classifications and RECIST categories using a randomly se-
lected subset of image data from Vol-PACT. Three 

Table 2. Agreement between QIBA CTvol and RECIST.

QIBA CTvol classificationsa

RECIST categories: Δ<x1 x1<Δ<x2 Δ>x2

“Response” “Stable” “Progression”

PR or CR (30% decrease in unidimensional measurement) 637 (26.7%) 1 (0.0%) 0 (0.0%)
SD 540 (22.6%) 519 (21.7%) 223 (9.3%)
PD (20% increase in unidimensional measurement) 6 (0.3%) 28 (1.2%) 436 (18.2%)

ax1 and x2 are defined from the QIBA profile as −/þ39%, −/þ29%, and −/þ24%, for baseline lesions of 10-34, 35-49, 50-100 mm diameters, respectively. 
For example, for small lesions 10-34 mm in diameter, response would be defined as a change in volume from baseline < −39% (denoted as x1), stable would 
be defined as a difference between −39% (denoted as x1) and þ39% (denoted as x2), and progressive defined as a change > þ39% (denoted as x2). For 
medium baseline lesions (35-49 mm), x1 becomes −29% and x2 becomes þ29%. For large baseline lesions (50-100 mm) x1 becomes −24% and x2 
becomes þ24%.
Abbreviations: RECIST ¼ Response Evaluation Criteria in Solid Tumors, PR ¼ Partial Response, CR ¼ Complete Response, SD ¼ stable disease, PD ¼
progressive disease.
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radiologists independently segmented the three most common 
types of lesions using two different software platforms.

When comparing QIBA CTvol with RECIST, we found a 
good agreement (66.6%) between the two systems, with sub-
stantive disagreement being extremely low (1.5%). The 
Stable category in response assessment is crucial clinically, as 
broadening its range can potentially delay the timely identifi-
cation of PR or/and PD. If QIBA CTvol classifies a lesion as 
stable while RECIST classifies it as PR or PD, it suggests that 
QIBA CTvol may have lower sensitivity in detecting tumor 
changes compared to RECIST. Only 29 measurements 
(1.2%) fell into this category. Conversely, if RECIST classi-
fies a lesion as SD while QIBA CTvol classifies it as response 
or progression, it may indicate that QIBA CTvol has higher 
sensitivity for detecting changes compared to RECIST. A to-
tal of 763 lesions (31.9%) fell into this category. To assess 
the potential for improved sensitivity in detecting change, we 
reclassified RECIST’s Stable lesions using measurements 
from the second follow-up scan time point. As shown in 
Table S2 of Supplementary Materials S4, a notable propor-
tion (195 out of 540; 36.1%) initially classified as Stable by 
RECIST were subsequently reclassified as PR, along with 101 
out of 223 (45.3%) reclassified PD cases, consistent with the 
findings from QIBA CTvol. Our data thus suggest a poten-
tially higher sensitivity of QIBA CTvol compared to RECIST 
in detecting PR and PD.

Subsequently, we compared RECIST CTvol with RECIST. 
Ideally, if lesions are spherical and change symmetrically, 

there should be perfect agreement between these 2 classifica-
tion systems. However, our data did not support this assump-
tion, despite our observation of a strong agreement (86.1%), 
with a low percentage for both types of disagreements (all 
<7.5%). Previous studies have also reported that RECIST- 
suggested volumes overestimated actual lesion volume meas-
urements,17,18 showed discordant response assessment results 
in 20% of lesions,19 and tended to more frequently classify 
the response as PD compared to assessments based on the ac-
tual tumor volume.20

Compared to RECIST CTvol, QIBA CTvol exhibited much 
lower agreement with RECIST for the Stable category (519 
vs 1107). This is not surprising given the broad range of the 
Stable category as defined by RECIST CTvol that is extrapo-
lated from unidimensional RECIST. However, QIBA CTvol 
showed an increase in agreement with RECIST for both PR 
(637 vs 577) and PD (436 vs 374). Moreover, QIBA CTvol 
demonstrated a considerable decrease in substantive disagree-
ment (1.5% vs 6.6%) and an increase in type II disagreement 
(31.9% vs 7.3%). All of the above suggest a potentially 
greater sensitivity of QIBA CTvol over RECIST CTvol in 
identifying Response and Progression.

The potential wide range of the RECIST CTvol Stable cate-
gory may be attributed to its derivation from the Stable cate-
gory of the RECIST unidimensional system. As is well 
known, RECIST cut-offs have not yet been proven biologi-
cally sensitive or validated by measurement reproducibility in 
modern times since their establishment.21,22 Studies reported 
stronger clinical correlations when response cut-offs lower 
than those of RECIST were applied to unidimensional meas-
urements.23,24 For instance, it was reported that a response 
cut-off value of 20% for early tumor shrinkage (ETS) corre-
lated with longer progression-free survivaland OS in patients 
with KRAS wild-type metastatic colorectal cancer (mCRC) 
treated with chemotherapy combined with cetuximab.23 In 
another study involving metastatic gastrointestinal stromal 
tumor patients treated with imatinib mesylate, it was found 
that responders, identified by either a ≥ 10% reduction in tu-
mor diameter or a ≥ 15% decrease in tumor density, showed 
a sensitivity of 97% and a specificity of 100% in detecting 
PET responders. This contrasts with the 52% sensitivity and 
100% specificity observed with RECIST. Furthermore, good 
responders on 2-month CT had significantly longer time-to- 
progression than non-responders.25

This study has several limitations. First, in the absence of 
clinical outcome data, we relied on the RECIST category sys-
tem as the reference for the comparisons. As we know, the 
RECIST system may require some periodic review to ensure 
its continued applicability with contemporary drugs, modern 
high resolution imaging devices, and advanced computer- 

Table 3. Agreement between RECIST CTvol and RECIST.

RECIST-suggested volume cut-offsa

RECIST categories: Δ< � 65% � 65%<Δ<73% Δ>73%

“Response” “Stable” “Progression”

PR or CR (30% decrease in unidimensional measurement) 577 (24.1%) 61 (2.6) 0 (0.0%)
SD 104 (4.4%) 1107 (46.3%) 71 (3.0%)
PD (20% increase in unidimensional measurement) 1 (0.0%) 95 (4.0%) 374 (15.5%)

aThe RECIST-suggested volume cut-offs for defining PR and PD are −65% and þ73%, respectively. These correspond to unidimensional changes of −30% 
and þ20% for a spherical tumor that changes symmetrically.
Abbreviations: RECIST ¼ Response Evaluation Criteria in Solid Tumors, PR ¼ Partial Response, CR ¼ Complete Response, SD ¼ stable disease,  
PD ¼ progressive disease.

Table 4. Substantial disagreements by lesion location, baseline size, 
software, and scanner.

Variables % Substantial disagreement [95% CI]

Lesion location
Liver (N¼ 850) 0.8% [0.1%, 1.5%]
Lung (N¼790) 1.8% [0.6%, 3.0%]
Lymph nodes (N¼ 750) 1.9% [0.3%, 3.5%]

Baseline size
Small (N¼1214) 2.1% [1.1%, 3.3%]
Medium (N¼ 561) 1.1% [0.1%, 2.7%]
Large (N¼615) 0.5% [0.1%, 1.1%]

Software
3D slice (N¼ 956) 1.5% [0.6%, 2.3%]
Weasis (N¼1434) 1.5% [0.7%, 2.3%]

Scanner
GE (N¼ 665) 1.4% [0.3%, 2.5%]
Philips (N¼405) 1.0% [0%, 2.3%]
Siemens (N¼ 705) 1.4% [0.2%, 2.7%]
Toshiba (N¼ 270) 1.9% [0.3%, 3.5%]

Abbreviation: N ¼ number of lesion measurements.
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aided quantification software tools. However, the validation 
of the RECIST category system falls outside the scope of this 
study. Second, towards the end of this study, we realized that 
our dataset included a small portion of RECIST-defined non- 
measurable lesions (eg, lung lesion embedded in atelectasis), 
which could have contributed to increased measurement vari-
ability, particularly for larger lesions. However, scanner ven-
dor, segmentation tool, and lesion type were not found to be 
significant predictors of disagreement. Lesions were mea-
sured on baseline and follow-up scan images using a side-by- 
side model, which helped minimize variability in change 
measurements. Due to page limitations, a detailed discussion 
of measurement variability was not included in this work. 
Third, although this study was thoughtfully designed, some 
unanticipated events occurred during its course. For instance, 

we underestimated the challenge for radiologists to use the 
3D Slicer software platform despite the fact that it is widely 
used as a research tool. Two radiologists with no prior expe-
rience with 3D Slicer encountered difficulties in segmenting, 
editing, and saving lesions using this software. One of them 
had to abandon the use of the 3D Slicer for segmentation.

In conclusion, our study found a strong agreement between 
QIBA CTvol classifications and RECIST category system, 
which is the current standard for tumor response assessment 
in clinical trials, and the potential advantage of QIBA CTvol 
classifications over RECIST-suggested volume cut-offs in 
detecting tumor response and progression when utilizing vol-
ume measurements. Although we established agreement be-
tween QIBA CTvol classifications and RECIST response 
categories, clinical validation is warranted before the QIBA 

Figure 2. Examples showing agreement and disagreement between QIBA CTvol and RECIST. (A) A pelvic lymph node measured 37.1 mm in diameter 
and 19 734.2 mm3 in volume at baseline, and 48.9 mm and 45 715.3 mm3 at the 3-month follow-up scan. The changes in diameter and volume were 
þ31.6% and 131.7%, respectively. The lesion was classified as progression by both categorization systems. (B) A liver lesion measured 39.4 mm in 
diameter and 27 012.9 mm3 in volume at baseline, and 39.6 mm and 23 434.9 mm3 at the 8-week follow-up scan. The changes in diameter and volume 
were þ0.5% and −13.2%, respectively. The lesion was classified as Stable by both categorization systems. (C) A lung lesion measured 46.6 mm in 
diameter and 36 311.9 mm3 in volume at baseline, and 42.6 mm and 24 792.2 mm3 at the 3-month follow-up scan. The changes in diameter and volume 
were −8.7% and −31.7%, respectively. The lesion was classified as Stable by RECIST and Response by QIBA CTvol. Notably, a decrease in density over 
time was observed in this lesion, suggesting it was likely responsive. (D) A liver lesion measured 46.7 mm in diameter and 23 012.7 mm3 in volume at 
baseline, and 45.7 mm and 38 886.7 mm3 at the 8-week follow-up scan. The changes in diameter and volume were −2.1% and 69.0%, respectively. The 
lesion was classified as Stable by RECIST and Progression by QIBA CTvol.
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CTvol classifications can facilitate the widespread use of pre-
cise CT volumetry. Reproducible CT volumetry is crucial for 
tracking tumor changes, improving treatment assessment, 
and guiding clinical decision-making.
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