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ORIGINAL RESEARCH

Radiology:Imaging Cancer
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Metastatic Renal Cell Carcinoma: A Comparison of
Conventional versus Volumetric Assessment
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Purpose:  To investigate Response Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1) approximations of target lesion tumor
burden by comparing categorical treatment response according to conventional RECIST versus actual tumor volume measurements of

RECIST target lesions.

Materials and Methods:  This is a retrospective cohort study of individuals with metastatic renal cell carcinoma enrolled in a clinical trial
(from 2003 to 2017) and includes individuals who underwent baseline and at least one follow-up chest, abdominal, and pelvic CT
study and with at least one target lesion. Target lesion volume was assessed by (@) V__, a spherical model of conventional RECIST
1.1, which was extrapolated from RECIST diameter, and (4) Vo manually contoured volume. Volumetric responses were deter-
mined by the sum of target lesion volumes (V,_, -sum TLand V__-sum TL, respectively). Categorical volumetric thresholds were
extrapolated from RECIST. McNemar tests were used to compare categorical volume responses.

Results:  Target lesions were assessed at baseline (638 participants), week 9 (593 participants), and week 17 (508 participants). V, -
sum TL classified more participants as having progressive disease (PD), compared with V. -sum TL at week 9 (52 vs 31 participants)
and week 17 (57 vs 39 participants), with significant overall response discordance (P < .001). At week 9, 25 (48%) of 52 participants
labeled with PD by V. . -sum TL were classified as having stable disease by V_ _-sum TL.

Conclusion: A model of RECIST 1.1 based on a single diameter measurement more frequently classified PD compared with response

assessment by actual measured tumor volume.

ClinicalTrials.gov registration no. NCT01865747
©RSNA, 2023

Supplemental material is available for this article.

esponse Evaluation Criteria in Solid Tumors version

1.1 (RECIST 1.1) is the most commonly applied
standardized imaging criteria to assess systemic treatment
response in metastatic renal cell carcinoma (1). This evi-
dence- and consensus-based guideline provides system-
atic rules for the assessment of tumor burden change
during treatment. Measurable sites of disease are selected
on pretreatment images and defined as target lesions to
be quantitatively followed and used to inform objective
categorical responses to treatment. These target lesions
represent only a subset of disease and therefore serve as an
estimation of total tumor burden.

While actual tumor masses are three-dimensional,
RECIST 1.1 relies solely on linear two-dimensional
measurements of each target lesion, usually in the axial
image acquisition plane. By using a single diameter to
describe lesion size, RECIST 1.1 assumes lesions have
a spherical shape and undergo uniform changes in size.

However, actual lesions may have complex contours that
are nongeometric in shape and change in form over time,
resulting in limitations on the validity of RECIST mea-
sures (2).

Recent advancements in medical imaging and the un-
precedented availability of computational power allow for
automated and semiautomated volumetric tumor assess-
ment (3-6). Several prior studies have shown that measur-
ing tumor volume is technically feasible, accurate, and repro-
ducible (7-11). These tumor volumes better correlate with
actual tumor size and form than do their two-dimensional
depictions (12). In addition, changes in tumor volume are
more sensitive for indicating changes in tumor burden in
response to systemic treatment when compared with single-
dimension assessment (7,11) and can predict a clinical ben-
efit in certain clinical scenarios (13—16). However, much of
this prior work has been in the evaluation of size changes
in a single lesion or organ site and has been less commonly
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Abbreviations

PD = progressive disease, PR = partial response, QIWS = quantita-
tive imaging workstation, RECIST = Response Evaluation Criteria
in Solid Tumors, SOD = sum of diameters, V_ = actual target

actual
lesion volume, V._..-sum TL = sum of target lesion volumes accord-
ingtoV_ .,V

, = spherical approximation of tumor volume,
actual
V_ -sum TL = sum of target lesion volumes according to V.

model

model

model

Summary

Compared with actual tumor volume according to manual contours,
the spherical model of Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST 1.1) for target lesions more frequently classified
participants as having disease progression, suggesting that conven-
tional RECIST 1.1 itself may overestimate disease progression.

Key Points

= The use of a single diameter measurement as a proxy for tumor
volume overestimated actual tumor volume in individuals with
metastatic renal cell carcinoma; specifically, a volumetric model
of Response Evaluation Criteria in Solid Tumors version 1.1
(RECIST 1.1) overestimated manually contoured volumes by
46.1% + 96.8 (SD) (638 lesions, P < .001) across all anatomic
sites of disease.

= Treatment response assessment by a model of RECIST based
on single diameter measurements classified more cases of disease
progression than did assessment by actual tumor volume at early
imaging time points (P < .001 at week 9 and P < .001 at week 17).

= A sum of diameters, as represented by a sum of spheres in the vol-
umetric model of RECIST, may not accurately reflect changes in
actual tumor volume, suggesting potential limitations of RECIST
1.1 in response assessment.

Keywords

Urinary, Kidney, Metastases, Oncology, Tumor Response, Volume
Analysis, Outcomes Analysis

applied in the context of multisite metastatic disease response to
systemic treatment (14,17-19).

This study investigated RECIST approximations of target le-
sion tumor burden by comparing categorical treatment response
assessment according to conventional RECIST with actual tu-
mor volume measurements of RECIST target lesions in the set-
ting of metastatic renal cell carcinoma.

Materials and Methods

Participants and Study Design

Written informed consent was waived for this institutional
review board-approved (approval no. 19-000495), Health
Insurance Portability and Accountability Act—compliant ret-
rospective analysis. The participants in our study cohort were
identified from an anonymized imaging clinical trial database;
they were previously included as part of a randomized phase
II trial between 2003 and 2017 that compared the efficacy
and safety of cabozantinib versus everolimus in renal cell car-
cinoma (ClinicalTrials.gov registration no. NCT01865747)
(20), in addition to a secondary analysis that highlighted the
effect of new and nontarget lesions on response assessment
(21). Inclusion criteria included all participants who had at
least one target lesion at baseline as defined by RECIST 1.1.
Participants were excluded if there was no cross-sectional imag-

ing performed at baseline or if baseline imaging was performed
but no target lesion was identified.

Imaging Acquisition and RECIST 1.1 Assessment

Baseline and follow-up standard-of-care volumetric chest CT and
either a CT or T1-weighted MRI (T1 spin-echo without breath
holding) scan of the abdomen and pelvis were performed in the
axial plane (with a section thickness of 5.0 mm or less). Imag-
ing was performed at baseline and every 8 weeks for the first 12
months and every 12 weeks thereafter. Images at pretreatment
baseline, week 9, and week 17 were included in this retrospective
analysis. Intravenous contrast material was administered unless
contraindicated. Tumor response was assessed using RECIST 1.1
(1) through a blinded independent central review by two radi-
ologists specialized in abdominal and oncologic imaging (pool of
readers: M.D., KR, A.G., M., V.S,, S.R.), with adjudication by
a third reviewer in case of disagreement (22). At the time of inter-
pretation, readers were blinded to all participant and clinical infor-
mation. Target lesions were selected at baseline for each participant
per RECIST 1.1, with a maximum of five target lesions total per
participant, at most, two lesions per organ. The anatomic location
or organ in which the target lesion resided was also annotated. A
sum of diameters (SOD) for all target lesions was calculated (by
using the longest diameter for soft-tissue lesions and short axis for
nodal lesions) and reported at baseline. All other sites of disease
were marked as nontarget lesions.

Response assessment for target lesions was determined by
the percentage of change in the SOD from baseline. Com-
plete response was defined by the disappearance of all soft-
tissue target lesions, with all nodal lesions measuring less
than 10 mm in the short axis. Partial response (PR) was
defined as at least a 30% decrease in SOD. Progressive dis-
ease (PD) was defined by a relative increase in SOD of 20%
or greater, with an absolute increase of at least 5 mm (Ap-
pendix S4). In RECIST 1.1, the appearance of new lesions
or unequivocal worsening of nontarget lesions also resulted
in a classification of PD.

Tumor Size

Tumor size was measured for each target lesion by using RE-
CIST 1.1, requiring a minimum of a 10-mm longest diameter
for soft-tissue lesions and a 15-mm short axis for lymph nodes.
A spherical approximation of tumor volume (V_ ) was cal-
culated based on the RECIST diameter measurement for each
target lesion by using the below equation, where d represents
the diameter of a lesion:

v =Za

model =
6

The actual target lesion volume (V) was obtained by
manually contouring the volume of each lesion on a quantita-
tive imaging workstation (QIWS); this contour was used as the
ground truth (Fig 1). The QIWS provides infrastructure for
reading, annotating, and archiving image data; the software is
housed on a secure computing cluster and was developed by
our group’s computational team with more than 10 years of
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lllustration of manual confours and RECIST 1.1 diameter in an axial

Figure 1:

section. Axial contrast-enhanced CT image in the abdomen with liver metastases

measured by manual contour (red) and RECIST 1.1 diameter (white). Manu-
ally contoured volume is calculated from a three-dimensional rendition of axial
contours in adjocent sections. RECIST 1.1 = Response Evaluation Criteria in Solid
Tumors version 1.1.

experience in imaging-based data management, quality con-
trol, and analysis.

Total Tumor Burden

A total tumor burden (sum of target lesion measurements per par-

ticipant) was calculated for each target measurement (lesion diam-

eter, V_ . ,and V_ ) at each time point. For this study, conven-
model actual

tional RECIST is defined as response assessment based on tumor

measurements obtained using RECIST 1.1 definitions (longest

diameter for soft-tissue lesions and short axis for lymph nodes).

Volumetric Categorical Response

Categorical response thresholds for volumetric measurements
of tumor burden were geometrically extrapolated from RE-
CIST 1.1 response thresholds by using a well-documented sim-
plifying assumption (Eq 4). We used the following volumetric
thresholds for response assessment: (z) PR, requiring a 65%
decrease in the sum of volumes, and (%) PD, requiring a 73%
or greater increase in the sum of volumes (Fig S1). Volumet-
ric thresholds for PD and PR were geometrically extrapolated
from RECIST SOD thresholds by using a spherical model of
tumor shape (Eq 2) and a simple calculation included by Th-
erasse et al in the 2000 RECIST guidelines, which has been
widely cited in subsequent literature (13,14,23-26). The 2009
RECIST 1.1 updated guidelines reference a 73% volumetric
threshold for PD when describing “unequivocal progression”
by nonmeasurable disease (1).

Despite this consensus, these sources do not comment
on the implicit simplifying approximations (Eqq 1-6) made
in this extrapolation. We use the volumetric thresholds de-
scribed in prior literature, acknowledging that the simplifica-
tion is responsible for differences in response categorization
between the spherical model of RECIST and RECIST using
target lesions alone.

Radiology: Imaging Cancer Volume 5: Number 5—-2023 = radiology-ic.rsna.org
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For each participant, the sum of target lesion volumes by V.
mos
(Vmodcl

(V. -sum TL) at weeks 9 and 17 were compared with respec-

actual

tive sum baseline values to determine a percentage of change

del
-sum TL) and the sum of target lesion volumes by V.

actual

in total tumor burden and the corresponding volumetric cat-
egorical response.

Statistical Analysis

Percentage of error and paired two-tailed 7 tests were used to
and V

actual

compare V (and their respective sums over all
model

target lesions per participant), using V. _.,asa reference of the
ground truth. To compare agreement in overall response as-
sessment using V__ -sum TL and V. sumTL, both a paired
proportion test and unweighted « statistic with 95% Cls were
calculated across all response categories (PD, stable disease,
PR). McNemar tests were used to compare differences in the
proportion of participants with PR at week 9 and week 17 and
those with PD at week 9 and week 17. Bonferroni adjustment
was applied for the multiple comparisons (ie, .05/2 = .025 for
all response categories and o = .05/4 = .0125 for week 9 and
week 17 in PR and PD). The familywise error rate was con-
trolled at a significance level of .05. Stata (SE, version 17.0;
Stata) was used to perform statistical analyses.

Results

Participant and Lesion Characteristics

Of the original 658 participants identified, 20 were excluded
because they did not undergo baseline imaging or had no target
lesions (Fig 2). This resulted in a final study cohort of 638 partici-
pants who underwent baseline imaging and 587 participants who
underwent baseline and at least a first follow-up (week 9) imaging
session, of which 496 participants had a subsequent week 17 im-
aging time point (Fig 2); participants who underwent baseline im-
aging had a median of five total imaging time points (IQR, three).

The number of target lesions on the baseline scan selected
for each participant ranged from one to five, with 129 (20.2%)
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participants with one target lesion, 184 (28.8%) with two tar-
get lesions, 147 (23.0%) with three target lesions, 100 (15.7%)
with four target lesions, and 78 (12.2%) with five target le-
sions. There were 1728 target lesions identified in total, with
1587 and 1337 measured at weeks 9 and 17, respectively (Fig
3). Anatomic sites of disease were most commonly lymph

nodes (27.3%) and lung (24.7%).

Estimation of Tumor Size and Total Tumor Burden
At baseline, V

model

overestimated the volume of the largest tar-

get lesion per participant by 46.1% + 96.8 (SD) (638 lesions, P

<.001) across all anatomic sites (Fig 4, Appendix S2).

Volumetric Categorical Response

The majority of participants

N=658
Total Number of Patients available in
Database

N

N=638
Total Patients Included in this Study
= 1 Target Lesion at Baseline

Excluded

N=20
No Target Lesions defined
on Baseline imaging.

N =587
= 1 Target Lesion at Baseline
and Week 9

N=496
= 1 Target Lesion at Baseline,
Week 9, and Week 17

Figure 2:

Selection of study participants.

were classified as having stable

disease by RECIST target SOD,

V sum TL, and V_ -sum 25
TL at weeks 9 and 17 (Figs 5,
6). No participants were clas-
sified as having a complete re-
sponse to treatment at either
time point. According to con-
ventional RECIST 1.1, PD oc-
curred in 115 (19.6%) and 157
(31.7%) of participants at week
9 and week 17, respectively.
When accounting for only
those participants in which PD
occurred according to target le-
sion SOD criteria, there were 46

(7.8%) and 67 (13.5%) partici-

N=427

== [
w o

Percent of All Target Lesions
o

pants at weeks 9 and 17, respec- Lung Liver

tively, with PD. More partici-
pants were categorized as having
PD by V_ -sum TL when
compared with V_ -sum TL at
week 9 (52 [8.9%] vs 31 [5.3%]
participants, P < .001) and week
17 (57 [11.5%] vs 39 [7.9%] participants, P < .001).

We found no evidence of a difference in the proportion
of participants with PR, stable disease, and PD between the
V_ -sum TL and RECIST 1.1 target SOD response classi-
fication at week 9 and week 17 (Appendix S3). The spherical
model of RECIST 1.1 (V__, -sum TL) and tumor burden by
actual contoured volumes (V, -sum TL) differed in overall
categorical response at week 9 (P = .017) and showed no evi-
dence of a difference at week 17 (P = .053) (Fig 5); agreement
in response assessment ranged from moderate to substantial ac-
cording to K statistic at week 9 (k = 0.63; 95% CI: 0.54, 0.71)
and week 17 (i = 0.70; 95% CI: 0.62, 0.77) (Appendix S3).
At week 9,V -sum TL classified significantly more par-
ticipants with PD than did V__-sum TL (52 [8.86%] vs 31
[5.28%)], respectively; P < .001). Twenty-five (48%) of the 52
participants classified as having PD by V__ -sum TL were re-

odel
classified as having stable disease by V. -sum TL. Conversely,

al

N=192

: N=471
Bl Baseline

. Week 9
mm Week 17

N=88

Bone Kidney
Anatomic Site

Adrenal  Lymph node Other

Figure 3:  Anatomic sites of target lesions. Anatomic sites of disease at baseline, week 9, and week 17. N = the number
of target lesions at baseline for a given site, disfinct from the vertical axis, which illustrates the percentage of total number of
target lesions (all anatomic sites). Anatomic site labeled as “other” includes abdominal cavity, brain, chest, gastrointestinal
tract, pancreas, pelvis, peritoneum, plural cavity, retroperitoneum, and spleen.

only four (13%) of 31 participants with progression according to
V_.-sum TL were reclassified with stable disease by V__. .
TL (Fig 6, Appendix S1). Only 27 participants were classified as
having PD at week 9 by both measures. Similarly, at week 17,
V, . -sum TL classified more participants as having PD than
didV_ -sumTL (P <.001), with PD occurring in 57 (11.49%)

-sum TL and only 39 (7.86%)

-sum

participants according to V,_
according to V. _-sum TL.
Although V. -sum TL classified more participants as hav-
ing PR response than did V___-sum TL at both time points, the
overall difference in the proportion of participants with PR was
not significant (P = .16 at week 9 and P = .19 at week 17). At
week 9, for example, PR occurred in 56 (9.54%) participants
according oV -sum TL and 48 (8.18%) participants accord-
ing to V. -sum TL (Fig 5). There was an approximately bal-
anced reclassification, with 20 (36%) of 56 participants having

d
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Figure 4: Target lesion size by anatomic site: a comparison of largest target lesion volume at baseline when assessed
by the spherical model of RECIST 1.1 (V__ | and by manual contour. V. was calculated from the RECIST 1.1 diameter
for each lesion. V__ is the lesion volume measured by manual contour. Only the largest target lesion per participant, defer-
mined by RECIST 1.1 diameter, was included in this box plot. Three kidney lesions with outlier V. andV__  (>1000 cm?)

values were not depicted for scaling purposes. Mean, SD, and P values comparing V. and V__  are included in Appen-
dix S2. RECIST 1.1 = Response Evaluation Criteria in Solid Tumors version 1.1.

Week 9 (n; %) AN Week 17 (n; %) A
PR SD PD PR SD PD
RECIST 1.1 58(9.88) | 414(70.53) | 115(19.59) | 64(12.90) | 275(55.44) | 157(31.65)
RECIST 1.1 TL 59(10.05) | 482(82.11) | 46(7.84) 67(13.51) | 362(72.98) | 67(13.51)
Vimodei-sum TL 56(9.54) | 479(81.60) | 52(8.86) ** | 65(13.10) | 374(75.40) | 57(11.49)*
Vactua-sum TL 48(8.18) | 508(86.54) | 31(5.28) ** | 58(11.69) | 399(80.44) | 39(7.86)*

Figure 5:  RECIST categorical responses by measurement: RECIST 1.1, RECIST 1.1 target sum of diameters only, V. -sum TL, and V_, _-sum TL. " indicates a P value
of 017, and " indicates a P value of 053, comparing overall response (all categories) between V. | -sum TLand V_ _-sum TL ** indicates a Pvalue of .0001, and *
indicates a Pvalue of 0004, comparing differences in the proportion of classifications of progressive disease (PD vs non-PD) between V| -sum TLand V., -sum TL PD =

progressive disease; PR = partial response; RECIST 1.1 = Response Evaluation Criteria in Solid Tumors version 1.1 (1) including target, nontarget, and new lesions; RECIST

1.1 TL=sum of RECIST 1.1 diameters on target lesions only; SD = stable disease; V_, -sum TL = sum of target lesion volumes according to manual confours; V. -sum TL =
sum of farget lesion volumes according to spherical model of RECIST 1.1.
Vactuai-sum TL
Week 9, (n; %) Week 17, (n; %)
Vmode-sum TL PR SD PD PR SD PD

PR (n; %) 36(6.13) 20(3.41) 0(0) 47(9.48) 18(3.63) 0(0)

SD (n; %) 12(2.04) 463(78.88) 4(0.68) ** 11(2.22) 359(72.38) 4(0.81) *

PD, (n; %) 0(0) 25(4.26) ** 27(4.60) 0(0) 22(4.44) * 35(7.06)

Figure 6:  Comparisons of volumetric categorical response accordingto V. -sum TLand V_ -sum TL ** indicates a P value of 0001, and * indicates a P value of
.0004 for PD versus non-PD at week @ and week 17, respectively. P=.16 and P= .19 for PR versus non-PR ot week @ and week 17, respectively. Groups listed on diago-
nals (shaded cells) have response concordance, and those on off-diagonals have response discordance. PD = progressive disease; PR = partial response; RECIST 1.1 =
Response Evaluation Criteria in Solid Tumors version 1.1 (1), including target, nontarget and new lesions; RECIST 1.1 TL = sum of RECIST 1.1 diameters on target lesions
only; SD = stable disease; V__ _-sum TL = sum of target lesion volume according to manual contours; V. -sum TL = sum of target lesion volumes according to spherical

model of RECIST 1.1.
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-

155% groth from baseline by a spherical model of

RECIST 1.1, based on single axial diameter

Figure 7:

Target lesion example. A soft-fissue tumor illustrates anisotropic growth from baseline to week 9 follow-up. The

RECIST 1.1 single diameter axial measurement (bottom row) overestimates tumor size and inflates reported change over

time compared with manual contours (top row). RECIST 1.1 = Response Evaluation Criteria in Solid Tumors version 1.1.

PRaccordingto V_ -sum TL being reclassified as having stable
disease by V. -sum TL and 12 (25%) of 48 participants with
PR according to V. -sum TL reclassified as having stable dis-
ease by V. -sum TL. Despite the net agreement in the total
proportion of participants with PR, only 36 participants had PR
according to both measures (Fig 6).

As an example, one soft tumor illustrates how anisotropic tar-
get lesion growth can result in differences in reported change in
tumor burden, when comparing a single diameter measurement
with a manually contoured volume (Fig 7).

Discussion

In this study, conventional RECIST, measured by spherical
approximation, overestimated true tumor burden and affected
response classification. Tumor burden as defined by the RE-
CIST sum of target lesions when measured by manual volu-
metric contours is a more conservative and likely more accurate
measure of treatment response. While overestimation of tumor
burden at a single time point (by RECIST’s use of longesr di-
ameter) is an intuitive result, our study finds that this approxi-
mation also has an effect on response assessment because of
the overestimation of change in tumor burden over multiple
time points. In our cohort of participants with metastatic renal
cell carcinoma, there was significant discordance in the clas-

sification of PD when using RECIST-derived spherical tumor

measurements versus manually contoured tumor volumes.
Of those participants classified as having PD by the spherical
model, approximately 48% of participants at week 9 and 39%
of participants at week 17 were reclassified as having stable
disease when calculated by the sum of actual tumor volumes.
In clinical trials, RECIST PD is deemed as treatment failure
and commonly results in the cessation of therapy for that par-
ticipant. However, according to our study, this may occur pre-
maturely in up to one-third to one-half of participants when
reassessed by target lesion tumor volume. Treatment response
based on percentage of change in an SOD may result in an ear-
lier reported time to progression and a shortened progression-
free survival, with effects on clinical decisions and the evalua-
tion of treatment efficacy.

Volumetric measures of tumor burden also offer benefits in
study design. A more accurate assessment of PD should reduce
the number of participants needed for clinical trial enrollment
and better correlate with overall survival. Additionally, discor-
dance in response assessment of serial imaging for a single par-
ticipant requires adjudication by a third reviewer. Variability in
the measured change in tumor burden is a major contributor
to discordant response assessment; a dual-reader study of 179
participants with multisite small cell lung cancer required ad-
judication in 36.7% of participants, of whom 18.5% were due
to discrepant measures of change in tumor burden (27). More

radiology-ic.rsna.org = Radiology: Imaging Cancer Volume 5: Number 5—2023
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conservative, clinically stable response criteria such as volume
have the potential to lower adjudication rates in clinical trials
and improve reader agreement in clinical practice.

Our work supports others who have investigated the use of
more complex tumor measurements, including volume, in com-
parison to RECIST-derived two-dimensional measurements. No-
tably, our findings of overclassification of progression are consis-
tent with the study by Schiavon et al (2) in 78 participants with
139 gastrointestinal stromal tumor liver metastases. The measured
change in tumor size according to geometric models (spheres and
ellipsoids) better correlated with change according to manually
contoured volumes for lesion size reduction than for lesion size
increase, suggesting that overestimation of tumor size by RE-
CIST’s geometric approximations is more pronounced for lesions
that grow. Although further investigation is needed to better relate
single-lesion analysis to multisite whole tumor burden, these con-
clusions are consistent with our findings that RECIST overreports
PD and may be a result of RECIST’s inflation of the reported
change in tumor burden for participants with growing lesions.

Our study supports the published literature that tumor volu-
metry is a preferable measure of tumor burden and treatment
response (10-18,28-33). Our study is additive to prior work,
much of which compares response assessment by RECIST with
assessment by alternative geometric models of tumor volume,
which are calculated not from actual volumetric contours but
from additional orthogonal diameter measurements (14,29). To
our knowledge, this is the largest study in which multisite me-
tastases are summated to extract categorical volumetric response.
In a study including 42 participants with multisite metastatic
non-small cell lung cancer, Hayes et al (13) compared response
assessment between semiautomated volumetric contours (using
volumetric thresholds extrapolated using spheres and ellipsoids)
and conventional RECIST. Although this study’s strengths in-
cluded an analysis of overall survival and demonstrated the bene-
fit of lowering volumetric thresholds, the size of the study cohort
precluded an analysis of PD, allowing only a comparison of PR
and stable disease.

This study was limited by its retrospective nature. First, the
use of anonymized clinical trial data of participants with meta-
static renal cell carcinoma prohibited the evaluation of inter- and
intrareader variation and its effect on tumor burden estimation
and response categorization. However, methods to limit this ef-
fect were used, including formalized reader training to review
RECIST criteria and a collection of sample cases to minimize
reader variation. Second, given anonymized data, participant
outcomes were not readily available to further compare volu-
metric measurement surrogacy for overall survival; further work
is needed to assess the value of volumetric response assessment
as an early indicator of overall survival. Third, this study’s focus
on methods used to quantify target lesion tumor burden repre-
sents a subset of disease included in RECIST criteria. While not
quantified by RECIST 1.1, the inclusion of nontarget and new
lesions may limit the differences in overall response assessment
highlighted in our analysis of target lesions alone. Volumetric
segmentation may be more useful when lesions are more likely to
be discrete, asymmetric, and to change anisotropically (nonuni-
form change); therefore, these findings may not extend naturally
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to other tumor histologic characteristics. In addition, our use
of multi-institutional data has inherently introduced variations
in imaging acquisition and reconstruction parameters, with po-
tential effects on both volumetric and conventional RECIST
measures of tumor size (34). However, these variations may also
improve the generalizability of our study findings. While this
study’s analysis does not apply RECIST 1.1 absolute increase cri-
teria, this has a negligible impact on our results and conclusions.
Last, our analysis exclusively compared manually contoured
volumes with volumes calculated from a single diameter. While
other tumor measurements, including bidimensional measure-
ments, were not assessed, single diameter tumor measurements
were found to be highly concordant with bidimensional assess-
ments and have less measurement variability (35).

In conclusion, our study demonstrates that the use of
change in lesion size as a measure of treatment efficacy, or lack
thereof, would be strengthened by direct measures of volume
rather than by the current use of lesion diameters as a proxy for
tumor volume.
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