1duosnue Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Eur J Radiol. Author manuscript; available in PMC 2017 March 01.

-, HHS Public Access
«

Published in final edited form as:
Eur J Radiol. 2016 March ; 85(3): 524-533. doi:10.1016/j.ejrad.2015.12.019.

Comparison of CT volumetric measurement with RECIST
response in patients with lung cancer

SA Hayesl”, MC Pietanza?2, D O'Driscoll3P, J Zheng*¢, CS Moskowitz>d4, MG Kris®€, and
MS Ginsberg”f

SA Hayes: hayess@mskcc.org; MC Pietanza: pietanzm@mskcc.org; D O’Driscoll: deemeagle@gmail.com; J Zheng:
zhengj@mskcc.org; CS Moskowitz: moskowcl@mskcc.org; MG Kris: krism@mskcc.org; MS Ginsberg:
ginsberm@mskcc.org

1Department of Radiology, Memorial Sloan Kettering Cancer Center, 1275 York Avenue, New
York, NY 10065, U.S 2Department of Medicine, Memorial Sloan Kettering Cancer Center, 300
East 66th Street Breast & Imaging Center, NY 10065, U.S 3Department of Radiology, Mater
Misericordiae University Hospital, Eccles Street, Dublin 7, Ireland “Department of Epidemiology
and Biostatistics, Memorial Sloan Kettering Cancer Center, 307 East 63rd Street, New York, NY
10065, U.S >Department of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer
Center, 307 East 63rd Street, New York, NY 10065, U.S 8Department of Medicine, Memorial
Sloan Kettering Cancer Center, 300 East 66th Street Breast & Imaging Center, NY 10065, U.S
"Department of Radiology, Memorial Sloan Kettering Cancer Center, 1275 York Avenue, New
York, NY 10065, U.S

Abstract

Purpose—To examine the correlations between uni-dimensional RECIST and volumetric
measurements in patients with lung adenocarcinoma and to assess their association with overall
survival (OS) and progression-free survival (PFS).

Materials and Methods—In this study of patients receiving chemotherapy for lung cancer in
the setting of a clinical trial, response was prospectively evaluated using RECIST 1.0.
Retrospectively, volumetric measurements were recorded and response was assessed by two
different volumetric methods at each followup CT scan using a semi-automated segmentation
algorithm. We subsequently evaluated the correlation between the uni-dimensional RECIST
measurements and the volumetric measurements and performed landmark analyses for OS and
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PFS at the completion of the first and second follow-ups. Kaplan-Meier curves together with log-
rank tests were used to evaluate the association between the different response criteria and patient
outcome.

Results—Forty-two patients had CT scans at baseline, after the first follow up scan and second
followup scan, and then every 8 weeks. The uni-dimensional RECIST measurements and
volumetric measurements were strongly correlated, with a Spearman correlation coefficient (p) of
0.853 at baseline, p = 0.861 at the first followup, p = 0.843 at the 2" followup, and p = 0.887
overall between-subject. On first follow-up CT, partial responders and non responders as assessed
by an “ellipsoid” volumetric criteria showed a significant difference in OS (p=0.008, 1-year OS of
70% for partial responders and 46% for non responders). There was no difference between the
groups when assessed by RECIST criteria on first follow-up CT (p=0.841, 1-year OS rate of 64%
for partial responders and 64% for non responders).

Conclusion—Volumetric response on first follow-up CT may better predict OS than RECIST
response.

Clinical Relevance Statement—Assessment of tumor size and response is of utmost
importance in clinical trials. Volumetric measurements may help to better predict OS than uni-
dimensional RECIST criteria.

Keywords
Volumetric; RECIST; computed tomography; response; lung cancer

Introduction

Accurate radiological measurement of treatment response is imperative in both clinical
practice and clinical trials, and ultimately, also may help predict overall outcome.

The Response Evaluation Criteria In Solid Tumors (RECIST 1.0) was first introduced in
2000 [1] and established uni-dimensional measurement of target lesions on cross-sectional
imaging as the standard method for evaluating treatment response. These guidelines were
updated in 2009 when RECIST 1.1 was published, with the aim of improving ease of use
and providing more accurate assessment of tumor response[2]. World Health Organization
(WHO) guidelines published in 1985 also used linear measurements, but recommended two
perpendicular measurements[3]. These guidelines were practical to use, particularly in the
past when many radiologists used printed film images for reporting, and were widely
adopted in oncologic research. However, both systems have limitations in the assessment of
treatment response. RECIST guidelines exclude the use of lesions smaller than 1.0 cm.
Linear measurements have been shown to be subject to significant intra- and inter-observer
variation[4, 5]. For irregularly-shaped non-small cell lung cancers (NSCLC), inter-observer
variation resulting in response misclassification has been found to be as high as 45% for uni-
dimensional measurements and 53% for bi-dimensional measurements[4].

More recent advancements in multi-detector row computed tomography has allowed for the
volumetric measurement of tumors [6, 7]. Studies have indicated that CT measurements are
accurate for determining volume [8], possibly with better repeatability and reproducibility
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than for linear measurement [9, 10]. Dinkel et al found that using computer-assisted size
assessment of lung tumors reduced interobserver variability to about half to one third
compared with traditional manual measurements[11]. Published literature has suggested that
volumetric measurements can better predict response and outcome than linear measurements
[12]. CT volumetry, as well as other advanced methods such as CT perfusion, dynamic
contrast-enhanced and diffusion weighted MR and metabolic tumor volume in PET CT,
have all shown potential for the assessment of tumor response, but standardization and
validation of these newer techniques is needed before they can be widely adopted [13].

Here, we assess volumetric measurements on CT to examine the correlations between uni-
dimensional RECIST and volumetric measurements in patients with lung adenocarcinoma
receiving first-line chemotherapy in the setting of a clinical trial and to assess their
association with overall survival (OS) and progression-free survival (PFS).

Materials and Methods

Patients included in this study were all successfully accrued to a single-arm, open-label,
phase Il single-institution study evaluating chemotherapy for stage 1V lung cancer
(ClinicalTrials.gov ID: NCT00807573) that had been reviewed and approved by the
institutional review board. Written informed consent was provided by all patients. All
patients had pathologically confirmed lung adenocarcinomas with stage 1V disease at
diagnosis or evidence of metastatic recurrence after definitive local therapy. Inclusion in the
study also required Karnofsky performance status of >70%, and measurable disease per
RECIST 1.0. Adequate organ and marrow function were necessary. Patients were excluded
if they had received systemic therapy for advanced lung cancers or radiation therapy to
greater than 25% of the bone marrow within 30 days of starting treatment. While prior
neoadjuvant or adjuvant chemotherapy was permitted if it did not contain paclitaxel,
pemetrexed or bevacizumab, at least 6 months had to have elapsed from last administration.
Additional exclusion criteria included squamous cell carcinoma, small cell carcinoma,
hemoptysis; symptomatic brain metastases with evidence of hemorrhage; history of
abdominal fistula, gastrointestinal perforation or intra-abdominal abscess; and myocardial
infarction or stroke within 6 months.

Forty-four patients were treated with a chemotherapeutic regimen including paclitaxel,
pemetrexed, and bevacizumab. Each patient had a thin section CT scan of the chest and
other relevant sites of disease at baseline, following cycles 1 and 2 of chemotherapy, and
every 8 weeks thereafter. Cycles of therapy consisted of 28 days each. Response to
chemotherapy was assessed based on uni-dimensional RECIST 1.0 measurements.
Retrospectively, we obtained institutional review board approval to assess tumor volumes on
each CT scan and correlated these to the previously measured RECIST. Target lesions for
measurement were selected based on RECIST 1.0 guidelines [1], as the study was written
and opened to accrual in 2008, prior to the publication of RECIST 1.1 guidelines [2].

Multidetector CT was performed using LightSpeed 16 CT scanners (GE Medical Systems,
Milwaukee, Wis). Chest, abdomen and pelvis were scanned from the supraclavicular regions
to symphysis pubis, using a single breath hold for the chest. Scan parameters are listed in
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Table 1. The images were obtained with intravenous and oral contrast, unless the patient had
a contraindication to iodinated contrast. CT images were reconstructed at 1.25mm slice
thickness. These thin-section images were directly downloaded from the CT workstation
onto a research server, where de-identified DICOM (Digital Imaging and Communications
in Medicine) images were stored. The images were then transferred onto an Ultra 10
workstation (Sun MicroSystems, Santa Clara, California) for segmentation.

The target lesions in the lung were measured using a novel semi-automated segmentation
algorithm, as described previously [7], which had been adapted in house from a program
used for the segmentation of pulmonary nodules which had been developed by Zhao et al
[14]. Other segmentation algorithms also developed by these authors were used to assess
target lesions in other organs, such as lymph nodes and liver [15, 16]. The initial automated
segmentation of the target lesions was performed by a technologist. All segmentation
results, included the longest diameters and segmented target lesions, were visually inspected
for errors by a board-certified cardiothoracic radiologist (M.S.G.) with >15 years of
experience in CT interpretation. An example of the segmentation, showing the volumetric
outline and the axial measurements recorded is shown in Figure 1. The RECIST uni-
dimensional measurements, as well as other patient data, were recorded prospectively by the
same radiologist in a novel computer software system designed to enable real-time
collection and review of clinical data during trials, as previously described by Pietanza et
al[17]. Volumetric measurements of the target lesions were performed using the
segmentation algorithms. The sum of the volumes of the target lesions was recorded for each
CT scan, similar to a RECIST read. RECIST reads were performed separately to the
volumetric segmentation and the radiologist was blinded to the RECIST results at the time
of volumetric segmentation.

Response assessment

Treatment response was assessed on follow-up CT scans using uni-dimensional RECIST
and two different methods of three-dimensional volumetric response assessment, as a
consensus for volumetric response criteria is still lacking. For the first volumetric method,
volumetric spherical, we used volumetric response cut-offs based on simple mathematical
extrapolation of RECIST to spherical volumes, as initially described by Therasse et al. in the
2000 RECIST guidelines[1]. Here, follow-up CT scans were categorized as complete
response (CR, disappearance of the lesions), partial response (PR, 30% decrease in diameter,
correlating geometrically to 65% decrease in volume), progressive disease (PD) (20%
increase in diameter, correlating geometrically to a 73% increase in volume), or otherwise
stable disease (SD). For the second method, volumetric ellipsoid, we utilized an alternative
criteria proposed by Schiavon et al in 2012[18], who found that extrapolating RECIST to an
ellipsoid, rather than spherical, volume better correlated with survival. The ellipsoid
volumetric criteria, when calculated, were the same numerically as RECIST cut-off: partial
response (30% decrease in volume), stable disease, or disease progression (20% increase in
volume). The three comparison methods are outlined in Table 2.

For all methods, patients who achieved partial response were designated as partial
responders and patients with stable disease or progressive disease were labeled as non-
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responders. No patient in our study had a complete response. Also, for each technique at
each follow-up, we calculated percent change relative to baseline, or to the smallest
measurement to date if the method indicated progressive disease (as per RECIST
guidelines).

The response assessments occurred during the fourth week of cycle one and cycle two, and
during the fourth week of every two cycles thereafter. The range for obtaining the scans was
approximately 7 days. However, all imaging assessments were made according to cycles
administered and not time on study. Therefore, if a cycle was held and delayed, the scans
were delayed as well. In order to estimate the survival in each response category, we
performed landmark analysis and choose as landmark times the point when all patients had
completed each follow scan.

Statistical analysis

Results

The original clinical trial (ClinicalTrials.gov ID: NCT00807573) was designed to evaluate
efficacy of the chemotherapeutic regimen. In this study, we included all evaluable patients
from the clinical trial and examined the correlation between RECIST and volumetric
measurements as well as associations between response assessments and overall survival.

Scatter plots and between-subject Spearman correlation coefficients proposed by Bland and
Altman [19] were used to evaluate the correlation between the uni-dimensional RECIST
measurements and volumetric measurements. Overall survival (OS) was defined as the time
interval between the starting date of the first treatment and date of death. Patients still alive
were censored at the last followup. Progression free survival (PFS) was defined from the
starting date of the first treatment to the date of progression, or death when no progression
was observed. Patients alive and progression free were censored at the last followup.

The association of response assessments with OS and PFS was evaluated using landmark
analyses when all patients had completed the first follow-up scan (by 34 days after the start
of treatment) and the second follow-up scan (by 72 days after the start of treatment). OS and
PFS were estimated using the Kaplan-Meier method. The log-rank test was used to compare
outcomes between partial responders (CR+PR) and non-responders (SD+PD). We examined
association between OS/PFS and patient characteristics and clinical factors including sex,
performance status (=90 vs 70/80), smoking status (current smoker vs others), and mutation
status (any vs none). Multivariate OS/PFS analyses were then performed for volumetric
response adjusting for univariately significant clinical variables. Cox proportional hazards
regression was used for continuous measurements, comparing continuous RECIST and
continuous volumetric measurements (measurement percentage changes in continuous
values). We tested for differences in the ability of the different response assessments to
predict survival by fitting marginal proportional hazards regression models separately in
partial responders and non-responders and using a robust score statistic. [20]

Forty-four patients with Stage 1V adenocarcinoma of the lung were enrolled in the study
between January 2009 and September 2011. Of these, two patients did not undergo post-
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treatment imaging; one was removed from the study as a result of toxicity and the other
withdrew consent, leaving a total of 42 patients who had subsequent imaging. Follow-up for
all 42 patients was completed by 50.4 months, at which time 13 of the 42 patients remained
alive with disease and 29 had died. Table 3 summarizes the baseline patient characteristics.

As none of the patients experienced progression of disease or death within 34 days, all 42
patients were included in the landmark analyses at this time point. However, four patients
did not have a second follow-up scan while on study, as two had hypersensitivity reactions
to one of the chemotherapy drugs in the regimen, one developed clinical disease progression
and one died of respiratory failure, likely due to disease. Therefore, thirty-eight patients had
undergone the second follow-up CT scan by day 72, and the second landmark analysis was
then performed at the 3 month time point. A total of 181 surveillance CT scans were
obtained on 42 patients (range, 1-12 scans, median 4 CT scans). The total number of target
lesions analyzed at baseline and subsequent follow-up CT was 127, with a median of 3
target lesions per patient and a range of 1-8 target lesions. The target lesion distribution is
outlined in Table 4.

Overall study outcomes

The overall response rate (complete and partial) for the described therapeutic regimen was
52% (23/44; 95% CI 37 to 68%) based on RECIST 1.0. Response could not be determined
in the 2 patients who did not have a follow-up imaging study. The median progression free
and overall survivals for the entire cohort (n=42) were 8 months (95% CI 6 to 12) and 17
months (95% CI 11 to 33), respectively.

Correlation between volumetric measurement and RECIST measurement

The volumetric measurements and the uni-dimensional (RECIST) measurements (sum of

longest diameters) were strongly correlated with a Spearman correlation coefficient (p) of
0.853 at baseline (p<0.001), p = 0.861 at the first followup (p<0.001), and p = 0.843 at the
2"d followup (p<0.001).

As no patient had progressive disease at the first or second follow-up CT scan using either
of the volumetric response assessment methods (volumetric ellipsoid or volumetric
spherical), percent change was calculated relative to baseline measurements for both
volumetric techniques and was identical for both approaches at these specific evaluations.
Consequently, in Figure 2 we show results for a single volumetric percent change at first and
second follow-up. The correlation between the volumetric percent change and the RECIST
percent change was strong (15t followup p = 0.890, p<0.001 and 2"9 followup p = 0.884,
p<0.001).

Response assessment

The number of patients in each response category was calculated for each of the different
methods (RECIST, volumetric ellipsoid and volumetric spherical) at first and second follow-
up CT scans. At the first follow-up scan, only 14 patients (33.3%) were found to have a
partial response when assessed by RECIST and volumetric spherical criteria; all other
patients were classified as stable disease. However when assessed using the volumetric
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ellipsoid criteria, more patients were classified as partial response rather than stable disease
(partial response = 31 patients, 73.8%). Similarly at the second follow-up more patients
were also found to have a partial response when assessed by the volumetric ellipsoid criteria
(32 patients, 84.2%) as compared to the RECIST criteria (20 patients, 52.6%) and
volumetric spherical criteria (19 patients, 50%). No patient was classified as having
progressive disease by any of the methods on either the first or second follow-up scan.

Survival outcomes

With a median followup of 27.9 months (range, 17.5 — 50.4 months) on survivors, the
median OS was 17.3 months (95% CI: 10.8 — 31.7 months) in 42 patients.

Table 5 outlines the survival analysis, analyzed using continuous volumetric measurements
and RECIST group as the predictor at first follow-up (34 days) and at second follow-up (3
months). The results of the Cox proportional hazards regression model are also shown.
Survival curves were plotted comparing RECIST and volumetric ellipsoid criteria (Figures 3
and 4). Using the completion of first followup scan as the landmark time, there was a
significant difference in OS of partial responders and non-responders as assessed by
volumetric ellipsoid criteria (p=0.008) (Figure 3b) with a 1-year OS rate of 71.0% for partial
responders and 45.5% for non-responders. However, no significant difference in OS was
observed between the groups when assessed by RECIST (p=0.841) (Figure 3a), with a 1-
year OS rate of 64.3% for partial responders and 64.3% for non-responders. When the
volumetric spherical criteria were applied, there was a suggestion of a difference in OS
between partial responders and non-responders at 1-year (67.9% vs 57.1%, respectively), but
the difference was not statistically significant over time (p=0.269).

On univariate analysis, the only clinical variable significantly associated with OS was
performance status (PS) (hazard ratio 0.37, 95% CI: 0.17-0.80, p=0.012), and smoking
status was the only variable associated with PFS (hazard ratio 4.13, 95% CI: 1.62-10.51, p =
0.003). The other variables were not significantly associated with survival on the univariate
analysis and were not included in the multivariate analysis. In multivariate analysis adjusting
for PS, partial responders by volumetric ellipsoid criteria had a trend of better OS than non-
responders at first follow-up (34 days) (HR=0.46, 95%CI: 0.20-1.05, p=0.065), Table 6.

We compared the ability of the two different volumetric response assessments to predict OS
at first follow-up. Partial responders based on volumetric ellipsoid criteria had significantly
better OS compared to partial responder patients based on the volumetric spherical criteria
(p=0.008, HR=0.5, 95% CI: 0.3-1.2). Further, patients who were non-responders based on
volumetric ellipsoid criteria had a significantly increased risk of dying relative to patients
who were non-responders based on the volumetric spherical criteria (p=0.001, HR=2.3, 95%
Cl: 1.4-3.7). In comparing volumetric ellipsoid criteria to RECIST, there was no significant
difference in OS for patients identified as partial responders by either method (p=0.170,
HR=0.7, 95% ClI: 0.5-1.2), while a significantly increased mortality risk was observed for
non-responders based on volumetric ellipsoid criteria relative to non-responders from
RECIST (p=0.007, HR=2.0, 95% CI: 1.2-3.2).
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In contrast, using response status defined at the second follow-up scan, we found little
differences in OS between any of the methods for either partial responders or non-
responders (Table 5). A non-significant numerical difference was seen using the volumetric
ellipsoid criteria (p=0.094), though the numbers were small; the 1-year OS rate was 68.8%
for partial responders and 50.0% for non responders. However, there was no significant
difference in OS between patients identified as partial responders or non-responders when
using RECIST (p=0.457, 1-year OS rate 65.0% for partial responders and 66.7% for non
responders) or volumetric spherical criteria (p=0.442, 1-year OS rate 63.2% for partial
responders and 68.4% for non responders). A graphical comparison of OS evaluated at
second follow-up using RECIST and the volumetric ellipsoid criteria is shown in Figure 4.

We also analyzed the ability of RECIST and the two volumetric response criteria to predict
progression-free survival at first and second follow-up. The results of the PFS analysis are
presented in Table 7 along with the results for continuous measurements; however no
significant difference were seen between the partial-responder and non-responder groups,
except a trend of difference at the first followup. In multivariate analysis adjusting for
smoking status, the non-responder group as classified by volumetric ellipsoid was associated
with a better PFS than the partial responder group (HR=0.48, 95%ClI: 0.23-1.00, p=0.049).

Discussion

Our study showed that on the first two follow-up scans, volumetric ellipsoid response
criteria categorized more patients as partial responders than RECIST or volumetric spherical
criteria and categorized fewer patients as non-responders. Larger differences in overall
survival between the partial and non-responders were seen when classified by volumetric
ellipsoid method than by the other methods, particularly at first follow-up. These results
suggest that early radiological response assessed using volumetric ellipsoid criteria,
particularly as measured at the first follow-up, is significantly associated with overall
survival; in contrast to early response assessed using RECIST where we found no evidence
of an association. This finding is of clinical importance, as it suggests the potential use of
volumetric response criteria to identify, at an earlier stage of treatment, those responders
who will have a long term benefit and non-responders who might benefit from changing
therapy. As more therapeutic agents and targeted therapies become available for lung
cancer, it will become increasingly important to optimize radiological methods to identify
the non responders at the earliest opportunity, to optimize their personalized cancer care.

We found that using extrapolated volumetric cut-off criteria based on a hypothesized
ellipsoid shape was a better prognostic indicator of overall survival than using criteria based
on a spherical volume, similar to the findings of Schiavon et al. who also investigated this
technique[18]. This makes clinical sense, as few tumors are perfectly spherical in shape and
an irregular volume such as an ellipsoid is likely to be closer to the true shape of the lesion.
This technique also most closely approximates RECIST in implementation with PR
measured as decrease of 30% in volume and PD as 20% increase. We suggest that the
volumetric measurements more accurately represent the tumor burden and have an
advantage over conventional RECIST tumor measurements in detecting partial response,
which was seen as early as 34 days in our patient group. Our findings are supported by a
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previous study evaluating the same lung segmentation algorithm used in this paper, which
determined that the volumetric segmentation identified a larger number of patients with
absolute volume changes, compared to axial uni-dimensional or bi-dimensional
measurements [7]. Our results also correlate with the findings of a study by Force et al [12]
who showed that volumetric analysis detected changes earlier than RECIST. They found
that PR was detected earlier and more often with volumetric analysis than with RECIST in a
cohort of patients with thymic and lung cancers. Several previous studies have investigated
the correlation between RECIST response and survival in NSCLC [21, 22], however these
studies did not specifically evaluate the ability of early response to predict survival as we
did; which we believe has the potential to be of clinical benefit to patients. We did not use
our results to propose new volumetric cut-offs. Given the lack of consensus in the published
literature for volumetric response criteria, our aim in this study was to attempt to validate
already proposed methods rather than propose additional new criteria.

The reproducibility of volumetric measurements in lung tumors has been widely published
previously [10, 23]. Specifically, the reproducibility of volume measurements using the
same lung segmentation algorithm we used has previously shown to be very high; volume
differences outside the range of —=12.1 to 13.4 % could be considered a true change in tumor
volume [24]. This cutoff range is much narrower than the cut off values used in either of the
two volumetric response assessment methods we evaluated in this study (volumetric
spherical —65%, +73% and volumetric ellipsoid —30%, +20%). The hepatic segmentation
algorithm we used has also previously been shown to have high accuracy and reproducibility
[15].

Several previous reports have evaluated the association between tumor volume and survival
in patients with NSCLC, however most of those previous studies were in patients who
received radiotherapy as well as chemotherapy [25-27], unlike our study. Disease burden, as
measured by primary tumor and metastatic nodal volume, has been found to be associated
with overall survival in patients with Stage 111 NSCLC [25] and in 270 patients with
inoperable Stages I-111B NSCLC [26]. A small study of 13 patients with resectable locally
advanced NSCLC found that both pre- and post-treatment gross tumor volume predicted
PFS [27], using automatic deformable image registration software for volumetric
measurements. Nishino et al evaluated a group of 56 NSCLC patients with EGFR mutations
treated with first-line tyrosine kinase inhibitors [28] and similar to our results found that an
early decrease in tumor volume was associated with overall survival.

The clinical trial on which this study was based used RECIST 1.0 guidelines rather than
RECIST 1.1, as the study opened for accrual in 2008 prior to the publication of the updated
RECIST guidelines [2]. While this is a potential limitation of our study, several studies
comparing RECIST 1.0 to RECIST 1.1 in NSCLC patients have shown very strong or near
perfect agreement in response assessment between the two systems [29, 30], although some
difference in time to progression were identified. The major factors influencing response
assessment in these studies were the inclusion of new lesions identified on PET CT and
differences in criteria for lymph node assessment in RECIST 1.1 [31]. A study by Nishino et
el in 2010 [30] comparing RECIST 1.0 and RECIST 1.1 suggested that RECIST 1.1 was
more reproducible than RECIST 1.0, however both were concordant in terms of response
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assessment. The improved reproducibility of RECIST 1.1 over RECIST 1.0 in that study
was felt to be due to the lower number of target lesions in RECIST 1.1 compared to 1.0. As
the median number of target lesions in our patients was 3 (less than the 5 target lesion
maximum in RECIST 1.1), we feel that the reproducibility of RECIST reads in our study
was unlikely to be significantly affected by using the older system. However, we accept that
some studies suggest an advantage for RECIST 1.1, including a study by Sun et al [32]
which suggested that RECIST 1.1 may reflect tumor burden more accurately than RECIST
1.0 in patients with NSCLC being treated with tyrosine kinase inhibitors.

The patients in this study were treated with bevacizumab, a monoclonal antibody directed
against vascular endothelial growth factor (VEGF). Bevacizumab is now routinely used in
patients with advanced non-squamous NSCLC. Several studies have shown that lung
cancers treated with this drug often develop cavitation [33-35] which could potentially
impact response assessment, although Marom et al [34] suggested that this tumoral
cavitation was of minimal clinical significance, with no significant difference in overall or
progression-free survival between cavitating and non-cavitating groups. We feel that any
potential effect cavitation could have on response assessment would apply equally to
RECIST measurements and volumetric measurements and thus would not affect the overall
comparisons between the two, as both of the measurement methods currently evaluate the
outer border of the tumor. The authors of one of these studies [33] proposed an alternative
method of response assessment which excluded the cavitary component; however it is
unknown whether this would aid in predicting outcome.

We advise caution in the application of our results to patients treated with newer targeted
therapies for NSCLC. These drugs, for example erlotinib in EGFR-mutated NSCLC, can
cause distinct immune-related patterns of response that differ from those of conventional
chemotherapy, including initial pseudo-progression and delayed clinical responses. Both the
RECIST and volumetric response assessment criteria used in this paper could misclassify
some patients on immunotherapeutic agents as progressive disease. In an attempt to address
this issue a new response criteria was proposed by Wolchok et al in 2009, the Immune-
Related Response Criteria [36], however this has not yet been established as standard of
care.

Measurement variability has been shown to be a potential issue in volumetry [37, 38].
Segmentation errors in particular have the potential to cause large inaccuracies in lesion
volume measurement and have been shown to account for a large degree of inter-scan
variability of nodule volumetry[37]. As the segmentation of each lesion in our study was
visually inspected and verified by a radiologist, we feel the potential for segmentation errors
was minimized. The lack of an independent gold standard for lesion volume measurements
was a limitation of this study, as none of these target lesions were resected and correlated
with pathological tumor size. Given that patients with stage IV NSCLC are not generally
considered for surgical resection, this potential limitation will apply to any study performed
on this patient group.

We used the same target lesions for both the RECIST and the volumetric response
assessment, as the use of different target lesions has been found to be a major source of
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variability in RECIST 1.1 response assessment [39]. A recent study published by Oubel et al
also found that consensual target lesion selection reduced inter-observer variability in
volumetric response assessments [40].

One of the benefits of using RECIST guidelines in assessing tumor response is its ease of
use, without the need for additional software to measure tumor size. Volumetric software is
not yet widely available, can be costly and has not been adopted into daily clinical practice
in most radiology departments. There is also a lack of standardization and external
validation across many of the volumetric software systems being used in current research.
Additional software costs to departments may hamper widespread adoption of volumetric
measurements. The software used in our study was developed in house and is not
commercially available, therefore the cost per study was difficult to quantify, however a
technologist was needed to implement the segmentation algorithm on each target lesion, so
added labor costs are a consideration. The segmentation in our study was semi-automated
and required the radiologist to assess and adjust the segmentation on each target lesion,
which was more time consuming than a RECIST response assessment read would have
been. For these reasons, although we feel the volumetric technique has promise as a
potential future tool in response assessment, we accept that further advances and validation
of volumetric software will be needed before this can be applied to clinical practice.

Imaging modalities other than CT have also been studied extensively in response assessment
in recent years. While these modalities offer future potential, response criteria cutoffs and
standardization of techniques remain an issue for both PET CT and MRI. The role of PET
CT in measuring response has been widely studied in lung cancer. While there is good
evidence that decreased 18F-FDG uptake in lung tumors is associated with increased
survival, as summarized by Hicks in 2009 [41], consensus is lacking among researchers
regarding standardization of measures of response. Lack of reproducibility in PET CT
methodology remains a real concern [41, 42]. Similarly, MRI response assessment,
particularly with dynamic contrast-enhanced MRI and diffusion-weighted imaging, has
shown promising results in correlating tumor response and survival [43-48], but is also
hampered by issues of standardization across image acquisition, post-processing and
analysis and also by the range of measurement variability. While standardization of different
volumetric software will be an issue, reproducibility of individual volumetric measurement
algorithms has been shown to be high and we feel that overall the obstacles facing
volumetric response assessment are less than those weighted against molecular imaging or
MRI.

Overall, the main limitation of our study was the small sample size, which may have
reduced our ability to detect significant differences in outcomes, particularly in the
multivariate analysis. However, we believe that the differences in survival curves between
the volumetric ellipsoid criteria and RECIST, particularly at the first follow-up, indicate a
definite advantage for volumetric measurement rather than linear measurements. Larger
studies will be needed to validate these findings in the future and to assess for more subtle
difference between the techniques that our study may have lacked the power to reveal.
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In conclusion, our findings show that volumetric ellipsoid measurement criteria may detect
partial responders and non responders to treatment at an earlier stage than RECIST and have
the potential to improve clinical care in cancer patients in the future. Volumetric
measurements tools are continuing to advance and are becoming more widely available in
clinical radiology settings. Further validation of the advantages of volumetric measurements
over linear measurements to assess radiological response to treatment will be necessary
before this can be adopted as a gold standard in clinical trials.
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1d-f

Fig. 1.

669year old male with metastatic lung cancer. CT images demonstrate the volumetric
segmentation and axial diameters recorded for a left upper lobe tumor at baseline (1a), first
follow-up (1b) and second follow-up (1c) and a metastatic lymph node at baseline (1d), first
follow-up (1e) and second follow-up (1f).
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Fig. 2b
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Figure 3b: 05 landmark analysis at 34 days by volumetric
ellipsoid (SD=stable disease, PD=progression of disease,
PR = partial response)
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Comparison of overall survival evaluated at first follow-up (34 days) using a) RECIST and

b) volumetric ellipsoid criteria
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Comparison of overall survival evaluated at second follow-up (3 months) using a) RECIST

and b) volumetric ellipsoid criteria
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Table 1

CT Scanning Parameters

Parameter

Value

Detector row configuration

16 x 1.25

Pitch/Table Speed

1.375/27.50 mm

Collimation

2.5x%25mm

Reconstruction algorithm

1.25 mm slice thickness, lung and soft tissue windows
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Table 2

Comparison of treatment response assessment criteria

Criteria

Partial Response (PR)

Progressive Disease (PD)

Stable Disease (SD)

RECIST (2D)

Decrease by 30%

Increase by 20%

Neither PR nor PD criteria met

Volumetric spherical (3D)

Decrease by 65%

Increase by 73%

Neither PR nor PD criteria met

Volumetric ellipsoid (3D)

Decrease by 30%

Increase by 20%

Neither PR nor PD criteria met
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Table 3

Baseline Patient characteristics

Patient Characteristics (N = 42)

Median Age, years (range) 60 (31-77)
Sex

Male 22 (52%)
Female 20 (48%)
Performance Status

70 5 (12%)
80 18 (43%)
290 19 (45%)
Race/Ethnicity

White 39 (93%)
Asian 2 (5%)
Other 1(2%)
Smoker

Current 7 (17%)
Former 28 (67%)
Mutation Status

KRAS mutations 16 (36%)
ALK rearranged 3 (7%)
BRAF mutation 2 (5%)
EGFR exon 20 Insertion 1(2%)
HER2/PIK3CA 1 (2%)
None 15 (34%)
Not tested 6 (14%)
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Table 4

Target lesion distribution

Target Lesion Distribution

Lung 57 (45%)
Lymph node 48 (38%)
Adrenal 11 (9%)
Liver 8 (6%)
Soft tissue 2 (2%)
Peritoneum 1 (1%)
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Table 5

Landmark overall survival (OS) analysis at first and second follow-ups

First follow-up (N = 42) Second follow-up (N = 38)
RECIST 1-year OS (95%ClI) p value 1-year OS (95%ClI) p value
Partial responder 64.3% (34.3%, 83.3%) 0.841 65.0% (40.3%, 81.5%) 0.457
Non-responder 64.3% (43.8%, 78.9%) 66.7% (40.4%, 83.4%)
Volumetric ellipsoid
Partial responder 71.0% (51.6%, 83.7%) 0.008 68.8% (49.7%, 81.8%) 0.094
Non-responder 45.5% (16.7%, 70.7%) 50.0% (11.1%, 80.4%)
Volumetric spherical
Partial responder 67.9% (47.3%, 81.8%) 0.269 63.2% (37.9%, 80.4%) 0.442
Non-responder 57.1% (28.4%, 78.0%) 68.4% (42.8%, 84.4%)

Hazard Ratio (95%CI) pvalue Hazard Ratio (95%CI) p value
Continuous RECIST 1.27 (0.12, 13.66) 0.843 1.52 (0.17, 13.56) 0.707
Continuous Volumetric 2.18 (0.57,8.33) 0.256 2.66 (0.69, 10.30) 0.156

Volumetric ellipsoid = volumetric measurement groups based on ellipsoid volumetric criteria.
Volumetric spherical = volumetric measurement groups based on spherical volumetric criteria.
Non-responder = Stable disease or progression of disease

P value = measured between partial responders and non-responders in each response criteria category

Continuous Volumetric = volumetric measurement percent change in continuous value.
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Landmark progression-free survival (PFS) analysis at first and second follow-ups

Table 7

RECIST

First follow-up (N = 42)

Second follow-up (N = 38)

Partial responder

Non-responder

1-year PFS (95%Cl)
42.9% (17.7%, 66.0%)
35.7% (18.9%, 53.0%)

p value

0.651

1-year PFS (95%Cl)
40.0% (19.3%, 60.0%)
35.3% (14.4%, 57.0%)

p value

0.609

Volumetric ellipsoid
Partial responder

Non-responder

41.9% (24.7%, 58.3%)
27.3% (6.5%, 53.9%)

0.058

38.7% (22.0%, 55.1%)
33.3% (4.6%, 67.6%)

0.159

Volumetric spherical
Partial responder

Non-responder

39.3% (21.7%, 56.5%)
35.7% (13.0%, 59.4%)

0.544

38.9% (17.5%, 60.0%)
36.8% (16.5%, 57.5%)

0.893

Continuous RECIST

Continuous Volumetric

Hazard Ratio (95%Cl)
1.29 (0.15, 10.90)
1.99 (0.58, 6.84)

p value
0.817
0.278

Hazard Ratio (95%Cl)
1.15 (0.15, 8.86)
2.44 (0.56, 10.67)

p value
0.897
0.232

Volumetric ellipsoid = volumetric measurement groups based on ellipsoid volumetric criteria.
Volumetric spherical = volumetric measurement groups based on spherical volumetric criteria.

Non-responder = Stable disease or progression of disease

P value = measured between partial responders and non-responders in each response criteria category

Continuous Volumetric = volumetric measurement percent change in continuous value.
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