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Volumetric measurements are preferred in the 
evaluation of mutant IDH inhibition in non-enhancing 
diffuse gliomas: Evidence from a phase I trial of 
ivosidenib
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Abstract
Background. Since IDH-mutant (mIDH) low-grade gliomas (LGGs) progress slowly and have a relatively long sur-
vival, there is a significant need for earlier measurements of clinical benefit. Guidance using the LGG RANO criteria 
recommends serial bidirectional (2D) measurements on a single slice; however, questions remain as to whether 
volumetric (3D) measurements are better, since they would allow for more accurate measurements in irregular 
shaped lesions and allow readers to better assess areas of subtle change.
Methods. Twenty-one (out of 24) non-enhancing, recurrent mIDH1 LGGs were enrolled in a phase I, multicenter, 
open-label study of oral ivosidenib (NCT02073994), and with imaging pre- and post-treatment as part of this ex-
ploratory ad hoc analysis. 2D and 3D measurements on T2-weighted FLAIR images were centrally evaluated at an 
imaging contract research organization using a paired read and forced adjudication paradigm. The effects of 2D vs 
3D measurements on progression-free survival (PFS), growth rate measurement variability, and reader concord-
ance and adjudication rates were quantified.
Results. 3D volumetric measurements showed significantly longer estimated PFS (P  =  .0181), more stable 
(P = .0063) and considerably slower measures of tumor growth rate (P = .0037), the highest inter-reader agreement 
(weighted kappa = 0.7057), and significantly lower reader discordance rates (P = .0002) with 2D LGG RANO.
Conclusion. 3D volumetric measurements are better for determining response assessment in LGGs due to more 
stable measures of tumor growth rates (ie, less “yo-yo-ing” of measurements over time), highest inter-reader 
agreement, and lowest reader discordance rates. Continued evaluation in future studies is warranted to determine 
whether these measurements reflect clinical benefit.
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Key Points

• 3D is better than 2D lesion measurements in non-enhancing IDH-mutant LGGs due 
to higher inter-reader agreement and lower reader discordance rates.

• 3D measurements lead to a longer PFS and lower growth rate variability compared 
with 2D measures.

There is no standard of care for adult or pediatric low-grade 
isocitrate dehydrogenase (IDH)-1 or 2 mutant gliomas,1 
the most common type of low-grade gliomas (LGGs),2–4 
and management of LGGs remains one of the most con-
troversial areas in clinical neuro-oncology.5 Patients with 
IDH-mutant 1p19q codeleted LGGs tend to be young6 and 
can have a relatively long survival (5-13  years from di-
agnosis6–9). Aggressive chemoradiation can result in sig-
nificant treatment-related morbidity (~98% of patients in 
RTOG-9802),9 leading some oncologists to adopt a “watch 
and wait” strategy10,11 prior to chemoradiation.10,12 Thus, 
novel treatment strategies that are effective, have low tox-
icity, and prolong the time before using chemoradiation, 
such as direct targeting of the IDH mutation are highly 
desired.

Since IDH-mutant LGGs grow very slowly and pa-
tients may have a relatively long survival, testing of 
new (often non-beneficial) therapies in large clinical 
trials based solely on survival outcomes can take more 
than 20  years (eg, RTOG-9802).7 Hence, there is a sig-
nificant need for noninvasive imaging biomarkers that 
can quickly and reliably determine antitumor activity in 
patients with low-grade IDH-mutant tumors. To address 
this, guidance on radiographic evaluation of LGGs (ie, 
non-enhancing IDH-mutant gliomas) was provided by 
the response assessment in neuro-oncology (RANO) 
working group in 2011.13 In this guidance, bidirectional 

measurement of T2 hyperintense lesion size on a single 
slice was recommended for serial monitoring and re-
sponse assessment, despite more than 30  years of 
documented limitations of planar measurements in 
gliomas.14–18 While the use of bidirectional measure-
ments of T2 hyperintense diffuse gliomas is the recom-
mended approach for evaluation of IDH-mutant glioma 
response assessment in part due to their purported re-
producibility and perceived difficulty in performing 3D 
measurements, significant questions remain in terms of 
whether alternative approaches, including volumetric 
measurements, are potentially more reliable for deter-
mining radiographic response in LGGs.

Ivosidenib (AG-120) represents a first-in-class  IDH in-
hibitor19 that has been tested in 2 phase 1 studies in 
adult patients with IDH1 mutant gliomas.20,21 In the cur-
rent study, we utilize imaging data from independent ra-
diological facility measurements, along with clinical data 
collected as part of one of a phase I  trial of ivosidenib, 
to determine the best approach for radiographic evalua-
tion of IDH-mutant (or low-grade) gliomas. By looking at 
discordance between and variation within volumetric and 
bidirectional measurements, as well as stability of meas-
urements used to estimate growth rates, we demonstrate 
that volumetric measurements are better than bidirec-
tional measurements for the radiographic assessment of 
IDH-mutant gliomas.

Importance of the Study

Therapeutic advances in the treatment of IDH-mutant 
low-grade glioma (LGG) are needed due to the non-
curative effect of radiation and chemotherapy for 
IDH-mutant astrocytoma or as a substitution for radi-
ation and chemotherapy in IDH-mutant oligodendro-
glioma where long-term survival is more common and 
accompanied by progressive cognitive decline. Since 
IDH-mutant LGGs grow slowly and patients may have 
a relatively long survival, testing of therapies typically 
requires large, randomized trials using survival as the 
primary endpoint and can take longer than a decade 
to report. Thus, there is a significant need for the use 
of imaging measurements and serial surveillance to 
provide early evidence of therapeutic benefit of new 
agents in clinical trials. In the current study, we utilize 
imaging and clinical data from independent radiolog-
ical facility measurements from a prospective phase 

I  trial of ivosidenib (AG-120) to determine the best ap-
proach for evaluation of IDH-mutant LGG response to 
therapy. By looking at discordance between, and varia-
tion within, volumetric (3D) and bidirectional (2D) meas-
urements, we show that volumetric measurements are 
better than 2D bidirectional measurements using the 
traditional blinded locked sequential read paradigm, 
resulting in highest inter-reader agreement and lowest 
reader discordance rates. Additionally, data suggests 
3D measurements result in significantly longer esti-
mate of progression-free survival (PFS) and more stable 
measures of tumor growth rates compared with 2D 
measurements, presumably due to less “yo-yo-ing” of 
measurements over time causing fewer early and er-
roneous calls of progression as well as more accurate 
estimates of growth rate.
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Methods

Patients

Men and women aged ≥18 years of age, with an Eastern 
Cooperative Oncology Group performance status of 0 to 
1, and expected survival of ≥3 months, were eligible. All 
patients had an established diagnosis of mIDH1 glioma 
that had recurred after—or not responded to—initial sur-
gery, radiation, or chemotherapy. IDH1 mutation status 
was based on local laboratory testing with retrospective 
central confirmation. Because this study was initiated be-
fore the most recent revision of the WHO Classification of 
Tumors of the Central Nervous System,22 tumor subtypes 
were classified using the 2007 classification.23

Transformation of LGGs to a higher tumor grade is fre-
quently associated with the appearance of tumor contrast 
enhancement on T1-weighted brain MRI. For the dose-
expansion phase, patients were therefore separated into 2 
cohorts based on the presence or absence of tumor con-
trast enhancement at time of enrollment according to the 
investigator. For the current study, a total of 21 patients 
(out of 24 originally reported as part of the expansion co-
hort20,21) without contrast-enhancing tumor at the time of 
enrollment and both pre- and post-treatment MRI scans 

available for radiographic assessment were evaluated at 
a total of 162 follow-up time points after treatment. All in-
stitutions involved in the trial received appropriate institu-
tional review board and/or ethics committee approval. All 
patients provided informed written consent to participate 
in this clinical trial at the respective institutions. Table 1 de-
scribes patient demographic details for the study.

Study Design

The current study used prospective data from the dose-
expansion cohort of a phase I, multicenter, open-label 
study (ClinicalTrials.gov NCT02073994). The primary ob-
jectives of the clinical study were to assess the safety and 
tolerability of oral ivosidenib as a single agent and deter-
mine the maximum tolerated dose or recommended phase 
2 dose of ivosidenib in patients with solid tumors. Patients 
underwent baseline screening evaluations within 28 days 
prior to study day 1.  Treatment with oral ivosidenib was 
continuous; one cycle was defined as 28 days. Images used 
for analyses included 2D or 3D T2-weighted images and/or 
2D or 3D fluid-attenuated inversion recovery (FLAIR) im-
ages collected in compliance with the international stand-
ardized brain tumor imaging protocol.24 (Supplementary 
Table 1) When possible, respective patients were scanned 

  
Table 1 Patient Demographics

Subject 
ID

Age Sex ECOG @ 
Baseline

IDH  
Genotype

1p19q Status Mutated  
ATRX

WHO Grade 
@ Screening

Prior Radi-
otherapy

Prior Systemic 
Therapy

1 46 M 0 Unknown Not co-del Unknown 2 Y Y

2 39 M 0 R132H Co-del Unknown 2 Y Y

3 55 M 0 R132H Not co-del Y 3 Y Y

4 38 M 1 R132H Co-del Y 3 Y Y

5 47 M 0 R132H Co-del Unknown 2 N N

6 54 M 1 R132H Unknown Unknown 2 Y Y

7 55 F 1 Unknown Unknown Unknown 2 Y Y

8 58 F 0 R132H Co-del Unknown 2 N Y

9 34 M 1 R132H Not co-del Unknown 2 N N

10 41 F 1 R132H Not co-del Unknown 2 N N

11 71 M 0 R132H Co-del Unknown 2 N N

12 35 F 1 R132H Not co-del Y 2 N N

13 24 M 1 R132H Not co-del Y 2 N N

14 36 M 0 R132H Unknown Y 2 Y N

15 64 M 0 Unknown Not co-del Unknown 2 N N

16 34 F 1 R132H Not co-del Y 2 Y Y

17 21 M 1 R132H Not co-del Unknown 2 Y N

18 44 M 0 R132H Not co-del Unknown Unknown (3 
at diagnosis)

N Y

19 38 M 0 R132H Not co-del Y 2 Y Y

20 25 M 0 R132C Unknown Y 3 Y Y

21 30 F 1 R132H Not co-del Y Unknown (2 
at diagnosis)

Y Y

M = male; F = female; Y = yes; N = no.

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab256#supplementary-data
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on the same MRI system at the respective institutions 
throughout the entire trial. Tumor volumes were first seg-
mented using a semi-automated approach on FLAIR 
images, then manually edited and signed off by the respec-
tive neuroradiologist, through an independent imaging 
contract research organization (MedQIA, Los Angeles, CA, 
USA) according to FDA guidelines. A total of 3 board-cer-
tified neuroradiologists with at least 10  years of experi-
ence performed the 2D and 3D imaging assessment in the 
current trial. Bidirectional measurements were extracted 
from volumetric measurements, and these measurements 
were explicitly reviewed and approved by the respective 
neuroradiologist. A  standard, blinded locked sequential 
paired read with forced adjudication radiographic read 
paradigm25 was used for the current study. In this para-
digm, 2 readers were blinded to the number of follow-up 
studies and made measurements at each time point. This 
was followed by adjudication by a third reader for outcome 
discordance and final measurements. Response assess-
ment was evaluated using MRI every 2 cycles (56 ± 3 days) 
according to the response assessment in neuro-oncology 
for LGGs (LGG RANO) guidelines13 for bidirectional meas-
urements (2D) and volumetric adaptations using spherical 
equivalent approximations (3D), as outlined by Chappell 
et al.26 Table 2 compares 2D and 3D LGG RANO response 
categories.

Hypothesis Testing

The weighted kappa (κw) statistic27 was used to evaluate 
inter-observer reliability in terms of response categoriza-
tion for 2D compared with 3D measurements. We hypothe-
sized that 3D measurements would have a higher kappa 
compared with 2D measurements. In addition, to test dis-
cordance, a logistic linear mixed-effects model was used 
with the binary variable as an outcome variable and fixed 
and random intercept as covariates, to integrate the in-
herent correlation among repeated measures per subject 
for reader. The discordance between LGG RANO catego-
rization of “best response” for each patient and all meas-
urement time points were evaluated between 2D and 3D 
of the adjudicated measurements. The McNemar test and 
bootstrapped McNemar test with 10  000 replicates were 

used to test discordance for each patient and all measure-
ment time points, respectively. Next, we tested whether 
2D measurements resulted in a significantly shorter 
progression-free survival (PFS) compared with 3D meas-
urements using log-rank analysis applied to Kaplan-Meir 
data along with a 1-sided paired t-test to test, since patients 
were paired between the different measurements. Lastly, 
we quantified the growth rates and variability in measure-
ments between 2D and 3D measurements, examining the 
percentage change with respect to baseline at each time 
point along with the residuals after application of a linear 
mixed-effects model.28 For this model, 3D changes were 
normalized by a factor of x2/3 for direct comparison with 2D 
changes (as outlined in29).

Results

Inter-Observer Agreement for Response at Each 
Time Point

Bidirectional measurements (2D) were more impacted by 
subtle differences in measurements compared with volu-
metric (3D) measurements, which affected the overall re-
sponse determination. Figure 1 shows an example of a 
patient measured by both 2D bidimensional and 3D vol-
umetric measurements, where 2D measurements were 
indicative of a minor response (>33% reduction), but vol-
umetric measurements of the entire lesion size showed 
a modest 4% reduction in volume. Consistent with these 
observations, 3D measurement trended toward higher 
inter-reader agreement compared with 2D measurements  
(κw =0.7057 vs κw = 0.5665; P = .0672), but this difference 
was not statistically significant.

Discordance in 2D vs 3D Response

After adjudication, differences remained between both the 
best response for each patient and the response at each 
follow-up time point due to the measurement technique 
used (2D vs 3D) (Figure 2). Stable disease (SD) was the best 
response in 64% of patients (16 of 21) and progressive dis-
ease (PD) was the best response for 14% of patients (3 of 
21)  for both 2D and 3D measurements (Figure 2A and B; 
McNemar test, P = .1573). 2D and 3D measurements were 
discordant in 2 patients, with 2D measurements showing 
PD as the best response while 3D measurements sug-
gesting the best response was SD (Figure 2C).

When examining the response at each follow-up time 
point for each patient, a similar trend emerged (Figure 2D). 
A total of 56.8% of follow-up time points demonstrated SD 
(92 of 162)  using 2D measurements, whereas 3D meas-
urements suggested SD on 69% (112 of 162) of follow-up 
time points. Approximately 11% of time points (18 of 
162) showed PD on both 2D and 3D measurements, while 
18.5% of exams showed discordance between 2D and 3D 
measurements (30 of 162 exams). Specifically, 2D meas-
urements called PD and 3D measurements called SD 15.4% 
of the time (25 of 162 exams), while 3D measurements 
only called PD when 2D measurements suggested SD in 
3.1% of exams (5 of 162). The difference between 2D and 

  
Table 2 Bidimensional (2D) and Volumetric (3D) Definitions of 
Radiographic Response and Progression

State of  
Disease

Change in 
Bidimensional Product 
(2D LGG RANO)

Estimated Volumetric  
Change (3D Spherical  
Equivalent)26

Complete  
response (CR)

100% Decrease 100% Decrease

Partial  
response (PR)

≥50% Decrease ≥65% Decrease

Minor  
response (MR)

Included as stable disease (SD) for the current 
study

Stable  
disease (SD)

<50% Decrease to 
<25% Increase

<65% Decrease to  
<40% Increase

Progressive  
disease (PD)

≥25% Increase ≥40% Increase
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3D response at each time point was significantly different 
(Bootstrapped McNemar test, P = .0002).

Comparison of Growth Rates and Measurement 
Variation

In order to compare the sensitivity of tumor growth rate 
measurements to the particular measurement technique 
used, the percentage change every 2 cycles (cycle = 28 days, 
response assessment performed every 2 cycles or 56 days) 
was quantified at each time point for 2D and 3D measure-
ments after adjudication, using a logistic linear mixed-effects 
model28 described previously. Examination of changes in 
tumor size using 2D measurements clearly showed more 
variability in measurements (Figure 3A), or “yo-yo-ing,” 
compared with 3D measurements (Figure 3B). Significant 
differences in growth rates were observed between 2D and 
3D reads, with 2D and 3D measurements showing a mean 
percentage change in tumor size every 58 days (2 cycles) 
with respect to nadir of 53.13% and 6.56%, respectively 
(P = .0037). When comparing 2D and 3D measurements and 
growth rate estimates after adjudication, 2D measurements 
had significantly higher measurement variability compared 
to 3D measurements (Figure 3C; P = .0063) as measured by 
the residual values after the linear mixed-effects model fit.

Discordance in PFS Between 2D and 3D 
Measurements

We theorized 2D measurements would result in a shorter 
PFS compared with 3D measurements, based at least in 

part on the observation that 2D measurements have higher 
measurement variation and therefore may result in earlier 
calls of PD. Consistent with this hypothesis, results from 
the current study suggest 2D measurements had a sig-
nificantly shorter PFS compared with 3D measurements 
(Figure 3D; median PFS = 6.4 vs 12.9 months, hazard ratio 
[HR]  =  2.322; log-rank, P  =  .0181). Since each of the PFS 
measurements were paired between the 2D and 3D meas-
urements, we also used a paired t-test to look for differ-
ences in PFS. Results confirmed that 2D measurements 
resulted in a significantly shorter PFS compared to 3D 
measurements (paired t-test, P = .0035).

Discussion

Results from the current exploratory ad hoc analysis of 
data from a prospective phase 1 study (NCT02073994) 
with ivosidenib suggest 3D volumetric measurements are 
preferred as the best approach for radiographic response 
assessment in LGGs. This is based on the data suggesting 
3D measurements had the highest inter-reader agreement, 
were significantly more stable and slower tumor growth 
rate, demonstrated a statistically significant discordance 
in best response and time-point responses, and exhib-
ited significantly different estimates of PFS compared with 
RANO recommended 2D approaches.

These results have implications in recommendations 
used for prospective LGG trials, but require further study 
to validate our findings. High-quality data collected from 
prospective phase 3 randomized and controlled studies 
are needed to establish the necessary modifications to the 

  

2D Product diameter = 43.89 cm2

3D Volume = 90.95 mL
2D Product diameter = 29.31 cm2

3D Volume = 87.37 mL

Cycle 17Cycle 15
(60 days later)

2D Product diameter = 33% decrease
3D Volume = 4% decrease

15 / 32

A B

Fig. 1 Example of a IDH-mutant LGG patient measured by both 2D bidimensional (green and blue lines) and 3D volumetric measurements (red 
outline) at 2 different time points, a baseline time point (A) and the subsequent time point (B) 60 days (eg, cycle 3 day 1, first response assessment 
per protocol) later. While 2D measurements show a 33% reduction in bidimensional product, volumetric measurements only showed a 4% reduc-
tion in total volume. Abbreviation: LGG, low-grade gliomas.
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existing LGG RANO criteria to enable the use of 3D meas-
urements as a more reliable alternative to the conventional 
2D measurements. While the combination of bidirec-
tional measurements of T2 hyperintense diffuse gliomas 
is the currently recommended approach for evaluation 
of IDH-mutant glioma response assessment according to 
LGG RANO,13 practical implementations in clinical trials 
have not been addressed. Volumetric measurements are 
better at capturing the gestalt tumor behavior compared 
with choosing a single set of axial planar measurements, 
whether the same slice over time or the slice with the 
largest cross-sectional tumor size. Results from the cur-
rent study confirm that the 2D measurements may result 
in higher discordance in evaluation of response for dif-
fuse gliomas with irregular margins and infiltrative tumor 
growth. Also, the slow-growing (and potentially slow re-
sponding) IDH-mutant diffuse gliomas require a more ho-
listic approach when evaluating long-term tumor growth 
behavior. Thus, measurement techniques that are suscep-
tible to significantly variable measurements (ie, 2D meas-
urements) may further decrease confidence in the ability 
for radiographic response to reflect clinical benefit.

Study Limitations

It is important to point out a few limitations of the cur-
rent study that may impact the interpretation and recom-
mendations. First, the current study involves a relatively 
small patient cohort (N = 21), so some of the trends may 
not be generalizable for larger trials or to patients with 
more advanced disease or tumor grade. Another poten-
tial limitation to the current study is the restricted number 
of radiologists and paradigms tested in the current study. 
Although there are many possible radiographic read para-
digms,25 testing all these possible approaches was not pos-
sible. Instead, we chose a pragmatic strategy that included 
a traditional approach (ie, 2D bidimensional and 3D volu-
metric measurements and the blinded locked sequential 
read paradigm) and did not describe results from recom-
mended hybrid approaches25 that allow for radiologists to 
make changes to their measurements after retrospective 
review of all time points to get a sense of overall tumor 
growth behavior. Future studies are needed to determine 
whether hybrid approaches provide additional value be-
yond these more traditional read paradigms. While the 
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current study used the same software and the same radi-
ologists to review each time point, consideration should 
be given into the potential heterogeneity or differences in 
segmentation software/algorithms used, tissue contrast 
differences from slightly altered acquisition parameters, 
and/or software operator experience in future studies to 
optimize the reproducibility of tumor measurements over 
time. Lastly, it remains unclear whether 2D or 3D measure-
ments and/or response determination have any differential 
impact on overall survival. Given the long survival in IDH-
mutant LGGs, it was not feasible to correlate measures of 
PFS or response with overall survival.

It is important to point out the potential implications of 
using 3D measurements for clinical trial response assess-
ment for LGGs, and how this might impact trial design and 
conduct. For example, a prospective trial might consider a 
central lab providing 3D measurements and consultation 
to local sites in “real-time” so they can make clinical de-
cisions. Since LGGs are relatively slow-growing and typi-
cally have follow-up MRI examinations every 3-6 months, 
real-time feedback to sites from the central imaging core 
lab is reasonable and is currently being done in some 
trials. If this is not feasible, local sites have many poten-
tial options available to them. A  sponsor may choose to 
provide a software package to the local site for patient 
management. Additionally, most neurosurgery depart-
ments routinely utilize presurgical planning software that 
can easily create 3D contours of tumors. Many radiology 

departments have “3D Labs” with expert technologists that 
routinely segment vascular structures for cardiovascular 
or neurovascular procedures and tumors for solid cancer 
cases, so resources may already exist to aid in tumor seg-
mentation. Yet another approach might be to allow local 
sites to use 2D measurements as a preliminary or surro-
gate measurement of the centrally determined 3D meas-
urements, since there is reasonable agreement between 
2D and 3D response categories for most time points.

Conclusion

Diffuse gliomas are infiltrative by nature and have highly 
irregular growth patterns, so measurements of tumor 
burden are inherently difficult to capture using a single 
image slice. Consistent with this concept, the current study 
suggests 3D volumetric measurements of non-enhancing 
tumors are more reliable for radiographic response assess-
ment in LGGs compared to 2D bidirectional measurements 
due to higher inter-reader agreement, lower discordance 
rates, and more stable and conservative measurements of 
tumor growth rates. Additionally, 3D volumetric measure-
ments demonstrated a longer PFS due to less “yo-yo-ing” 
of measurements over time causing fewer erroneous calls 
of progression. The differences between 2D and 3D evalu-
ations in terms of both best response and estimates of PFS 
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