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Abstract

Background. This secondary image analysis of a randomized trial of proton radiotherapy (PT) versus photon
intensity-modulated radiotherapy (IMRT) compares tumor progression based on clinical radiological assessment
versus Response Assessment in Neuro-Oncology (RANO).

Methods. Eligible patients were enrolled in the randomized trial and had MR imaging at baseline and follow-up
beyond 12 weeks from completion of radiotherapy. “Clinical progression” was based on a clinical radiology report
of progression and/or change in treatment for progression.

Results. Of 90 enrolled patients, 66 were evaluable. Median clinical progression-free survival (PFS) was 10.8
(range: 9.4-14.7) months; 10.8 months IMRT versus 11.2 months PT (P = .14). Median RANO-PFS was 8.2 (range:
6.9, 12): 8.9 months IMRT versus 6.6 months PT (P = .24). RANO-PFS was significantly shorter than clinical PFS
overall (P=.001) and for both the IMRT (P =.01) and PT (P = .04) groups. There were 31 (46.3%) discrepant cases
of which 17 had RANO progression more than a month prior to clinical progression, and 14 had progression by
RANO but not clinical criteria.

Conclusions. Based on this secondary analysis of a trial of PT versus IMRT for glioblastoma, while no difference
in PFS was noted relative to treatment technique, RANO criteria identified progression more often and earlier than
clinical assessment. This highlights the disconnect between measures of tumor response in clinical trials versus
clinical practice. With growing efforts to utilize real-world data and personalized treatment with timely adaptation,
there is a growing need to improve the consistency of determining tumor progression within clinical trials and
clinical practice.

Key Points
e RANO progression precedes clinical progression in GBM patients treated with RT.

e Quantitative tools to accurately determine progression are needed to guide GBM trials.
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Importance of the Study

Timely and confident determination of tumor
progression for high-grade gliomas is crit-
ical for enabling meaningful interpretation of
novel treatments and guiding personalized
care for patients. Findings from this study sug-
gest that the assessment of tumor progression
and treatment response using RANO criteria

A common problem in clinical trials for both therapeutics
and treatment strategies in high-grade glioma patients is the
selection of surrogate endpoints.' 2 The endpoint of overall
survival (OS) remains the gold standard for these subjects.
However, this requires a longer trial duration and may be
confounded by the use of salvage therapies.’* In order to
accelerate therapeutic discovery and reduce costs, alterna-
tive endpoints are selected such as neuroimaging ones. It
has been anticipated that a strategy that combines neuro-
imaging and neurocognitive/clinical function for assessing
progression-free survival (PFS) would better predict for OS.

As imaging modalities have advanced, imaging criteria
of response have also evolved. In 1990, the McDonald cri-
teria were developed and proposed as the standard for
assessment of tumor response and progression in pa-
tients with high-grade glioma. These criteria classified re-
sponse based on two-dimensional (2D) measurements on
contrast-enhanced CT or MRI scans, using the tumor’s lar-
gest cross-sectional area, ie, the product of the maximal
perpendicular diameters. This first standardized clinical re-
sponse measurement tool in neuro-oncology also incorpo-
rated steroid use and clinical symptoms.5

Particularly with the increased use of concurrent
chemoradiation, pseudo-progression, in which there is
an initial increase in the size of the contrast-enhancing
abnormality followed by regression, in the absence of
true tumor progression, has been reported and is now
commonly recognized.5® The use of anti-angiogenic sal-
vage therapy, such as bevacizumab, can induce a pseudo-
response, in which there is a rapid decrease in tumor
enhancement on CT/MRI without true reduction in tumor
burden attributed to the normalization of vascular perme-
ability.”® In response to these new imaging phenomena
associated with the evolution of therapy, the Response
Assessment in Neuro-Oncology (RANO) criteria were
established in 2010. Unlike McDonald criteria, RANO
accounts for differences in fluid-attenuated inversion
recovery (FLAIR)/T2 intensities in addition toT1 enhance-
ment changes. By incorporatingT2 FLAIR changes, timely
follow-up imaging for response assessment and equiv-
ocal progression, as well as clinical considerations into
its criteria, RANO improved the evaluation of pseudo-
phenomena of disease response and progression.'"

In view of the importance of neuroimaging endpoints in
clinical trials and the pivotal role they can play in clinically
meaningful evaluation of new drugs or treatment techniques
in high-grade glioma, this secondary analysis of a random-
ized controlled trial was completed to evaluate response

precedes the assessment done with clinical ra-
diological determinants. Further development
of standardized quantitative tools that improve
the consistency and accuracy of determining
disease progression is essential to guide ther-
apeutic trials and timely adjustments to clinical
treatments in patients with GBM.

assessment strategies and tumor progression by comparing
clinical radiological assessment and RANO criteria in glio-
blastoma (GBM) patients treated with proton radiotherapy
(PT) versus photon intensity-modulated radiotherapy (IMRT).

Materials and Methods

This manuscript is a secondary analysis of the data from
a randomized trial of PT versus IMRT.'? This trial was ap-
proved by The University of Texas MD Anderson Cancer
Center (MDACC) institutional review board. All patients
provided written informed consent before enrollment.
On the primary phase Il randomized trial (ClinicalTrials.
gov identifier: NCT01854554), eligible patients were ran-
domly assigned to 1 of 2 groups, PT versus IMRT, in a 1:1
ratio and stratified by age (< and >65 years), Radiation
Therapy Oncology Group (RTOG) recursive partitioning
analysis (RPA) of gliomas class (lll or IV vs V),"® and
Mini Mental Status Examination (MMSE) score (21-26
vs 27-30)." Randomization was performed utilizing
Clinical Oncology Research (CORe) system clinical trials
management system.

Adult patients (18 years of age or older) with newly diag-
nosed GBM or gliosarcoma (WHO Grade IV), Karnofsky
Performance Status score 70 or greater, RPA class lll, IV,
orV were eligible for this trial. Additional eligibility criteria
for the primary trial included MMSE score of 21 or greater,
ability to complete a MRI with contrast, aspartate amino
transferase <3 times normal limit, alanine amino trans-
ferase <3 times normal limit, alkaline phosphatase <3 times
normal limit, creatinine <1.7 mg/dL, blood urea nitrogen
<35 mg/dL, absolute neutrophil count >1800 cells/mm?,
hemoglobin >10 g/dL, and platelet count >100 000, and
able to adequately read, write, and speak to participate in
the cognitive and patient-reported outcome assessments,
allowing for mild to moderate deficits in these functions
due to tumor. Exclusion criteria included prior brain radi-
ation, pregnancy, prior resection of other brain tumors,
gliomatosis, or implantation of Carmustine (BCNU) wafers.

The primary phase Il trial protocol included MR imaging
at baseline then follow-up clinical visits and MR imaging
at 2-month intervals (£30 days) for a total of 24 months
after the completion of the assigned treatment. While the
primary manuscript reports the intent-to-treat PFS end-
point along with the other primary endpoints, this sec-
ondary analysis investigates whether there are differences
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in PFS when progression is determined using 2 different
methods for patients receiving 2 different treatment re-
gimens. The first method consisted of 2 blinded obser-
vers—1 experienced neuroradiologist and 1 radiation
oncologist trained for RANO assessment—applying RANO
criteria to determine disease progression. Agreement
between the 2 clinicians applying RANO criteria was as-
sessed using descriptive statistics. The second method of
assessment, termed “clinical progression,” was based on
a clinical radiology report of progressive disease in combi-
nation with changes in treatment due to suspected disease
progression.

RANO-based PFS (RANO-PFS) time was calculated
from the date of study registration to the date of progres-
sive disease based on RANO criteria, death (event), or
last follow-up (censored). For this endpoint, RANO-PFS
was determined using the data from the experienced
neuroradiologist. “Clinical” PFS time was calculated from
the date of study registration to date of clinical progression
or death (event) or last follow-up (censored). Concordance
and discordance between RANO and clinical determin-
ations of progression are reported. The 2 determinations of
progression were said to be discordant when progression
was determined more than 1 month apart or when pro-
gression was noted by 1 definition and not by the other

Median RANO-based and clinical PFS times were esti-
mated by Kaplan-Meier method and log-rank test was ap-
plied to compare their distributions between the proton
therapy and IMRT arms. Gray's test'® was also used to
compare the 1- and 2-year cumulative incidence rates
of progressive disease between the proton therapy and
IMRT arms, based on each of RANO and clinical criteria,
when death without progressive disease was considered
a competing risk. A univariate proportional hazard Cox
regression model was applied to compare PFS by RANO
or clinical criteria overall and in each treatment group,
taking intrapatient correlation into considerations. A land-
mark analysis was also employed to evaluate whether
6-month progressive disease (PD) status was predictive
of OS time.

Results

Of 90 enrolled patients, 66 were evaluable (Figure 1),
with median follow-up of 48.7 months (95% Cl, 39, 62.5)
months. Patient and treatment characteristics as well as
primary trial endpoints are described in the primary man-
uscript.’? One- and 2-year cumulative incidence rates of
progressive disease as per RANO criteria were 46% (95%
Cl, 26%-64%) and 77% (95% Cl, 54%-89%), respectively,
for patients treated with proton therapy, and 58% (95% Cl,
42%-72%) and 73% (95% Cl, 56%-85%), respectively, for
patients treated with IMRT (P=.84). One- and 2-year cumu-
lative incidence rates of progressive disease based on clin-
ical progression criteria were 54% (95% Cl, 33%-71%) and
85% (95% Cl, 62%-94%), respectively, for patients treated
with proton therapy, and 39% (95% Cl, 24%-54%) and 56%
(95% Cl, 39%-70%), respectively, for patients treated with
IMRT (P=.01).

In the overall evaluable patient cohort, the median
RANO-PFS was 8.2 (range: 6.9-12) months: 6.6 months for
patients treated with proton therapy versus 8.9 months for
patients treated with IMRT (P = .24). Median clinical PFS
was 10.8 (range: 9.4-14.7) months; 11.2 months for patients
treated with proton therapy versus 10.8 months for pa-
tients treated with IMRT(P=.14) (Figure 2). Notably, RANO-
PFS time was significantly shorter than clinical PFS time
overall (P = .001), and for both the IMRT and PT groups
(P=.01 and P = .04, respectively) (Figure 3). There were 31
(46.3%) discrepant cases: of those, 17 had progression de-
termined by RANO criteria more than a month prior to the
determination of progression by clinical criteria, and 14
cases were called progression by RANO criteria but not by
clinical criteria. For all the patients who had progression
determined by both criteria (regardless of time difference),
21 had progression determined at around the same time
(less than a month apart), and 24 had RANO progression
preceding clinical progression by a median of 1.69 (inter-
quartile range, 0.94-3.76) months.

While the neuroradiologist RANO determination of pro-
gression was used for RANO-PFS in comparison to clinical
PFS, it was noted that there was disagreement between the
2 observers applying RANO criteria on 4 cases. Upon fur-
ther review and discussion of these 4 cases, it appeared
that 2 had a new nodular enhancement that developed
3 months after they completed treatment, that one ob-
server considered as progression, and another observer
considered as treatment-related effect. The 2 other cases
had increase in tumor enhancement that, according to
one observer’s measurements did not meet RANO criteria
of progression but that, based on the second observer’s
measurements did meet RANO criteria of progression for
the other observer. Employing landmark analysis based
on our designated landmark time point of 6 months, pa-
tients with progressive disease at 6 months had signifi-
cantly shorter OS time than patients without progressive
disease at 6 months using both RANO and clinical criteria
(P<.0001 and P<.0001, respectively) (Figure 4).

Discussion

The optimal endpoints in clinical trials for GBM have been
a topic of debate and major challenge over the last few
decades.’® Although the endpoint of OS is considered
the most objective and straightforward endpoint, it does
come with important limitations including increased clin-
ical trial duration and confounders of subsequent salvage
treatment. In pursuit of precision medicine approaches to
treatment, reliable, timely, and quantitative response as-
sessment and detection of tumor progression is critical for
early treatment adaptation to gain maximal benefit in out-
comes for patients. Therefore, endpoints such as PFS and
objective response rates have been proposed as alterna-
tives, relying on neuroimaging findings.3*

As a result, a workshop in 2014 sponsored by the
Jumpstarting Brain Tumor Drug Development Coalition
was held on the use of endpoints in clinical trials for in-
tracranial high-grade gliomas.'® During a neuroimaging
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[ Enroliment ]

Randomized (n = 90)

Allocation
Allocated to proton therapy (n = 42) Allocated to IMRT (n = 48)
¢ Received proton therapy (n = 27) ¢ Received IMRT (n = 40)
+ Did not receive proton therapy (n = 15) + Did not receive IMRT (n = 8)
- Off trial because of denial of insurance - Decided to get treatment locally (n = 5)
coverage (n =12) - Not meeting eligibility criteria (n = 2)
- Decided to get treatment locally (n = 1) - Progression of disease (n = 1)
- Stayed on trial but received IMRT
because of insurance denial (n = 1)
(included in the ITT analysis)
- Received 14 fractions (28 GyE) of
proton therapy, discontinued treatment
due to decline in performance status
then received 16 fractions (32 Gy) of
IMRT (n = 1) (included in ITT analysis)
l [ Follow-Up ] v

Lost to follow-up (n= 0)
Discontinued intervention (n= 0)

Lost to follow-up (n = 1)
Discontinued intervention (n = 0)

Analysed (n = 28)
¢ Excluded from analysis (n= 1)
- No follow up imaging (n=1)

Figure 1. CONSORT diagram.

discussion at this workshop, it was acknowledged that
challenges extend beyond the response criteria and that
variability in image acquisition itself could contribute to
inaccurate response assessments. This resulted in the cre-
ation of the BrainTumor Imaging Standardization Steering
Committee, which has been leading an effort to stand-
ardize imaging acquisition parameters and protocols
used in clinical trials for high-grade gliomas. The recom-
mended consensus protocols were designed to allow for
both current RANO measurements and for potential future
utilization of volumetric analyses.' This standardization is
essential, especially in multi-institutional trials for inter-
pretability and reproducibility of results.

In this secondary analysis of a prospective phase Il trial,
RANO determination of progression preceded clinical de-
termination of progression in patients treated with proton
therapy and IMRT. PFS and determination of progression
were different between RANO and clinical determina-
tion in both IMRT and proton arms. There were 48% dis-
cordant cases, meaning that progression was determined

Analysed (n = 39)
¢ Excluded from analysis (n = 0)

>1 month apart based on the 2 definitions (RANO progres-
sion preceding clinical determination by a mean of around
2.6 months), and more rarely that there was progression
based on 1 definition and no progression by another.There
were no patients in this study who had clinical determina-
tion of progression but no progression by RANO. This may
be due to the very small sample size, bias during RANO
evaluation (readers knowing how many scans patients
have), and “back-dating” when using RANO criteria by
clinicians/investigators.

The fact that the clinician did not change the course of
treatment at the first evidence of progression indicates
that clinicians may have a tendency to question the pos-
sibility of pseudo-progression (treatment effect) and take
a conservative approach with close follow-up imaging
rather than acting upon the first evidence of imaging pro-
gression. This reflects the lack of confidence in image-
based assessment to detect true tumor progression.
Integrating neurocognitive function, patient-reported out-
comes, and other patient-centered outcomes may enhance
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Figure 2.

Progression-free survival based on Response Assessment in Neuro-Oncology (RANO) criteria (left) and on clinical criteria (right) in pa-

tients treated with PT versus IMRT. IMRT, intensity-modulated radiation therapy; PFS, progression-free survival; PT, proton therapy.
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Figure 3.  Progression-free survival for patients treated with PT (left) and IMRT (right) based on Response Assessmentin Neuro-Oncology (RANO)
criteria versus clinical criteria. IMRT, intensity-modulated radiation therapy; PFS, progression-free survival; PT, proton therapy.

determination of patient status beyond imaging-based
assessment alone for clinical trials and may help improve
treatment decision making.'8'®

Further, landmark analysis using 6 months as the land-
mark time point revealed that both RANO and clinical
determination of progression at 6 months predicted for
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Figure 4. Overall survival as a function of 6-month progressive disease (PD) status based on Response Assessment in Neuro-Oncology (RANO)
criteria (left) and on clinical criteria (right)}—landmark analysis. HR, hazard ratio; 0S, overall survival; Reg., registration.

OS to a similar extent. This may reflect that there is sim-
ilar uncertainty whether a rule-based approach using 2D
measurements such as RANO or a rule-based algorithm
by a clinician are used. A first step toward improving the
certainty of determining progression that better predicts
survival is to develop a more quantitative approach that
allows us to measure and account for the degree of un-
certainty. Efforts to improve the precision of tumor pro-
gression assessment may guide more timely treatment
adjustments as well as better prediction of survival.
Imaging endpoints of response and progression are
central in clinical trials for high-grade gliomas testing
the therapeutic efficacy of systemic agents or radiation
treatment modalities; reducing variability and ensuring
interpretability of the imaging results is of utmost impor-
tance. In this analysis, the fact that there was disagree-
ment in RANO determination of progression for few cases
between the 2 observers is not entirely an unexpected
finding, as RANO criteria are open to some to interpreta-
tion. Further development of tumor assessment tools that
improve consistency and accuracy of determining tumor
progression are needed to guide therapeutic trials in GBM.
Current rule-based classification approaches for tumor re-
sponse, largely using conventional imaging, can be biased
by intra- or interobserver variability in linear or volumetric
measurements of brain tumors.?’ One approach to poten-
tially improving the reproducibility is to use automated
measurement tools, such as AutoRANO.?' Currently, deep
learning algorithms for automated tumor segmentation
are being developed to facilitate consistent and efficient
cross-dimensional and 3-dimensional volumetric tumor
measurements across time.??2* Automated tools help
eliminate intra- and interobserver variability. In order

to evaluate the current status of automated brain tumor
segmentation and compare between different methods, a
Multimodal Brain Tumor Image Segmentation Benchmark
(BRATS) challenge was organized in 2012-2013 in con-
junction with the international conference on Medical
Image Computing and Computer Assisted Interventions
(MICCAI). A dataset of MR scans of low- and high-grade
glioma patients was made available, and experts per-
formed manual tumor delineations that were compared
to realistically generated synthetic brain tumor datasets.
The BRATS study revealed considerable disagreement be-
tween the human raters. It also found that combining all
of the automated segmentation tools outperformed any
individual segmentation algorithm. It concluded that con-
tinued algorithmic development was warranted.??
Moreover, appropriate incorporation of functional im-
aging such as diffusion weighted imaging and/or perfusion
imaging with the anatomical imaging data has strong po-
tential to improve the differentiation of treatment-related
effects from true tumor progression.?® Ideally imaging
response measurement should be based on integrated
3-dimensional volumetric tumor changes that incorpo-
rate spatially coregistered multiparametric MR data such
as MR spectroscopy,?6?’ diffusion weighted imaging,?%°
dynamic contrast-enhanced MRI,%® and dynamic suscep-
tibility contrast MRIL.3"32 Advanced multiparametric MRI
data (anatomic, perfusion, diffusion) can offer a noninva-
sive assessment of the tumor itself and its surrounding
environment in order to capture information about the bi-
ological and physiological changes after local or systemic
therapy that may be useful early biomarkers of treatment
response before any measurable changes in tumor size.
However, validation of biomarkers is critically dependent
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on consistent, reliable outcome measures such as tumor
response or progression.

In conclusion, while there was no significant difference
in tumor progression relative to treatment technique
based on either RANO or clinical criteria, this secondary
analysis of the randomized trial of PT versus IMRT for
GBM demonstrated difference in tumor progression be-
tween RANO criteria and clinical assessment with tumor
progression noted more often and earlier using RANO
compared with clinical assessment. Nonetheless, tumor
progression at 6 months based on RANO or clinical cri-
teria had similar prediction for OS. This study points to
the disconnect between objective measures of tumor
response used in clinical trials versus clinical practice.
With growing efforts to utilize real-world data and to
apply personalized treatment with timely adjustments of
treatment to improve outcomes, there is a growing need
to develop quantitative tools that improve the consist-
ency and accuracy of determining tumor progression
within therapeutic clinical trials and in clinical care of pa-
tients with GBM.
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