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Abstract

Background. Management of glioblastoma is complicated by pseudoprogression, a radiological phenomenon
mimicking progression. This retrospective cohort study investigated the incidence, prognostic implications, and
most clinically appropriate definition of pseudoprogression.

Methods. Consecutive glioblastoma patients treated at the Juravinski Hospital and Cancer Centre, Hamilton,
Ontario between 2004 and 2012 with temozolomide chemoradiotherapy and with contrast-enhanced MRI at stand-
ard imaging intervals were included. At each imaging interval, patient responses as per the RECIST (Response
Evaluation Criteria in Solid Tumors), MacDonald, and RANO (Response Assessment in Neuro-Oncology) criteria
were reported. Based on each set of criteria, subjects were classified as having disease response, stable disease,
pseudoprogression, or true progression. The primary outcome was overall survival.

Results. The incidence of pseudoprogression among 130 glioblastoma patients treated with chemoradiotherapy
was 15%, 19%, and 23% as defined by RANO, MacDonald, and RECIST criteria, respectively. Using the RANO
definition, median survival for patients with pseudoprogression was 13.0 months compared with 12.5 months
for patients with stable disease (hazard ratio [HR]=0.70; 95% confidence interval [Cl], 0.35-1.42). Similarly, using
the MacDonald definition, median survival for the pseudoprogression group was 11.8 months compared with
12.0 months for the stable disease group (HR=0.86; 95% CI, 0.47-1.58). Furthermore, disease response compared
with stable disease was also similar using the RANO (HR=0.52; 95% ClI, 0.20-1.35) and MacDonald (HR=0.51: 95%
Cl, 0.20-1.31) definitions.

Conclusions. Of all conventional glioblastoma response criteria, the RANO criteria gave the lowest incidence of
pseudoprogression. Regardless of criteria, patients with pseudoprogression did not have statistically significant
difference in survival compared with patients with stable disease.

Chemoradiotherapy glioblastoma magnetic resonance imaging pseudoprogression

Glioblastoma (GBM) is the most common primary central
nervous system malignancy. In the United States, approxi-
mately 10000 cases are diagnosed every year." Even with
significant advances in therapy, overall survival (OS)
remains poor. With modern therapy — maximal surgical
excision and adjuvant chemoradiotherapy (CRT) — 2-year
OS is 26.5%.2 At the time of recurrence, salvage treatment

may consist of further chemotherapy, radiation or surgery.?
As greater GBM tumor volume may be prognostic of lower
0S,* initiating salvage treatment at the earliest suspicion
of disease recurrence is crucial.

However, it can be difficult to determine the optimal
timing of salvage therapy when patterns of disease
response on radiographic imaging are confounded by
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CRT.The result is the phenomenon known as pseudopro-
gression, where the diffusion of contrast mimics radio-
graphic progression (Fig. 1). Mechanistic hypotheses
for pseudoprogression include radiated normal tissue
and tumor facilitating contrast transit through a dis-
rupted blood brain barrier, anti-neoplastic inflammatory
responses, edema production, radiation necrosis, or radi-
ation-induced enhancement.5® The proposed definition
of pseudoprogression is when the post-CRT magnetic
resonance imaging (MRI) shows in-field early progres-
sion, but is followed by disease stability or response on
the subsequent scan.” For the purpose of this study, the
term “early progression” is used until pseudoprogres-
sion or true disease progression is established.8-10

With early progression, families can wait with anxi-
ety for the recommended 12 weeks to determine their
response to treatment.” This wait is justified as approxi-
mately 12% to 65% of these early progression patients
will have pseudoprogression, not requiring salvage
therapy."-'® However, if the eventual diagnosis is dis-
ease progression, salvage therapy has been postponed.
Simpler approaches to rule out pseudoprogression are
limited.True progression unfortunately appears in a simi-
lar anatomical distribution’'7 and has a scarcity of spe-
cific radiological characteristics'®' to distinguish itself
from pseudoprogression.

A better understanding of pseudoprogression could
facilitate more timely salvage. The Response Assessment
in Neuro-Oncology (RANO) Criteria’s design was heav-
ily influenced by pseudoprogression in order to better
separate it from true disease progression. Following its
introduction it became the gold standard for assessing
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progression.” As it was published in 2010, relevant lit-
erature still holds results describing pseudoprogression
within the older MacDonald?°2" or exclusively radiology-
based criteria.'®?222 Even modern radiological series
frequently use the Response Evaluation Criteria in Solid
Tumours (RECIST)?* or small variations, foregoing an
aspect of clinical assessment (ie, changes in neurological
status or corticosteroid dose).?5?% Other series will omit
cases with the subcentimeter findings, defined as non-
measurable disease by RANO, preventing application of
their data to subtler GBM recurrences.”.22627.30.31 Fyrther
complicating matters, the literature holds a myriad of
nuances for defining pseudoprogression within these vari-
ous criteria.®®213233This heterogeneity limits the ability of
neuro-oncologists to compare and apply the evidence.

Confidence in clinical decision making would be
improved with more applicable data that indicated which
response criteria defined pseudoprogression in a fash-
ion that reliably predicted for survival. This study used
clinical features already gathered by neuro-oncology
clinics to determine which commonly used response cri-
teria provided the most clinically relevant definition of
pseudoprogression.

I
Materials and Methods

Study Population

This study included consecutive patients with GBM
treated at the Juravinski Cancer Centre, Ontario,
Canada, between 2004 and 2012. The inclusion criteria
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Fig. 1 T2, FLAIR, and gadolinium-enhanced images at baseline—immediately prior to CRT; post-treatment—at the completion of CRT, and at
the second post-treatment scan. (A) Pseudoprogression example. The rim of the surgical cavity demonstrates progressive thickening on T1 with
increased FLAIR and T2 signal. Subsequent stabilization at the second post-treatment scan was observed. (B) True progression example. T1imaging
demonstrates minimal change in nodularity of surgical cavity post-CRT. Progressive changes on T2 and FLAIR are consistent with progression as per

RANO.
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were temozolomide-based CRT treatment, a GBM diag-
nosis confirmed by histology, an age of 18 or over, and
adequate imaging were included in the study. Adequate
imaging was defined as gadolinium-enhanced MRI digi-
tally available to the authors: (1) after surgical resection
and prior to CRT; (2) at 4 weeks post-CRT, and (3) at the
second post-treatment scan, at least 12 weeks post-CRT.
The study was approved by the Institutional Research
Ethics Board.

Data Extraction

Data including age, treatment dates, date of death, extent
of surgery, dexamethasone dose, Karnofsky Performance
Status (KPS), and clinical changes were extracted from
clinical charts. From each MRI report, the size of the domi-
nant enhancing lesion, the radiologist’s impression of
non-measurable disease, T2 and FLAIR findings, progres-
sion at other lesions, and the radiologists’ overall impres-
sion were also extracted. If the enhancing lesion was not
measured, the authors (MJK, JNG) evaluated the scans as
per RANOQ.” Briefly, the largest or most reliably measur-
able enhancing lesion(s), as directed by the radiologist’s
report, was assessed for its largest bidimensional meas-
urements on the T1 series. New enhancing lesions were
evaluated in relation to the patient’s 80% isodose line on
his or her radiation plan, as per RANO.

The extracted data were used to evaluate a patient’s
progression status at the time of each MRI, as evaluated
by common response criteria—MacDonald,?* RANO,” or
RECIST? criteria. Table 1 outlines these response criteria.

Patients with disease progression on their post-CRT scan
were considered to have early progression and were cat-
egorized into 4 response classifications based on their fol-
low-up scan results and performance as follows:

1. True Progression: early progression then subsequent
disease progression

Table 1 Response criteria evaluating glioblastoma progression

Response Criteria Extent of Response

Complete Response

Response Evaluation
Criteria In Solid
Tumours (RECIST)?*

No enhancing disease for
4 weeks

MacDonald Criteria®* No enhancing disease for
4 weeks, no corticosteroid,

and neurologically stable or

Partial Response

>50% decrease in
enhancing lesion size
and no new lesions

>50% decrease in
enhancing lesion size,
no new lesions, and

2. Pseudoprogression: early progression then subsequent
disease stability or response

3. Disease Response: a partial or complete response post-
treatment without interval disease progression OR sta-
ble disease post-treatment with subsequent disease
response

4. Stable Disease: describes the remainder of the patients.

These response classifications were generated for each
patient for each of the MacDonald, RECIST, or RANO crite-
ria individually. A computational algorithm was developed
to perform this in a blinded fashion.

Statistical Analysis

The primary objective of the study was to quantify the
incidence and prognostic impact of pseudoprogression.
Incidence was defined as the proportion of patients with
pseudoprogression. Confidence intervals (Cl) for incidence
were calculated using the Wilson Score method. Overall
survival was estimated using Kaplan-Meier methods. Cox
models were used to examine the relationship between
progression status and overall survival. Stable disease was
chosen a priorito be the reference group. In addition, sex,
age, KPS, and post-surgery disease extent were selected
a priori to be included in all models. To minimize bias, the
start of the observation time for each patient was selected
as the date of the follow-up scan.'920.21

I
Results

Inclusion criteria were met by 159 patients. Patients were
then excluded if their MRIs were unavailable on digital
film (n = 17), treatment involved a vascular endothelium
growth factor modulator (n = 8), treatment involved a
surgical debulking between their MRl scans (n = 2), or a

Stable Disease Progression

Does not >25% increase in enhancing
qualify as any lesion size or any new lesion
other Extent of

Response

Does not >25% increase in enhancing

qualify as any
other Extent of

lesion size, any new lesion,
or clinical deterioration

improved stable or improved Response related to disease
clinically progression
Response No enhancing disease for 4 >50% decrease in Does not >25% increase in enhancing
Assessment weeks*, stable or improved enhancing lesion size, qualify as any lesion size, increasing T2/
in Neuro-Oncology T2/FLAIR lesions, no stable or improved T2/ other Extent of  FLAIR lesion size, any
Working Group corticosteroid, and FLAIR lesions, no new Response new lesion**, or clinical

(RANO)” neurologically stable or

improved

lesions, and stable or
improved clinically

deterioration related to
disease progression

* Patients with non-measurable disease cannot be described as having a complete response.
**New lesions outside of the radiation field are not considered to be secondary to pseudoprogression.



contrast agent other than gadolinium was used for imag-
ing (n = 2). One of the 2 patients that underwent surgi-
cal debulking had pathological findings consistent with
disease progression. The baseline demographics of the
130 patients included in the study are reported inTable 2.
All patients with adequate KPS were offered adjuvant
temozolomide. Survival analysis was only performed on
the 95 patients (73.1%) who underwent all the required
imaging.

Pseudoprogression incidence is reported in Table 3.
RANO criteria had the lowest incidence of pseudopro-
gression at 15% (95% Cl, 10%-22%). For MacDonald and
RECIST criteria, the incidence of pseudoprogression was
19% (95% Cl, 13%-27%) and 23% (95% Cl, 17%-31%),
respectively.

Median survival for the total cohort was 13.6 months
when measured from the date of diagnosis and
9.8 months when measured from the second post-
treatment scan. Fig. 2 illustrates OS for each of the
response criteria’s possible outcomes. Median OS for
each of these cohorts is reported in Table 4. None of the
response criteria could statistically significantly differen-
tiate survival between disease response, stable disease,
and pseudoprogression (Table 5). RANO-defined pseu-
doprogression had the greatest signal for improved OS,
relative to stable disease, with a hazard ratio (HR) of 0.70
(95% Cl, 0.35-1.42). Uniquely, RECIST-defined disease
progression was not statistically significantly different
from stable disease in terms of overall survival (HR=1.65;
95% Cl, 0.89-3.06).

Table 2 Baseline characteristics of study population

Characteristic All Subjects (n = 130)

Age (years): mean (SD) 56 (9)
KPS: mean (SD) 80 (13)
Tumour size: n (%)
No detectable disease 14 (11)
Non-measurable disease 44 (34)
Measurable disease* 72 (55)
Gender: n (%)
Male 84 (64)
Female 46 (36)

* mean = 6.6 cm, standard deviation (SD) = 2.9 cm.

Table 3 Incidence of pseudoprogression by each response criteria

27A\\[0] MacDonald  RECIST
Cases / Subjects 19/130 25/130 30/130
Incidence 0.15 0.19 0.23
95% Confidence 0.10-0.22 0.13-0.27 0.17-0.31
Interval

RANO, Response Assessment in Neuro-Oncology; RECIST, Response
Evaluation Criteria in Solid Tumours.
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I
Discussion

There are numerous ways to define pseudoprogres-
sion in GBM but there are limited data comparing these
methods. This study sought to determine which response
criteria defined pseudoprogression in the most clinically
relevant fashion and minimized incidence of this con-
founding diagnosis. Using information already collected
routinely in a neuro-oncology clinic at a major Canadian
academic center, all of the commonly studied response
criteria (RANO, MacDonald, and RECIST) were applied to
classify a patient’s response to therapy. To our knowledge,
the comparison of all commonly used response criteria
within the same cohort of GBM patients has not previously
been done.

RANO criteria produced the lowest incidence of pseu-
doprogression in this study and in the literature.3235
This lower incidence is an expected finding as RANO
criteria contain the most variables that can signify pro-
gression. Thus, any patient with early progression is
more likely to have progression subsequently detected
again by RANO—qualifying as true progression, rather
than pseudoprogression. When comparing this study to
the literature, a caveat is that other studies using RANO
also stipulated that a change in management qualified
as true progression. In comparison, this study excluded
patients from analysis if there was intervening surgical
management.

In this study, all 3 definitions of pseudoprogression
demonstrated a trend in survival similar to stable disease.
A single study has shown that patients with MacDonald-
and RANO-defined pseudoprogression do not have a sur-
vival rate different than patients without progression.3?
This is congruent with a large meta-analysis that sug-
gested progression by MacDonald or RANO criteria prog-
nosticate similarly.38

This study investigated if a patient’s clinical status influ-
enced survival by applying RECIST criteria (ie, criteria that
did not account for a patient’s clinical status). Incidentally,
in this study, survival of patients with RECIST-defined
stable disease was not statistically significantly different
from those with true progressive disease. Even though
neurological assessment is a debated component of
GBM assessment, it is not evaluated in numerous recent
radiological studies of pseudoprogression.®12222837,38
However, clinical changes were the only common feature

Table 4 Median survival as per response criteria outcomes

MacDonald RECIST

Median Survival (Months)

Response (n) 16.0 (8) 16.0 (8) 16.0 (8)

Stable (n) 12.5 (27) 12.0 (35) 11.6 (37)
Pseudoprogression (n)  13.0 (19) 11.8 (25) 9.9 (30)
True Progression (n) 7.0 (41) 6.3 (27) 7.0 (20)

RANO, Response Assessment in Neuro-Oncology; RECIST, Response
Evaluation Criteria in Solid Tumours.
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Fig.2 Kaplan-Meier plots describing overall survival amongst patients that survived to obtain a follow-up scan, as per the different progression

schema: RANO (2A), MacDonald (2B), and RECIST (2C).

differentiating RECIST from RANO and MacDonald crite-
ria in this study. This suggests that evaluating a patient’s
neurological status should be considered when classifying
progression status.

Ultimately, no set of response criteria defined pseu-
doprogression in a way that could demonstrate a differ-
ence in median OS, relative to stable disease, by the time
of the first follow-up MRI. Interestingly, this study and a

Table 5 Results from Cox models for overall survival

study by Linhares et al demonstrate that MacDonald- or
RANO-defined pseudoprogression does not suggest an
improved prognosis compared to stable disease.®?This is
in contrast to key data that preceded RANO assessment.33
While not a primary outcome in this study, it is worth-
while to note that no outcome defined by RECIST criteria
had a median OS statistically significantly different from
stable disease.

Characteristics

Hazard Ratio (95% Confidence Interval)

Response Criteria Outcome
Response
Pseudoprogression
Progression

Male Sex

Age (every 10 years)

Baseline KPS

Disease Extent
Non-measurable

Measurable

RANO Deaths /N =81/95

0.52 (0.20-1.35)
0.70 (0.35-1.42)
2.01 (1.16-3.45)
0.77 (0.48-1.24)
1.02 (0.80-1.31)
1.02 (0.86-1.22)

0.60 (0.29-1.24)
0.85 (0.43-1.66)

MacDonald Deaths /N =81/ 95

0.51(0.20-1.31)
0.86 (0.47-1.58)
2.27 (1.28-4.02)
0.84 (0.52-1.37)
1.03 (0.81-1.31)
1.04 (0.87-1.24)

0.58 (0.27-1.22)
0.81(0.41-1.61)

RANO, Response Assessment in Neuro-Oncology; RECIST, Response Evaluation Criteria in Solid Tumours.

RECIST Deaths /N = 81/95

0.48 (0.19-1.23)
1.00 (0.57-1.78)
1.65 (0.89-3.06)
0.81(0.51-1.31)
1.01 (0.80-1.29)
1.03 (0.86-1.23)

0.67 (0.27-1.22)
0.76 (0.38-1.53)



As pseudoprogression proposes a clinical quandary, it
is most reasonable to consider supporting the response
criteria that minimizes its incidence. The RANO criteria’s
lower pseudoprogression incidence rate and ability to dis-
tinguish a difference in survival for true progressive dis-
ease, relative to stable disease, suggest that it is the most
clinically relevant definition in this study’s population.
MacDonald criteria are remarkably comparable with only a
slightly higher incidence of pseudoprogression.

The limitations of this study relate to its retrospective
nature, its size, and the study period. Changes in clini-
cal status and T2/FLAIR signal are subjective evaluations
that required further subjective evaluation to extract.
These aspects were controlled to a reasonable extent and
reviewed between authors when contentious. This study,
while large for a GBM study, may lack power to detect
statistically significant differences in survival. Although
survival was assessed from a patient’s follow-up scan, in
order to limit guarantee-time bias, there likely remains
some influence of timing of the scan on overall survival.3®

During the study period, there had been increasing evi-
dence to contest aspects of the RANO criteria. More evidence
supports that pseudoprogression may continue to occur
outside of the 12-week window proposed by RANOQ.%:26
This study assessed outcomes in early pseudoprogressors.
Patients with pseudoprogression past 12 weeks would not
be captured in the definitions set by this study.

Presently, functional and volumetric studies are not
incorporated into RANO. Thus, their contribution to patient
assessment was not considered in this study. Examples
with a degree of proven efficacy include relative cer
ebral blood flow volume,?®4%4! apparent diffusion coeffi-
cient,'%27:30 and volumetric analysis.*>*3 Numerous centers
include these modalities in their assessment of GBM pro-
gression, limiting the ability of these data to be applied in
those settings.

Developing evidence regarding outcomes and assess-
ment in high-grade gliomas will shape the next stand-
ardized evaluation of neuro-oncology patients. Clinical
practice often represents the bridge between current
standards and the state-of-the-art. Using the current and
previous standards for assessment, this study demon-
strated the prevalence and outcomes of pseudoprogres-
sion in a sizable cohort of GBM patients.
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