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Abstract

Introduction Pseudoprogression (PsP) is a diagnostic dilemma in glioblastoma (GBM) after chemoradiotherapy (CRT).
Magnetic resonance imaging (MRI) features may fail to distinguish PsP from early true progression (eTP), however clinical
findings may aid in their distinction.

Methods Sixty-seven patients received CRT for GBM between 2003 and 2016, and had pre- and post-treatment imaging
suitable for retrospective evaluation using RANO criteria. Patients with signs of progression within the first 12-weeks post-
radiation (P-12) were selected. Lesions that improved or stabilized were defined as PsP, and lesions that progressed were
defined as eTP.

Results The median follow up for all patients was 17.6 months. Signs of progression developed in 35/67 (52.2%) patients
within P-12. Of these, 20/35 (57.1%) were subsequently defined as eTP and 15/35 (42.9%) as PsP. MRI demonstrated
increased contrast enhancement in 84.2% of eTP and 100% of PsP, and elevated CBV in 73.7% for eTP and 93.3% for PsP.
A decrease in FLAIR was not seen in eTP patients, but was seen in 26.7% PsP patients. Patients with eTP were significantly
more likely to require increased steroid doses or suffer clinical decline than PsP patients (OR 4.89, 95% CI 1.003-19.27;
p=0.046). KPS declined in 25% with eTP and none of the PsP patients.

Conclusions MRI imaging did not differentiate eTP from PsP, however, KPS decline or need for increased steroids was
significantly more common in eTP versus PsP. Investigation and standardization of clinical assessments in response criteria
may help address the diagnostic dilemma of pseudoprogression after frontline treatment for GBM.

Keywords Pseudoprogression - Glioblastoma - Karnofsky performance status - Response assessment in neuro-oncology -
Radiation therapy

Introduction

Glioblastoma (GBM) is the most common high-grade pri-
mary central nervous system (CNS) tumor, and is associated
with a very poor prognosis. Over a decade ago, radiation
therapy (RT) with concurrent and adjuvant temozolomide
(TMZ) was established as the standard of care post-oper-
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atively for GBM. However, the addition of TMZ to radia-
tion therapy created a clinical quandary, as it was found to
increase the rate of pseudoprogression (PsP), a phenomenon
that when seen on post-radiation imaging can suggest pro-
gression of disease. However, in contrast to true progression,
PsP lesions stabilize or resolve without specific treatment
[1,2].

Rates of PsP vary in the literature from 3 to 30%, with
rates being highly dependent on the study definition of PsP
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and the diagnostic modalities used [3—7]. Pathologic confir-
mation remains the gold standard for diagnosis of recurrent
or residual disease in GBM, however, response assessment
criteria have been established as a means of non-invasively
identifying progression of disease in daily clinical decision
making. Most studies in the PsP literature have focused on
new or progressive areas of contrast enhancement as the
defining sign of progression, and do not apply modern clini-
cal and radiographic response assessment criteria which
include T2-weighted MRI images, steroid dose, and KPS
decline, in the assessment of response. The current recom-
mendations for response assessment from the Response
Assessment in Neuro-Oncology (RANO) group incorpo-
rate both radiographic changes and clinical signs to define
progressive disease [8].

Systematic assessment of response criteria in PsP is clini-
cally significant issue, as the erroneous diagnosis of dis-
ease progression may result in an inappropriate change in
management when, in fact, there has been a positive tumor
response. Thus, the failure to recognize PsP may lead to
cessation of effective treatment strategies. Conversely, the
misclassification of truly progressive disease may delay
the implementation of alternative therapy. In our series, we
highlight the radiographic and clinical characteristics of
patients with eTP and PsP in the RANO era, additionally
providing a timeline comparing PsP and early true progres-
sion with corresponding clinical outcomes.

Methods
Patient selection criteria

Patients with histologically confirmed World Health
Organization (WHO) grade IV GBM treated on a National
Cancer Institute (NCI) institutional review board (IRB)
approved protocol between 2003 and 2016 were retro-
spectively reviewed. Informed consent was obtained from
all individual participants included in this IRB approved
study. Inclusion criteria consisted of age 18 years or
older, post-operative baseline MRI scan less than 48 h

after surgery, adjuvant radiation therapy received at our
institution, completion of entire adjuvant course of radio-
therapy, and continued clinical and radiographic follow-up
until the time of progression. Patients were excluded from
the analysis if they were treated with bevacizumab or a
new systemic agent within the first 12-weeks post-radia-
tion therapy. Tumor volume was calculated using Eclipse
(Varian, Stanford, CA) contouring software, and lesions
were separated into volumetric quartiles for comparison.
O%-methylguanine-DNA methyltransferase (MGMT) pro-
moter methylation analysis was performed by the NCI
Molecular Diagnostics Laboratory of the Laboratory of
Pathology.

All patients underwent surgical resection followed by
involved field external beam radiation with concurrent
daily TMZ at 75 mg/m?/day. Adjuvant TMZ was then
prescribed at 150—200 mg/m?/day for 5 of every 28 days
for 6-12 cycles or until disease progression or treatment
related toxicity developed.

True progression and pseudoprogression
categorization

Multiparametric MRI scans were performed prior to RT
initiation, at approximately 4-weeks following RT com-
pletion, and every 8—12 weeks thereafter. Cases were
reviewed by a neuroradiologist (J.B.) and response assess-
ment was per RANO criteria [8]. Decline in KPS score was
defined as a decline of greater than or equal to 20 points.
Within the initial 12-weeks post-radiation therapy, patients
were assessed for signs of progression (Table 1) adopted
from RANO criteria. Patients with stable disease (SD) or
partial response (PR) were considered non-progressive
disease (non-PD), patients who had radiographic and/
or clinical signs of progression were considered to have
preliminary progressive disease (PPD). After the initial
12-weeks post-radiation, PPD lesions that had improved
or stabilized were documented as pseudoprogression (PsP)
and lesions that continued to progress were considered
early true progression (eTP).

Table 1 Imaging signs and diagnosis of progression based on RANO criteria [8]

Sign of progression

Diagnosis of progression

e New contrast-enhancing lesion

e Increase by >25% in the sum of the products of perpendicular diam-
eters from the first postradiotherapy scan, on stable or increasing
doses of corticosteroids

o Clinical deterioration not attributable to concurrent medication or
comorbid conditions

o Significant increase in T2/FLAIR non-enhancing lesion on stable or
increasing doses of corticosteroids not caused by comorbid events

e New enhancement outside of the radiation field (beyond the high-dose

region or 80% isodose line)

o Unequivocal evidence of viable tumor on histopathologic sampling
e Signs of progression > 12 weeks after chemoradiotherapy
o Failure to return for evaluation as a result of death or deteriorating

condition
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Magnetic resonance imaging

MRI was performed at 1.5 or 3.0 T (Philips Acheiva) using
an 8-channel head coil with a standard protocol using two
doses of a gadolinium based contrast agent (GBCA) for
dynamic imaging according to the following schedule:
(1) Pre-contrast: Sagittal SE T1w, 3D SWI. Axial SE T1,
FSE T2, EPI diffusion tensor (15 direction B=0, 1000).
(2) For dynamic contrast enhanced (DCE) MRI Dynamic
1: Dynamic contrast enhanced (DCE) MRI using T1 FFE.
(3) Post-contrast 1: Axial SE T1 (follows first dose). (4)
Dynamic 2: Dynamic susceptibility contrast (DSC) using
T2* EPI (5) Post-contrast 2: Sagittal 3D isotropic T1-FFE
and 3D FLAIR. Each dynamic study was associated with
bolus injection of 0.1 mmol/kg ProHance (unless contrain-
dicated due to prior adverse reaction in which case another
agent was substituted). For DCE, injection was 0.3 mL/s.
For DSC, injection rate was typically 5 mL/s, but could be
reduced based on status of V. access.

Perfusion maps of CBV, CBF and mTT were computed
by the estimation of an arterial input function and decon-
volution. The preinjection for the DCE MRI component of
the imaging minimizes leakage effects on DSC estimates,
therefore, no leakage correction was performed.

Statistical analysis

Tumor progression was documented based on KPS decline
or MRI-documented progression of disease. The date of
death was determined based on clinic notes or using the
internet-based Social Security Death Index. Progression-
free survival and overall survival were measured from the
date of diagnosis to the date of progression, death, or last
follow-up. Time to-event distributions were estimated using
the Kaplan—-Meier method and compared with the log-rank
test. Cox regression was used for univariate and multivari-
ate analysis. Association between categorical variables were
tested by the Chi square test and mean difference of continu-
ous variables between subgroups of patients were compared
by the t-test. All p-values correspond to two-sided tests, with
a p-value < 0.05 considered statistically significant.

Results
Patient characteristics

Sixty-seven patients were treated with RT/TMZ at the NCI
in Bethesda, Maryland between 2003 and 2016 and met
inclusion criteria for this study. Patient demographics and
baseline characteristics are presented in Table 2. All patients
received 59.4-60 Gy in 30-33 fractions with concurrent
TMZ, except 3 patients who did not complete concurrent

TMZ and 1 patient who received 50 Gy in 24 fractions. 6
of the 67 patients did not initiate adjuvant TMZ, 3 due to
early progression of disease and 3 due to residual toxicity
from concurrent TMZ. The mean age of all patients was
55.7 years and 70% were male.

Time to progression and overall survival

At a median follow-up of 17.6 months, overall PFS was 9.0
months (95% CI 7.5-10.4), and OS was 20.7 months (95%
CI 17.3-27.0) for the entire cohort. MGMT promotor sta-
tus was available in 33 patients, with 13/33 (39.4%) being
MGMT methylation positive (Table 2). OS was significantly
improved in MGMT methylated tumors with a median OS
of 37.0 months versus 15.3 months for unmethylated tumors
(p=0.001). In patients with known recurrence (n=>55), pat-
terns of recurrence were primarily local (within the 90%
isodose line). Tumor recurrence was non-local (outside of
the 90% isodose line) in only two cases, and in both cases
the recurrence was outside the time limit for defining PsP
(" 10 months post-radiation therapy).

Pseudoprogression, early true progression,
and non-progressive disease

Imaging changes concerning for progression (Table 1) devel-
oped in 35/67 (52.2%) patients within 12-weeks after radia-
tion. Most patients (28/35) were diagnosed as PPD in the
first post-radiation MRI at the 4-week time point (median
of 3.4 weeks for eTP and 3.8 weeks for PsP), and only 7/35
were diagnosed between 5 and 12 weeks. With additional
follow-up, it was determined that 20/35 (57.1%) patients
fulfilled criteria for eTP and 15/35 (42.9%) fulfilled criteria
for PsP (Table 1).

Rates of increased contrast enhancement on MRI was
similar between patients with eTP (84.2%) and PsP (100%)
at 4-weeks post-chemoradiation. FLAIR volume was
increased, decreased, and stable in 46.7, 26.7, and 26.7% in
patients with PsP respectively. This was compared to FLAIR
increased in 73.7%, stable in 26.3% of patients with eTP,
with none having decreased FLAIR (Table 3). Progression
of contrast enhancement or FLAIR volume did not dis-
tinguish between PsP and eTP, but of note, FLAIR signal
decreased in 26.7% of PsP patients, which was not observed
in any of the eTP cases.

Though not a component of the RANO criteria, perfusion
imaging was also assessed. Perfusion imaging of regions of
interest demonstrated elevated relative cerebral blood vol-
ume (rCBV) in 73.7% of eTP and 93.3% of PsP patients
(Table 3). When initially assessed by radiologists at the time
of imaging, elevated perfusion was interpreted as potential
residual high-grade disease in all cases. On retrospective
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Table 2 Patient characteristics at baseline and between groups

Patient characteristic All patients % eTP (n=20) % PsP (n=15) % non-PD (n=32) % P
(n=67)
Sex
Male 47 70.1 18 90.0 10 66.7 19 59.4 0.06
Female 20 29.9 2 10.0 5 333 13 40.6
Mean age 55.7 59.0 53.7 54.6 0.421
KPS
90-100 50 74.6 14 70.0 11 73.3 25 78.1 0.934
70-80 11 16.4 2 10.0 3 20.0 6 18.8
<60 3 4.5 5.0 6.7 3.1
Unknown 3 0.0 3 15.0 0 0.0 0 0.0
Extent of resection
Biopsy 6 9.0 2 10.0 0 0.0 4 12.5 0.089
STR 41 61.2 16 80.0 10 66.7 15 46.9
GTR 20 29.9 2 10.0 5 333 13 40.6
RPA
3 10 14.9 2 10.0 3 20.0 5 15.6 0.664
4 41 61.2 10 50.0 10 66.7 21 65.6
5 14 20.9 6 30.0 2 13.3 6 18.8
Unknown 2 3.0 2 10.0 0 0.0 0.0
Radiation dose
Standard fractionation 66 98.5 20 100.0 14 93.3 32 100 0.517
Alternative regimes 1 1.5 0 0.0 1 6.7 0
Concurrent TMZ
Yes 64 95.5 20 100.0 14 93.3 30 93.8 0.512
No 3 4.5 0 0.0 1 6.7 2 6.3
Adjuvant TMZ
Yes 61 91.0 17 85.0 15 100.0 29 90.6 0.307
No 6 9.0 3 15.0 0 0.0 3 9.4
MGMT status
Methylated 13 19.4 0 0.0 6 40.0 21.9 0.005
Unmethylated 20 29.9 11 55.0 26.7 5 15.6
Unknown 34 50.7 9 45.0 5 333 20 62.5

Bold values are statistically significant

review, increased perfusion did not differentiate eTP and
PsP.

Though no statistically significant differences on imag-
ing were noted, there was a significant difference between
patients with PsP and eTP in their need for increased ster-
oids or the documentation of a clinical decline (OR 4.89,
95% CI 1.003-19.27; p=0.046). For example, in response
to worsening neurological symptoms, 9/20 (45%) eTP and
3/15 (20%) PsP required increased steroids after assessment
by their oncologist. KPS declined in 5/20 (25%) eTP at a
mean of 6 weeks, but no KPS declines were seen in the
patients with PsP.

As expected, OS was significantly worse in patients with
eTP (p=0.032) with a median OS of 13.2 months (95% CI
11.1-20.1) versus 23.6 months (95% CI 16.5-65.3+) for
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patients with PsP (Fig. 1). Additionally, patients with eTP
had a significantly shorter median OS of 13.2 months com-
pared with the non-PD group (p <0.001). However, there
was no statistically significant benefit for PsP compared with
non-PD at median OS of 23.6 and 27.6 months, respectively
(p=0.617). On univariate analysis, age >50, male gender,
larger, and MGMT unmethylated tumors, and eTP were a det-
riment to PFS and OS (Table 4). On multivariate analysis age
>50, tumor size, MGMT non-methylated, and eTP were sig-
nificantly detrimental to OS (Table 4). Unmethylated MGMT
status was an independent risk factor for survival (p=0.003),
and predictive of eTP (p=0.005).
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Table 3 Radiographic characteristics of PsP and eTP at 4-week
scheduled imaging

Imaging findings eTP (n=19)* PsP (n=15)
T1 + contrast MRI
Increased 16 (84.2%) 15 (100%)
Decreased 2 (10.5%) 0 (0%)
Stable 1(5.3%) 0 (0%)
FLAIR MRI
Increased 14 (73.7%) 7 (46.7%)
Decreased 0 (0%) 4 (26.7%)
Stable 5(26.3%) 4 (26.7%)
Perfusion (rCBV)
Elevated 14 (73.7%) 14 (93.3%)
Decreased/not elevated 5(26.3%) 1(6.7%)

“n=19 in eTP as one patient did not present for 4-week MRI

Discussion

Pseudoprogression continues to be a diagnostic dilemma,
and in this retrospective study we attempt to delineate
the clinical trajectory of PsP patients in daily practice
using RANO criteria. The rate of PsP in our cohort was
22.4%, which falls within the published range of 3-30%,
however, ours is one of few studies that have holistically
applied current RANO criteria to define progression [3,
4, 9-11]. A limitation of previous reports on progression
and pseudoprogression in the literature is the variability
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Fig. 1 Kaplan—-Meier analysis of progression free survival (PFS)
and overall survival (OS) for patients with early true progression
(eTP), pseudoprogression (PsP), and non-progressive disease (non-
PD) The median PFS for eTP was 4.95 months (95% CI 4.0-5.4),

of definitions of progression used, as most studies have
primarily focused specifically on changes in contrast
enhancement [3, 4, 6-8, 12].

Using modern criteria, radiologic features alone continue
to be unable to differentiate eTP from PsP. Similar rates of
increasing contrast enhancement were seen between groups,
as has been previously documented [3, 6, 9, 13]. While
inconsistently applied as a sign of progression in previous
publications, T2-weighted and FLAIR imaging changes
were also not significantly different between groups. This
data supports the updated response evaluation criteria spe-
cifically for clinical trials in GBM, which suggest that the
prognostic value of T2 or FLAIR change is not well estab-
lished as the distinction between edema and non-enhancing
tumor complicates interpretation [14].

Physiologic MRI techniques, such as perfusion imaging,
have been increasingly utilized in the past decade, however,
limitations in differentiating PsP or pseudoresponse have
prevented their application in clinical response assessment
[8, 14, 15]. Initial associations with perfusion imaging were
promising as they proposed a relationship between elevated
perfusion and active tumor, suggesting that rtCBV may be a
predictor of poor outcome in high grade glioma [16, 17]. In
our cohort, both eTP and PsP patients when differentiated
using RANO criteria had similar rates of increased rCBV,
and elevated perfusion alone was not predictive of outcomes.
The dilemma of elevated perfusion in PsP supports ongoing
efforts to quantify specific metrics to differentiate PsP from
true progression, such as setting thresholds for rCBV, per-
centage signal intensity recovery, and relative peak height.
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for PsP was 10.1 months (95% CI 9.0-65.3 months), and non-PD
was 11.2 months (95% CI 9.2-15.1). The median OS for eTP was
13.2 months (95% CI 11.1-20.1), for PsP was 23.6 months (95% CI
16.5-65.3+), and for non-PD was 27.6 months (95% CI 22.5-37.0)
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Table 4 Analysis of

. . Variable Univariate analysis Multivariate analysis
independent predictors of
overall survival HR 95% CI P-value HR  95% CI P-value
Age
> 50 versus <50 years 257 1.24-531 0.011 622 1.73-2243 0.005
Gender
Male versus female 1.86 1.01-3.41 0.043 2.69 0.75-9.57 0.128
Gross tumor volume
Mid quartile versus lower quartile volumes ~ 2.33 1.17-4.63 0.017 5.6 1.36-23.09  0.017
Upper quartile versus lower quartile volumes 3.51 1.6-7.69  0.002 2242 3.96-126.86 <0.001
Planning target volume®
Mid quartile versus lower quartile volumes ~ 3.04 1.39-6.66 0.005 - - -
Upper quartile versus lower quartile volumes 3.99 1.62-9.83 0.003 - - -
MGMT status
MGMT methylated versus unmethylated 0.25 0.1-0.6 0.003 0.16 0.03-0.82 0.028
Pseudoprogression 0.18 0.08-0.41 <0.001 0.11 0.01-0.82 0.032

Bold values are statistically significant

“PTV was excluded from multivariate analysis due to the confounding effect with GTV

However, our data also highlights the need for standardized
acquisition and consensus values for these techniques, that
they might be most useful in daily patient management for
application in standardized assessment criteria [14, 18-20].

In our cohort, PPD was diagnosed by radiologists most
often at the time of first post-radiation MRI (usually the 3—4-
week time point) which is a clinically significant timepoint
in that it sets the baseline for adjuvant systemic therapy,
and this did not differ between PsP and eTP groups. This is
important to note, as the majority of potential PsP patients
are captured early within the 12-week window as described
by the RANO guidelines for diagnosis of pseudoprogression
[8]. However, PsP has been documented up to 6 months
post-radiation [12, 21], and a limitation of retrospective
analyses is the exclusion of a small number of patients
who have a response to therapy and experience continued
pseuodprogression past 12-weeks. In our cohort, patients
with continued signs of progression past 12 weeks went on
to additional therapies, thus confounding analysis of any late
responses to treatment.

Within current RANO clinical response assessment cri-
teria, clinical status is acknowledged as an important vari-
able in the definition of progression. Related to this, docu-
mentation of steroid dose adjustments is necessary when
interpreting changes on imaging. The initiation or modifica-
tion of steroid dose adds a layer of complexity to response
assessment in that, changes in steroid dose not only have
radiographic effects, but usually originate from a change in
clinical status and/or neurologic symptoms. In our series,
we found that the use of steroids was a potentially more
sensitive indicator differentiating eTP from PsP due to its
role as a surrogate gauge of decline in clinical status and/or
symptoms. Patients who required increase in their steroids
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post-radiation were more than twice as likely to be expe-
riencing eTP. While clinical symptom quantification may
be promising for response assessment, one of the limita-
tions of including clinical assessment directly into response
criteria is that the exact definition of change in neurologic
symptoms is currently imprecise. Our data supports efforts
to standardize and quantify these criteria in the neuro-
oncology literature not only for the benefit of clinical trials,
but for wholistic response assessment [14, 15, 22]. Addi-
tionally, none of the PsP patients experienced a decline in
their KPS, as defined by RANO, in conjunction with their
radiographic signs of progression, while this was seen in
25% of eTP patients; underscoring the importance of clinical
assessment in response evaluation for high grade gliomas.
Clinical symptoms and their trajectory in the RANO era
have been examined in one other retrospective publication
by Balana et al. [11], therefore, these findings would benefit
from investigation and validation in prospective clinical tri-
als, preferably with patient reported outcomes analysis, as
the rates of clinical and neurologic decline in the setting of
pseudoprogression using current response criteria are poorly
understood.

As previously reported in GBM, older age and larger
tumor size were associated with poorer survival on univari-
ate and multivariate analysis [14, 23, 24]. MGMT methyla-
tion has known prognostic significance in GBM, and rates of
MGMT methylation were significantly lower in patients with
eTP in our patient cohort. Since 2008 a relationship between
MGMT promoter methylation status and PsP has been pos-
tulated [6, 25]. In their cohort of 103 patients, Brandes et al.
noted a significant increase in MGMT promoter methyla-
tion in patients with PsP [3]. Recently, associations between
molecular and pathologic features, such as IDH-1 and p53
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mutations, tumor proliferation index, and percent viable
tumor at resection have also been correlated with PsP and
outcome at recurrence [3, 6, 7, 26-29]. Continued inves-
tigation of molecular subtypes of disease, and risk factors
for pseudoprogression, may help predict the likelihood that
imaging changes are more likely true progression or PsP.
However, to date tumor markers do not reliably predict the
underlying cause of imaging changes.

Finally, the relationship between PsP and overall survival
is not yet clear, as data on statistically significant improve-
ment is variable, and robust molecular data is only now
emerging [4, 6, 26, 28]. While there is widespread agree-
ment on the inferior prognosis of eTP, there is significant
controversy surrounding the prognosis of PsP in relation to
non-PD. Some investigators have found that patients with
PsP have significantly improved overall survival [3, 6, 13],
while other groups have not [10, 18, 30-32] reflecting the
heterogeneity and limitations of the available data and the
lack of a combination of robust models that incorporate both
biological behavior and imaging features, including other
modalities such as physiologic imaging. In our study using
RANO groupings, patients with eTP had a significantly
shorter median OS of 13.2 months compared with the PsP
and non-PD groups with no statistically significant benefit
for PsP compared with non-PD at median OS of 23.6 and
27.6 months, respectively which is comparable with pre-
vious literature that incorporate other response assessment
methods. Further prospective analysis, and studies with
larger patient numbers using modern response assessment,
may be able to provide more insight into the radiologic bio-
markers, molecular risk grouping, and prognostic signifi-
cance of pseudoprogression in this common CNS disease.

Conclusion

PsP is a diagnostic dilemma in the management of patients
with malignant primary brain tumors. To date, conventional
MRI studies including perfusion imaging do not reliably
differentiate pseudoprogression from true progression. How-
ever, there are important differences in clinical findings. In
our cohort, worsening of KPS or the need for increased ster-
oids within the first 12-weeks post-radiation therapy was
significantly increased in eTP versus PsP. This was often
preceded by clinical neurologic worsening. Assessment of
these findings and of the clinical course of PsP require pro-
spective validation, and the implementation of standardized
assessment of neurologic function would greatly facilitate
the widespread use of this metric as an aid in decision mak-
ing regarding PsP. In the future, tumor molecular analyses
as well as novel imaging technologies may help differen-
tiate true progression from pseudoprogression. However,
awareness of the frequent occurrence of pseudoprogression

is critically important so patients do not have effective
treatment halted, or alternative therapies initiated and
erroneously considered effective as the PsP spontaneously
improves.
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