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Abstract

Background. There is minimal evidence to support decision making for symptomatic steroid-refractory
pseudoprogression or true progression occurring after intensity-modulated radiation therapy (IMRT) for glioblas-
toma (GBM). This study audited the survival outcome of patients managed with redo craniotomy (RedoSx) or
bevacizumab (BEV) for steroid-refractory mass effect after IMRT for GBM.

Methods. Patients with GBM managed between 2008 and 2019 with the EORTC-NCIC Protocol were entered into
a prospective database. Patients with symptomatic steroid-refractory mass effect within 6 months of IMRT man-
aged with either RedoSx or BEV were identified for analysis. For the primary endpoint of median overall survival
(OS) postintervention, outcome was analyzed in regards to potential prognostic factors, and differences between
groups were assessed by log-rank analyses.

Results. Of the 399 patients managed with the EORTC-NCIC Protocol, 78 required an intervention within 6 months
of IMRT completion for either true or pseudoprogression (49 with RedoSx and 29 with BEV). Subsequently, 20 of the
43 patients managed with RedoSx when BEV was clinically available, required salvage with BEV within 6 months
after RedoSx. Median OS postintervention was 8.7 months (95% Cl: 7.84-11.61) for the total group; and 8.7 months
(95% CI: 6.8-13.1) for RedoSx and 9.4 months (95% CI: 7.8-13.6) for BEV (P=.38). Subsequent use of BEV in RedoSx
patients was not associated with improved survival compared with RedoSx alone (P =.10). Age, time from IMRT,
and ECOG performance status were not associated with OS. In the RedoSx patients, immunohistochemical fea-
tures such as Ki-67% reduction correlated with survival. The presence of pure necrosis and residual tumor cells
only had improved survival compared with the presence of gross tumor (P < .001).

Conclusions. At time of symptomatic steroid-refractory true or pseudoprogression following IMRT for GBM, BEV
was equivalent to RedoSx in terms of OS. Pseudoprogression with residual cells at RedoSx was not associated
with worse outcome compared to pure necrosis.

© The Author(s) 2021. Published by Oxford University Press on behalf of the Society for Neuro-Oncology and the European
Association of Neuro-Oncology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.
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Approximately half of the patients with glioblastoma
(GBM) managed with concurrent radiation therapy and
temozolomide (TMZ) as per the EORTC-NCIC (Stupp)
Protocol’ will demonstrate increased contrast enhance-
ment and edema on early posttreatment MRI.23 There
is currently minimal evidence to support effective in-
vestigations to differentiate these changes as true pro-
gression vs treatment effect or pseudoprogression.4®
Similarly, there is minimal evidence to support decision
making in this clinical scenario, especially when the un-
derlying process is bulky or prolonged causing clinical
symptoms.

While the current initial management of sympto-
matic pseudoprogression involves the use of cortico-
steroids, clinical surveillance, and supportive care,?
further management may be required when patients
either become unable to tolerate the associated cor-
ticosteroid morbidity or the process is prolonged or
progressive. In such patients, surgical salvage with a
repeat craniotomy (RedoSx) can reduce symptoms by
debulking the mass effect, and additionally allows for
histopathological assessment for residual disease.?’
However, there is the potential for postoperative
morbidity and exacerbation of existing neurological
deficits. An alternative to this approach is bevacizumab
(BEV), a vascular endothelial growth factor inhibitor,
which is effective in reducing contrast enhancement in
recurrent glioma, and healing of late cerebral radiation
necrosis.®® Additionally, in the AVAGLIO randomized
trial where BEV was administered as part of adju-
vant therapy in GBM, although no impact was noted
on overall survival (OS) compared to placebo, it did
halve the rate of pseudoprogression.?

This current study aims to audit survival outcomes fol-
lowing management with either RedoSx or BEV in pa-
tients with steroid-refractory mass effect occurring within
6 months of completion of adjuvant intensity-modulated
radiation therapy (IMRT) for GBM.

I
Methods

Consecutive adult patients diagnosed with GBM and re-
ferred to The Neuro-oncology Multidisciplinary Tumour
Clinic (MDT) at the Northern Sydney Cancer Centre were
entered into a prospective database, approved by the
Institutional Ethics Review Board. Patient informed con-
sent for database was obtained at the time of consent for
radiation treatment. These patients were formally managed
under the Stupp Protocol with definitive IMRT and TMZ
between January 2008 and June 2019. Posttreatment MRI
surveillance was conducted with a formal protocol with
imaging performed at month +1 post-IMRT, then second
monthly (month +3, +5, +7) until completion of the adjuvant
phase of TMZ.

Patient Selection

Eligible patients for this study were those newly diagnosed
patients with GBM managed under the Stupp Protocol,
who then required intervention beyond corticosteroids
for symptomatic steroid-refractory mass effect occurring
within 6 months of completion of IMRT. These patients
were then discussed at the Neuro-oncology MDT and
subsequently managed with either RedoSx or BEV and
identified for included in the audit. Patients with definite
evidence of distant relapse beyond radiotherapy (RT) high-
dose region were excluded.

Baseline Characteristics

Patient and tumor details were recorded at initial diag-
nosis. Specifically patient age, ECOG (Eastern Cooperative
Oncology Group) performance status, extent of resec-
tion, initial Ki-67 proliferation index (Ki-67%), and MGMT
(Of-methylguanine-DNA methyltransferase) methylation
status were documented.

All patients required management with IMRT to a dose
of 60 Gy over 6-7 weeks delivered with concurrent TMZ
per the Stupp Protocol.” Following completion of IMRT
patients had surveillance MRI at 1 month (month +1) and
then every 2 months until completion of adjuvantTMZ.

Indications for Second Craniotomy or BEV

Patients with symptomatic steroid-refractory mass effect were
reviewed by the treating radiation oncologist, medical oncol-
ogist, and neurosurgeon to determine the most appropriate
intervention. The decision making was individualized for pa-
tients and not randomized. This was based on clinical, radio-
logical, and individual social factors, including resectability,
ability to self-fund BEV, and patient choice. BEV was not
funded on the government pharmaceutical scheme, and pa-
tients were required to access the medication through a par-
tially self-funded industry compassionate access scheme.

Generally, if the neurosurgeon believed the enhancing
mass was accessible for resection without additional mor-
bidity, and performance status was considered adequate
for the procedure then a repeat craniotomy was offered to
the patient.

Time to intervention for mass effect from completion of
RT was recorded. The subsequent requirement for salvage
BEV in the 6 months after patients were managed with
RedoSx was recorded.

Neuropathological Details

All patients in the audit had histopathological analysis of
their original surgical specimens using standardized re-
porting. Patients undergoing RedoSx were required to
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have neuropathological examination of the surgical spec-
imen for Ki-67%, which was compared with the patient’s
initial surgical histology and for the presence of necrosis.
Estimation of the percentage of tumor cells vs necrotic
changes was determined in each case based on hematox-
ylin and eosin staining.The neuropathological assessment
was categorized as pure necrosis (no evidence of tumor
cells); gross tumor (the presence of tumor cells grouped
together with prominent mitoses); and residual glioma
cells (isolated clusters of atypical cells with absent or min-
imal mitoses).”

BEV Regimen

BEV was administered as a low dose regimen in this indica-
tion of presumed pseudoprogression with either a standard
400 mg dose or 5 mg per kg dose as a second weekly infu-
sion. A minimum duration of 4 cycles were delivered.

Statistical Considerations

The primary endpoint was median OS time measured in
months from the time of intervention (RedoSx or BEV) to
last follow-up or death. Survival curves were generated

Table1. Patient and Treatment Characteristics (n =78)

Subgroup
Median
<60

>60

Frontal

Age at time of intervention

Site of tumor
Temporal
Parietal
Occipital
Thalamic
Other

Extent of resection at initial diagnosis

Ki-67% at initial diagnosis Median

IDH mutation at initial diagnosis Wild type
Mutated
Unknown

Known MGMT status at initial diagnosis

Unknown
Time from end RT to intervention <3 months
>3 months
Performance status at intervention (ECOG) 0.1

2.3

Near-total (>90%)
Subtotal (50%-90%)
Biopsy (<50%)

Unmethylated
Methylated

using the Kaplan-Meier method. Univariate predictors of
survival duration were evaluated using log-rank compari-
sons. All reported P values are 2-tailed. Statistical signif-
icance was defined as P < .05 in all cases. R Version 3.5.2
was used for statistical analysis (including survminer
package version 0.4.6).

I
Results

Of the 399 patients managed with the Stupp Protocol
during the study period, 78 (19.5%) required an interven-
tion for either true progression or pseudoprogression
within 6 months post-IMRT. Forty-nine patients under-
went RedoSx, of which 17 (35%) had near-total resection
whereas 32 (65%) had subtotal resection. Twenty-nine pa-
tients were managed with BEV alone.

Initial patient characteristics at diagnosis for both co-
horts are detailed in Table 1. Extent of initial resection at
diagnosis favored the RedoSx group with 39% having a
near-total resection compared to 17% in the BEV patients
(P =.05). All patients with a recorded IDH mutation status
were IDH wild-type. MGMT status was known in 77% of
patients and of these 37% were MGMT methylated. The

% RedoSx (n = 49) % BEV (n =29)
58 yr 62 yr
59% 53%
41% 47%
26% 31%
35% 24%
29% 28%
8% 7%
0% 10%
2% 0%
39% 17%
48% 55%
13% 28%
25% 30%
80% 97%
0% 0%
20% 3%
65% 62%
35% 38%
15 patients 3 patients
51% 52%
49% 48%
26% 0%
74% 100%

Abbreviations: BEV, bevacizumab; ECOG, Eastern Cooperative Oncology Group; IDH, isocitrate dehydrogenase; MGMT, O°-methylguanine-DNA

methyltransferase; RedoSx: redo surgery, RT, radiotherapy.
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proportion of patients with known MGMT status who had
MGMT methylation in the RedoSx and BEV groups was
35% and 38%, respectively. Median Ki-67 on initial surgical
histopathology was 25% and 30% for patients undergoing
RedoSx, and BEV, respectively.

OS Outcome

The median OS from initial diagnosis for the 78 patients
managed with an intervention was 13.4 months (95% CI:
12.6-16.3); compared with the larger cohort of 321 patients
without an intervention of 17.0 months (95% CI: 15.5-18.5).

The median OS postintervention was 8.7 months (95%
Cl: 7.8-13.6). As demonstrated in Figure 1, patients man-
aged with RedoSx or BEV had median OS of 8.7 months
(95% Cl: 6.8-13.1) and 9.4 months (95% Cl: 7.8-13.6), respec-
tively (P=.38).

Of the 49 patients who underwent RedoSx, 43 were man-
aged in the era after April 2011 when BEV was available as
an option for intervention. BEV was subsequently required
as further salvage for symptoms in the 6 months after
RedoSx in 20 (46%) of these patients. There was a trend to
improved survival duration from the date of RedoSx with
a median survival using subsequent BEV of 12.5 months
(95% Cl: 8.5-46.5) vs 5.6 months (95% Cl: 4.4-17.8) with no
subsequent BEV. This, however, did not reach statistical
significance (P=.10).

BEV was well tolerated and specifically, no hemorrhagic
complications were observed in the cohort of patients
managed with BEV as initial intervention.

Association of Baseline Characteristics With OS

The median age of patients at diagnosis was 59 years.The
median OS postintervention for those aged older than
60 years of age was 7.8 months (95% Cl: 5.6-12.5) compared
to 9.8 months (95% CI: 8.3-16.3) for patients aged younger
than 60 years (P = .19). Median age of patients who un-
derwent RedoSx was 58 years, compared with a median
age of 62 years for those who received BEV. In the patients

Table2. Neuropathological Features From RedoSx (n = 49)

Subgroup
>80%
<80%
<10%
>10%
>50%
<50%

Necrosis only

Necrosis

Ki-67%

Change in Ki-67%

Presence of residual glioma

Residual cells

Gross tumor

with RedoSx, there was a trend towards better survival for
younger patients (11.6 months vs 5.6 months, P=.13).

As the patient eligibility for an intervention was the pres-
ence of a symptomatic contrast-enhancing mass, at time
of intervention 83% of patients had an ECOG performance
status of 2 or 3. The median OS for patients with an ECOG
of 0-1 was 21.6 months (95% Cl: 11.2-NA) vs 8.3 months
(95% ClI: 7.1-10.7) for those with ECOG 2-3 (P = .16). All 13
patients with ECOG 0-1 had RedoSx as their intervention.
On analysis of the 65 patients with ECOG 2-3, the median
OS following surgery was 8.0 months vs 9.4 months fol-
lowing commencement of BEV (P=.78).

Initial pathology demonstrating MGMT methylation
was not associated with improved survival, either as the
whole group (P=.61) nor for the RedoSx (P = .54) and BEV
(P=.57) cohorts separately.

Timing of Intervention

The median time from date of completion of IMRT to treat-
ment of symptomatic steroid-refractory mass effect was
3 months in both groups. In surgical patients, those whose
interventions occurred by 3 months had a median OS of
11.6 months vs 7.1 months in those with longer times to
surgery (P =.62). The patients receiving BEV had a median
OS of 9.4 months, and was not influenced by whether BEV
was commenced by the median intervention time or was
commenced later (P=.98).

Histopathology at Redo Craniotomy

Of the 49 patients who underwent repeat craniotomy, the
pathology was pure necrosis in 12 patients; residual glioma
cells in 23 patients, and gross tumor in 14 patients (Figure 2).
The presence of residual glioma cells correlated with survival
after RedoSx with median OS for patients of 4.5 months (95%
Cl: 2.9-11.2) with gross tumor present; 11.6 months (95% ClI:
7.59-23.2) with residual cells; and 32.4 months (95% Cl: 5.6-
NA) with pure necrosis only (P<.0001) (Table 2).

At time of RedoSx, patients with a Ki-67 of 10% or less
had a median OS of 11 months vs 2 months for higher

Median OS (months) 95% ClI P

12.3 (75-35.2) .012
71 (4.4-13.1)

12.5 (8.7-29.7) <.001
4.9 (2.9-11.2)

12.3 (8.7-21.6) <.001
4.0 (2.6-NA)

32.3 (5.6-NA) <.001
11.6 (7.5-23.2)
4.5 (2.9-11.2)

Abbreviations: Cl, confidence interval; NA, not applicable; 0S, overall survival.
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Figure 1.
bevacizumabh.

Ki-67 (P < .01); and patients with a reduction in Ki-67 of
>50% compared with initial surgical pathology had a me-
dian OS of 12 months vs 4 months for those with a <50%
reduction (P < .01). Patients with >80% tumor necrosis on
redo surgical pathology had a median OS of 11 months vs
4 months for patients with <80% necrosis (P=.01).

I
Discussion

The presence of a symptomatic contrast-enhancing mass
lesion presenting in the 6 months after IMRT for GBM is
a challenging clinical scenario. Initial management to re-
duce raised intracranial pressure and associated neu-
rological/neurocognitive dysfunction is balanced by the
necessity to continue the adjuvant phase of TMZ to op-
timize tumor control. The diagnostic dilemma between
pseudoprogression or true progression creates uncer-
tainty for clinicians and patients. Evidence of true pro-
gression, when defined by parameters such as increasing
Ki-67%,” will guide salvage interventions but also reflect

15 (8)

11(8) 8(9 8(9 5(10)

8 (1) 62 4 20 1)

Overall survival for patients managed with RedoSx (black, solid) or BEV (gray, dashed) from intervention date. Abbreviation: BEV,

the poor prognosis for the patient with median survivals
less than 4 months. A pseudoprogression event has been
demonstrated to be associated with improved outcome,?
but the impact of symptoms, steroid morbidity, and di-
minished performance status can be significant especially
when considering longevity is generally limited to median
survivals of 18 months.”'%" Steroid-related weight gain
and proximal myopathy negatively impact on patients’
functional status either through the direct impact on mo-
bility or through exacerbation of underlying motor neu-
rological deficits. Understanding that at time of relapse
patients are generally offered salvage therapies then this
progression-free period after adjuvant therapy may be the
only treatment-free period prior to the terminal phase of
illness.

This study demonstrates that in the presence of a
symptomatic contrast-enhancing mass lesion within the
6-month period after IMRT, a redo craniotomy or upfront
BEV are equivalent in terms of overall and median sur-
vival. Median survival for various patient subgroups can
range from 4 months to 32 months, thus the wide range
of survival outcomes means that management will require
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Figure 2. Qverall survival for patients managed with RedoSx and the presence of residual glioma: necrosis only (black, solid), residual cells only

(gray, dashed), and gross residual tumor (black, dotted).

individualization. More research is required regarding pa-
tient selection factors to determine the appropriate cri-
teria for which patients should be considered for RedoSx
rather than BEV. In this study, surgery was utilized more
frequently than upfront BEV for patients with better per-
formance status, and although ECOG performance status
was associated with improved survival, the intervention
of RedoSx was not. This may be explained when under-
standing that 46% of the surgical patients were subse-
quently salvaged with BEV within the next 6 months.
Thus, in this clinical scenario of a symptomatic contrast-
enhancing mass developing in the 6 months after IMRT,
this study raises a future hypothesis for research that
RedoSx adds no benefit other than obtaining pathological
confirmation to aid diagnosis.

A limitation of this study is that the selection of patients
was not controlled but rather individualized with a pref-
erence for patients with better performance status being
offered redo craniotomy as the initial intervention. While
this audit describes no difference in outcome for the pa-
tients with ECOG 2-3 performance status managed with ei-
ther approach, there are no data for the outcome of better

performance status patients being managed with BEV up-
front. Similarly, another limitation of the study was that the
endpoint was limited to survival outcome, and time of sub-
sequent progression and detailed adverse events of each
intervention impacting on quality of life was not available.

In a pseudoprogression event, the extent of surgical in-
tervention will be influenced by the site of the tumor and
any residual mass may continue to develop progressive
enhancement.Thus, BEV was subsequently offered in these
patients where the symptomatic progressive enhancement
continued. RedoSx may be considered in this regard as a
diagnostic procedure rather than a definitive management
option and BEV may still need to be considered. BEV will
not act as a diagnostic procedure as the gadolinium en-
hancement from both tumor or pseudoprogression will
respond.’?'® Improved noninvasive diagnostic techniques
have been sought predominantly using sophisticated MRI
sequences with diffusion-weighted imaging and spectros-
copy''® as well as quantitative PET (positron emission
tomography) imaging with both glucose and amino acid
tracers.'®7 At present, no definitive investigation has been
identified without significant false-positive rates.
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The tissue diagnosis that RedoSx provides may re-
quire some clarification to clinicians to guide manage-
ment. Almost 3 quarters of patients in this study had
features predominantly suggestive of treatment effect or
pseudoprogression on neuropathological assessment with
either pure necrosis or minimal residual cells only. There
was no significant difference in median survival demon-
strated between necrosis and the presence of residual
glioma cells.This is important to recognize given that there
may be a tendency to link a worse prognosis if tumor cells
are noted in the specimen or it may prompt an early cessa-
tion of adjuvant systemic therapy and switch to alternative
therapies. The definition of true progression on a RedoSx
specimen is not well defined, but based on a prior research
this audit used the presence of tumor cells whose Ki-67%
is greater than 10% or less than 50% reduction from initial
diagnostic Ki-67% level.”'8

This study defined a window for pseudoprogression being
the presence of progressive gadolinium enhancement within
the 6 months from completion of IMRT. Later enhancement
is likely to be consistent with tumor progression based on
historical series of repeat craniotomy for recurrent tumor.'®
Radiation necrosis may develop in the 9-18 months following
IMRT but occurs in a lower rate at this timepoint compared
to recurrent tumor given the risk for progressive disease be-
yond 12 months postdiagnosis for GBM. Periventricular de-
myelination events may also develop in this later timepoint
and should be suspected when the focal enhancement oc-
curs on adjacent ventricular surfaces within the IMRT high-
dose regions.This has been described less frequently in GBM
than lower grade tumors?>?! given the incidence occurring
later beyond the shorter median survival timeframes of
GBM, but may rise in incidence as initial adjuvant therapy is
enhanced with new agents or as median survival increases
extend more patients into the timeframe for latent radiation
therapy effects.

As BEV becomes an established modality for
pseudoprogression scenarios then protocols detailing the
optimal timing, intensity, and duration of therapy will need
to be established through more evidence. In the AVAGLIO
trial adding adjuvant BEV to the Stupp Protocol, the du-
ration of therapy was for continuation of high-dose BEV
(10 mg per kg) until time of disease progression.’ This
halved the rate of pseudoprogression events compared
to the placebo arm.? For recurrent GBM, and in this study,
the BEV protocols prescribe for continuation of high-dose
BEV therapy until progression with contrast enhancement
or symptomatic deterioration.?222 However, for estab-
lished radiation necrosis, a lower dose and duration has
been demonstrated to be effective with studies describing
only 2 or 4 cycles at a lower dosage (5-7.5 mg per kg).8®°
The dose required may even be lower with doses at 1 mg
per m? being assessed.?® In the pseudoprogression sce-
nario an approach may be to deliver 2 doses at a lower
dose regimen, confirm clinical and radiological response,
and then monitor with sequential MR surveillance. This
would reduce the economic impact as well as minimize
the risk of BEV-related morbidity, such as renal hyperten-
sion, thrombotic episodes, and intracranial bleed. The
brief BEV regimen may also potentially allow a later sur-
gical procedure with less risk of wound healing issues.

Such an approach of early brief BEV to minimize the pre-
sumed pseudoprogression event will increase the need to
obtain noninvasive diagnostic procedures to exclude early
progression.

I
Conclusions

At time of symptomatic steroid-refractory gadolinium con-
trast enhancement occurring in the 6 months following
IMRT for GBM, an intervention with BEV was equivalent
to RedoSx in terms of median survival. Further research
of noninvasive measures to diagnose pseudoprogression
may further define the role of BEV over RedoSx in this ini-
tial period after completion of IMRT for GBM.
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