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Abstract

AIM: To investigate changes on magnetic resonance
imaging (MRI) which occur with intracavitary Gliadel
wafer placement in patients with glioblastoma multi-
forme (GBM).

METHODS: This retrospective Health Insurance Por-
tability and Accountability Act-compliant study was ap-
proved by the institutional review board, with a waiver
of informed consent. A total of eight patients aged
29-67 years with GBM underwent Gliadel wafer place-
ment. T2-weighted/FLAIR images and post-contrast
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T1-weighted images both before and after wafer place-
ment were retrospectively reviewed in consensus to
determine changes in the following parameters: ap-
pearance of the pericavitary tissue, pattern of tumor re-
currence or progression and appearance of the Gliadel
wafer itself.

RESULTS: Five out of the eight patients had a pro-
gressive increase in enhancement and pericavitary
T2/ FLAIR hyperintensity within the first 2 mo and a
subsequent decrease in these MRI findings. None of
these patients had tumor recurrence within the first
6 mo. Three out of the eight patients demonstrated a
progressive increase in enhancement and pericavitary
T2 hyperintensity, which continued after the first 6 mo,
and were subsequently diagnosed with true tumor pro-
gression. There was no increase in distant/nonlocal tu-
mor recurrence. The Gliadel wafer appearance changed
over time.

CONCLUSION: Pseudoprogression is common after
intracavitary Gliadel wafer placement and thus care
should be taken before diagnosing tumor progression
or recurrence within the first 2 mo.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Despite vast efforts in drug development, only limited
advancements in malignant glioma therapy have been
achieved". Various new chemotherapeutic agents for
glioblastoma multiforme (GBM) treatment, including but
not limited to alkylating agents, tyrosine kinase inhibitors,
and angiogenesis inhibitors, have yielded only minor ben-
efits in patient survival and the standard of care remains
surgery, radiation, and concurrent chemotherapy with the
alkylating agent temozolomide (TMZ)". For most pa-
tients, the prognosis remains dismal with a median overall
survival of 14.6 mo".

Thus, in addition to standard oral and intravenous
chemotherapy, other routes of drug delivery are being
explored. One example is the placement of chemothera-
peutic wafers in the tumor resection cavity, called Gliadel
wafers! (Eisai Co. Ltd., Tokyo, Japan). Gliadel wafers are
composed of a biodegradable polymer wafer impregnated
with 3.85% carmustine [1,3-Bis(2-Chloroethyl)-1-Nitroso-
urea, BCNU]. BCNU is a chemotherapeutic agent which
alkylates reactive sites on nucleoproteins and interferes
with DNA synthesis and repajrw. In 1996, Gliadel wafers
became the first new treatment to be FDA-approved for
malignant glioma, specifically recurrent GBM, since the
introduction of systemic chemotherapy. It was the first
and currently remains the only interstitial chemotherapeu-
tic drug approved for malignant gliomam. Subsequently,
in 2003, it was approved for primary therapy for GBM
as well. During the surgical procedure, right after tumor
resection or debulking, up to 8 wafers are deposited along
the wall of the resection cavity (Figure 1). The implanted
wafers are left i situ, providing a controlled release of
BCNU over a petiod of 2 to 3 wkl,

However, the introduction of different chemothera-
pies invariably results in new and different imaging find-
ings both in the peritumoral and pericavitary regions.
These pericavitary parenchymal changes can mimic
tumor recurrence and progression, referred to as pseudo-
progression. Therefore, knowledge of these changes on
MR imaging is of utmost importance for proper identi-
fication and accurate interpretation. The radiologist (1)
must be aware of appearance of the wafers on imaging
and, once correctly identified, be able to (2) contextually
analyze the associated pericavitary parenchymal changes
on the images and provide the appropriate interpretation
of those changes.

Despite multiple randomized clinical trials demon-
strating a clinical efficacy in both primaryW’81 and recut-
rent”” GBM, little has been published regarding the
radiological findings of these wafers. Although multiple
non-radiological studies have briefly touched on the
parenchymal changes and complications seen after intra-
cavitary placement of Gliadel wafers” " to date, no pub-
lished radiological study exists describing the peritumoral
or pericavitary imaging findings. Only two dedicated radi-
ology articles have been published describing the imaging
appearance of carmustine wafers itself"” and a second
one additionally describing the pattern of recurrence and
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evolutionary changes in the surgical bed without pat-
ticular focus on the pericavitary regionm]. The fact that
Gliadel wafers can cause pseudoprogression, mimicking
true tumor recurrence or progression, is clinically signifi-
cant. The phenomenon of pseudoprogression is a well-
known treatment-related response known to occur most
commonly with concurrent radiation and TMZ adminis-
tration" . However, this has not been described to occur
with Gliadel wafers.

Therefore, the purpose of this article is to describe
the parenchymal changes seen post- intracavitary Gliadel
wafer placement and to provide potential ways to help
differentiate Gliadel wafer pseudoprogression changes
from true tumor progression. We will also illustrate the
appearance of the Gliadel wafer itself on imaging mo-
dalities and describe patterns of tumor recurrence and
progression.

MATERIALS AND METHODS

This retrospective Health Insurance Portability and Ac-
countability Act-compliant study was approved by the
institutional review board, with a waiver of informed
consent.

Subjects

We retrospectively identified eight patients (6 males, 2
females; age range: 29-76 years; median age: 56 years)
between 2004-2009 whom had undergone intracavitary
placement of Gliadel wafers, had histopathologically
confirmed GBM, and had undergone pre and post T'1-
weighted image (T1TWI) and T2-weighted image (T2WI)
or FLAIR MR imaging. A ninth patient who had under-
gone Gliadel wafer placement and subsequent removal
of the wafer a day later due to immediate post- operative
wound infection was excluded.

MR imaging

All patients underwent conventional MR imaging in a
1.5T magnet (GE Healthcare, Milwaukee, Wisconsin)
using a standard head coil. Axial spin-echo T1-weighted
sequences (TR, 509 ms; TE, 14 ms), before and after in-
travenous administration of gadopentetate dimeglumine,
and axial FLAIR sequences (TR, 11000 ms; TE, 140 ms;
TI, 2600 ms) were obtained in the standard fashion. Of
note, it has been shown that both 1.5T and 3T magnetic
resonance imaging (MRI) are unable to differentiate be-
tween true and pseudoprogression“s]. T2-weighted imag-
es were obtained with the following parameters (IR/TE
3500/90).The section thickness for all imaging sequences
was 5 mm, with an intersection gap of 0.5 mm, with ma-
trix 512 X 512, FOV 230 x 230. Two patients underwent
perfusion imaging, Perfusion-weighted imaging was ob-
tained using T2*-weighted echo-planar imaging sequence
with the following parameters: repetition time, 2020 ms;
echo time, 40 ms and flip angle 90; field of view, 230 mm
X 230 mm; section thickness, 4 mm, gap 0; data matrix,
256 X 256 matrix; and in-plane voxel size, 2.33 mm X 2.33
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Figure 1 Intracavitary Gliadel wafer placement. This image, taken at time
of Gliadel wafer placement in the operating room, demonstrates the lining of
wafers (white round structures) along the wall of the resection cavity site.

mm was acquired in 40 dynamic scans every 2 s during
the first pass of the contrast agent. Gadopentetate dime-
glumine (0.1 mmoL/kg) was injected with a Medrad MR-
compatible power injector (Medrad, Pittsburgh, PA) at a
rate of 5 mL/s through an 18-gauge intravenous catheter
followed immediately by a 20 mL continuous saline flush
at 5 ml/s).

Time points for the scans were as follows in all pa-
tients as per clinical protocol: preoperative scan, immedi-
ate (within 72 h) post-operative scan, second (6 wk) post-
operative scan, and subsequent scans every 1-2 mo for
up to 1-2 years/until death. Some patients had additional
scans between these standard time points.

Image analysis

The T2WI/FLAIR and post-contrast TIWT images were
retrospectively reviewed by two neuroradiologists, with
6 (RRC) and 18 (DDD) years of experience, working in
consensus. Both were blinded to the histopathological
diagnosis of whether there was recurrence or no recur-
rence, patient’s survival and clinical status, and imaging
interpretation reports. The MRI studies before and after
Gliadel wafer placement were placed side by side on the
same plane on a standard digital workstation and were
analyzed accordingly. The first comparison was done
between the MRI prior to Gliadel wafer deposition and
the baseline post-operative study. All studies subsequent
to the baseline MRI post-Gliadel wafer placement were
also evaluated and compared to the prior. The following
parameters were analyzed and recorded by the neurora-
diologists: (1) the appearance of the pericavitary tissue
relative to the baseline MRI and subsequently the im-
mediate prior MRI; (2) the pattern of tumor recurrence
and progression whether local or non-local; and (3) the
appearance of the Gliadel wafer itself.

RESULTS

Appearance of pericavitary tissue
The MR appearance and changes of the pericavitary tis-
sue was assessed and evaluated during the first 6 mo after
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intracavitary placement of Gliadel wafers. Five out of
the eight patients demonstrated a progressive increase
in enhancement on post-contrast T1WI and pericavitary
hyperintense T2WI/FLAIR signal within the first 2 mo
with a subsequent decrease in enhancement and FLAIR
hyperintensity at 2 mo time point without a change of
therapy (Figure 2). This increase in enhancement was rela-
tive to the baseline MRI and subsequently immediate prior
comparison MRI examination. Three out of the eight
patients demonstrated a non-abating progressive increase
in enhancement and pericavitary FLAIR hyperintensity
in each subsequent scan when compared to the baseline
and immediate prior MRI which continued after the first
2 mo and even after 6 mo (Figure 3). The latter three pa-
tients (recurrent group) were subsequently diagnosed with
true tumor progression, confirmed by both continued
radiographic progtression and histopathological analysis
subsequent to re-resection. All former 5 patients (non-
recurrent group) who showed a decrease in enhancement
and FLAIR hyperintensity at 2 mo did not demonstrate
true tumor progression or recurrence within the first 6
mo. MR perfusion imaging was performed within the
first 6 mo in two patients, from each respective group.
MR perfusion, specifically relative cerebral blood volume
maps, accurately demonstrated concordance with the sub-
sequent histopathological diagnosis (Figures 2 and 3). Of
note, there was no post-operative ischemia seen on the
diffusion weighted images (not shown). No patients in the
non-recurrent group demonstrated increase in enhance-
ment after 2 mo (Figure 4). All patients in the recurrent
group demonstrated a continued increase in enhancement
after the 2 mo mark.

Pattern of recurrence/progression on MR imaging

Two patterns of tumor recurrence were identified: nonlo-
cal/distant and local, using standard brain tumor criteria
for patterns of recurrence!”. The nonlocal/distant pat-
tern was defined as recurrent tumor at a distance of 1.5
cm or more from the resection cavity site. Local recur-
rence was defined as tumor occurring within 1.5 cm from
the resection cavity site. To assess for pattern of recur-
rence, the entire spectrum of MRIs for each patient were
reviewed. When following the patients over a period of
time, for the most part over more than 1.5 years, seven
out of the eight patients had recurrence. Of these, two
out of seven patients had a nonlocal pattern of recur-
rence. Six out of seven patients had local recurrence. One
patient has not shown any sign of recurrence after more
than 5.5 years after initial diagnosis.

Radiological appearance of Gliadel wafers

When evaluating the appearance of the wafers them-
selves, three types of phases were defined similar to
Prager ¢ al'?. In the acute phase (less than 7 d post-wafer
placement), all wafers were seen as linear hypointense
structures on T1WTI and T2/FLAIR images relative to
the fluid within the resection cavity (Figure 5). In the
subacute phase (from 1 wk to 3 mo post-wafer place-
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Figure 2 Magnetic resonance imaging appearance in a 54-year-old male patient without tumor progression (Patient 1). A: Post-operative day 7, (A) T2
weighted image (T2WI) (TR, 3000 ms; TE, 80 ms) and (B) post-contrast T1 weighted image (T1WI) (TR, 509 ms; TE, 14 ms) demonstrate increase in T2 hyperinten-
sity and enhancement, respectively, surrounding the resection cavity site compared to the baseline post-operative images (not shown); C, D: Post-operative day 20, (C)
T2WI (TR, 3000 ms; TE, 80 ms) and (D) T1WI (TR, 509 ms; TE, 14 ms) demonstrate a decrease in T2 hyperintensity and enhancement, respectively, surrounding the
resection cavity site; E: MR perfusion [relative cerebral blood volume (rCBV) maps] do not show any increase in rCBV confirming previous that findings were due to
post-treatment changes (pseudoprogression) rather than recurrence.

Figure 3 MR appearance in a 59-year-old male patient with tumor progression (Patient 2). A: One month post-operative, (A) FLAIR (TR, 11,000 ms; TE, 140 ms; TI,
2600 ms) and (B) T1 weighted image (T1WI) (TR,509 ms; TE, 14 ms) demonstrate an increase in FLAIR hyperintensity and enhancement, respectively, surrounding the
resection cavity site. Five months post-operative; C, D: (C) FLAIR (TR, 11,000 ms; TE, 140 ms; T, 2600 ms) and (D) T1WI (TR,509 ms; TE, 14 ms) demonstrate a further
increase in FLAIR hyperintensity and enhancement, respectively, surrounding the resection cavity site; E: MR perfusion (rCBV maps) demonstrates increased rCBV in the
right posterolateral, anterior and medial aspects (arrows) of the resection cavity site confirming true tumor recurrence rather than post-treatment changes.
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hyperintense signal intensity
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Figure 4 Graphic illustration. Post-treatment changes and time course. This
diagram illustrates a progressive increase in pericavitary enhancement and
FLAIR hyperintensity that occurs within the first 2 mo of Gliadel wafer deposi-
tion. At the 2 mo mark, all patients (5/8) without recurrence demonstrated a
steady decline in post-treatment changes on their magnetic resonance imaging
(MRI) relative to the immediate prior examination (dark gray-black line). All (3/8)
patients who had recurrence demonstrated a continued increase in enhance-
ment and FLAIR hyperintensity relative to their immediate prior MRI study (light
gray line).

Figure 5 Appearance of Gliadel wafers in the acute phase. A: Axial post-
contrast T1 weighted image (TR, 509 ms; TE, 14 ms) demonstrates non-en-
hancing T1 hypointense linear structures (arrows) reflecting the Gliadel wafers
in the resection cavity site. Post-treatment changes are also seen; B: Axial T2-
weighted image (TR, 3000 ms; TE, 80 ms) demonstrates the wafers (arrows) to
also be hypointense on T2 and are well seen within the T2 hyperintense fluid-
filled resection cavity.

ment), the wafers progressively appeared as a linear T1-
hyperintense and T2-hypointense structures (Figure 6). In
the chronic phase (after 3 mo post-wafer placement), the
wafers were not detectable on imaging due to dissolution.
No wafer enhancement was seen in any of the phases.
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Figure 6 Appearance of Gliadel wafers in the subacute phase. A, B: (A)
Axial pre-contrast and (B) post-contrast T1-weighted image (TR, 509 ms; TE,
14 ms) demonstrate non-enhancing T1 hyperintense linear structures (arrows)
reflecting the Gliadel wafers in the resection cavity site. Involuting post-treat-
ment changes are also seen; C: Axial T2-weighted image (TR, 3000 ms; TE,
80 ms) demonstrates the wafers (arrows) to remain T2 hypointense. A small
susceptibility artifact is seen in the anterior margin of the resection cavity site.

DISCUSSION

Our results demonstrate that the placement of Gliadel
wafers into the resection cavity may result in a tissue
reaction that may mimic tumor progression on MRI, a
phenomenon referred to as pseudoprogression. This is
evidenced radiologically as an increase in pericavitary en-
hancement and T2WI/FLAIR hyperintensity within the
first 2 mo after wafer deposition and subsequent decrease
of these MRI findings. Previous studies have briefly
described parenchymal changes on Gliadel wafer place-
ment”'""; however, these studies have not established
a time point when these changes are most common or
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expected and when pseudoprogression is unlikely based
on timing and ancillary advanced MR techniques such
as MR perfusion imaging. Our results demonstrate that
continued increase in enhancement after the 2 mo period
should be considered as probable tumor progression
rather than post Gliadel wafer changes; and, MR perfu-
sion imaging can be helpful to further characterize and
differentiate between these entities. It is essential in both
clinical practice and clinical trials that radiographic time-
to-progression be interpreted cautiously in this setting;
The timing of pseudoprogression with Gliadel wafers
is concordant with the new Response Assessment in
Neurooncology (RANO) criteria which states the pro-
gression cannot be diagnosed within the first 3 mo after
concurrent chemoradiation therapy unless it is outside
the radiation field or there is pathological confirmation
of progressive disease!”. Our results are concordant with
the latter definition of pseudoprogression standardized
in the RANO criteria for brain tumors. Intracavitary
Gliadel wafers can cause pseudoprogression; therefore,
recognition is paramount to avoid misdiagnosis of recut-
rent tumor resulting in an unnecessatry second sutgety or
change in the patient’s chemotherapeutic regimen based
on the assumption that this reflects treatment failure. On
the other hand, it is important to recognize that when
these MRI changes increase or persist beyond 2 mo,
these imaging findings are unlikely to represent post-
Gliadel wafer changes; and advanced MR techniques can
be employed to further characterize and help differentiate
recurrent tumor from post-treatment changes.

This study also confirms that there is no increase in
nonlocal tumor recurrence. Presumably, given that Gliadel
wafers work locally on the pericavitary infiltrated tissue,
one can hypothesize that the consequence of local control
of disease might be an increase in distant/nonlocal (a dis-
tance of 1.5 cm or more from the primary tumor) recur-
rence of tumor'”. Our results showed that 29% of Gli-
adel wafer patients had nonlocal tumor recurrence. Similar
findings also resulted from the Giese ez al'” study which
demonstrated no statistical difference in the pattern of
recurrence between the Gliadel and placebo group; in this
study, nonlocal recurrence occurred in 30% of patients in
the Gliadel group 25 28% in the placebo group”.

In our study, the differing patterns of Gliadel wafer
appearance depend on their /7 si## time and are concor-
dant with the literature!'”. In the acute phase (less than
7 d), the wafers appear hypointense on both T1WI and
T2WI images. This appearance reflects their hydrophobic
composition“z]. In the subacute phase (1 wk to 3 mo),
the wafers become more proteinaceous and thus dem-
onstrate hyperintensity on T1WI and hypointensity on
T2WI". After 3 mo, the wafers for the most part have
completely degraded and thus cannot be seen on imag-
ing. Awareness in local chemotherapy options such as
Gliadel wafer placement available for GBM treatment as
well as the ability to, independently from medical records,
identify these on MRI can help a radiologist to enter-
tain the possibility that an increase in enhancement and
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T2WI/FLAIR hyperintensity within the first 2 mo post
Gliadel wafer deposition might be due to pseudoprogres-
sion rather than true tumor recurrence or progression.

This pilot study is the first study dedicated to fully
describing the phenomenon of pseudoprogression and
the post-treatment changes that occur with Gliadel wafer
deposition. This increases the awatreness of the radiolo-
gist not to potentially misdiagnose these post-treatment
changes as true tumor recurrence or progression. How-
ever, a prospective study with a larger patient population
is needed to confirm our preliminary results and to more
precisely determine a time point where post-treatment
changes »s tumor progression unmistakably diverge. Fur-
thermore, unlike a retrospective study which might have
potential biases regarding imaging times and particular
sequences, a prospective study in which standardized
imaging protocols and sequences are done can address
these limitations and will be helpful to evaluate the role
of the MR perfusion and diffusion in diagnosing pseudo-
progression. This is expected to lead to a more accurate
diagnosis eartly on during treatment.

In conclusion, pseudoprogression is common after
intracavitary placement of Gliadel wafers and should not
be automatically interpreted as tumor progression or re-
currence within the first 2 mo.

COMMENTS

Background

Despite vast efforts in drug development, only limited advancements in ma-
lignant glioma therapy have been achieved. Placement of chemotherapeutic
wafers in the tumor resection cavity, called Gliadel wafers, have been approved
as a therapeutic option for primary and recurrent malignant glioma.

Research frontiers

Knowledge of MR imaging of Gliadel wafers is essential for proper identifica-
tion and accurate interpretation of their treatment effect and resources on this
subject are scarces in the literature. The purpose of this article is to describe
the parenchymal changes seen post- intracavitary Gliadel wafer placement and
to provide potential ways to help differentiate Gliadel wafer pseudoprogression
changes from true tumor progression.

Innovations and breakthroughs

Despite multiple randomized clinical trials demonstrating clinical efficacy in both
primary and recurrent GBM, little has been published regarding the radiological
findings of these wafers. And, although multiple non-radiological studies have
briefly touched on the parenchymal changes and complications seen after
intracavitary placement of Gliadel wafers, to date, no published radiological
study exists describing the peritumoral or pericavitary imaging findings. Only
two dedicated radiology articles have been published describing the imaging
appearance of carmustine wafers and a second one additionally describes the
pattern of recurrence and evolutionary changes in the surgical bed without par-
ticular focus on the pericavitary region.

Applications

The fact that Gliadel wafers can cause pseudoprogression, mimicking true
tumor recurrence or progression, is clinically significant and has not been de-
scribed to occur with Gliadel wafers. We hope that illustration of the appearance
of the Gliadel wafer on imaging modalities and patterns of tumor recurrence
and progression, helps radiologists and clinicians make appropriate imaging
interpretation and clinical decision.

Terminology

“Pseudoprogression” is a well-known treatment-related response known to oc-
cur most commonly with concurrent radiation and temozolomide administration
for treatment of high-grade glioma. Shortly after completion of treatment, there
can be an increase in contrast-enhancing lesion size, followed by subsequent
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improvement or stabilization without any further treatment. This phenomenon,
which mimics tumor progression, is termed “pseudoprogression”; a subacute
treatment-related reaction commonly without clinical deterioration.

Peer review

This study appears to be a clinically-relevant exploration of radiological appear-
ance of Gliadel wafers and pericavitary tissue on contrast-enhanced T1, T2-
weighted, and perfusion MRI. This report confirms previously described appear-
ance of the wafers and adds pericavitary tissue findings as a novel contribution.
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