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Abstract. Purpose: Convection-enhanced delivery (CED)
of paclitaxel is a new locoregional approach for patients
with recurrent glioblastoma. The aim of this study was to
evaluate O-(2-[18F]fluoroethyl)-L-tyrosine (FET) positron
emission tomography (PET) in monitoring the effects of
this type of direct drug delivery.
Methods: Eight patients with recurrent glioblastoma un-
derwent CED of paclitaxel, which was infused over ste-
reotactically placed catheters into the tumour. FET PET
and MRI were performed before and 4 weeks after therapy
and then at 3-month intervals to document follow-up. For
quantitative evaluation, SUVmax(tumour)/SUVmean(back-
ground) ratios were calculated.
Results: At baseline all tumours showed gadolinium en-
hancement and high FET uptake (SUVmax/BG 3.2±0.8).
Four weeks after CED, a statistically significant decrease in
FET uptake was seen (SUVmax/BG −17%; p<0.01). During
follow-up, no recurrence was observed within the CED
area. Two out of eight patients with extended tumours died
4 and 5 months after treatment, most probably from local
complications. Temporarily stable disease with stable FET
uptake was observed in six of eight patients; this was
followed by progression and increasing FET uptake ratios
(+46%) distant from the CED area in five of the six patients
3–13 months after CED. One patient still presents stable
FETuptake 10months after CED.MRI showed unchanged/
increasing contrast enhancement and oedema without abil-
ity to reliably assess disease progression.
Conclusion: FET PET is a valuable tool in monitoring the
effects of CED of paclitaxel. In long-term follow-up, stable
or decreasing FET uptake, even in contrast-enhancing le-
sions, is suggestive of reactive changes, whereas increasing

ratios appear always to be indicative of recurrence. There-
fore, FET PET is more reliable than MRI in differentiating
stable disease from tumour regrowth.
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Introduction

Glioblastomas represent one of the most rapidly proliferat-
ing malignancies [1, 2]. Standard treatment modalities like
surgery and radiation therapy are unable to control tumour
progression for a longer duration since in almost all cases a
considerable number of occult, microscopic cell clusters
located in the normal-appearing brain close to the tumour
are left and become the starting point for tumour recurrence
[3, 4]. In cases of recurrent glioblastoma, additional sys-
temic chemotherapy has only a limited effect in length-
ening survival, probably due to the poor penetration of
chemotherapeutic drugs across the blood–brain barrier
(BBB) [5]. In an attempt to bypass the BBB, various meth-
ods of intratumoural chemotherapy have been applied,
including direct injection, chronic low-flow infusion and
controlled release implants [6–8]. The efficacy of such
intratumoural delivery of chemotherapeutic agents, how-
ever, is restricted by the poor diffusion of the drugs, which
results in limited tissue penetration. Therapeutic drug levels
are present in a very small volume surrounding the che-
motherapeutic source. To overcome these limitations, a
promising new approach to drug delivery, convection-en-
hanced delivery (CED), was introduced by Oldfield and
colleagues in 1994 [9, 10]. This method is based on high-
flow microinfusion, which generates a constant pressure
gradient to ensure convective flow into the extracellular
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space. Compared with simple diffusion, this method en-
hances the distribution of drugs within the tumour and also
to areas of normal-appearing brain already containing mi-
croscopic tumour infiltrates.

When employing this locoregional therapeutic approach,
monitoring of therapeutic effects and differentiation of tu-
mour regrowth from therapy-induced reactive lesions is a
diagnostic challenge for neuro-imaging modalities. Diffu-
sion-weighted magnetic resonance imaging (DWMRI) has
been suggested to be suitable to continuously monitor the
progression of the convection process [11]. Conventional
magnetic resonance imaging (MRI) and computed tomog-
raphy (CT) assess morphological parameters such as
changes in the size of tumour or necrosis and in the extent
of oedema or contrast enhancement. However, in the long-
term follow-up, alterations in BBB properties are not al-
ways related to tumour regrowth; rather, they can also
represent treatment-related inflammatory reactions or tu-
mour necrosis, especially after locoregional drug admin-
istration [12, 13]. Functional imaging methods enable
non-invasive visualisation of viable tumour and have there-
fore been proposed as an alternative for treatment mon-
itoring and claimed to be more specific than structural
imaging methods.

Positron emission tomography (PET) using radiolabel-
led amino acid analogues, particularly [methyl-11C]-L-
methionine (MET) and O-(2-[18F]fluoroethyl)-L-tyrosine
(FET), has been employed in metabolic studies of malig-
nant brain tumours [14–20]. Amino acid uptake has been
shown to be increased relative to normal brain tissue inmost
low- and high-grade tumours and is therefore suitable for
brain tumour imaging [15, 17, 21–23]. PET using MET or
FET has also been shown to reliably differentiate between
tumour recurrence and post-therapeutic benign lesions after
standard treatment modalities like surgery, external radia-
tion therapy or chemotherapy [15, 20, 21, 24–26].

The aim of this study was to evaluate the diagnostic
value of FET PET in monitoring the therapeutic effects on
locoregional CED of paclitaxel, an antineoplastic agent
with proven antimitotic and antitumour activity against gli-
omas [27–29].

Materials and methods

Approval for this phase II, open label, prospective clinical study was
obtained from the local ethics committee.

Patients

Eight patients (six males, two females, mean age 53±10 years) with
histopathologically proven recurrent glioblastomas (WHO grade IV)
who had a measurable contrast-enhancing tumour on MRI without
involvement of the corpus callosum, the brainstem or the cerebellum
were included in the study. The main inclusion criteria were age (18–
70 years), clinical status (Karnofsky performance status ≥70), the
absence of any other concomitant life-threatening disease and the
ability to comprehend and sign an informed consent. Prior radio-
therapy or chemotherapy given within the previous 6 weeks, hepatic
failure, predefined pre-treatment laboratory findings (neutrophil
count <1,500, platelet count <100,000, total haemoglobin ≤8 g/dl
and creatinine ≥3 mg/dl), known hypersensitivity to paclitaxel and
presence of neuropathies such as multiple sclerosis were exclusion
criteria. Patient and tumour characteristics are listed in Table 1.

For clinical follow-up, patients underwent clinical examinations
in parallel with MRI and PET examinations in order to assess out-
come and to monitor complications, e.g. focal neurological deficits.

Surgical procedure in preparation for CED

For treatment planning, preoperatively obtained MR images were co-
registered to images obtained by stereotactic CT performed on the
day of surgery. Taking into account the location and distribution of
Gd enhancement, the stereotactic coordinates of one or two targets
for biopsy were defined and documented. Then patients underwent
stereotactic biopsy in the operating room. Provided that the diagnosis
of recurrent glioblastoma was confirmed histopathologically from
the stereotactic serial biopsies (smear preparations), the tip of a
silicone catheter was stereotactically placed in the geometrical centre
of the tumour mass to provide the best possible distribution of
paclitaxel to all tumour areas. The catheters were tunneled sub-
cutaneously and secured to the scalp. Each catheter was subcuta-
neously connected to its own port, which was linked to an external
drug pump (Medfusion 2010 syringe pump). In all patients, anti-
biotics were routinely given preoperatively according to the standard
of care in neurosurgical procedures. After completion of the surgical
procedure, the patients underwent CT scanning again to ensure the

Table 1. Patient and tumour characteristics

Case
no.

Age
(years)

Sex Initial
grading
(WHO)

Time to
current resection
(months)

No. of
previous
resections

Previous
chemotherapy

Other
treatments

KPS
score

Tumour
location

Recurrence
grading
(WHO)

1 40 M III 28 1 Yes Rad, RIT 80 Lt frontocentral IV
2 36 M II 13 0 No Rad 80 Lt central IV
3 62 M IV 10 1 No Rad 90 Lt temporoparietal IV
4 66 M IV 16 1 No Rad 100 Rt frontal IV
5 58 F IV 6 1 Yes Rad 90 Rt frontotemporal IV
6 54 F IV 6 1 No Rad 90 Rt temporoparietal IV
7 53 M IV 7 1 Yes Rad 90 Lt temporal IV
8 56 M IV 9 1 Yes Rad 70 Rt central IV

Rad Percutaneous radiation therapy, RIT locoregional radioimmunotherapy with 131 I-labelled tenascin antibodies, KPS Karnofsky
Performance Status, Lt left, Rt right
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appropriate placement of the catheters at the desired target. After-
wards, patients were transferred to the neurosurgical intensive care
unit to initiate treatment.

Convection-enhanced delivery

Paclitaxel was administered continuously via the placed catheter(s)
into the tumour for 120 h with a constant flow rate of 0.3 ml/h and, at
first, a concentration of 0.5 mg paclitaxel/ml. The concentration was
reduced to 0.25 mg paclitaxel/ml after the first four patients because
of side-effects, including skin necrosis and development of extensive
brain oedema. After completion of the treatment, the catheters were
removed.

Magnetic resonance imaging

All MRI investigations were performed on a high-resolution 1.5-T
system (Siemens Symphony) using a circularly polarised head coil.
Conventional MRI examinations consisting of axial T2- and T1-
weighted [± gadolinium (Gd)] sequences with a slice thickness of 5
mm were obtained before and 4 weeks after paclitaxel CED and at 3-
month intervals thereafter for the purpose of follow-up. For docu-
mentation of CED, in addition DWMRI was performed at day 4 of
treatment and 1 day after the end of treatment since this technique has
previously been shown [11] to provide information on the extent of
the convection wave, which cannot be derived from conventional
MR images.

Positron emission tomography

FET PET scans were obtained with a Siemens ECAT EXACT HR+
scanner at the same time points as conventional MRI (before and 4
weeks after CED, and then at 3-month intervals). Patients fasted for a
minimum of 6 h before injection of FET to ensure standardised
metabolic conditions. The scanner acquires 63 contiguous transaxial
planes, simultaneously covering a 15.5 cm axial field of view. After a
15-min transmission scan (68Ge sources), 180 MBq [18F]FET was
injected intravenously. Five frames of 10 min duration each were
acquired from 10 to 60 min post injection (128×128 matrix, 3D
acquisition). Images were reconstructed by filtered back-projection
using a Hann filter and were corrected for scatter and attenuation.
From the raw data, finally three added 10-min frames were used for
homogeneous data evaluation covering the period from 20 to 50 min
post injection. For further evaluation, data were transferred to a
HERMES work station (Hermes Medical Solutions, Sweden). As
described earlier, for quantitative evaluation a manually drawn, large
region of interest (ROI) including all tumour areas was established
[20]. Next, the slice with the highest FET uptake was determined by
scrolling slice by slice. For this slice the maximal SUV (SUVmax)
was calculated. Background information (SUVmean) was derived
from a 70% isocontour ROI mirrored to the opposite, non-tumour-
bearing hemisphere. Quantitative evaluation was based on the ratio
of SUVmax within the tumour to SUVmean of the background ROI
(SUVmax/BG).

For further regional assessment, all corresponding MRI and PET
scans were co-registered using the Multi Modality Software package.
On these images, a circular ROI (diameter arbitrarily set to 2 cm) was
positioned on four consecutive slices surrounding the tip of the
catheter, thus covering the CED area, which in all patients showed a
fluid-like signal on MRI on day 4 of CED. In those patients who
developed recurrence distant from the CED area, another volume of
interest (VOI), consisting of irregular ROIs on four consecutive
slices, was drawn on the latest PET scan, which covered the area of

increased FET uptake. Then both the VOI covering the CED area and
the VOI covering the recurrent tumour were applied to all available
scans for each patient and the mean SUVmax/BG ratios were cal-
culated to document follow-up.

Statistical analysis

For statistical analysis of changes in FET uptake during follow-up
investigations, paired t-test analysis was used. Data were considered
statistically significant when p<0.05.

Results

At baseline, prior to CED of paclitaxel, all patients showed
pathological contrast enhancement on MRI as well as
high FET uptake by recurrent glioblastoma, with a mean
SUVmax/BG ratio of 3.2±0.8. The geometrical centre of the
tumour assessed by MRI corresponded to the area of
highest FET uptake in only three of the eight patients. In
one patient with two implanted catheters, only one was
located in the high uptake area while the other was located
within tumour necrosis. In four of the eight patients, max-
imum FET uptake was located eccentrically and therefore
was not directly affected by the catheter tip (mean SUVmax/
BG surrounding the tip before therapy: 2.5±0.6).

DWMRI, obtained at day 4 and 1 day after the end of
CED, showed a hyperintense signal which was believed to
illustrate the convection wave. Convection was mostly ob-
served in the white matter, with less signal within the grey
matter. Most interestingly, the distribution of paclitaxel as
visualised by DWMRI co-localised with the treatment-
induced changes in FET uptake on follow-up PET scans, as
illustrated in Fig. 1. On visual reading, areas showing no
convection on DWMRI presented higher local FET uptake
during follow-up, whereas areas with successful CED of
paclitaxel presented lower FET uptake.

Therapeutic details, results of FET PET and clinical
outcome for all patients are summarised in Table 2.

Fig. 1. DWMR images (left side) of a glioblastoma patient (case
no. 6) obtained 1 day after CED of paclitaxel show a higher signal
spreading from the resection cavity located in the right temporopa-
rietal area to the white matter compared with the cortex. Fusion with
FET PET images reveals higher FET uptake in this cortical area,
which shows less convection (red arrow). Co-registered MRI and
FET PET images (right side) show the extent of perifocal oedema
(T2-w), of contrast enhancement surrounding the tumour cavity (T1-
w with Gd) and of viable tumour tissue ventrolateral to the cavity
(FET PET)
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Four weeks after CED of paclitaxel, FET PET results
demonstrated at least a short-term therapeutic effect as
documented by a statistically significant decrease in overall
FET utilisation (mean SUVmax/BG 2.6±0.8; −17%; p<
0.01) and especially in FET uptake within the area sur-
rounding the catheter tip (mean SUVmax/BG 2.0±0.4;
−20%; p<0.01) in all patients.

During further follow-up, no tumour regrowth was seen
within the immediate vicinity of the catheter tip, as docu-
mented by a stable FET uptake ratio within the respective
VOI between 4 weeks after therapy and the last follow-up
investigation.

Two out of eight patients presented with clinical dete-
rioration early after CED therapy. Both patients showed
increasing necrosis after therapy, documented by an in-
creasing defect size on MRI and PET accompanied by
markedly increasing perifocal oedema. Also, overall FET
uptake ratios had decreased slightly in both patients 4
weeks after therapy (SUVmax/BG −11%). These patients
died 4 and 5 months after therapy, most probably from local
complications.

Six out of eight patients clinically presented with tem-
porarily stable disease followed in five cases by develop-

ment of recurrence 3, 7, 9, 12 and 13 months after therapy,
in all instances distant from the CED area. During the
clinically stable period, MRI demonstrated stable or even
increasing extent of contrast enhancement and oedema sur-
rounding the tumour. FET PET, however, showed stable or
even slightly decreasing values during the temporarily
stable follow-up period. At the time of progression, FET
uptake ratios increased in the area of recurrent tumour
tissue distant from the CED area (SUVmax/BG +46%). In
this group, patients died 9, 10, 13, 15 and 16 months after
therapy. A representative example of a patient with stable
PET findings within the CED area and progression distant
from the CED area is shown in Fig. 2. One patient un-
fortunately decided to discontinue the follow-up investiga-
tions 12 months after therapy; therefore the final location
of recurrence was unknown. During the stable period,
however, MRI demonstrated an increasing extent of Gd
enhancement as well as markedly increasing oedema 6
months after therapy, which was interpreted as clear tu-
mour progression. In contrast, PET showed unchanged or
even decreasing FET uptake ratios, indicating stable dis-
ease. After initiation of high-dose steroid therapy, oedema

Table 2. Therapeutic details, results of FET PET examinations and clinical outcome

Case
no.

No. of
cycles

Catheter
placement

Concentr./flow
rate of paclitaxel

FET uptake (SUVmax/BG) Response Survival
(months)

Area Before
CED

4 weeks
after CED

Last follow-up
(months after CED)

1 1 FET ↓ 0.3 mg/ml /
0.5 ml/h

Overall 2.7 2.4 2.4 (1) Rapid clinical worsening 5
CED (mean) 2.4 1.9 1.9 (1)
R (mean) 1.7 2.0 2.0 (1)

2 1 FET ↓ 0.3 mg/ml /
0.5 ml/h

Overall 3.8 3.6 3.5 (3) Rapid clinical worsening 4
CED (mean) 3.3 2.7 2.7 (3)
R (mean) 2.7 3.0 3.0 (3)

3 1 FET ↑ 0.3 mg/ml /
0.25 ml/h

Overall 3.7 2.4 3.2 (3) Temp. stable (3 months) 9
CED (mean) 3.2 2.0 2.3 (3)
R (mean) 2.0 1.9 2.9 (3)

4 2 FET ↔ 0.3 mg/ml /
0.5 ml/h

Overall 4.6 4.2 4.1 (9) Temp. stable (12 months) 15
CED (mean) 3.1 2.4 2.6 (9)
R (mean) 3.0 3.6 4.1 (9)

5 1 FET ↑ 0.3 mg/ml /
0.5 ml/h

Overall 3.0 2.1 2.0 (12) Temp. stable (13 months) 16
CED (mean) 2.7 1.7 1.6 (12)

6 1 Cath 1: FET ↑ 0.2 mg/ml /
0.25 ml/h

Overall 2.6 2.2 2.2 (9) Temp. stable (9 months) 10
CED (mean) 2.4 1.9 2.0 (9)

Cath 2: FET ↓ 0.2 mg/ml /
0.25 ml/h

Overall 2.6 2.2 2.2 (9)
CED (mean) 1.7 1.5 1.6 (9)
R (mean) 1.7 1.7 2.0 (9)

7 1 FET ↓ 0.3 mg/ml /
0.25 ml/h

Overall 2.4 2.2 3.0 (9) Temp. stable (7 months) 13
CED (mean) 2.1 2.0 2.0 (9)
R (mean) 1.3 1.2 2.6 (9)

8 1 FET ↑ 0.3 mg/ml /
0.25 ml/h

Overall 2.7 2.1 1.9 (9) Stable (10 months) 10
CED (mean) 2.1 1.9 1.8 (9)

Catheter placement: FET ↑: within the tumour area with the highest metabolic activity; FET ↔: within the tumour, but not within the area
with the highest metabolic activity, FET ↓: within tumour necrosis
FET uptake: overall whole study, CED within the CED area surrounding the catheter tip (Ø 2 cm), R in the area of tumour regrowth
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decreased again and the FET PET diagnosis was confirmed
by stable follow-up (Fig. 3).

One of the six patients has presented with clinically
stable disease with a post-therapy observation period now
extending to 10 months. In the absence of signs of pro-
gression, this patient has shown a decreasing FET uptake
ratio (SUVmax/BG −30%) compared with baseline and sta-
ble uptake compared with the 4-week control.

There was no surgery-related morbidity or mortality.
Side-effects were seen coincidentally with the intracerebral
infusion. Temporary worsening of (pre-existing) neuro-
logical symptoms was seen in five of the eight patients,
with permanent worsening in one. Two patients experi-
enced poor wound healing due to a leakage of paclitaxel
through one of the burr holes. Two patients experienced
neurological deterioration due to markedly increased peri-
focal oedema, which could be adequately treated with
steroids. There were no signs of any systemic toxicity.

Discussion

To our knowledge, this is the first study to have used met-
abolic imaging to monitor the effects of CED of a che-
motherapeutic agent (in this case, paclitaxel) in patients
with recurrent glioblastoma. Paclitaxel is a novel antitu-
mour alkaloid derived from Taxus species which has been
tested for its anti-migrational, anti-invasive and anti-pro-
liferative effect on human glioma cells [28] and which has
shown significant clinical potency against human brain
tumours [27–29]. Since paclitaxel has been shown not to
cross the BBB, this chemotherapeutic agent is suited only to
therapeutic regimens that make use of local delivery meth-
ods. Compared with other methods of intratumoural che-
motherapy of brain tumours [6, 8], the bulk flow properties
of CED permit safe, reliable and homogeneous distribution
of an infusate over predefined volumes in the CNS [9],
which is not limited by molecular weight, concentration or

Fig. 2. MRI and PET images of a temporarily stable patient (case
no. 7). a High FET uptake and Gd enhancement of the recurrent
tumour surrounding the resection cavity located in the left temporal
lobe before CED (B). Follow-up studies one (1), three (3), six (6)
and nine (9) months after CED show nearly unchanged FET up-
take and MRI findings at the level of the catheter tip (CED area).

b Distant from the CED area (lower left temporal lobe), tumour
progression is seen on FET PET images nine months after therapy
(9), where previously no tumour was visible. The SUVmax/BG ratios
within the CED area (a) and within the area of tumour regrowth (b)
are listed on the right

1022

European Journal of Nuclear Medicine and Molecular Imaging Vol. 32, No. 9, September 2005



diffusivity [10]. The direct convective infusion of paclitaxel
therefore permits a tissue penetration depth that allows
treatment of even distant spread of disease [11, 30]. In the
rat glioma model, CED of various chemotherapeutic agents
has shown a positive effect on tumour size and survival
times [31, 32]. To our knowledge, only one group has thus
far reported on CED of paclitaxel for the treatment of
recurrent glioblastoma in humans. In a phase I/II clinical
study of 15 patients, a beneficial effect on survival time was
observed after this treatment [30]. The same group had
previously reported on the use of DWMRI to monitor the
immediate response to CED in a small sample of three
patients [11]. However, no report to date has correlated
clinical or MRI findings after CED of chemotherapeutic
agents in brain tumours with the results of functional imag-
ing methods like PET. Therefore, in this study we applied
FET PET to monitor the effects of CED of paclitaxel and to
relate them to clinical findings and MRI results.

In all our patients, the convection process was visualised
by DWMRI images during and immediately after treat-
ment. The feasibility of this approach has been previously
shown in the same setting [11, 30]. In our patients, con-
vection was predominantly observed in the white matter,
most probably following the path of least resistance along
fibre tracts inside white matter. Less convection was seen
within the grey matter. These findings are in line with the
results of Voges et al. [33], who infused Gd-DTPA intra-
cerebrally as a surrogate for CED. They also observed Gd
distribution mostly in the white matter, and no distribution
within the cortical regions. Most interestingly, the distri-
bution of paclitaxel as visualised by the DWMRI images
co-localised with the treatment-induced changes in FET
uptake on follow-up PET scans. Cortical areas showing no
convection on DWMRI presented higher local FET uptake
in the follow-up compared with areas showing a high
signal on DWMRI, indicating more successful distribution
of paclitaxel. This first impression, based on visual assess-
ment, needs to be further substantiated in a larger group of
patients by directly relating the area of CED with post-
therapeutic FET uptake. For this purpose, a strategy has to
be developed to objectively assess the extent of DWMRI
signal.

Our preliminary data indicate that FET PET is suitable
to monitor the response of recurrent glioblastomas to intra-
tumoural CED of paclitaxel. The statistically significant
decrease in overall FET uptake 4 weeks after therapy, and
particularly the long-term persisting decrease in FET up-
take within the CED area in all patients, was interpreted as
a therapeutic effect indicating a decrease in tumour vi-
ability. However, whether these observations might in part
have resulted from a more severe disruption of the BBB
following CED (which is indicated by increasing contrast
enhancement on MRI) has yet to be answered. Hypothet-
ically, a more severe disruption of the BBB could allow
easier back-diffusion especially of unbound FET out of the
tumour cells, which might lead to a decrease in FET uptake
ratios in the corresponding area during the late acquisition
period used (20–50 min p.i.). Thus, an aggravation of the
disruption of the BBB may theoretically have contributed
to the reduction in FET uptake observed particularly early
after CED of paclitaxel. However, since increasing FET
uptake ratios during follow-up were seen in areas with tu-
mour regrowth, which also presented with increasing con-
trast enhancement on MRI, the degree of BBB disruption
is unlikely to be the only explanation for decreasing FET
uptake ratios. In all cases, increasing FET uptake ratios
were a valuable indicator of tumour regrowth. Unfortunate-
ly, however, neither the initial fall in FET uptake, which
was observed in all patients independent of later outcome,
nor the intensity of FET uptake before and after CED
allowed prediction of the clinical outcome. It is of note that
none of the patients showed tumour regrowth within the
immediate vicinity of the catheter tip during follow-up.
Unfortunately, under the current protocol the catheter tip
was placed in the geometrical centre of the tumour mass as
assessed by MRI. This corresponded completely to the area
of highest FET uptake in only three of the patients, while

Fig. 3. MRI and PET images of a clinically stable patient (case no. 5)
show high FETuptake andGd enhancement of recurrent glioblastoma
located in the right frontotemporal area before CED (B). MRI shows
an increasing extent of Gd enhancement as well as markedly in-
creasing perifocal oedema at the 1- and 3-month follow-ups (1 and 3),
with midline shift at 6 months (6) after treatment, clearly indicating
tumour progression. PET shows unchanged FET uptake, indicating
stable disease, which was confirmed by stable follow-up and decrease
in MRI changes following steroid therapy. The respective SUVmax/
BG ratios of overall FET uptake are listed on the right
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it did so partially in one further patient. Whether therapy
would have been even more beneficial had the catheter tip
been placed in the area of highest FET uptake in all the
patients is uncertain.

Clinical presentation and outcome in the patients stud-
ied so far has been heterogeneous. Two of the eight pa-
tients showed rapid clinical worsening early after therapy,
resulting in death at 4 or 5 months after therapy. Both
patients had presented with an extensive recurrent tumour
mass, large necrotic areas and perifocal oedema before
CED. Furthermore, both were treated with the higher con-
centration of paclitaxel. Since FET uptake showed no sig-
nificant increase during clinical worsening in these two
patients, it might be speculated that rapid enlargement of
necrosis and increasing oedema, rather than tumour re-
growth, were the cause of death. Moreover, CED seems to
be less effective in large tumours with large necrotic por-
tions than in small tumours without necrotic areas. This has
previously been suggested by Lidar et al., who reported that
large necrotic areas within a tumour led to an arrest of
convection and absence of subsequent tumour response
[30].

A temporarily stable course of disease was seen in six of
the eight patients. During this period, PETshowed an initial
decrease in FET uptake 4 weeks after therapy, with stable
or even further slight reductions thereafter; by contrast,
contrast enhancement and oedema in MR images, which
actually increased in some of the cases, clearly suggested
tumour recurrence. PET, therefore, seems to be superior to
conventional MRI in the assessment of reactive lesions
induced by CED of paclitaxel. Development of recurrent
tumour distant from the CED area in five of the six patients
with temporarily stable disease was accompanied by in-
creasing FET uptake. In one of these patients, tumour
progression started as early as 3 months after therapy. In
this case the tumour was located near the left ventricle and
post-therapeutic DWMRI showed that the convection wave
stopped at the border of the ventricle. This perhaps explains
the minor response to therapy in this patient. Lidar et al.
also observed that the convection wave appeared to stop
when reaching a cystic cavity such as the ventricular sys-
tem or a tumour cyst [30]. As mentioned above, one of
eight patients is clinically stable without progression after
an observation period of 10 months.

Thus, FET PET seems to fulfil the clinical requirement
for a method that is sensitive enough to assess therapeutic
effects early on and to distinguish between harmless reac-
tive lesions induced by this type of treatment and tumour
regrowth. In the latter context, stable or even decreasing
FET uptake ratios during long-term follow-up, even in pa-
tients with increasing Gd enhancement or perifocal oedema
on conventional MRI, pointed to a stable course of disease
whereas increasing FET uptake ratios always indicated
tumour regrowth. These findings are in line with other
preliminary results from studies on FET PET for monitor-
ing the effects of intralesional radioimmunotherapy [34]
and also on MET PET for monitoring the effects of sys-
temic chemotherapy [24] or brachytherapy with 125I seeds
[15], which similarly indicated that PET using amino acid

tracers is sensitive enough to indicate therapeutic efficacy
during and after different treatment modalities.

Conclusion

FET PET has been shown to be a valuable tool in moni-
toring the effects of CED of paclitaxel, which, based on our
first experiences, seems to be an effective locoregional
therapeutic approach in patients with recurrent glioblasto-
ma. This inference is supported by the observation of a
statistically significant decrease in FET uptake early after
this new type of drug delivery and the absence of any
increase of FET uptake within the immediate vicinity of the
catheter tip. For long-term follow-up, FET PET seems to be
a reliable tool to differentiate reactive, therapy-induced
changes in stable disease from those induced by tumour
regrowth. In contrast, conventional MRI in this context is
often hampered by reactive alterations of the BBB and
increasing extent of oedema following this local approach.

In the future, catheter placement should take into ac-
count the area of highest FET uptake rather than the geo-
metrical centre of the tumour mass. This approach may
further improve treatment since most therapeutic effects
were seen in the vicinity of the catheter tip. For patients
showing more than one area with high focal FET uptake,
two or more catheters could be placed as necessary. After
CED of paclitaxel, sensitive assessment of tumour re-
growth with FET PET may play an important role in early
planning of retreatment.
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