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The division was installed in 1998 and is mainly engaged
1. In the construction of tissue specific vectors for thyroid
carcinoma, medullary carcinoma, colon carcinoma and
melanoma (cooperation with D0900),
2. in the detection of gene transfer using nuclear medicine
procedures,
3. the modulation of isotope accumulation in tumors and
4. the development and the monitoring of anti-angiogene-
tic treatment.
Further projects are concerned with the assessment of
metabolic changes during or after treatment (chemothera-
py, radiation therapy and gene therapy) distribution of ra-
diolabeled antisense-oligonucleotides and peptides, radio-
labeled chemotherapeutic drugs, the visualization of apop-
tosis and the development of new radiotracer based thera-
pies. The structure of the division with localization at the
DKFZ and a tight cooperation with the Department of
Nuclear Medicine at the University of Heidelberg delivers
optimal conditions for a combination of molecular biology
or virology with nuclear medicine procedures. Further-
more, a rapid transfer of basic research into clinical prac-
tice is possible.
A non-oncological project deals with essential hyperten-
sion (EH): Compromised autoregulation is readily demon-
strated with radiotracers. Clinical studies are being used to
evaluate an autoregulative disturbance which is apparently
unique to EH, and independent of blood pressure. The
clinical relevance of compromised autoregulation is also
being assessed in renovascular disease and in obstruc-
tion.

Apoptosis and changes in glucose transport
early after treatment of Morris hepatoma with
gemcitabine
U. Haberkorn, A. Altmann, R. Kinscherf*

*Abt. für Anatomie und Zellbiologie III, University of Heidelberg

Apoptosis has been described as an energy-consuming
process. This combined in vivo/in vitro study investigates
the effects of the antineoplastic agent gemcitabine on tu-
mour metabolism and on induction of apoptosis. Dynamic
positron emission tomography (PET) measurements of
18F-fluorodeoxyglucose (FDG) uptake were done in rats
bearing Morris hepatoma prior to and after therapy with
90 mg gemcitabine/kg b.w. Furthermore, thymidine (TdR)
incorporation into the DNA of these tumours was deter-
mined. In vitro measurements of FDG and TdR uptake
were performed immediately and 24 h after the end of
gemcitabine treatment and the amount of apoptotic cells
was determined using the TUNEL reaction. In vivo an in-
crease of FDG transport and phosphorylation occurred
early after gemcitabine treatment, although TdR incorpora-
tion into the DNA of the tumours declined. In vitro, an en-
hanced glucose transport, an increase in TdR uptake in
the cytoplasma and a decrease of TdR incorporation in the
nucleic acid fraction early after treatment occurred. Inhibi-
tion of glucose transport caused an increase in the amount
of apoptotic cells. The increase in glucose uptake and TdR
metabolism early after therapy is interpreted as stress re-
action of the tumour cells, protecting the cells from apop-
tosis during this early period after exposure to cytotoxic
drugs like gemcitabine.

Glucose transport and apoptosis after gene
therapy with HSV thymidine kinase
U. Haberkorn, A. Altmann, R. Kinscherf*
*Abt. für Anatomie und Zellbiologie III, University of Heidelberg

The relation between tumor metabolism and induction of
apoptosis by gene therapy was investigated in a rat Morris
hepatoma (MH3924A) model expressing the HSV thymi-
dine kinase (HSVtk) gene. In vivo the amount of glucose
transporter (GLUT1 and GLUT3 isoforms) expressing cells
was determined in tumors of untreated and treated ani-
mals using immunohistochemistry. In vitro uptake studies
with 2-fluoro-2-deoxy-D-glucose (FDG), 3-O-methylglu-
cose and thymidine (TdR) and a TUNEL (TdT-mediated
dUTP nick end labeling) assay for the assessment of
apoptosis were done immediately and 24 hours after treat-
ment of the recombinant cells with different doses of gan-
ciclovir (GCV). Immunohistochemistry revealed a signifi-
cant increase of GLUT1 in treated tumors which showed
enhanced transport activity for FDG. In vitro the FDG and
3-O-methylglucose uptake increased up to 186 % when
compared to that of the non-treated cells immediately after
incubation with GCV. However, 24 hours later the FDG up-
take declined to its normal level, whereas the accumula-
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tion of 3-O-methylglucose remained elevated. The uptake
of TdR which was determined simultaneously decreased
in the acid-insoluble fraction of the cells to 27% and 11%
and increased in the acid-soluble fraction to 229 % and to
167 %, respectively. Employing the TUNEL technique 25%
apoptotic cells were found 24 h after the termination of
GCV treatment. Inhibition of glucose transport by cytocha-
lasin B or competition with deoxyglucose resulted in a 78
% (cytochalasin B) and 88 % (deoxyglucose) decrease of
the FDG uptake in the recombinant hepatoma cells and in
an increase of the apoptotic cell fraction. In conclusion, in-
hibition of enhanced glucose transport in GCV treated
cells increased apoptosis. Therefore, enhanced glucose
transport seems to be part of stress reactions of the tumor
cells dedicated for the prevention of cell death..

Ganciclovir uptake in human mammary
carcinoma cells expressing Herpes Simplex Virus
thymidine kinase.
U. Haberkorn, A. Altmann

Assessment of suicide enzyme activity would have consid-
erable impact on the planning and the individualization of
suicide gene therapy of malignant tumors. This may be
done by determining the pharmacokinetics of specific sub-
strates. We generated ganciclovir (GCV) sensitive human
mammary carcinoma cell lines after transfection with a
retroviral vector bearing the Herpes Simplex Virus thymi-
dine kinase (HSV-tk) gene. Thereafter uptake measure-
ments and HPLC analyses were performed up to 48 hours
in a HSV-tk-expressing cell line and in a wild type cell line
using tritiated GCV. HSV-tk-expressing cells showed
higher GCV uptake and phosphorylation than control cells,
whereas in wild type MCF7 cells no phosphorylated GCV
was detected. In bystander experiments the total GCV up-
take was related to the amount of HSV-tk expressing cells.
Furthermore, the uptake of GCV correlated closely with
the growth inhibition (r=0.92). Therefore, the accumulation
of specific substrates may serve as an indicator of the
HSV-tk activity and of therapy outcome. Inhibition and
competition experiments demonstrated slow transport of
GCV by the nucleoside carriers. The slow uptake and low
affinity to HSV-tk indicate that GCV is not an ideal sub-
strate for the nucleoside transport systems or for the HSV
thymidine kinase. This may be the limiting factor for
therapy success, necessitating the search for better sub-
strates of HSV-tk..

Chemogene therapy with HSVtk and 5-
fluorouracil (5-FU)
S. Jiang

Wild type and HSVtk-expressing Morris hepatoma cells
were incubated with 10 mg 5-FU for 4 h. Thereafter, the
cells were exposed to 0.2 �M ganciclovir for 24 h and the
effects of this combined treatment on proliferation, thymi-
dine uptake and the ganciclovir uptake were measured us-
ing Coulter Counter and 3H-labeled thymidine or ganciclo-
vir. These studies were done up to 48 h after the initiation

of the therapy. The living cell number was 4.8-, 3- and 2.5-
fold less after combination therapy as compared to mono-
therapy with 5-FU or ganciclovir. Control cells showed no
additive effect of the combination therapy. The thymidine
uptake increased 1.7-fold in the acid-soluble fraction with
no significant difference in the acid-insoluble fraction. Fur-
thermore, a 30% increase in ganciclovir uptake was seen
after 5-FU preincubation in both fractions. Therefore, 5-FU
seems to increase the uptake and incorporation of gan-
ciclovir and pretreatment with 5-FU may enhance thera-
peutic efficiency of gene therapy with HSVtk and ganciclo-
vir.

Iodide uptake in human anaplastic thyroid
carcinoma cells after transfer of the human
thyroid peroxidase gene
U. Haberkorn, A. Altmann

The human thyroperoxidase (hTPO) is critical for the accu-
mulation of iodide in thyroid tissues. Poorly differentiated
and anaplastic thyroid tumours which lack thyroid specific
gene expression fail to accumulate iodide and, therefore,
do not respond to 131I therapy. We, therefore, investigated,
whether the transfer of the hTPO gene is sufficient to re-
store the iodide trapping capacity in undifferentiated thy-
roid and non-thyroid tumour cells. The human anaplastic
thyroid carcinoma cell lines C643 and SW1736, the rat
Morris hepatoma cell line MH3924A and the rat papillary
thyroid carcinoma cell line L2 were used as in vitro model
systems. Employing a bicistronic retroviral vector based on
the myeloproliferative sarcoma virus for the transfer of the
hTPO and the neomycin resistance gene the C643 cells
and SW1736 cells were transfected while the L2 cells and
MH3924A cells were infected with retroviral particles.
Seven recombinant C643 and seven SW1736 cell lines as
well as four recombinant L2 and four MH3924A cell lines
were established by neomycin selection. They were stud-
ied for hTPO expression using an antibody based lumines-
cence kit followed by the determination of the enzyme ac-
tivity in the guaiacol assay and of the iodide uptake capac-
ity in presence of Na125I. Genetically modified cell lines ex-
pressed up to 1800 times more thyroperoxidase as com-
pared to wild type tumour cells. The level of hTPO expres-
sion varied significantly between individual neomycin re-
sistant cell lines suggesting that the recombinant retroviral
DNA was integrated at different sites of the cellular ge-
nome. The accumulation of iodide, however, was not sig-
nificantly enhanced in individual recombinant cell lines ir-
respective of low or high hTPO expression. Moreover,
there was no correlation between hTPO expression and
enzyme activity in individual cell lines. The transduction of
the hTPO gene per se is not sufficient to restore iodide
trapping in non-iodide concentrating tumour cells. Future
studies have to concentrate on the possible expression of
enzymatically active proteins or the transfer of multiple
genes involved in iodide trapping.
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Transfer of the human sodium iodide symporter
gene enhances iodide uptake in hepatoma cells
U. Haberkorn, A. Altmann

The characteristic feature of thyroid cells to take up iodide
enables benign thyroid diseases and differentiated thyroid
carcinoma to be successfully treated with radioiodide
therapy. The transport of iodide across the cell membrane
is mediated by the sodium iodide symporter (hNIS). We,
therefore, investigated whether the accumulation of iodide
may be induced by the retroviral transfer of the hNIS gene
in non-thyroid tumor cells. Employing a bicistronic retro-
viral vector for the transfer of the hNIS coding sequence
and the hygromycin resistance gene rat Morris hepatoma
(MH3924A) cells were infected with retroviral particles and
32 hNIS expressing cell lines were generated by hygromy-
cin selection. After incubation of the genetically modified
and wild type hepatoma cells as well as the rat thyroid cell
line FRTL5 with Na125I the uptake and the efflux of iodide
was determined. In addition, the iodide distribution in rats
bearing wild type and the genetically modified hepatomas
was monitored. Genetically modified MH3924A cell lines
accumulated up to 235 times more iodide when compared
to non-infected hepatoma cells. The maximal iodide up-
take in the cells was observed after 60 minutes incubation
time. Competition experiments in the presence of sodium
perchlorate revealed a dose dependent decrease of the io-
dide uptake (87% to 92%). Moreover, FCCP led to a loss
of accumulated I- (32%) whereas DIDS increased the I- up-
take into the cells (22%). However, a rapid efflux of the ra-
dioactivity (80%) was observed during the first 10 minutes
after 125I- containing medium had been replaced by non-ra-
dioactive medium. In rats, the hNIS-expressing tumors ac-
cumulated six times more iodide when compared to the
contralateral wild type tumor as monitored by scintigraphy.
The ex vivo quantitation of the iodide content performed 1
hour after tracer administration in 1g tumor tissue revealed
a 17-fold higher iodide accumulation in the genetically
modified tumors. In accordance with the in vitro data we
also observed a rapid efflux of the radioactivity out of the
tumor in vivo. The transduction of the hNIS gene per se is
sufficient to induce 125I- transport in Morris hepatoma cells
in vitro and in vivo. With regard to a therapeutic applica-
tion, however, additional conditions need to be defined
which inhibit the iodide efflux out the tumor cells.

Tissue specific gene expression in medullary
thyroid carcinoma cells employing calcitonin
regulatory elements and AAV vectors
S. Jiang

The calcitonin (CT) gene is expressed in thyroidal C-cells
and in neoplastic cells derived from them. To investigate
the role of the CT gene regulatory sequences in the tissue
specific gene expression in medullary thyroid carcinoma
(MTC) cells the CT promoter (CT266) region alone or with
enhancer elements (Ctenh) or the cytomegalie virus
(CMV) promoter were cloned upstream the genes coding
for the Herpes simplex virus thymidine kinase (HSVtk)
and G418 resistance coupled by an internal ribosomal en-

try site leading to the adeno associated virus (AAV) con-
structs rAAV/CT266tkneo, rAAV/CTenhtkneo and rAAV/
CMVtkneo. 3H-ganciclovir (GCV) uptake experiments re-
vealed HSVtk activity after infection with rAAV/CT266tkneo
particles in the CT expressing TT and hMTC cells and low
GCV accumulation in HeLa cells. cAMP treatment of TT
cells increased the GCV uptake up to 20%. Upon GCV
treatment a significant but less tissue-specific growth inhi-
bition of TT cells transiently infected by rAAV/CT266tkneo
particles (74.5% growth inhibition) and of the stable HSVtk
expressing cell line TT/AAV/CT266tkneo-7 (55% growth
inhibition) was observed while the proliferation of TT cells
transiently infected by rAAV/Ctenhtkneo (33.6% growth in-
hibition) or the stable cell line TT/AAV/Ctenhtkneo-16
(38.1% growth inhibition) was effected less but more tis-
sue-specific.

Transferred by rAAV vectors both, the CT promoter and
enhancer elements are required to confer tissue-specific
but low suicide gene expression to MTC. Therefore, we in-
vestigated the effects of viral vectors with enhancer ampli-
fication on the expression of the HSVtk gene in medullary
thyroid carcinoma (MTC) cells. Three CT enhancer frag-
ments and tissue-specific elements (EtsE2) were linked to
the CT promoter upstream of the HSVtk gene
(rAAV3�CTenhCTHSVtk). At 44 h after infection of HeLa
cells and rMTC 6-23 cells (rat medullary thyroid carci-
noma) with this construct and a construct bearing a single
CT enhancer element (rAAVCtenhHSVtk) the cells were
pulsed with 3H-GCV for 6 h. Furthermore, a 3H-thymidine
(3H-TdR) incorporation assay was performed after treat-
ment with 12.5 �M GCV for 2 h. The radioactivity in the
acid-insoluble fraction of the cells was counted and nor-
malized to the viable cell number. The 3H-GCV uptake in
rMTC 6-23 cells infected with rAAVCtenhHSVtk was 2.4-
fold higher than that in HeLa cells. After infection of rMTC
6-23 cells with rAAV3�CTenhCTHSVtk the 3H-GCV uptake
increased up to 17-fold of that in HeLa cells, whereas no
significant difference between both tissue specific con-
structs was observed in infected HeLa cells. 3H-TdR incor-
poration in rMTC 6-23 cells infected with
rAAV3�CTenhCTHSVtk decreased to 2% of cells without
infection whereas the 3H-TdR incorporation in cells in-
fected with rAAVCtenhHSVtk decreased to 79.4% of the
controls. The multi-enhancer elements of calcitonin not
only significantly enhance HSVtk gene expression but also
maintain a high tissue-specificity as shown by their effects
on ganciclovir and thymidine uptake. These tissue specific
effects should be detectable in vivo using the correspond-
ing radiolabeled compounds.

Uptake of a 123I anti-epidermal growth factor
receptor (EGF-R) antibody in head and neck
squamous cell carcinoma (HNSCC)
J. Hoffend, J. Nollert*, A. Dietz*, F.X. Bosch*, H.J.
Arens**, M. Eisenhut and U. Haberkorn

*University of Heidelberg, Heidelberg; **Merck KGaA, Darmstadt

The human EGF-R is overexpressed in HNSCC and is a
possible target molecule for immunotherapy. In view of this
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therapeutic option we investigated whether a labeled anti
EGF-R antibody accumulated in advanced HNSCC in vivo.
Twohundred mg of the humanized anti-EGF-R antibody
EMD 72000 (Merck KGaA, Germany) were labelled with
400 MBq 123I using a commercial kit (Iodogen®). After i.v.
infusion of 123I-EMD 72000 planar whole body scans and
SPECT images of the head and neck were acquired im-
mediately, 4 h, 24 h, and 48 h later, respectively. Tumor to
background ratios were determined from the SPECT im-
ages by ROI analysis of the primaries and eventual lymph
node metastases (LN mets). In the whole body scans de-
cay-corrected count rates were determined of the whole
body and from ROIs over the liver, lower abdomen and the
heart. If sufficient material was obtained, tumor biopsies
were additionally stained for the EGF-R using a commer-
cial antibody (Dianova®). We imaged 9 patients with histo-
logical proof of HNSCC (1 patient stage III, 8 patients
stage IV). Immunohistology was feasible in 6 patients and
demonstrated EGF-R overexpression in all of them. The
primaries of all 9 patients showed progressive uptake of
123I-EMD 72000 with a plateau at 24 h p.i.(cf. Table). In 5
patients lymph node metastases and in one patient a pul-
monary metastasis were identified. Planar images re-
vealed a slow decrease of whole body, liver and heart
countrates, while bowel count rates remained unchanged
until 48 h p.i. 123I-EMD 72000 shows significant uptake in
human HNSCC in vivo and is thus principally suited for im-
munotherapy or radio-immunotherapy. 123I-EMD 72000
may also be used for diagnosis,the optimal time for imag-
ing seems 24 h p.i.

Tumor to background ratios with 123I-EMD 72000
in HNSCC

0 h p.i. 4 h p.i. 24 h p.i. 48 h p.i.

Primaries 1.74 ± 0.5 2.35 ±1.1 2.88 ± 0.9 2.80 ± 0.9

LN mets 2.10 ± 0.6 2.13 ± 0.9 2.72 ± 0.8 2.77 ± 1.2

68GA-DOTA0-D PHE1-TYR3-OCTREOTIDE
(DOTATOC): A new PET-ligand for imaging
somatostatin receptors in menningiomas
M. Henze, J. Schuhmacher, P. Hipp*, J. Kowalski*,
D.W. Becker, H.R. Maecke**, J. Debus and
U. Haberkorn

*University of Heidelberg, Heidelberg; **University Hospital Basel,
Basel, Switzerland

As shown by RT-PCR and 111In-DTPAOC SPECT, menin-
giomas express somatostatin receptors (SSTR) subtype 1
and 2. Because of the increased spatial resolution and the
ability of absolute quantification, a PET-ligand for SSTR-
imaging would be desirable. We labeled the recently de-
veloped somatostatin analogue DOTATOC (hSSTR2: IC50

= 14 nM) with the generator radionuclide 68Ga. Prior to ste-
reotactic radiotherapy, dynamic PET-scans (ECAT EXACT
HR+; 3D-Mode; OSEM reconstruction) over 120 min after
i.v. injection of 175 MBq 68Ga-DOTATOC in 8 meningiomas
(WHO I°; � 7 - 25 mm) were acquired. In order to match
PET-, CT- and MRI-datasets, patients heads had been
fixed using individually shaped fibre masks, equipped with

an external stereotactic localizer system (30 MBq 140Nd /
140Pr). Venous blood samples were drawn at 5, 10, 30, 60,
90 and 120 min p.i. About 80% of the 68Ga-DOTATOC was
rapidly cleared from blood due to extravasation (t½ � = 3.5
min). Renal clearance of the compound showed a t½ � of
63 min. SUV in meningiomas as well as in pituitary glands
increased rapidly after injection. At 20 minutes p.i. the
mean SUV reached 6.6 for meningiomas and 4.7 for pitu-
itary glands. In meningiomas, highest SUVs ranging be-
tween 3.0 and 24.9 (mean 7.8) were found at a plateau
between 60 and 120 min p.i.. Due to intact blood brain
barrier, there was no accumulation of 68Ga-DOTATOC in
the surrounding normal brain tissue. All meningiomas,
even the 3 smallest (� 7 - 8 mm) showed high uptake and
could clearly be visualized. Tracer boundaries showed a
good correspondence with the matched CT and MR scans.
PET provides valuable additional information regarding the
extend of meningiomas located beneath osseous struc-
tures, especially at the skull-base. According to our initial
experiences in a limited number of patients, 68Ga-
DOTATOC seems to be a promising new PET ligand for
imaging somatostatin receptors even in small meningio-
mas. It offers excellent imaging properties and high tumor /
background ratios. Labeling of the ligand with 68Ga is easy
to perform and generator production of 68Ga may ensure
its continuous availability.

Pretreatment evaluation of the hypopharynx and
larynx carcinoma with 18F-fluorodeoxyglucose
(FDG), 123I-[�]-methyl-tyrosine (IMT) and 99mTc-
sestamibi (MIBI)
M. Henze, A. Mohammed*, W. Mier*, V. Rudat***, A.
Dietz**, J. Nollert**, M. Eisenhut, U. Haberkorn

* Dept. of Nuclear Medicine, University of Heidelberg; ** Dept. of
Ear Nose and Throat Surgery, University of Heidelberg; ***Dept.
of Radiotherapy, University of Heidelberg

Monitoring new organ-preserving radiochemotherapy ap-
proaches with laryngoscopy, CT and MRI is difficult be-
cause of the therapy-induced edema. FDG-PET while
helpful, is only available in selected centers. Therefore,
SPECT-tracers would be desirable if they demonstrate a
reliable tumor uptake prior to therapy. This multitracer
study was to evaluate the pretherapeutic uptake of the
SPECT-tracers 123I-�-methyl-L-tyrosine (IMT) and / or
99mTc-hexakis -2-methoxyisobutylisonitrile (99mTc-sestamibi)
in carcinomas of the hypopharynx / larynx and compare
the results to 18F-2-fluoro-2-deoxy-D-glucose (FDG) PET.

We examined 22 fasted patients (20 male, 2 female, mean
age 60.5 ± 10.2 years) with histologically confirmed carci-
noma of the hypopharynx (n=9) and larynx (n=13) one
week before therapy. In 20 patients a dynamic cervical
PET scan was acquired after i.v. injection of 232 ± 43 MBq
18F-FDG. Data analysis was semiquantitative being based
on standardized uptake values (SUV) obtained from 60 to
90 min after injection. After injection of 570 ± 44 MBq
99mTc-sestamibi, cervical SPECT scans (high-resolution
collimator, 64 � 64 matrix, 64 steps 40 sec each) were ob-
tained in 19 patients, 15 and 60 min after tracer injection.
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Finally 15 min after injection of 327 ± 93 MBq 123I-IMT (me-
dium-energy collimator, 64 � 64 matrix, 64 steps 40 sec
each) SPECT scans were acquired in 15 patients. All im-
ages were analyzed visually and by calculating the tumor
to nuchal muscle ratio. 18/20 (90%) carcinomas showed
an increased glucose metabolism, with a mean SUV of 8.7
and a  mean carcinoma to muscle  ratio of 7.3. The amino
acid transport was increased in 13 of 15 (87%) patients,
who had a mean carcinoma to muscle ratio of 2.9. Only 13
of 19 (68%) carcinomas revealed a pathologic sestamibi
uptake, with a mean tumor to muscle ratio of 2.2. There
was no significant difference between early and late
sestamibi-SPECT images (p = 0.23). In the primary diag-
nosis of hypopharynx-/ larynx- carcinomas IMT-SPECT
had a sensitivity comparable to FDG-PET. IMT was clearly
superior to sestamibi-SPECT in this population. A further
evaluation of the specificity of IMT appears justified to
monitor new organ-preserving therapies used to treat the
studied malignancies.

Functional breast imaging: Comparison of F-18
fluorodeoxyglucose (FDG) PET and
pharmacokinetic MR mapping (DMRI)
M. Henze,  G. Brix*, M.V. Knopp, R. Lucht*, J. Doll,
H. Junkermann, H. Hawighorst, U. Haberkorn

* Department of Medical Radiation Hygiene, Federal Office for Ra-
diation Protection, Neuherberg

Fourteen women with breast nodules clinically suggestive
of carcinomas were examined. After i.v. administration of
150-220 MBq FDG, emission data using an ECAT EXACT
HR+ scanner were measured for 20 min/position in the
prone position with breasts freely pending. After perform-
ing all corrections, data were rebinned into 2D sonograms,
reconstructed with an ultra-fast iterative 2D algorithm and
superimposed onto corresponding transmission images to
improve anatomical localization. DMRI data were acquired
with a Gd-DTPA enhanced Saturation-Recovery-Turbo
FLASH sequence using a 1,5 Tesla whole-body-MR. Dy-
namic data were analyzed using a pharmacokinetic two-
compartment model. In the 14 patients, 13 primary breast
lesions with a suspicious Gd and / or FDG uptake were
detected. For these lesions, we found no significant corre-
lation between MR parameters (exchange rate constant
k21, elimination rate kel, amplitude A) and PET parameters
(standard uptake value). Of the 9 histologically confirmed
carcinomas, 8 were correctly classified by DMRI and PET.
With both techniques, a small carcinoma (�=8mm) could
not be localized. Falsely, two inflammatory lesions were
classified as carcinomas. In 6 patients PET additionally
detected lymph node and / or distant metastases as well
as a formerly unknown additional lung carcinoma. The
quantitative analysis of DMRI and FDG-PET revealed that
both functional imaging techniques provide independent
functional information on primary breast lesions. FDG-PET
proves to be just slightly superior to DMRI in characteriz-
ing  primary breast lesions. Its major advantage is the ad-
ditional ability to detect lymph node and distant metas-
tases.

Differentiation of progressive low grade
astrocytoma (LGA) from radiation injury (RI):
Comparison of 18F-fluorodeoxyglucose (FDG),
123I-�-methyl-tyrosine (IMT) and 99MTC-MIBI
M. Henze, H. Schlemmer, K. Herfarth,
A. Mohammed*, W. Mier*, M. Eisenhut, J. Debus and
U. Haberkorn

* Dept. of Nuclear Medicine, University of Heidelberg

CT and MRI often fail to distinguish progressive tumor
(PT) from RI. A drawback of FDG PET is its limited sensi-
tivity due to high cortical uptake. Our aim was to assess
the role of alternative SPECT tracers in the same patients.
35±21 mo after stereotactic radiotherapy (59±4 Gy) of
LGA (median WHO II), we examined 17 patients present-
ing 26 Gd-DTPA-enhancing lesions on MRI. Lesions were
classified as PT (n=16) and non-tumor (NT; n=10) based
on prospective follow-up (clinically, MRI, 1H MRS) for
28±10 mo after PET / SPECT. In all patients, we acquired
PET scans (ECAT EXACT HR+, 3D mode) 60 min p.i. of
210 MBq FDG. Lesion / normal ratios (L/N) were calcu-
lated based on standard uptake values of the lesion and
the contralateral gray matter. In 15 patients, MIBI SPECTs
were started 15 and 60 min p.i. of 700 MBq. IMT scans
were acquired in all patients 15 min p.i. of 285 MBq. For
SPECT examinations (MULTISPECT2; 64x64 matrix; 64
steps 40 sec each; collimators: HR for Mibi, ME for IMT),
L/N-ratios were calculated using a mirrored reference ROI
contralateral. Results are given in the table. Sensitivities
and specificities are based on the optimum cut-off values
(PET 0.8; SPECT 1.3). For all tracers, significantly higher
L/N-ratios were found in PT as compared to NT (IMT:
p<0.00002, FDG: p<0.0002, Mibi: p<0.05). Contrasting to
MIBI which showed a wide overlap between groups, IMT
had a specificity which was comparable to FDG and had
an even higher sensitivity. In the follow-up of irradiated
LGAs, IMT is considered as a useful SPECT-tracer for dif-
ferentiating PT from non-neoplastic lesions.

FDG PET IMT SPECT MIBI SPECT

Sensitivity 82% 94% 57%

Specificity 100% 90% 78%

PT-group: L/N (mean± s.d.) 1.1 ± 0.5 1.8 ± 0. 4 3.9 ± 2.8

NT-group: L/N (mean ± s.d.)0.5 ± 0.1 1.1 ± 0.2 1.7 ± 1.7
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Pathophysiologic studies of a disturbed
autoregulation
J.H. Clorius, S. Haufe

Sixty percent of all patients with essential hypertension
(EH) appear to develop a transitory disturbance of auto-
regulation during exercise. The disturbance was recog-
nized with exercise renography, an intervention which in-
duces retention of Tc-99m MAG3, and the PAH analog hip-
purate, in the tissue of the kidney. This tissue retention
was considered a sign of compromised autoregulation.
Since GFR is compromised during a disturbed autoregula-
tion secreted tracers are retained in the tubular lumen.
This interpretation was supported by clearance determina-
tions during exercise using 111In-DTPA for determination of
GFR, and 131I-hippurate for estimation of effective renal
plasma flow (ERPF). These clearance examinations dem-
onstrated a pronounced reduction of both GFR and filtra-
tion fraction (FF) during the intervention with exercise.
Since the exercise-mediated disturbance occurred with
blood pressure in the autoregulatory range, the results in-
dicated that autoregulation is compromised in large subset
of patients with EH.

To determine whether the autoregulatory disturbance is
also present while patients with EH rest, we grouped EHs
into two subpopulations, those with evidence of the auto-
regulatory abnormality during exercise, and those with an
intact autoregulation. Resting sequential clearance exami-
nations showed that EHs with exercise-mediated afferent-
efferent vessel dysfunction, also had pronounced fluctua-
tions of the GFR and FF while resting. This failure of the
kidney to maintain a stable FF was not seen in normoten-
sive individuals. It is hypothesized that the variable GFR
initiates an abnormally high renin secretion in the dysregu-
lating nephrons.

Renal functional compromise is a serious complication in
specific subpopulations with EH (e.g. blacks, diabetics),
and a serious but infrequent consequence of disease in
the hypertensive population at large. We therefore asked
the question whether disturbed autoregulation may result
in a morphologic restructuring of the kidney in EH. An ear-
lier preliminary investigation had indicated that renal func-
tion is more frequently reduced in patients with EH and a
bilateral-abnormal exercise renogram, than in those with-
out this functional disturbance. Three additional studies at-
tempted to clarify the potential relevance which a dis-
turbed autoregulation has for renal function and morpho-
logic reorganization. In patients with renovascular disease
(RVD), in piglets with surgically induced obstruction, and in
patients with obstructive disease, renal function examina-
tions with Tc-99m MAG3 were  used to assess the integrity
of autoregulation. It was postulated that a disturbed auto-
regulation would result in a loss of renal function if surgical
intervention failed to correct the disturbance. When sur-
gery normalized renal autoregulation, it was predicted that
renal function would increase in the involved organ. Final-
ly, kidneys with intact autoregulation were expected to
maintain their function with and without surgical interven-
tion. The studies have been exceptionally predictive. It be-

came possible to identify patients with RVD and with ob-
struction who would profit functionally from intervention. In
the animal study it was possible to predict which organs
would show a reduction in function, since surgery was not
available to the organs at risk. Neither scintigraphy with
Lasix stimulation in obstruction, nor captopril intervention
in RVD were able to predict these functional responses of
the kidney.
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