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Radiol Oncol 1997; 31: 5-12

Is quantitative salivary gland scintigraphy a mandatory
examination prior to and after radioiodine therapy?

Karl Heinz Bohuslavizki,' Winfried Brenner,! Stephan Tinnemeyer,' Stefan
Lassmann,' Sonia Kalina,! Janos Mester,> Malte Clausen,” Eberhard Henze!

! Clinic of Nuclear Medicine, Christian-Albrechts-University, Kiel, Germany, 2 Department of
Nuclear Medicine, University Clinic Eppendorf, Hamburg, Germany

The aim of this study was to evaluate possible deterioration of salivary gland function due to low dose
radioiodine therapy using quantitative salivary gland scintigraphy (qSGS). In addition, the prevalence of
salivary gland impairment (SGI) was estimated in thyroid patients. Prior to routine thyroid scintigraphy,
qSGS was performed after i.v. injection of 36-126 MBq Tc-99m-pertechnetate, and the uptake was calculated
as a measure of parenchymal function. 144 patients underwent qSGS prior to and 3 months after radioiodine
therapy. The prevalence of SGI was estimated from gSGS in another 674 patients submitted to thyroid
scintigraphy. Despite salivary gland stimulation with ascorbic acid during radioiodine therapy a significant
dose related parenchymal impairment of 15-90 % could be measured after the application of 0.4-24 GBq of
I-131. The prevalence of SGI was 77/674 = 11.4 % and 52/674 = 7.7 % in one/two and three/four glands,
respectively. Thus, gSGS should be applied in all patients prior to and after radioiodine therapy to quantify
and to document both the preexisting and the treatment induced SGI even by low dose I-131. With respect to

forensic reasons qSGS might even be applied mandatory.

Key words: salivary glands — radionuclide imaging — iodine radioisotopes — adverse effects

Introduction

Radioiodine therapy using I-131 has been known to
be effective for almost 50 years both to reduce
hyperthyroidism or to treat differentiated thyroid
carcinoma and its iodine trapping metastases. De-
spite an almost selective uptake of iodine in thyroid
cells it can be mistaken for chlorid due to its similar
atomic diameter and its comparable electrical
charge. This leads to an undesired accumulation of
I-131 via an energy consuming Na*/K*/2Cl—-co-
transport' in acinar cells of salivary glands as well
as in gastric parietal cells. Therefore, a parenchy-
mal impairment of salivary glands is a well-known

Correspondence to: Dr. Karl H. Bohuslavizki, Christian-
Albrechts-University of Kiel, Arnold-Heller-Str. 9, D-24105
Kiel, Germany, Tel.: +49 431 597-3076, Fax: -3065.

UDC: 616.316-001.29:539.163

undesired side effect of high dose radioiodine ther-
apy as used in thyroid cancer with cumulative ac-
tivities up to 40 GBq I-131.>7 Consequently, radio-
iodine therapy is performed under salivary gland
stimulation using sialogoga, e.g. chewing gum or
vitamin C drops in order to minimize the intraglan-
dular transit time of I-131 and, thus, to minimize
salivary gland impairment.®!!

However, there are only rare data on parenchy-
mal damage in salivary glands after low dose radio-
iodine therapy as used for the treatment of benign
thyroid diesease. This is mainly due to the lack of
an easy to perform method which yields quantita-
tive data on parenchymal function of all major sali-
vary glands. However, recently a normal data base
for quantitative salivary gland scintigraphy has been
established'> * on a large number of healthy sub-
jects, and its value for the detection of mild paren-
chymal impairment has been demonstrated success-
fully in Sjogren’s syndrome.'!



6 Bohuslavizki KH et al.

The aim of this study was therefore first to enlarge
this normal data base in order to reduce the standard
deviation of these reference values, second to quanti-
fy possible parenchymal damage in salivary glands
due to low dose radioiodine therapy performed under
salivary gland stimulation and third to estimate the
prevalence of salivary gland impairment in patients
submitted to thyroid scintigraphy.

Materials and methods

Patients

In a total of 1.130 patients quantitative salivary
gland scintigraphy (qSGS) was performed prior to
thyroid scintigraphy. Therefore, an additional radi-
ation burden was omitted, and all patients gave
their informed written consent. Details of patient
populations investigated are given in Table 1.

In order to enlarge our nomal data base published
previously'> I 16 we included 312 patients without
any salivary gland diseases. Inclusion and exclu-
sion criteria were described in detail elsewhere.'

144 patients underwent quantitative salivary gland
scintigraphy prior to and 3 months after radioiodine
therapy with different cumulative activities up to
24 GBq I-131. 68 patients received radioiodine ther-
apy for hyperthyroidism and 11 for thyroid cancer.
Details of these patients are given in Table 2. Radi-
oiodine therapy was performed under salivary stim-
ulating conditions by peroral application of 200 mg
ascorbic acid (Cebion®) three times a day during
their stay in hospital.*"!

The prevalence of salivary gland impairment was
estimated from results of quantitative salivary gland

Table 2. Applied cumulative activity of I-131 in GBq and
details of patient characteristics of the radioiodine therapy

group.

I-131 Age

[GBq] range mean + SD n f/m
0.4-0.6 25-74 44274 44 34/10
0.7-1.1 36-83 56.1+9.3 41 30/11
1.4-1.5 28-76 46.9+8.7 25 19/6
3.0 20-81 425+ 11.3 19 14/5

6.0 19-65 43.7+9.4 9 5/4

24.0 29-76 584 +10.2 6 4/2

Quantitative salivary gland scintigraphy

Quantitative salivary gland scintigraphy was per-
formed in a standardized method as described pre-
viously'> !¢ after intravenous injection of 36-138
MBq Tec-99m-pertechnetate. For quantification one
rectangular ROI over the brain, which served as a
common background ROI, and four irregular ROIs
over both parotid and submandibular glands were
used. ROIs were copied from the study performed
prior to radioiodine treatment to the study obtained
after radioiodine treatment.

As a measure for parenchymal function of major
salivary glands the uptake of Tc-99m-pertechnetate
was calculated in percentage of the injected activi-
ty.'-% For compensation of noise and, thus for stabi-
lization of data, the uptake was averaged from 12-14
min p.i. (U, ). Saliva excretion was stimulated by
3 ml diluted lemon juice 15 min p.i., and excretion
fraction (EF) was calcultated from mean uptake at
17-19 min p.i. (U_ ) expressed in percent of the

17-19-
scintigrapy obtained from another 674 patients sub- uptake (U, ) measured according to equation 1.
mitted for thyroid scintigraphy. Prevalence was giv-
en both for single parenchymal damage covering U U
one or two salivary glands and for global parenchy- EF [%] = 1214~ "9 100
mal damage covering three or four salivary glands. U, (Eq. )
Table 1. Patient characteristics of different populations investigated.
Age
Group range mean + SD n f/m
Normal date base 18-82 442+74 312 216/96
Radioiodine therapy 19-83 55.1 123 144 106/38
Thyroid scintigraphy 19-83 48.7+94 674 453/221
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In order to test the reproducibility of salivary
gland scintigraphy the same scintigram of a patient
from the normal data base was reevaluated 10 times
by 13 differently experienced technicians. Intraob-
server reproducibility was expressed as variation
coefficient and relative variation coefficient. To es-
timate the interobserver reproducibility the mean of
both uptake and excretion fraction derived of all
technicians was first calculated. Interobserver re-
producibility was then expressed as percent devia-
tion of each individual technician from this mean.

Statistics

Results are given as mean + one standard deviation.
Two-tailed students t-test for unpaired data were
used to evaluate statistical differences, with p <
0.05 considered to be statistical significant.”’ Indi-
vidual results of patients below the 2-sigma range
of the normal data base were taken as pathological.

Results

Normal data base

The original scintigramm of a patient from the nor-
mal data base is shown in Figure 1. The mean + one
standard deviation of Tc-99m-pertechnetate uptake
of all patients is given in Figure 2 for the major
salivary glands. The corresponding normal values
of Tc-99m-pertechnetate uptake and excretion frac-
tion are summerized in Table 3. Tc-99m-pertech-
netate uptake amounted to 0.45 + 0.14 % and 0.39
+ 0.12 % for parotid and submandibular glands,
respectively. The corresponding values for excre-
tion fraction were 49.5 + 10.6 % and 39.1 £ 9.2 %.

A

Excellent values were found for intraobserver re-
producibility indicated by variation coefficients of
0.3 and relative variation coefficients of below 2 %.
The deviation of the individual mean from the mean
of all technicians of 1.1-5.2 % indicated an excel-
lent interobserver reproducibility as well.

Parenchymal impairment after radioiodine

The uptake of Tc-99m-pertechnetate of parotid and
submandibular glands prior to and after radioiodine
therapy as well as the decrease of Tc-99m-pertech-
netate uptake in percent of pretreatment values are
given in Table 4 and Figure 3. A significant activity
related decrease in parenchymal function could be
shown in all subgroups even after as less as 0.4-0.6
GBq I-131. Parenchymal impairment increased from
0.15 % after 0.4-0.6 GBq I-131 to about 90 % after
24 GBq I-131. A patient receiving 6 GBq I-131 is
shown in Figure 4.

Prevalence of parenchymal impairment

Significant parenchymal impairment was seen in
129/674 patients. Of these, one or two salivary
glands were affected in 77/674 = 11.4 %, and three
or four salivary glands were affected in 52/674 =
7,7 % of these patients.

In 69 of these 129 patients the etiology of paren-
chymal impairment could be evaluated successfully.
In single salivary gland damage chronic sialolithiasis
and external radiation therapy could be detected in
32 and 7 patients, respectively. In patients with glo-
bal salivary gland impairment rheumatic diseases
and drugs with anticholinergic side effects, i.e. neu-
roleptic and antidepressant drugs, were causal in 10
and 20 patients, respectively. However, in 60/129 =

C

Figure 1. Sialoscintigramm of a normal patient at 13 min after injection of Tc-99m-pertechnetate prior to (A) and at 18 min
p.i. after 3 ml of lemon juice p.o. as a sialogogum (B), and parametric image (C) for visualization of saliva excreted from

salivary glands. ROIs used for quantification are shown in A.
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Figare 2. Time-activity-curves of Tc-99m-pertechnetate uptake in major salivary glands. Mean + one standard deviation of
312 patients.

Table 3. Normal values of Tc-99m-pertechnetate uptake in percent of injected activity, and excretion fraction (EF) in percent
of uptake. Numbers represent mean + one standard deviation (n = 312). RPG, LPG: right, left parotid gland. RSG, LSG: right,
left submandibular gland.

RPG LPG RSG LSG
Uptake [%] 0.46 = 0.15 044 +0.14 0.39£0.12 0.39+0.12
EF [%] 482+ 105 509 +10.5 382+9.1 399+92

Table 4. Mean + one standard deviation of pertechnetate uptake in percent of injected activity in salivary glands prior to and after
radioiodine therapy with different cumulative activities of I-131 in GBq, and decrease of parenchymal function in percent of
pretreatment values (A Uptake). Note, that left and right parotid and submandibular glands were lumped together, respectively.
a: decrease of parenchymal function was calculated versus normal data base since no pretreatment values were available.

Cumulative ativity I-131 n Parotid glands Submandibular glands

[GBq] prior to I-131 after I-131 A Uptake prior to I-131 after I-131 A Uptake

0.4-0.6 44 042x0.14 036=0.13 14.3 036 £0.13 0.31£0.11 13.9

0.7-1.1 41 040x0.19 033+0.13 175 035=+0.16 028 £0.10 20.0

1.4-1.5 25 038+0.12 030x0.14 211 032x0.15 0.23+0.14 28.1
3.0 19 044x0.17 032+0.16 273 037 +0.11 0.25 = 0.09 324
6.0 9 046+0.10 029x0.12 3438 042 +0.21 0.29+0.19 30.9
24.0 6 0.04+0.03  90.9° 0.05 + 0.02 86.8*

Normal data base 312 045x0.14 0.39 +£0.12
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0.67
n =312 n =44 n = 41 n=25 n=19 n=9 n=6
p < 0.05 p < 0.05 p < 0.02 p < 0.01 p < 0.01 p < 0.001
(o]
® 041 O o\
9}
E
j=¥
=
0.21
@
0.0
Normals 0.4-0.6 0.7-1.1 1.4-1.5 3.0 6.0 24.0

Cumulative Activity I-131 [GBg]

Figure 3. Mean uptake of pertechnetate in parotid (circles) and submandibular (squares) glands in normals and patients prior
to {open symbols) and after (filled symbols) radioiodine treatment with increasing cumulative activities of I-131. Note, that
left and right parotid and submandibular glands were lumped together, respectively. For standard deviation see table 4.

B

0,19 %
0,13 %

Figure 4. Sialoscintigramms 13 min after injection of Tc-
99m-pertechnetate of a patient prior to (A) and and 3 months
after (B) radioiodine therapy with 6 GBq-I-131 due to fol-
licular thyroid carcinoma. Numbers denote mean uptake of
Tc-99m-pertechnetate in percent of injected activity in pa-
rotid (upper) and submandibular (lower) glands, respec-
tively. Observe the small ectopic thyroid remnant within
the thyroglossal duct prior to therapy.

46.5 % of the patients with parenchymal impairment
there was no reason detectable for their deminished
uptake of Tec-99m-pertechnetate.

Discussion

Normal data base

A valid quantification of salivary gland function is
mandatory to detect even mild or beginning paren-

chymal impairment.”” Beside various semiquantita-
tive and not routinely practical methods (for an over-
view see'?) the calculation of Tc-99m-pertechnetate
uptake in percent of the activity applied has been
suggested'®* in analogy to well established state-of-
the-art quantitative thyroid scintigraphy.”® However,
variable study protocols, small patient numbers and a
lack of inclusion and exclusion criteria may be the
main reasons for clearly different reference values and
markedly enhanced standard deviations.

On the other hand, a reduction of standard devia-
tion is desirable in order to ease the differentiation of
normal and pathological parenchymal functions. This
can be achieved both by enhancing the number of
patients and by thoroughly selected inclusion and
exclusion criteria. In our study Tc-99m-pertechnetate
uptake was 0.45 = 0.14% and 0.39 x 0.12% for
parotid and submandibular glands, and excretion frac-
tion was 49.5 + 10.6% and 39.1 + 9.2%, respective-
ly. The validity of our reference values is supported
first by the similar shape of our time-activity-curves
(see Fig. 2) and those reported as N(ormal)-type
curves derived from qualitative salivary gland scin-
tigraphy® * and second by successful demonstration
of mild parenchymal impairment in patients suffer-
ing from ongoing Sjogren’s syndrome."”
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The excellent values measured for both intra- and
interobserver reproducibility indicate a high repro-
ducibility of salivary gland scintigraphy. Therefore,
variability of Tc-99m-pertechnetate uptake of the
reference values probably reflect physiological var-
iability of parenchymal function in salivary glands.

Parenchymal impairment after radioiodine

Parenchymal impairment of salivary glands as an
undesired side effect of high dose radioiodine the-
rapy as used in thyroid cancer with cumulative ac-
tivities up to 40 GBq I-131 could be shown in up to
80 % of the patients.>*” Consequently, radioiodine
therapy is performed under salivary gland stimula-
tion using sialogoga, e.g. chewing gum or vitamin
C drops in order to minimize the intraglandular
transit time of I-131 and, thus, to minimize unde-
sired parenchymal impairment.*"' However, there
are only limited data on parenchymal damage in
salivary glands after low dose radioiodine therapy
as used for treatment of benign thyroid disease.

Radioiodine therapy was performed under sali-
vary stimulating conditions using ascorbic acid per-
orally three times during the patients stay in our
therapeutic ward.>"! However, despite this com-
monly accepted procedure a dose related decrease
of parenchymal function could be shown even after
as less as 0.4-0.6 GBq I-131. This mild impairment
of parenchymal function measured after radioiod-
ine treatment did not cause any hyposialia which is
in agreement to common clinical experience due to
several reasons. First, a loss of function of some 15
to 33% could be demonstrated after low dose radio-
iodine therapy. Second, it is known from various
diseases of both endocrine and exocrine glands that
a loss of up to 90% of parenchyma is necessary to
result in clinical symptoms, e.g. diabetes mellitus,
diabetes insipidus, Sj6gren’s syndrome, chronic
pancreatitis with exocrine insufficiency, hypopitui-
tarism.*' Third, patients with high dose radioiodine
treatment with 24 GBq complained about hypo-
sialia/asialia. The latter is in good agreement both
with our observation that parenchymal function was
impaired to about 90% and with data reported in the
literature.> '

Impairment of parenchymal function was meas-
ured 3 months after radioiodine therapy. It is un-
clear up to now whether repair mechanisms may
lead to a (partial) restoration of parenchymal func-
tion. This is suggested by a long-term follow-up in
a few of our patients (unpublished data).

Quantification of parenchymal impairment with
respect to forensic reasons

As to our knowledge there are no valid data in the
literature concerning the prevalence of parenchy-
mal impairment in salivary glands. Most probably
this might be due to a lack of an easy to perform
examination which yields valid quantitative data
on salivary gland function. Using quantitative sal-
ivary gland scintigraphy we found a pathological-
ly ecreased parenchymal function in 19.1% of 674
patients investigated. Single and global parenchy-
mal dysfunction contributed approximately to
equal amounts. Beside common reasons of global
parenchymal impairment, e.g. rtheumatic diseases,
drugs with anticholinergic effect, i.e. neuroleptic
and antidepressant drugs should be kept in mind.*
However, we could not evaluate any reason in as
much as 60/129 = 46% of these patients even
though the patients history was obtained very care-
fully.

However, both the knowledge and extent of any
kind of preexisting parenchymal damage is essen-
tial since salivary glands may be damaged even
after low dose radioiodine. Consequently, clinical
significant functional impairment may occur, and
forensic problems may arise. Therefore, it is es-
sential not only to inform patients with preexisting
parenchymal impairment about possible occurence
of hyposialia but to increase salivary gland stimu-
lation during radioiodine therapy. Thus, quantita-
tive salivary gland scintigraphy should be per-
formed in all patients prior to and after radioiod-
ine therapy in order to exclude or to quantify radi-
oiodine induced parenchymal impairment in
salivary glands.

Conclusions

Quantitative salivary gland scintigraphy is an easy
to perform method with excellent intra and interob-
server reproducibility which can be performed prior
to thyroid scintigraphy without any additional radi-
ation burden. It should be performed prior to radio-
iodine therapy in order to document salivary gland
function, and it should be repeated 3 months after
radioiodine therapy in order to either exclude or
quantify possible radioiodine induced parenchymal
impairment of salivary glands. With respect to fo-
rensic reasons quantitative salivary gland scintigra-
phy might even be applied mandatory.
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Relative DNA concentration in thyrocytes from scintigraphically
hot nodi

Natasa V. Budihna,! Miran Zupanc,’ Ruda Zorc-Pleskovic¢,* Miran Porenta,! Olga
Vraspir-Porenta’

! Department of Nuclear Medicine University Medical Centre, Ljubljana, Slovenia, ? Institute of
Histology, Medical Faculty, University of Ljubljana, Ljubljana, Slovenia

The aim of our study was to study the cytological appearance and the relative DNA content of scintigraphically
hot thyroid nodi.

Methods: Sixty-seven patients with hyperthyroidism due to hot nodi were treated. The relative DNA content
of thyrocytes in hot nodi was determined by single cell cytophotometry and compared to results of cytology,
and scintigraphy. T4, T3, TSH and thyroglobulin were measured in sera of the patients as well.

Results: The modal value of the relative DNA concentration in thyrocytes was in 16 hot nodi diploid (Type
1), in 21 hyperdiploid (Type 2). The 12 nodi with diploid (Type 3) as well as 18 with hyperdiploid (Type 4)
modal value of the relative DNA concentration had signs of increased proliferation. The thyrocytes of 4
normal controls were diploid. Cytomorphological signs of atypia and degenerative changes of thyrocytes
were significantly more frequent in Types 3 and 4 than in Types 1 and 2.

Conclusion: Dominant scintigraphically hot thyroid nodi are diploid or hyperdiploid. Some of them are in
the state of proliferation. DNA cytophotometry can be useful as an additional diagnostic method in cases
with thyroid (hot) nodi of uncertain cytology, especially when therapy with low dose of radioiodine is
planned.

Key words: hyperthyroidism — radionuclide imaging; DNA; cytophotometry

Int_xjoduction carcinoma. It is therefore desirable to differentiate
among these conditions before the therapy is given,
although in general the incidence of thyroid carci-
noma is low.>* The aim of our study was to deter-
mine a pattern of DNA distribution in hyperactive
thyroid nodi.

Autonomous nodi are present in about 40% of pa-
tients with endemic goiter.! Scintigraphy with tech-
netium (¥ Tc) or iodine ('*'J) regularly shows an
autonomous nodule as a hot spot with a more or
less suppressed paranodal thyroid gland. A hot spot
on the scan of the thyroid can present a true adeno-
ma, a hyperplastic clone of hyperactive autono-

mous thyrocytes or a highly differentiated follicular Materials and methods
Correspondence to: Nata$a V. Budihna, M. D., Ph. D., De- Subjects

partment of Nuclear Medicine, University Medical Centre, . . . .

Zaloska 7, 1000 Ljubljana, Slovenia. ~ Sixty-seven hyperthyrotic patients with autonomous

goiter, sent to our department for routine investiga-
UDC: 616.441-008.61-091.83 tions before the therapy with radioiodine, were in-
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cluded in the study. The inclusion criterion was the
presence of a single hot node or utmost 3 hot nodi
with a discernible dominant hot node. There were
57 females and 10 males, aged 43 to 89 years (mean
61.5 years).

The normal control group consisted of 4 females,
aged 33 to 37 years, sent to our department for
suspected autoimmune thyroiditis. In each of them
thyroid disease was excluded by hormonal tests,
negative thyroid autoantibodies and by cytological
examination of the thyroid.

Methods

The final clinical diagnosis of thyroid disease was
based on the disease history, the physical examina-
tion of the patients, the results of thyroid cytology,
ultrasonography, scintigraphy, serum T4, T3, TSH
and thyroglobulin concentration. The results of cy-
tophotometry were compared with cytomorphology
(cytology) and final diagnosis.

Scintigraphy and ultrasonography

The planar scintigraphy of the thyroid was per-
formed with Siemens Basicam gamma camera, 20
minutes after intravenous application of 80 MBq of
#mTc-pertechnetate. Scintigram with 2 MBq of *!J
was accomplished 24 hours after the oral applica-
tion of radiotracer. Ultrasonography (US) of the
thyroid was performed by using high resolution
transducer (10 MHz, Diasonics DRF 300). The di-
ameter of dominant hot nodi was measured with
US. Scintigraphically hot nodi were identified on
the ultrasound scan with the help of scintigrams.
Fine needle biopsy of a dominant hot node, guided
by US, was done after scintigraphy. Smears for
cytology and the single cell cytophotometry were
prepared from each sample obtained with fine nee-
dle aspiration biopsy.

Cytomorphology

Smears were stained by the May-Gruenewald-Giem-
sa method. The morphological changes in thyroid
cells were grouped into 6 classes:

normal thyrocytes

hyperactive thyrocytes

thyrocytes with degenerative changes
proliferation or atypical thyrocytes
malignancy suspected

definite malignancy

[ R N S

Cytochemical DNA assessment

The single cell cytophotometry was performed af-
ter the Feulgen staining procedure, including acid
hydrolysis in 4 N HCI at 28°C for 60 min. DNA
measurements were carried out on microspectro-
photometer Opton USPM 30/50 at wave length of
580 nm and diaphragm 0.63. The objective’s mag-
nification was 25x or 40x. Processing was done by
the computer. Hundred and fifty to 200 thyrocytes
and 25-100 leucocytes were evaluated in each
smear. The modal relative DNA concentration of
leucocytes in the same thyroid biopsy smears served
as a reference value for the normal diploid DNA
concentration, the so called “L” value.** The thyro-
cytes with the modal relative DNA concentration
were considered to be in G1 (gapl) phase of cell
division:cycle, G2 (gap 2) phase was double modal
value. The cells with the intermediate DNA con-
centration were considered to be in S (synthesis)
phase. According to their relative DNA content,
thyrocytes from hot nodi were classified as diploid
(0.75<G1<1.25 L) and hyperdiploid (1.25 L < G1).
The results were expressed as percentage of thyro-
cytes in each class. DNA frequency distribution
histograms of thyrocytes in hot nodi were com-
pared to the histograms of leucocytes and of normal
thyrocytes in control patients.

Biochemical analyses

The analysis of serum total triiodothyronine — T3
(normal 1.09-3.12 nmol/l) was done with the RIA
method (SPAC T3 - Byk-Sangtec, Dietzenbach),
total thyroxine — T4 (normal 53-182 nmol/l) with
SPAC T4 — Byk-Sangtec, Dietzenbach, thyrotropin
— TSH ( normal 0.17-4.05 mE/l) was measured with
the immunoradiometric method, IRMA (Imunote-
ch, Marseille) and thyroglobulin — Tg (normal 0-34
pg/l) with the RIA method (Henning, Berlin).

Statistical analysis

Mean, standard deviation, median and modal val-
ues and, when appropriate, Chi square test were
calculated.

Results

Scintigraphy was performed in 67 patients:
37 pts had a solitary hot node,

18 pts had 2 hot nodi (with 1 dominant node),
12 pts had 3 hot nodi (with 1 dominant node),
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The thyroid scintigrams performed with *"Tc-
pertechnetate showed the same distribution pattern
of radioactivity as the scintigrams with '*'J in all
patients.

Results of cytology, ultrasound investigation, hor-
monal analyses and Tg of 67 patients with hot nodi
are given in Tables 1 and 2.

Table 1. The size and cytological class of 67 scintigraphi-
cally hot nodi.

units mean + sd median  mode
radius of cm 2.7 £ 0.7 3 3
nodi
cytology class 207 1.1 2 1

Table 2. TSH, T4, T3 and Tg in plasma of 67 patients with
scintigraphically hot nodi.

units mean = sd median
TSH mE/l 0.08 = 0.13 0.04
T4 nmol/l 1514+ 455 139
T3 nmol/! 347+ 0.94 3.39
Tg ug/l 58.7% 46.9 46

DNA measurements

According to the cellular DNA content in hot nodi
we noticed four different types of DNA frequency
distribution histograms (See also Table 3.):

Type 1- modal class was diploid (mean relative
DNA concentration was 1.24 =+ 0,05L),

Type 2 — modal class was hyperdiploid (mean rela-
tive DNA concentration was 1.57+ 0,13 L),

Type 3 — modal class was diploid but some poly-
ploid cells were noticed.

Type 4 — modal class was hyperdiploid and some
polyploid cells were noticed.

There was no significant difference in percentage
of cells in S phase between different types.

The results of cytomorphology were compared
with individual types of DNA frequency distribu-
tion histograms in Table 4.

The cytomorphology in group of patients with
DNA frequency distribution histograms of the types
1 and 2 differed significantly from the types 3 and 4
(p<0.001). There was no statistically significant dif-
ference in the results of cytomorphological exami-
nation between types 1 and 2, or 3 and 4.

Final diagnosis

By the clinical investigation and the hormone
analysis subclinical hyperthyroidism was proved in
two patients with antonomous nodi wheres overt
moderate hyperthyroidism due to toxic nodular goit-
er was proved in 65 patients. One patient had histo-
logically verified follicular carcinoma within the
solitary hot nodule (cytologic class was 4, DNA
frequency distribution histogram was type 4). One
patient had oncocytic tumor within 3 hot nodi (cyto-
logical class 5, DNA frequency distribution histo-
gram was type 3).

In the control euthyrotic group, all the results
were within the normal limits.

Discussion

Two types of hormone producing scintigraphic
hot nodi were found considering the modal value of
the relative DNA concentration in thyrocytes: dip-
loid and hyperdiploid. The proliferation was appar-
ent in some of these nodi. Atypia as noted with the

Table 3. Types of DNA frequency distribution in 67 scintigraphically hot nodi compared to normal thyroid (controls) and

leucocytes.

Histogram Patients (N) G1(%) S (%) G2 (%) >G2 (%)
Type 1 16 94 +6 5x6 0.25 0.5 1x1.7
Type 2 21 94 x5 4x4 07+14 0.1+04
Type 3 12 68 19 5£3 23917 27+2.8
Type 4 18 78 £ 13 8x8 14 + 12 1.7£29
Controls 4 96 £3.6 1-8 0 0
Leucocytes 67 100 0 0 0
Legend:

G1,G2,S (%) - percentage of thyrocytes in individual phases of cell division cycle

>G2

— percentage of thyrocytes with more than tetraploid DNA concentration
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Table 4. The comparison of cytomorphologic results in different types of DNA frequency distribution histograms in 67 hot

nodi.
Histogram Patients Active Aniso- Oncocytes  Degenerated Microfollicles
thyrocytes nucleosis thyrocytes
™) (% pts) (% pts) (% pts) (% pts) (% pts)

Type 1 16 100 0 0 0 10

Type 2 21 80 5 0 10 15

Type 3 12 83 42 8 33 25

Type 4 18 94 17 6 39 11

cytomorphology was more frequent in nodi with
the signs of proliferation in the DNA frequency
distribution histogram.

In a recent study the somatic mutation of TSH
receptor gene was shown in the major part of auton-
omous nodi. The proof of this mutation might have
an implication on the prognosis of thyroid adeno-
ma? According to standards somatic mutation is
present in 58 % of autonomous nodi in our study. It
is apparently more frequent among solitary hot nodi
where the average relative DNA concentration was
slightly higher than in groups with 2 or 3 hot nodi.

Several authors assume the aneuploidy character-
istics of true adenomas.™® Also Lukasz found pre-
dominant hyperdiploidy in thyroid adenomas.!' Ac-
cording to these authors it is conceivable that among
hot nodi in our patients those with the DNA fre-
quency distribution histograms of Types 2 and 4
are true adenomas. In favour of this it is also the
cytomorphology, which showed higher grades of
atypia in these nodes.

Among 67 hot nodi in our patients 2 (2.8%) were
malignant. Citomorphologically one patient had fol-
licular carcinoma (solitary hot node) and the other
one (3 hot nodi) oncocytoma. In both cases the
single cell cytophotometry showed the DNA distri-
bution histograms reflecting proliferation and hy-
perdiploidy. Since similar changes were found in
some benign follicular nodi as well, such changes
can not be considered a proof of malignancy. Con-
trary to our experience, Bengtsson et al.'? considers
the DNA cytophotometry convenient for the differ-
entiation of malignant from benign lesions in the
thyroid. Most other authors believe that DNA cyto-
photometry cannot reliably differentiate between
thyroid cancer and benign thyroid adenoma,™- 1314

The percentage of malignant hot nodi in our pa-
tients was small but significant. After our opinion
cytomorphology is therefore mandatory in all dom-
inant, especially solitary, hot nodi before the thera-
py, especially if the radioiodine therapy is consid-

ered. When cytomorphology is inconclusive, the
DNA cytophotometry can be of a help in the final
decision about the therapeutic plan.

Conclusion

Two types of DNA frequency distribution histo-
grams are found in scintigraphically hot nodi of the
thyroid: one with diploid and the other with the
hyperdiploid modal DNA value. Increased prolifer-
ation was noted in some hot nodi. Both, benign and
malignant hot nodi in the thyroid could be diploid
or hyperdiploid.

The DNA cytophophotometry can be useful as an
additional diagnostic tool in the assessment of hot
nodi before the therapy, especially when the results
of cytology are ambiguous.
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Diagnostic value of currently available tumor markers in thyroid
cancers

Winfried Brenner, Karl Heinz Bohuslavizki, Susanne Klutmann, Eberhard Henze

Clinic of Nuclear Medicine, Christian-Albrechts-University of Kiel, Germany

In the follow-up management of cancer patients, tumor markers are a powerful and essential tool for both
early detection of tumor progress, i.e. relapse or metastases, and monitoring therapy response. In thyroid
cancer well-established tumor markers are available for the most common tumor types such as papillary and
Jollicular carcinomas of the thyroid epithelium and for medullary thyroid carcinoma, which arises from the
parafollicular C-cells of the thyroid gland. The tumor markers thyroglobulin, calcitonin, and
carcinoembryonic antigen and their employment in routine clinical work-up in patients with thyroid cancer
are presented. Furthermore, tissue polypeptide antigen and neuron-specific enolase as potential tumor
markers in selected cases of thyroid cancer are discussed.

Key words: thyroid neoplasms — diagnosis; tumor markers, biological; thyroglobulin - calcitonin —

carcinoembryonic antigen — tissue polypeptide antigen — neuron-specific enolase

Introduction

Carcinomas are the most common tumor type of
thyroid malignancies. They may be classified into
two varieties depending on whether the tumor aris-
es in thyroid follicular epithelium or from the para-
follicular C-cells. The general histologic types of
the former one are the well-differentiated papillary
and follicular carcinoma including the oxyphilic
cell subtype, and, least common, the histologically
undifferentiated anaplastic carcinoma. The tumor
type arising from the C-cells is the so-called med-
ullary thyroid carcinoma (MTC), which occurs fa-
milial at least in 10%. It usually appears as a com-
ponent of multiple endocrine neoplasia (MEN) tpye
ITa or IIb. The thyroid may also be the site of other
rare tumors such as squamous cell carcinomas, var-
ious kinds of sarcomas and lymphoproliferative dis-

Correspondence to: Dr. Winfried Brenner, Clinic of Nu-
clear Medicine, Christian-Albrechts-University, Arnold-
Heller-Str. 9, D-24105 Kiel, Germany, Tel.: +49 431 597-
3147, Fax: +49 431 597-3150.

UDC: 616.441-006.6-074

eases, and metastases from primary tumors else-
where.

Tumor markers in thyroid cancer

The term tumor marker in connection with thyroid
cancer implicates a somewhat different and unique
quality showing that the most important markers —
i.e. thyroglobulin and calcitonin — are not specific
antigens of tumor tissue but common specific com-
ponents of normal thyroid tissue. Their use is based
on a unique option in thyroid cancer treatment,
namely on the possibility of completely removing
any thyroid tissue by combined surgical and radio-
iodine therapy. Thus, the appearance of any thy-
roid-specific substrate in the patients plasma after
total thyroid ablation is highly indicative of recur-
rence and/or metastases.

Next to the mostly used tumor markers thyroglo-
bulin and calcitonin applied in the sense mentioned
above, “classical” tumor markers such as carci-
noembryonic antigen, tissue polypeptide antigen,
and neuron-specific enolase, which are mainly used
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in others than tumors of the thyroid gland, may be
useful for follow-up examinations in selected cas-
es. In the following short review, the tumor mar-
kers and their indications in thyroid cancers are
described.

Thyroglobulin (TG)

TG is an iodinated glycoprotein peculiar to the thy-
roid, which is essential for synthesis and storage of
thyroid hormones.! Under physiological conditions
usually small amounts of TG can be found in the
blood with normal serum levels of less than 50 ng/
ml. Since TG is exclusively produced by thyroid
epithelium cells, serum concentrations should be
less than 2 ng/ml in athyrotic state. For follow-up
examinations the total absence of thyroid tissue is
required as achieved by thyroidectomy and subse-
quent ablative radioiodine therapy.” Since TG re-
lease is stimulated by TSH, TG measurements
should be performed under TSH elevation, i.e. 24
weeks after stopping exogenous thyroxin hormone
substitution.®> Under TSH supression there may be
low TG serum concentrations and, thus, false ne-
gative results in 10-20% of the patients with even
extended thyroid cancer including metastases or
local recurrences.

Since false negative results may also be caused
by plasma antibodies directed against TG, the de-
termination of TG antibody concentrations and re-
covery measurements after adding a defined amount
of TG are essential for reliable TG measurements.*
Taking these prerequisites into account, any post-
therapeutic TG elevation indicates either remnant
thyroid tissue requiring further ablative treatment
or it is indicative of metastases or local recurrenc-
es. TG plasma concentrations correlate well with
tumor mass thereby indicating successful therapy.
Thus, TG is a useful tumor marker for both therapy
monitoring and follow-up examinations in patients
with differentiated thyroid carcinoma, i.e. follicu-
lar, papillary, and oxyphilic cell carcinomas.® Since
TG is uvsually produced only by differentiated thy-
roid carcinomas, TG is neither of use in nearly all
cases of anaplastic carcinomas nor in MTC.

Tissue Polypeptide Antigen (TPA)

TPA is a cytokeratin-related non-specific proli-
feration marker for nearly all kinds of carcinomas.

Its sensitivity for thyroid cancer including papil-
lary, follicular, and medullary thyroid carcinoma,
however, is only about 40-60% showing a good
correlation to tumor progression or therapeutic res-
ponse with a high positive predictive value of 90%.*
In combination with more specific tumor markers
such as TG or calcitonin both the sensitivity and the
specificity for thyroid cancer can be increased. Ad-
ditionally, TPA may be used as a substitute for
standard thyroid tumor markers in patients with
non-reliable tumor marker values, e.g. in patients
with high levels of anti-thyroglobulin antibodies.

Calcitonin (CT)

CT, a peptide hormon for regulating calcium me-
tabolism, is produced in the C-cells of the thyroid
gland, and, to some extent, in the central nervous
system. CT release is stimulated by increasing cal-
cium levels as well as by pentagastrin and other
hormones of the gastrointestinal tract. In thyroid
cancer CT is a highly specific and sensitive tumor
marker for diagnosis and follow-up of MTC. In
patients with clinically manifested MTC the serum
levels of CT are elevated in about 90% of the cases
so it can be used for differential diagnosis in sus-
pected thyroid cancer.* Furthermore, CT measure-
ment in side-specific jugular venous blood samp-
ling may be helpful for the localization of occult
MTC.3* After tumor removement normal serum
concentrations indicate successful therapy. How-
ever, for follow-up examinations as well as for
screening tests in patients with suspected MEN Ila/
IIb or their relatives a pentagastrin stimulation test
is mandatory for efficient diagnosis.* After intrave-
nous injection of 0.5 pg pentagastrin per kg body
weight only normal serum levels with no signifi-
cant increase up to 5 min p.i. as compared to basic
CT levels sufficiently exclude MTC or any relapse
while a more than 2-fold increase of CT is evident
for MTC.

Carcinoembryonic Antigen (CEA)

CEA is an unspecific tumor marker with a good
sensitivity for colorectal cancer, breast cancer, and
MTC. Since up to 10% of extended MTC have no
increase of CT serum concentrations even after sti-
mulation with pentagastrin a combination of CT
and CEA is recommended for the follow-up of pa-
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tients with MTC. The diagnostic sensitivity of CEA
ranges from 10 to 80 % for MTC depending on the
stage of disease. However, there is only a weak
correlation of CEA serum concentration and tumor
relapse with a positive predictive value of 70 %.*
Therefore, CEA provides essential information only
in those subjects with no CT release and, thus, false
negative CT tests. Furthermore, CEA may serve as a
tumor marker in anaplastic thyroid carcinomas in
which TG serum levels are in the normal range in
most cases. However, increased CEA serum concen-
trations are often found in extended disease only.

Neuron-specific Enolase (NSE)

Another marker for neuro-endocrine tumors includ-
ing MTC is NSE. While this enzyme of the glyco-
lysis, the y-enolase of neuro-endocrine cells, is high-
ly sensitive for small cell lung cancer and neuro-
blastomas, only a sensitivity of about 15% is re-
ported for MTC. Furthermore, the positive
predictive value for a relapse in NSE positive pa-
tients with MTC averages only 70% and there is no
strong correlation of NSE serum levels and tumor
spread as compared to CT.* NSE therefore, may be
of clinical use only in those patients with non-
reliable CT values and it cannot be recommended
for routine clinical follow-up examinations.

Conclusion

In agreement with the recommendations of the Ger-
man Society of Endocrinology the following regi-

men of routine tumor marker measurements in pa-
tients with cancers of the thyroid gland is suggest-
ed:?

Thyroglobulin: for the follow-up in patients with
papillary, follicular, or oxyphilic carcinoma

Calcitonin: for diagnosis and follow-up in pa-
tients with medullary thyroid carcinoma as well as
for screening of the relatives of patients with mul-
tiple endocrine neoplasia type II

CEA: for the follow-up in patients with medul-
lary thyroid carcinoma

In contrast, there is no general recommendation
for the use of TPA and NSE. These tumor markers,
however, may be useful for the follow-up in select-
ed patients with thyroid cancer.
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Value of scintigraphic imaging in the detection of pancreatic
tumors — the role of FDG-PET
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One of the main challenges in diagnostic radiology is the early and the accurate detection of pancreatic
carcinoma, which is indeed difficult by morphologically orientated methods, i.e. US, CT, MR Therefore,
functional imaging using nuclear medicine procedures may be useful. In patients with suspected pancreatic
cancer, several imaging procedures have been investigated i.e. immunoscintigraphy, receptor scintigraphy,
unspecific perfusion scintigraphy. However, none of them convinced in routine patient management. Best
diagnostic results with an overal accuracy of about 80% were obtained using F-18-fluorodeoxyglucose —
positron enmunission tomography (F-18-FDG-PET). Due to inherent technical limitations PET probably
cannot depict lesions smaller than 10-15 mm in diameter even when using a high resolution PET scanner.
Thus, it is probably not suitable for early detection of pancreatic carcinoma. It is not yet clear, whether the
performance of FDG-PET is high enough to reduce the current number of diagnostic laparotomies. Prospec-
tively performed comparative studies with CT, US, ERCP and MRI using state of the art equipment are still
needed to establish an optimal diagnostic strategy. Beside lesion detection, FDG-PET may offer valid data
on both the prognosis of pancreatic masses, and the effectiveness of therapeutic procedures. However,
further effort is still necessary to define the exact position of nuclear medicine in the management of
pancreatic cancer.

Key words: pancreatic — neoplasms — radionuclide imaging; tomography, emission — computed — methods,
fenorine radioisotopes; FDG-PET — diagnostic value

The clinical problem bowel located in front of it. CT and MRI have an
excellent geometric resolution, but the differentia-
tion between malignant and benign lesions remains
difficult even with this leading edge technology.
On the other hand, functionally oriented nuclear
medicine procedures offer the possibility of imag-
ing organ metabolism when using appropriate radio-
labelled tracers. At the beginning, the aim of radio-
isotope studies was merely the visualization of the

One of the current challenges in diagnostic radio-
logy is the early and the accurate detection of pan-
creatic carcinoma and its differentiation from mass-
forming pancreatitis using noninvasive imaging
methods." * The diagnostic accuracy of morpholo-
gically oriented imaging techniques is presently sub-
optimal. Ultrasonography is hampered by the dor-

sal position of the pancreas in the abdomen and the
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pancreatic tissue. For this purpose Selenium-75-
selenmethionine and (1-125)-N,N,N’-trimethyl-N’
(2-hydroxy-3-methyl-5-iodobenzyl)-1,3-propanedi-
amine (I-123-HIPDM) were tested. Both tracers are
accumulated in the normal pancreatic tissue, but
they can not differentiate between malignant tu-
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mors and benign lesions.>* Thus, in the era of high
resolution radiological methods they are of a more
historical value. Recently, the introduction of sev-
eral new types of tracers opened exciting perspec-
tives. Therefore, the possibilities of these radio-
pharmaceuticals will be discussed.

Immunoscintigraphy

Since the mid eighties big expectations have been
connected to the introduction of radiolabelled mo-
noclonal antibodies against tumor associated anti-
genes in oncologic nuclear medicine. The charac-
teristic feature of these antibodies is their extreme-
ly high specificity. Using chemical procedures, they
can be broken either into Fc and F(ab’)2 fragments
or into Fc and Fab fragments. The F(ab’)2 of Fab
fragments are responsible for the antigen specifici-
ty of the antibodies. These antibodies can be la-
belled with 1-123, I-131, In-111 or, recently with
Tc-99m.

Different types of monoclonal antibodies have
been tested for the detection of pancreatic cancer. A
coctail of I-131 labelled F(ab’)2 fragments of anti-
bodies directed against the tumor associated anti-
genes CA 19-9 and CEA was used by Montz.> De-
spite the detection of some large tumors without
elevated level of tumor markers in the peripheral
blood, this tracer is considered of only limited
diagnostic value due to its relatively poor sensitivi-
ty. Using In-111 for labelling and SPECT acquisi-
tion at least 3 days after the tracer injection some
increase in diagnostic accuracy, due to elimination
of unspecific early tracer accumulation, was report-
ed by Bares in various gastrointestinal carcinomas.®
As a further attempt, preliminary results have been
reported with the I-131 labelled murine monoclonal
antibody AR-3-IgG1 directed against the mucin-
like antigen CAR-3.7

Investigations with the In-111 or I-131 labelled
F(ab’)2 fragments of the monoclonal antibody BW
494/32, the corresponding antigene which is often
expressed by pancreatic carcinomas, failed as well
in presenting a break through in immunoscintigra-
phy.? Nevertheless, in a study with only 3 patients,
Abdel Nabi and coworkers presented favourable
images of primary tumors as well as of their metas-
tases using In-111 labelled monoclonal anti CEA
antibody ZCE 025

In conclusion, at present there is no radiolabelled
monoclonal antibody available with clearly docu-
mented high clinical performance necessary for
routine patient management. Despite of this,

immunoscintigraphy can be considered as a pos-
sible investigation in diagnostically problematic
cases.

Receptor scintigraphy

New possibilities in tumor imaging have been of-
fered recently by the introduction of small receptor
analogue molecules. A subgroup of these com-
pounds, the radiolabelled somatostatine analogues
can be used for imaging of endocrine tumors i.e. of
those derived from the so called APUD cells. So-
matostatine analogues have been primarily used for
imaging of carcinoids and islet cell tumors of the
pancreas. Bakker and coworkers reported the suc-
cessful localization of pancreatic tumors in rats with
I-123-Tyr-3-octreotide.'” However, the main disad-
vantage of this radiopharmaceuntical is its predomi-
nantly hepatic clearance and therefore its high liver
accumulation, which may mask pancreatic tracer
uptake.

When labelling octreotide with In-111-DTPA, the
longer halflife of In-111 can be combined with the
facilitated renal clearance of the DTPA-containing
compound. These features offer the advantage of 24
hours imaging when interferring background activi-
ty is already minimized by renal clearance. Bakker
and coworkers reported successful investigations of
pancreatic tumors in a rat model using (In-111-
DTPA-D-Phel)-octreotide." They documented an
increasing tracer uptake with time within the tumor
tissue, which could be clearly visualized by gamma
camera scintigraphy in somatostatin receptor posi-
tive rat pancreatic carcinoma.'! As an attempt for
supporting surgical interventions, Ohrvall and cow-
orkers introduced a non imaging method for the
intraoperative detection of tumors and its metastas-
es by using a hand-held gamma probe. However,
the feasibility of this interesting method is limited
by the relatively high background activity."

Unspecific perfusion tracers

Thallium-201 uptake is considered to reflect the
regional perfusion as well as the viability of tumor
cells.”® The theoretical background of this feature
of TI-201 is the correlation of the growth of ma-
lignant transformed cells and the activity of the
Na/K-ATPase.

In 1993 Suga and coworkers demonstrated the
possibility of monitoring the efficacy of antineopla-
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stic treatment using quantified TI-201 uptake in
pancreatic cancer. In three patients, the TI-201 up-
take by the tumor correlated well with the serum
level of the tumor marker CA 19-9."° In a subse-
quent publication of this group results with subtrac-
tion scintigraphy were presented.'® When the bound-
ary between abnormal TI-201 uptake and adjacent
liver activity was unclear on the TI-201 SPECT
image a SPECT image of the liver using Tc-99m-
phytate was acquired and subtracted from the TI-
201 image in order to separate hepatic and pancre-
atic TI-201 uptake. Using this technique a favo-
rable sensitivity of 91% could be demonstrated.
However, in the same study, four of sixteen pa-
tients with benign pancreatic disorders exhibited
abnormal increased TI-201 uptake. Based on these
data, TI-201 scintigraphy is a nuclear medicine
method with relatively low cost and acceptable clin-
ical performance for detecting pancreatic cancer
and can be recommended, especially when PET
facility is not available.

PET investigations using FDG

The rational of using radiolabelled glucose ana-
logues for tumor imaging is based on the increased
metabolic activity of tumor tissue. The accelerated
rate of glykolysis in aggressive malignant trans-
formed tumors was published first by Warburg in
1956.7

Fluorodeoxyglucose (FDG), a glucose analogue,
is supposed to enter the cells by the same transport
mechanisms as used by native glucose. After phos-
phorylation, however, FDG-phosphate is trapped
intracellulary due to its extremely slow dephospo-
rylation as compared to native glucose. This feature
enables imaging of FDG distribution by positron
emission tomography (PET). Experimental and hu-
man studies have demonstrated an increase in FDG
uptake in various malignant tumors."®2° All of these
studies have confirmed that an increased FDG up-
take is a reliable indicator of the presence of viable
malignant tumor tissue. In contrast, benign process-
es or metabolically less active neoplasms generally
have lower or even normal levels of glucose up-
take.” The mechanism of FDG accumulation in tu-
mors is probably multifactorial. First, it is induced
by activation of glucose transporter proteins and
elevated glucose consumption, which both are con-
sidered to be early and prominent features of an
oncogene-mediated malignant transformation in cell

culture systems.”? Second, tumor associated tissue
inflammation produces an increased FDG uptake as
well.?

The value of F18-FDG for the detection of malig-
nant pancreatic processes was first documented in
patients by Zanzi and coworkers in 1990.%* Based
on the results of FI8-FDG-PET, Klever and cow-
orkers reported clear differentiation of pancreatic
carcinoma and chronic pancreatitis.> Bares and co-
workers® found focally increased FDG accumula-
tion in 12 out of 13 patients with histologically
proven pancreatic adenocarcinoma. Eight of nine
known lymph nodes and four of five known liver
metastases were detected in their study. In contrast,
in two patients with chronic pancreatitis no FDG
uptake was documented. One patient suffering from
an adenocarcinoma and lacking of FDG uptake had
diabetes, probably because the fasting state could
not be established sufficiently prior to the study. In
a second study with 40 patients investigated by the
same group,”’ PET helped to correctly classify 25
of 27 malignant pancreatic tumors and 11 of 13
benign disorders of the pancreas. False negative
findings were obtained again in 2 patients with
insulin-dependent diabetes. False-positive findings
were associated either to retroperitoneal fibrosis or,
in one patient, to pancreas divisum with chronic
pancreatitits. However, FDG-PET was shown to be
superior to both CT and ultrasound in the detection
of lymph node metastases. These results have been
confirmed by Friess and coworkers.?® Fourty one of
fourty two patients with pancreatic cancer and four
of six patients with a periampullary carcinoma pre-
sented a focally increased FDG uptake. In contrast,
in 28 of 32 patients with chronic pancreatitis no
FDG accumulation occured.

In a comparative study of 46 patients suspected
of having a pancreatic cancer the diagnostic per-
formance of FDG-PET was superior to both CT and
transabdominal and endoscopic ultrasound.” This
superiority of FDG-PET over CT was also demon-
strated by Stolifuss and coworkers.® Based on the
result of a recent comparative study with FDG-PET
and TI-201 SPECT in patients with histologically
proven pancreatic cancer it can be concluded that,
if PET facility is available, FDG-PET is at present
the nuclear medicine method of choice.?

An exciting and widely discussed possibility to
increase the performance of PET studies is the use
of quantitative methods to obtain numerical values
of the phosphorylation rate of deoxyglucose. For
this purpose, several methods have been suggested.
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Most of them are based on the three-compartment
model introduced by Sokoloff.” However, there are
some practical and theoretical difficulties connect-
ed to the application of the three compartment mod-
el of FDG metabolism, especially to the determina-
tion of the velocity constants of the biochemical
reactions and to that of the lumped constant.*-5
Therefore, most investigators are simply using ra-
tios of FDG uptake in tumors as compared to that in
normal tissue. A further possibility of quantifica-
tion is the estimation of the net tumor uptake of
FDG in the tumor tissue normalized to the body
surface or body weight.

The most widely used quantitative method of
estimation of FDG uptake in tissue is the determi-
nation of standardized uptake values (SUV). The
main advantage of the SUV method is its methodo-
logic simplicity. The main disadvantage is the fact,
that the SUV itself is time-dependent and, there-
fore, potentially subject to error if images are not
obtained at the same time interval after tracer injec-
tion. 3 37

The impact of quantification of FDG uptake by
SUV could be shown in patients with pancreatic
cancer. The tumor region exhibited significantly
higher values compared to pancreatic regions in
patients with pancreatitis.?® Using ROC analysis it
could be demonstrated that an SUV value of about
1.5 optimally separates malignant and benign pan-
creatic processes.*

However, very recent investigations in clinical
patients report a lower accuracy as found in the
early works.® ¥ Dohmen and coworkers found an
accuracy of about 80% regarding the differentiation
of pancreatic cancer from chronic pancreatitis. Fur-
thermore, they could not demonstrate any advant-
age of using quantitative parameters as compared
to the simple visual analysis.® The limited per-
formance of the SUV was also reported by Vomocil
and coworkers.”

PET tracers for endocrine pancreatic tumors

Results with C-11-labelled L-dihydroxyphenyl-
alanine (L-DOPA) and hydroxytryptophane (HTP)
have been recently reported in pancreatic endocrine
tumors with promising results particularly regard-
ing glucagonomas.* These findings, based on the
investigation of 22 patients, suggest further possi-
bilities in metabolic characterization of tumors.

However, the role of FDG in this type of tumors has
not yet been explored.

Multimodality imaging

The combination of morphologic and functional in-
formation is a very new and exciting trend in diag-
nostic imaging. It is especially helpful in the exact
anatomic localization of functional disorders. De-
tailed morphologic information presented by the ex-
cellent geometric resolution of CT or MRI can be
combined with the visualization of metabolic param-
eters and presented in one single image. However,
for the coregistration of tomographic images from
different modalities sophisticated external or ana-
tomical markers are needed. The first successful fu-
sion of F-18-FDG-PET and MR images using a sys-
tem of surface markers in patients with pancreatic
adenocarcinoma was demonstrated by Benyounes and
coworkers.* The combined images were impressive
for exact delineation of the tumor on the high quality
slices of the MR study. Thus, multimodality imaging
might be of increasing interest in future studies.
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Nuclear medicine, IBM PC PIP-GAMMA -PF computer system

Valentin Fidler, Milan Prepadnik, Jurij Fettich and Sergej Hojker

Clinic for Nuclear Medicine, University Clinical Centre, Ljubljana, Slovenia

Our own development of nuclear medicine computer system was mainly due to very high prices of commer-
cial systems and was based on our knowledge and experiences in the development of some other nuclear
medicine equipment and processing software.”? The project was started 5 years ago on the low cost IBM PC
and after two prototypes a highly professional acquisition board was built along with the acquisition and
data analysis software. The acquisition board is characterised by stable functioning and simple installation.
After testing different modes of processor input of scintigraphic signals (DMA, PORT) the latest one was
chosen because of its simpler programming code, good stability and the possibility of using it in DOS and
WINDOWS. The acquisition software consists of a predefined set of acquisition protocols for standard
nuclear medicine examinations, simulation of persistence scope with a possibility of changing the image
orientation, zoom size, automatic adjustment of the image size, offset and pixel size, analysis of clinical
image data and archiving the patient population and scintigraphic data by using departments network. To
the database management and system processing routines - PIP by A. Todd-Pokropek (London University)
we added some clinical processing modules for the most common examinations in nuclear medicine. The
system was successfully applied in daily routine work at the clinic for nuclear medicine in Ljubljana and in
some other places.

Key words: nuclear medicine; radionuclide imaging; image processing, computer assisted; software
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— generally non-symmetric signals in relation to
ov

— signal variation means the X - Y range (Sie-
mens BASICAM : =2V, GE 300 A : =15V,
Nuclear Chicago Searle : +2 V)

-~ commonly constant values of X - Y signals
until they are changed by Z sampling signal

— coaxial cabling from gamma camera console to
computer interfacing card with 70 Q impedance of
BNC connector

— amplifier needed for more than 10 m long X -
Y cables

—JC designed for 0 V in the middle of the matrix

— non-symmetric variation of X - Y signals relat-
ed to 0 V means the image offset

Diagram 1.2. Gamma camera signals: definition of X and
Y offset and gain

2. Logical energy signal

The logical signal Z, which represents the correct
gamma ray energy, starts the X and Y conversion
and sampling (Diagram 2.1.).

X
Y nonsymmetric X - Y
signals
offset
oV
time
YA
time

Diagram 2.1. Shape of Z signal and offset and gain of X
and Y signals

3. Analogue-digital conversion of X and Y signals

The digitalisation of X and Y signals is character-
ised by the following features:

—the accuracy improvement of signal conver-
sion: the AD converter with more bits is used for
more reliable higher bits (pp. 12 bits for 1 byte
magnitude conversion; after conversion the 4 less
significant bits are rejected), dynamic linearity is
improved

— in high count scans ( > 2 million counts) the
correction for dynamic non-linearity of ADC should
generally be applied

—each AD converter has its own characteristic
linearity curve

4. Auroadjustment of interfacing board’s gain and
offset for input gamma camera signals

The position signals X and Y from the gamma
camera to the interfacing card must fit the compu-
ter matrix.

This can be done basically by two methods either
by manual adjustment of the gamma camera posi-
tion signals on the interfacing card or by the feed-
back intervention “interfacing card - computer” (Di-
agram 4.1.).

The last method considerably improves the effec-
tiveness and simplicity of the whole acquisition
system. We developed the logica circuit for a con-
tinuous change the gain of input X and Y signals
from the gamma camera prior the analogue-to-dig-
ital conversion.

The mean value of the gain setting 128 (range
0-255) corresponds to the range of X,y 1.5V
for the whole matrix size. If the input signal’s
range varies up to = 3 V, then at this gain setting
half of the image will be cut in diameter (dia-
gram 4.2.).

With such a range, which can be manually
changed for really extremely non-standard gamma
camera signals, all the available gamma cameras
can be used.

When the input signals come from the gamma
camera with a range of £0.75 V and the chosen
gain is 128 then the image in the matrix will have
half of the diameter’s value of the gamma camera
with signals in the range of + 1.5 V. To set up the
interfacing gain we shall start with the highest
possible value of gain parameter (255). In this
case we shall normally get a minimized image for
most gamma cameras. Our task is now to increase
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A. Offset adjustment

A. Offset adjustment

XY input

X,Y output

Offset voltage
DAC

from PC 1O port | b3

B. Gain adjustment

B. Gain adjustment

X-Y signal input

X-Y signal output

D/A

converter

g

from PC VO port

Diagram 4.1. Digital gain and offset control of X and Y.

A. Fixed IC setting B. Initial gain value for
iterative loop
X,Y ranges: = 0.5 V-3V

GAIN'= 255

XY range=%15V
GAIN = 128

matrix kAY
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// ‘\
// \
/ P -

N, /I

\\ = //
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C. Iterative loop

GAlNl = ZrT

Diagram 4.2. Adjusting the interfacing card’s gain and
offset values

the image size step by step by decreasing the in-
terfacing gain value. The problem of non-central
positioning of the image in the matrix can be
solved simply by moving the image centre to the
matrix centre. To start the image position in the
matrix centre we set the offset to 128. If the image
is not centred (non-symmetrical X,Y range), then

we change the offset to a new value which is equal
to the displacement of the image centre from the
matrix centre.

Instrumental needs

To start the gain and offset set-up, the uniform
radioisotope source (Co57 plate on collimator or
point source 2 m from gamma camera without col-
limator) is used.

Algorithm for autoadjustment of interfacing
board’s gain and offset

Initial values
The following starting values are chosen: For iter-
ative loop gain = 255, offset in both directions = 128

Main loop

The scan of 50000 counts in the matrix 256x256
is acquired. The activity profile in X and Y direc-
tion with thickness of 3 lines is formed, the maxi-
mum number of counts per profile element is
searched for and the coordinates of this maximum
are used to find the scan edges by applying thresh-
old criteria. Displacement of the scan centre from
the matrix centre (Diagram 4.3.) is computed on the
basis of the following formulas:

Xds= (X1+ Xr)/2 - Xm Yds=(Yu+YD/2-Ym

where X1, Xr are the x co-ordinates of the left and
the right scan edge
Yu, Y1 are the co-ordinates of the upper and lower
scan edge
Xm, Ym are co-ordinates of the matrix centre
Xds, Yds are displacements of the scan from the
matrix centre

These values are subtracted from the current off-
sets. Similarly, the deviations from the scan and
matrix size in both directions are computed using
the following formulas:
Dx = (Md - (Xr-X1))/2 Dy = (Md - (YI-Yu))/2
where Md is one dimensional matrix size

Dx, Dy are halves of the difference between the
matrix size and the scan size

These values should be subtracted from the cur-
rent gain values if the edge coordinates are comput-
ed with high precision. But the smaller the starting
image’s diameter the less exact computation for
edge coordi-nates is possible. The subtracted gain
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T(Xu,Yu)
Dx TXL,Y1
)
C(Xm,Ym)
T(Xd,Yd)
Dy

Diagram 4.3 Definition of iterative loop variables.

values can lead to the image size greater than the
matrix size and therefore it is difficult to find the
optimal gain setting using the software technique
described above. Because of this we prefer to sub-
tract only half of the Dx and Dy and the image size
is slowly approaching the matrix size and the cor-
responding gain values the optimal settings.

Stopping condition
If Dx and Dy are smaller than 2, the procedure for
gain/offset-up is stopped and the corresponding val-
ues for gain and offset stored in the calibration file
and set to the interfacing card..

To visually check the algorithm’s success, all
intermediate scans are displayed during software
adjustment of the gain settings until the scan size
equals to the matrix size.

Problems
The following problems arise most frequently
durign the autoadjustment of gain and offset:

— insuflicient radioactivity in flood or point
source,

— nonadequately calibrated gamma camera with
“holes” or “hot spots” in the scan (the edge co-
ordinates can be miscomputed).

5. Correction of dynamic non-linearity

At high count images (over 2 million counts) this
correction is necessary to remove the stripes which
appear at some horizontal and vertical matrix lines.
The stripes in the image appear at all horizontal and
vertical lines where the bit content of the co-ordi-
nate is changing from total “1” to “0” in most bit
positions (e.g. from X(Y) =11111 to X(Y) =100000)
because of the so called bit flipping.The effect of
“bit flipping” is not the same for all co-ordinates in
question. Higher content of the “1” bits leads to

Udig
ideal linearity
curve

cold line(s) in
image

hot line(s) in
image

Unnnlogue

Diagram 5. Dynamic non-linearity curve.

more frequent flipping (diagram 5.). To correct
this ADC “malfunction”, the uniform distribution
of input signals in X and Y direction is applied and
the extent of bit flipping is measured in each posi-
tion.

6. Acquisition software

It consists of four basic units:

— entering the patient population, instrumen-
tal and acquisition data (part of the PIP system).
For clinical work we built a set of predefined studi-
es which can be called up to avoid the time con-
suming input of instrumental and acquisition pa-
rameters for each patient. A new study protocol
can be easily added to the existing set..

— functioning as persistence scope

for checking the patient positioning, the adjust-
ment of the zoom and the image orientation and, if
necessary (in the installation phase) the adjustment
of the image size, offset and pixel size.

— starting the predefined acquisition

During the acquisition we have a possibility of
finishing the complete study (static and dynamic
studies) of finishing the current scan (in static mode
acquisition). Each scan is currently displayed if the
acquisition time is exceeds 10 seconds for static
acquisition or 2 seconds for dynamic acquisition,
otherwise only the frame and group numbers, the
time, the countrate and the total time are displayed
(the reason for this is to prevent the count loss in
fast framing and scan displaying).

— storing the sequence of images from virtual
memory to hard disk and returning to the main
PIP menu (part of PIP system). This phase can be
upgraded if required in such a way that the data can
be stored on some other unit as well (e.g. on ar-
chive disk).
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— hardware and acquisition software installa-
tion

The interfacing card called GAMMA-PF and rel-
evant acquisition software were constructed in such
a way that the hardware and software can easily be
installed (see installation manual). The interfacing
card is installed in an empty computer slot like any
other computer card without any additional inter-
vention in the computer switches. The same is also
true for the acquisition software installation which
is done by running the INSTALL command from
the installation disk. For the optimal image size and
shape the software is included which recursively
adjusts them from the uniform radiation flux on the
gamma camera (uniform source on the gamma cam-
era detector or point source two meters from the
detector). No hardware adjustment of the image
gain and offset is needed. The functioning of the
interfacing card is very stable and no intervention is
needed except in the case of electrical or physical
damage to the card.

- maintenance

The best way of maintaining the interfacing card
would be either sending back the malfunctioning
interfacing card or which is also acceptable because
of the low card price of the card, to have an
additional card at hand, which can immediately be
installed and the damaged one sent back to the
supplier for repair (highly recommended to prevent
any interruption of clinical investigations).

7. Networking

The basic function of the nuclear medicine net-
work system should be providing the records of the
patient population and a scintigraphic data acquisi-
tion on large scale storage media, communication
between the acquisition, processing and reporting
stations, printing the reports on network or local
printer and access to external network.® The solu-
tion of this task can be achieved by applying low
cost network hardware and software (eg NOVEL,
MS WORKS for WINDOWS, etc). When planning
the network system for the department we should
take into account the department’s organisation and
economy. The network system can considerably
lower the overall department’s expence per patient’s
examination study, by increassing the effectiveness
of the department in using the digital storage and
displaying system as patient study retrieval system
and low cost high resolution printer for reporting.
All these demands can be fullfiled by using the low
cost IBM PC hardware and software technology.

The following basic functions of PIP-GAMMA-
PF network (Diagram 7) are available:

— storing patient study files (IMG, XAC) on the
network server’s archive disk (hard disk with a
capacity more than 2 GB)

— storing patient’s coded images (the image with
sequential scans, curves, ROIs, patient’s population
data and quantitative estimates of organ’s function)
on the server’s archive disk

— archiving patient document files (the physi-
cian’s report, the image of results, patient popula-
tion data) on the archive disk

— printing the patient’s documents on the net-
work printer (laser or inkjet printer with resolution
at least 600x600 dots/inch)

— distributing the application software from the
server’s disk to acquisition and processing IBM PC
stations

—access to hospital, regional and international
network

a'e

— 1

HOSPITAL N.

L 1 1 |

P -|| P R 1

Diagram 7. Functional schema of PIP-GAMMA-PF net-
work.

where A is PIP-GAMMA-PF acquisition system

P is PIP-GAMMA-PF processing system

R is PC reporting system (MS WORD)

S is network server

D is server’s archive disk

PR is network printer

The acquisition system needs the following set-
tings in PIP.LGO file:

acqndir = C:/PIP/DATA

datadir = C:/PIP/DATA

archive = H:/PIP/DATA
where C is the logical label for the system disk in
the acquisition system and H is the logical label for
the network server’s archive disk

The processing system should be set at the fol-
lowing values in PIP.LGO: datadir = H:/PIP/DATA
and the output coded result images (PCX format)
should be stored in an appropriate subdirectory on
H:/GAMMA/ (e.g. H/GAMMA/LUNGS/), which
is for the time being programmed in GAMMA-PF
user program.
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Results

The following results were achieved in the project:

—one full-size AT bus professional interfacing
card (ISA bus, four layers, PORT input), installa-
tion disk and manual

- simple installation of the interfacing card in an
empty slot of IBM PC

compatible computer and installation of software
with the “install” command from the installation
disk

—a simplified and shorter acquisition program-
ming code with PORT input of data

— a set of predefined studies for clinical examina-
tions

— the acquisition can be stopped either to finish
the current image or to finish the study

~the sequence of images is displayed continu-
ously

— the continuous displaying the frame and group
numbers, time and count rate

— acceptable count loss for clinical examinations*

—a high functioning stability observed over a
period of two years

—network system with acquisition, processing,
reporting, archiving, printing and communicating
on local or extended level®

— good results with MAG3 kidney studies.’

Conclusions

An upgraded four layer professional interfacing card
was built for the ISA bus, together with the installa-
tion disk and a manual. The whole installation pro-
cedure of inserting the interfacing card in an
empty slot of on IBM PC compatible computer and
the installation of the acquisition software are sim-
ple and can be performed by a nuclear medicine
technologist. Entering the scintigraphic data has
been simplified by replacing the absolute address-

ing (DMA) with PORT input/output access. The
image orientation, the zoom size, image size and
the shape are controlled by software. The ADC
dynamic non-linearity correction is applied to high
count images. As cardiac gated acquisition with
two low-memory buffers has high count loss (over
20%), there is a need for 32-bit operational system
and 32-bit C programming language.

To improve the speed of the acquisition (first
pass studies), upgrading the interfacing card by us-
ing the new PCI bus is necessary in the next project
activities.
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Study of blood perfusion with Patent Blue staining method in LPB
fibrosarcoma tumors in immuno-competent and immuno-deficient
mice after electrotherapy by direct current
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Electrotherapy of tumors by low-level direct current can be used effectively to reduce tumor mass in
experimental and clinical tumor models. The effects of such treatment on blood perfusion of tumors were
studied on solid subcutaneous LPB fibrosarcoma model in immuno-competent C57Bl/6 mice and in immuno-
deficient Swiss nude mice. Tumors were treated for one hour with electric current of amplitudes 0.6 mA and
1.0 mA delivered by Pt/Ir needle electrodes inserted subcutaneously on two opposite sides of the tumor.
Study of tumor growth response to single-shot electrotherapy yielded highly significant growth retardation
in C57BI/6 mice but only insignificant effect on tumor growth in nude mice. Effect of electrotherapy on blood
perfusion of tumors as one of the proposed mechanisms of antitumor action was evaluated by tissue staining
method using Patent Blue Violet dye. Perfusion was estimated immediately after electrotherapy and 24 hours
after the treatment. Perfusion of tumors in C57Bl/6 mice was only moderately decreased due to electro-
therapy, whereas in nude mice there was practically no effect observed. The difference in growth response of
the two models indicates that vascular occlusion which occurs due to the products of electrolysis at the site
of insertion of the electrodes may not be the major cause for the observed tumor retardation in immuno-
competent mice.

Key words: fibrosarcoma electric stimulation therapy; regional blood flow; direct current electrotherapy,
tumor growth retardation, blood perfusion

Introduction malignancies with minimum side effects for the
host. The antitumor effectiveness has been achieved
in various experimental animal tumor models'® and
in clinical trials.”® In addition, electrotherapy can
be used as an adjuvant treatment to other conven-
tional therapies for it has been shown that it poten-

Correspondence to: Damijan Miklavei¢, University of tiates the effectiveness of certain biological response
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of the way of its application, either as a single
UDC: 616-006.327.04-018.5:615.84 treatment or in combination with other therapies, it

It has been demonstrated in several studies that
electrotherapy by low-level direct current can be
applied successfully as a local treatment for solid
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is of great importance to understand the mecha-
nisms of its antitumor action in order to be able to
optimise existing and develop new treatment strate-
gies.

Many attempts have been made to explain antitu-
mor effectiveness of electrotherapy. It can hardly
be expected that one single mechanism could be
responsible for it since the parameters of treatment
vary considerably from one author to the other. The
differences appear in the type of tumor model, in
electrical parameters (e.g. amplitude and shape of
the signal), in electrode number and in material and
the way of application.'

Several possible mechanisms that could be re-
sponsible for antitumor effectiveness of direct cur-
rent electrotherapy have been proposed. When one
or more of the electrodes are inserted into the
tumor then the extreme pH changes measured in
vicinity of the electrodes are believed to be re-
sponsible for cell killing. It has also been shown
that with an appropriate configuration of multiple
electrodes in the tumor it is possible to effectively
eliminate most of the tumor mass'. Surprisingly
enough it was found that when electrodes are in-
serted subcutaneously on two opposite sides out-
side the tumor so that the tumor is brought into so-
called “field” configuration, then similar growth
retardation is produced as in the case with one of
the electrodes in the tumor. For the “field” configu-
ration antitumor effectiveness of electrotherapy
cannot be ascribed to pH changes and also not to
temperature rise which were both not found in the
tumor.'” There was also no correlation found be-
tween tumor growth retardation and deposition of
the electrode material'.

One of the possible mechanisms of antitumor
action of sub-thermal low-level direct current elec-
trotherapy for electrode configurations where tu-
mor is not penetrated by stimulation electrodes is
vascular occlusion at the site of insertion of the
electrodes." It was suggested that altering the blood
supply to tumor tissue might lead to eradication of
tumor mass. In one of our previous studies we have
found that significant growth retardation of one
particular tumor model was indeed accompanied by
and correlated to large decrease of tumor blood
perfusion as assessed by a tissue staining method.'s
In the present study an attempt was made to investi-
gate this effect in LPB murine fibrosarcoma tumor
in both immuno-competent and immuno-deficient
animals.

Materials and methods

Animals and tumors

Female and male animals of C57Bl/6 strain were
purchased from two sources, namely Rudjer
Boskovié Institute, Zagreb, Croatia and C.E.R.J an-
imal facilities Laval, France. Nu/nu Swiss nude
mice were bred at the animal facilities of the Insti-
tute Gustave-Roussy, Villejuif, France. Animals
were housed in plastic cages in convenient colonies
and kept at constant temperature of 24°C. They
were watered and fed ad libitum. Additional stand-
ard measures were taken in order to prevent infec-
tion in nude mice. Animals in good condition and
free of any infection, aged 8-12 weeks, were used
in experiments. LPB fibrosarcoma cells syngeneic
to C57Bl/6 mice were cultured in vitro. Solid sub-
cutaneous tumors were initiated dorsolaterally in
the right flank of mice by injection of 0.8 « 10° and
1.6 « 10° viable LPB cells in C57Bl/6 and nude
mice respectively. Tumors of approximately 7 mm
in diameter were obtained about 10 days latter,
when animals were randomly assigned to different
experimental groups with 7-9 animals per group in
each single experiment.

Electrotherapy

Single-shot electrotherapy consisted of constant di-
rect current which was applied for 60 minutes. Cur-
rent amplitudes used were 0.6 mA and 1.0 mA.
Selection of current level and duration was based
on our previous studies.'? Current was generated by
a multichannel current source thus enabling simul-
taneous treatment of up to eight animals. Needle
electrodes 1 mm in diameter and 20 mm in length
made of Pt/Ir alloy (90/10%) with rounded tips
were used to deliver the current. Electrodes were
inserted subcutaneously through small punctures in
the skin made by a sharp needle. Electrodes were
inserted in parallel on two opposite sides of the
tumor with the cathode on caudal side of the tumor.
Distance between the electrodes was 20-22 mm and
each electrode was placed 5-8 mm away from the
tumor edge. During electrotherapy mice were anes-
thetised by intraperitoneal injection of 100 mg/kg
of ketamine (Ketanast, Parke-Davis, Germany), 10
mg/kg of xylazine (Rompun, Bayer, Germany), and
0.1 mg/kg of atropine. Animals in control groups
were treated in the same way except that no current
was applied.
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Assessment of tumor growth

Tumor sizes were estimated before electrotherapy
(day 0) and on the days following electrotherapy.
Two largest perpendicular diameters were meas-
ured with vernier calliper and tumor volume was
calculated using formula V=zub 6 (a and b being
measured diameters). For each individual tumor its
doubling time (DT) was calculated as a time needed
for the tumor to double its initial size. Mean aver-
age tumor volumes and their standard errors were
calculated and presented as growth curves. Mean
average doubling times were also calculated for all
experimental groups. Experiments were repeated
three times in case of nude mice and twice for
C57Bl/6 mice. Statistical significance of differenc-
es between experimental groups were evaluated us-
ing Student t-test and values of p less than 0.05
were considered as an indication of statistical sig-
nificance.

Assessment of tumor perfusion

Perfusion study was performed on separate animals
from those used in tumor growth study. Saline solu-
tion (0.1 ml, 1.25%) of biological dye Patent Blue
Violet (Byk Gulden, Switzerland) was injected in
retroorbital sinus of animals. After the dye has been
left to distribute evenly through tissues for approxi-
mately 3 minutes, animals were euthanised and tu-
mors were carefully removed. Tumors were cut
along their largest diameter and the percentage of
stained versus non-stained cross-section area was
visually estimated independently by two persons.
The mean of both estimations was used as a relative
measure of tumor perfusion. Solidly stained parts
of the tissue were considered to be well perfused,
absence of the dye was an indication of poor per-
fusion. Perfusion was assessed immediately after
electrotherapy and 24 hours following the treat-
ment. For each experimental group the mean value
and standard error of the mean were calculated and
presented. Student t-test was used to evaluate sta-
tistical significance of differences between experi-
mental groups.

In our study Patent Blue Violet dye was used
instead of a more widely used Evans Blue dye. The
former yielded a much better color contrast be-
tween stained and non-stained parts of tissue than
the latter. Furthermore, a study performed on fibro-
sarcoma SA-1 tumors in A/] mice has shown that
both dyes produce essentially the same results.”
This was confirmed in control tumors as well as in

tumors treated with electrotherapy. Therefore in
our opinion the use of Patent blue instead of Evans
Blue is entirely justifiable in perfusion studies such
as ours.'™"¥

Results

Tumor growth

Application of the single-shot electrotherapy in-
duced statistically significant tumor growth delay
in immuno-competent C57Bl/6 mice. Typical
growth of tumors in one of the experiments is given
in Figure 1, where growth delay of treated tumors
with respect to control tumors is clearly shown. It
was also evident that larger dose (higher current
level) yielded better antitumor effects. In Table 1
tumor doubling times (DT/days) are given for all
experimental groups in two separate experiments.
Tumors were arrested in their growth and their size
was temporarily reduced. When regrowth occurred
after several days, the growth rate was similar to
that observed in control tumors. Apart from the
observed fact that control LPB tumors in immuno-
deficient mice grew faster than in C57BV/6 mice it
was also demonstrated that electrotherapy was much
less effective in the case of nude mice, as shown in
Figure 1 and presented in Table 1. Doubling time of
tumours treated with 0.6 mA electrotherapy was
not significantly different from doubling time of
control tumors. Application of 1.0 mA however
yielded significant growth delay but it was still
much smaller than in immuno-competent mice.

Tumor perfusion changes

In Table 2 perfusion of tumors as assessed by means
of Patent Blue staining method is presented. Data
of several experiments were pooled together. All
control tumors in both strains of mice were practi-
cally completely stained, which indicates that tu-
mors at that stage of development were well per-
fused. No reduction in staining of tumor tissue was
observed in nude mice immediately after electro-
therapy regardless of the current level applied. In
C57Bl1/6 mice reduced staining was observed im-
mediately after treatment and this effect was main-
tained for at least 24 hours. As in the tumor growth
study the effect was more pronounced for higher
dose. There was also a large variability in staining
among individual tumors treated with electrothera-
py. On the other hand staining of control tumors
was very uniform in both strains of mice.
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Figure 1. Growth of LPB tumors in immuno-competent C57Bl/6 mice and in immuno-deficient Swiss nude mice following a
single-shot one-hour electrotherapy with 0.6 mA and 1.0 mA. Data points represent the mean values for 7-8 animals with
standard error bars.

Table 1. Effect of one hour electrotherapy (ET) with 0.6 mA or 1.0 mA on growth of LPB fibrosarcoma tumors in C57Bl/6 and
Swiss nude mice. Tumor doubling times (DT) are given separately for each experiment and statistical significance of difference
of DT in treatment groups with respect to corresponding control group is indicated by value of p as assessed by Student t-test.

C57B1/6 Swiss nude
Exp. Treatment n DT(days) p n DT(days) p
mean+SD mean+SD
control 8 4.0+2.2 8 2.8+1.5
1 0.6mA/1h 8 6.3+2.9 0.096 8 3.4x1.0 0.362
1.0mA/1h 8 11.7+5.4 0.002 8 4.5+1.2 0.025
control 8 2.8+0.7 7 1.8+0.8
2 0.6mA/1lh 8 7.5+2.0 <0.001 7 2.5£1.0 0.174
1.0mA/1h 8 10.4+3.1 <0.001 7 2.7+0.4 0.021
control 7 1.9+0.8
3 0.6mA/1h 6 2.3+0.8 0.388
1.0mA/lh 7 3.2x1.2 0.034

Table 2. Percentage of stained tumor cross-section area as an indicator of quality of tumor perfusion for LPB fibrosarcoma in
immuno-competent C57BV/6 and immuno-deficient Swiss nude mice. Perfusion was estimated immediately after one hour electro-
therapy (ET) for two current intensities (0.6 mA and 1.0 mA) and 24 hours after 0.6 mA ET. Value of p indicates statistical
significance of difference between each particular treatment group and corresponding control group, as assessed by Student t-test.

C57B1/6 Swiss nude
Experimental group n % stained p n % stained
(meanxSD) (mean+SD)
control 19 985 11 100+0
0.6mA/1h (Oh after ET) 27 80+30 0.013 7 1000 1.000
0.6mA/1h (24h after ET) 8 81x35 0.044
1.0mA/1h (Oh after ET) 30 70+35 0.001 14 98+5 0.200
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Discussion

In this study it was demonstrated that low-level
direct current electrotherapy induces significant re-
tardation of LPB fibrosarcoma tumors growing in
immuno-competent C57B1/6 mice and that this ef-
fect is also dose dependent. This is in agreement
with our previous work on this and other tumor
models.'*'*?* When LPB tumors were treated in
immuno-deficient animals, electrotherapy appeared
to be much less effective. In another tumor model
of SA-1 fibrosarcoma growing in immuno-compe-
tent A/J mice the electrotherapy of the same type as
in this study produced similar growth retardation as
observed in C57Bl/6 mice. An extensive study on
A/J mice by means of Patent Blue staining showed
rapid decrease in perfusion during electrotherapy
(data not shown).''? Staining was decreased to the
mean value of approximately 20% in treated tu-
mors and even three days after treatment tumors
were only partially reperfused (approximately 50%
of stained tumor cross-section), which is very dif-
ferent from perfusion of 80% found in LPB tumors
for the same treatment (0.6 mA for 60 minutes).
That means that vascular occlusion due to electro-
therapy in SA-1 tumors was much more expressed
than in LPB tumors. Since the dynamics of deper-
fusion and reperfusion of SA-1 tumors was in good
correlation with dynamics of growth retardation of
that particular tumor model it was suggested that
vascular occlusion occurring at the site of insertion
of the electrodes might be the main factor of antitu-
mor effectiveness. The presented study has raised
some doubt to this hypothesis because the same
extent of LPB tumor growth retardation was ac-
companied by a much less expressed occlusive ef-
fect. Furthermore, LPB tumors in immuno-deficient
animals were significantly less affected by electro-
therapy than the same type of tumors in immuno-
competent animals, which indicates that host’s im-
mune response might play an important role in ef-
fectiveness of electrotherapy. In our opinion, oc-
clusion of supplying blood vessels outside the tumor
inevitably occurs at the site of electrode insertion
due to extreme pH changes that were measured in
immediate vicinity of electrodes.”? The extent of
this occlusion is probably significantly tumor mod-
el-dependent, as indicated by the difference in Pat-
ent Blue staining between the two fibrosarcoma
models. Some other factors beside interrupted blood
supply are probably responsible for the observed
tumor retardation and immune system of the host
organism is one of them.
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Superficial thermoradiotherapy: Clinical result favor immediate
irradiation prior to hyperthermia

LeSnic¢ar H, Budihna M

Institute of Oncology, Ljubljana, Slovenia

Purpose. The aim of the present paper is to report the analysis of some relevant tumor and/or therapeutic
parameters and to compare different treatment strategies used in our patients treated by local
thermoradiotherapy (TRT).

Methods and materials. In the period 1989-1995, fifty-two patients with locally advanced tumors accessible
to local TRT were treated art the Institute of Oncology in Ljubljana, Slovenia. A majority of 39 (75%) patients
failed to respond to previous radiotherapy, while in 13 patients TRT was used as primary treatment.
Interstitial TRT (ITRT) as primary treatment was used in 13 (25%) patients, interstitial hyperthermia
combined with simultaneous external irradiation (STRT) in 7 (14%), and external TRT (ETRT) was applied
in 32 (61%) patients.

Results. In all 52 patients a complete response (CR) rate of 60% was achieved, while 2-year recurrence-free
and disease-specific survivals were 51% and 45%, respectively. Among tumoral and therapeutic parameters
tested, CR rate was found to be significantly influenced by histology other than squamous cell carcinoma
(p=0.045), tumor volume < 55 ccm (p=0.02), minimum intratumoral temperature (T, ) >42.5C ( p=0.015),
total tumor dose (TTD) of radiotherapy >45 Gy (p=0.048), fraction size of irradiation used concurrently to
hyperthermia > 3 Gy (p=0.03), and by those TRT treatments where irradiation preceded hyperthermia
(p=0.026). Repeating of hyperthermia (HT) treatments did not improve the CR rate. The use of RT
immediately prior to HT resulted in a 2-year recurrence-free survival (RFS) of 66% compared to 38% for
patients in whom HT treatment was followed by irradiation (p=0.07). For the subgroup of 20 patients in
whom fraction size of >3 Gy was delivered immediately before HT treatment, an even better RFS of 85% was
achieved (p=0.03) . The enhancement ratio of 1.7 was found between the dose response curves for 29
patients receiving RT prior to HT and 23 patients in whom HT was used before RT. Acute and late toxicity of
grade 3 and/or 4 were recorded in 28% and 23% of treated patients, respectively. TRT-related acute toxicity
was more pronounced in patients with maximum temperature measurements inside the heated volume (T, )
45C (p=0.006), while a higher grade of late toxicity correlated with a tumor volume > 55 ccm (p=0.02) and
TD of RT > 45 Gy (p=0.04). There was no significant correlation found between a higher toxicity grade and
CR rate.

Conclusions. Our clinical results are in favor of an application of somewhat higher fraction size of RT than
conventional, employed immediately before heating, when combined with HT.

Key words: neoplasms-radiotherapy; hyperthermice, induced; local thermoradiotherapy; advanced tumors;
clinical results; prognostic parameters
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mors, either applied with invasive technique,'” non-
invasive technique,*'? or in combination of both.'
The advantage of TRT over radiotherapy (RT) alone
was proved in some non-randomized,® - 16 ag well
as in a few randomized clinical trials.!”? Believing
in biological reasons for combining RT and hyper-
thermia (HT) treatment,?-* at the Institute of On-
cology in Ljubljana, efforts were made to devel-
op technical equipment and our own treatment strat-
egies for the application of TRT prevalently in or-
der to overcome radioresistance of locally advanced
tumors® and tumor lesions which failed to respond
to previous RT. The aim of the present paper is to
report the analysis of some relevant tumor and/or
therapeutic parameters in our patients treated by
local TRT.

Materials and methods

The patients

Altogether 52 patients (42 male and 10 female)
were treated by TRT between 1989-1995 at the
Institute of Oncology in Ljubljana, Slovenia; 39 of
these were with recurrent and/or residual tumors
after previous standard RT and 13 with primary
advanced malignancy. Tumor sites were as follows:
head and neck region in 46 patients, breast and/or
thoracic wall in 5, and inguinal lymphnodes in 1
patient. Histologically, 38 (73%) tumors were sq-
uamous cell carcinoma, 8 (15%) adenocarcinoma,
5 (10%) malignant melanoma, and 1 (2%) Mb
Hodgkin. By the time of combined HT and RT
treatment, patients were free of distant metastases
and were not receiving any other concurrent cancer
therapy. Only patients with Karnofsky performance
score > 70% were eligible for TRT. Tumor volume
ranged from 10 - 180 ccm (median 54 ccm).

Hyperthermia devices

Interstitial heating was performed by means of in-
terstitial water hyperthemia system. Prior to clini-
cal utilization our device had been tested on experi-
mental animals. The results of animal experiments
were published elsewhere.”” 2 First clinical experi-
ence using interstitial water hyperthermia system
showed acceptable homogeneity of temperature dis-
tribution inside the heated volume.?* Intratumoral
insertion of plastic or metal tubes for application of
interstitial water hyperthermia technique was done

under a general anesthesia in 20 patients. Percuta-
neous heating was performed in 32 patients by non-
invasive 432 MHz microwave unit using two dif-
ferent antennae to cover adequately the total tumor
surface within safety margins. In the majority of
cases no water bolus was used. Extensive local
anesthesia using 2% Xylocain was utilized with
percutaneous application of thermotherapy.

Radiotherapy

In 13 patients brachytherapy was applied in combi-
nation with interstitial HT. Ir-192 wires were in-
serted through the same plastic tube implant as
used for HT. In all implants, X-ray and/or ultra-
sound verification was used to assure that the im-
plant encompassed the whole tumor volume. A
dose-rate of 0.5 - 0.7 Gy/h was delivered to the
tumor periphery. Total tumor dose (TTD) in pa-
tients treated by interstitial TRT (ITRT) ranged from
20 - 70 Gy (median 60 Gy). In 39 patients percuta-
neous RT was applied using a fraction size of 1.8 -
3 Gy. The fraction size of brachyradiotherapy was
estimated from dose-rates at the tumor periphery
given within 4 hours after HT treatment.

In 7 patients interstitial heating using metal tubes
was performed combined with simultaneous irradi-
ation (STRT) by teleradiotherapy using electron
beam. In one patients STRT using single fraction of
5 Gy was the only therapy, while in 6 patients TTD
of RT ranged from 25 - 60 Gy (median 55 Gy). For
the rest of 32 patients percutancous HT combined
with external RT using either electron beam or Co-
60 was employed with TTD of 20 - 70 Gy (median
40 Gy).

TTD of RT depended on the time interval from
previous RT and TTD of previous RT. Total cumu-
lative dose of radiotherapy did not exceed 100 Gy.
Thirteen patients without previous irradiation re-
ceived 45 - 70 Gy (median 60 Gy), while TTD for
39 previously irradiated patients ranged from 5 - 66
Gy (median 40 Gy). Fraction size of RT used con-
currently with HT differed from 1.8 - 8 Gy (median
3.5 Gy).

Thermoradiotherapy and thermometry

Thirteen patients receiving interstitial hyperthermia
were treated under general anesthesia once only.
Hyperthermia session started after steady state tem-
perature distribution inside the tumor volume had
been reached and lasted 60 minutes. Placement of
Ir-192 wires followed immediately after the heating
session in 9 cases, while in 4 patients brachythera-
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py had to be postponed for more than one hour due
to a substantial swelling of the heated region.

Seven patients were treated with simultaneous
interstitial hyperthermia and external irradiation.
This specific therapeutic approach has been pre-
sented previously.?’ On the day before HT treat-
ment, metallic tubes were implanted through the
tumor volume under a general anesthesia. The next
day, the patient was placed in a room close to the
linear accelerator, and the implant was connected
to a water HT unit. Approximately 30 minutes after
the beginning of HT session, the patient and the HT
device were moved together to the linear accelera-
tor unit and irradiation using electron beam was
performed while uninterrupted heating continued.
After completed RT session, the patient was moved
again to the nearby location and heating proceeded
until total HT treatment time of 60 minutes elapsed.
In all 7 patients treated simultaneously TRT was
not repeated.

Combined percutaneous HT and RT was per-
formed in 32 patients. After a TD of 10-20 Gy had
been reached, the first HT treatment was performed.
A single session of HT during the RT course was
performed in 13 patients whereas 19 patients re-
ceived 2-3 HT treatments. Repeated HT was ap-
plied once weekly. The total heating time depended
on maximum and minimum temperature measured
inside the heated volume and lasted 45 - 60 minutes
for each HT session. Owing to technical problems,
in 5/32 patients the time interval between the appli-
cation of both modalities exceeded one hour. In 3
patients HT was performed immediately before ir-
radiation while in the remaining 29 patients HT
followed RT.

Altogether, there were 23 patients treated with
HT preceding RT, and 29 patients in whom HT
followed RT treatment.

Invasive thermometry was performed in 20 pa-
tients treated by interstitial HT using five-point
manganin-constantan thermocouple probes which
were moved stepwise through 2-3 (depending on
tamor volume) plastic tubes inserted perpendicular-
ly to the implant. It was considered that HT treat-
ment started when intratumoral temperature of
>=42.5°C was obtained at the tumor periphery.
Temperatures were registered every five minutes
during the heating session; minimum and maxi-
mum temperatures were recorded.

In 32 patients heated with an external HT device,
2-3 (depending on tumor volume) plastic tubes were
inserted through the heated volume, and tempera-

ture measurements performed by means of a one-
point non-conducting temperature probe. The same
protocol for temperature monitoring as in invasive
HT treatments was used. with the exception of an
extra thermal probe on the skin surface.

Tmin i.e., mean minimum temperature measured
in 3-5 measurement points at the tumor periphery
during entire heating session was taken as a refer-
ence for estimation of HT treatment quality. In
patients with multiple HT treatments, the highest
Tmin observed was recorded. The mean value of
maximum temperatures measured intratumorally
and/or on skin surface was expressed as Tmax and
was used for treatment toxicity estimation.

Estimation of response to treatment and toxicity

Only complete clinical disappearance of the treat-
ed tumors (CR-complete response) 2 - 3 months
after completion of TRT was estimated as a thera-
peutic success. All other responses were considered
as treatment failures. The results were analyzed
using Biomedical Statistical Software Package
(BMDP);* the survival was calculated from the end
of treatment using Kaplan-Meier’s method.® A
log-rank, y*-test, and Fisher exact tests were used to
analyze the difference between groups. Sigma-plot
computer program was used for the dose-response
curves drawing. In order to estimate treatment re-
lated toxicity RTOG/EORTC system was used,*
introducing HT related formation of blisters as grade
3 early toxicity. Only the most severe grade of
toxicity for each patient was recorded.

Results

In all 52 patients treated with TRT at the Institute
of Oncology, Ljubljana, Slovenia, a CR rate of 60%
and a 2-year recurrence-free survival of 43% were
achieved. The observation time ranged from 3 - 42
months (median 11 months). The prognostic signif-
icance of some tumoral characteristics is evident
from Table 1 while the prognostic importance of
the observed therapeutic parameters is apparent
from Table 2. Next to tumor histology, tumor vol-
ume was found to be the most prominent prognostic
factor among tumoral parameters. The only signifi-
cant parameter among hyperthermic factors was
T, Wwhile neither the type of HT used nor the
number of HT treatments showed any prognostic
significance. Among radiotherapeutic treatment pa-
rameters, except for the type of RT used, all three
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Table 1. Prognostic importance of patients’ and/or tumor
characteristics.

Tested Neofpts. CR (%) p-value
parameter
Sex Men 42 23 (55%)

‘Women 10 8 (80%) 0.11
Tumor site  Head & neck 34 19 (56%)

Other 18 12 (67%) 0.65
Histology  SCC 38 19 (50%)

Other 14 12 (86%) 0.045
Tumor
volume <55 cem 31 23 (74%)

>55 ccm 21 8(38%) 0.02
Previous RT Yes 39 24 (62%)

No 13 7 (54%) 0.8

<50 Gy 22 15 (68%)

> 50 Gy 17 9 (53%) 0.5

CR -~ complete response, SCC - squamous cell carcinoma,
RT - radiotherapy

Table 2. Prognostic significance of therapeutic parameters

Tested Neof pts. CR (%) p-value
parameter
Type of HT  Interstitial 20 10 (50%)

Percutaneous 32 21 (66%) 0.4
Type of RT  Interstitial 13 6 (46%)

Percutaneous 39 25 (64%) 0.1
N° of HT 1 33 23 (70%)

>1 19 8 (42%) 0.1
T >42.5°C 43 29 (67%)

< 42.5°C 9 2 (22%) 0.015
TTDof RT >45Gy 30 21 (70%)

<45 Gy 22 10 (45%) 0.048
Fraction
size/HT >3 Gy 28 21 (75 %)

<3Gy 24 10 (42%) 0.03
Sequence RT+HT 29 21 (12%)

HT +RT 23 10 (43%) 0.026

CR - complete response, RT - radiotherapy, HT-hyperther-
mia, T . — minimum intratumoral temperature, TTD — total
tumor dose, Fraction size/HT — fraction size of RT concur-
rent to HT

remaining tested parameters, i.e. total dose of RT,
fraction size of immediate irradiation, and sequence
of RT showed a significant influence on local treat-
ment outcome. While, all patients in RT + HT
group were treated by external TRT (ETRT) only,
CR rates in HT + RT group differed regarding the
type of TRT applied. There were 6/13 (46%) CR
recorded in patients using ITRT, 4/7 (57%) using
STRT, while no CR was obtained in 3 patients
treated by ETRT. Figure 1 presents a 2-year recur-
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Figure 1. A 2-year recurrence-free survival (RFS) of 38%
achived in 23 patients treated by TRT using HT prior to an
immediate irradiation is compared to 66% for 29 patients in
whom HT followed RT (p=0.07). Among those 29 patients
in the latter group, there were 20 patients, refered in brack-
ets, receiving a fraction size of >3 Gy immediately before
the heating. A significantly better RFS of 84% achieved in
this subgroup of patients is presented by a dotted line

(p=0.03).

rence-free survival of 66% for the patients in whom
RT was used immediately before HT, vs. 38%
achieved in patients where RT followed HT
(p=0.07). For 20 patients in whom an immediate
fraction size of >3 Gy preceded HT, a recurrence-
free survival of 84% was achieved (p=0.03). In
Table 3 the two groups of patients treated with
different sequence of the two modalities are com-
pared regarding some prognostic parameters. It is
shown that both treatment groups are acceptably
comparable. Figure 2 presents dose response curves
for the two groups of patients in whom different
sequencing of both modalities was used. An en-
hancement ratio of 1.7 was found for the group of
29 patients in whom RT was used immediately
prior to HT when plotted against those 23 patients
in whom RT followed HT.

The majority of our patients tolerated TRT treat-
ment well, and there was no reason to terminate the
therapeutic session before 