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Abstract

Imaging of tumors with cationic tracers, especially with technetium-99 methoxy isobutyl isonitrile
(??™Tc-MIBI), revealed high specificity for the diagnosis and follow up of various malignancies. How-
ever, these radiopharmaceuticals are of limited value for the diagnosis of malignancies of the ab-
dominal region due to the immediate biliary secretion of the tracer and the associated high back-
ground activity. In a prospective, single-blinded protocol, patients with endoscopically diagnosed gas-
trointestinal malignancies were assigned to undergo **™Tc-MIBI imaging of the abdomen. To over-
come biliary secretion of cationic tracer we administered 0.04mg/kg morphine hydrochloride intra-
venously before the administration of 600 MBq ?*™Tc-MIBI. Planar images were performed in the
anterior and posterior views with a double-headed gamma camera and with 3min acquisition time,
followed by single photon emission tomography images (3 degrees, 20 sec/frame). Results were
compared to findings of endoscopy, computed tomography scan and surgery. Twenty four patients
17 male and 7 female , mean age 69 years, range 52-83, years were enrolled. All patients suffered
from adenocarcinoma, (19 from colorectum, 3 from gastric, 1 from pancreatic and one patient had
both gastric and colorectal adenocarcinoma, for a total of 25 tumor lesions). The primary objective-
inhibition of biliary secretion- was achieved in 23 of the 24 patients. °*™Tc-MIBl-imaging was accu-
mulated intra-abdominally in 19 patients. In 2 patients the tumor was endoscopically completely re-
moved before the scan. In these two patients *™Tc-MIBI imaging showed no intra-abdominal trac-
er accumulation. When compared to the endoscopic findings, *°™Tc-MIBI imaging showed time pos-
itive results in 13 of the 23 remaining individual tumor lesions, false positive in 6 and false negative
in 4. This study showed a sensitivity of 57% and a specificity of 20% of the above technique for the
identification of intra-abnominal adenocarcinomas. Correct diagnosis did not correlate with tumor
size. In conclusion, prescintigraphic morphine administration inhibits background activity coming
from biliary secretion, and enables better intra-abdominal **™Tc-MIBI imaging but with limited sen-
sitivity and poor specificity.
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Introduction

gastrointestinal malignancies [1]. Bowel cleaning before or pain during endoscopy,
make this investigation unpleasant to patients. Several alternative methods, includ-
ing virtual endoscopy with computer tomography (CT) 2, 3] or magnetic resonance imaging
(MRI) [4], fluorine-18 labelled deoxyglucose (8F-FDG)-positron emission tomography (PET)
imaging [5] - alone or in combination with CT imaging [6], are currently under investigation.
Imaging of tumors with monocationic tracers, especially with technetium-99m methoxy
isobutyl isonitrile (**™Tc-MIBI), a radiopharmaceutical initially introduced as a myocardial
perfusion agent [7], revealed a high specificity of more than 95% and a good sensitivity (75%)
in tumor imaging. For diagnosis and surveillance of various malignancies, such as lesions of
the thyroid gland, lung and breast, but also for musculoskeletal sarcomas, *°™Tc-MIBI
showed quite good results [8-15]. It is well known, that the cationic lipophylic tracer 2™ Tc-
MIBI has a negligible role in subdiaphragmatic tumors detection because of its rapid passage
in the intestine by immediate biliary secretion of the tracer, thus causing high background ac-
tivity which makes the interpretation of images rather impossible [16]. In addition, high liv-
er biliary tract and bladder uptake of the tracer, further complicate image analysis.
The application of morphine hydrochloride can cause biliary duct spasm and delay biliary
excretion [17]. Morphine or related substances have been routinely used for the deceleration
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of biliary flow in order to improve hepatobiliary scintigraphic
imaging [18]. In the present study we have investigated
whether biliary secretion can be delayed by a single dose of
morphine hydrochloride thus enabling early gastrointestinal
imaging by gaining enough time for the radiopharmaceutical
to possibly image gastrointestinal malignancies.

Patients and methods

The present study protocol was approved by the Ethics Com-
mittee of the University of Vienna. The experiments comply
with the Declaration of Helsinki including current revisions

and the Good Clinical Practice guidelines [19]. Patients en-
rolled in this study have given their written informed consent.
In a prospective, single-blinded protocol study, 24 patients
with endoscopically diagnosed and histologically confirmed
gastrointestinal adenocarcenomas were assigned to undergo
99mT¢-MIBI imaging. Seven females and 17 males (mean age
69 years, range 52-83 years) were enrolled in this study. All
patients suffered from histologically proven adenocarcinoma.
In one patient both a colorectal and a gastric carcinoma was
found with endoscopy and CT, adding up for a total of 25 tu-
mor lesions for analysis (colorectum n=20, stomach n=4,

Table 1. Comparison of endoscopic results and °"Tc-MIBI scan findings, for tumour localization

Patients Correlation between ~ Tumor size
serial Endoscopy findings 99mTc-MIBI scan endoscopy 99MT¢  confirmed by
number and MIBI scan  surgery/histology

1=correct scan result
0= incorrect scan result diameter (cm)

1 Stenosing tumor of sigmoid Planar neg, SPET pos,correct localization 1 3.5
2 Large tumor, coecal area Planar neg, SPET pos, incorrect localization 0
3 Stenosing tumor of sigmoid Planar and SPET positive, correct localization 1
4 Stenosis of the pancreatic head (ERCP) Planar and SPET negative 0
> Is_%rr?]%i;tenosmg sessile polyp of tumor Planar und SPET positive, correct localization 1 2.5
6 Polypoid tumor of rectum Planar neg, SPET pos, correct localization 1 8.5
7 Small .tumor, gorpus ventricull, .mucosal Planar and SPET negative (control patient) Not applicable ~ Not applicable

resection within the same session
8 a) Stenosing tumor of C. transversum/ 1

C. descendens Planar and SPET positive, Both 5
b) Polypoid exulcerative tumor cardia correct for both localizations 1
and corpus ventriculi
o 2tetrr]:r?;r\]/%rt::]n$; C. descendens Planar and SPET positive, correct localization 1 5
10 Polypoid Tumor C. of sigmoid Planar and SPET positive, correct localization 1
11 Polypoid tumor, rectum Planar neg, SPET positive, correct localization 1
12 Stenosing tumor C. ascendens Planar and SPET positive, correct localization, 1
additional false positive spot due to residual bile 0 S

13 Tumor at gastric cardia Planar and SPET positive, correct localization 1 3
14 Giant polypoid tumor, C. ascendens Planar and SPET positive, incorrect localization 0 5
15 Stenosing tumor, rectum Planar and SPET negative 0 8
16 Large tumor, C. of sigmoid Planar and SPET positive, correct localization 1 5
17 Stenosing tumor, C. ascendens Planar and SPET positive, incorrect localization 0 3.5
18 a) Small tumor, cardia (mucosal resection) ) Planar and SPET negative Not applicable  Not applicable

b) small rectal adenoma b) Planar and SPET positive 0 1.5 (adenoma)
19 Small tumor, rectum Planar and SPET negative 0 1.5
20 Macroscopically invisible tumor .

(red irritation), C ascendens Planar and SPET negative 0 2.1
21 Large tumor, C. transversum Planar and SPET positive, incorrect localization 0 3.5
22 Small tumor, C. of sigmoid Planar neg, SPET pos correct localization 1 35
23 Stenosing tumor, C. of sigmoid High background, planar and SPET negative 0
24 Stenosing tumor, C. of sigmoid Planar and SPET negative 0

C: colon, neg: negative, pos: positive

www.nuclmed.gr

Hellenic Journal of Nuclear Medicine e January - April 2007



Original Article

pancreas n=1). To delay biliary secretion of the cationic trac-
er 0.04 mg/kg of body weight morphinehydrochloride (Ven-
dal® - morphinehydrochloride 10 mg, Lannacher Heilmittel,
Lannach, Austria) was administered intravenously (iv) 20 min
before the administration of 600 MBq **™Tc-MIBI (Du Pont
Pharma, North Billerica, USA). Immediately after the iv ap-
plication of the tracer, planar images of the abdomen were
performed in the anterior and posterior views with a double-
headed LVEF gamma camera, using an acquisition time of
three min. After finishing planary images, SPET images of
the abdomen were taken at 3 degrees for 20 sec/frame. Pa-
tients were monitored for 3 hours after the end of **™Tc-MIBI
imaging. The investigator (HS) was blinded to the endoscopic
results. Results were compared with endoscopy findings.
Whenever performed, CT scan for staging and surgery were
used to confirm the endoscopic tumor localisation within a
period of two weeks before or after scintigraphy. Inhibition of
biliary secretion of the tracer was defined as “successful”
whenever diffuse tracer distribution in the intra-abdominal re-
gion was prevented.

In 2 patients endoscopic resection of the tumor was per-
formed due to the small size and resectability during the same
endoscopic procedure before 2°™Tc-MIBl-imaging. The di-
ameter of the 23 not endoscopically removed tumors had a
median of 4 ¢cm (mean 4.2 c¢m) (range 1.5 to 8.5 cm). For
every patient, results of endoscopy and *°™Tc-MIBl-imaging
are described in Table 1.

All statistical analyses were performed using Statistica for
Windows, Version 6.0 (Tulsa, OK, USA). Differences be-
tween groups were assessed by the Mann-Whitney U Test. A
P-value less than 0.05 was set to define significance.

Results

Biliary secretion was inhibited successfully in 23 out of the 24
patients. Except for one patient who felt nausea after mor-
phine administration, no side effects were noted during the
observation period.

99mTc-MIBI SPET imaging, showed positive accumulation
after morphine application in 19/24 patients. In 14 patients
planar images were also positive.

Sensitivity
After endoscopic removal of the tumor in two patients and due
to separate calculation of the two tumor entities in one patient,
23 individual tumor lesions were identified for further analysis.
When these findings were compared with findings of en-
doscopy, CT and surgery, correct positive results were shown
for 13/23 tumor lesions (Table 2), corresponding to a sensitiv-
ity of 57%, and a positive predictive value of 62% (Fig. 1).
For 10 tumor lesions the ?°™Tc-MIBI results were incor-
rect and therefore false negative when calculating sensitivity:
In four patients 2°™Tc-MIBI imaging showed no intrabdomi-
nal tracer accumulation, in six patients the location of the
malignancy did not correlate with the site of the tracer accu-
mulation (Fig. 2).

Table 2. 2-by-2 contingency table

2-by-2

. Tumor in situ No Tumor in situ Total
contingency table
Positive %9mT¢-MIBI 13/23 8/10 21 (total pos.)
scan (correct pos.)  (false pos.) PPV: 62%
Negative 99mTc-MIBI 10/23 2/10 12 (total neg.)
scan (false neg.)  (correctneg.)  NPV:17%
23 10 33 (total)
(total tumor)  (total no tumor)
Sensitivity: Specificity:
57% 20%

pos.: positive, neg.: negative

Figure 1. Patient MF
(number 13), male,
54 years old: After
morphine application
99mTc-MIBI SPET
reveals a tumor at
the gastric cardia

Figure 2. Patient WA
(number 14), male,
83 years old. After
morphine application
the tracer accumu-
lates left in the intes-
tine, corresponding
to residual bile. The
tumor was endo-
scopically and surgi-
cally identified in the
ascending colon

Specificity
Incorrect localization of the tracer accumulation in the imaging
for the above mentioned six lesions had to be added as false
positive results. Additionally, one of the patients with no resid-
ual tumor had a positive tracer accumulation, found at a differ-
ent site, likely corresponding to a tiny rectal adenoma of 15
mm. In another patient besides a correctly identified tumor, a
second hot spot was found reflecting tracer excreted via the
bile in the small intestine. These two patients therefore had
false positive tracer accumulation. In two patients a correct
negative imaging result was obtained, corresponding to the
endoscopically completely removed lesions. Consequently, we
achieved a poor specificity of only 20% (2 of 10) and a nega-
tive predictive value of 17% for this investigation (Table 2).
The correct diagnosis did not correlate with tumor size
(P=0.88), or the positive results TNM-stage (P=0.74) or his-
tological grading (P=0.55) (Fig. 3). In two patients who
showed time positive results chemotherapy was initiated 7
and 12 days before the 2°™Tc- MIBI imaging.
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Figure 3. No statistically significant difference was seen when comparing
the tumor size of correct positive and false negative **™Tc-MIBI scans

Discussion

99mTc-MIBl-imaging has up to now showed promising results
for the detection, of some tumors as compared to 8F-FDG-
PET [20]. Since the advantages of ?°™Tc-MIBI imaging are
better availability and power cost, we have tried to improve
imaging technique to better visualize intra-abnominal adeno-
carcinoma with the above radiopharmaceutical.

The low specificity in our findings would have been con-
siderably higher if a higher number of tumor free patients
have been studied. Only two of our patients happened to be
tumor free. Ethical precautions do not support studies with tu-
mor free patients.

By pre-scintigraphic morphine administration effective bil-
iary blockage was achieved. In only one patient with a 3 cm
rectal tumor, and no focal tracer accumulation of the radio-
pharmaceutical there was elevated background activitiy. How-
ever, several limitations should be stated: Normal accumula-
tion of the tracer in the bile duct and in the liver makes imag-
ing of tumors located adjacent to this area like pancreatic tu-
mors or colon cancer, almost impossible. Also the accumula-
tion of the tracer in the urinary bladder, despite pre-investiga-
tional voiding, is a limitation for the diagnosis of rectosig-
moidal tumors. In two of our patients, one with a 5 cm carci-
noma of the pancreatic head and one with a 7 cm carcinoma
of the sigmoid colon, no tracer accumulation was noted, due
to increased accumulation of the tracer in the overlapping liv-
er and urine bladder, respectively.

The tumor size had no impact on the sensitivity and speci-
ficity of °*™Tc-MIBI imaging, however, it has been reported
that tumors size smaller than 1.5 cm are not likely to be diag-
nosed by abdominal **™T¢-MIBI imaging [21, 22).

The striking drawback of this method is the high number
of “false positive” scans. The reason for that might be de-
creased intestinal motility causing delayed transport of the
tracer due to morphine administration and also focal accumu-
lation of the tracer in certain areas of the small intestine. An-

other pitfall could be due to the tracer kinetics, as the concen-
tration of the 2™Tc-MIBI is not steady during the image ac-
quisition time of 20 min.

In the study of Maurea et al (1998), *™Tc-MIBI SPET was
used for the diagnosis of lymphomas [9]. The authors stressed
that, besides tumor size, a major limitation was the high in-
testinal background activity. In a study of Krolicki et al (2002)
planar 2°™Tc-MIBI imaging was used to detect gynaecological
tumors and results were compared to the conventional ab-
dominal ultrasound technique [16]. For this group of patients,
99mT¢-MIBI scintigraphy showed moderate sensitivity and
specificity for the identification of the pelvic tumor lesions,
but better results for the abdominal metastases. Probably pre-
scintigraphic morphine administration could be useful to en-
hance the imaging sensitivity and specificity of the above tu-
mors. Several studies have reported that abdominal uptake of
99mT¢-MIBI may interfere with the visualization of myocardial
defects when used for myocardial perfusion imaging. Also var-
ious substances as metoclopramide have been investigated
but failed to reduce abdominal background activity due to
99mTc-MIBI [23, 24].

Immunoscintigraphic methods using ?°™Tc- labelled mon-
oclonal antibody (MAb) fragments such as anti-CEA MAb [25]
did not show promising results for the diagnosis of abdominal
malignancies, and so far no other radiopharmaceutical is avail-
able for intra-abdominal tumor scintigraphy, except those ex-
pressing vasoactive intestinal peptide or somatotstatin [26].

In conclusion, pre-scintigraphic morphine administration
successfully inhibits background activity, improving intra-ab-
dominal **™Tc-MIBI imaging of adenocarcinomas. The dose of
morphine used for this investigation was effective and well tol-
erated. However, unspecific localized tracer accumulation in
the bowel, led to high amount of false positive results. For ab-
dominal adenocarcinomas °™Tc-MIBl-imaging shows limited
sensitivity and poor specificity, in contrast to tumor locatized in
other body locations. In comparison with endoscopy its use in
the gastrointestinal tract for the diagnosis of adenocarcinomas,
remains poor due to high rates of incorrect tracer accumulation.
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