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Abstract

The aim of this work was to assess the internal radiation dosimetry, human pharmacokinetics and biodistribution
of the 99mTc-labeled murine monoclonal antibody (MAb) ior egf/r3, used for diagnosis of epithelial tumors.
Five patients were included in this study. Multiple blood and urine samples were collected and sequential anterior
and posterior whole-body scintigraphies up to 24 hr post-injection were acquired from all patients. The internal
radiation dosimetry was estimated using the methods developed by the Medical Internal Radiation Dosimetry
(MIRD) committee. Raw data were computed from operations between scintigraphic images and regions of
interest (ROI). The residence times of the activity on the source organs were computed to assess the absorbed
dose by 24 target organs. The dosimetric results showed that liver, gallbladder and spleen received the higher
absorbed dose. The computed mean values were 0.69 mGy/MBq, 0.19mGy/MBq and 0.37 mGy/MBq,
respectively. The mean value of effective dose was l,2E-01 mSv/MBq and the effective equivalent dose was
9,2E-02 mSv/MBq. The Pharmacokinetics; and Biodistribution results showed that this compound have a
biexponential plasmatic and blood clearance with a rapid biodistribution phase and a slower elimination phase.
This compound was excreted by the urinary and hepatobiliary systems. Liver was the principal target organ of
this product showing a great retention of the MAb. These dosimetrics results have allowed to use the ior egf/r3
kit in a safe and controlled way.

1. Introduction

Nowadays the cancer of epithelial origin constitutes one of the first causes of death all around
the world. That kind of tumors, like cancer of lung, digestive track, breast and others, have a
10-30-fold expression of the epidermal growth factor receptor (EGFr). On the basis of these
findings, monoclonal antibodies (MAbs) able to recognize the EGFr and to block its kinase
activation, have been developed for the therapy and diagnosis of that kind of tumors [1]. The
99mTc labeled MAb ior egf/r3 developed in the Center of Molecular Immunology have
showed potentiality for the diagnosis of tumors from epithelial origin.

To estimate the value of the antibody it is important to consider not only the detection of the
tumor but also the radiation exposure of the patients. Methods developed by the Medical
Internal Radiation Dose (MIRD) Committee (Loevinger et al, 1988) were used to calculate
mean doses to models representing various organs and tissues in order to allow the evaluation
of the risks associated to the administration of radiopharmaceuticals for diagnostic purposes.
The main aim of this study was to assess the human radiation dosimetry, pharmocokinetics and
biodistribution of the 99myc. y[^ j o r egf/r3.

2. Materials and methods

2.1. Patients

The 99mTc-ior egf/r3 was administered to five patients (4 females and 1 male), aged from 58
to 69 years (mean age 63.0±4.2 years). The weight and height mean values were 71.6±14.1 Kg
and 161±66cm, respectively. All patients gave informed consent. Three of them had primary
tumor without treatment and two were suspected of having recurrences after surgery. All
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lesions were confirmed by biopsy (4 adenocarcinomas of rectum and one carcinoma of annal
canal).

2.2. Monoclonal Antibody Kit and Radiolabeling

The ior-egf/r3 MAb kit contains a highly specific murine IgG2a isotype antibody, which
recognizes human epidermal growth factor receptor (h-EGFr). It was produced in the Center
of Molecular Immunology (Havana, Cuba) by standard hybridoma techniques as previously
described Fernandez et al., 1989 [1]. The freeze dried, sterile and pyrogen free kit was
obtained according to the Schwarz's method [2,3]. Each vial contained 3mg of MAb. Kits
were labeled with 1.66 GBq of pertechnetate from the 99m]y[0/99mTc generator (Amertec II,
Amersham, UK) and activity was measured in a dose calibrator (Comp-U-Cal II, Victoreen
Inc, USA.)

2.3. Quality Control and Radiopharmaceutical administration

The labeling efficiency was assessed by ascending chromatography. The samples were applied
on Whatman 3MM 1x10 strips and immediately placed in development tanks. After that, the
strips were dried and the distribution of activity was determined using a ratemeter (SR8,
Nuclear Enterprises, UK). The radiopharmaceutical was injected intravenously through an
antecubital vein. The administrated dose was 1485.1 ± 86.3 MBq (mean ± SD).

2.4. Pharmacokinetics and excretion analysis

Following intravenous injection, 3-4 ml of blood samples were collected from an antecubital
vein opposite to the injection side at different time intervals. A bi-compartmental model was
applied in order to perform the pharmacokinetics analysis. Complete urine samples were also
collected up to 24 hrs post injection [4]. The radioactivity in blood, plasma and urine (0.3 ml)
samples in duplicate was determined using a ratemeter (SR8, Nuclear Enterprises, UK) and
expressed as a percentage of administered activity. Appropriate corrections were made for
decay with time of injection as reference time.

2.5. Imaging

Whole body images were performed using a Sophy Gamma Camera (Sopha Medical inc.,
Canada) fitted with a low-energy high-resolution, diverging parallel-hole collimator to increase
the lateral viewing aspect. Anterior and posterior whole-body images were acquired using a
20% window centered on the 140 keV emission from ""mTc at 10 min, 1, 3, 5 and 24 hr post-
injection using a gantry speed of 20 cm/min. All whole-body images were stored on the
computer in 2048x512 word mode matrix.

2.6. Biodistribution anddosimetry

All images were processed in a SOPHY-20P system. The geometric mean of anterior and
posterior images was obtained. Regions of interest (ROI) were drawn over heart, liver, spleen,
bladder, upper large intestine (ULI) and low large intestine (LLI), which were considered as
the source organs and total counts were computed. Whole body and source organs activity was
expressed as percent of the total administered activity remaining in each one at selected time
intervals. The MIRD Committee method for determining absorbed dose was used [5,6]. The
time-activity curves for each source organ and the remainder of the body tissues were
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calculated from the percent of injected dose values and fitted to exponential disappearance
curves to estimate initial organ uptakes and clearance half times. Whole-body activity was
initially 100 % following an exponential clearance by biological removal and physical decay of
activity. Cumulative activities and residence times for each source organ were estimated from
the integral under the time-activity curves. Absorbed dose: The absorbed doses to whole body
and normal organs were estimated using the computed residence times and the modified S
values from MIRD Pamphlet No. 11. The mean absorbed dose per unit of administered activity
was computed according to the method described in the MIRD Primer . The effective dose was
calculated based on the results of the absorbed dose estimates to various target organs.

2.7. Statistical analysis

Mean and standard deviation (SD) values were calculated. Curves were fitted to a
biexponential model by using non-linear regression method. Data were processed using SPSS
for Windows and the Microcal Origin software [7].

3. Results

3.1. Pharmacokinetics and excretion

Counts versus time curves from blood and plasma samples were computed and fitted to a
biexponential equation (A*exp(-Xt) + B*exp(-A,t)). From the rate constants of these curves, the
half-life of the fast and slow components, were computed. Fitted curves showed a half-life of
the initial fast component (distribution phase) of 9.1 ± 8.4 min (plasma) and 12.2 ± 4.4 min
(blood) and a half-life for the predominant late slow component (elimination phase) of 6.6 ±
1.6 hrs (plasma) and 10.8 ± 6.8 hrs (blood). The percent of injected dose excreted by urine
under physiological conditions, up to 24 hours post-injection, was 4.7 ± 0.4 %. On the other
hand, it was excreted 9.9 ± 1.8 % of the injected dose by the hepatobiliary system.

Table 1. Tc-ior egf/r3 Human biodistribution for the source organs (% of administered
activity, mean ± SD)

Source Organ
Heart
Liver
Spleen
ULI
LLI
Bladder
Whole body

Time (Hrs)
0
3.5
48.8
4.2
0
0
0.5
100

1
2.1
61.2
4.6
0
0
0.5
95.2

3
1.9
58.3
4.2
0
0
1.2
93.6

5
1.7
59.3
1.9
1.0
1.2
1.2
88.9

24
0.4
41.2
0.7
4.7
5.2
0
60.2

* There was no statistical difference (p < 0.05 paired t-test) between all patients.

3.2. Biodistribution

The biodistribution patterns of the ""mTc labeled MAb ior egf/r3 in humans is due to a
combination of biological behavior of the MAb itself and its target antigen. Quantitative
biodistribution data from all patients were very similar for all the source organs.
Biodistribution data are presented in Table No.l (values corrected by decay). The most notable
tissue localization occurs in the liver, spleen and heart. Liver uptake was rapid with a peak at

389



IAEA-CN-85-254

lh post-injection (61.2%) and a great retention (T/4 eff = 5.3 hr, IV2 Biol.= 45.0 hr) because of
the high number of human epidermal growth factor receptors (hEGFr) present in it. The ULI
and L1I were found as source organs due to the hepatobiliary system is the most important
excretion way of this compound. Approximately 60.2% of the injected MAb remain in the total
body at 24 hr postinjection, showing an effective and biological half-life of 5.61 and 84.8 hrs
respectively.

3.3. Internal Radiation Dosimetry

The radiation dosimetry calculations were made using the residence times obtained from the
biodistribution data. The assessed absorbed dose of 24 target organs and the effective dose
after the injection of the Labeled MAb ior egf/r3 are presented in Table 2. The liver (0.69
mGy/MBq), the gallbladder wall (0.19mGy/MBq) and the spleen (0.37 mGy/MBq) received
the highest absorbed doses. The effective dose and the equivalent effective dose were of 0.12
and 0.092 mSv/MBq respectively. Liver was the principal contributor organs to the absorbed
dose per organ.

Table 2. Normal organ dosimetry for the labeled mAb 99mTc-ior egf/r3 (mGy/MBq)

TARGET ORGANS
Adrenals
Gallbladder Wall
LLI Wall
Small Intestine
ULI Wall
Heart Wall
Kidneys
Liver
Red Marrow
Spleen
Urine Bladder Wall
Total Body
EFF DOSE EQ.
EFF DOSE

Patient 1
0,0959
0,1780
0,1270
0,0481
0,0967
0,0836
0,0683
0,6630
0,0270
0,1050
0,0581
0,0434
0,0943
0,0848

Patient 2
0,1220
0,2120
0,0475
0,0537
0,0753
0,0964
0,0897
0,7680
0,0382
0,2230
0,0883
0,0577
0,1170
0,0907

Patient 3
0,1230
0,1970
0,1330
0,0751
0,2240
0,0981
0,1030
0,6550
0,0363
1,1100
0,0945
0,0560
0,1730
0,1280

Patient 4
0,1290
0,2380
0,0999
0,0554
0,1040
0,0935
0,0923
0,9020
0,0328
0,2500
0,0996
0,0560
0,1270
0,1030

Patient 5
0,0758
0,1350
0,0452
0,0304
0,0432
0,0739
0,0556
0,4690
0,0218
0,1840
0,0516
0,0333
0,0731
0,0554

Average
0,1100
0,1900
0,0910
0,0530
0,1100
0,0890
0,0820
0,6900
0,0310
0,3700
0,0780
0,0490
0,1200
0,0920

4. Conclusions

The pharmacokinetics and biodistribution of ™mTc-labeled Monoclonal Antibody ior egf/r3
have shown that this compound has a biexponential blood and plasmatic clearance with a
rapid biodistribution phase and a slower elimination phase. Liver is the target organ of this
product and presented an uptake peak at lhr post-injection with a high retention. The
dosimetric results showed that liver, gallbladder and spleen received the higher absorbed
doses and it were also reported these values for 24 target organs. These results allow to use
this radiopharmaceutical in a safe and controlled way.
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