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RADIOIMMUNOIMAGING OF NON-SMALL CELL LUNG CANCER WITH
""In- AND *™Tc-LABELED MONOCLONAL ANTI-CEA-ANTIBODIES

KALEVI J. A. KAIREMO, HANNU J. ARONEN, KRISTIAN LIEWENDAHL. TIMO PAAVONEN, JORMA J. HEIKKONEN,
PEKKA VIRKKUNEN, HELJA MAKI-HOKKONEN, SIRKKA-L1ISA KARONEN, ANNA-LIISA BROWNELL
and MATTI J. MANTYLA

Radiolabeled monoclonal anti-CEA antibodies were used for radioimmunolocalization (RIL) of
non-small cell lung cancer; in 30 patients with '"'In labeled anti CEA F(ab’), fragment (BW 431/31)
and in 16 with ¥ Tc-labeled intact MoAb (BW 431/26). RIL results were compared with those of other
imaging modalities. Paraffin sections from some patients were also studied immunchistochemically
using anti-CEA antibody. Patients with ''"In labeled MoAB were imaged twice 1—4 days after injection
and for image enhancement pulmonary and liver/spleen subtraction were performed. Twenty-seven of
28 primary tumors were positive and metastases were detected in all patients The total number of
lesions was 78 of which 61 (78%) could be detected by RIL. For verification CT was applied to the
study of 46 lesions detected by RIL. We found 6 unknown lesions subsequently verified histologically.
Unsing subtraction techniques we detected 9 lesions in 4 patients, later verified as plumonary
metastases, not detected in unprocessed images. Pleural, mediastinal and pericardial lesions were also
better delineated in subtracted images than in unprocessed images. Imaging of non-small cell lung
cancer with **"Tc-labeled MoAB was performed twice 4—24 h after injection. RIL results were
compared with other imaging methods; CT US, conventional radiography, and immunohistochemistry.
Twelve out of 16 patients with suspected or known lung cancer had positive immunoscintigrams; 19 of
25 lesions could be detected by RIL. There were 5 false positive and 2 true negative findings.
Immunoperoxidase (IP) stainings of paraffin sections of the tumours from 7 patients were performed
using two different anti-CEA antibodies; BW 431/26 and ZCEA,. None of the seven tumors examined
by immunohistochemistry were negative when stained by BW 431/26, which was the antibody used for
immunoscintigraphy.

The most useful radiological staging methods of primary
lung cancer are magnetic resonance imaging (MRI) and
computerized tomography (CT) (1-5). Non-specific ra-
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dionuclide methods have also been used for detecting lung
cancer such as gallium-67 scintigraphy (6, 7). Other lung
cancer tracers, appartently with clinical utility, are
bleomycin-derivative (8) and glucoheptonate (9). Due to
its potentially high specificity, radioimmunodetection is
predicted to significantly improve the diagnosis of cancer
(10-13). Further advancements are expected from the
separate administration of antibody and label (14, 15), and
from the use of chimeric antibodies (16, 17), anti-antibody
enhancement (18, 19) and bifunctional haptens (20, 21).
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There are now a few reports on imaging of lung cancer
with polyclonal (11) and monoclonal anti-carcinoembry-
onic antigen (CEA)-antibodies (19, 22-26). Monoclonal
antibodies against other pulmonary cancer cell antigens
have been produced, and tested in xenograft studies (27—
29). The monoclonal antibody 600D11 labeled with ''I
was found to be specific for human small cell lung cancer
(NCI-H69) and an adenoma cell line (A549) when tested
in mouse xenografts (30). Administration of large doses of
1257 labeled MoAB 5ES8 reacting with glycoprotein gp 160
on human lung cancer cell surfaces were found to inhibit
tumor growth (31). SWA 20 MoAb, developed against a
tumor-associated cell surface antigen from human small
cell carcinoma showed high affinity to small cell car-
cinomas (32). An interesting experimental approach is the
imaging of mediastinal lymph node metastases from lung
cancer in dogs with monoclonal antibody against lung
cancer antigen using immunolymphoscintigraphy (33). A
promising report on imaging of lung cancer with mono-
clonal antibodies against c-myc-oncogene products has
been published (34). A number of problems have to receive
proper attention when performing immunoscintigraphy
(35). One is the relatively low tumor/backgroud ratio,
partly a result of accumulation of the tracer in reticuloen-
dothelial cells (RES). Methods for subtracting RES-activ-
ity could be important, particularly when using '''In
labeled antibody.

The aim of this study was therefore to test a monoclonal
anti~-CEA F(ab’), fragment and an intact monoclonal anti-
CEA antibody, labeled with either '''In or ®*™Tc, for the
detection of recurrences and metastases in non-parvocellu-
lar pulmonary cancer patients. To improve the interpreta-
tion of the subraction
techniques were used: pulmonary and liver/spleen subtrac-
tions were performed in all cases and the results were
compared with those of other radiological methods
(conventional radiograph, ultrasound and computerized
tomography).

immunoscintigrams  various

Material and Methods

Patients. Forty-six consecutive patients with histologi-
cally verified non-microcellular lung cancer were investi-
gated (36 males, 10 females; aged 43—79 years, average 55)
who underwent a regular staging and clinical follow-up
program. The selection criteria were suspicion of meta-
stases or recurrency, or an elevated level of CEA in serum
at the time of immunoscintigraphy. The lesions in anti-
body scans were afterwards examined clinically, radiologi-
cally and cytologically/histologically when ethically and
therapeutically indicated. The study had the permission of
the Ethical Committee of the Department of Radiotherapy
and Oncology, University of Helsinki.

Radioantibodies. The monoclonal antibody (BW 431/26)
was provided by Behringwerke (Marburg, Germany). This

IgG,-subclass antibody was labeled with **™Tc, using a
stannous reduction technique as described in detail (36).
The labeling efficency, measured by thin layer chromatog-
raphy (ITLC SG, Gelman Sciences, Ann Arbor, Mich.,
USA), was over 98%. The labeling yield tested by the
manufacturer was 95.2 + 2.6% and the immunoreactivity
80-85% (37). Sixteen patients were studied. Biological
half-life (T,) was also measured as average in 4 patients by
taking consecutive blood samples, and counting them for
radioactivity, the average was 23.3 h, and thus the effective
half-life (Te) was 4.7 h from the equation 1/T, =1/T,,, +
1/T,, where T,;, is the physical half-life of *™Tc (6.03).

The monoclonal antibody BW 431/31, also provide by
Behringwerke AG, is a F(ab’), fragment of an antibody
produced against CEA (38). The fragments, to which
DTPA-moieties were attached, were labeled with '''In
(InCl;, Amersham, England). Thirty patients were studied.
The labeled efficiency measured by TLC varied from 84—
93%, and the immunoreactivity from 85-90% (37).

Serum CEA concentration. The serum CEA concentra-
tion was measured by RIA in all patients 0-19 days before
administration of antibody (usually on the day of ad-
ministration). The upper reference limit of the method
was 2.5 ug/l.

Imaging protocol. All the patients were imaged at least
twice. ®"Tc-anti-CEA: The whole body was scanned at
3-5h and 20-24 h after injection both with planar spot
images and whole body images after a single intravenous
injection of ®*™Tc-labeled antibody. The antibody radioac-
tivity was 925-1110 MBq per 2 mg of labeled antibody,
which was injected in 5ml of physiolgical saline after
getting the informed consent from the patient. No skin
tests were performed, but the general allergy anamnesis
was taken into account. The gamma camera (General
Electric 500 Maxi) was equipped with a low energy general
purpose collimator. The gamma camera was connected to
the Star data processing system (Nova computer). Into
each scintigram at 3—5h 1200 000 counts and at 2024 h
700 000 counts were collected in matrix size 128 x 128. The
whole body scanning speed was 10cm/min.

""n-anti-CEA: In the first investigation (20—28h)
whole body imaging was performed with a Siemens Scin-
tiview gamma camera, equipped with a medium energy
collimator. Planar spot imaging was performed by collect-
ing 350 000800 000 counts per image; administered activ-
ity was 74-150 MBq. A skin test was performed half an
hour before the intravenous administration of tracer. The
second imaging study (49-77 h) was performed using a
General Electric Maxi 400T camera with SPECT facility.
Brain SPECT was performed in 4 cases by collecting 64
35-s frames.

Subtraction methods. In the second imaging phase (20—
24 h for **"Tc and 49-77h for ''"In) liver and pulmon-
ary perfusion subtraction studies were performed in
all patients. The patient was first injected ®™Tc-labeled
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phytate (Solco-Phytate, Solco Ltd., Basle, Switzerland).
The activity was 52-81 MBq and imaging was started
3-5min after the injection. The second injection of *™Tc-
macroaggregated albumin (Solco-MAA) was performed
after the liver scan; the activity was 93-111 MBqg and the
imaging started 1-2 min after the injection with the pa-
tient lying supine in the same position during all these
images. The whole procedure took 15-20min and no
movement artifacts were observed in these patients. The
subtraction results were assessed iteratively by using scal-
ing factors, and according to previous experience. They
were considered positive only when appropriate quantita-
tive tumor/background ratios (TBR) were recorded. The
subtraction calculations and their relations to phantom
measurements are described slsewhere (39). The tumor-to-
background ratios were calculated using ROI-technique.

Other investigations. The following imaging methods
were used in most patients for verification of RIL findings.
Total body and brain CT were performed with Somatom
DR 1 (Siemens), and ultrasound of upper abdomen with
Sonoline | (Siemens) with a 5 MHz sector scanner. Chest
and bone radiographs were taken in cases of bone pain or
psotive bone scintigraphy. The antibody scans and radio-
graphic images were interpreted independently by two
experienced observers (one specialist in nuclear medicine
and one radiologist). The clinical information and patient
records were analyzed by an oncologist. Mediastinal and
pleural lesions were studied by CT and chest x-rays, and
pleural effusions were examined by cytology. Several
lymph node metastases were verified by needle biopsy
(cytology). Cutaneous metastases were confirmed by
biopsy (histology). The immunohistochemical stainings
were performed as described earlier (40), similarly some
paraffin sections of patient tumors were stained for BW
431/31, as well as for BW 431/26 and ZCEA,.

Results

M Tc-anti-CEA. Part of data obtained from **™Tc-la-
beled anti-CEA in 12 patients has been reported elsewhere
(40). Twelve of 16 with suspected or known lung cancer
had positive immunoscintigrams; 19 to 25 lesions could be
detected by RIL. There were 5 false positive and 2 true
negative findings. The blood pool activity was rather high
at 24 h; the biological half-life was 23.3 h, and the effective
half-life 4.7 h (39). All the examined tumor sections (from
7 patients) were immunohistochemically positive for BW
431/26.

" n-anti-CEA4. Twenty-seven of 28 lung cancer patients
had positive immunoscintigrams at the site of the primary
tumor; two primary tumors had been operated radically
before immunoscintigraphy, and in one primary tumor the
finding was negative. A summary of the scintigraphy re-
sults is presented in the Table. In three cases, brain metas-
tases, visualized in planar images, were better delineated

Fig. I. Brain metastasis of lung cancer visualized by radioim-
munoscintigraphy (BW 431/31).

Fig. 2. Whole-body radioimmunoscan (BW 431/31) demonstrat-
ing primary squamous cell cancer in right lung, and a large
supraclavicular lymph node metastasis.

with SPECT. Fig. | demonstrates a brain metastasis de-
tected by RIL: the size of the tumor on CT was approxi-
mately 3 cm in diameter (patient No. 17, Table). In Fig. 2
a whole-body scan at 24 h is presented, demonstrating a
primary squamous cell cancer in the right lung, and a large
supraclaviclar lymph node metastasis (patient No. 6,
Table). In Fig. 3 a skeletal lesion is presented, which
turned out to be a metastasis, and it was not detected by
other imaging modalities (x-rays and bone scintigraphy,
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Table

Patient chacteristics, results of 1" In-anti-CEA immunoscintigraphy (IS) and other examination methods. TNM staging according to ref. (63)

Patient Hist. Primary Prim. Other lesions in IS scans S-CEA Verification No. of
Age/Sex diagn staging tumor ugfl methods lesions
1 S2/F AC T3N2MO pos mediastinum 47 CT, brsc 2
2 67M SCC T3N2M] pos pleura, brain, bone 7.2 CT, brsc, US Kl
SCC T2NOMI pos pleura, bone 3.2 obd, CT, BS 9
4 63M AC TZNOMG pos bone <3 CT, BS, x-ray 2
5 S5/F AC T3INOMO pos pleura, brain, bone, skin, lung 168 obd, CT, BS 9
6 77/M SCC T2NIMO pos mediastinum, Inn <3 CT, fuac 2
7 43/M AC T3NIMO pos mediastinum, pleura <3 CT, brsc, cyt 3
8§ 68M SCC T3N2M1 pos mediastinum, pleura, Inn <3 CT, brsc 3
9 49/M SCC T3N2MO pos mediastinum, pleura, Inn,
thyroid, colon, liver, bone 13.6 obd, CT, BS, US 11**
10 60/F AC TINOM1 pos mediastinum, Inn 14.6 CT, brsc, fnac 4x*
It 59/M SC T2NOMO pos bone nd CT, brsc, MRI Kl
12 64/F SCC T3INOMO pos mediastinum, boné, colon nd CT, BS, US 4
13 55/F AC T3NIMO pos — nd CT, BS, US 1
14 70/M SCC T3NIMI pos brain, kidney, bone nd CT, brsc, BS 6
15 60/M Ana T3NOM1 pos Inn, bone, liver 1115 CT, brsc, BS, fnac 6
16 61/M SCC TINXMI1 pos brain, bone nd CT, brsc, BS 4
17 73)/M SCC T2NOMO neg* brain, bone 3.1 CT, BS 3
18 67/M SCC T2NOMO pos mediastinum, Inn, bone nd CT, BS 5
19 65/M SCC T3NIMO pos mediastinum, bone nd CT, brsc, BS 4
20 64/ M SCC T2N2MO pos brain 3.6 CT, brsc 2%*
21 61/M SCC T3NOM1 neg* mediastinum <3 CT 1
22 65/M Ne® T3NIMO neg — nd CT 0
23 68/F SCC T2NIMO pos bone nd CT, BS 2
24 67M AC T2ZN2MO pos bone nd CT, BS 2
25 63/M SCC T3N2ZMO pos — <3 CT, brsc 1
26 57/M AC T3NZMO pos mediastinum, bone nd CT, brsc, fnacs 3
27 65/M SCC T3INIMO pos colon <3 CT 2
28 62/M SCC TINXMX pos bone nd brsc, x-ray 5
29 67/M AC T3N2MO pos mediastinum nd CT 2
30 73/M SCcC TINOMO pos bone nd CT 3

* = primary tumor operated ** lesions not detected by IS: No. 2 mediastinal Inn, right adrenal (CT); No. 9 3 lesions in autopsy; No.
10 left adrenal (CT); No. 11 brain (CT, MRI); No 20 mediastinal Inn (CT)

Abbreviations: AC = adenomatous carcinoma,

Ana = anaplastic

carcinoma, brsc = bronchoscopy, BS =bone scintigraphy,

CT = computerized tomography, cyt = cytology from pleural effusate, fnac = fine needle aspiration cytology, IS = immunoscintigraphy,
Inn = lymph node, nd = not done, obd = autopsy, SC = small cell carcinoma, SCC =squamous cell carinoma, US = ultrasonography,

x-ray = roentgenograph

patient No. 24, Table). Altogether 6 lesions, previously
unknown, were found to represent metastases located in
bone/bone marrow. In one case, brain SPECT was nega-
tive, wherecas another SPECT study revealed multiple
metastases (Fig. 4, patient No. 5, Table). Two patients had
liver metastases detected only after subtraction. In general,
detection of thoracic lesion was improved by pulmonary
perfusion subtraction. This type of subtraction also gave
information on pulmonary perfusion. When the regional
lung perfusion was impaired, the uptake in the lung tu-
mors was often lower than in tumors situated in areas with
normal perfusion. In some cases excellent visual informa-
tion was obtained in planar images, as shown in Fig. 5. In
the spot image pleural effusion, supraclaviclular lymph
node, rib involvement and the primary squamous cell
cancer are clearly visualized (patient No. 18, Table).

The tumor-to-backgound ratios varied from 1.6 to 2.9 at
20-28 h and from 1.2 to 4.1 at 49-77 h respectively. The
TBRs varied from 1.4 to 4.1 in adenocarinomas and from
1.2 to 3.5 in squamous cell carcinomas. There was no
statistical difference in the TBRs between these malignan-
cies. In general, the TBRs were slightly higher in later
images. The tumor delineation too was usually better in
later images even though all tumors were visualised in both
imaging sessions. The TBRs were calculated for primary
tumors in non-subtracted images (Table). In the two cases
without visualized primary tumors the TBRs derive from
metastatic sites. There was a difference in the immunohis-
tochemical stainability between adenomatous and
squamous cell carcinomas. All adenomatous cancers
showed slighly stronger reaction, a phenomenon which can
be seen in Fig. 6.
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Fig. 3. A bone metastasis detected by radioimmunoscan (BW
431/31) but not by conventional bone scintigraphy.

The serum CEA concentration did not correlate with the
number of lesions detected (r = 0.09, n = 16). Nor did the
counts/pixel at the tumor sites correlate with the serum
CEA concentration (r =0.14, n = 61).

Discussion

The present study shows that lung cancer can frequently
be detected with monoclonal anti-CEA antibodies. Most
non-small cell lung cancers react with CEA immunohisto-
chemically (38, 41-48). With this antibody, intense im-
munohistochemical staining is obtained both in squamous
cell and adenomatous cancer cells (Fig. 6) in contrast to
normal lung tissue. CEA is a tumor-associated antigen
(49), also present in vivo in colorectal (50—-54), breast (36,
54, 55), urinary bladder (56) and medullary thyroid can-
cers (57), tumors that—according to observations made
by us and others (50-57)-—can be visulaized with the
radioantibody used in the present study.

All lesions except those identified with subtraction were
visualized already in the first image. However, the uptake
was generally higher in the late images, when the circulat-
ing antibody-antigen complexes had been eliminated by
the reticuloendothelial system, demonstrating the specific
nature of the antigen-antibody binding. The late images
(2-3d) are of special importance due to less disturbing
effect by the blood pool and the normal tissues which
especially facilitates the visualization of pulmonary and
mediastinal lesions.

One of the problems in staging of lung cancer is
mediastinal involvement (58), since both CT (59) and MR
(60) has rather low sensitivity for detection of such in-
volvement. Immunoscintigraphy was positive in 11 of our
13 cases with mediastinal lesions observed in CT. In the
mediastinum the lesions had to be relatively large in order
to be visualized in the antibody scan. The TBRs were on
average higher in adenocarcinomas than in epidermoid
cancers. This was not an unexpected finding because im-
munohisochemically adenocarcinomas react more strongly
with anti-CEA antibodies than squamous cell cancers (38,
41-45). This anti-CEA antibody method produced quite
high TBRs and 96% of the primary lung cancers were
visualized. It is possible that the accumulation of the
radioactive antibody fragment observed in the present
study is partly due to non-specific mechanism as weak up-
take in non-stainable small cell lung cancer also observed.

We also detected 6 previously unknown lesions, subse-
quently verified to be metastases of lung cancer, showing the
RIL can give information not attainable with the other
radiological methods at the time of the investigation. For
the detection of skeletal metastases bone scintigraphy was
performed and false positive findings were obtained in 4
patients (11 lesions).

The clinical utility of radiolabeled anti-CEA-antibodies is
not yet established, since the lesions detected were usually
relatively large and in most cases also detected with other
methods. Importantly, the sensitivity of immunoscintigra-
phy was quite high and with this single modality we were
able to detect lung cancer metastases in 80% of the patients
diminishing the need for other radiological investigations.
In a study of 63 patients (26) an overall detection rate of
90% was reported. The best accuracy (86%) was observed
in M1 disease.

The lesions seen in the antibody scans were in general quite
large ( > 2cm) as measured by different radiologic methods.
No solitary lesion smaller than one cm could be detected in
the antibody scans in any organ. The lesions in pleura,
mediastinum and pericardium were better delineated in
subtraction images than in unprocessed planar immuno-
scintigraphic images. The specificity of the method was quite
high and better than that of other radiological methods.

Diffuse uptake of activity was sometimes observed, espe-
cially in the lung area, probably partly due to malignant
pleural effusions. Some of the pleural effusions were CEA
positive, although no malignant cells could be detected. CEA
as a serum marker has diagnostic and prognostic significance
in lung cancer, also in monitoring the quality of operation
(61, 62).

We conclude that detection of lung lesions by im-
munoscintigraphy can be improved by subtraction tech-
niques, and that immunoscintigraphy is a potentially useful
method for staging of non-small cell lung cancer, although
more experience is needed for an ultimate assessment of its
clinical value.
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Fig. 4. A SPECT study (BW 431/31) demonstrating multiple

brain metastases.

Fig. 5. RIL (BW 431/31) demonstrating a primary squamous cell
cancer in right lung, and a small supraclavicular lymph node
metastasis, pleural effusion and rib metastasis.
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