








Downloaded from cancerres.aacrjournals.org on December 4, 2021. © 1991 American Association for Cancer
Research.



IS AND CT FOR COLORECTAL CANCER

Fig. 3. A 59-year-old male 21 months following resection of cecal carcinoma
presented with an increasing plasma CEA (20.7 ng/ml). Surgery and pathology
demonstrated multiple hepatic and extrahepatic foci of metastatic colon adeno-
carcinoma. Planar anterior scintiscan 72 h following injection of ZCE025 (40
mg, 5.63 mCi) showed one distinct focus within the right abdomen at level L2
(arrow) and a less distinct focus in the mid-lower abdomen, overlying approxi-
mately LS (arrow). Axial CT images (not shown) were normal.

monoclonal antibody. The above hypothesis is supported by
immunohistological documentation that the CEA in hot lymph
nodes is localized in the histiocytes.®

In this report, the focus has been the comparison of the IS
and CT modalities for individual lesion identification in con-
trast to previous studies which concentrated on region, organ,
or whole body analysis. The present sensitivity measure was
based on an individual lesion by lesion analysis. Specifically, if
only one of 3 lesions was visualized in the liver, the sensitivity
was 33% by lesions analysis, whereas it would be 100% by
region, organ, or whole body analysis. Regional analysis would
consider only the presence or absence of disease in the region
and the presence or absence of a positive finding by the IS and
CT modalities. Thus, it is less rigorous than the lesion by lesion
analysis, which accounts for the increased sensitivity and accu-
racy reported using a regional method (9, 10).

This report was based on an analysis of individual lesions
and excluded photopenic liver lesions. A photopenic area does
not reflect marker-specific targeting of the radiolabeled anti-
body and, thus, has been excluded in this analysis. Again, this
approach decreased the efficacy of IS for indicating the presence
of tumors in the liver. Interestingly, inclusion of photopenic
lesions and analysis of data by region or organ did not alter the
conclusions of the study for identification of abdominal metas-
tases. For example, accepting photopenic lesions resulted in an
increase of liver IS from 17.7 to 35.5% and of liver IS+CT
from 72.6 to 74.2%. Accuracy was similarly increased from

¢ J. D. Beatty and J. Esteban, unpublished data.

Fig. 4. A 70-year-old male was evaluated 17 months following resection of
rectal carcinoma. Surgery and pathology confirmed a 6-cm hepatic adenocarci-
noma metastasis. 4, planar anterior scintiscan 72 h following injection of ZCE025
(40 mg, 6.60 mCi), demonstrating a hot lesion within the liver (arrow). B, coronal
SPECT view of the same photophilic liver lesion. C, axial CT view demonstrating
a lesion (6 x 5 cm) in the right lateral lobe of the liver (arrow).
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Fig. 5. A 53-year-old female evaluated 19 months following resection of a cecal cancer presented with an elevated CEA (61.5 ng/ml). Surgery and pathology
confirmed metastatic mucinous adenocarcinoma in the omentum (lesion /) and in the pelvis (lesion 2). A, planar anterior scintiscan 72 h following injection of
ZCEO025 (40 mg, 7.12 mCi) demonstrating 2 lesions (arrows). B, coronal SPECT scan demonstrating these same lesions (arrows). C, axial CT view showing the
anterior midline periumbilical lesion (7). D, axial CT view of the pelvis showing the lesion at the level of the inferior portion of the iliac bone. (2).

28.2 to 43.7% and from 67.6 to 69.0% for IS and IS+CT,
respectively.

We excluded photopenic lesions from the positive category
because we thought IS was intended to localize specifically to
tumors with the appropriate tumor marker; thus, it would not
be fair to include lesions that were visualized simply because
they were nonspecific space-occupying foci seen in relief against
a background of intense uptake (i.e., the liver). On the other
hand, we accepted any abnormal-appearing lesion on CT be-

cause this modality was much less specific, reflecting only the
presence of a mass that was not clearly a benign cyst. Thus, we
believe IS had more potential for identifying the presence and
nature of a lesion and we had a higher expectation for its
performance. This decision is also consistent with our eventual
intention of using radiolabeled monoclonal antibodies for ra-
dioimmunotherapy, but it does tend to favor CT over IS in
terms of sensitivity.

Previous reports (9, 10) focused upon the clinical value for
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Table 1 Sensitivity, positive predictive value, and accuracy of IS and CT on a

lesion by lesion basis
Sensitivities and accuracies were compared using McNemar’s test of symmetry.
Positive
Image Sensitivity  predictive  Accuracy
modality TP FP FN TN (%) value (%) (%)
1S 49 10 72 16 40.5° 83.1 44,25
CT 74 10 47 16 61.2° 88.1 612
IS+CT 88 18 33 8 72.7 83.0 65.3°
4 P = 0.0006.
b p <0.003.

¢ P = 0.0001 (one sided).

Table 2 Analysis of Imaging Modality by Region of Localization
Sensitivities and accuracies were compared using McNemar's test of symmetry.
Sensi- Positive
tivity predictive Accuracy

Region Image TP FP FN TN (%) value (%) (%)
Primary colorectal IS 22 3 0 0 1000 88.5 885
(n=26) CcT 20 1 3 2 810 952 84.6
IS+CT 23 3 0 0 1000 88.5 88.5

Heparic metastasis IS 11 0 51 9 17.7° 1000 28.2%
(n=11) CcT 42 6 20 3 67.7° 815 63.4*
IS+CT 45 6 17 3 726 88.2 67.6%

Extrahepaticab- IS 15 7 21 7 417 68.2 440
dominal metas- CT 12 3 24 11 333 800 46.0
tases (n = 50) IS+fCT 20 9 16 5 55.6 69.0 50.0

4 P <0.0001.
% p < 0.0001 (one sided).
€ P = 0.04 (one sided).

""In-anti-CEA murine monoclonal antibodies in the presurgi-
cal staging of patients with known (or suspected) recurrent (or
metastatic) colorectal cancer. Identification or confirmation of
recurrent or metastatic disease in the liver, the extrahepatic
abdomen, or extraabdominally had a major impact upon clinical
decisions. Sensitivity of IS for the presence of metastasis in the
abdomen (excluding the liver) using a regional analysis was
48% and for the presence of metastasis outside the abdomen
was 80%. In half of the patients with previously unsuspected
extrahepatic metastases, the presence of extrahepatic disease
was picked up using IS. Overall, !"'In-labeled anti-CEA (9) and
In-labeled anti-CA 19-9 antibodies (11) have been reported
to benefit half of a carefully selected population of colorectal
cancer patients.

Irrespective of the method of data analysis (lesional or re-
gional), the basic objective of the IS technique has been the use
of a radiolabeled antibody directed against a tumor marker for
specific targeting to tumor bearing the marker. The ability to
visualize the tumor depends on a number of factors including
the physical characteristics of the radionuclide, the pharmaco-
kinetics of the agent, the size and depth of the tumor, and the
relative uptake of the radionuclide in tumor and normal back-
ground tissue (24). In general, visualization by gamma camera
scintigraphy is dependent upon T/NT ratios of isotope uptake.
This ratio may be obtained from tissue analysis expressed as
unit % ID/kg using a well gamma counter or from apparent

Fig. 6. A 60-year-old male 6 months following resection of a transverse colon
carcinoma presented with an abdominal wall mass, two liver lesions suspicious
for metastases, and an increasing plasma CEA level at 21 ng/ml. Pathology of
resected right hepatic lobe revealed 10 separate foci of metastatic colonic carci-
noma. A hot portal lymph node was also resected which was normal by pathology
but contained a high level of '"'In (47.9% ID/kg). No hepatic lesion contained
more than 3.3% ID/kg of '''In. 4, axial SPECT view 72 h following injection of
ZCE025 (40 mg, 5.91 mCi) demonstrating one of the hepatic lesions (arrow)

which was not visualized on planar images. B, axial CT scan through the dome
P of the right hepatic lobe, presumably demonstrating the same lesion (arrow). C,
axial SPECT view 72 h demonstrating hot portal lymph node (arrow).
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Table 3 Analysis of imaging modality by lesion size
Sensitivities and accuracies were compared using McNemar's test of symmetry.

Sensi-  Positive
Lesion size tivity predictive Accuracy
(cm) Image TP FP FN TN (%) value (%) (%)
<30(n=37) IS 7 6 17 7 292 53.8 37.8
CT 3 2 21 11 125 60.0 37.8
IS+CT 8 8 16 S5 333 50.0 35.1
>3.0(n=29) IS 23 0 5 1 821 100.0 82.8
CT 24 1 4 0 857 96.0 83.8°
IS+CT 27 1 1 0 964 96.4 93.1¢

@ P = 0.04 (one sided).

Table 4 Analysis of immunoscintigraphy (planar and SPECT)

Sensitivities and accuracies were compared using McNemar's test of symmetry
(n = 96).

Positive
Sensitivity predictive Accuracy
Image TP FP FN TN (%) value (%) (%)
Planar alone 13 3 65 15 16.7° 81.2 29.2%¢
SPECT alone 21 2 57 16 26.9° 91.3 38.5°
IS (planar + SPECT) 24 3 54 15 30.8 88.9 40.6°
“pP=0.03.
bp=0.02.

€ P = 0.0005 (one sided).

contrast values (count density per pixel in the tumor divided by
the count density in adjacent normal tissue) using gamma
camera scintigraphy. Minimal T/NT ratios for visualization

appear to be in the range of 1.5-2. For example, of 3 metastatic 10.
lesions imaged using phospholipid vesicles, Turner et al. (25)
reported an average T/NT ratio of 1.74 with a range of 1.58-
2.06. Similarly, the apparent contrast found in four Kaposi’s n
sarcoma lesions (26) has been reported to be 2.2 when using
the same agent. At relatively high T/NT ratios smaller, more
deeply seated tumors are visualized, while at lower T/NT ratios |,
most tumors are not seen. An exception occurs for lesions with
low uptake embedded in normal tissues of high uptake of 3
radiolabeled antibody. The resultant very low T/NT ratio leads
to visualization as a region of decreased uptake. However, the 14
goal of future studies with radiolabeled antibodies will remain
to increase uptake in the target tissue and decrease uptake of s,
the radionuclide in adjacent background tissue.
In conclusion, IS and CT complemented one another in the 16.
preoperative abdominal staging of patients with colorectal can-
cer that was known or suspected to have extended beyond the 17-
bowel. The sensitivity and accuracy of the two modalities varied ¢
with the site of metastasis. CT was more effective for visuali-
zation of liver metastases and IS for extrahepatic metastases.
Lesions >3 cm were effectively localized by both modalities, 9,
while IS tended to be more sensitive for identification of smaller
lesions. SPECT dramatically improved IS identification of he- 2
patic metastases. As this technology is refined, we expect to see )
further improvements in performance of IS as an imaging
modality, particularly for “occult” disease. 21
22,
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