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Anti-CEA immunoscintigraphy and computed
tomographic scanning in the preoperative
evaluation of mediastinal lymph nodes in lung
cancer
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Alessandro Leone, Giuseppe Vassallo, Francesco Pugno

Abstract
Background - Thoracic computed tomo-
graphy (CT) provides most of the staging
information needed before operation for
lung cancer and can reduce the number
of exploratory thoracotomies. In recent
years a new immunoscintigraphic tech-
nique with anti-carcinoembryonic antigen
(CEA) monoclonal antibodies has been
shown to be effective in lung cancer sta-
ging. This study compares the yields of
CT scans and immunoscintigraphy in the
preoperative evaluation ofthe mediastinal
lymph nodes of patients with non-small
cell lung cancer.
Methods - One hundred and thirty one
patients believed on clinical grounds to
have an operable non-small cell lung can-
cer were photoscanned with the indium-
111 labelled F(ab')2 fragments of the anti-
body FO23C5. Both planar and single
photoemission computed tomography
(SPECT) thoracic views were recorded.
CT scans of the thorax, abdomen, and
brain were obtained in all patients. Seven-
ty of the patients eventually underwent
surgery, an additional seven underwent
mediastinoscopy or mediastinotomy, and
a further 10 had both cervical exploration
and thoracotomy. Pathological evaluation
of the mediastinal nodes was available in
all 87 patients, but in only 80 of them was
the diagnosis of lung cancer eventually
confirmed.
Results - The diagnostic accuracy of
planar immunoscintigraphy, SPECT im-
munoscintigraphy, and CT scanning for
N2 disease was 76%, 74%, and 71%, re-
spectively. The corresponding sensitivity
and specificity rates were 45%, 77%, 64%
and 88%, 72%, and 74%. These were not
significantly different.
Conclusions - This study shows that anti-
CEA immunoscintigraphy has no ad-
vantage over conventional CT scanning in
assessing mediastinal lymphoadenopathy
in patients with lung cancer. CT scanning
remains the gold standard test in these
patients.
(Thorax 1996;51:359-363)
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Advances in immunology over the last decades
have led to improved methods for producing
radiolabelled antibodies that target tumour anti-
gens in vivo.' In patients with lung cancer several
studies have shown that immunoscintigraphy
may detect the primary tumour and the possible
presence of regional and distant metastases.2-18
In 13 of 17 clinical investigations so far available
for evaluation, tumour targeting was attempted
with anti-carcinoembryonic antigen (CEA) anti-
bodies 2-46-101214-17 and anti-CEA immuno-
scintigraphy can be regarded as the standard
for immunoscintigraphic diagnosis. In a recent
review of studies of anti-CEA immuno-
scintigraphy in lung cancer'9 the average de-
tection rates for primary, mediastinal, and distant
tumour metastases were 87% (216 of 248
patients), 70% (49 of 70), and 84% (109 of 130),
respectively. In the same analysis corresponding
specificities were 54% (13 negative scans of 24
benign lesions), 80% (103 of 129), and 84%
(109 of 130).

Clinical studies using indium-111 labelled
F(ab')2 fragments of the anti-CEA monoclonal
antibody F023C5 have been carried out by our
group since November 1987.7 1012 We aimed to
evaluate the role of planar and single photo-
emission computed tomography (SPECT)
immunoscintigraphy images in the thoracic
assessment of resectability. The present report
focuses on the preoperative evaluation of me-
diastinal lymph nodes which, based on our
earlier studies, seemed the most fruitful field
of application for immunoscintigraphy.

Methods
PATIENTS AND STUDY DESIGN
Eligible patients either had histologically
proved lung cancer or were so strongly sus-
pected of having lung cancer to be offered a
diagnostic and possibly curative thoracotomy.
All were considered operable after a preliminary
evaluation based on history, physical ex-
amination, blood chemistry and haematological
counts, bronchoscopy, lung function tests,
chest radiographs and other tests, as required
by the results of the above evaluation. Re-
gistered patients underwent additional man-
datory investigations including anti-CEA
immunoscintigraphy (both planar and SPECT
images), technetium-99 labelled methylene
diphosphonate bone scan, and CT scans of
the thorax, upper abdomen, and brain. Other
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Table 1 Patient characteristics

Registered patients (n = 131) Assessable patients (n = 87) Assessable patients with
lung cancer (n = 80)

Mean (95% CI) age (years) 6228 (60-93 to 6363) 61-48 (59-78 to 63 17) 61 54 (5979 to 6330)
Sex (male/female) 112/19 73/14 69/11
Kamofsky performance status 38/30/42/21 19/19/29/20 19/18/26/17
(70/80/90/100)

Weight loss in 6 months (0,) 3 1 (2 25 to 3 94) 193 (1-16 to 2-69) 1 88 (109 to 2 77)
(95% CI)
Serum carcinoembryonic antigen 901 (349 to 14-53) 5-43 (3-11 to 776) 5 69 (321 to 8 17)
(ng/ml) (95% CI)

Histology (E/A/S/IJU/O/B) 67/27/11/8/11/1/6 43/26/3/6/2/1/6 43/26/3/6/2
Tumour location (central/ 85/46 61/26 57/23
peripheral)

Disease extent (best assessment, TNM
category)
TI-2/T3/T4 91/17/23 63/9/8 63/9/8
N1/N2/N3 57/13/49/5 49/9/19/3 49/9/19/3
MO/Mi 115/16 76/4* 76/4*

Immunoscintigraphy technical
notes (95% CI)
Dose of immunoreagent (pg) 277-82 (257 79 to 297-84) 271-95 (247 14 to 296 76) 272 17 (245 79 to 29855)
Total radioactivity (mCi) 4-85 (4 62 to 5 07) 4 75 (4-58 to 4 93) 4 71 (4 54 to 4.88)
Labelling efficiency (%) 92-65 (90 22 to 9507) 9442 (9196 to 96 87) 94 18 (91 54 to 96 82)

E=epidermoid carcinoma; A=adenocarcinoma; S=small cell carcinoma; L=large cell carcinoma; U=undefined cell type or mixed histology; O=cancer other
than bronchial carcinoma, B =pulmonary benign disease.
* Pulmonary micromestases discovered at thoracotomy.

imaging studies such as bone radiographs and
CT scans or ultrasonographic studies of the
abdomen were done to support a diagnosis or
to guide needle aspirations and biopsies. All
staging tests were obtained within a 3-4 week
period and surgery was performed within 30
days ofthe first hospital admission or outpatient
visit. Tumour cell type and stage ofdisease were
classified according to intemationally adopted
criteria.'o 2

Patients were informed of the nature, aim,
potential risks, and benefits of both im-
munoscintigraphy and iodine contrast CT
scanning and gave their consent before entering
the study. Anthropometric and clinical char-
acteristics of all eligible patients including age,
sex, Karnofsky performance status, weight loss,
serum CEA level, histological type, endo-
bronchial tumour location, and disease extent
are summarised in table 1.

IMMUNOSCINTIGRAPHY
Anti-CEA F023C5 F(ab')2 fragments sup-
plied as an instant labelling kit (Indomab-k2)
are licensed to Sorin Biomedica (Saluggia,
Italy). The kit contains 03 mg of a lyo-
philised preparation of monoclonal antibody
fragments previously conjugated to the bi-
functional chelating agent diethylenetrionine-
pentaacetic acid (DTPA). Details concerning
the production and properties of the whole
antibody and its derived fragment have been
previously reported.410

Radiolabelling was obtained following the
manufacturer's instructions and its quality
verified by gel chromatography column
scanning.410 The final solution was ad-
ministered within two hours of being prepared.
Characteristics of the injected radio-
pharmaceutical (dose of antibody fragments,
total radioactivity, and radiolabelling efficiency)
are shown in table 1.

Planar spot images (anterior and posterior
views of the thorax and abdomen, anterior and
lateral views of the head) were acquired by a
large field of view gamma camera (GE 400
ACT, General Electric, Milwaukee, Wisconsin,

USA) fitted with a medium energy parallel
hole collimator using a dual energy window
(173-274 keV). Views were stored in a
128 x 128 matrix. At least one scintigraphic
series, acquired 120 hours after the radio com-
pound injection, was obtained. At each scan-
ning time a 1500 K anterior view of the thorax
was recorded while the other images were re-
corded for a preset time. After planar imaging
SPECT views ofthe thorax were obtained. The
patient was positioned supine with arms above
the head and the thorax was centred under-
neath the camera. Sixty four planar images
were collected around 3600 with a 64 x 64 word
mode matrix. The acquisition time for each
plane was 20-25 seconds. The 64 planar pro-
jections were reconstructed to transverse slices
with the use of a Butterworth filter (cutoff
frequencies 0 3-0 4 cyles/cm, power factor 20)
at a two pixel thickness for each transverse
(12-8mm thick) slice. A value of 0-04cm-1
was used as attenuation coefficient. Transverse
sections were reorientated into the sagittal and
coronal planes.
The criteria for the interpretation of im-

munoscintigraphic images have already been
described in detail.'0 12 Mediastinal lesions were
assigned to a definite nodal station according
to topographical criteria and the ATS node
mapping scheme.22 All immunoscintigraphy
scans were interpreted by a specialist in nuclear
medicine (A.B.) without the benefits of clinical
information.

THORACIC COMPUTED TOMOGRAPHY
All thoracic CT scans were performed with a
GE 9800 scanner (General Electric, Mil-
waukee, Wisconsin, USA). Sections 10 mm
thick were obtained at 1 cm intervals during
suspended inspiration from the lung apices to
the upper abdomen. In selected cases 5 mm
thick sections were obtained at 5 mm intervals
through the region of interest. lodinated intra-
venous contrast medium (150 ml bolus and
100 ml in slow infusion) was injected before all
studies. Appropriate windows were used for
viewing both lungs and soft tissues. Mediastinal
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nodes were labelled as abnormal if they were

1 cm or larger (short axis) and/or 1-5 cm or

longer (long axis) on the transverse plane im-
ages. Enlarged mediastinal lymph nodes were

ascribed to a definite nodal station by the Amer-
ican Thoracic Society (ATS) classification.22
All CT scans were blindly reviewed by an

experienced radiologist (A.L.).

SURGICAL SAMPLING AND PATHOLOGICAL
EXAMINATION
At surgery all nodal stations that were positive
on either CT or SPECT images were carefully
inspected and sampled, even when lymph
nodes appeared macroscopically normal. All
enlarged, palpable, or visible nodes were totally
removed. In apparently normal mediastinums
with negative preoperative studies a minimum
sampling of three node stations was required
to reject the hypothesis of N2 disease. Media-
stinoscopies (and, in one case, left anterior
mediastinotomy) were performed when CT or

immunoscintigraphy studies were positive for
accessible lymph nodes in otherwise operable
patients. Removed lymph nodes were fixed
separately in 10% neutral buffered formalin
and labelled according to the ATS criteria.22

STATISTICAL ANALYSIS
Immunoscintigraphy can be done using either
a planar imaging technique, a SPECT tech-
nique, or both. In this study both techniques
were used which gave us the opportunity to
obtain (and compare) two different results for
one immunoscintigraphic series. With ref-
erence to the pathological data, the results of
planar immunoscintigraphy, SPECT immuno-
scintigraphy, and CT scanning were des-
ignated true positive, false positive, true neg-

ative, and false negative for N2 metastases.
Values for sensitivity, specificity, accuracy, and
predictive capabilties were calculated according
to the formula of Galen.23 Proportions were

furnished with their 95% confidence interval.24
Differences in proportions observed in the same
patients were tested statistically using the Mac-
Nemar test.25 The x2 test was used for other
comparisons between proportions.25 The stat-
istical significance level was set at 5%, all tests
being two tailed.

Results
CHARACTERISTICS OF PATIENTS
Between November 1987 and October 1994
131 eligible patients (1 12 men) were registered
(table 1). The final diagnosis was squamous
cell carcinoma in 67 patients, small cell lung
cancer in 11, adenocarcinoma in 27, large cell
anaplastic carcinoma in eight, undefined cell
type or mixed histology lung cancer in 1 1,
Hodgkin's disease in one, and non-malignant
lung lesions in six including one hamarto-
chondroma, one fibrocaseous tuberculosis, two
sclerosing bronchiectasis, and two persistent
foci of pneumonitis with features of interstitial
alveolitis and fibrosis. All patients had a Kar-
nofsky score26 of 70-100 and no other contra-

indication to radical surgery. At the end of
presurgical staging 27 patients were judged
inoperable based on unequivocal CT findings,
nine withdrew their consent to a probably non-
curative thoracotomy, and eight were found to
have small cell lung cancer after enrollment and
were given chemotherapy. Of the remaining
87 patients 70 underwent a resection, seven
underwent mediastinoscopy or mediastino-
tomy alone, and 10 had both cervical or
(parasternal) exploration and a thoracotomy.
Seven had benign lesions and, histologically,
the most frequent tumour cell type was squam-
ous (43 of the 80 assessable patients with can-
cer). Fifty seven of these 80 lung tumours were
in the distal bronchi. Table 1 summarises the
clinical, scintigraphic, and pathological char-
acteristics of the three groups of patients (131
registered, 87 assessable, and 80 with cancer).

DETECTION OF MEDIASTINAL LYMPH NODE
INVOLVEMENT
Table 2 shows the main findings of the study.
True positive, true negative, false positive, and
false negative results, along with the cor-
responding values (and 95% confidence in-
terval) for sensitivity, specificity, and accuracy,
are listed. Data refer to the two groups of
patients - that is, all the assessable and those
assessable with cancer- and to the three types
of investigation - that is, planar immunoscinti-
graphy, SPECT immunoscintigraphy, and CT
scanning. In patients with cancer, tumour
lymph node extension to the mediastinum was
equally detectable by all three techniques.
Diagnostic accuracy was 76%, 74%, and 71%
for planar immunoscintigraphy, SPECT
immunoscintigraphy, and CT scanning, re-
spectively; sensitivity ranged from 77% with
SPECT immunoscintigraphy to 45% with
planar immunoscintigraphy and specificity
from 88% with planar immunoscintigraphy to
72% with SPECT immunoscintigraphy. There
were no statistically significant differences with
the MacNemar test. Planar immunoscinti-
graphy and SPECT immunoscintigraphy was
the best matched combination since the first
technique was the most specific and the latter
the most sensitive. CT images retained inter-
mediate status. All staging techniques shared
a high negative predictive capability, with
SPECT immunoscintigraphy approximating
90%. Overall, similar figures were obtained
when the seven patients without lung cancer
were included in the computation (table 2).
However, most findings in this subgroup of
seven patients were falsely positive, particularly
with SPECT immunoscintigraphy.

Discussion
Surgery remains the only prospect of cure in
patients with non-small cell lung cancer.27
Ideally, the preoperative assessment of the
mediastinum should save patients from futile
surgery. On the other hand, patients should be
offered a surgical cure if appropriate. The final
evaluation of the mediastinum often depends
on surgical staging procedures such as media-
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Table 2 Diagnostic formulae: N2 disease by technique of evaluation

TP TN FP FN Total Sensitivity Specificity Accuracy PPV NPV

Assessable patients
Planar 10 57 8 12 87 45% (25% to 66%) 88% (80% to 96%) 77% (68% to 86%) 56% (33% to 79%) 83% (740/o to 92%)
immunoscintigraphy
SPECT 17 46 19 5 87 77% (60% to 95%) 71% (60% to 82%) 72% (63% to 82%) 47% (31% to 64%) 90% (82% to 981yo)
immunoscintigraphy

Thoracic CT 14 49 16 8 87 64% (44% to 84%) 75% (65% to 86%) 72% (63% to 82%) 47% (29% to 65%) 86% (77% to 95%)
scanning

Assessable patients with lung cancer
Planar 10 51 7 12 80 45% (25% to 66%) 88% (80% to 96%) 76% (67% to 86%) 59% (35% to 82%) 81% (71% to 91%)
immunoscintigraphy
SPECT 17 42 16 5 80 77% (60% to 95%) 72% (61% to 84%) 74% (64% to 83%) 52% (34% to 69%) 89% (81% to 98%)
immunoscintigraphy

Thoracic CT 14 43 15 8 80 64% (44% to 84%) 74% (63% to 85%) 71% (61% to 81%) 48% (30% to 66%) 84% (74% to 94%)
scanning

TP=true positive; TN=true negative; FP=false positive; FN=false negative; PPV=positive predictive value; NPV=negative predictive value; SPECT=single
photoemission computed tomography; CT= computed tomography.
Values are percentages with 95% confidence intervals.

stinoscopy and anterior mediastinotomy.27-31
Cervical mediastinoscopy detects gross, usually
widespread, disease ofthe nodes in the superior
mediastinum28-30 and, when positive, prevents
a useless operation.27 In the same way, anterior
mediastinotomy has a particular role in sus-
pected para-aortic and subaortic lympho-
adenopathy.3' These intermediate surgical
techniques require skill and carry potentially
serious complications30 and additional hospital
costs.
Thus, a reliable non-invasive test might be

useful in limiting mediastinoscopy by selecting
subgroups of patients with various probabilities
of mediastinal involvement. Using such a test
as a filter, patients with a low likelihood of
mediastinal lymphoadenopathy could go
straight to thoracotomy while others would
receive a prior mediastinoscopy.27 Besides an
acceptable rate of overall accuracy, this strategy
requires the "filter-test" to have low rates of
false negative results, possibly less than 10%, to
reduce the incidence of unexpected N2 disease
found at thoracotomy. CT scanning is usually
used for this purpose.2' A meta-analysis of 42
early studies on CT scanning published in 1990
documented an average accuracy of 80%.32
However, more recent estimates have suggested
more prudent figures of 50-60% in the USA
and 60-70% in Europe and Japan.3334 These
figures suggest that thoracic CT scanning may
not therefore have the accuracy needed for an
ideal filter test.

Several studies have evaluated anti-CEA
immunoscintigraphy in the diagnosis of lung
cancer. -46-10 1214-17 Less information is avail-
able, however, concerning the staging potential
of this technique.8101214-17 Excluding the data
shown in the current report, all available in-
formation is restricted to about 100 patients
and is limited by the inhomogeneity of
studies.8 14-17 For example, different com-
mercially available immunoreagents (including
the F(ab')2 fragments of the F6 antibody,'5
the F(ab')2 fragments of BW431/3 ,14 and the
intact BW43 1/268 1415) have been used and
labelled to different radionuclides (indium-
ll 14 16 technetium-99,81415 and iodine-i 3117).
Furthermore, the clinical target has varied in
the different studies up to the extreme in the
study of MacMillan et al15 who only considered
patients with small cell lung cancer, and no
separate analysis has been made for lymphatic

spread and direct invasion ofmediastinum.8 1415
Above all, SPECT images were not always
obtained.8 1415 This has caused inconsistent res-
ults with sensitivities in the range 40-75% and
specificities in the range of 33-81%.8 14-17 Be-
cause of these inconsistencies we believe that
the results of our study on the value of anti-
CEA immunoscintigraphy in the preoperative
mediastinal assessment are important.

In a previous report of 63 patients with lung
cancer,10 where we investigated the diagnostic
yield of total body scintigraphy with 11'In
labelled F(ab')2 fragments of the anti-CEA
monoclonal antibody F023C5, the diagnosis
of mediastinal lymph node metastases was cor-
rect in about 85% of patients using both the
clinical and the pathological reference criteria.
We then decided to perform a formal com-
parison between diagnostic yields of CT scan-
ning and anti-CEA immunoscintigraphy. A
preliminary report of this comparison was pub-
lished two years ago.'2 In the present study we
report more mature data that are not sub-
stantially different. Current accuracy rates
for N2 disease in pathologically documented
cases are, respectively, 76% for planar immuno-
scintigraphy, 74% for SPECT immuno-
scintigraphy, and 71% for CT scanning.
However, the gain in accuracy appears neglig-
ible, and the accuracy of the three techniques
and the predictive values of a negative
test (81%, 89%, and 84%, respectively, for
planar immunoscintigraphy, SPECT immuno-
scintigraphy, and CT scanning) are not sig-
nificantly different and all are within the
lowest boundary of an acceptable "filter test".
It must be remembered also that the search
for nodal metastases was the most promising
application of anti-CEA immunoscintigraphy
in lung cancer staging'2 and that immuno-
scintigraphy is a time consuming and very
expensive technique. For all these reasons, we
now feel that there is no justification to prefer
anti-CEA immunoscintigraphy to standard CT
scanning of the thorax.

In conclusion, we believe that in lung cancer
the ideal non-invasive preoperative test is not
yet available and thoracic CT scanning remains
the standard test for large and/or central
tumours.

The authors wish to acknowledge the skill and dedication of
Mrs Monica Viale, nurse of the outpatients unit of their hospital.
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