
tumor after the injection of the labeled antibody. Indium
111-anti-CEA Mabs were administered to 66 patients sus
pected of having primary lung cancer and in 8 control
patients suffering from different chest diseases.

MATERIALS AND METhODS

PatientSelection
Immunoscintigraphy was performed in 74 patients (62 males,

12 females) with a mean age of 60 yr (range 42â€”78).In 66
patients, a primary lung cancer was strongly suspected from the
results of clinical examination, chest radiography, computed to

mography, and bronchoscopy. Eight control patients suffering
fromdifferentchestdiseaseswerealsostudiedinordertoevaluate
the abilityof immunoscintigraphyto differentiateprimarylung
cancer from other neoplastic and non-neoplastic diseases.

Radlopharmaceuticals
Theantibody(F(ab')@fragmentsofMabF023C5)wasprovided

in the form of an instant labeling kit Indomab K2 from Sonn
Biomedica (Saluggia,Italy). Labeling was carried out by the
addition of sterile â€˜â€˜â€˜In-chlorideto a lyophilized preparation
containing 250â€”350@gof F(ab')2 fragments. Indium-i 11 was
bound to F(ab')@fragmentsusingthe cyclicanhydrideof diethy
lenetrioninepentaacetic acid (DTPA) (4). No attempt was made

to separateunboundindiumfromtheantibodyconjugate.After
thorough mixing, the solution was incubated for 60 mm at room
temperature. The labeled preparation was injected within 2 hr of
preparation.A mean activityof 192.4MBq â€œIn(s.d.25.9;range
96.2â€”240.5)labeled to 220 zg (s.d. 30; range 170â€”300)of Mab
was injected. Mean specific activity was 888 MBciJmg(s.d. 129.5;
range 555â€”1058.2).Quality control of the labeling yield was
performed by gel chromatography column scanning using Bio
Gel P6 and phosphate buffer as a developing agent. Labeling
efficiencyranged from 0.70% to 99% with a mean of 84.1% Â±
22.7% (s.d.). The percentage of â€˜â€˜â€˜Inbound to F(ab')@fragments
was greater than 80% in 73% ofthe cases.

ImagingProcedures
Before intravenous injection oflabeled antibodies, the patient's

skin was tested for hypersensitivityto mouse immunoglobulins.
No reaction was noted in any patient. Without premedication

Immunoscintigraphy with@@ 11n-Iabeledanti-CEA-Mab
(FO23C51)was carriedout in 66 patientsstronglysuspected
for a primary lung cancer and in 8 control patients suffering
fromdifferentchestdiseases.A sensitivityof 0.90, a specific
ity of 0.45 and an accuracy of 0.85 were calculated. False
negative results were mainly Obtalnedin patients in whom the
size of the lesion was below 2 cm and the tumor was centrally
located. All patients affected by small-call carcinoma were
correctly @entified.In 89% of the patients, a positive immu
noscintiscanwas associatedwiththe presenceof the antigen
in the tumor. False-positiveresultswereobservedin control
patients suffering from different chest diseases due to the
nonspecific uptake of the tracer. The tumor definiticn was
generally better after 120 hr than at an earlier time after
injection due to the reduction of background activity. SPECT
imaging defined the tumor better in each patient but did not
reveal any tumor not seen on planar studies.

J NucIMed 1991;32:2064â€”2068

he clinical use of monoclonal antibodies (Mabs) di
rected against tumor-associated antigens has developed
rapidly over the past few years. Immunoscintigraphy with
labeled Mabs attempts to exploit a quantitative difference
between tumor and adjacent tissues with respect to a
tumor-associated antigen. Carcinoembryonic antigen
(CEA), a tumor-associated glycoprotein first described in
patients with colorectal cancer (1), has been shown to be
present also in primary lung cancer (2,3). This study tested
an â€˜â€˜â€˜In-labeledanti-CEA Mab to determine if it concen
trates in primary lung cancers sufficiently to permit local
ization of immunoscintigraphy. We compared the results
of pathology with those obtained by immunoscintigraphy
and attempted to establish the best time to image the
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TABLEIComparison
of Final Diagnosis and Immunoscintigraphyâ€œ11n-Mab

uptakeFinal

diagnosis PresentAbsentLung

cancerSquamous-cell
carcinoma 323Small-cell

carcinoma 60Adenocarcinoma
91Large-cell

carcinoma 42Lkidefined/mixed
histology 60Non-lung

cancerlesionsPneumonia
10Abscess
20Hodgkin's

disease 11Fibrosis
04Active

tuberculosis 10Micetoma
10*

Values denote number of patients within each category.

and following a fasting period of at least 3 hr, the radiolabeled
antibody was injected intravenously over 2 mm.

Planar spot images (anterior and posterior views of the tho
racic, abdominal and pelvic area, anterior and lateral views of
the head)were obtained with a largefield ofview gamma camera
(GE 400 ACT) fitted with a medium-energy parallel-hole colli
mator using a dual-energy window (173â€”247keY). Views were
stored in a 128 x 128 matrix. In each patient, two or more
scintigraphicserieswere obtained between24 and 144hr post
injection. The last imaging time, following intravenous injection
ofthe tracer,was afterat least 120 hr in 52%ofthe patients, after
96 hr in 36%,and after72 hr in 12%of the patients.At each
imaging time a 1500K anterior view of the thorax was recorded
in almost all patients, while the other images were recorded for a
presettime.

To improve contrast between target and background, image
enhancement was performed without background subtraction. A
semiquantitative scale was generated, which related lesion uptake
to the ribsand the sternum (0 = no uptake;+ = uptake less than
ribs; ++ = uptake equal to or more than ribs; +++ = uptake
equal to sternum; ++++ = uptake more than sternum). The
scans were readas either positive or negativebased upon an â€˜â€˜â€˜In
uptakeexceedingpulmonarybackgroundand equal to or greater
than thoseofthe ribs.

Regionsof interest (ROIs)(6 x 6 pixel)were placedover the
heart (H), lung (L) and tumor (T) and the relative activity (mean
counts/min/ROl) was determined. T/H, T/L ratios were calcu
latedin eachpatientin orderto definethe relationshipof these
parameterswith time. SPECTimages ofthe thoraxwere obtained
in each patient at the last imaging time after injection of the

tracer. The patient was positioned supine with arms elevated
above the head and thorax centered underneath the camera.
Sixty-fourplanarimages were collected around 360Â°with a 64 x
64 word-modematrix. Acquisitiontime for each plane was 20â€”
25 sec.

The 64 planar projections were reconstructed to transverse
slices with the use of a Butterworth filter (cut-off frequencies =
0.4 cycles/cm,power factor = 20) at a 2-pixel thicknessfor each
transverse(12.8 mm thick slice). A value of 0.04 cm' was used

as the attenuationcoefficient.Transversesectionswerereoriented
into the sagittal and coronal planes.

Analysisof SurgicalSpecimens
Formalin-fixed paraffin embedded specimens of surgical or

biopsy sampleswere preparedfor routine light microscopy study.
Twenty-five patients had surgicalresection of the lesion; in 41 a
bronchoscopic tissue diagnosis was obtained. When tissue sam
ples were available, the reactivity of anti-CEA monoclonal anti
body F023C5wastested by means of avidin-biotinimmunoper
oxidase methods. Forty-one tissue samples (surgical or biopsy
specimens) were available. Five micrometer thick sections were
deparaffinedthrough xylene and rehydrated with saline. Slides
wereincubatedin a dilute monoclonal anti-CEAsolution. Stained
cells were visualized using a Vector rabbit antimouse kit which
utilizes the avidin-biotin immunoperoxidase methodology. The
kit (Immucolor kit) was supplied by Sorin Biomedica (Saluggia,
Italy). The intensity ofstaining was graded as negative, mild (1%â€”
30%), moderate (31%â€”60%)and intense (>60%) according to
the percentageof positive tumor cells.

RESULTS

in Patientswith
ConfirmedLungCancer

In 63 of the 66 patients in whom primary lung cancer
was strongly suspected on a clinical basis, the diagnosis
was pathologically confirmed. Twenty-two patients had
surgical resection of the tumor. Scintigraphy was negative
in 6 of the 63 patients with confirmed lung cancer (Table
1). The detection rate was not related to the tumor with
both small-cell and non-small-cell correctly identified. The
sensitivity was mainly related to the size and the location
of the lesion. High serum CEA levels did not prohibit
immunoimaging. Details about the causes of false-nega
tives are described in Table 2. SPECT imaging defined the
lesion better, but did not reveal any tumor not seen by the
planarstudy. Tumor definition is generallymuch better at
later than at earlier times after injection of the tracer due
to lower vascular background.

lmmunoscintigraphyResultsin PatientsWithOutLung
Cancer

In 3 of the 66 patients in whom primary lung cancer
was strongly suspected on a clinical basis, positive immu
noscintigraphy results were obtained, but the diagnosis of
lung cancer was not confirmed. Final pathologic results
proved that the diagnoses were lung abscessand Hodgkin's
disease in two patients. In the third patient, the final
diagnosis of lung abscess was supported by a clinical
follow-up of more than 6 mo.

Scintigraphy was positive in three of the eight control
patients suffering from different chest diseases and was
negative in four patients with fibrosis. Final pathology did
not prove the diagnoses obtained for these patients, but a
clinical follow-up ofmore than 6 mo excluded the presence
of lung cancer. In one patient with pathologically con
firmed Hodgkins' disease, immunoscintigraphy was nega
tive (Table 1). From these findings, a sensitivity of 0.90, a
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Labeling
Diameter tCEA sCEA efficiency

Patient Location (cm) Histology (%) (ng/mI) (%)HoursSPECT'ResuftsDT.Q.

Central IS Squamous-cell â€” 298.0%96NegativecarcinomaA.L.

Peripheral 0.4* Large-cellcar- 0 18 93.3%120NegativecinomaA.M.

Central 2 Squamous-cell 80 497.5%96NegativecarcinomaA.N.

Central 5 Squamous-cell 35 297.9%96NegativecarcinomaS.M.

Peripheral 2 Adenocarci- â€” 20.70%96NegativenomaG.L.

Central 2.5 Large-callcar- 100 397.0%96NegativecanomaDiameter

= maximumtumordiameter(cm)as measuredpathologically(*)or radiologically.IS= in situlesion.tCEA
= % of positiveCEAcellsin thetumor.sCEA
= serumCEAlevel.t

SPECT (hours) = imaging time after injection of the labeled Mab.

TABLE 2
Causes of False-Negative Results in Patients with Confirmed Lung Cancer

specificity ofO.45, and an accuracy ofO.85 were calculated
for immunoscintigraphy. The predictivevalue ofa positive
immunoscintiscan was 0.90. One patient (S.AM.) was
excluded from the analysis because the labeling efficiency
was extremely low (0.70%). Figures 1 and 2 show two
representative cases of patients affected by lung cancer.
Figures 3 and 4 show a case oflung abscess and Hodgkin's
disease, respectively.

ImmunoscintigraphyResultsComparedto the
Outcomes of Immunohistochemistry Evaluation

In 89% ofthe lung cancer patients, the accumulation of
â€ẫ€ẫ€˜In-CEA Mab by the tumor was related to the presence

of positive CEA cells as detected by immunostaining. In
11% of the patients, a positive immunoscintigraphy was
observed despite negative immunostaining. A negative
immunoscintiscan was observed together with negative

immunostaining in one patient and with positive im
munostaining in three patients. The degree of uptake of
â€˜â€˜â€˜In-CEA Mab was not correlated with the percentage of

positive CEA cells (Table 3).

Immunoscintigraphy Semiquantitative Results:
Comparison with Final Diagnosis

Tumor uptake was equal to or greaterthan that of the
ribs in 51% of patients with positive immunoscintigraphy
and was equal to that ofthe sternum in 46% ofthe patients.
An uptake exceeding that of the sternum was observed in
3% of cases with lung cancer (two cases) and in two
patients with a benign lesion (lung abscess) (Table 4).

Changesof T/H and T/L RatioswithTime
Mean values and ranges of T/H and T/L ratios are

reportedin Figures5 and 6, respectively.T/H ratiosranged
0.64â€”1.08at 24 hr after the injection (mean value = 0.85)
and 1.18â€”1.43 at 144 hr (mean value = 1.34). T/L ratios
ranged 1.20â€”2.00at 24 hr after the injection (mean value
= 1.56) and 1.40â€”2.51 at 144 hr (mean value = 2.02).

FIGURE 1. Patient
G.G,a 65-yr-oldmale
with squamous-cell
carcinoma of the
right anterior bron
chous.Anteriorview
of the thoraxat 120
hr after intravenous
injection, shows cur
cumscnbed uptake
of 111ln-anti-CEA
Mabin the right Oar
region. Left lower
lobeactivity is due to
the cardiac blood
pool. Tumor/heart
ratio was 1.02; tu
mor/lung ratio was
1.60.

120 FIGURE 2. Patient
B.P,a 74-yr-oldmale
patient with squa
mous-cellcarcinoma
of the superior sag
ment of the lingula.
Anterior view of the
thorax obtained 120
hr after intravenous
injectionshows in
tenseuptakeof 111ln
anti-CEAMab which
delimits a central
coldarea(necrosisin
the tumor).
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TABLE3Comparison
of Immunodetection of CEA In TumorSamplesand

Immunodetection of the Tumor AfterIntravenousInjection
of 111ln-anti-CEAMab%Positlve

cells Degreeofuptake01+

++ +++++++NegativeforCEA
1 3 10Upto3O%
0 2 0031%â€”60%
1 5 40Greaterthan
2 12 9160%*

Values denote number of patients within each category.

Comparison Between Final Diagnosis and Degree of Uptake
of1111n-MabFmnal

diagnosis Degreeofuptake01+

++ +++++++Squamous-cell
carcinoma 3 15 161Small-cell

carcinoma 0 3 30Adenocarcinoma
1 5 40Large-cell

carcinoma 2 1 30lk'idassifled
carcinoma 0 5 01Non-lung

carcinomalesions 5 2 22*

Values denote number of patients within each category.

FIGURE3. Patient
B.L, a 51-yr-oldmale
patient StrOnglysus
pected of havingpri
mary lung cancer of
inferior right lobe.
Anterior view of the
thorax obtained 96
hr after intravenous
injection shows in
tenseuptakeof 111ln
anti-CEAMab in the
rightpulmonaryinfe
nor area. The final
pathologicallyproved
diagnosis after right
lower lobe lobec
tomy was lung ab
scess.

Tumor definition was much clearer after 96â€”144hr than
at earliertimes due to lower background.

DISCUSSION

The results of this study confirm that about 90% of
primary lung cancers concentrate â€˜â€˜â€˜In-anti-CEAF023C5,
enabling their detection and localization. These resultsare
in agreement with those obtained by others (5â€”7).The
sensitivity was mainly related to the size and the location
of the lesion. Four of six false-negativeresults occurred in
patients with lesions less than 2 cm, and the tumor was
located near the mediastinal structures.

SPECT images did not reveal any tumor not seen on
planar imaging. The sensitivity of immunoscintigraphy
was not related to the tumor type, since both small-cell
and non-small cell carcinoma were identified. Small-cell
carcinoma is generally considered to be a non-CEA-ex
pressing tumor (3,6). Nevertheless, we correctly identified
all patients with small-cell carcinoma. Discrepancy be
tween immunoscintigraphy results and immunohisto
chemical data in small-cell carcinoma has been reported.
Riva found that while 90.7% of small-cell carcinoma had

FiGURE4. Patient
A.M, a 51-yr-oldfe
malepatientstrongly
suspected of having
primary lung cancer
of theleft lobe.An
tenor view of the
thorax Obtained120
hr after intravenous
Injection ShOWSin
tenseuptakeof 1111n-
ant@-CEAMab in the
left ilar regionand in
the mediastinum.
Hodgkin's disease
was pathologically
proved after thora
cotomy.

positive immunoscintigraphic results, only 1/34 of the
immunostains were positive for the antigen (5). In the
four patients with small-cell carcinoma and tumor tissue
sampling adequate for CEA immunoperoxidase staining,
tumor CEA was absent in three and markedly expressed
in one.

The relationship between in vivo tumor targeting by
means ofradiolabeled Mab and in vitro antigen expression
evaluated by means of the immunohistochemistry proce
dure indicates that in 89%ofthe patients the targetantigen
was present when the antibody localized. In a small num
ber of cancer patients, we observed discrepancy between
immunoscintigraphy and immunostaining. Several rca
sons might explain these results. A heterogeneous expres
sion of the antigen by the tumor might determine local
changes in the antigen concentration and the risk of ob
taming false-negative immunostaimng. Moreover the an
gioarchitecture of the tumor might both reduce the acces
sibility of the antigen to the antibody (8) or determine
positive immunoscintigraphy resultsin caseswheretumor
antigen expression is totally absent (9â€”10).Moreover, an
uptake â€˜â€˜â€˜Inin the tumor mediated by transferrin (11)
and unmediated by the presence of the antigen in the
tumor might also occur. It is well known that transcom
plexation of â€˜â€˜â€˜Infrom antibody to transferrinoccurs at a
rate of about 9%/day (4â€”12).

Nonspecific uptake ofthe antibody is probably the cause
ofantibody localization in most ofthe non-cancer patients.
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Tumor/Heartratio (MeanÂ±S.D.)
Mean cpm/ROl

24h 48h 72h 96h 120h 144h
HourspostMAbinfusion

0 Mean 0 S.D.

FIGURE5. Tumor/heartratioscalculatedat differenttimes
afterintravenousinjectionofthe111ln-anti-CEAMab.Themean
values,expressedas cpm/ROl, and 1 s.d. are represented.

In 2 of 6 patients with positive immunoscintigraphy and
non-lung cancer, the histopathologic confirmation of the
lesion was obtained but the presence of the antigen in the
lesion was not determined. False-positive immunoscintig
raphy results in patients affected by lung abscess was
reported in another study (13).

Our results indicate that the T/L ratio increases with
time, and the best values are obtained later (120â€”144hr
postinjection). At these times, the ability to correctly iden
tify the tumor with a central location, which is normally
limited by the slow blood clearanceofthe labeled antibody
(half-time 46 hr) (14), is improved.

SPECT did not significantly increase the ability to detect
lung cancer, probably because we performed SPECT later
after tracer injection when the tumor was generally well
identified on planar images. Definition of the tumor was
better on SPEC@than on planar images, especially when

Tumor/Lung ratio (Mean Â±S.D.)

3

2,5

2

1,5

0.5

0
48h 72h 96h 120h 144h

Hours post MAb infusion
0 Mean 0 S.D.

24 h

the lesion is small and located near the mediastinal struc
ture. The main problem concerning immunoscintigraphy
oflung cancer is its place among other methods of inves
tigation. Since lung cancers are particularly accessible to
radiologic investigations, the interest of immunoscintig
raphy might appear relatively restricted. The presence of
false-positive results suggests that immunoscintigraphy
cannot be used for an initial diagnosis, which is better
performed by complete clinical examination, plain chest
x-raysand endoscopic maneuvers. SPECT images are nec
essary when proper evaluation of the mediastinum is
needed.
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FIGURE6. Tumor/lungratioscalculatedat differenttimes
afterintravenousinjectionof the â€˜111n-anti-CEAMab. The mean
values,expressedascpm/ROl,and1 s.d.arerepresented.
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