
Since the introduction of Co-57-labeled bleomycin
for tumor imaging in 1972 (1 , 2), a need has been rec
ognized for an alternative radiolabel providing similar
tumor affinity but improved physical characteristics. The
clinical results with Co-57 bleomycin, involving I ,@OOO
patient studies reported by the French group (3), showed
high sensitivity and specificity. These workers suggested
that the major clinical applications of Co-Si bleomycin
were in screening for metastases (especially in lung
cancer), although the studies were positive for many
tumor types. Other studies have confirmed these find
ings; Poulose et al. (4) suggested that Co-57 bleomycin
was superior to Ga-67 citrate in a comparative evaluation
of 50 patients, and Kahn et al. (5) demonstrated its
usefulness as a screening procedure for metastases in 140
patients. However, the long physical half-life of Co-Si
(270 days) has posed serious contamination problems,
and none of the other radioisotopes of cobalt has the
desired physical properties. Other metal chelates of
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bleomycinâ€”including In-i 11, Cu-64, Cu-67, Tc-99m,
Zn-62, and Ga-67 (6, 7)â€”donot have the stability of the
cobalt chelate in vivo, and it appears that this unusual
stability of Co-57 bleomycin is an important reason for
its favorable tumor-imaging properties. In addition,
Kono et al. (8) have demonstrated that the uptake of
Co-Si bleomycin in Ehrlich solid mouse tumor was more
than twice that of metal-free bleomycin or other metal
chelates of bleomycin. Thus the binding of cobalt pro
duces not only a stable product but also one with possibly
enhanced tumor uptake.

Our approach to the problem of in vivo dissociation
of metal-bleomycin complexes was to block the native
metal-binding site with stable cobalt(III) and then to add
a much more powerful metal-chelating group (EDTA)
to a nonessential site in the â€œterminalamineâ€•region of
bleomycin (9). The resulting bleomycin conjugate,
BLEDTA, when labeled with In- 111, had excellent
tumor imaging properties in tumor-bearing rabbits and
mice (7) and in preliminary clinical trials (JO). The
present study reports the clinical use of In-i 11 BLEDTA
in 110 patients referred to the Nuclear Medicine Lab
oratory for localization of their cancer sites.
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Indium-II I BLEDTA,a bleomyclnanalogcontainingan EDTAgroup,was used
fortumorirnagin@In 110patientswithcancer.ScanswithIn-I I I BLEDTAagreed
with biopsy results in 75 of 95 patients (79 % accuracy). A positive scan was ob
tamedin 71 of 88patientswftha positivebiopsy(81% sensitivity).In21of 95 pa
tients (22% ), the scan revealed tumor sites that had not been detected. The main
limitationto visualizationwas the size of the tumor(1.5-2.0 cm diameterwas the
smailest size seen). Background radioactivfty in the liver, spleen, and bone mar@
rowalsomadetumordetectionin theseareasmoredifficult.Thecauseof this
background,and of false-positiveuptake in sites of inflammation,Is correlated
with specific radiolabeling of polymorphonuclear leukocytes by In-i I 1 BLEDTA.
Meansofeliminatingthisbackgroundarediscussed.
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TABLE1.In-ill BLEDTADOSIMETRYOrgan

% UptakeT112 En A (@tCi-Pw) rads/mCit
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MATERIALS AND METHODS

The synthesis of BLEDTA is described in detail
elsewhere (9). We chose a parasubstituted 1-phenyl
ethylenedinitrilotetraacetic acid group that is known to
form metal chelates that are unusually stable both
thermodynamically and kinetically (11, 12). In order
to enhance tumor detection and to block the intrinsic
metal-binding site of bleomycin, the nonradioactive
cobalt(III) complex with bleomycin A2 was first pre
pared. Then the EDTA-containing moiety was cova
lently attached to the sulfur atom in the â€œterminal
amineâ€•group of bleomycin by successive demethylation
and alkylation, to yield BLEDTA (9).

BLEDTA was stored in instant radiopharmaceutical
kits, each containing only 50 z1of a 0.54 mM solution
(54 @gBLEDTA). When the radiopharmaceutical was
required for a patient, one of the kits was labeled with
In-I I 1. Fifty microliters ofO.Ol M citric acid containing
I -2 mCi of carrier-free In- 111 chloride were added and,
after 5 mm at room temperature, the resulting solution
was diluted with normal saline for injection. Product
purity was assessed by thin layer chromatography (9).
The specific activity of a 2 mCi preparation was 70 Ci/
millimol. One to two mCi ln-l 11 BLEDTA was given
intravenously, and whole-body scans were performed at
I8-24 hr following injection. Computer digitization of
the whole-body images was done in some cases, per
mitting quantitation of excretion, organ concentration,
and tumor-to-background ratios with selected regions
of interest. Blood samples and 24-hr urine collections
were taken in seven patients for calculation of blood

disappearance and renal excretion. Surgical samples of
tumor and normal tissues were obtained from three pa
tients 24 hr following injection. In one patient extensive
tissue samples were obtained from autopsy 8 days fol
lowing injection.

A total of I 10 patients were injected with In-I 11
BLEDTA. Twelve of them had no tissue diagnosis es
tablished, two were technically inadequate, and one had
kinetic studies only. The remaining 95 biopsy-proven
cases fell into three clinical groups: squamous cell car
cinoma ofthe head and neck (n = 61), lung cancer (n =
20), andmiscellaneous(n = 14). Eachscanresultwas
correlated with the biopsy diagnosis on a patient-by
patient basis, and the true-positive (TP), true-negative
(TN), false-positive (FP), and false-negative (FN) rates
were calculated.

A similar analysis was carried out on a site-by-site
basis using other diagnostic criteria, such as physical
findings, x-ray, bone and liver scans, and tissue diagnosis.
The results were expressed as the number ofTP, TN, FP,
and FN sites. In this analysis the patient groups are not
mutually exclusive; for example, the same patient may
have both true-positive and false-positive sites, as well
as other combinations. Since tissue confirmation was not
obtained for several of the sites, the true diagnosis in
these cases is subject to clinical uncertainty.

RESULTS

Thin layer chromatography of urine collected up to
24 hr after injection showed that 87% of the radioactivity
migrated with Rf = 0.4, the same as BLEDTA (10). The

Whole body:
White cells 2.0 67.4 hr 1940

3@om@
Excretion from
plasma to organs:

1 90.0 0.833 hr 104
2 7.0 2.18331w 220
3 1.0 13.0 PT 187

98.0
Otherorgans 6.5 67.4 hr 6309
(not listed
below) i7@Ã¶ 0.37

bonemarrow 27.0 67.41w 26205 2.13
Spleen 4.7 67.4 hr 4562 4.33
Liver 19.5 67.4hr 18926 2.60
Bladder 40.3 43.0hr 72.5 0.17
(voidevery4.8tw)

. Cumulated activity.

t Calcolated using A and â€˜S Valuesâ€• (absorbed dose per unft cumulative activity) as tabulated in Medical Internal Dose Committee

(MIRD)PamphletNo. 11.
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BiopsyBiopsypositivenegative

TABLE3. 124HEADANDNECKCANCERSITES
(61 PATIENTS)

A. True positive (83)
I. Previouslydiagnosed(54)

a. Primarysites 41
b. Metastatic sites 13

II. Previouslyundiagnosed(29) (all new metastatic
sites)

Lymph node 24
Bone 3
Retropharyngeal 1
Lung 1

B. False negative (17)
a. Primary sites

Smali<2cm 4
Parotid tumors 2

Unknowncause 2
b. Metastatic sites

Palateandesophagus 2
Lymph node 3
Lung 4

C. Falsepositive(21)
Tracheostomyandsurgicalincisions 8
Bone 3
Bowel 2
Lung 4
Various 4

D. True negative (3)
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negatives occurred in tumors approximately 2 cm or less
in diameter, although some tumors in this size range
showed intense uptake (Fig. I). Most of the false-positive
sites were readily explainable on a clinical basis, such as
in healing tracheostomy sites, surgical wounds, or ra
dioactivity excreted in the bowel. One patient had a
true-negative neck nodule confirmed by showing it to be
normal thyroid tissue on 1-123 scan, and one patient with
suspected brain metastases had a negative scan con
firmed at autopsy.

In the lung cancer group (20 patients), 30 sites showed
TP = 22, FN = 5, FP = 2, and TN = 1. The site sensi
tivity was 8 1%. A summary of these results is shown in
Table 4. Three previously unidentified bone metastases
and one lymph node metastasis were visualized. Small
primary lesions and mediastinal and liver metastases
were missed. False-positive uptake was seen in a recently
biopsied supraclavicular area.

In the miscellaneous group (14 patients), 28 sites
showed TP = I 1, FN 13, FP = 1, and TN = 3. The
site sensitivity was only 46% in this group. A summary
of these results is shown in Table 5. Visualization of a
primary adenocarcinoma of the colon in a 55-year-old
male is seen in Fig. 2. Two patients with metastatic
thyroid carcinoma and negative 1-131 scans had intense
uptake of In-I I I BLEDTA. One patient had metastasis
to the cervical spine with cord compression (Fig. 3) and

TABLE2. OVERALLRESULTS,RELATING
BIOPSYANDin-ill BLEDTASCANRESULTSIN

95PATIENTS

Scan positive
Scan negative

71
17
88

3 74
4 21
7 95

OverallsensitivIty 71/88 81%; positivepredictivevalue=71/74=96%;andaccuracy75/9579%.
urine collected within the first 24 hr (n 7) contained
40.3% :E 7.5 s.d. of the injected dose. The amount of
radioactivity in the blood (n = 7) declined rapidly; t112

(from 60-480 mm) = 136 mm Â±26 s.d. The percent of
injected dose in the total circulating cells was @2%Â±
1 s.d. at 2 and 24 hr; this represented 27% Â±I 8 s.d. of the
whole-blood radioactivity at 2 hr and 85% Â±7 s.d. at 24
hr. When circulating cells were fractionated on a Fi
coll-Hypaque gradient (13), almost all of this cellular
activity was associated specifically with the polymor
phonuclear leukocytes, with less than 1% in erythrocytes,
platelets, and lymphocytes.

Patient's tissue samples (n 3) contained from 2.3
x 10â€”ito 6.0X iO@percentof injecteddosepergram
of tumor at 24 hr. with tumor to normal tissue ratios of
3: 1â€”11:I . Tissue samples from autopsy of a patient in
jected 8 days previously with 1.2 mCi In- I 11 BLEDTA
all had very low In-I I I BLEDTA concentrations: Ap
proximately I 2% of the dose remained in the body, with

3.0% in the liver, 1.0%in the spleen, and 5.0%in the bone
marrow. In-I I 1 BLEDTA dosimetry based on the blood
and urine kinetics and tissue and whole-body scan data
(unpublished information) is shown in Table 1.

An analysis of the overall scan results is shown in
Table 2. The sensitivity, accuracy, and positive predictive
value were high (@8O%). The lack of biopsy-proven
negative cases made estimates of the specificity and
negative predictive value unreliable.

Seventeen patients had false-negative (FN) scans. Ten
of these were small head and neck or lung tumors ap
proximately 2 cm in diameter or less; one patient was on
bleomycin therapy; and one had liver metastases not
visualized because of liver background. The cause of a
negative scan in the remaining five is not clear, but may
be related to cell type (prostatic cancer, pancreatic
cancer, and an oligodendroglioma).

A site-by-site analysis ofeach clinical subgroup was
undertaken in an attempt to show the cause and fre
quency of visualization or nonvisualization. In the head
and neck cancer group (61 patients), 124 sites showed
TP= 83, FN = Ii, FP= 21,andTN = 3.Thesitesen
sitivity was 83%. A summary of these results is shown in
Table 3. The scan was helpful in revealing new metas
tases in 29 sites (23%), especially in lymph nodes. False
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TABLE5. 28 MISCELLANEOUSCANCERSITES
(14 PATIENTS)

A. Truepositive(11)
I. Previouslydiagnosed(8)

a. Primary
bladder,colon, & hemangiosarcoma 3

b. Metastatic
2lymphnode,lbone,lbrain,leye 5

II. Previouslyundiagnosed(3)
Metastatic: thyroid 3

B. False negative (13)
a. Primary:(4)
b. Metastatic (9)

C. Falsepositive(1)
D. True negative(3)

Spindle cell ca., bladder;benign prostatic
hypertrophy.
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DISCUSSION AND SUMMARY

In addition to location and extent of the primary
tumor, determination of metastatic spread is critical for
patient management. Ideally, the presence of secondary
cancer sites would be revealed, regardless of their loca
tion, by whole-body scanning with tumor-seeking ra
diopharmaceuticals. An idea of the effectiveness of In
111 BLEDTA for this purpose is obtained both from the
number of patients with known cancer sites that failed
to visualize (17 out of 95) and from the number of pa
tients that had previously unidentified sites revealed on
the scan (21 out of 95). The most frequent cause of
nonvisualization was small size of the tumor (2 cm or
less), although background radioactivity in the liver,
spleen, and bone marrow made detection in these areas
more difficult. In this respect Co-57 bleomycin is a su
perior agent, since body background other than in kid

FIG.2. WhItemale,age55,withwell-differentIatedadenocarci
nomameastring 7 cm In lengthat sisgerj, invoMngcircumference
of cecum andproximalascendingcolon.PathOlOgicalexamshowed
extensionthroughtheserosaaswell as lymphnodemetastases.
In-i 11 BLEDTAimage(A) showsanteriorupperabdomenwith
normal liver andspleen.and(B)showsloweranteriorabdomenwith
intense tumor activity In right lower quadrant(arrow).This activity
remainedunchangedat 24, 48, and72 lw.Twobariumenemaswere
difficult to Interpretbecauseof stool, but no large lesionswere re
ported.

FIG.1. Whitemale,age71,withsquamouscwclnomaof soft palate
approximately2.5 cm In diameter,shows Intenseuptakeof In-i 11
BLEDTA(A) R lat, (B)A let with radioactive markers over noseand
external auditory meatus, (C)ant., (0) L lat.

the other had metastases to the lung and soft tissue in the
neck and face (Fig. 4).

This group of miscellaneous tumors had the largest
number of false negatives, possibly due to either tumor
cell type or competitive inhibition of BLEDTA by
bleomycin therapy. These included four primary
sitesâ€”two pancreas, one oligodendroglioma, one testis
(on bleomycin therapy)â€”and nine metastatic sitesâ€”one
testis (from pancreas), one lung (from thyroid), one liver
(from bladder), one bone (from prostate), a liver and
lung (from testis, on bleomycin), one liver (from colon),
and two lymph nodes (from lymphoma).

Overall, in 21 patients (22%) the scan revealed 36 sites
that were not previously identified by other tech
niques.

TABLE4. 30 LUNGCANCERSITES
(20 PATIENTS)

A. TruePositive(22)
I. Previouslydiagnosed(18)

a. Primary 9
b. Metastatic

Bone 1
Liver 2
Lymphnodes 6

II. Previouslyundiagnosed(4)
B. Falsenegative(5)
C. Falsepositive(2)
D. True negative (1)
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was 2. 17 hr, compared with 3.4 hours for Co-Si bleom
ycin; the 24-hr urinary excretion was 40.3% for In- 111
BLEDTA, compared with 82% for Co-57 bleomycin
(/6). Unlike Co-57 bleomycin,the 24-hr whole-body
scan with In-i 11 BLEDTA showed radioactivity in
normal liver, spleen, and bone marrow; this pattern was
also seen at earlier times (3â€”4hr after injection). This
rapid plasma disappearance and early marrow visual
ization are not characteristic offree ionic 1n3+ (/7); and
the absence of any contaminating 1n3+ was proven by
chromatography of the injected In-I 11 BLEDTA, the
plasma, and the urine. The majority of the urinary ra
dioactivity (87%) had an R1 (0.4) identical to that of
In-l 11 BLEDTA. These findings are consistent with our
earlier observations that, once labeled, In- 111 does not
dissociate from the chelate under physiologic conditions
and transferrin binding of In-i 11 does not occur (12).

The evidence obtained from pharmacokinetic data in
these patients as well as from whole-blood and white-cell
labeling studies in vitro (unpublished data) suggests that
the background radioactivity seen with In-i I 1 BLEDTA
is due to specific labeling of polymorphonuclear leuko
cytes. Eighty-five percent of the total blood radioactivity
at 24 hr was associated with the polymorphonuclear
leukocytes, with less than 1% in the lymphocyte, eryth
rocyte, and platelet fractions. Cobalt-57 bleomycin and
In- 111 transferrin did not label leukocytes in vitro. We
have shown in preliminary studies using double-labeled
(Co-Si and In-i 11) BLEDTA that WBC radiolabeling
is associated with cleavage of the bond between bleom

ycin and the chelator; presumably this occurs at the
sulfonium group, which can react with sulfhydryl groups
and similar nucleophiles (18). Elimination of this
white-cell labeling and its resultant background radio
activity in spleen, liver, and bone marrow should there

fore be possible by use of a different (nonreactive)
linkage between the chelate and the terminal amine
group of bleomycin.

False-positive uptake of BLEDTA was usually due to
inflammation or to recent surgical wounds or tracheos
tomies, which were often clinically evident. For this
reason it was important to ascertain whether biopsy or
some other surgical procedure had been performed
within 2 wk of the scan. Other causes of false-positive

CLINICAL SCIENCES
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FIG.3. Whitemale,age63,withpapillary
and follicular thyroidcarcinomametastatic
to thoracic spineat T3andT4.(A)Posterior
thoracic spine shows intense In-i 11
BLEDTA uptake (arrow). (B) Left lateral
thoracic spinewith radioactivemarkerover
spineshowsposteriorlocationof In-i 11
BLEDTAactivity In spine (arrow).(C)Right
lateralof cervicalspine(dottedline)24hr
after 1 mCi 1-131shows1-131activityin
remaining thyroid tissueanteriorly (arrow)
but no activity in the thoracic spine me
tastasis.

@â€”.

A B

neys and bladder is almost negligible (14).
The clinical results we obtained with In-i 11 BLEDTA

are similar to those reported by other investigators using
Co-57 bleomycin (3â€”5).In particular our results in head
and neck cancers were comparable to recently published
data in a similar group of patients with Co-57 bleomycin
(/4). The site sensitivity of In-i 11 BLEDTA in 61 pa
tients with head and neck cancer was 83%, an improve
ment over the sensitivity of 56% recently reported for
Ga-67 citrate in 65 head and neck cancer patients (15).
However, the two series are not strictly comparable, as
rectilinear scanning was used for the Ga-67 studies and
the sensitivity may improve with the use of gamma
camera and multiple views.

The In- 11I BLEDTA plasma disappearance half-time

FIG.4. Whitemale,age36,withrapidlygrowinganaplasticcar
cinoma.Posteriorwhole-bodyscans24 hr after(A)1-131and(B)
In-i 11BLEDTA.Arrowsin (B)showmetastasesin rightneckand
face andleft lung,not seenwith 1-131.Notenormalbackground
activity In stomach,gut,andbladderwith 1-131,andin the liver,
spleen, and bone marrow with In-i 11 BLEDTA.

A. B.
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uptake were bowel radioactivity (usually associated with
an upper respiratory infection) and osteomyelitis. La
beled white cells may partly explain these false-positive
findings.

In summary, the results of these clinical studies sup
port the usefulness of In- I I I BLEDTA for tumor
imaging and show promise for the development of other
bleomycin conjugates with higher sensitivity and speci
ficity. The new conjugates should have biological prop
erties close to those of Co-Si bleomycin, but will have
the added advantage of rapid labeling with In-i 11 and
possibly Tc-99m for ease of clinical preparation.
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