
the superiority of immunoscintigraphy performed with
an antibody labeled with â€˜â€˜â€˜Inrather than â€˜@â€˜Ihas not
yet been clearly demonstrated in clinical practice.

One limitation in routine clinical application of im
munoscintigraphy is the difficulty in interpreting im
ages when tumor-to-nontumor contrast is moderate.
An important criterion for the clinical use of an exam
ination is the correct reproducibility of interpretation
by the same observer or different observers. The pur
pose of this study was to evaluate and compare the
reproducibility of interpretation of immunoscinti
graphic images obtained with F(ab')2 fragments of
OC12S antibody (15) labeled first with â€˜â€˜â€˜Inand then
(immediately afterward) with â€˜@â€˜I.

MATERIALS AND METHODS

Patients
Forty-six paired immunoscintigraphic examinations were

performed on 43 patients: 7 times retrospectively (known
recurrencesite)and 39 times prospectively.For the latter, the
indication ofthe examination was 31 times isolated elevation
ofcirculating CA125 concentration. Mean age was 59.6 Â±8.8
yr (range 34â€”82).Mean CA125 concentrations on the day of
antibody injection was 1.106Â±2.45 1U/ml(range 10â€”14,500).

Radioantibodies
All examinations were performed with F(ab')2 fragments

ofOCl25 monoclonal antibody labeled with â€˜@â€˜Ior â€˜â€˜â€˜In.The
labeling methods with both radionuclides have been previ
ously reported (8,9). Briefly, an iodogen method was used
with â€˜@â€˜Iand the method of Hnatowichet al. (16) employing
the bicyclic anhydride of DTPA with â€˜â€˜â€˜In.Specific activity
was on average 111 MBcjJmg (3 mCi/mg) with both radio
nuclides.

Immunoreactivity was tested by affinity chromatography
usinga sandwichassay(8). The percentageof immunoreac
tivity with intact monoclonal antibody was 55%â€”60%after
both â€˜@â€˜Iand â€œInlabeling. It was 50%â€”55%with â€˜@â€˜I-and
â€ẫ€ẫ€˜In-OC125 F(ab')@ fragments. The percentage of immuno

reactivity tested by cell-binding assay using the NIH OVCAR

An important criterion for the dinical use of a new imaging
techniqueis the correct reproducibilityof interpretation.
Forty-six paired immunoscintigraphic examinations were
performed on 43 patients with suspected ovarian card
noma recurrence using F(ab')@fragments of 0C125 anti
body labeledfirstwithindium-i11 and thenwithiodine
131. Planar scintigraphy(PS) and emission computed
tomography (ECT) images were interpreted blindly and
separatelyby three observers,and reproducibilitywas
evaluatedby a kappaconcordanceindex.Intra-andinter
observer reproducibility were generally satisfactory (icval
ues of 0.6 and 0.7, respectively). Binomial analysis of
K values for ECT showed the superiority of indium-I I 1 for

intraobserver (p = 0.035) and interobserver (p = 0.0039)
study.However,for PStherewasnosignificantdifference
in reproducibilitywith the two radionudides.
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he advantages of immunoscintigraphy, an ap
proach based on specific recognition of a defined anti
gen target, have been demonstrated in numerous stud
ies, particularly in oncology (1,2). As with any new
imaging technique, problems have been encountered in
the development phase, not all of which have yet been
definitively solved. These concern immunology, hemo
dynamics, pharmacokinetics, and methodology (3,4).
Among the methodologic problems, the choice of the
radionuclide used in labeling antibodies or their frag
ments has an effect on the pattern of the images ob
tamed and the results ofthe examination (5-7). Iodine
131 (â€˜@â€˜I)was initially used for labeling (8), but there
are now various theoretical and experimental reasons
for preferring indium-i 11 (â€˜â€˜â€˜In)(7,9â€”14).However,
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3 serous ovarian adenocarcinoma cell line was 50% in each
case.

The radiochemical purity (tested with gel-filtration) ranged
from 80% to 90% with â€˜31I-OCl25F(ab')@and was always
>90% with â€˜â€˜â€˜In-OCl25F(ab')2.

lmmunoscintigraphic Protocol
The pelvis and abdomen were explored in all patients 3

days after injection of radiolabeled OC125 F(ab')2. Planar
scintigraphy (PS) in anterior and posterior views and elliptical
360Â°emission computed tomography (ED') were performed.
Acquisition times were 10 mm in the planar mode and 40
mm in the ECT mode. All data were acquired with a 64 X 64
word-mode matrix. From ECT acquisitions, 6-mm thick con
tiguous sections were reconstructed by retroprojection using a
Wiener filter in the frontal, sagittal, and transverse planes.

To obtain anatomical landmarks (visualization of bone
structures, kidneys and the urinary bladder), 185 MBq (5
mCi) of technetium-99m-labeled hydroxymethylene diphos
phonate (@mTc-HMDP)were injected 2 hr before recordings
were done. The examinations were performed with a single
headed tomographic Sophy camera (Sopha Medical, France),
allowing simultaneous acquisition (with satisfactory anatom
ical superpositioning) of the landmark and radioantibody
distribution images. A 20% window and a high-energy colli
mator were used for images of â€˜31I-labeledantibody distribu
tion. For images of â€˜â€˜â€˜In-labeledantibody distribution, both
energy peaks (173 and 247 keV) were taken into account (20%
and 10% windows), and a medium-energy collimator was
used. For anatomical landmark images obtained at the same
time (with the same collimation as for antibody distribution
images), a symmetrical 20% window ofthe @â€œTcgamma peak
was used.

After informed consent of patients was obtained, each
examination was performed with antibody labeled with â€˜â€˜â€˜In
and then with â€˜@â€˜Iaccording to the following protocol:

Day 0: Thirty-minute i.v. injection of â€˜â€˜â€˜In-DTPA-OC125
F(ab')2 fragments diluted in 100 ml of NaC1 99%.
Mean injected activity was 118.4 MBq (3.2 mCi)
(range: 92â€”167MBq).

Day 3: Scintigraphic recording of anatomical landmark
(99mTcHMDp) and â€˜â€˜â€˜In-labeledantibody distri
bution images, followed by injection of'3'I-OC 125
F(ab')2 fragments, also diluted in 100 ml of NaCl
99%. Mean injected activity was 109 MBq (2.94
mCi) (range: 63â€”122MBq). Thyroid uptake of free
â€˜@â€˜Iwas blocked by oral administration ofa Lugol's
solution (100 mg/day) or of perchlorate in case of
iodine intolerance, during 8 days beginning 2 days
before injection of the iodinated antibody.

Day 6: Scintigraphic recording of anatomical landmark
(99mTcHMDP) and â€˜3'I-labeledantibody distribu
tion images.

Image Interpretation
All images were interpreted blindly (without knowledge of

clinical history or results of other examinations) by three
observers (01 , 02, 03) working separately. 01 and 02 per
formed two independent interpretations at an interval of at
least 30 days. 01 and 03 had good experience in interpreting

immunoscintigraphic images, whereas 02 was being trained
in this methodology.

All images obtained after injection of â€˜â€˜â€˜In-0C125were
interpreted first, and then, after a mean interval of 8 days, all
â€˜3'I-OC125images. For each examination, interpretation of
planar images and reconstructed ECT sections was done sep
arately for each radionuclide and for each topographic area
(abdomen and pelvis). The limit between the abdomen and
pelvis was empirically defined by a horizontal plane passing
through the iliac crests visible on 99mTc@HMDPimages.
Within these areas (abdomen and pelvis),each observerhad
to score results using the following scale: 0 = clearly negative,
1 = probably negative, 2 = doubtful, 3 = probably positive,
and 4 = clearly positive.

For visualization of images, a scale of 16 colors with 256
levelswas used. In imagesobtained with â€˜â€˜â€˜In-labeledanti
body, it was generallynecessaryto saturate the liver area by
lowering the upper threshold to obtain good contrast between
the pathologic focus and background. This adjustment was
performed empirically on the basis ofexperience. The thresh
old was set so as to provide approximate reproducibility (same
color) in the imaging of bone structures (particularly the
sacroiliac joints) from one examination to another.

In the ED' mode, the criterion for consideringan uptake
focus to be pathologic was its appearance in at least three
successive sections and in at least two section planes.

Reproducibilfty Study
Inter- and intraobserver reproducibility studies were per

formed for each recording mode (PS and ED'): (a) for each
ofthe anatomical areas(abdomen, pelvis); (b) in consideration
of all of the 92 sites explored (by site); and (c) without taking
individual sites into account but rather the total area explored
(global). For this last analysis, the highest of the two scores
(abdomen, pelvis) was retained.

Inter- and intraobserver reproducibility was evaluated by
the weighted kappa (K)concordance index ofLandis and Koch
(17) as modified by Kramer and Feinstein (18). This index
(between 0 and 1) indicates a strength of agreement propor
tional to K value (the empirical scale given by Landis and
Koch is reproduced in Table 1) for which statisticalsignifi
cance can be calculated.

For interobserver reproducibility, the Kindex was calculated
between 01 and 02 and between 01 and 03 (02 x 03 was
not taken into account since it could not be made completely
independent ofOl x 02 and 01 x 03). Global Kvalues were
also calculated (three-rater generalization of kappa) (19).

Statistical Comparison Tests
The difference in reproducibility as a function ofthe radio

nuclide used was evaluated by applying the properties of
binomial law. The percentage P OfKvalues ofone radionuclide
greater than those of the other was taken into account for the
test. Three-rater kappa values were compared by means of a
customary Z-test.

RESULTS

Interobserver Reproducibilfty (Table 2)
Kappa values were almost always very significant for

both â€˜3'I-labeledand â€˜â€˜â€˜In-labeledantibody, which in
dicates that concordance of interpretation was not a
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TABLEICorrespondence
BetweenKappaValuesandStrengthofAgreement

BetweenInterpretations(AccordingtoLandisand
Koch)Value

of@ Strengthofagreement<0

Poor0.00â€”0.20
Slight0.21â€”0.40
Fair0.41â€”0.60
Moderate0.61â€”0.80
Substantial0.81-1

.00 Almostperfect

131I â€œ1ln

kappaÂ±s.d. p kappaÂ±s.d. p

ducibility was similar (x around 0.50) for â€˜â€˜â€˜Inand â€˜@â€˜I
images, although the only K> 0.60 was obtained with
â€˜@â€˜I.Iodine-l31 Kvalues were better than those of â€œIn
5/8 times (nonsignificant according to binomial law: p
= 0.363). Three-rater K values were significant but

rather low and the difference between â€˜â€˜â€˜Inand â€˜@â€˜Iwas
never significant. There was, thus, no difference in
reproducibility in planar mode with the two radio
nuciides.

ECT. Regardless of analysis mode (pelvis, abdomen,
by site, global), interpretation reproducibility of â€˜â€˜â€˜In
ECT images was superior to that of â€˜@â€˜IECT images.

Two-rater â€˜â€˜â€˜InKvalues were better than those of â€˜@â€˜I
8/8 times (highly significant: p = 0.0039). Three-rater
K values were significant and higher for â€˜â€˜â€˜In images;

the difference was significant for the abdomen (p <
0.001), for all sites combined (p < 0.05), and for global
analysis (p < 0.000i)

matter ofchance. Concordance was ofvariable intensity
depending on acquisition mode, site and radionucide
but was generally satisfactory (K values around 0.60).
Kappa values for examinations performed with â€˜â€˜â€˜In
were generally higher than those with â€˜@â€˜i.

Planar Scintigraphy. Two-rater interpretation repro

TABLE 2
Interobserver Reproducibility

0101

x 02
01 x 03
x 02 x 030.715

Â±0.144
0.526Â±0.146
0.381Â±0.052<0.00001

0.00015
<0.000010.506

Â±0.133
0.520Â±0.137
0.353Â±0.0640.00007

0.00007
<0.000010101

x 02
01 x 03
x 02 x 030.234

Â±0.133
0.541Â±0.135
0.097Â±0.0610.0393

0.00003
>0.050.482

Â±0.174
0.433Â±0.17
0.104Â±0.0920.00288

0.00554
>0.050101

x 02
01 x 03
x 02 x 030.499

Â±0.058
0.468Â±0.160
0.287Â±0.0540.00083

0.00171
<0.000010.582

Â±0.127
0.540Â±0.132
0.305Â±0.052<0.00001

0.00002
<0.000010101

x 02
01 x 03
x 02 x 030.506

Â±0.079
0.593Â±0.082
0.288Â±0.034<0.00001

<0.00001
<0.000010.466

Â±0.094
0.565Â±0.096
0.249Â±0.054<0.00001

<0.00001
<0.000010101

x 02
01 x 03
x 02 x 030.547

Â±0.138
0.545Â±0.128
0.356Â±0.0470.00004

0.00001
<0.000010.623

Â±0.143
0.593Â±0.147
0.434Â±0.0590.00001

0.00003
<0.000010101

x 02
01 x 03
x 02 x 030.085

Â±0.162
0.239Â±0.185
0.075Â±0.089>0.05

>0.05
>0.050.233

Â±0.124
0.548Â±0.135
0.455Â±0.0530.02993

<0.00001
<0.000010101

x 02
01 x 03
x 02 x 030.373

Â±0.134
0.487Â±0.126
0.300Â±0.0350.00264

0.00005
<0.000010.498

Â±0.161
0.564Â±0.156
0.696Â±0.0630.001

01
0.00015

<0.000010101

x 02
01 x 03
x 02 x 030.420

Â±0.084
0.506Â±0.086
0.285Â±0.042<0.00001

<0.00001
<0.000010.477

Â±0.082
0.606Â±0.085
0.405Â±0.039<0.00001

<0.00001
<0.00001

Planar
Pelvis

Abdomen

GlObal

Bysite

ECT
Pelvis

Abdomen

Global

Bysite

p = degreeofkappasignificance.
01 x 02 and01 x 03: weightedkappavaluesaccordingto LandisandKoch(17).

@ 01 x 02 x 03: three-raterkappavaluesaccordingto Reiss(19).
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131l111lnkappaÂ±s.d.pkappaÂ±s.d.pPlanar

Pelvis01 x 01
02 x 020.747

Â±0.138
0.667Â±0.144<0.00001<0.000010.639

Â±0.134
0.555Â±0.142<0.000010.00005Abdomen01

x 01
02 x 020.699

Â±0.136
0.473Â±0.154<0.000010.001060.697

Â±0.151
0.723Â±0.220<0.000010.0005Global01

x 01
02 x 020.758

Â±0.211
0.663Â±0.1500.00016<0.000010.823

Â±0.134
0.617Â±0.131<0.00001<0.00001By

site01 x 01
02 x 020.733

Â±0.079
0.637Â±0.079<0.00001<0.000010.683

Â±0.033
0.617Â±0.104<0.00001<0.00001ECT

Pelvis01 x 01
02 x 020.576

Â±0.136
0.693Â±0.1330.00001<0.000010.701

Â±0.147
0.501Â±0.137<0.000010.00012Abdomen01

x 01
02 x 020.343

Â±0.165
0.004Â±0.1620.01913 0.488980.731

Â±0.133
0.620Â±0.127<0.00001<0.00001Global01

x 01
02 x 020.580

Â±0.138
0.515Â±0.1310.00001 0.000040.628

Â±0.158
0.545Â±0.1670.000040.00057By

site01 x 01
02 x 020.569

Â±0.083
0.506Â±0.086<0.00001<0.000010.713

Â±0.085
0.613Â±0.082<0.00001<0.00001p

= degree of kappa significance.

Thus, the best interobserver reproducibility was ob
tamed with â€˜â€˜â€˜InECT, and the other three recording
modes (â€˜@â€˜IPS, â€œInPS, and @3@jED') had lower and
similar interpretation reproducibility. Using three-rater
K values, the comparison of â€˜â€˜â€˜In ECT with â€˜â€˜â€˜In PS and

â€˜@â€˜iPS showed significant differences in reproducibility
for the abdomen (p < 0.001), for all sites combined (p
< 0.05), and for global analysis (p < 0.001).

Reproducibility was not as good between observers
01 and 02 as between 01 and 03. In particular, K
values between 01 and 02 for the abdomen were <0.03
forâ€˜@â€˜IPS,331jECT, and â€œInECT.

Intraobserver Reproducibility (Table 3)
The different icvalues for intraobserver reproducibil

ity were also satisfactory at around 0.70. Out of 16 K
values calculated for â€˜â€˜â€˜In,none was <0.50 (0.44) and
13 were >0.60 (one >0.80), whereas for â€˜@â€˜I,3 values
were <0.50 (one <0.20) and 8 > 0.60 (one >0.80). For
â€ẫ€ẫ€˜In, interpretation reproducibility was similar regard

less of acquisition mode both in the pelvis and abdo
men, whereas for â€˜@â€˜I,it was better for PS (1 Kvalue <
0.50 and 7 > 0.60) than for ECT (2 Kvalues < 0.40 and
1 > 0.60), especially for the abdomen.

In planar mode, â€˜@â€˜Iicvalues were better than those
of â€˜â€˜â€˜In6/8 times (nonsignificant). In ECT, icvalues of
â€ẫ€ẫ€˜In were better than those of â€˜@â€˜I7/8 times (significant:

p = 0.035). Indium-l 11 thus provided better intraob
server reproducibility in ECT. 02 x 02 reproducibility
was less good overall than that of 01 x 01; this differ
ence was more evident for examinations using â€˜@â€˜I.

DISCUSSION

The purpose of this study was to determine whether
the theoretical advantages of â€˜â€˜â€˜Inover â€˜@â€˜Iprovide
better reproducibility in interpretation of â€˜â€˜â€˜Inimmu
noscintigraphic images. It was logical to carry out the
study in cases ofsuspected recurrence ofovarian cancer,
which is currently the best indication of immunoscin
tigraphy. This technique contributes to earlier diagnosis

of a recurrence, as has been shown in several studies
using antibodies labeled with â€˜@â€˜I(8,20â€”22),1231(23â€”
30), and more recently â€œIn(9,31,32).

To provide valid comparison, the only solution not
requiring a very large number of cases was to perform
immunoscintigraphy twice successively in the same pa
tients using the same antibody labeled with â€˜â€˜â€˜Inand
then with â€˜@â€˜Iand to interpret the results blindly. The
second injection was performed less than a week (3
days) after the first in order to avoid interference from
human antimouse antibodies, which could have biased
comparative interpretation ofresults with the two radio
nuclides.

TABLE 3
lntraobserver Reproducibility
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radionucides, especially for â€˜â€˜â€˜In.First, when the image
of an uptake focus is situated in the border region
between the pelvic and abdominal areas, it can be
assigned to one of these areas by a first observer and to
the other by a second observer. The result is a strong
discordance in opposite directions for the pelvis and
abdomen. This discordance disappears in global analy
sis, which explains why K values are then generally
higher. Second, when involvement is diffuse, radioan
tibody uptake is distributed over the image with no
localized focus. This diffuse image, as a function of the
visualization parameters (threshold saturation), can be
interpreted as positive or negative. This occurs espe
cially with â€˜â€˜â€˜Insince liver activity requires modification
of the upper image threshold. This situation clearly
indicates the need to formulate standardized interpre
tation criteria.

Intraobserver reproducibility was less good for ob
server 02 than for 01, and interobserver reproducibility
ofOl x 02 was less good than that ofOl x 03. These
differences can be explained by the fact that at the time
of the study 01 and 03, but not 02, already had a lot
ofexperience in interpreting immunoscintigraphics im
ages, pinpointing the need for experience and training,
independently ofthe radionuclide and acquisition char
acteristics involved, if good interpretation is to be
achieved. These differences with respect to observers
were more apparent when â€˜@â€˜Iwas used, which suggests
that even greater experience is required when interpret
ing images acquired with this radionuclide.

The greater or lesser experience of each observer
explains in part why intraobserver reproducibility was

poorer with â€˜@â€˜I.This difference in experience may also
have contributed to poorer interobserver reproducibil
ity, although it was not the main reason since Kvalues
for 01 and 03, who had similar experience, were also
not as good for the â€˜3'I-labeledantibody.

FIGURE 1
This case illustrates the better repro
ducibility of 111Inas compared to â€˜31l
ECT. For 111lnECT (transversalsac
tion) (A), the three observers were in
definiteagreementaboutthe pelvicfo
cus (arrow),which did not correspond
to anynonspecificuptakesiteandwas
verylikelyof tumorotigin(asconfirmed
bysurgery).Forâ€˜31lECT(B),thissame
focusappearedamongotherareasof
increased activity, which made identifi
cation difficuft. Observers either con
sideredthat there were severalfoci or
interpretedeverythingas nonspecific
activity. In fact, 01 gave a score of 3
at first reading and a score of 4 at
second reading; 02 considered the ex
aminatlonto benegativeat bothread
ings (score0); and 03 gave a score of
3.

Immunoscintigraphic reproducibility in our study
was satisfactory overall; close to 0.60 for interobserver
and 0.70 for intraobserver results. In terms of both
inter- and intraobserver results, reproducibility was bet
ter for â€˜â€˜â€˜InECF than for â€˜@â€˜IECF. Several factors
contributed to this finding. First, the physical charac
teristics of â€œInare superior to those of â€˜@â€˜Ifor gamma
camera detection. Second, higher tumor uptake is ob
tamed with â€˜â€˜â€˜In-labeledantibodies and background is
lower since clearance from the bloodstream is faster
than that with â€˜3'I-labeledantibodies (12). With â€˜@â€˜I
labeled antibody, the patchy distribution of nonspecific
activity is a cause offalse images that can be considered
either as abnormal foci or artifacts. However, â€˜â€˜â€˜In
labeling, based on coupling a chelating agent with the
antibodies (16), has proved relatively stable. Tumor-to
background contrast is thus generally superior with
â€˜â€˜â€˜In, resulting in higher tumor-to-normal tissue image

contrast (although with the inconvenience of high liver
activity). With â€˜â€˜â€˜In,the greater intensity and higher
contrast of abnormal foci provide better and easier
interpretation of ECT sections, which are therefore
more reproducible (Fig. 1).

Although interpretation of â€˜@â€˜Iimages can be hind
erect by nonspecific gastrointestinal activity, little or no
image processing is required. However, with â€˜â€˜â€˜In,in
tense hepatic uptake requires saturation ofthe liver area
in order to visualize a lesion. The level selected for the
upper image threshold can cause artifacts. Although
these have little effect on ECT images, they can lead to
mistakes in interpreting PS and result in poor repro
ducibility. This explains why reproducibility of planar
â€˜@â€˜Iand â€˜â€˜â€˜Inimages was paradoxically similar despite
better tumor-to-tissue ratios with â€˜â€˜â€˜In-labeled anti
body. (Fig. 2).

Two particular types ofdiscordance suggest that these
reproducibility results could be improved for both
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A B@FIGURE2
Thiscaseillustratesthat reproducibility
is sometimes better with 1311in the
planarmode.All threeobserversnoted
a pelvicfocus(arrow)(score4) inplanar
1311 (A) images, whereas there was dis

cordance for planar 111ln(B): score 0
for 01 at both readings;score 3 and
then 0 for 02 and score 2 for 03. In
the 111lnPSimage,intenseliveractivity
madetumorcontrastmuchlessappar
ant; the color of the tumor area is the
sameas that of overlyingnonspecific
bonemarrow.
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