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A B S T R A C T

Purpose
No effective therapy is currently available for the management of patients with metastatic medullary
thyroid carcinoma (MTC). The efficacy of pretargeted radioimmunotherapy (pRAIT) with bispecific
monoclonal antibody (BsMAb) and a iodine-131 (131I) –labeled bivalent hapten is evaluated.

Patients and Methods
Twenty-nine patients with advanced, progressive MTC, as documented by short serum calcitonin
doubling times (Ct DTs), received an anti–carcinoembryonic antigen (CEA)/anti–diethylenetriamine
pentaacetic acid (DTPA) –indium BsMAb, followed 4 days later by a 131I-labeled bivalent hapten.
Overall survival (OS) was compared with 39 contemporaneous untreated MTC patients with
comparable prognostic indicators.

Results
OS was significantly longer in high-risk, treated patients (Ct DT � 2 years) than in high-risk,
untreated patients (median OS, 110 v 61 months; P � .030). Forty-seven percent of patients,
defined as biologic responders by a more than 100% increase in CtDT, experienced significantly
longer survival than nonresponders (median OS, 159 v 109 months; P � .035) and untreated
patients (median OS, 159 v 61 months; P � .010). Treated patients with bone/bone-marrow
disease had a longer survival than patients without such involvement (10-year OS, 83% v 14%;
P � .023). Toxicity was mainly hematologic and related to bone/bone-marrow tumor spread.

Conclusion
pRAIT against CEA induced long-term disease stabilization and a significantly longer survival in
high-risk patients with Ct DTs less than 2 years, compared with similarly high-risk, untreated
patients. Ct DT and bone-marrow involvement appear to be prognostic indicators in MTC patients
who undergo pRAIT.

J Clin Oncol 24:1705-1711. © 2006 by American Society of Clinical Oncology

INTRODUCTION

The prognosis of medullary thyroid carcinoma
(MTC) varies from long-term survival to a much
shorter duration in patients with poor prognostic
factors, including age greater than 45 years, initial
stage, and biochemical markers.1 Saad et al2 ob-
served that the slope of the curve for serum carcino-
embryonic antigen (CEA) concentrations over time
and its doubling time (DT) correlate well with the
course of the disease. Recently, we confirmed this
observation, and demonstrated that calcitonin dou-
bling time (Ct DT) was a significant prognostic fac-
tor for survival, independently of age, TNM stage, or

European Organisation for Research and Treatment
of Cancer (EORTC) score.3 In the absence of treat-
ment, patients with longer Ct DT survive longer,
with 25% and 8% 5- and 10-year survival in the
high-risk group, and 92% and 37% 5- and 10-year
survival in the intermediate-risk group, respectively;
all patients with a Ct DT more than 2 years (low-risk
group) were alive at the end of the study.3

In two successive phase I pretargeted radio-
immunotherapy (pRAIT) studies using an 131I-
labeled bivalent hapten and conducted between
1996 and 1999 in 26 patients (group I with a murine
anti-CEA/anti–diethylenetriamine pentaacetic acid
[DTPA)] –indium bispecific monoclonal antibody
[BsMAb]), and between 2001 and 2002 in eight
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patients (group II with a humanized anti-CEA murine anti–
DTPA-indium BsMAb), five minor responses, three with a more
than 50% decrease of Ct serum concentrations, and 12 patients
with morphologic and biomarker stabilization were observed.4,5

Six years after the first study and 3 years after the second one,
long-term disease stabilization was observed in 53% of patients, as
documented by morphologic imaging (computed tomography
and magnetic resonance imaging [MRI]) and serial Ct and CEA
serum measurements.

The purpose of this study was to compare the survival of patients
who underwent pRAIT with that of contemporaneous untreated pa-
tients for whom data were collected by the French Endocrine Tumor
Group (GTE). A second objective was to examine whether post-
pRAIT variations of Ct DT could be used as surrogate markers of
survival by comparing, among treated patients, the survival of biologic
responders with that of nonresponders, defining a responder as show-
ing at least a 100% increase in Ct DT.

PATIENTS AND METHODS

Patients

In the first trial (group I), 26 patients were enrolled between April 1996
and February 1999. Eligibility criteria included histologically proven MTC and
a recurrence documented by a rise in serum Ct concentration and conven-
tional imaging. Five patients had no pre-pRAIT sequential serum Ct measure-
ments, including three with clinically rapidly progressing high tumor burden;
these patients were not included in this analysis. In the second trial (group II),
eight patients with MTC were enrolled between April 2001 and February
2002. Eligibility criteria were the same as in the group I study. All treated
patients (groups I and II) had serum Ct DTs less than 5 years, including 19
with DTs less than 2 years and 10 with DTs more than 2 but less than 5

years. The decision to stratify patients according to Ct DT (� 2 years v 2-5
years) was made on the basis of a previous study showing that Ct DTs less
than 2 years correspond to high-risk patients with a poor prognosis.3

Signed informed consent was obtained, and the protocol was approved
by the responsible ethics committee.

The survival of all 29 treated patients (21 assessable in group I and eight in
group II) was compared to that of a contemporaneous control group of 39
untreated patients, who were selected from the database of the French GTE
only on the basis of serum Ct DTs’ being less than 5 years, thus being compa-
rable to the treated group, and who were not included in the two successive
phase I/II trials that enrolled a limited number of patients in only three
investigational centers.

Drug Infusions

Group I patients first received a slow infusion (20 to 40 minutes) of 20
to 50 mg of anti-CEA/anti–DTPA-indium murine BsMAb F6-734, fol-
lowed 4 days later by a similarly slow infusion of a bivalent hapten labeled
with 1.4 to 4.1 GBq (38 to 112 mCi) of iodine-131 (131I; mean activity, 2.9
GBq or 78 mCi).

In group II patients, 40 mg/m2 of a humanized anti-CEA/murine anti–
DTPA-indium BsMAb (hMN14-734) was infused slowly in three patients,
followed 5 days later by infusion of 2.7 GBq (73 mCi) of 131I-labeled bivalent
hapten. In the other five patients, 75 mg/m2 of BsMAb hMN14-734 was
followed, 5 days later, by infusion of 1.9 to 3.1 GBq (51 to 84 mCi) of
131I-labeled bivalent hapten (mean, 2.75 GBq or 74 mCi).

Follow-Up

All adverse events from study entry through 12 months after therapy
were recorded and graded using the National Cancer Institute Common
Toxicity Criteria (version 2.0). Safety was assessed by physical examination 15
and 30 days after pRAIT and at 3, 6, and 12 months; CBC every week during
the first 2 months, and at 3, 6, and 12 months; and renal and hepatic functions
evaluated 15, 30, 45, and 60 days and 3, 6, and 12 months post-therapy. Vital
signs were monitored before and for 24 hours after each infusion.

Measurement of blood biomarkers (CEA and Ct) was performed before
administration of the BsMAb/hapten, 1, 3, 6, and 12 months later, and then

Table 1. Patient Demographics and Relationships in High-Risk Subgroups

Variable

Treatment Response

Control (n � 24) Treated (n � 19) P Biologic Responders (n � 9) Nonresponders (n � 10) P

Age, years
� 45 7 7 4 3
� 45 17 12 .75 5 7 .65

Sex
Male 9 6 4 2
Female 15 13 .76 5 8 .35

TNM stage
I-II 3 3 0 3
III 18 12 7 5
IV 3 4 .65 2 2 .28

EORTC stage
1-2-3 (� 83) 10 13 5 8
4-5 (� 83) 14 6 .13 4 2 .35

Ct DT, months
� 6 12 7 2 5
7-24 12 12 .54 7 5 .35

Conventional imaging
Progression 10 4 6
Stabilization 9 5 4 .66

BMIS
�/� (negative) 7 2 5
�/��/��� (positive) 12 7 5 .35

Abbreviations: EORTC, European Organisation for Research and Treatment of Cancer; Ct DT, calcitonin doubling time; BMIS, bone-marrow immunoscintigraphy status.
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twice annually. Blood CEA concentrations were measured using the Kryptor
rapid random-access immunoassay analyzer (Brahms Diagnostica GmbH,
Berlin, Germany), with a normal cutoff of 10 ng/mL. Blood Ct concentrations
were measured by a radioimmunoassay (Schering-CIS Bio International,
Saclay, France), with normal values below 10 pg/mL.

Single exponentials were fitted to serum Ct and CEA concentrations
by nonlinear least-square regression. Data were weighted by the inverse of
the measured concentrations, and standard deviations were calculated as
asymptotic SEs. A biologic response was arbitrarily defined as at least a
doubling (� 100% increase) of pre-pRAIT Ct DT.

Disease progression was defined, by conventional imaging, as an increase
of more than 25% in the sum of the products of the longest perpendicular
diameters of all measured lesions, whereas stabilization was defined as no
modification of more than 25%.

Whole-body immunoscintigraphy images were visually analyzed by two
nuclear medicine physicians blinded to outcome. They ranked the results into
5 categories from no (�) or faint (�) uptake, to moderate (�), intense (��),
or very intense (���) uptake. For statistical analysis, two groups were con-
sidered: one negative (� and �) and one positive (�, ��, ���).

Human Antimouse and Human Antihuman Antibodies

Group I serum samples were examined 1 week before the BsMAb infu-
sion, and then at 2, 4, 12 and, for a few patients, 24 weeks later, as previously
described.6 Group II serum samples were examined in a similar schedule with
an anti-idiotype enzyme-linked immunosorbent assay (ELISA).7 Human
antimouse (HAMA) was determined using the ImmuStrip HAMA Frag-
ment test (Immunomedics Inc, Morris Plains, NJ). Human antihuman
antibody (HAHA) titers were determined using a sandwich ELISA pro-
vided by Immunomedics.

Data Analysis

Qualitative and dichotomized variables were analyzed by means of
Fisher’s exact test. Overall survival was calculated from the day of surgery
until death. Deaths as a result of causes other than MTC were considered as
censoring events.

Cause-specific survival curves for each scoring system were calculated
using the Kaplan-Meier survival estimates method, and compared by the
log-rank test, with P � .05 being significant. All P values are the results of
two-sided tests. Statistical analysis was performed using the SAS 8.2 software
package (SAS Inc, Cary, NC).

Prognostic values for age, sex, TNM staging, EORTC score, inverse
values of Ct DTs, and bone-marrow immunoscintigraphy status (BMIS) were
first determined by means of univariate analysis. Parameters with a significant
influence in univariate analysis were further subjected to multivariate analysis
by using Cox’s forward stepwise proportional hazards regression model.

RESULTS

Patients

Within the treated group of 29 patients, there was no significant
difference between those treated in the first (n � 21) and second
clinical trials (n � 8) with regard to age, sex, TNM and EORTC
staging, and pre-pRAIT Ct DT. Nineteen patients (68%) had a pre-
treatment Ct DT less than 2 years, which corresponds to the high-risk
(� 6 months) and intermediate-risk (� 6 months and � 2 years)
subgroups in our previous study.3 Because of the relatively small
number of treated patients, patients with Ct DT less than 2 years were
considered here as a single high-risk subgroup. Nine patients had Ct
DT more than 2 years and less than 5 years (low-risk subgroup).
Similarly, in the control group, 24 (62%) of 39 patients had a Ct DT
less than 2 years (high-risk subgroup) and 15 had a Ct DT more than
2 years and less than 5 years (low-risk subgroup). Thus, the entire
population of 68 patients (29 treated and 39 untreated), and a sub-
group of 43 high-risk patients (19 treated and 24 untreated), was

analyzed. In the comparison between control patients (n � 39) and
treated patients (n � 29), no significant differences were found for five
prognostic variables, including age, sex, TNM staging, EORTC stag-
ing, postoperative CEA serum levels and pre-pRAIT Ct DT. Because
long-term changes in Ct serum level kinetics were observed after
pRAIT, a biologic response was arbitrarily defined as at least a dou-
bling (� 100% increase) of pre-pRAIT Ct DT. This resulted in 18
biologic responders and 11 nonresponders for whom no significant
difference was found for pre-pRAIT CEA serum levels. Among
these 18 biologic responders, nine had a pretreatment Ct DT less
than 2 years (high-risk subgroup). All patients with Ct DT more
than 2 years and less than 5 years (n � 9; low-risk subgroup) were
biologic responders.

Survival

During a median follow-up of 121 months (range, 34 to 354
months), 29 patients died: nine in the treated group and 20 in the
control group. In the entire population, the overall survival (OS) was
not significantly different between treated and untreated patients, but
there was a tendency toward a longer survival in the treated group
(P � .059), which decreased a little when the five treated patients
without pre-pRAIT Ct DTs were included (P � .10). No patient with
a Ct DT more than 2 years and less than 5 years died within a median
follow-up of 128 months (range, 63 to 255 months) in the treated
group versus 118 months median follow-up (range, 34 to 354) in the
control group (P � .26). Consequently, further analysis of survival
focused only on the high-risk subgroups (Ct DT � 2 years). Again, no
significant difference was found between control (n � 24) and treated
(n � 19) patients for the five prognostic variables (Table 1). By uni-
variate analysis (Fig 1), OS was longer in the treated group than in
untreated control patients (median OS, 110 v 61 months; pRAIT
hazard ratio [HR] � 0.42; 95% CI, 0.19 to 0.94; P � .030). OS also was
longer in patients with low EORTC staging (1-3) than in patients with
higher staging (4-5; median OS, 110 v 51 months; HR � 0.47; 95% CI,
0.22 to 0.99; P � .043). In addition, Table 2 shows 5- and 10-year
survival in the high-risk group according to prognostic variables;
age, sex, and TNM staging were not found to be significant prog-
nostic factors.

In order to determine the independent prognostic value of RAIT,
a multivariate analysis was performed, and showed that pRAIT (ad-
justed HR � 0.44; 95% CI, 0.19 to 0.98; P � .046) and Ct DT (adjusted

Fig 1. Overall survival in patients with calcitonin doubling time less than 2 years
(high-risk group). pRAIT, pretargeted radioimmunotherapy. Vertical bars corre-
spond to 95% CI for survival rate at median follow-up.
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HR � 0.26; 95% CI, 0.12 to 0.56; P � .001) were both independent,
significant predictors of survival.

When comparing patients within the treated group, biologic
responders (n � 9) and nonresponders (n � 10), as defined herein on
the basis of Ct DT change, no significant difference was found for age,
sex, TNM, EORTC staging, Ct DT, conventional imaging (progres-
sion or stabilization), or bone-marrow involvement (as assessed by
whole-body scans; Table 1). The median interval between diagnosis
and pRAIT was 30 months (range, 7 to 92 months) for responders
versus 41 months (range, 6 to 124 months) for nonresponders (P �
.87). The median postoperative serum Ct level was 5,520 pg/mL
(range, 19 to 20,820 pg/mL) for responders versus 161 pg/mL (range,
5 to 16,280 pg/mL) for nonresponders (P � .075); the median post-
operative serum CEA level was 24 ng/mL (range, 2 to 433 ng/mL) for
responders and 19 ng/mL (range, 1 to 335 ng/mL) for nonresponders
(P � .90); and the median cumulative injected activity was 2.96 GBq
(range, 1.55 to 3.9 GBq) for responders and 2.66 GBq (range, 1.41 to
3.03 GBq) for nonresponders (P � .14). Despite the high similarity
between the two groups, OS was significantly longer for biologic

responders (median OS, 159 months; 5- and 10-year survival, 89%
[95% CI, 43% to 98%] and 89% [95% CI, 43% to 98%], respectively),
than for nonresponders (median OS, 109 months; 5- and 10-year
survival, 70% [95% CI, 33% to 89%] and 15% [95% CI, 1% to 47%],
respectively; P � .035) or for the untreated group (median OS, 64
months; 5- and 10-year survival, 58% [95% CI, 36% to 75%] and 24%
[95% CI, 8% to 44%], respectively; P � .010; Fig 2), indicating a
significant survival advantage for the treated biologic responders.

Bone/bone marrow uptake was frequently visible on post-pRAIT
whole-body scans (20 of 29 patients), and MRI of the spine and pelvis
also showed tumor involvement in 19 of 25 patients. Diffuse bone-
marrow uptake was estimated on posterior views of the whole-body
scans, and allowed identification, in the treated patients, of one

Fig 2. Overall survival in patients with calcitonin doubling time less than 2
years (high-risk group) according to biologic response to treatment. pRAIT,
pretargeted radioimmunotherapy.

Fig 3. Patient with high-risk medullary thyroid carcinoma (calcitonin doubling
time of 0.5 years and high tumor burden in liver and lungs). The posterior view
of the whole-body scan shows no or faint bone/bone-marrow uptake, but high
uptake in lungs and liver. The patient died 2 months after undergoing
pretargeted radioimmunotherapy.

Table 2. Survival From Date of Diagnosis by Univariate Analysis

Variable

Overall Survival (%)

P

5-Year 10-Year

Survival 95% CI Survival 95% CI

pRAIT treatment
Controls 58 37 to 75 24 8 to 44
Treated 79 53 to 92 49 22 to 71 .030

EORTC score
� 83 (1-2-3) 83 60 to 93 40 18 to 60
� 83 (4-5) 50 27 to 69 30 10 to 53 .043

Ct DT, years
� 2 67 51 to 79 35 19 to 50
� 2 100 ND 100 ND .00001

BMIS
Negative 71 26 to 92 14 1 to 47
Positive 83 48 to 96 83 48 to 96 .0231

Abbreviations: pRAIT, pretargeted radioimmunotherapy; EORTC, European
Organisation for Research and Treatment of Cancer; Ct DT, calcitonin
doubling time; ND, not determined (0 death); BMIS, bone-marrow immu-
noscintigraphy status.
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subgroup with negative BMIS (no or faint bone-marrow uptake; Fig
3) and one with positive BMIS (moderate to intense uptake; Fig 4).
Univariately determined OS from date of diagnosis was longer in the
positive BMIS subgroup (did not reach median OS [56%] at 172
months of follow-up; 5- and 10-year survival at 83% [95% CI, 48% to
96%]) than in the negative BMIS subgroup (median OS, 109 months;
5- and 10-year survival, 71% [95% CI, 26% to 92%] and 14%
[95% CI, 1% to 47%], respectively; P � .023; Fig 5). Multivariate
analysis confirmed the independent prognostic value of BMIS (ad-
justed HR � 0.19; 95% CI, 0.04 to 0.94; P � .042).

Toxicity

A transient grade 1 to 2 hepatic toxicity was observed in five
group II patients. Two had known liver metastases. Five had grade 4
thrombocytopenia (all in group I) and four experienced grade 4 neu-
tropenia (two each in groups I and II). The duration of grade 4
toxicities was 20 days (standard deviation, 16 days). Three patients
received blood-product transfusions and/or hematopoietic growth
factors. One group I patient developed myelodysplasia. He had been

treated previously with three injections of 131I–metaiodobenzylguani-
dine (cumulative activity 11.1 GBq) and underwent two courses of
pRAIT (cumulative activity, 5.8 GBq).

HAMA and HAHA Responses

HAMA was detected in nine of 18 patients who received a fully
murine BsMAb in group I, and in none of the eight patients who were
administered a murine/humanized BsMAb in group II. HAHA was
detected in four of eight patients in group II. There was no significant
difference between responders and nonresponders in terms of HAMA
or HAHA changes.

DISCUSSION

On the basis of our recent finding that Ct DT is an effective prognostic
factor of survival in MTC,3 the present analysis of long-term efficacy of
pRAIT compared treated patients to a contemporaneous untreated
group of 39 patients with similar Ct DT of less than 5 years, using
overall survival as the primary end point. Consideration of pretreat-
ment Ct DT should avoid the bias that could be caused by those MTC
patients, even with progressive disease, that benefit from long periods
of survival in the absence of treatment. Considering the entire group of
treated patients, there was a strong tendency toward a longer survival
in the treated patients (P � .059). This can be explained by the fact that
all patients who had Ct DTs of more than 2 years (low-risk patients; 10
[34%] of 29 in the treated group and 15 [38%] of 39 in the control
group) were still alive at analysis. Indeed, median OS was significantly
longer in rapidly progressing pRAIT-treated patients with a Ct DT less
than 2 years (high-risk) than in the corresponding untreated control
subgroup (110 v 61 months; P � .030), emphasizing that pRAIT was
effective in this high-risk population.

Conventionally, imaging-based tumor response has been used as
a surrogate for survival, but tumor shrinkage can be difficult to eval-
uate, requiring other criteria.8,9 Recently, serum CA-125 response was

Fig 4. Patient with high-risk medullary
thyroid carcinoma injected with 75 mg/m2

of hMN14-734 bispecific monoclonal anti-
bodies (BsMAbs) and 3 GBq of iodine-131
(131I) –labeled DTPA-indium bivalent hap-
ten. (A) Marked bone/bone marrow uptake
on a posterior view of a whole-body scan;
(B) multiple bone/bone marrow metasta-
ses confirmed by magnetic resonance im-
aging (arrows); and (C) serum calcitonin
kinetics. The first part of the curve (pre-
pRAIT) shows a fast progression with a
doubling time of 0.3 years. After pRAIT
(arrow), the progression slows down with an
extension of the doubling time to 4.4 years.
pRAIT, pretargeted radioimmunotherapy.

Fig 5. Survival according to bone/bone-marrow involvement.
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reported to be a better surrogate marker for survival than the com-
monly used RECIST (Response Evaluation Criteria in Solid Tumors)
imaging-based response criteria in the treatment of ovarian carcino-
ma.10 Here, biologic response was defined arbitrarily as at least a
doubling (� 100% increase) of serum Ct DT after pRAIT, so that with
the high-risk subgroup of 19 treated patients, nine patients (47%)
were biologic responders and 10 were nonresponders. We found that
survival was significantly longer in responders than in nonresponders
(159 v 109 months; P � .035; Fig 2).

Whereas no convincing long-term efficacy of RAIT in confirmed
metastatic solid tumors has been observed, an indication of a survival
advantage for RAIT in the occult disease setting of colorectal liver
metastases was reported recently.11 Here, we describe improved sur-
vival after pRAIT in MTC that resulted from disease stabilization of
long duration in patients with macroscopically rapidly progressing
tumors. To our knowledge, this is the first report of long-term efficacy
in terms of a survival benefit of radioimmunotherapy in solid-tumor
patients with confirmed metastatic disease. However, we appreciate
that this retrospective analysis and comparison with historical and
contemporaneous control groups should be confirmed in a prospec-
tive, randomized study; such a trial would require at least a decade to
be completed in this rare disease.

We were surprised to find high-grade hematologic toxicity with
moderate doses of 131I when we expected the opposite situation
with pRAIT. The bone/bone marrow was frequently visible on post-
pRAIT scans, unlike scans for patients with colorectal carcinoma in-
cluded in the same second phase I study and for whom bone/bone-

marrow metastases are known to be infrequent.12 In the majority of
patients with bone/bone-marrow scintigraphic visualization, MRI
of the spine and pelvis also indicated positive results.12 Unexpectedly,
we have now observed that OS is significantly longer in patients
with positive post-pRAIT bone-marrow immunoscintigraphy than in
those without bone/bone-marrow uptake of radioactivity. Thus, we
speculate that pRAIT efficacy in MTC could be related in part to
tumor bone-marrow response, because of findings in animal and
clinical studies that the best indication for pRAIT is in disseminated
microscopic disease, in which a much higher uptake and consequently
higher tumor dose of the radiotherapeutic are achieved.13,14

Currently, the best-documented systemic treatment for patients
with rapidly progressing metastatic MTC is chemotherapy. In a total
of 87 patients treated with different chemotherapeutic regimens,15-18

the progression-free survival or response duration reported for 22
patients ranged from 4 to 29 months (median, 10 months). The OS
reported in 20 patients ranged from 8.5 to 33 or more months (me-
dian, 17.5 months) for responders and from 3 to 20 months (median,
12 months) for nonresponders.16 Thus, response duration of chemo-
therapy appears to be markedly shorter than that of pRAIT.

In conclusion, two-step pRAIT against CEA induced long-term
disease stabilization and a significantly longer survival in a high-risk
group of MTC patients, as compared with similarly high-risk, un-
treated patients. In the treated group, 47% of high-risk patients (Ct DT
� 2 years) were considered as biologic responders and survived sig-
nificantly longer than the biologic nonresponders or the contempora-
neous untreated MTC patients.
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GLOSSARY

Bispecific monoclonal antibody: A modified monoclo-
nal antibody that has two binding arms, one to a tumor antigen
and the other to a hapten.

Bivalent hapten: Two incomplete, covalently linked antigens
that are incapable of causing the production of antibodies but
capable of combining with a specific antibody.

Pretargeted radioimmunotherapy: A multistep target-
ing procedure that starts by administering an unlabeled bi-

specific antibody that is given time to localize to the tumor sites. This
bispecific antibody is able to bind to the tumor, but also has the abil-
ity to bind to a small bivalent hapten that can be radiolabeled for use
in tumor therapy.

Immunoscintigraphy: An imaging scintigraphic procedure that
uses a radiolabeled antibody as the radiopharmaceutical for the detec-
tion of an antigen expressed by a lesion.
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