12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

the management of differentiated thyroid carcinoma. Clin Endocrinol 1987:27:115120.
Lubin E, Mechlis-Frish S. Zatz S, et al. Serum thyroglobulin and iodine-13!
whole-body scan in the diagnosis and assessment of treatment for mctastatic differ
entiated thyroid carcinoma. J NucÃ-Med 1994:35:257-262.
Schneider AB, Bruce RL. Goldman JM. Robins J. Sequential serum thyroglobulin
determination. Iodine- i31 scans and 1-131 uptakes after triiodothyronine withdrawal in
patients with thyroid cancer. J Clin Endocrinol Metab 1981:53:1199-1206.
MÃ¼ller-GÃ¤rtner
HW, Schneider C. Clinical evaluation of tumor characteristics predis
posing serum thyroglobulin to be undetectable in patients with differentiated thyroid
cancer. Cancer 1988:61:976-981.
Brendcl AJ, Guyot M. Jeandot R, Lefort G, Manciet G. ThaHium-201 imaging in the
follow-up of differentiated thyroid carcinoma. J NucÃ-Med 1988:29:1515-1520.
Aiello DP. Manni A. Thyroglobulin measurement versus iodinc-131 total-body scan
for follow-up of well-differentiated thyroid cancer. Arch Intern Med 1990:150:437439.
Girelli ME, Busnardo B, Ameno R, Casara A, Betterle C, Piccolo M. Criticai
evaluation of serum thyroglobulin (Tg) levels during thyroid hormone suppression
therapy versus thyroglobulin levels after hormone withdrawal and total body scan:
results in 291 patients with thyroid cancer. Ear J NucÃ-Med 1986:11:333-335.
Dadparvar S. Krishna L. Brady LW. et al. The role of iodine-131 and thallium-201
imaging and serum thyroglobulin in the management of differentiated thyroid
carcinoma. Cancer 1993:71:3767-3673.
Ronga G. Fiorentino A, Paserio E, et al. Can iodine-131 whole-body scan be replaced
by thyroglobulin measurement in the postsurgical follow-up of differentiated thyroid
carcinoma? J NucÃ-Med 1990:31:1766 -1771.
Schlumberger M, Tubiana M, De Vathaire F. et al. Long-term results of treatment of
283 patients with lung and bone mÃ©tastasesfrom differentiated thyroid carcinoma. J
Clin Endocrinol Metab 1986:63:960-967.
Pacini F, Lippi F, Formica N, et al. Therapeutic doses of iodine-131 reveal
undiagnosed mÃ©tastasesin thyroid cancer patients with detectable serum thyroglobulin
levels. J NucÃ-Med 1987:28:1888-1981.
Schlumberger M. Arcangioli O. Pierkarski JD. Tubiana M, Parmentier C. Detection
and treatment of lung mÃ©tastasesof differentiated thyroid carcinoma in patient with
normal chest x-ray. J NucÃ-Med 1988:29:1790-1794.

23. Schlumberger M, Fragu P, Gardet P, Lumbroso J. Violot D. Permantier C. A new
immunoradiometric assay (IRMA) system for thyroglobulin measurement in the
follow-up of thyroid cancer patients. Eur J NucÃ-Med 1991:18:153-157.
24. Brendel AJ, Lambert B. Guyot M, et al. Low levels of serum thyroglobulin after
withdrawal of thyroid suppression therapy in the follow-up of differentiated thyroid
carcinoma. Eur J NucÃ-Med 1990:16:35-38.
25. Ramanna L, Waxman A, Braunstein G. Thallium-201 scintigraphy in differentiated
thyroid cancer: comparison with radioiodine scintigraphy and serum thyroglobulin
determinations. J NucÃ-Med 1991:32:441-446.
26. Edmonds CJ, Kermode JC. Thyrotropin receptors, tumor radioiodine concentration and
thyroglobulin secretion in differentiated thyroid cancers. Br J Cancer 1985:52:537541.
27. Simeone JF, Daniels GH. Hall DA, et al. Sonography in the follow-up of 100 patients
with thyroid carcinoma. AJR 1987:148:45-49.
28. Antonelli A. Miccoli P. Ferdeghini M, et al. Role of neck ultrasonography in the
follow-up of patients operated on for thyroid cancer. Thyroid 1995:5:25-28.
29. Schuelthout LJ, Creutzberg CL. Hamming JF, et al. Multivariate analysis of survival
in differentiated thyroid cancer: the prognostic significance of the age factor. Eur J
Cancer Clin Oncol 1988:24:331-337.
30. Mazzaferri EL. Radioiodine and other treatment and outcomes. In: Braverman LE,
Utigcr RD, eds. Werner and Ingbar'x the thvroid: a fundamental and clinical text.
Philadelphia: JB Lippincot Company: 1991:1138-1165.
31. Franceschi M. Lukinac Lj, Kusic Z, Spaventi S. A decade of experience in the
follow-up of patients with differentiated thyroid carcinoma by thyroglobulin determi
nation [Abstract]. Eur J NucÃ-Med 1990:16:5103.
32. Franceschi M, Kusic Z, Lukinac Lj, Roncevic S, l ah,u Z, Franceschi D. Thyroglobulin
determination, '"'TI scintigraphy and neck ultrasonography in the follow-up of patients
with differentiated Ihyroid carcinoma [Abstract]. Eur J NucÃ-Med 1992:19:700.
33. Hay ID, Grant CS, Taylor WF, et al. Ipsilateral lobectomy versus bilateral lobar
resection in papillary thyroid carcinoma: a retrospective analysis of surgical outcome
using novel prognostic scoring system. Surgery 1987:102:1088-1095.
34. Cady B, Rossi R. An expanded view of risk-group definition in differentiated thyroid
carcinoma. Surgery 1988:104:947-953.
35. Ross DS. Long-term management of differentiated thyroid cancer. Endocrinol Metab
Clin North Am 1990:19:719-739.

Antibody Responses to Macrocycles in Lymphoma
G.L. DeNardo, G.R. Mirick, L.A. Kroger, R.T. O'Donnell, C.F. Meares and S.J. DeNardo
Department of Internal Medicine. University of California Davis Medical Center, Sacramento, California;
and Department of Chemistry, University of California Davis, Davis, California
Metallic radioimmunoconjugates have promise for radioimmunoimaging and therapy. Macrocyclic chelating agents allow formation of
stable metallic radioimmunoconjugates but have been reported to
be immunogenic. This study assesses human antibody responses in
patients that were imaged or treated with radiolabeled Lym-1
containing the macrocyclic chelators 1,4,8,11-tetraazacyclotetradecane-N,N',N",N'"-tetraacetic acid (TETA) or 1,4,7,10-tetraazacyclododecane-N,N',N",N'"-tetraacetic acid (DOTA). Methods: One to
six doses (median 1) and 6 to 285 mg (median 33) 67Cu-2IT-BAT
(2-iminothiolane bromoacetamidobenzyl TETA)- or 111ln-2IT-BAD
(2-iminothiolane bromoacetamidobenzyl DOTA)-Lym-1 were ad
ministered to each of 18 patients with lymphocytic malignancies.
Solid-phase ELISA, utilizing unchelated Lym-1 or human serum
albumin conjugated to DOTA, TETA or 2IT-bromoacetamidobenzylethylenediaminetetraacetic acid (BABE) as coating antigens, was
used to characterize antibody responses against 67Cu-2IT-BATLym-1 and 111ln-2IT-BAD-Lym-1 by quantitating antibodies against
the Lym-1, DOTA, TETA or 2IT moieties, respectively. Results: None
of the patients had evidence for serum sickness. No patient that
received 111ln-2IT-BAD-Lym-1 developed antibodies to Lym-1 or
DOTA. Two (15%) of the 13 patients that received 67Cu-2IT-BATLym-1 developed antibodies against both TETA and Lym-1, and an
additional patient developed antibodies against Lym-1 only. No
patient developed an antibody response solely against the macrocycle, nor did any of the patients generate antibodies against the 2IT
Received Feb. 8, 1995; revision accepted Jul. 30, 1995.
For correspondence or reprints contact: G.L. DeNardo, MD, Molecular Cancer
Institute, 1508 Alhambra Blvd. #214, Sacramento, CA 95816.

molecule. HAMA levels were many times greater in amount than
HATA levels even when their relative molecular masses were con
sidered. Conclusion: Although macrocycles such as DOTA and
TETA, and other chelates, can be haptens and thus potentially
immunogenic, our findings do not support the view that macrocycles are more immunogenic than other radiometal chelating
agents.
Key Words: lymphoma; radioimmunotherapy;HAMA; anti-macrocycle antibodies
J NucÃ-Med 1996; 37:451-456

JVletallic radionuclides, such as '"in, 90Y and 67Cu, have
great promise for radioimmunoimaging or therapy when chelated in a stable manner. Since Moi et al. (/) described the
synthesis of macrocyclic bifunctional chelating agents, macrocycles have been shown to provide stable radioimmunoconju
gates for several radionuclides (2-7). Stable macrocyclic radio
immunoconjugates prevent escape of the radiometal, thereby
avoiding subsequent radiometal uptake by the normal tissues
that can lead to toxicity (8,9). Therefore macrocyclic chelators
have potential clinical applicability (10-14).
Kosmas et al. (15,16) reported humoral immune responses
against the macrocyclic chelating agent benzyl-DOTA in pa
tients receiving "'in- and 9C)Y-labeled monoclonal antibodies.
All six patients that received intraperitoneal therapy with
90Y-DOTA-HMFG1 developed antibodies specific for DOTA,
and three patients had clinical evidence for serum sickness.
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Four of eight patients that received varying doses of mouse or
humanized ' "in-DOTA-labeled monoclonal antibodies intrave
nously for imaging studies developed antibodies against
DOTA. These investigators concluded that the macrocyclic
chelator on the antibody carrier protein was highly immunogenic. This issue has importance because macrocyclic radioimmunoconjugates have proven more stable than those using other
metal chelators and because even larger chelators have been
proposed for immunoimaging and therapy (77-79).
In this article, we report our results of assays for anti-mouse
(HAMA), anti-DOTA (HADA) and anti-TETA (HATA) IgG in
the serum of lymphoma patients that were imaged and/or
treated with one or more doses of '"in- or 67Cu-labeled Lym-1
using the macrocycles DOTA and TETA as chelators (20).
MATERIALS

AND METHODS

Patients

The 11 men and 7 women included in the study had a median
age of 57 yr (range 33-71 yr). Twelve patients (67%) had
intermediate grade, one patient (5%) had high-grade and four
patients (23%) had low-grade non-Hodgkin's lymphomas. One
patient had B-ccll chronic lymphocytic leukemia. Prior to Lym-1
exposure, all patients had HAMA levels within the normal range
that was obtained for 15 volunteers.
Patients 1-5 were imaged with "'ln-2IT-BAD-Lym-l
and
received a median of 30 mg (range 24-31) of Lym-1, 5.1 mCi
(range 3-5.5) of '"in and 85 /n.g (range 29-88) of DOTA
conjugated to Lym-1 (Table 1). Patients 6-14 were imaged with
67Cu-2IT-BAT-Lym-l and received a median of 33 mg (range
5.6-70) Lym-1, 4.3 mCi (range 0.6-11) 67Cu and 39 /u.g (range
0.5-200) TETA conjugated to Lym-1. Patients 15-18 were imaged
and treated with ''7Cu-2IT-BAT-Lym-l and received an accumu
lated median of 139 mg (range 39-285) Lym-1, 163 mCi (range
105-408) 67Cu and 608 ng (range 400-1156) TETA conjugated to
Lym-1.
All patients were advised of the investigational nature of the
studies and gave informed consent. The study was approved by the
University of California at Davis Human Subjects and Radiation
Use Committees under an Investigational New Drug authorization
from the United States Food and Drug Administration.
Monoclonal Antibody

Lym-I is a murine IgG2a monoclonal antibody with high avidity
for a membrane-associated antigen present on most B-cell nonHodgkin's lymphomas and 40% of B-cell chronic lymphocytic
leukcmias (27 ). Each lot of Lym-1 was sterile and had less than 3%
aggregates by high-performance liquid chromatography.
Conjugation and Radiolabeling

The macrocycles used in this study were: 1,4,7,10 tetraazacyclododecane-N,N',N",N'" tetraacetic acid (DOTA) and 1,4,8,11
tetraazacyclotetradecane-N,N',N",N'"
tetraacetic acid (TETA).
Lym-1 was conjugated to the bromoacetamidobenzyl (BA) deriv
atives of DOTA (BAD) and TETA (BAT) by 2-iminothiolane
(2IT) as previously reported (22). The degree of conjugation of
BAT or BAD to Lym-1 antibody was assessed by cobalt assay (6).
The 2IT-BAT-Lym-l was radiolabeled with "7Cu and 2IT-BADLym-1 was radiolabeled with '"in. Unchelated radiometal was
removed by chelate chase and gel chromatography (23 ). Highperformance liquid chromatography using TSK3000 molecular
sieving was used to ascertain the percentage of radioactivity
associated with monomeric antibody (Table 2). Cellulose acetate
electrophoresis with 0.05 M barbital, pH 8.6, was run for 11 min
at 5 mA per strip to assess the percentage of free chelated isotope
and for 45 min to ascertain the amount of aggregation. The 45-min
runs showed 10% or less aggregates of radiolabeled antibody at the
452

origin (Table 2). Immunoreactivity was determined by solid-phase
radioimmunoassay standardized against unlabeled Lym-1 in a live
cell assay (24). The immunoreactivity of the radiolabeled Lym-1
preparations ranged from 71% to 100% relative to unlabeled
Lym-1. All radiopharmaceuticals that were administered to patients
were sterile and pyrogen-free.
HAMA, HATA and HADA Quantitation

Serum was obtained prior to each Lym-1 administration, 4-6
wk after completion of Lym-1 imaging and therapy and at most
follow-up visits. All sera were stored at -70Â°C. HAMA, HATA,
HADA and human anti-2IT antibodies were quantitated by an
enzyme-linked immunoabsorbent assay (ELISA). Microtiter plates
were coated with Lym-1, 2IT-BAT-human serum albumin (2ITBAT-HSA), 2IT-BAD-HSA or the acyclic chelator BABE conju
gated to HSA via 2IT (2IT-BABE-HSA), respectively. Briefly,
PRO-BINDâ„¢ 96 well plates (Becton Dickinson, Lincoln Park, NJ)
were coated with 2 /u.gper well ( 100 /u.1)of specific antigen diluted
in sodium bicarbonate buffer, pH 8.9, for 1 hr at 37Â°C.Nonspecific
binding sites were blocked with 150 Â¿d5% bovine serum albumin
(BSA) in 10 mM phosphate-buffered saline (PBS), pH 7-7.4, for
30 min. Each well was washed three times with 200 /u,l PBS
containing 0.1% Tween-20 (PBS-Tween). BSA was used as the
blank to determine background absorbance. Patient samples diluted
in 5% BSA were added in triplicate to wells (50 /ml/well),covered
and incubated for 1 hr at 37Â°C.After washing, 100 /xl horseradish
peroxidase conjugated goat anti-human IgG, Fc specific antibody
diluted 1:2000 in PBS-Tween was added to each well and incu
bated for 1 hr at 37Â°C.The plate was washed and 100 /u,l0.05 M
2,2'-azino-bis-(3-ethyl benzthiazoline)-6-sulfonic acid in 0.05 M
sodium citrate buffer, pH 4.2, containing 0.03% H2O2 was added.
After 15 min at room temperature, the reaction was stopped with 50
/xi 10% sodium dodecyl sulfate. The optical density of each well
was read immediately at 410 nm in an ELISA reader. Wells coated
with Lym-1 and incubated with dilutions of a known amount of
human anti-Lym-1 IgG were used to construct a serum reference
standard for quantitation of human IgG in the HAMA, HATA,
HADA and anti-2IT assays.
A series of twofold dilutions of the serum reference standard
were made for each assay. The standard curve was defined (slope
and y intercept) by linear regression analysis on the linear portion
of the curve. HAMA, HATA, HADA or anti-2IT levels for each
test sample were interpolated from the standard curve. Sample
results beyond the linear portion of the standard curve were
repeated at other dilutions. A serum sample was considered to be
below detectable limits (BDL) if the optical density for the
undiluted serum sample was below the lowest point on the linear
portion of the standard curve. The concentration of HAMA,
HATA, HADA or anti-2IT in the serum was defined as the amount
in the least dilute sample that fell within the linear portion of the
standard curve. A significant change in HAMA, HATA, HADA or
anti-2IT level was defined as any value greater than twice the same
patient's baseline value. In this sensitive assay, serum from many
of the volunteers had detectable immunoglobulins against Lym-1
(median 0.62 /xg/ml) as did most of the baseline serum samples
from the 18 patients (median 0.27 /ig/ml). Other investigators have
reported similar observations and have suggested that this phenom
enon may be due to prior exposure to mouse protein or crossreacting immunoglobulin (25,26). A serum sample from a patient
who had received 90Y-2IT-DOTA-HMFG1 and had developed
HADA was generously provided by Dr. A. Epenetos (Hammer
smith Hospital, London, England) and was used as a positive
control for macrocycle antibodies.
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TABLE 1
Characteristics of Antibody Responses

TotalLym-1Patient
no./Doses

(mg)Lym-1"aggregate"*(mg)Total

DOTA/TETA
(/ig)BaselineHAMAOig/ml)HighestHAMA(fig/ml)BaselineHADA/HATA(/Â¿g/ml)HighestHADA/HATA

111ln-2IT-BAD-Lym-1
1/1
2/1
3/1
4/1
5/1

24
31
31
30
28

0.2
O
O

6
56
47
23
41
28
33
33
70

0.2
0.4

134
285
143
39

0.7
3.1
2.7
0.7

o
o

0.06
BDL
0.03
0.59
BDL

0.07
BDL
0.02
BDL
BDL

0.27
0.02
BDL
0.30
0.18
1.68
0.53
0.02
10.2

BDL
0.05
BDL
0.02
0.08
0.08
BDL
BDL
BDL

BDL
0.04
BDL
BDL
0.02
0.05
BDL
BDL
BDL

31.00
0.06
0.03
1.82

BDL
BDL
BDL
BDL

0.14
BDL
BDL
0.06

29
88
86
85
66

0.43
0.69
0.01
1.33
0.36

0.54
0.69
0.01
1.74
0.36

0.5
125
93
13
78
24
39
39
200

0.27
0.02
BDL
0.30
0.18
1.34
0.53
0.02
3.56

0.3
0.04
0.03
0.03

67Cu-2IT-BAT-Lym-1
6/1
7/1

8/1
9/1
10/1
11/1
12/1
13/1
14/11

0.3
0.3
2.3
0.8
0.7
0.7
O

67Cu-2IT-BAT-Lym-1
therapy studies
15/2'
16/6
17/3
18/1T

400
1156

691
524

â€¢Determined
using average percentage of aggregate by HPLC and CAE (Table 1).
tPatients 14,15 and 18 developed HAMA 9, 79, and 19 days, respectively, and Patients 15 and 18 developed HATA 79 and 19 days, respectively, after
the initial dose of 67Cu-2IT-BAT-Lym-1.
BDL = below detectable limits of the assay.

TABLE 2
Quality Control for 17 Preparations of Chelated Lym-1
% Aggregates
Patient no.

HPLC

CAE

Chelate:Lym-1
molar ratio

111ln-2IT-BAD-Lym-1 imaging

I
2-4
5

3.1
3.1

5
0
0

3.0

67Cu-2IT-BAT-Lym-1 imaging

6
7-8
9
10
II
12-13
14

28
1
10
12
11
5
0

67Cu-2IT-BAT-Lym-1 therapy
15'
15-16

0
0

16
16-17
16-17
16-17

0
3
0
2

16
18

0
0

'Aggregation not assessable by CAE.
'Same preparation that Patient 14 received.

1
9
10
8
5
0

0
3
0
6
8
2
0
4

0.2
1.3
1.4
1.4
1.1
1.1
1.2

1.2
1.7
1.2
3.2
3.2
3.0
3.0
5.8

Molar Relationships of HATA and HAMA

Because the absolute amounts (ju.g/ml) of HAMA were always
much greater than that of HATA in the serum of the patients, an
attempt was made to relate HATA and HAMA levels to the relative
molecular masses of the BAT chelator and the Lym-1 antibody. A
molecular mass of 150 kD and 658 D was used for Lym-1 and
BAT, respectively. Two methods of calculating the relationships
were used. One method was to assume that there was one mole of
chelator for each mole of antibody. A second method used the
actual moles of BAT and Lym-1 that were given to each of the two
patients (Patients 15 and 18) that developed both HATA and
HAMA.
Statistical Analysis

The nonparametric Wilcoxon Rank Sum test (27) was used to
test for differences between independent groups. Significance was
assumed using p < 0.05 as the critical value.
RESULTS
HAMA, HATA, HADA anti-2IT Assay

Standard curves had a linear range between 0.9-14.4 ng or
the equivalent of 18-288 ng/ml of serum. The mean slope of
the linear region that was obtained for 10 standard curves was
1.40 Â±0.18 (coefficient of variance = 12.6%). Nine serum
samples were assayed three to nine times on different days; a
coefficient of variance of less than 25% was found, further
demonstrating the reproducibility of the assay. The ability of the
assay to accurately quantitate human IgG was confirmed by
coating wells with known concentrations of human IgG fol
lowed by the ELISA as previously described. A slope of 1.08 Â±
ANTIBODYRESPONSES
TO MACROCYCLES
â€¢
DeNardo et al.

453

134 mg (0.9 Â¿(.A/)of Lym-1 (molar ratio 0.7:1.0). The peak
amounts of HATA and HAMA in this patient's serum were 0.14
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FIGURE 1. Amount and time-course of HAMA and HATA. Patient 15
received two doses of 67Cu-2IT-BAT-Lym-1 (70 mg Lym-1, 200 /Â¿g
TETA on
Day 0 and 64 mg Lym-1, 200 jug TETA on Day 53, Table 1). There was no
change in serum HAMA (â€¢)
or HATA (O) on Days 22 and 52. HAMA and
HATA levels of 31 ng/ml and 0.14 fig/ml, respectively, were found on Day 79
and decreased subsequently.

0.19 was obtained and the sensitivity and linear range were the
same as that cited above for the serum reference standard.
Assay results for human IgG were within 20% of the actual
amount.
The positive control serum for macrocycle antibodies was
found to have 44.4 and 46.2 Â¿ig/ml of antibody against
DOTA-HSA in two separate assays that were performed on the
control serum.
HAMA, HATA, HADA anti-2IT Responses
The median baseline HAMA level for the 18 patients was
0.27 fig/ml (range BDL â€”3.56) and was not different (p >
0.10) from that of the normal volunteers whose median was
0.62 /j.g/ml (range BDL - 3.19) (Table 1). Baseline HAMA
levels were similar for both imaging groups and the treatment
group of patients. Baseline HAMA values for the seven women
were lower than those for the 11 men (median 0.03 versus 0.43,
p < 0.01). Volunteer men and women had HAMA levels
similar to each other (p > 0.10). The patients that received
mIn-2IT-BAD-Lym-l
had a median baseline HADA level of
0.03 jug/â„¢'(BDL - 0.59). The patients that received 67Cu-2ITBAT-Lym-1 had a median baseline HATA level that was below
detectable limits (BDL - 0.08 jug/ml).
None of the patients imaged with mIn-2IT-BAD-Lym-l
developed a HAMA or HADA response following
study. The median time of follow-up for HAMA
after the imaging dose was 2 mo (range 1-4 mo).
patients (11%) imaged with 67Cu-2IT-BAT-Lym-1

the imaging
and HADA
One of nine
developed a

positive HAMA (10.2 /ig/ml) on the ninth day after the imaging
dose but did not develop detectable HATA (Patient 14, Table
2). These patients were followed for HAMA and HATA for a
median of 5 mo (range 0.3-7) after the imaging dose.
Two of four patients treated with 67Cu-2IT-BAT-Lym-l
developed HAMA and HATA responses. The HAMA and
HATA responses of Patient 15 peaked 26 days after a thera
peutic dose that followed an earlier imaging dose of 67Cu-2ITBAT-Lym-1 by 53 days (Table 1) (Fig. 1). The imaging dose
did not elicit HAMA or HATA when assayed up to 52 days
after its administration. In the imaging and treatment doses,
Patient 15 received a total of 400 /xg (0.6 ju,M) of TETA and
454

and 31.0 p.g/ml, respectively, or a molar ratio of HATA to
HAMA of 0.005:1.0. Thus there was 150 times more HAMA
than HATA when compared to their molar ratio in the immunoconjugate given to the patient.
Patient 18 developed HATA and HAMA 19 days after a
therapeutic dose. Peak titers are unknown because no further
follow-up was possible. Patient 18 received a total of 524 jag
(0.8 IJ.M) TETA and 39 mg (0.3 ju,M) Lym-1 (molar ratio
3:1); the molar ratio of HATA to HAMA was 0.03:1.0, so that
HAMA was 93 times greater than HATA relative to their molar
ratio in the administered immunoconjugate. Even if equimolar
amounts of BAT and Lym-1 were used for these calculations,
the ratios of HAMA to HATA in the serum of these patients
were 222 and 30 times greater than their molar ratio. Neither of
the HATA positive samples, nor the HADA positive control
sample, showed reactivity to the 2IT-BABE-HSA that was used
to detect antibodies specific for the 2IT linker arm of the
bifunctional macrocyclic chelators.
Neither of the patients that developed both HAMA and
HATA responses to 67Cu-2IT-BAT-Lym-1 therapy had side
effects during or soon after the infusion, and none of the 18
patients had evidence for serum sickness.
DISCUSSION
Antiglobulin Response
A major limiting factor in radioimmunotherapy is loss of
radiometal from unstably chelated radioimmunoconjugates and
resultant uptake of the radiometal in bone, marrow, or other
organs. The macrocycles obviate this problem by chelating
radiometals in a stable manner and, when linked to an appro
priate antibody, represent promising agents for the treatment of
cancer. The advantage of macrocyclic chelators has been shown
in a study that compared the toxicity of 90Y-BrE-3-MX-DTPA
(an acyclic chelator) to that of 90Y-BrE-3-2IT-BAD. The
90Y-BrE-3-2IT-BAD resulted in less myelotoxicity than com
parable doses of 90Y-BrE3-MX-DTPA presumably because of
tighter binding of 90Y by the DOTA macrocycle (28).
Human anti-mouse antibodies are believed to be the predom
inant humoral immune response following administration of
mouse antibody conjugates to humans. Antibodies specific for
macrocyclic chelators have also been reported (15,16,29). In
the present study, 18 patients with lymphocytic malignancies
received one or more doses of intravenous mIn-2IT-BADLym-1 or 67Cu-2IT-BAT-Lym-1. No evidence for unique or
unexpected immunogenicity of the antibody or the chelating
agent was found. None of the 18 patients in the study had the
symptom complex associated with serum sickness. Serum was
tested for antibodies against the Lym-1 mouse antibody, the
DOTA or TETA macrocycles and the 2IT linker. Only 17%
(3/18) of the patients developed an antibody to the radioimmunoconjugate, whereas 28% (12/43) of the patients treated with
131I-Lym-l in previous studies developed HAMA (30).
None of the five patients that received ' ' ' In-2IT-BAD-Lym-l
containing approximately three DOTA/Lym-1 molecule devel
oped HAMA or HADA. Three of 13 patients that received
67Cu-2IT-BAT-Lym-l
developed HAMA, and two of these
patients developed antibodies against the TETA macrocycle in
small amounts (0.14 and 0.06 fig/ml). To consider the potential
effect of their different molecular sizes on HATA and HAMA
titers, the relative moles of HATA and HAMA in their serum
and of TETA and Lym-1 in the doses administered to each of
these patients were compared. The molar amounts of HAMA to
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HATA were many times greater than would be expected from
the molar ratio of Lym-1 antibody to BAT chelator. This
finding suggests that the mouse Lym-1 antibody was more
immunogenic than the hapten chelator, BAT, in these patients.
Furthermore, one patient developed a HAM A response of 10.2
/ig/ml (baseline 3.56 Â¿tg/ml)but did not have detectable HATA.
The radiopharmaceutical
administered to one patient con
tained no detectable aggregation, yet HAMA developed. Two
additional patients developed HAMA and HATA despite re
ceiving less aggregates and fewer doses of 67Cu-2IT-BATLym-1 than the patients in the treatment group that did not
develop HAMA or HATA (Table 1). Although aggregation may
be a predisposing factor for HAMA (and HATA) induction, no
relationship could be established in this study. Some aggregated
radioimmunoconjugates may be more immunogenic than "ag
gregated" Lym-1 because most of the latter represents dimers
and trimers. Additionally, aggregated radioimmunoconjugates
may be more immunogenic in patients with solid tumors
(15,16) than in patients with lymphoma because the latter have
impaired immune responsiveness.
High antibody titers against any portion of a radioimmunoconjugate can limit its usefulness. If anti-macrocycle responses
are greater than those against the immunoglobulin portion of the
radioimmunoconjugate,
then immunogenicity would limit the
utility of the macrocycle. This does not appear to be the case.
No patient in this study developed HATA or HADA without
developing a much higher titer of HAMA. If further studies
show that anti-macrocycle responses only occur with high
HAMA titers, then anti-macrocycle responses may not be
clinically relevant because HAMA, not HATA or HADA,
would be the cause of cessation of therapy.
Relationship to Other Work
In contrast to these observations, Kosmas et al. (75,16) found
immunoconjugates of 90Y-2IT-DOTA or 1HIn-2IT-DOTA to
be highly immunogenic. Three of six patients with ovarian
cancer who received intraperitoneal 90Y-2IT-DOTA-HMFG1, a
mouse antibody, developed serum sickness and became positive
for HADA. Eight other patients (five ovarian, one testicular,
one breast and one with gastric cancer) received mIn-2ITDOTA conjugated to mouse HMFG1 or H17E2, or HU2-PLAP,
a humanized version of intravenous H17E2 in a radioimmunolocalization study. Four of these patients developed HADA,
including two of six given mIn-2IT-DOTA-HU2-PLAP.
The
90Y-2IT-DOTA-HMFG1
administered intraperitoneally con
tained 3.0%-5.2% aggregates. The authors showed a positive
correlation between the injected dose of chelator and the
induction of an immune response and concluded that benzylDOTA becomes immunogenic at doses greater than 500 jug.
These investigators suggested that less than 250 /u,g of chelate
and a 1.3:1 chelate-to-antibody ratio was safe for clinical use. In
our study, as much as 1156 ju,g TETA and 285 mg Lym-1
(chelate-to-antibody ratio 3.2), were given distributed in six
doses of 67Cu-2IT-BAT-Lym-l
without inducing HATA,
HAMA or serum sickness.
Differences between the study of Kosmas et al. (75) and our
study may explain the discrepant development of serum sick
ness and anti-macrocycle responses reported for these studies.
First, six patients reported by Kosmas received intraperitoneal
radioimmunoconjugate, three of whom developed serum sick
ness; whereas all of the patients in our study received intrave
nous therapy. Second, the radiopharmaceuticals administered
intravenously in the Kosmas study contained up to 16%
aggregates; our radiopharmaceuticals contained less aggrega
tion (Table 2). Aggregated foreign protein is known to be highly

immunogenic. Intraperitoneal instillation of immunogenic protein-macrocycle conjugates was specifically used when gener
ation of high affinity anti-macrocycle antibodies was sought
(31-33). Intraperitoneal administration of 90Y-2IT-DOTAHMFG1 to patients with ovarian cancer may have similarly led
to HADA development (15). Third, the monoclonal antibodies
to which the macrocycles were conjugated were different in the
two studies and may have influenced the immunogenicity of the
antibody-hapten complex. Fourth, the patient population dif
fered; the patients in our study had lymphocytic malignancies
whereas the patients in the Kosmas study had "solid" tumor
malignancies. Immunosuppression occurs in patients with lym
phocytic malignancies and could explain the paucity of HADA
and HATA responses in these patients. Three patients, however,
developed a HAMA response, two of whom also generated
HATA, which provides evidence of immune competence in at
least three of these patients (34).
Investigators at the National Cancer Institute monitored nine
patients (five breast, three colorectal, and one with lung
carcinoma) after intravenous administration of l?7Lu-DOTAmurine CC49 and found no evidence of HADA (Schlom J,
personal communication, 1995). In studies at Celltech Thera
peutics, mice were intravenously or intraperitoneally injected
with mouse antibody-macrocycle conjugates without eliciting
immune responses. Mice injected intraperitoneally with human
ized immunoconjugate developed an antibody response against
both the immunoglobulin and the macrocycle. No case of
anti-macrocycle response was seen in the absence of an antiimmunoglobulin response (Baker T, King D, personal commu
nication, 1995). Goodwin and co-workers studied the immuno
genicity of a variety of chelate conjugates in rabbits (33).
Mouse immunoconjugates
were immunogenic on the first
exposure with both rabbit anti-DOTA and rabbit anti-mouse
responses, but rabbit immunoconjugates did not elicit immune
responses. Goodwin's failure to observe immunogenicity for
injected amounts and coupling ratios up to amounts equivalent
to 233 mg Lym-1 for a 70-kg man and chelate-to-antibody
coupling ratios up to 4.5:1, when rabbit immunoconjugates
were given to rabbits, underscores the importance of the carrier.
Chelates as Haptens
Ethylenediaminetetraacetic
acid (EDTA), a metal chelator
with a much smaller molecular weight than those of the
macrocycles, has been shown to be immunogenic under appro
priate conditions. When EDTA was conjugated to keyhole
limpet hemocyanin and used to chelate ' ' 'in, mouse anti-EDTA
antibodies were generated (35). Recently, Kosmas et al. (36)
reported that 11 of 12 patients with ovarian cancer developed
antibodies to CITC-DPTA, another nonmacrocyclic chelator
and 5 of these patients developed serum sickness after WYCITC-DPTA-HMFG-1
was administered
intraperitoneally.
These examples illustrate that anti-chelate antibody responses
are not unique to the macrocycles.
HAMA can be induced when foreign proteins such as mouse
antibodies are used in patients. It appears that anti-macrocycle
antibodies can be elicited when macrocycles act as haptens on
an immunogenic carrier protein. Induction of anti-macrocycle
antibodies, however, is by no means universal, does not appear
to occur in the absence of HAMA and may be dependent on the
nature of the radioimmunoconjugate and the route of adminis
tration.
CONCLUSION
Our findings indicate that macrocycles are not uniquely
immunogenic in patients with lymphoma. Additional studies
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are required to generalize these conclusions and confirm the
unpublished observations provided by other investigators.
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