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Letters to the Editor

Biodistribution of Indium-i 11-Labeled Monoclonal
Antibodies

TOThE EDITOR:In theircontributionon the useof l-(p
isothiocyanatobenzyl) diethylenetriaminepentaacetic acid)
(SCN-Bz-DTPA) to label antibodies, Esterban et a!. report
reduced liver levels of indium-l 11 (â€˜â€˜â€˜In)with antibodies
conjugated with SCN-Bz-DTPA over those conjugated with
otheragentssuchas thecyclicanhydrideof DTPA(cDTPA)
(1). In explainingthis observation,the authors assume that
conjugation with SCN-Bz-DTPA results in a more stable â€œIn
protein label. However, an alternativeexplanation should be
considered arising from precisely the opposite assumption.

The label instability in question concerns leakage of â€˜â€˜â€˜In
fromthe antibodyin bloodwith its subsequenttransportto
the liver. This transcomplexation phenomenon is one source
of â€˜â€˜â€˜Ininstabilityin serum which has been reportedfor
proteins conjugated with cDTPA (2). Although Esterban et
al. did not report serum stability measurements, reduced
transcomplexation may be expected for antibodies conjugated
with SCN-Bz-DTPAsince reducedtranscomplexationhas
been reported for antibodies with a Bz-EDTA versus a DTPA
group (3). In that study the increased stability of the â€œIn
labelwasattributedto thepresenceofthe bulkybenzylgroup
in the former chelator. The same explanation may be applied
in the case of SCN-Bz-DTPA and is more satisfying than that
proposed by Esterban et al. The authors presume that it is the
preservation ofall eight coordination sites on DTPA in SCN
Bz-DTPAthatis responsiblefortheincreasedstabilitydespite
the fact that indium forms six- or seven-coordinatecomplexes
(4) and, after conjugation with cDTPA, sevencoordination
sites are available.

Regardless of the explanation of decreased transcomplexa
tion in the case ofantibodies conjugatedwith SCN-Bz-DTPA,
the effect ofthis increased stability on â€˜â€˜â€˜Inliver levels is likely
to be small. For proteins conjugatedwith cDTPA, the rate of
â€˜â€˜â€˜In transcomplexation has been measured to be --9%/thy

and may be as little as 2% of the injected dose per thy (2).
Thus the explanation for reduced liver levels probably lies
elsewhere.

Analternativeexplanationassumesthatantibodieslocalize
in the liver normally as one site of their catabolism. For
antibodies radiolabeled with iodine, catabolism at this site can
result in the release ofthe label in a form which diffuses from
the organ (6). It is likely that the same phenomenon occurs
for â€˜â€˜â€˜Inin the case of antibodies conjugated with SCN-Bz
DTPAbutnot cDTPA.No evidenceof in vivo instabilityof
the amide bond which results from cDTPA conjugation has
been observed (2), however, it has recently been suggested
that in vivo instability of the thiourea bond from the SCN
Bz-DTPAconjugateresultsin the releaseto urine of the
chelated of â€˜â€˜â€˜In(DeNardo, S., personal communication).

It is important to establish the reason for reduced liver
radioactivitylevels since ifit isdue to instability ofthe thiourea

bond, then it is possiblethat other metabolizablelinkagesmay
be identifiedwhicharesuperiorin thisregard.In addition,if
it can be demonstrated that the use of SCN-Bz-DTPA for
conjugation results in an unstable linkage, then it will be
important to examine carefully tumor tissue to establish
whether and to what extent â€˜â€˜â€˜Inmay be clearing by this
mechanism from tumor as well.
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REPLY: Dr. Hnatowich and others have shown that a major
source of Indium-l I 1 (â€œIn)instability in vivo is a result of
the exchange of the metal from the chelate to transferrmn
(transchelation) (1,2); whether this is the only reason for the
in vivo instability ofthe â€˜â€˜â€˜Inhas not been demonstrated. Dr.
Hnatowichhas shown that when CA-DTPAwas linkedto
MAb 19-9 --10% of the â€˜â€˜â€˜Inwas bound to an anti-human
transferrmncolumn in <12 hr in serum (see Fig. 5 in Ref. 1).
Since MAb B72.3 has a long TÂ½in vivo of --5 days (3,4) this
transchelation ofthe â€œIn(10% in <12 hr) may indeed explain
the increasedlevelsof the indiumwe foundin the liverwith
the CA-DTPA as comparedwith the SCN-Bz-DTPA, notwith
standing Dr. Hnatowich's statement that the transchelation of
the â€˜â€˜â€˜Inin serum is too small to account for the differences.
Itmustbe notedthatthetranschelationis probablya function
ofthe whole-body clearance ofthe MAb as well as the serum
kinetics ofthe antibody. The antibody escapes the blood pool
anda largepercentageoftheantibodyisfoundinextravascular
spaces where the MAb-chelate complex is probably also cx
posed to transferrin and any indium transchelated to transfer
rimwill ultimately end up in the liver.

In ourpaper(5) we did not speculateas to the reasonfor
the decreasedliver uptake with the â€˜â€˜â€˜In-SCN-Bz-DTPA
B72.3 IgG because we did not have rigorous proof that the
differences seen in liver activity were due to the transchelation
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rates between the chelates, although that is a likely explana
tion. Dr.Carrasquilloandco-workers(personalcommunica
tion) haveexamined the stabilityin human serumofthe SCN
Bz-DTPA and the CA-DTPA chelates linked to a different
MAb (TlOl) and have found the SCN-Bz-DTPA to be more
stable.

Dr. Hnatowich would attribute the difference in stability of
the â€˜â€˜â€˜Inin the SCN-Bz-DTPA versus the CA-DTPA chelate
linked to MAb B72.3 to the difference in linkage chemistry,
i.e., the thiourea link formed by the isothiocyanate versus the
acid amide formed by the anhydride with protein amines.
However,we havecontrolled forthis by usingthe same linkage
group with an ethylenediaminetetraacetate(EDTA) chelate.
MAb B72.3 linked to the SCN-Bz-EDTA and labeled with
â€˜I â€˜Ingave a favorable biodistribution at 8 hours post-inocu

lation of the radiolabeled MAb, but after 72 hr there was
15.85% ID/g in the liver. Ifthe thiourea linkage was unstable,
we would expect the â€œIn-SCN-Bz-EDTA-B72.3IgO to clear
at the same rate as the â€˜â€˜â€˜In-SCN-Bz-DTPA-B72.3IgG and
more rapidly than the â€œIn-CA-B72.3IgG. Moreover, Meares
and colleagues have shown that an antibody labeled with the
use of â€˜â€˜â€˜In-SCN-Bz-EDTAwas more stable than the same
antibody labeled with the CA-DTPA (6). The more favorable
biodistribution of the â€˜â€˜â€˜Inin the DTPA chelate versus the
EDTA chelate and the CA-DTPA when linked to B72.3 IgO
are, therefore, not at all a result ofthe linkage group but must
be due the kinetic inertness to the loss of indium by the MAb
linked with the SCN-Bz-DTPA chelate.

The preferential biodistribution of the â€˜â€˜â€˜In-SCN-Bz
DTPA-B72.3 IgG as compared to â€œIn-CA-DTPA-B72.3IgG
is due in large part to the chelate used, whether the â€œbulkyâ€•
linkage group further improves the biodistribution can only
be determinedby synthesizingdifferentlinkersthat still main
tam the integrity ofthe DTPA molecule. Similarly, the influ
ence of the coordination number differences between the
ligands can only be assessed by further kinetic and thermo
dynamic studies.
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Attenuation Correction Equations for SPECI

TO ThE EDITOR: We read with interest the article by
Bailey, Hutton, and Walker (1). The equation for calculating
attenuation correction factors given on p. 846 appears to be
similar to that proposed by Chang (2) for a homogenous
media and cannot account for spatially varying attenuation.
We are currently using a variation of the Chang equation to
correct for attenuation in inhomogenous media. This has the
form:

1925Volume 28 â€¢Number I 2 â€¢December 1987

C(x, y) = [@j@ A@(x,y,

N

A@(x,y, O@)= H exp(â€” @(x,y, 0,, r@)l@(x,y, O@,ri)).
jâ€”'

The correctionfactorC foreach point(x, y) in the transaxial
image is the average ofthe attenuation factors (A,) for projec
tions at M angles (Of)over 360 around the point. Each
attenuation factor is the product of the attenuation due to
each ofN voxels defined by the radial distance from the point
(ri)along the projectionangle (p@is the attenuation coefficient
for the jth voxel, lj is the length ofthe projection through this
voxel). We wonder if the investigatorsused this implementa
tion ofChang's algorithm,the originalequation published, or
a differentequation.
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REPLY: Galt and his colleaguesarecorrectin suggestingthat
the equation given in our article (p. 846) (1) for calculating
attenuation correction values is similar to the original Chang
equation (2), however, we use the attenuation map values




