
solid tumors and of radiation-sensitive neoplasms, such as lym
phoma (3).

REFERENCES
1. SgourosG. Plasmapheresisin radioimmunotherapyof micrometastasis:a

mathematicalmodelinganddOsimetricalanalysis.I Nuci Med 1992;33:
2167â€”2179.

2. ZanzonicoP. Radioimmunotherapyof micrometastases:a continuingevo
lution[Editoriall.I NuciMed1992;33:2180â€”2183.

3. GoldenbergDM,GriflithsGL Radioimmunotherapyofcancer:armingthe
missiles.INuciMed 1992;33:111Oâ€”1112.

4. SharkeyRM,WeadockKS,NataleA, etal.Successfulradioimmunother
apy for lungmetastasesof humancoloniccancerin nudemice.I Nat!
CancerInst 1991;83:627â€”632.

5. Blumenthal1W, SharkeyRM, HaywoodL, et al. Targetedtherapyof
athyrnicmicebearingGW-39humancoloniccancermicmmetastaseswith
1-131-labeledmonoclonal antibodies. CancerRes 1992;52:6036-6044.

6. SiegeiJA,Paw@ykDA,LeeRE,SharkeyRM,HorowitzJ,GoldenbergDM.
Tumor, red marrow, and organ dosimetiy for â€˜3'I-labeledanti-carcinoem
biyonicantigenmonoclonalantibody.CancerRes199050:1039-1042.

7. Boermanor:, SharkeyRM, BlumenthalRD. AninipotRL, Goldenberg
DM.Thepresenceofa concomitantbulkytumorcandecreasetheuptake
andtherapeuticefficacyof radiolabeledantibodiesin smalltumors.hit I
Cancer 1992;51:470â€”475.

Robed M. Sharkey
Rosalyn D. Blumenthal

David M. Goldenberg
Garden State Cancer Center at the

Centerfor Molecular Medicine & Immuno1o@ji

NewarlÃ§ New Jersey

REPLY: By its nature, mathematical modeling of biological pro
cesses lacks the self-assurance inherent in obtaining actual mea
sured (rather than simulated) results. I am particularly grateful,
therefore, to Drs. Sharkey, Blumenthal and Goldenberg (1) for
pointing out that the conclusions arrived at in my recently pub
lished modelinganalysis of radioimmunotherapyfor microme
tastases (2) concur with their own recent experimental observa
tions (3,4). Their observation of diminished therapeutic efficacy
with increasingsize of the micrometastaticcell cluster is in qual
itativeagreementwithmodelpredictions.In particular,they have
demonstrated 100% cure when targeting cell clusters at the very
early stage of micrometastatic spread (4). Such work provides

further experimental evidence that the optimum window of op
portunity for targeting micrometastatic cells occurs when the cells
are on the luminal side of the vascular basal lamina (Le., directly
accessible to circulating antibody). Since at any one time mi

crometastaticclusters within a patientwill be at various stages of
the metastatic cascade, multiple administrations of antibody,
startingimmediatelyafter soliddiseasehas been eliminated,will
be requiredfor success. Because of the complications associated
with human anti-mouse activity (HAMA) that arises subsequent
to the initialadministrationof mouse-derivedantibody,such a
protocol will be feasible only with genetically engineered human
or humanizedantibodies.

Asnotedby Drs.Sharkey,BlumenthalandGoldenberg,many
issues and potentialobstacles remainto be resolved. A key con
sideration in overcoming these obstacles is the highly case-spe
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RadiolabeledAntibodiesas CancerTherapeutics

TOTHEED1TORThearticleby Sgouros(1)andtheaccompa
nying editorial (2) rekindle the enthusiasm for radiolabeled anti
bodies as cancer therapeutics, which was also the focus of another
recent editorial in the Journal (3). The suggestion that controlling
nontargetedvascular radioactivityto achievehighertumordoses
wouldbe mosteffectiveinthetherapyof micrometastaticdisease
is in fact supportedby experimentalresultsachievedin mice
having lung metastases of human colon cancer, when given a
well-tolerated dose of â€˜311-labeledantibody to carcmoembryonic
antigen (CEA) (4). A single injection of the specific antibody
increasedsurvival to over 22 wk, whereas the control animals
diedwithin5â€”10wk. Morerecently, itwas foundthatthe survival
of animalswith largertumornodules could be improvedby treat
ment with radiolabeled antibodies, but death could not be pre
vented, whereas animals with micrometastaticdisease could be
cured (5).In contrast, treatmentof these animalswithmetastases
with a maximum tolerated, fractionated dose of 5-fluorouracil and

leucovonn, the current methodof choice for adjuvanttreatment
of colorectal cancer, failed to improvesurvival.Tumordosimetry
frompatientsgiven â€˜311-labeledanti-CEAantibodyhas suggested
that smaller tumors will receive a higher absorbed dose per mill
icuriethanlargertumors,with 1-gtumorsreceivingasmuchas
200cGy/mCi (6).Thesestudiesclearlysupporttheviews commu
nicatedby Sgourosand by Zanzomcoand encouragethe investi
gation of radioimmunotherapyin an adjuvantsetting. However,
manyissuesandpotentialobstaclesremainto be resolved,such
as single versus divided doses, increasing the percent uptake,
intactIgOversus fragments,humanizedversushumanforms,role
of vasculature, use of plasmapheresis, second antibody or other
methods designed to reduce blood-pool activity, etc. The prob
lems are furtherappreciatedwhen one considers the dynamics of
targeting micrometastases when a concomitant larger mass is
present (7) - In the same micrometastasismodel, the survivalof
animals was greatly reduced if treatment occurred when there was

a largertumor mass present. The largertumor reduced the total
amount of radioantibodyaccreted in the micrometastaticcob
nies, thereby decreasing the therapeuticeffect.

Thus, these preclinicalstudies support the view that radiola
beled antibodies ultimately will play a role in the treatment of
cancer, most likely as an adjuvant for therapy of micrometastatic,



cific natureof radioimmunotherapy.A set of parametersthat are
optimum under one set of conditions usually do not apply in
general. The advantages of using antibody fragments to improve
antibody targeting of solid tumors, for example, are not evident in
targeting of micrometastatic disease since extravasation and dif
fusion of the antibody through the interstitialspace are not re
quired for targeting (4). One may anticipate that the currently
popularradionuclidefor radioimmunotherapy, @Â°Y,will be map
propriate for targeting micrometastatic disease due to its long
range emissions. It is this case-specific nature of radioimmuno
therapy that calls for the development of mathematicalmodels
andthe applicationof computersimulations.By incorporatingthe
salient features of a particulartreatmentprotocol and accounting
for the known biological parameters of a particulartumor and
antibody-antigen combination, mathematical modeling analyses
may help guide the experimentalwork and thereby reduce the
scope of necessary human experimentation.

As the focus turns towards targeting of micrometastatic dis
ease, mathematical modeling will become increasingly important
in providingan assessment ofpotential therapeuticefficacy. Since
it is not clinically feasible to determine the antibody concentration
or theradioactivityassociatedwitha microscopicclusterof met
astatic cells, analytical techniques will be necessary to estimate
antibodyuptakeandcell cluster absorbeddose, given the rangeof
expectedclustersizes,theirpositionrelativeto thevasculature
(luminalversus interstitial)and blood pharmacokinetics.

Administering radiolabeled antibodies to patients that have no
objective evidence of disease and without the ability to verify
antibody targetingin vivo throughexternal imagingmay be un
settling to those accustomed to radioiodinetherapy of thyroid
disease or radioimmunotherapyof solid tumors.The potentialfor
successful radioimmunotherapy in such a setting, along with the

observation that chemotherapeutic trials have been undertaken

with significantlyless theoretical and experimentaljustification,
should help overcome such reservations. Ultimate assessmentof
adjuvantor prophylacticradioimmunotherapyin the treatmentof
occult disease will require randomized trials with a 5-yr to 10-yr
follow-up. Patiencewill thereforebe required.The radioimmuno
therapycommunity is well qualifiedin this regard.
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DiureticRenography

more expanded form (2). In both presentations,one cannot quite
distinguish whether the purpose is to explain the theoretical (phys
iopathobogicab)basis for a procedure or to report on a technical
methodology (e.g., region of interest (ROI) placement) which has
beenshownempirically to be superior to other methods.In the
absenceof eithertheoreticalorempiricalargumentation,onwhat
exactlywasconsensusbased?

Forexample,whatis thephysicalmeaningof a two-pixelwide
background ROl? Even ifwe assume that the digital matrix willbe
in a 128x 128format,asrecommended,twopixelswouldcover
different sized regions, depending on detector size, zoom factor
and the modulationtransferfunction of the imagingsystem.

Itwouldhavebeenusefultorationalizewhyseparatesampling
over the collecting system is necessary: if the collecting system is

full,andif thecomplianceof thesystemhasbeenexhausted,the
obstruction must result in delayed cortical clearance, since fluid is
notcompressible.Whatinterpretationis offeredif corticaltransit
time and or diureticresponse are normal,but are abnormalin the
collecting system?

Third, to the extent that the kidney acts as a delay line, or even
a mixing compartment,one should expect that clearance of the
tracerfromthekidney(ortheoutputfunction)alsoreflectsplasma
clearance(or the inputfunction)andnot exclusivelythetransit
function through the kidneys. This point has been made often and
well (3), and its neglect in the discussionof interpretationis
surprising.

Finally,theauthorsfailto describewhatareor shouldbe the
criteria for success or failure of the test. Merely mentioning that
there would be follow-up is hardlysufficient.
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REPLY:Dr. Gorisraises some interestingtechnicalquestions
regardingour paper on â€œTheWell Tempered Diuretic Reno
gram.â€•His queriesoffer an opportunity to expandupon the rca
sons for andpurposeof the Consortiumreporton the discussions
which transpiredduringour initialmeeting in 1989.

The Consortiumof NuclearMedicinePhysicianswas convened
at the requestofthe Society for Fetal Urobogj'(SFU).Membersof
the SRi had raised the concern that the diureticrenogramin the
neonate as performedat their various institutions often did not
correlate well with surgical findings. SRi members suggested that
this might be related to variable methods of performing diuretic
renography in their individual institutions.

Thepaperthereforeisessentiallyaproceedingsreportfromthe
meeting, which derived a consensus on the various methods of
quantitatively measuring diuretic renogram response. The sug
gested methods should be utilized to gather data that eventually
can be correlated with outcome and perhaps indicate which is the

GeorgeSgouros
MemorialSloan-KetteringCancerCenter

New YorlÃ§New York

TOTHEEDffOR Thepaperentitledâ€œTheWellTemperedDi
ureticRenogramâ€•(1), presentedby the Society for Fetal Urology
and the PediatricNuclear MedicineCouncil, appearedearlierin a
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