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clinicalsignificance,whichin recentstudies,usingintramammary
injections of supravital dyes (5) and radiocolloid (6), bas been
shownto occursoinfrequently that statisticsare not recorded.That
three out of sevenpatients (patients I 10, 131,and 141) should
demonstrate a phenomenonso rarely encountered would be an
exceptionalstrokeof goodfortune,beyondstatisticalandanatomic
probability.

5. Contrary to statements dismissing radiocolloid lympho
scintigraphy as a technique â€œusedmainly for demonstration of
lymph drainage patency and normal location of lymph nodes,â€•
there is recent literature documenting the accuracy in distin
guishing normal from abnormal lymphatics (7,8). Furthermore,
there is alsoexperimental evidenceto suggestpathophysiological
implications of radiocolloid deposition within lymph nodes,re
flecting macrophageresponseto antigens (9,10).

6. In attempting to establishthe validity of a new imaging
technique, the authors should provide adequate detail of their
computerized image processing.An objective discussionof both
the amount of image manipulation and the signal-to-noise ratio
is a minimal requirement, especially when some images involve
a Tc-99m background-subtraction technique.

This arbitrary report of isolated observations carried out in
uncontrolled circumstances hasdone a disserviceto a novel and
potentially valuable investigativeapproach.The data ascollected
and presented undermine confidence in the credibility of ra
dioimmunodetectionwhenfewof theanecdotalcasesrecordedbear
testimony to the target-specificity, sensitivity, or accuracy of
imaging with radiolabeled anti-CEA antibodies.

A greatercontributiontotheprinciplesembracedbyscientific
literature at large and to the elucidation ofthe pathophysiological
mechanismsof a phenomenonof challenging dimensions,would
havebeenderived from a more systematic approach:

I. Controlled studiesin two groupsof patientswith comparable
stagesof breast carcinoma receiving 1-131CEA-AB and 1-131
normal IgG in the handsand the feet would at leasthaveprovided
evaluable data. Citing inguinal findings after I- I 31 normal IgG
injection in a patient with ovarian carcinoma to support axillary
findings after I- 131 CEA-AB injection in a patient with breast
carcinoma and palpable axillary adenopathy provides little as
surance, let alone scientific evidence,for the foundation of a hy
pothesis.

2. H istological documentation of tissuechangesat sitesof ra
dionuclide localization and radioautography of tissue sections
would havecontributed facts over and aboveconjecture.

GONESN. E@E
MICHAEL J. BRONSKILL
The Ontario Cancer Instituteand

PrincessMargaretHospital
Toronto,Canada
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Reply
We appreciatetheconstructivecommentsandquestionsfrom

Drs. Egeand Bronskill,sincethe informationrelativetotheir re
marksmay lendclarificationwhereneeded.

In a study, suchasthe onereportedby us(1), severalquestions
needto beansweredbeforeinterpretationsanddeductivereasoning
may be applied to the data:

I. Is the CEA antibody-CEA reaction in the lymph nodes
specific?

2. Ifantibody is sequesteredby lymph nodesin the absenceof
metastatic cancer, is the reaction focal, or is it systemic?

3. Will a nonspecificreaction occur betweentumors and other
immunoglobulins,suchasnormal lgG (goat)?

Toprovethattheantibodytocarcinoembryonicantigen(CEA)
will reactwith metastaticcarcinoma,wechosethe breastasthe
first model. Only patients with proven cancer of the breast were
entered into the study. In only two of sevenpatients were the
contentsof the axillary regionavailablefor examination.In the
other five patientsthe clinicians'level of confidencethat the
physical characteristics of the enlarged nodesin the axilla con
tamedmetastaticdiseasewassuchthat excisionalbiopsyof the
lymphnodeswasnotindicatedor permitted.Subsequentphysical
examination of two of thesefive patientsdemonstratedcontinuing
enlargementof â€œrockhardâ€•axillary nodes.In noneof theseven
patients in this group was there evidenceof other pathology or
diseasethat may havecontributed to the axillary lymphadenop
athy. Portions of all the lymph nodes from the two radical
mastectomiesperformed in this group were measuredfor radio
activity. In each case the lymph nodes with metastatic carcinoma
demonstratedhighlevelsof radioactivityincontrastto that found
in the nonmetastaticnodes.We haveobservedthe sameresults in
two patients with metastasesto inguinal lymph nodesfrom labial
carcinoma, i.e., much higher levelsof radioactivity in the lymph
nodesthat contained tumor (the involved lymph nodeswere pal
pable in only one of thesetwo patients). From our data no rela
tionship of diagnostic significance could be establishedbetween
concentration of radioactivity and palpability of nodes.

In three of the breast cancer patients, the CEA antibody was
sequesteredby the lymphnodesin thecontralateralaxilla. This
incidence (43%) would be extraordinary in a large seriesof pa
tients; however,in this study all threepatientswereinoperableand
admitted to the hospital for chemotherapy.Clinically the surgeons
wereconfidentthat themassesin thecontralateralaxillaeof these
three patients were unquestionably metastatic carcinoma. Con
trary to the expressedimpressions,the occurrenceof metastatic
breast carcinoma to the contralateral axilla is not that rare.
Haagensenreportedthat his group clinically diagnosedcon
tralateral axillary metastasesin about 4%of their patients, and,
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provide the most satisfactory normal controls to provide an ac
ceptableexperimentaldesign.This problom hasbeenencountered
previously in lymphoscintigraphy studies (5).

To datewehaveperformed23whole-bodyscanson patientswith
proven carcinoma following the intravenous administration of
normal goat IgG. In three cases,all large ovarian tumors, the ne
oplasmsweredefinedon the images.In the surgicalspecimens,the
I- I3 1 tumor-to-nontumor ratios ranged from less than 1 to I .1,
suggesting that visualization of tumor was probably due to the
vascular component only. Thesedata haveshown that IgG does
not preferentially concentratein CEA-producing tumors, whereas
the CEA antibody does.In two ofsix patients(a total of 24axillary
and inguinal sites) concentration ofactivity wasobserved.in one
patient activity was diffuse in the inguinal region following an
orchidectomy and inguinal node dissection 2 wk before the ra
dioactive antibody examination. Similar inguinal obstruction of
labeledantibodyhasbeenobservedinpatientsfollowingvulvec
tomy and inguinal nodedissection.With respectto the patient in
whom the 1-131IgG concentratedat the site of a massiveaxillary
metastasis, we only speculated that this might be basedon ob
struction.

It was not our intention to minimize the benefits of colloid
lymphoscintigraphy, but rather to point out the difference in in
formation obtained compared with that found with antibodies to
CEA. In thecontextof target-specificityourstatementthatthe
resultswith colloid lymphoscintigraphyare nonspecificisaccurate.
Concentration of a colloid in lymph nodesas a sequestrationby
phagocytosis,which is a nonspecificprocess,hasbeenestablished.
Findings from colloid lymphoscintigraphy that suggestabnormal
lymphatic channelsor lymph nodesinclude: (a) absenceor inter
ruption of the chain of activity at one or more sites; (b) marked
assymmetry in the size and/or density of the activity within the
lymph nodeareas;(c) mottled or patchyappearanceof the activity
accumulation within the nodal regions;(d) presenceof abnormal
collateral lymphatic pathways; and (e) unusual enlargement of
activity in the next group (9). Again eachof thesepoints may be
an important factor in the interpretationofcolloid studies,but none
is â€œtargetspecific.â€•

In a study of the regional lymph nodesfrom radical mastecto
mies for carcinoma ofthe breast,Seamanand Power (JO) found
that normal lymph nodesmay fail to concentrate the colloid, and,
also, that lymph nodeswith metastatic carcinoma may se@uester
the colloid appreciably. Perhapsthe greatest specificity observed
to date with Tc-99m sulfur colloid lymphoscintigraphy was the
observation by Boak and Agwunobi that in sevenpatients with
carcinoma of the breast and no ipilateral lymph node metastases,
uptake of the colloid in the nodeswasdepressed(11). They found
similar depressionof colloid sequestration in the regional lymph
nodes of animals with transplanted tumors (/2). The authors
speculate that this phenomenon may be due to changes in the
lymph node from tumor products secreted in the lymphatic
drainage. Could it be that this finding is the negative image of
CEA-antibody trapped by sequestered CEA in the lymph
nodes?

As referenced in our article (1 ) procedures for subtraction
techniqueshavebeendescribedandexplicit detailsofthe procedure
usedfor radioimmunodetection are in press(13). Since subcuta
neous and intravenous labeled antibody were administered si
multaneously, subtraction techniques were usedonly to provide
more conspicuousimagesfor photographic purposes.In practice,
however,subtraction of background is not necessaryfor antibody
lymphoscintigraphy; a major advantage over whole-body ra
diommununodetection.

We begto differ with Drs. Egeand Bronskill that this study was
uncontrolled with little evidenceof target-specificity, sensitivity,
or accuracy. In view ofour whole-body studieswith antibodies to
tumor-associated antigens (approximately 270 patients), these
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in addition, hestatesthat R. S. Handley found contralateral me
tastasesin 6%of 422 autopsiesof patients with breastcarcinoma
(2). It could be postulatedthat such contralateralmetastaseswere
the result of a systemicpathway through the vascularsystemand
then filtered out by the lymphatic systemto besequesteredby the
lymph nodes.Sucha circuitous route, however,is far lessprobable
than that a transverseconnection of lymphatic channels to the
opposite axilla exists.

Following the injection of Au-198 colloid into the areola and
four quadrants of the breast,Vendrell-TornÃ©et al. (3) found that
migration of the colloid to the internal mammary lymph nodes
from the lower inner quadrant wasobservedin 86%of his cases,
from the upper inner in 62%,from the lowerouter in 64%,and from
the upper outer in 36%.Thesefindings are very interesting in view
of the far lower statistics reported for metastasesto the internal
mammary nodes.These investigators found that the radioactive
colloidcrossedthemidlineof thebodyinonlytwooftheir patients
(0.8%), but they alsorecognizedthat the actual extentof drainage
may not be recognized becauseof the low levelsof radioactivity
available for scanning. They also stated that their incidence of
midline crossoverof radioactivity was lessthan that reported by
Rossiet al. (4). In a reported seriesof 100normal internal mam
mary lymphoscintigrams, 5-6% of the patients demonstratedax
illary sequestration of the radiocolloid. In this same series the
authors found a 20% incidence of crossover from one internal
mammary chain to the other. Basedon their observation that the
contralateral upper parasternal and supraclavicular nodesare
visualized following an unilateral subcostalinjection (in addition
to the ipsilateral internal mammary nodes), they suggestthat a
cluster of sternomanubrial nodesmay providethe communication
acrossthe midline of the chest(5). Thesedata do indicate that our
knowledgeof lymphatic flow acrossthe body midline is still quite
incomplete.

It isimportanttoestablishwhetherthesequestrationofCEA
antibody is a focal phenomenonor a systemic one, i.e., occurs
randomly in any lymph nodalgroup ofa patient with a CEA pro
ducing carcinoma. To obtain data that might clarify this point,
patients were selectedwith proven carcinoma of organ systems
whoselymphatic drainagechannelswould not usuallypassthrough
the axillary or inguinal nodal groups. Fifteen patients with geni
tourinary or gastrointestinal carcinoma were selected for this
purpose. In all casesthe primary carcinoma produced CEA. Of
a total of 54 axillary and inguinal sites 45 were negative for se
questration oflabeled antibody and nine (five cases)werepositive
(lymph nodeswere not palpable in any of thesepatients). Based
on the work of NossalCtal. (6.7), wepostulatedthat sequestration
of antibody in the five patients may bedue to trapped antigen in
lymph nodesthat were in the drainage channels from either the
primary or secondary tumors, particularly since surgery or re
current carcinomacanchangethe usualregionaldrainagepattern.
Since the publication ofour article we havebeenadvisedthat one
of our patients (No. I 89, 15 mo after anterior resection of sig
moidal carcinoma, Dukes'Type B) hadan excisionofthe inguinal
nodein question2 mo following our examination. Histopathologic
examination showedno metastatic tumor, but did revealgerminal
center hyperplasia.Two monthsafter this procedure,his abdomen
was explored and recurrent carcinoma was found in the pelvis.
Although evidenceof antigen trapping as the basis for an anti
body-antigen reaction is circumstantial, Potomski et al. (8)
demonstrated by immunofluoresence that carcinoembryonic an
tigen is trapped in regional lymph nodes(in the absenceof me
tastases) that are in the drainage channelsof carcinoma of the
gastrointestinal tract. In contrast, they demonstrated that the
immunofluorescence test wasnegative in lymph nodesoutside of
the drainage area. in studies of the type we have reported (1),
histologic confirmation is frequently difficult if not impossibleto
obtain. It becomesnecessary,therefore, to selectpatientswho will
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points havebeenwell established(14â€”16).
FRANK H. DELAND@
E. EDMUNDKIM
DAVID M. GOLDENBERG
University of Kentucky and Veterans Administration

Medical Centers
Lexington,Kentucky
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Single-SampleTechnique
The comprehensivestudiesof renal function reportedby Tauxe

and Dubovsky (1) and others (2â€”6)utilize an open, two-com
partment model to calculate effective renal plasmaflow (ERPF)
from a singleinjectionof I-I 31orthoiodohippurate(OIH). A blood
sample is drawn at 44 mm after injection and counted in a well
counter. A diluted solution of the injected doseisalsocounted,so
that the injected-dosecounts may be compared with the counts
remaining in the bloodat 44 mm. The ratio of injected-dosecounts
to plasma counts is proportional to ERPF, sincea lower ratio of
plasmacountsto dosecountsreflectsgreaterclearanceof OIH by
the kidney. The ERPF is determined by a regressionequation of
the form y = A + Bx + Cx2,wherey is ERPF and x is the ratio of
dosecounts to plasmacounts.The equation of best fit wasdeter
mined by Tauxe et al (7) to be: ERPF = â€”96.9+ l0.9x â€”
0.0454x2. This regressionequation was basedon an empirical
correlation between 1-131 OiH clearance and conventional p.
aminohippurate clearance using the constant-infusion technique
in 87 subjects.The correlation betweenthe two clearanceproce
dures was 0.95. However, the ratio of the injected dose to the
plasma samplevaried from a low of I 5 to a high of 105(Fig. 6 of
Ref.7). TheseratioscorrespondtoERPFvaluesof40to550
mI/mm. in Fig. 1 the regressionequation obtained by Tauxe et
al. is plotted for ratios of injecteddoseto plasmasampleup to and
beyond 105. It will be seenthat as the ratio of injected doseto
plasmasampleincreases,the ERPF reachesa maximum at a ratio
of about 120and then declines,thus yielding a falsely low value.
This fall off isdueto thethird term in theequation.

We havecompletedover 250ofthese studiesusingthe equation
given aboveto determine ERPF. In general the test is repeatable
and useful to our clinicians, but we have found that at least nine
studies have had erroneous ERPF valuesdue to the artifact in
herent in the polynomialequation.In onepatient the injectedcount
was 284430, with I 260 counts in the plasma sample (consistent
with a high plasma flow). This patient had BUN and creatinine
clearances within normal limits. In addition, the shape of the
time-activity curve indicated rapid uptake and goodclearancein
30 mm.Thecomputation,however,showsan ERPFofonly48
mI/mm; x = 284430/1260 = 226; ERPF = â€”96.9+ 10.9(226)
â€”0.0454(51076) =48 mI/mm.

Dubovsky(8) hasrecognizedthis problemandsuggesteda new
equation for usewith dose-to-plasmaratios above I 20. However,
no data were presentedto demonstrate the accuracy of the new
equation. The useof the presentequation should be linked to the
range ofvalues usedin the initial research.This can easily beac
complishedby simply putting a ceilingon ERPF values.In this case
a ratio of doseto plasmasamplegreater than I 20 may bereadas
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FIG. 1. Plotof regressionequationERPF â€”96.9+ 10.9xâ€”
0.0454x2, where x = ratio of injected concentration of 1-131 OIH
to plasma concentration of 1-131OIHat 44 mm. Equationwas de
rived from values of x between 15and 105(7) and isvalid for that
range; it is invalid if x > 120.
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Sourcesof Error @nthe CalculatIonof Effective
Renal PlasmaFlow Usingthe SIngle-InjectIon,




