
Confirmation of the diagnostic potential of a radio
iodinated analog of chloroquine, â€˜25I-4-(3-dimethyl
aminopropylamino)-7-iodoquinoline (hereafter re
ferred to as 125I44@4..l13),* was reported in a
previous publication (1 ) . The synthesis of this corn
pound (2) and labeling with 1251did not destroy
the specificity for binding with melanin-containing
tissue (3). The concentration of 1251 radioactivity
from this compound in melanoma, eyes and liver
was similar to the concentration of 14C radioactivity
after the administration of 14C-labeled chloroquine
(3). Investigation of the first three patients with
malignant melanomas with the â€˜25I-labeledcorn
pound suggested that scanning techniques might be
useful to delineate the extent of the primary lesion,
to demonstrate whether palpable lymph nodes con
tan melanoma metastases and to determine whether
or not metastases exist in nonvisible and nonpalpable
nodes or in other metastatic sites (1).

Further evaluation in a wider variety of melanoma
patients was obviously indicated in order to more
fully evaluate the diagnostic potential of this radio
iodinated chloroquine analog. This report summarizes
the results of studies in the first 30 patients with non
ocular malignant rnelanomas.

MATERIALS AND METHODS

Thirty consecutive patients with histologically
proved, nonocular malignant melanomas were in
cluded in the study. Each patient was given orally
approximately 2 mCi of 1251or 1311chloroquine ana
log containing 6â€”55mg of the stable compound.

Patients were scanned at varying intervals after
administration of the labeled compound with a 5-in.
NaI(Tl) crystal scintillation scanner with 3-in.
focal-length fine- and coarse-focus collimators. Scans

* lodomethin, Mallinckrodt/Nuclear, St. Louis, Missouri.

were performed from 1 to 7 1 days after dose ad
ministration. We prefer to begin scanning on Day 4
or 5 after the dose when the general body back
ground of radioactivity has decreased.

Six patients had daily blood, urine and stool col
lections for determination of concentration of radio
activity, obtained over periods of 14â€”21days. Ali
quots of specimens obtained were assayed in an
automatic well counter. The urinary and fecal ex
cretion were expressed as cumulative percent of
administered dose. Blood concentrations were ex
pressed as counts per minute per milliliter of whole
blood.

Tissue specimens were obtained at surgery 2â€”46
days after dose administration in 15 patients and
at autopsy 39 and 43 days after dose administration
in two patients. Tissues in surgical specimens assayed
included skin, fat, muscle, lymph nodes and liver.
The concentrations of radioactivity in the specimens
were analyzed in an automatic well counter.

RESULTS

Excretion studies. The radioactivity in blood fell
to approximately one half of the original concentra
tion in a period of 1â€”12days with an average of S
days (Fig. 1).

The cumulative urine and stool excretion of radio
activity ranged from 12.5 to 48.1 % of the admin
istered dose at Day 7, with an average of 27%
(Fig. 2) . Approximately two thirds of the radio
activity was in urine and one third in feces.
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FIG. 1. Decreasingradioactivityinbloodof sixpatientsover
15-day period. Radioactivity concentration in blood fell to one-half
original concentrationin average of 5 days.

FIG. 2. Cumulativeurineand stoolexcretionof radioactivity
in seven patients. Average of 27% of administered dose was cx
creted in 7 days.

Tissue assays. The radioactivity-concentration ra
tb for melanoma compared to skin, muscle and fat
ranged from approximately 7 to 60: 1. Amelanotic
tissue and areas of necrosis in melanotic tissue con
centrated the compound poorly, if at all, compared
with other tissues.

Correlation of scintiscans with histopathology.
Positive scans. Fourteen patients had positive scans

correctly localizing the malignant melanoma tissue:
three with primary lesions still present and 11 with
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FIG.3. Metastaticmalignantmelanomaof lefthepaticlobe.
Left: lmAu liver scan. Middle and right: Isolated left upper quadrant
abdominal scans with â€˜@l-NM-113at Day 10 after dose showing

positive uptake of radioactivity from @l-NM-113 In region of tumor
where colloidal-gold scan shows a lack of radioactivity concen
tration.
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TABLE 1. POSITIVE SCANS CORRECTLY
LOCALIZING MALIGNANT MELANOMA TISSUE
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metastatic lesions only. The pertinent clinical details
of these 14 patients are presented in Table 1.

Figure 3 shows that metastatic melanoma to the
liver presents as a cold area on the 198Auliver scan
and a positive area of uptake in the left lobe with
l2sI4s4@f_ll3 (Patient 11).

Figure 4 demonstrates radioactivity uptake from
125I..@f..l 13 in melanoma metastases to lymph
nodes (Patient 11). Right and left axillary scans
showed a positive uptake of radioactivity extending
upward from the lung apices bilaterally. Each node
was approximately 1 cm in dia. Bilateral axillary
node dissections showed metastatic malignant mela
noma.

Figure 5 (Patient 12) shows scans of the brain
with 125j and â€˜811-NM-l13 demonstrating a lesion
in the parieto-occipital region in a patient with cmi
cal intracerebral metastases. No substantial differ
ence was seen in delineating the abnormality with
the use of l25I44@f_l 13 compared with the 181I

labeled compound. The 99mTcscan was also positive
for this abnormality. In patients with no evident
intracerebral abnormality, a diffuse area of isotope
localization was usually seen in the lower-hemispheric
regions with 1251-NM-l13 and throughout the cere
bral areas with 13iI4@4.l 13 (Fig. 6). Attenuation
of the lower-energygamma by the skull may ac
count for the difference in appearance. The exact
location of this radioactivity is under investigation.

In Figure 7 (Patient 3), a primary lesion on the
ankle is demonstrated as a large area of positive
uptake of the 125J414@413. Satellite lesions measured
less than 0.7 cm in dia and were not visualized on
this scan. The femoral area below the right ingUinal
ligament showed no abnormality on the scan. Radio
activity in the bowel precluded adequate visualiza
tion of the pelvic nodes. Pelvic exploration during
isolated-limb perfusion revealed melanoma-involved
nodes, which were partly amelanotic.

There were no false-positive scans. In every case
of positive-abnormal localization of the compound,
the area was involved by melanotic malignant mela
noma.

Correct-negative scans. Twelve patients with his
topathologically proved malignant melanoma had no
clinically evident metastases, and multiple scans of
primary lymph-drainage areas (liver, lungs, brain,
etc.) were negative. (The pertinent clinical details of
these patients are presented in Table 2.) Biopsies

TABLE 2. NEGATIVE SCANS CORECT1.Y
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(The pertinent clinical details of these patients are
presented in Table 3.) In all five of these patients
the histopathology revealed that the metastases

@ . showed amelanotic anaplastic change. In addition

to these relatively amelanotic lesions, Patient 3 had
black-sateffite skin lesions all less than 7 mm in dia
at the time of the scans.

A summary of all the scan results is shown in
Table 4.

Radiation doses. Total-body radiation dose cal
culated from tissue distribution and excretion studies
was approximately 1 rad/rnCi with the 125I-labeled
compound. The critical organ was the eye. We cal
culated from tissue-radioactivity studies in excised
human eyes that a tracer dose of 2 mCi of the 13lJ.
labeled compound would deliver 50 rads to the
choroid. The choroid dose with 125I-NM-113 was
10â€”20%less (40â€”50rads). Studies showed that the
compound bound rapidly to melanin of the choroid
and was released only very slowly (4â€”6); thus, the
effective half-life was assumed to be the physical
half-life.

125J versus 1811-chloroquine analog. The 131I-NM

113 was used alone in two patients. Both 125I@and
131I4@4..113 were used separately in five patients
(see Tables 1 and 2).

FIG. 5. Melanoticmalignantmelanomametostasesinparieto-occipitalareaasseenwithâ€œ9-NM-i13,ml.NM@113andâ€˜@Tc.
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FIG.4. Scansofbothaxillaeinpatientwithaxillarynodeme
tastases. Radioactivity in adjacent lung is seen in lower portions
of scans.

of suspicious masses in Patients 15, 16, 17 and 18
confirmed the negative studies; they showed that no
nodes or other tissues sampled were involved by
metastatic disease.

False-negative scans. Five patients had negative
scans despite clinically evident metastatic disease.*

* One of these patients (3) is also included in the group

(Table 1) with demonstrable primaries.

1251

.@ -.â€”@-@ @.

@ :-@â€˜_-.@ -

- - @_@_@A__ s@@@-;.r@.rÂ±.:.-@ -@
- -... - â€”@ .- -- - . ..@ . -

.@ - .@ -@--â€˜â€”.-.@ j@s

â€”- .. . .- - . . â€˜..



PrimaryMetastaticdiseasedisease

â€œPositiveâ€•scans 3 11

DIAGNOSTIC EFFICACY OF RADIOIODINATED CHLOROQUINE ANALOG

1251
1311

@@ ____
â€”:-â€”---â€”-----@@@@@ I

FIG.6. Normalappearanceof â€œ9-NM-113andmI.NM.i13brainscansinpatientswithnometastaticinvolvement.

I:@:(

- __@3_.. - -@

a@U4G;@AREA@.-.T-- : . â€¢.

S

:@ANKLE-PRIMARY
FIG.7. Left:Primaryanklemalignantmelanomawithsurround

ing satellites. Middle: Scan of primary lesion. Right: Scan of right

In no instance did the 1311label disclose a lesion,
superficial or deep, that was not visualized with 1251.
In superficial skin and subcutaneous lesions, 1251
was clearly superior in resolution to 1311.

Toxic reactions. No reactions to the labeled drug
were seen in any of these patients.

DISCUSSION

Clinical use of a positive scan. In all instances of
palpable nodes, the scans were positive unless
amelanotic change or extensive necrosis had oc
curred. Thus, when a positive scan was obtained in a
patient with malignant melanoma and palpable lymph
nodes, the clinical impressions of metastatic spread
of a melanotic melanoma could be confirmed pre
operatively. A positive scan when nodes were not
palpable would further lend more accurate preopera
tive assessment as to the extent of disease. This
situation was found in Patient 11.

Metastases to liver. Patients 7 and 9 had hepatic
metastases which were shown on a 125I_@4@f..113

inguinal area showing radioactivity in bowel above inguinal liga
ment.

scintillation scan. In Patient 7, the hepatic metastases
were not detected until this scan localized the lesion
and directed attention to the involved area. Subse
quent laparotomy confirmed the presence of a ma
lignant melanoma metastasizing to the liver. Systemic
chemotherapy was instituted in Patient 9 with mela
noma of the liver (shown by scanning with 1251-NM
113, thus avoiding an unnecessary surgical explora
tion of the abdomen to confirm the diagnosis).

Metastases to brain. Metastatic melanoma to the
brain was shown by a 1251-NM-lI 3 scan in Patient

TABLE 4. SUMMARY OF 30 PATIENTS

Correct
Incorrect 0

â€œNegativeâ€•scans Correct 0
Incorrect 0

0

12
5.

S One. patient recorded in primary disease group also.
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FIG.8. Left:Â°Â°@Tcbrainscanshowingparietalabnormality.Right:â€œ9-NM-113false-negativebrainscansuggestingamelanoticchange.
â€œNormal'concentrationis seen in low frontoparietal area of brain scan.

F?
FIG.9. â€œNormalS'lungscanwithâ€œ9-NM-i13superimposedonchestroentgenogram.

12 (Fig. 5). The histologic finding of malignant
melanoma was predicted preoperatively in this pa
tient. Patient 30 (Fig. 8) with intracranial metastases
shown on a aDmTcbrain scan had a negative brain
scan with 1251-NM-1 13, suggesting amelanotic trans
formation. Amelanotic melanoma was found on
biopsy of a lung lesion in this patient. Thus, 1251..
NM-i i3 appeared to be a â€œspecificâ€•localizing agent
for melanotic malignant melanoma metastases as
compared to other â€œnonspecificâ€•compounds used
in brain scanning.

Metastases to lung. Limitations in scanning with
this compound were encountered in lung metastases.

Patient 4 had pleural implants of malignant mela
noma which were not seen on lung scans with 1251..
NM- 113, presumably because of interfering uptake
in the adjacent normal lung tissue (Fig. 9). An
ordinary chest roentgenogram appeared to offer
better diagnostic efficacy here. In no instance were
we able to demonstrate a positive uptake of 1251
or 131@4@f413 in melanoma metastases seen in the
chest roentgenogram.

Significance of a negative scan. Negative scans in
the face of clinically evident malignant melanoma
were found in lesions which were amelanotic or
showed extensive necrosis and lesions which were

484 JOURNAL OF NUCLEAR MEDICINE
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too small for resolution. The ability to detect a
melanoma depended on the concentration and total
amount of melanin in the lesion, the volume and
the diameters of the lesion and the depth of the
lesion in the tissue. Flat-satellite lesions in skin
measuring less than 7 mm in dia were not visualized

in Patient 3. Studies are now under way to explore
further the variabilities of cross-sectional area, total
counts, concentration of counts and background in
fluence on the ability to visualize these lesions. Thus
a negative scan does not mean that metastatic disease
is absent.

125! versus 131I@.4@..113 Generally, resolution was

better with 125!than with 131@44@4413. The longer
half-life of the 1251-labeled compound allowed greater
versatility in scanning procedures, lower radiation
dose, lack of associated beta dose and no loss of
diagnostic ability.

Mechanism of binding to melanin. The mecha
nism of binding of chloroquine and its analogs to
melanin is speculative. Allison, O'Brien and Hahn
have reported the intercalation of the molecule into
deoxyribonucleic acid (7). Our studies have shown
poor, if any, concentration of this compound in
amelanotic melanoma metastases (usually metastatic
from a previously excised melanotic lesion). Thus,
the affinity of this compound for melanoma appeared
to depend almost solely on the presence of melanin
granules and not on some other function of the
melanocyte.

Benign and malignant black moles. In Patients 7,
8, 10, 11 and 12 (on whom scans were being per
formed for proved malignant melanomas), scans
were done on one or more black moles up to .1 cm
in dia that appeared to be benign. The scans showed
no uptake in these lesions. Scans of melanotic mela
noma metastases of less than 1 cm in the same pa
tients were also negative. Quantitative tissue-radio
activity concentration in benign moles showed no
increase in activity above that of normal skin.

Ocular melanomas. We have studied ocular mela
nomas which will be the subject of a separate corn
munication (Boyd, unpublished data). Obviously,
the ocular melanoma adds counts to the eye back
ground counting rate. The question to be solved
is : at what total mass of the ocular tumor do the
added counts in the affected eye exceed the differ
ences found between two normal eyes in patients
without ocular melanomas. We are currently deter
mining the normal range of percent differences be
tween the two eyes by point counting the two eyes
of every patient receiving a tracer dose for a proved
dermal malignant melanoma.

Radiation dose to total body. The estimated radi
ation doses with this compound delivered to the

total body by the tracer doses used here were con
sidered to be within that allowable in patients with
suspected or known malignant melanoma.

Radiation dose to eye. The radiation dose of about
23 rads/mCi delivered to the eye was well below
that reported to produce damage to the eye. No
permanent harmful effects were noted in the retina
of rabbits receiving from 3,000 to 5,000 rads of
x-radiation to the eyes. Merriam saw no harmful
effects in the retina in patients receiving up to 5,000
rads to the eye when having radiation therapy to
the head and neck for malignant disease (oral corn
munication, 1968). The minimal cataractogenic dose
in humans has been found to be about 450 rads (8).

Radiation dose to thyroid. Significant, although
reduced, thyroidal uptake was found despite routine
use of Lugol's solution before dose administration.
Patient 11 was on Lugol's solution for 15 days prior
to dose administration and had been taking two
grains of desiccated thyroid for several years (neither
of which prevented uptake of 1251..NM..1i3 by the
thyroid) (Fig. 10). However, routine use of Lugol's
solution was suggested in view of some reduction

in uptake and to prevent uptake of radioiodine from
subsequent deiodination.

CONCLUSION

In conclusion, this radioiodinated chloroquine
analog has been helpful in diagnostic use in many
patients with malignant melanoma. Therefore, 125!..
NM-i 13 is of significant therapeutic value in the
evaluation of melanoma patients by providing the
surgeon with valuable preoperative information and
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by helping to direct methods of therapy. It may be
of use in following patients with known disease to
delineate areas of spread previously unsuspected,
thus guiding further treatment.
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The Congresswill be held August30 to September4, 1971,on the Campusof the UniversitÃ©de Mon
trÃ©al;the Societyof Nuclear Medicine is the host of the Congressin all mattersconcerningthe scientific
activities of the meeting.
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Panelscomposedof foremostpersonalitiesfrom clinical and fundamental medicine,public health and

biological scienceswill analyze the significant progressmade by their disciplineduring the past genera
tion. The contribution of nuclear sciences to the advancement of medicine will be assessed, and a blue
print for the future will be outlined.

Symposiaon more specializedsubjectswill be also organized, as well as sessionsdevoted to free
papers.

The World Federationof Nuclear Medicine and Biology cordially invitesthe national societiesof nu
clear medicine and biology throughout the world to collaborate in the organization of the program
and to submit suggestionsfor specific topics. Pamphletswith additional information will be sent to the
offices of the national societies of nuclear medicine and biology for distribution to the membership. Addi
tional information can be also obtained from the offices of the President or the Secretary of the World
Federationof Nuclear Medicineand Biology:

ProfessorJosephSternberg
President,W.F.N.M.&B.
UniversitÃ©de MontrÃ©al
P.O.Box6128
Montreal, Canada

Professor Kurt E. Scheer
Secretary, W.F.N.M.&B.
Institute of Nuclear Medicine
21, BerlinerStrasse
69-Heidelberg,German Federal Republic
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