function, but it also appeared useful as an important predictor
for postoperative outcome. Normal findings on renography
meant no contraindication to heart transplantation and good
conditions for immunosuppressive therapy. Pathological find-
ings on renograms, as seen in Groups II and III, indicated a high
probability of postoperative renal dysfunction, possibly a con-
traindication to heart transplantation. The more severe the
abnormal changes on pretransplant renography, the more they
represented important signs heralding risk for the heart trans-
plantation itself, predicting a stormy postoperative course. We
now consider these abnormal changes to be a relative contra-
indication to heart transplantation. Renal scintigraphy provided
a simple and economical method for functional evaluation,
giving information that can readily be combined with anatomic
renal parameters, as demonstrated by CT, ultrasound or MR, if
necessary.
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Post-Therapy Iodine-131 Localization in
Unsuspected Large Renal Cyst:

Possible Mechanisms
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Sensitive and specific, whole-body '3l scintigraphy remains an
important technique for diagnosing metastases from differentiated
papillary or follicular thyroid carcinoma. False-positive 'l localiza-
tion is well recognized and can occur in a vanety of conditions. We
present a case of intense '3'| localization in a previously unsus-
pected large renal cyst; the lesion was not visualized on routine
preablation diagnostic '3'l scintigraphy but was obvious on post-
therapeutic whole-body imaging, underscoring the value of post-
therapy imaging in detecting abnormalities not apparent on diag-
nostic studies. Radioiodine within the urinary bladder or, at times,
the renal collecting system is expected, because 'l excretion is
primarily by glomerular fittration. In the case presented here, '3'|
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activity within the renal cyst supports the concept that iodide is
subject to an active secretory process by the renal tubule.

Key Words: thyroid carcinoma; iodine-131; renal cyst
J Nucl Med 1998; 39:2158-2161

W\O]e-body 131 scintigraphy and monitoring of thyroglobu-
lin levels remain the mainstays for follow-up of patients with
well-dlfferentlated papillary or follicular thyroid cancer. False-
positive '*'I localization on diagnostic scans has been well
documented (/-9); it is important to recognize false-positive
sites to avoid unnecessary ablation therapZ Radioiodine local-
ization in a renal cyst during diagnostic '*'I imaging has been
described (/). We report marked radioiodine activity in an
unknown large renal cyst visualized only on the postablation
1311 scan.
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CASE REPORT

The patient is a 53-yr-old man who presented with a palpable
mass on the left side of his neck during routine physical examina-
tion. There were no associated symptoms and no history of
irradiation to the head or neck. CT delineateda 2.2 X 1.8 X 5.0 cm,
nonenhancing cystic mass in the left neck posterior to the carotid
sheath and sternocleidomastoid muscle. A biopsy of the mass was
performed; histopathology revealed metastatic papillary thyroid
carcinoma. The patient underwent subtotal thyroidectomy and left
supraomohyoid neck dissection; surgical pathology disclosed a
0.6-cm papillary thyroid carcinoma in the left thyroid lobe, with
microscopic invasion through the surgical margin and two meta-
static lymph nodes in the left neck. The patient tolerated the
surgery well and was started on L-thyroxine. At 3 mo postsurgery,
the patient returned in a hypothyroid state for diagnostic (3 mCi)
1311 whole-body scintigraphy (Fig. 1A). The scan showed uptake in
only the thyroid bed consistent with remnant thyroid tissue and no
local or distant disease.

Because of an elevated thyroglobulin level of 48.9 ng/ml off
hormone, regional lymph node metastases and positive surgical
margins, the patient was admitted for therapeutic (150 mCi) '*'I.
Six days later, repeat whole-body imaging (Fig. 1B) showed not
only the expected uptake in the residual thyroid bed, but, surpris-
ingly, a large, round focus of '*'I activity in the posterior right
upper abdomen. Adjunctive SPECT imaging localized this abnor-
mality posterior and inferior to the liver in the region of the right
upper kidney. Same-day, *°™Tc-diethylenetriamine pentaacetic
acid (DTPA) 30-min, dynamic renal imaging (Fig. 2) was per-

formed using a high-energy collimator with the gamma camera
peaked for "’™Te. The high photon flux of "™ Tc overwhelmed the
relatively low "*'I counts, thus avoiding significant downscatter
and septal penetration. Renal imaging demonstrated an avascular,
well-circumseribed, cold lesion in the upper pole of the right

FIGURE 2. Renal scan. Selected images at 1 (A), 12 (B) and 31 min (C) after
intravenous injection of 25 mCi **"Tc-DTPA demonstrate large, well-defined,
avascular, nonfunctional mass arising from upper pole of right kidney
(arrows). Slight inferior displacement of right kidney from mass effect without
urinary obstruction is seen as collecting system activity cleared over time.

FIGURE 1. (A) Diagnostic 'l whole-
body scan. Anterior (left) and posterior
(ight) views 48 after ingestion of 2.9
mCi demonstrate thyroid bed remnant
and normal bowel. Subtie 'l localiza-
tion is seen in region of right upper
kidney. (B) Therapeutic 'l whole-body
scan. Anterior (left) and posterior (right)
views 6 days after ablation with 150
mCi demonstrate intense focal *3'l lo-
calization in posterior right upper abdo-
men (arrow).

kidney corresponding to the focal '*'I localization. Renal uptake
and excretion were nearly symmetric, implying that the glomerular
filtration rate was not affected significantly by the cyst. The skin
overlying the '*'l radioactivity was marked for correlation with
same-day ultrasonography (Fig. 3), which showed a large, round,
well-defined anechoic cyst involving the upper pole of the right
kidney.

One year later, repeat diagnostic '*'l (3 mCi) scintigraphy
showed complete ablation of the thyroid remnant and no '*'I-avid
metastases. Delayed imaging at 6 days showed faint activity in the
now-known renal cyst. Nine and 15 mo post-therapy, thyroglobulin
levels on hormone replacement remained low (1.7 and 0.5 ng/ml,
respectively). Follow-up renal ultrasonography at 15 mo showed
no change in the appearance or size of the renal cyst.

DISCUSSION

False-positive radioiodine localization has been well docu-
mented and can be broadly classified into general categories
(Table 1) (/-9). One report described false-positive uptake in a
renal cyst on diagnostic '*'I imaging (/). The case presented
here is unusual in that an unsuspected large renal cyst was not
visualized on the initial diagnostic image but appeared intense
on postablation images. In a series of 39 patients, new findings
or better delineation of equivocal findings were demonstrated in
half on post-therapeutic scintigraphy (/0), thus underscoring
the value of immediate follow-up imaging.

Possible mechanisms to explain our observation include the

FIGURE 3. Right renal longitudinal sonogram demonstrates 7.5 X 8.6 X 8.7
cm round, anechoic structure at upper pole that has features characteristic of
benign simple cyst (c). Normal kidney (arrows).
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TABLE 1
Sources of False-Positive Radioiodine Localization

Mechanism Etiology

Physiologic Urine, sweat, breasts, nasopharynx,
respiratory secretions, saliva or salivary
glands, vomitus, stomach, large and
small intestines, liver, kidneys, bladder,
sebaceous cysts

Pathologic nonthyroidal Chronic cholecystitis, periodontal disease,

conditions dacrocystitis, thymus, gallbladder, hiatal

hernia, Meckel’s diverticulum,
thyroglossal duct, ectopic kidney
Lung, ovarian, stomach, meningioma,
Warthin’s tumor
Foreign body contamination Artificial eye, handkerchief nose ring, hair

Tumors

enormous volume of the cyst, a higher plasma '*'I level (50
times higher than usual), longer time interval between dosing
and imaging (6 days versus 48 hr) and improved target-to-
background ratio. Higher doses result in greater spatial resolu-
tion over lower-dose diagnostic scans. In addition, high iodide
retention caused by extreme hypothyroidism and low-iodine
diet (preparation for scanning and subsequent ablative therapy)
probably potentiated cyst visualization. Of related interest,
transient enhancement and increased attenuation of renal cysts
have been observed on delayed CT scanning after administra-
tion of iodinated contrast media; mechanisms proposed for
iodine entry into these cysts include communication with the
collecting system and diffusion from renal sinus lymphatics
(11,12).

In this patient, the avascular, nonfunctional nature of the
renal cyst on DTPA imaging suggests that the iodide activity
entered and remained primarily by active secretion. To support
this hypothesis, regions of interest on anterior (heart) and
posterior (kidney cyst) views were drawn, counts determined
(background = liver and nonbowel abdominal activity) and
counts per pixel calculated. Cyst counts (14.7 counts/pixel)
exceeded those of the heart (3.6 counts/pixel) by approximately
fourfold. Considering that free '*'l was present in plasma only
during the initial period after administration and that most of the
unexcreted plasma activity detected on Day 6 was likely to be
protein-bound, the true ratio of cyst activity to plasma activity
is likely to be substantially greater. The magnitude of the
difference is readily appreciated visually on this heavily win-
dowed, low-count-rate study (Fig. 1B). Also, the patient’s
hypothyroid state probably reduced the glomerular filtration
rate, making the overall contribution from filtration seem
negligible.

Renal cysts can be idiopathic (simple), hereditary or ac-
quired. Renal cysts in autosomal dominant polycystic kidney
disease (ADPKD) develop from renal tubule segments caused
by abnormal cellular proliferation, accumulation of intratubular
liquid as a result of active transepithelial secretion and remod-
eling of the extracellular matrix (/3). The origin of simple renal
cysts is not well characterized but probably involves similar
mechanisms to ADPKD but limited to only a small number of
tubules. When small, ADPKD cysts communicate with
nephrons, but as they grow, connections with parent tubules are
lost, and the cysts become isolated sacs (/4). Cyst epithelia,
despite abnormal growth patterns, exhibit secretory activity and
resemble tubular epithelium (/4). Iodide behaves similarly to
chloride and is freely filtered at the glomerulus. Tubular
epithelial secretion operates through a sodium—potassium ad-
enosinetriphosphatase pump located on the basolateral surface.

This pump maintains a low intracellular sodium concentration,
which drives an electrically neutral Na/K/2Cl cotransporter also
located on the basolateral surface. A cystic fibrosis transmem-
brane regulator (CFTR) chloride channel on the apical surface
of the epithelium is activated by cyclic adenosine monophos-
phate to secrete chloride ions into the lumen. The CFTR
chloride channel, whose diminished function leads to thickened
secretions and malabsorption in cystic fibrosis, is thought to
function in the renal cysts of ADPKD in secreting chloride ions
(15). It is thus postulated that iodide enters the basolateral
aspect of the cell through the electrically neutral Na/K/2Cl
cotransporter and exits the cell through the apical CFTR
channel. These mechanisms probably mediate the active trans-
cellular secretion of iodide into the cyst lumen. The recently
cloned human sodium iodide symporter (hNIS) has been local-
ized to the thyroid, colon, breast and ovaries but was not
detected in the kidneys (/6). Therefore, it is unlikely that hNIS
is responsible for the secretion of '*'I into the renal cyst.

At follow-up, the patient’s low thyroglobulin level supported
no residual disease (/7). The vast majority of distant thyroid
carcinoma metastases involve the lungs, bone and mediastinum.
A minority of metastases are found elsewhere, half are in the
brain, a quarter in the liver and the rest in other locations. Thus,
metastatic disease to a renal cyst would be distinctly unusual. If
this cyst were a metastasis, the thyroglobulin level would be
expected to be elevated, and other metastases would be likely.
In addition, renal cysts are common in the general population
but tend to be smaller than the one encountered in this patient.
Conversely, thyroid cancer is relatively uncommon. On routine
or even post-therapeutic radioiodine imaging, visualization of
small renal cysts would not be expected given their relatively
minimal '*'I concentration and resolution limitations.

This article supports the value of post-therapy whole-body
3!l imaging in detecting abnormalities not apparent on the
diagnostic scan because of higher plasma concentration, im-
proved target-to-background ratio and more time between
dosing and imaging. The underlying pathophysiology can be
linked to the hypothesized active iodide secretory mechanism
into renal cysts involving the CFTR apical transporter present in
normal renal tubular epithelium and adult polycystic kidney
disease cysts.
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Biodistribution and Kinetics of Holmium-166-
Chitosan Complex (DW-166HC) in Rats and Mice
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The fate of **Ho-chitosan complex, a radiopharmaceutical drug for
cancer therapy, was determined by studying its absorption, distri-
bution and excretion in rats and mice. Methods: Holmium-166-
chitosan complex [0.75 mg of Ho(NO,), - 5H,0 and 1 mg chitosan/
head] was administered intrahepatically to male rats. Radioactive
concentrations in blood, urinary and fecal excretion and radioactive
distribution in tissues were examined. To determine the effects of
chitosan in '®®Ho-chitosan complex, '**Ho alone [0.75 mg of
Ho(NO,); - 5H,O/head] was intrahepatically administered to male
rats, and radioactive concentrations in blood, urinary and fecal
excretion and radioactive distribution were examined. In B16 mela-
noma-transplanted nude mice, radioactive distribution after intratu-
moral administration of '®®Ho-chitosan complex [0.075 mg of
Ho(NO,); - 5H,0 and 0.10 mg chitosan/head] was investigated also.
Results: After administration of '®®Ho-chitosan complex, the radio-
active concentrations in blood were low, and cumulative urinary and
fecal excretions over a period of 0-72 hr were 0.53% and 0.54%,
respectively. The radioactive concentrations in tissues and the
whole-body autoradiography images showed that most of the
administered radioactivity was localized at the administration site,
and only slight radioactivity was detected from the liver, spleen,
lungs and bones. On the other hand, results of intrahepatic admin-
istration of "®Ho alone showed high radioactive concentrations in
the blood, and the whole-body autoradiographs showed that the
administered radioactivity was distributed in many organs and
tissues. These results strongly suggest that '®Ho is retained at the
administration site only when it forms a chelate complex with
chitosan. Autoradiographs after intratumoral administration of
1%8Ho-chitosan complex showed that radioactivity was localized at
the site of administration without distribution to the other organs and
tissues. Conclusion: Administered '®®Ho-chitosan complex is re-
tained at the administration site after either intrahepatic or intratu-
moral administration to rats or tumor-transplanted nude mice.

Key Words: internal radiotherapy; liver cancer; radiopharmaceutical
drug
J Nucl Med 1998; 39:2161-2166

']31ere are several articles showing biodistribution after the
administration of internal radiotherapeutic agents (/-4). These
studies are focused on obtaining higher concentrations of the
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radioactivity and longer retention times in the tumor compared
with normal tissues to show the therapeutic effects with high
selectivity and to avoid radiation damage to normal tissue or
organs. Many antibodies against tumors have been studied
(5-7), and their selectivities to the tumor cells allow intrave-
nous injection. The other approach uses a radionuclide-bound
resin that is physically trapped in the blood vessels of the target
tumor (4,8-12).

Holmium-166-chitosan complex (DW-166HC), in which chi-
tosan is chelated with 166-holmium, is being developed as a
radiopharmaceutical drug for cancer therapy by the Korea
Atomic Energy Research Institute (Taejon, Korea) and Dong
Wha Pharmaceutical Company (Kyunggi-do, Korea). Chitosan,
a polymer of 2-deoxy-2-amino-D-glucose that is obtained by
deacetylation of chitin, forms a chelate with the heavy metals
(13-15). 1t is readily dissolved in water to make a clear solution
under acidic conditions, but it converts to a solid state under
basic conditions. Holmium-166 has many beneficial physical
characteristics for internal radiation therapy, such as an appro-
priate half-life (26.8 hr), high beta-energy [maximum 1.85 MeV
(51%), 1.77 MeV (48%); mean = 0.67 MeV) and low gamma-
energy (0.081 MeV) that is easily detectable by gamma camera.
Direct administration of DW-166HC in acidic solution into the
lesion of the tissue percutaneously converts the solution to a gel
in the tissue, and radioactivity of '®Ho destroys the tumor.

When DW-166HC is applied for clinical therapy, the phar-
macokinetic profile gives important information on both thera-
peutic efficacy and side effects. The objective of this study,
therefore, is to determine the fate of DW-166HC by studying its
absorption, distribution and excretion after intrahepatic, intra-
venous and intratumoral administration to male rats and nude
mice.

MATERIALS AND METHODS
Chemicals

Holmium-166-(NO;), - SH,0 was produced at the Korea Atomic
Energy  Research  Institute.  Specific  activities  of
1Ho(NO,); * SH,0 were between 65 and 296 MBq/mg (1.75 and
8.0 mCi/mg). Chitosan was obtained from Korea CCR (Seoul,
Korea), and its molecular weight was ~700,000. All other chem-
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