
ratinizingsquamous-cellcarcinomawithmarkedeosinophiicre
action Without acute inflammation,extending up to but not
throughthepleuralsurface(Fig.4). No tumorcellswerefoundin
neitherthe resected ribs nor in the 14 lymph nodes, includingthe
2.5-cm hilar node, which gross@yappearedpositive. Scant areasof
acuteinflammationwerefoundin the lungtissueadjacentto the
tumor.Thepatient'spostoperativecoursewas unremarkable.

DISCUSSION

Thallium-201 myocardial perfusion scintigraphy is the
most commonly performed nuclear cardiology procedure.
Its extraction, washout and redistribution in myocardial
cells has been well described; however, uptake in various
malignancies has not been well characterized.

ThaIlIum-201UptakeIn Malignancies
Following the intravenous administration of @Â°â€˜Tl,ra

diotracer uptake occurs over time in the heart, liver, thy
roid, salivaryglands, colon, stomach, testes, eyes, kidneys
and choroid plexus of the lateralventricles (1,2). Uniform
uptake is noted in all muscle groups (1). Thallium-201is a
potassium analog with myocardial uptake proportional to
blood flow and extraction primarily mediated through the
Na4iK@ATPase system (3,4). Ouabain, an inhibitor of the
Na@/K@sarcolemmal ATPase pump, inhibits @Â°â€˜Tluptake
into myocardialcells (4). In tumorcells, the mechanisms of
201T1uptake are not clearly defined. Sehweil et al. (5)
demonstratedthat @Â°@Tluptake is dependent on blood flow
as well as on the Na@fK@ATPase system in tumor cells.
Other possible contributingfactors include tumorviability
and type (6), an ion cotransport system (7), calcium ion
channelexchange (7), vascular immaturitywith leakage (8)
and increased cell membrane permeability (9). In a study
of cell localization, Ando et al. (10) reported that the ma
jority of ionic thafflum localized in intracellular fluid with
only a small fraction bound to protein within the mitochon
dria, nucleus and microsomes. Peak tumor uptake in lym
phoma and breast and lung carcinomas occurs at approxi
mately 8â€”20miii after injection (5,11).

Several studies have been performed to investigate the
use of thalliumimaging in the detection of malignancy. In
a preliminarystudy by Tonami et al. (12), 23 (100%)ma
lignant pulmonary lesions, including primary adenocarci
noma, squamous-, small- and giant-cell carcinomas, sar
coma and metatstatic adenocarcinoma of the colon, were
identified by thallium imaging with SPECF. In a subse

Key Words: thallium-201;technetium-99rn-MIBI;lung card
noma
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CASE PRESENTATiON

A 56-yr-oldwomanpresentedwith a 1-yrhistotyof chronic,
nonproductivecoughWithoutchest pain,feversor shortnessof
breath. Her past medical history was remarkablefor hyperten
sion, a 40-pack-peryearhistoryof smokingandsarcoidosiscon
firmed by mediastinoscopy 10yr earlier. She was treated Withoral
antibioticsand coughsuppressants,which resulted in partial im
provement.Fivemonthslater,shepresentedWitha 1-wkhistory
of mild hemoptysis, persistent cough and a 10-lbweight loss. A
chestradiographdemonstrateda largecavitatingmassintheright
upper lobe measuringapproximately10cm in diameter(Fig. 1).

She was treated Withantibiotics for possible postobstructive
pneumonia and a metastatic workup was initiated. Bronchoscopy
revealed no visible endobronchiallesions, butwashingswere pos
itive for squamous-cellcarcinoma.Computedtomographyof the
head and abdomen and a total body bone scan were all Within
normallimits.Computedtomographyofthechestdemonstrateda
7-cmright upper lobe mass Withpossiblepleuraland chest wall
invasionas well as a 1-cmpretracheallymphnode(Fig.2). The
patientrefusedinterventionand was dischargedon oral anti
biotics.

She returned2 wk laterWithincreasingcough and hemoptysis,
persistent fevers, night sweats and occasional chills. Physical
examination was unremarkable except for coarse rhonchi in the
right middle lung field. Despite treatment With intravenous anti
biotics, the fevers continued and chest radiographs remained un
changed. The patient then agreed to surgical intervention.

Preoperativeevaluationincludedan exercisestressthallium
SPECF myocardialperfusionstudy. No myocardialperfusion
abnormalitieswereobserved,butfocalincreasedthalliumuptake
was present in the right upper lobe (Fig. 3).

Subsequently, a right upper lobe resection was performed. The
grossspecimenrevealeda largetumorWithcentralnecrosisand
hemorrhage.Focally,it extendedthroughthepleuralsurfaceand
grossly appeared to surround the third rib. Fourteen lymph nodes
wereremovedWith1hilarnodeappearinggrosslypositiveforthe
tumor and measuring 2.5 cm in diameter. Microscopic evaluation
of the tumorrevealedinvasive,poorlydifferentiated,focallyke
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nizing pneumonia, inflammatorypseudotumor, silicosis,
radiationpneumonitis, atypical mycobacterial disease, as
pergilloma and granuloma. Suga's findings agreed with
those of Tonami et al. (13) in that no significantdifference
was seen in the early or delayed uptake ratios in benign
comparedto malignantlesions. The differencein the reten
tion index (â€”4.3%Â±13.6%for benign and 23.3% Â±18.9%
for malignant lesions), however, was statistically signifi
cant (p < .01). For patients with a negative retention index
or nonvisualizationof 201'fluptake on delayed images, the
classification of the lesion as benign had an accuracy of
81%anda predictivevalueof 95%(15).

Recently, Waxman et al. (16) reportedexcellent results
with planar201'flimagingin the detection of breast malig
nancy. In 81 women with palpable breast masses,
detected 42/44 (96%)breast carcinomas. None of the 19
lesions with benign fibrocystic disease and neither of the 2
with fat necrosis showed @Â°â€˜Tluptake. Only three highly
cellularadenomasof twenty-three adenomaswere thallium
avid, yielding a specificity of 91%.

Other investigators have reported similar results.
Sehweil et al. (17) studied 188 patients with histologically
confirmed carcinoma using planar 201'fl imaging. Sensitiv
ity of 201'flfor detecting primary tumor (lung carcinoma
86%, breastcarcinoma100% and malignantlymphoma
85%) was high, but the detection rate was low (17%) for
mediastinal or lymph node involvement. Similarly,
Waxman et al. (16) reported a low 12/21(57%)sensitivity
in the detection of axillary node metastases from breast
carcinoma. Sehweil et al. (17) reported increased 201'fl
uptake in benign conditions, including one case of active
sarcoidosis and two cases of active tuberculosis, but de
layed imagingwas not performed.

Metastatic tumors to the thorax may also be visualized
with thalliumimaging. Increased uptake in metastatic thy
roid carcinomas, parathyroid adenomas and lung and
breast carcinomas have frequently been reported. Infre
quently, cases of esophageal carcinoma, rhabdomyosar
coma, osteosarcoma, Ewing's sarcoma, germ cell tumor,

FIGURE 2. ChestCT shows largecavftatinglesionin the right
upperlobe,whichappearsto Inv@ethe thoracicwall.

FiGURE 1. Chestradiographvloualizesa largecavftalingmass
inthenghtupperlobe.

quent report, Tonami et al. (13) reportedvisualization of
147 (100%)malignant pulmonary lesions in 170patients
with suspected malignant pulmonary lesions greater than
20 mm in diameter. These investigators did not include
smaller lesions due to possible loss of sensitivity from
partial volume effects. In addition, 16/23 (70%) benign le

sions also had significantthalliumuptake. An earlierinves
tigationby Ochi et al. (14) reporteda highspecificity (90%)
in differentiating benign from malignant thyroid tumors
with delayed planar imaging. To classify focal thoracic
uptake as malignant or benign, Tonami et al. proposed
measuring a delayed ratio and a retention index from the
early (15-mm)and delayed (3-hr)postinjection SPECT im
ages. The delayed ratiowas defined as counts per voxel in
the abnormallung divided by counts per voxel in the con
tralateralnormal lung. The retention index was defined as
the difference between the delayed ratio and early ratio
divided by the early ratio expressed as a percentage. No
significant difference in the delayed ratio was seen when
comparingbenign to malignantlesions. A signfficantdiffer
ence (p < .01) in the retention index, however, was noted
between benign and malignant lesions. The retention indi
ces for malignantand benign lesions were 25% Â±24%and
6% Â±14%, respectively (13). These authors concluded
that the lack of thallium uptake in nodules larger than
20 mm effectively excluded malignancy, and thatthe use of
the retention index was helpful in differentiatingbenign
from malignantnodules.

Similarly, Suga et al. (15) evaluated 106 suspected ma
lignant thoracic lesions greater than 20 mm in diameter
with 201'fl-SPECTimaging.All 48 (100%)malignantlesions
and39/58 (67%)benign lesions were visualized on the early
scans. Benign conditions that showed early thallium up
take included active tuberculosis, active pneumonia, orga
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gallium-avid,and Kaposi's sarcoma, which does not show
gallium uptake (19).

Without the use of delayed imagingor a retention index,
cases of nonmalignant uptake of thallium in inflammatory
and granulomatousdisease processes have been reported.
Active tuberculosis, siicosis, radiationpneumonitis, atyp
ical mycobacterial pneumonitis, organizing pneumonia, in
flammatory pseudotumor, aspergilloma, granulomas (15),
highly cellular breast adenomas (16), sarcoidosis, abcess,
sternotomy (20), atelectasis andcardioversion(21) have all
been reported in association with extracardiac thoracic
thallium uptake. Delayed imaging and retention indices in
these nonmalignant conditions have not been studied in
detail.

In addition to thoracic tumors, 201@flaccumulates in a
variety of other extrathoracic primary and metastatic tu
mors. Thallium-201uptake in brain tumors, including ma
lignant gliomas (22), astrocytomas and ependymomas (23),
may be useful in distinguishingrecurrenttumor from radi
ation necrosis. Imaging with @Â°@â€˜flis highly sensitive in
detecting bone tumors, such as osteogenic sarcoma, and
predicting therapeutic response (1). Without the use of
delayed imaging, nonmalignant, early uptake of @Â°@Tlhas
also been reported in conditions of inflammation or in
creased blood flow, including trauma, fracture, Paget's
disease, fibrous dysplasia, ossifying fibroma (24) and
Brown tumors (25).

Technetium99m-SestamlblUptakeIn Malignancies
Another single-photon tracer, @Tc-hexakis-2-methox

yisobutyl isonitrile (MIBI) is currently being investigated
for its potential in the detection of malignancies. Uptake of
this tracer is normally present in the heart, thyroid and
salivary glands, spleen, kidneys, bladder, lungs, skeletal
muscle, liver, gallbladder and small and large intestines
(26,27).

The mechanism of @9'c-MIBIuptake in both myocar
dialandtumorcells has not been completely defined. Tech
netium-99m-MIBIis a lipophiic cation whose in vitro up
take and retention in various cell lines involves passive
diffusion across plasma and mitochondrial membranes pro
pelled by largenegative transmembranepotentials (28,29).
In vitro experiments have shown increased @Tc-MIBI
uptake with hyperpolarizationand decreased uptake with
depolarizationof plasma and mitochondnal cell membrane
potentials (29). Technetium-99m-MIBI uptake is less de
pendent than 20111on active processes; uptake is Un
changedby inhibitorsof the respiratorychain, glycolysis or
the Na@/K@ATPase pump (30). In rat myocardial cells,
almost 90% of MIBI is concentrated within the mitochon
dna as a free cationic complex (31). Irreversiblebindingto

@ i@ a cytosolic protein, previously thought to be the site of

@ . .@ localization, was apparently an artifactual finding due to

@ tissue homogenization and fractionation techniques (31).
. -@ Cells with higher mitochondrial content, such as myocytes,

concentrate more @â€˜@Tc-MIBIthan quiescent cells such as
those in the fibroblast family (29,32).

I

FiGURE3. (A)Increased@Â°@11accumulationintherightupper
lungis visualizedon the anteriorviewfromthe exercisestress
thalliumSPECTprc@ectionimages.(B)Transaxialreconstructed
images(rightchestison left).Correspondingplanarprojection(C)
andtransaxial(D)imagesfromthedelayedstudy.

leiomyosarcoma, AIDS-related Kaposi's sarcoma (1 ), leu

kemic infiltration of the heart (18), rectal carcinoma, blad
der carcinoma, gallbladder carcinoma and mesothelioma
have also been reported to show thalliumuptake (15). In
patients with AIDS and pulmonarylesions, thalliumimag
ing has been used with gallium imagingin the diagnosis of
infectious and neoplastic processes. Both Kaposi's sar
coma and lymphoma incorporate @Â°@Tlin contrast to sites
of infection, which are typically without thallium activity
on delayed images. In the presence of thallium uptake,
gallium may be used to distinguish lymphomas, which are

â€œS

â€¢4'

FiGURE4. Histologicexaminationofthetumorrevealspoorly
differentiated, focally keratinizungsquamous-cell carcinoma.
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In vitro experiments with normalanimalfibroblastsand
nine selected human tumor cell lines (adenocarcinomas of
the adrenalgland, lung, colon, and breast;undifferentiated
pancreatic, poorly differentiatedbladder,cervical and hep
atocellular carcinomas; T-cell leukemia) have shown
higher @â€˜Fc-MIBIuptake in tumor cells compared to an
imal fibroblasts (33). A similar study with human breast
and colon tumor cells showed higher @Tc-MIBIuptake
(5.37% Â±2.34%) compared to normal animal fibroblast
cells (1.44% Â±1.88%) (34). These same cell lines were
imaged with 20â€•fland showed higher uptake (5.39% Â±
1.33%)in tumors comparedto normal cells (3% Â±1.08%)
(34).

Clinical experience with @â€˜@Tc-MIBIand thoracic ma
lignancies is limited due to its relatively recent introduc
tion. A preliminarystudy with @â€˜@Tc-MIBIreportedlocal
ization in 10/11 untreated primary lung tumors, including
adenocarcinoma, small-cell, squamous-cell and poorly dii
ferentiatedgerm-cell carcinomas (35). A subsequent study
showed lower sensitivity with localization in 26/34 (76%)
lung tumors (36). In a larger and more recent study, Kao et
al. (37) evaluated 54 patientswith a solitary lung mass and
showed a sensitivity of 65%, specificity of 57% and an
accuracy of 70% in differentiating benign and malignant
lesions (37). Only 30/46 (65%)lung malignancieswere de
tected by @â€˜Tc-MIBISPECF and 6/8 (75%)benign lesions
were also visualized. Based on these results, it appearsthat

@Tc-MIBIis of limited utility in the investigation of sol
italy lung nodules (37). Unfortunately, these reports
(13,37) did not specify which benign conditions were asso
ciated with @@nTc@MIBIuptake. Aktolun et al. (35) re
ported only two cases of diffuse @Tc-MIBIuptake in
nonmalignantfibrosing alveolitis. Preliminaryresults with

@Tc-MIBIin breast carcinoma have reported better re
suits with a sensitivity of 96%, specificity of 87% and
positive and negative predictive values of 82% and 97%,
respectively(38).

Technetium-99m-MIBI uptake in non-Hodgkin's lym
phoma and thyroid carcinoma have also been reported
(35,36). Rare cases of thoracic uptake have been reported
in pulmonary actinomycosis, giant lymph node hyperpla
sia, poorly differentiatedgerm-cell tumors, medullarythy
roid carcinoma, malignantthymoma and metastatic undif
ferentiated mesenchymal lung tumors (39). As with @Â°â€˜Tl,
common extrathoracic malignancies reported with @â€˜@Tc
MIBI uptake include primarybrain (23) and bone tumors
(40).

fluorine 18-Fluorodeoxyglucose Uptake In
Lung Malignancies

Currently, there is no effective staging test for lung can
cer and for the workup of solitary pulmonarynodules. The
high spatial resolution of CT and MRI provide important
information in determining the local extent of disease, re
lationship to airway and vascular structures and localiza
tion for diagnosticbiopsy (43). These anatomicmodalities,
however, frequently cannot distinguish between benign

and malignantetiologies. In a prospective staging study of
bronchogenic carcinoma using CT, McLoud et al. (44)
reporteda sensitivity of 64%and a specificity of 62%when
compared to mediastinoscopy and/or thoracotomy in 43
patients. Enlarged lymph nodes are frequently associated
with nonmalignantdisorders, including superimposed in
fection fromcentrallyobstructingcarcinomas. Conversely,
mediastinal lymph nodes with metastases may appear
within the normal limits in size. Clearly, lymph node size
cannot predict the presence or absence of malignancy.

PET studies using [â€˜8F]-fluorodeoxyglucose(FDG) have
demonstrated excellent preliminaryresults in the investi
gation of malignantdisorders. In a prospective evaluation
of suspicious pulmonary nodules by plain radiographs,
Kubota et al. (45) demonstrateda sensitivity of 83%and a
specificity of 90% with FDO-PET imaging of tumor in 22
patients. Similarly, Gupta et al. (46) prospectively studied
20 patients with solitary pulmonary nodules. All 13 malig
nant solitary pulmonary nodules showed significant in
creased FDG uptake and 7 benign lesions showed no def
inite evidence of increased FDG uptake. In addition,
differentialuptake values clearly differentiatedmalignant
frombenign etiologies. Patz et al. (47) showed a sensitivity
of 97% and a specificity of 100%for FDG-PET in distin
guishing tumor recurrence from residual fibrosis in 38 pa
tients treatedfor bronchogenic carcinoma. Whal et al. (48)
identified10primarycarcinomasites and 15metastatic foci
with FDG-PET in 23 patientswith breast cancer. Potential
limitations include relatively low spatial resolution com
pared to CT or MRI and normalmyocardialuptake which
may obscure adjacent abnormalities.Although large stud
ies that also include benign inflammatoryand small malig
nant lesions are necessary to determine the role of PET
imaging in the management of patients with cancer, these

and other preliminaryreports are quite encouraging.

Somatostatln Analog Uptake In Tumors
Recent developments in the synthesis of labeled thymi

dine compounds, amino acids and receptor binding drugs
may also furtherenhance the role of this imagingtechnique
in the evaluation of malignant disorders. Indium-ill and
â€˜@I-labeledoctreotide are somatostatin receptor analogs
currently under investigation in a wide variety of tumors.
Neuroendocrine tumors with high concentrations of soma
tostatin receptors, including meningiomas,pituitary tu
mors, insulinomas, gastrinomas, paragangliomas, medullary
thyroid carcinomas, neuroblastomas, pheochromocytomas
and carcinoids, have all shown good preliminary results (49).
Breast and small-cell lung carcinomas with somatostatin re
ceptors have also been successfully localized; however,

these tumors may not always express somatostatinrecep
tors. Compared to monoclonal antibodies, octreotide's
smaller molecular weight allows more rapid clearance from
the bloodstream,which results in better imagingcharacter
istics. Preliminarystudieshave shown encouragingresultsin
small-cell lung carcinomas with extensive disease (50,51).
Octreotide uptake in lung tumors without somatostatin re
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ceptors and in other nonmalignant conditions, including

granulomas and lymphomas, have also been reported (49).
Reubi et al. (52) reported a high density of somatostatin
receptors in the peritumoral veins, despite the absence of
receptors in the tumor itself, suggesting an explanation for
uptake in receptor negative tumors (52). Other potential ra
diotracers, including monoclonal antibodies to CEA and tu
mor cell surfacereceptors, have shown encouragingprelim
inaly results and are currently under investigation (48).

CONCLUSION

As described above, preliminarystudies with @Â°â€˜Tlim
aging and @Tc-sestamibihave shown a high sensitivity in
detecting lung and breast malignancies. Recent studies
with delayed imaginghave reported acceptable specfficity
compared to earlier reports. Further prospective studies
are necessary to determine the role of various imaging
modalities, including PET and single gamma emitters such
as 201'fl, @Tc-sestamibiand radiolabeledsomatostatin re
ceptor agents in the management of patients with various
malignancies.
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