
as patient age, size or extent of tumor, presence of distant
metastasis and histologic grade. In addition to these classifi
cation systems, deoxyribonucleic acid (DNA) content has
been accepted as a significant prognostic indicator for
differentiated thyroid carcinoma (4â€”10).Abnormal DNA
content indicates poor prognosis. Some reports suggest that
201Tlscintigraphy may reflect the biological characteristics
of thyroid carcinoma (11,12). However, this has not been
clinically confirmed. We prospectively investigated the
relationship among 201Tluptake, nuclear DNA content and
clinical behavior in metastatic thyroid carcinoma.

MATERIALS AND METHODS

PatientsandTumors
The study population consisted of 56 patients (48 women, 8

men; age range 19â€”74y, mean age 50.3 Â±11.7 y; 5 1 papillary
carcinomas and 5 follicular carcinomas) with metastatic differenti
ated thyroid carcinoma who had undergone total thyroidectomy
and radioiodine therapy before this study. Tumors were located in
the neck or the mediastinum. Patients were treated with 3.7â€”5.55
GBq 131!.However,nonehadrespondedto thetreatment.Of the56
patients studied, 41 showed poor 1311uptake on post-treatment
scintigrams. 131! uptake was good for the other 15 patients.
However, the tumor size did not significantly reduce. Patients
underwent 201'flscintigraphy and ultrasonography-guided needle
biopsy. 201TIscintigraphy was performed 6â€”9mo after 1311therapy.
Biopsy was performed within 3 wk of 201'flscintigraphy to confirm
histologic tumor findings and analyze flow cytometry. To eliminate
significant partial-volume effects, tumors > 1.5 cm but <4.0 cm in
diameter were selected for this study. None of the tumors were
associated with dominant cystic changes or massive calcification.
When a patient had more than two metastatic tumors, the largest
tumor was used for evaluation of 201'fluptake and needle-biopsy
sampling.

201TlScintigraphy
Planar anterior images were acquired 10 mm (early) and 120

mm (late) after intravenous injection of 37â€”74MBq 201'flusing a
LVOF gamma camera (Searle, Des Plaines, IL) with a low-energy,
all-purpose collimator. Data were acquired for 10 mm in a 64 X 64
matrix into an online computer (Scintipac 1200; Shimadzu, Kyoto,
Japan). A 3 x 3 pixel region of interest was drawn over the center
of the tumor and the contralateral cervical area or mediastinum.
Tumor 201'fluptake was semiquantitatively determined as tumor-to

A prospective study of 201Tluptake was performed to compare
201TIuptake with nuclear deoxyribonucleic acid (DNA) content
and clinical behavior of tumors in metastatic thyroid carcinoma
and to assess the significance of @Â°1Tluptake in evaluating
clinicalcharacteristicsof thyroidcarcinoma.Methods:Fifty-six
patients with metastases of differentiated thyroid carcinoma had
201Tlscintigraphy. Grade of @Â°1Tluptake was semiquantitatively
assessed according to tumor-to-background ratio on 2-h late
scan. Nuclear DNA content was analyzed within 3 wk of 201T1
study by flow cytometryusingbiopsymaterialand was classified
as diploidy or aneuploidy. Patients were followed up to examine
incidence of tumor growth and/or anaplastic transformation.
Results:DNAcontentwasdiploidyin48patientsandaneuploidy
in 8 patients. @Â°1Tluptake in the DNA-aneuploidgroup (2.61 Â±
0.29) was significantlyhigher than that in the DNA-diploidgroup
(1.82 Â±0.35, P < 0.01 for both groups). Tumor growth was
observed in all patients with flN@aneuploidybut in only 5 of 48
patientswithDNAdiploidy(P< 0.01).Anaplastictransformation
was observed in 3 patients in the DNA-aneuploidgroup but in
noneofthe patients in the DNA-diploidgroup.Conclusion: High
@Â°1TIuptake indicates greater incidence of abnormal DNA content

withaggressiveclinicalbehaviorofmetastatictumors.Thus,@Â°1Tl
scintigraphymaybe usefulincharacterizingmetastaticthyroid
carcinoma and in identifying those patients with poorer prog
noses.
KeyWords:2Â°1Tl;thyroidcarcinoma;DNAcontent;flowcytome
try
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ifferentiated thyroid carcinomas generally show slow
growth and have a favorable prognosis. However, some
show a more aggressive clinical course with poor outcome.
Thus, predicting the clinical behavior of a tumor and
identifying high-risk patients are of clinical importance for
adequate patient management. Some classification systems
have been established for determining high-risk patients
(1â€”3)on the basis of clinical and tumor characteristics such
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background ratio (TBR) on the late scan, as previously described
(13).

Flow Cytometry
Fresh biopsy specimens were used for analysis. Nuclear DNA

content was analyzed in accordance with the procedure described
by Isobe et al. (14) with minor modification. In short, the tumor was
minced into small pieces. Then 5 mL phosphate-buffered saline
(Japan Pharmacia, Tokyo, Japan) with 0.1% ribonuclease (Sigma
Chemical Co., St. Louis, MO) and 0.1% tritonX-lOO(Sigma) were
added and mixed with the minced tissue using a vortex mixer. The
resulting suspension was passed through a 40-pm nylon mesh and
stained with 50 mg/mL propidium iodide (Wako, Tokyo, Japan). To
determine DNA profiles, human lymphocytes were used as control
cells because all patients had undergone total thyroidectomy and
therefore had no normal thyroid tissue for comparison. A FACS
CAN flow cytometer (Becton-Dickinson, Franklin Lakes, NJ) was
used for analysis. The relative DNA content was expressed as DNA
index (DI) from the DNA histogram (14,15). When the DNA
histogram showed only symmetrical G@/G1cells (DI = 1.00) with a
coefficient value <7%, it was classified as normal DNA content
(diploidy). When one or more G@/G,peaks were clearly observed
(DI > 1.00) in the histogram, it was classified as abnormal DNA
content (aneuploid). More than 10,000 cells were analyzed in each
specimen.

Assessment of Tumor Clinical Behavior
Incidence of tumor growth and anaplastic transformation were

examined as clinical behaviors of the metastatic tumors. Patients
were followed up for 10â€”58mo (mean 29.7 Â±5.6 mo). Thmor
diameter was measured by CT scan and/or ultrasonography at
regular intervals. Tumor growth was defined as an increase in
tumor diameter of >25% over the initial volume. When a tumor
showed growth, needle biopsy was repeated to determine the
presence of anaplastic transformation.

Data Analysis
Data are expressed as mean Â±SD. The non-paired t test was

used to compare 201'fl uptake. The F test was used to check the
difference of variance in 201'fluptake. Chi-square analysis was used
to compare the incidence of clinical events. P values < 0.05 were
considered significant.

RESULTS

ThRs ranged from 1.35 to 3.23 (mean 1.96 Â±0.48).
Tumor growth was observed in 13 patients (23.2%). Anaplas
tic transformation was observed in 3 (5.4%).

DNA content was successfully determined in all patients.
Of the 56 patients studied, 48 (85.7%) showed DNA
diploidy. The remaining 8 (14.3%) showed DNA aneu
ploidy.

Patients were classified into two groups according to
nuclear DNA content (Table 1). Mean TER was 1.82 Â±0.35
in the DNA-diploid group and 2.61 Â±0.29 in the DNA
aneuploid group. Tumors with DNA aneuploidy had signifi
cantly higher ThRs than those with DNA diploidy (P <
0.01). There was no significant difference in the variance of
TBR between the two groups (F = 0.726, P = 0.569). This
ensured that use of the non-paired t test was appropriate.
Only 5 of 48 patients (10.4%) in the DNA-diploid group

TABLE 1
Relationship Among Nuclear DNA Content, 201TlUptake

and Clinical Behavior

showed tumor growth (Fig. 1). In contrast, all patients in the
DNA-aneuploid group showed tumor growth. Incidence of
tumor growth obviously was significantly higher in the

DNA-aneuploid group (P < 0.01). Anaplastic transforma
tion was observed in 3 patients with DNA aneuploidy (Fig.
2) but in none with DNA diploidy. These patients died of
their cancer within 1 y of confirmation of anaplastic
transformation.

DISCUSSION

All of the patients in this study did not respond to
radioiodine. Therefore, they were potentially high-risk pa
tients and were not representative of typical differentiated

thyroid carcinoma patients. However, their clinical out
comes varied. Although the incidence of abnormal DNA
content was relatively low, our observations confirmed that
aneuploid tumors grew significantly during the follow-up
period and that anaplastic transformation occurred only in
the DNA-aneuploid group. In contrast, the majority of
DNA-diploid tumors showed nonaggressive clinical courses
despite the ineffective radioiodine therapy. Moreover, 201Tl
uptake correlated significantly with clinical outcomes and
DNA-ploidy patterns. These results suggest that high 201T1
uptake indicates high risk of abnormal DNA content as well

as aggressive tumor clinical behavior.
20l'fl scintigraphy has been proven to be useful for

detecting radioiocline-negative metastatic thyroid carcino
mas (16â€”21).However, the relationship between grade of
20l'fl uptake and patients' clinical outcomes has not yet been

fully discussed. On the other hand, although nuclear DNA
content has prognostic value in thyroid carcinoma (4â€”10),
assessment of abnormalities in nuclear DNA content has
been difficult using conventional diagnostic images such as
radiographs, sonograms or CT scans. When 201Tluptake is
linked with nuclear DNA content and clinical behavior of
metastatic thyroid carcinoma, it may prove valuable to

visualize the abnormal DNA content and to predict clinical
evolution of the tumor. When 201'fl uptake is low in
radioiodine-ineffective tumors, most patients will have good
prognoses. On the other hand, when 201'fl uptake is high in
such tumors, patients will have a much more difficult clinical
course and will need more intense management. Takekawa
et al. (22) suggested that 201T1uptake may be one of the
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FIGURE1. A 63-y-oldwomanwithDNA-diploidpapillarycarcinoma.(A)201TIscintigramshowsrelativelylowuptakein rightneck
tumor. TBR = 1.50. (B) Microscopicexamination shows well-differentiatedthyroid carcinoma. (C) DNA histogram shows diploidy
pattern (Dl = 1.00). (D) Baseline CT scan shows metastatic tumor in right paratracheal region. (E) Follow-up CT scan 4.6 y later
showsthat tumor did not increasein size duringfollow-upperiod.
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FIGURE2. A62-y-oldwomanwithDNA-aneuploidpapillarycarcinoma.(A) @Â°1Tlscintigramshowshighuptakeinnghtantenorneck.
TBR = 2.90. (B) Baseline CT scan. (C) Microscopic examination of initial biopsy specimen shows well-differentiatedpapillary
carcinoma.(D)DNAhistogramshowsaneuploidpeak(Dl = 1.40).(E)Follow-upCTscan1.4y latershowsrapidandremarkable
increasein tumor size and number.(F) Microscopicexaminationfrom secondbiopsyspecimenshowsthat anaplastictransformation
hasoccurred.
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independent prognostic factors for lung cancer survival.
Although the studied population was small and the duration
of follow-up was short in this study, it is anticipated that
2o1Tl uptake may affect the survival rate of patients with
radioiodine-ineffective metastatic thyroid tumors.

Although some findings are related to prognosis (23â€”26),
microscopic characteristics do not have absolute value in

assessing the biological features of differentiated thyroid
carcinomas because cellular atypia generally is mild or
moderate. More recently, biochemical markers such as
activity of adenylyl cyclase (27) or telomerase (28,29) or
expression ofglucose-transporter 1 (30) have been discussed
as possible indicators of aggressiveness of thyroid carci
noma. However, abnormalities in these markers were also
observed in benign disorders, and the relationship between a
patient's clinical course and these markers has not been
established.

Assessment of nuclear DNA content using flow cytometry
in various human cancers including thyroid carcinomas is a
well-established technique (4â€”10,14, 15,31,32). Although
aneuploidy is not always specific in malignant tumors, it is
well recognized that human cancers with DNA aneuploidy
have poorer prognoses than do those with diploidy. There
fore, we analyzed nuclear DNA content in metastatic thyroid
carcinoma to correlate with in vivo 201Tluptake. Our results
suggest that 201'fl scintigraphy may be an alternative to flow
cytometry to some extent. Fresh biopsy specimens were
used in flow-cytometric analysis to reduce the appearance of
debris and acquire DNA histograms with small coefficient of
variation. S-phase fraction cells are also regarded as indepen

dent prognostic indicators for thyroid cancer (7) and can be
estimated using a DNA histogram. Although we did not
calculate S-phase fraction cells in this study, it has been
reported that 201'fl uptake is significantly correlated with
expression of proliferating cell nuclear antigen, a direct
marker of S-phase reaction cells, in thyroid tumors (11,12).

67Gaaccumulatesin anaplasticthyroidcarcinomas(33,34).
Higashi et al. (34) showed that DNA content and prolifera
tive index in anaplastic carcinoma and malignant lymphoma
of the thyroid were significantly higher than in well
differentiated carcinoma and that increased 67Ga uptake in a

thyroid tumor indicates a more highly malignant tumor (34).
However, there is considerable variance in DNA content in
anaplastic thyroid carcinoma (35), and the study population
of Higashi et al. seems too small to determine the role of
67Ga uptake in assessment of aggressiveness of thyroid
tumors. It seems that tumor uptake of 67Ga is not parallel

with that of 201'fl Plasma transferrin and its receptors play an
important role in 67Ga uptake (36,37), whereas 201Tluptake
depends on blood perfusion, Nat, K@-adenosinetriphospha
tase (ATPase) activity (38â€”40)or mitochondrial develop
ment (41). As for cell cycle, high 20111uptake is supposed to
reflect a high population of S-phase cells. On the other hand,
67Ga uptake in tumor cells is supposed to peak at the G2
phase (42). Therefore, it is likely that 201T1uptake is related

to proliferative activity more directly than 67Ga. 201'fluptake
is less affected by coexisting inflammatory processes.

In addition, this study showed that 201Tl scintigraphy
distinguishes microscopically differentiated but potentially
anaplastic tumors from other differentiated tumors before
histologic changes become apparent. Although we did not
compare 201'fland 67Ga uptake in our DNA-aneuploid group,
it is believed that 201Tl scintigraphy has advantages over
67Ga in assessing tumor aggressiveness and follow-up in
differentiated thyroid carcinoma. Recent reports suggest that
whole-body 18F-fluorodeoxyglucose (FDG) PET is also
useful for detecting recurrent or metastatic thyroid carcino
mas when 1311scintigraphy is negative (43,44). Although the
mechanism of 201Tluptake is somewhat different from that
of 18F-FDG (45,46), 201Tlscintigraphy may provide informa
tion similar to that provided by FDG PET (47) that cannot be
assessed by other imaging modalities.

We focused on radioiodine-ineffective tumors because
there has been no established prognosis predictor for them.
Our previous study (13) and this one indicate that 201T1
scintigraphy is a simple and reliable means to distinguish
patients with poor prognoses from those with good prog
noses. It also is expected that 201T1scintigraphy may add a
predictive value to previously reported classification sys
tems for thyroid carcinoma, as DNA-content analysis does
(9). The combined use of 201T1scintigraphywith clinical
classification systems will be helpful in assessing the
characteristics of primary tumors.

It is considered that early 201Tl scans reflect primarily
perfusion and blood pool in the cancer tissue. In contrast,

delayed 201Tlscans may reflect some cellular mechanism or
function that retains 201'fl longer and may be closely related
to DNA abnormality rather than vascula.rity. DNA-aneuploid
cells may have higher Na@, K@-ATPase activity or may have
more mitochondria than DNA-diploid cells. Further study is
needed to clarify the mechanism of increased 201Tluptake in
relation to DNA content.

CONCLUSION

The clinical characteristics of metastatic thyroid carci
noma can be determined by 201T1scintigraphy. 201Tlscintig
raphy may be useful not only in detecting metastatic thyroid
carcinoma but also in identifying high-risk patients.

REFERENCES
1. Byar DP, Green SB, Dor P.Ctal. A prognostic index for thyroid carcinoma: a study

of the EORTC Thyroid Cancer Cooperative Group. Eur I Cancer. 1979; 15:1033â€”
1041.

2. Hay ID, Grant CS, Taylor WE, Ct al. Ipsilateral lobectomy versus bilateral lobar
resection in papillary thyroid carcinoma: a retrospective analysis of surgical
outcome using a novel prognostic system. Surgery. 1987;102:1088â€”l095.

3. Cady B, Rossi R. An expanded view of risk-group definition in differentiated
thyroid carcinoma. Surgery. 1988:104:947â€”953.

4. BÃ¤ckdahlM, Auer G, Forsslund G. Prognostic value of nuclear DNA content in
follicular thyroid tumors. Ada Chir Scand. l986;152: 1â€”7.

5. ioensuu H, Kiemi P. Eerola E, Tuominen J. Influence of cellular DNA content on
survivalindifferentiatedthyroidcancer.Cancer.1986:58:2462â€”2467.

6. BÃ¤ckdahlM, Carstenseni, Auer G, TallrothE. Statisticalevaluationof the
prognostic value of nuclear DNA content in papillary, follicular, and medullary
thyroidtumors.WorldI Surg.1986;10:974â€”980.

966 T@ Joui@i. OF NUCLEARMEDICINE â€¢Vol. 40 â€¢No. 6 â€¢June 1999



7. Hrafnkelsson i, StAl 0, EnestrOm S. et al. Cellular DNA pauern, S-phase

frequency,and survival in papillary thyroid cancer.Ac:a Oncol. 1988:27:329â€”333.
8. Hay ID. Papillary thyroid carcinoma. EndocrinolMetab North Am. 1990:19:545â€”

576.

9. Pasieka iL, Zedenius I, Auer G, et al. Addition of nuclear DNA content: the
AMES risk-group classification for papillary thyroid cancer. Sw@ery.l992;ll2:
I154â€”I160.

10. O'Doherty MJ, Nunan TO, Croft DN. Radionuclides and therapy of thyroid
cancer. NuclMed Commun. 1993:14:736â€”755.

11. Nakada K, Katoh C, Kanegae K, et al. The role of @Â°@Tlscintigraphy in
proliferative activity in thyroid neoplasms. Ann NuciMed. 1996:10:41â€”48.

12. Kume N, Suga K, Nishiguchi K, Camaro M, Matsunaga N. Relationship between
thallium-201 and tumor proliferative activity in thyroid nodules. Eurl NucI Med.

1996:23:376-382.

13. Nakada K, Katoh C, Kanegae K, et al. Thallium-201 scintigraphy to predict
therapeutic outcome of iodine-l3l therapy. I NuclMed. 1998:39:807â€”810.

14. Isobe H, Itoh M, Shimizu T, et al. Analysis of nuclear DNA content in primary
lung cancer cells by means of flow cytometry [in iapaneseJ. Haigan. l987;27:l25â€”
132.

15. Barogie B, Drewinko B, Schumann I, et al. Cellular DNA content as a marker of
neoplasia in man. Am I Med. 1980:69:195â€”203.

16. Hoefanagel CA, Delprat CC, Marcuse HR, de Vijlder JJM. Role of thallium-201
total body scintigraphy in follow up of thyroid carcinoma. I Nuci Med.
1986:27:1854â€”1857.

17. Brrendel AJ, Guyot M, Jeandot R, Lefort G, Manciet G. Thallium-20l imaging in
the follow-up of differentiated thyroid carcinoma. J NucI Med. 1988:29:15 15â€”
1520.

18. Rammana L, Waxman A, Braustein G. Thallium-201 scintigraphy in differentiated
thyroid cancer: comparison with radioiodine scintigraphy and serum thyroglobu
lin determinations. I NucI Med. 1991:32:441â€”446.

19. Charkes ND, Vitti RA, Brooks K. Thallium-201 SPECT increases detectability of
thyroidcancermetastases.I NuciMed.1990:31:147â€”153.

20. Dadparvr 5, Krishna L, Brady LW, et al. The role of iodine-l3l and thallium-201
imaging and serum thyroglobulin in the management of differentiated thyroid
carcinoma. Cancer. 1993,71:3763â€”3773.

21. Carril JM, Ouirce R, Serrano J, et al. Total-body scintigraphy with thallium-201
and iodine-l31 in the follow-up of differentiated thyroid cancer. I Nucl Med.
I997,38:686â€”692.

22. TakekawaH, TakaokaK, TsukamotoE, KanegaeK, MillerF, KawakamiY.
Thallium-20l single photon emission computed tomography as an indicator of

prognosis for patients with lung carcinoma. Cancer. 1997:80:198â€”203.
23. iohnson TL, Lloyd RV, Thompson NW, Bierwaltes WH, Sisson IC. Prognostic

implications of tall cell variant of papillary thyroid carcinoma. Am I Surg Pat/wI.
1998:12:22â€”26.

24. Wenig BM, Thompson LD, Adair CF. Scmookler B, Heffess CS. Thyroid papillary
carcinoma of columnar cell type: a clinicopathologic study of 16 cases. Cancer.
1998:85:740â€”753.

25. Cady B, Sedgwick CE, Meissner WA, Bookwalter JR. Romagosa V, Werber I.
Changing clinical, pathological, therapeutic, and survival patterns in differentiated
thyroid carcinoma. Ann Surg. 1976:184:541â€”553.

26. Tennvall I, Bjdrklund A, Moller T, Ranstam I, Akerman M. Prognostic factors of
papillary, follicular and medullary carcinomas of the thyroid gland. Retrospective
analysis of 216 patients with a median follow-up of 11 years. Acta Radiol Oncol.
1985:24:17â€”24.

27. Siperstein AE, Zeng OH, Gum ET, Levin KE, Clark OH. Adenyl cyclase activity
as a predictor of thyroid tumor aggressiveness. World I Surg. 1988:12:528â€”533.

28. Haugen BR, Nawaz 5, Markham N, et al. Telomerase activity in benign and
malignant thyroid tumors. Thyroid. 1997:7:337â€”342.

29. Okayasu I, Osakabe T, Fujiwara M, Fukuda H, Kato M, Oshimura M. Significant
correlation of telomerase activity in thyroid papillary carcinomas with cell

differentiation, proliferation and extrathyroidal extension tin iapanescj. Ipn I

Cancer Res. 1997;88:965â€”970.

30. Harber RS, Weiser KR, Pritsker A, Reder I, Burstein DE. GLUTI glucose
transporter expression in benign and malignant thyroid nodules. Thyroid. l997;7:

363â€”367.

31. Barlogie B, iohonston DA, Smallwood L, Ctal. Prognostic implications of ploidy
and proliferative activity in human solid tumors. Cancer Gene: Cyzogenet.
1982:6:17â€”28.

32. Barlogie B, Raber M, Schuman I, et al. Flow cytometry in clinical cancer
research. CancerRes. 1983:43:3982â€”3997.

33. Higashi T, Ito K, Mimura T, Ohi T, Nishikawa Y, Wilcox JR. Clinical evaluation of

67Gascanning in the diagnosis of anaplastic carcinoma and malignant lymphoma
of the thyroid. Radiology. 1981:141:491-497.

34. HigashiT. WatanabeM, YamaguchiT, et al. The relationshipbetweenGa-67
uptake and nuclear DNA Feulgen content in thyroid tumors: concise communica

tion. INuclMed. 1982:23:988â€”992.

35. Klemi PJ, ioensuu H, Eerola E. DNA aneuploidy in anaplastic carcinoma of the

thyroid gland. Am I Clin Pat/wi. 1988:89:154â€”159.
36. Larson SM. Rawly IS, Allen DR. et al. Common pathway for tumor cell uptake of

gallium-67 and iron-59 via a transfemn receptor. I NatI Cancer Inst. 1980:64:

41â€”53.
37. Larson SM. The role of transfemns in gallium uptake. mt I NucI Med Biol.

I981:8:257â€”266.
38. Britten iS, Blamk M. Thallium activation of the (NA@-K@)activated ATPase of

rabbit kidney. Biochim Biophys Acta. l968;159:160â€”166.

39. Takekawa H, Itoh K, Abe S. et al. Thallium-20l uptake, histopathological
differentiation and NA-K ATPase in lung adenocarcinoma. J NucI Med. l996;37:
955â€”958.

40. Kishida T. Mechanisms of thallium-20l accumulation in the thyroid gland

clinical usefulness of dynamic study in thallium-20l chloride for the differential

diagnosis ofthyroid nodules. Kaku Igakuipn INucIMed. 1987;24:99lâ€”l004.
41. SandrockD, MerinoMi, NortonA, NeumannRD. Ultrastnicturalhistology

correlated with results of thallium-201/technetium-99m parathyroid subtraction
scintigraphy. I NucI Med. 1993:34:24â€”29.

42. Higashi T, Wakao H, Yamaguchi M, Suga K. The relationship between Ga-67
accumulation and cell cycle in malignant tumor cell cycle. Eur I Nucl Med.
1988:14:155â€”158.

43. GrUnwald F, Schomburg A, Bender H, et al. Fluorine-18 fluorodeoxyglucose
positron emission tomography in the follow-up of differentiated thyroid cancer.

EuriNuclMed. 1995:23:312â€”319.

44. Jadvar H, McDougall IR., Segall GM. Evaluation ofsuspected recurrent papillary
thyroid carcinoma with I'8F] fluorodeoxy glucose positron emission tomography.
NuclMed Commun. 1998:19:547â€”554.

45. Slosman DO, Pugin I. Lack of correlation between tritiated deoxyglucose,
thalium-20l and techetium-99m MffiI cell incorporation under various cell
stresses. I NucI Med. 1994:35:120â€”126.

46. Oriuchi N, Tomiyama K, Inoue T, et al. Independent thallium-201 accumulation
and fluorine-18-fluorodeoxyglucose metabolism in glioma. I NucI Med. 1996:37:
457â€”462.

47. Higashi K, Nishikawa T, Seki H, et al. Comparisons of fluorine-18-FDG PET and
thallium-201 SPECI' in evaluation oflung cancer. I Nucl Med. l998;39:9â€”15.

201'fl UPTAKE AND DNA Cor'@mwr â€¢Nakada et a!. 967




