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SHORT COMMUNICATION - SUPPLEMENTARY MATERIALS
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diagnosed with BPH. The study concluded that Tl-201
SPECT imaging can be used effectively to detect tumor
tissues in prostate cancer (15).
Today, imaging techniques are not routinely recom-
mended for the diagnosing and staging of prostate can-
cer. However, for patients with prostate cancer, inde-
pendently from the presence of risk factors, 28.6% and
52.4% of clinicians ask for computed tomography and
bone scintigraphy tests, respectively (16). In general, in
uro-oncological imaging, successful results have been
obtained from studies, especially positron emission
tomography and scintigraphic imaging with monoclonal
antibodies, which have been performed for the detection
of tumor tissue and the extent and staging of the disease.
The sensitivity and specificity of PET for detecting tumor
tissues have been reported as 79% and 66%, respective-
ly (17). PET which is used to distinguish fibrosis and
residual tumor tissue occurring after surgery, radiothera-
py or chemotherapy can not help to solve this problem
completely.
One of the methods used in the evaluation of patients
with prostate cancer is SPECT imaging performed with
In-111 capromab pendetide (ProstaScint). ProstaScint is
generally preferred as a secondary imaging method for
patients diagnosed with prostate cancer for the investi-
gation of the extent and the staging of the disease. This
imaging modality has 92% sensitivity in detection of
prostate cancer metastases (18). It has been reported that
ProstaScint has a complementary value independent
from PSA level and Gleason score in the evaluation of
recurrent or metastatic prostate cancer (19).
PSA is not specific for prostate cancer but it has been
reported to be valuable in providing early diagnosis of
cancer before the onset of symptoms or detection of DRE
findings (20). In the 25% of patients who were diag-
nosed with prostate cancer by needle biopsy as a result
of suspicious findings of DRE, the serum PSA values
were less than a 4 ng/dl level (21, 22). 
Catalona et al. showed in their studies that the probabil-
ity of making a diagnosis of prostate adenocarcinoma by
needle biopsy was 20% when a PSA level was higher
than 2.5 ng/ml and this probability was 50% when PSA

DISCUSSION
Tumor tissues can be screened by radionuclide methods
due to some characteristic features such as increased
metabolic activity and blood flow, increased vascular
permeability and presence of tumor-associated antigens.
For imaging of tumors, numerous radiopharmaceutical
agents have been developed and introduced into clinical
practice. 
Tl-201, one of the tumor scanning agent is taken into the
cell like potassium (K+) via Na-K ATPase pump. Tl-201
cannot be extracted by non-living cells. In tumor tissues,
while increased accumulation of Tl-201 in the extracel-
lular region is thought to be associated with increased
vascularity developing due to the formation of new ves-
sels, intracellular accumulation of Tl-201 is mostly relat-
ed with the viability and metabolic activity of pathologi-
cal cells (9). Tl-201 uptake was much less in the con-
nective tissues, inflammatory cells and necrotic tissues
when it was compared with viable tumor tissues. It was
observed that a large portion of the injected Tl-201 dose
accumulated in the living tumor tissues (10). 
Sehweil et al. found that T/Bg ratios reached the highest
level in the early period (first 15-20 minutes) of the
study and remained stable for a long time after the injec-
tion (11). In this study, imaging and quantification
processes were also performed at the first hour when Tl-
201 had the maximum activity level. 
Correlation between histopathological results, uptake
patterns and T/Bg ratios were studied. It has been shown
that Tl-201 can be used to determine the effectiveness of
diagnosis and treatment in malignant tumors especially
brain tumors, breast cancer and soft tissue sarcomas
(12, 13, and 14).
In a pilot study which appears as a single example in lit-
erature, Yang et al. studied the clinical value of Tl-201
SPECT to differentiate prostate cancer and benign
prostate hyperplasia (BPH) in patients with prostate can-
cer. Unlike the current study, after bioptic diagnosis of
prostate cancer (15 patients) and BPH (10 patients) the
patients underwent a Tl-201 SPECT imaging on pelvic
region The Tl-201 SPECT studies showed tumor uptake
in 13/15 (86.7%) patients with prostate cancer but Tl-
201 uptake was not observed in any of the 10 patients
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value reached over 10 ng/ml (4, 22). In the current study,
the PSA values were high (> 10 ng/ml) in 5 patients
(13.9%) in the benign group and in 10 patients (43.5%)
in the malignant group. In addition, prostate adenocarci-
nomas were diagnosed in 66.7% of the patients with a
PSA value higher than l0 ng/ml.
In patients with a negative biopsy result and elevated
PSA level, prostate cancer can be diagnosed in up to 20-
23% of these cases when diagnostic biopsies are repeat-
ed. (23). According to the current study, re-evaluation by
repetition of diagnostic biopsy should be made in the
benign group of patients who had Tl-201 uptake if the
PSA levels remained high in the follow-up period. Thus,
we believe that the diagnostic performance and contri-
bution of Tl-201 SPECT in prostate cancer diagnosis will
increase. Before repeating biopsy, which is invasive and
annoying to the patients, Tl-201 SPECT results can
reduce clinicians worry about the presence of malignity. 
As expected, the T/Bg ratios were significantly higher in
patients who had Tl-201 uptake than in patients who
had no Tl-201 uptake whether they were in the benign
group or the malignant group. While the T/Bg ratio was
in the range 1.3 to 0.8 for early, late planar and SPECT
images in the benign group, this
ratio was found to be higher in
the range of 0.9 to 3.2 in the
malignant group. However, a cut-
off value of T/Bg ratios for the dif-
ferentiation of benign lesions and
malignant lesions was not deter-
mined. Some studies have
revealed that a 1.5 value was con-
sidered a feasible cut-off value
between positive and negative
manifestations (24, 25). The
highest T/Bg ratios were calculat-
ed from the patients of the malig-
nant group. In this group, the
T/Bg ratio was higher than 1.5 in
13/23 patients. It is believed that
this condition may be associated
with the better resolution ca -
pability of three-dimensional
SPECT imaging.
In the current study, ROC analy-
sis was used for the assessment of
the T/Bg ratios for planar and
SPECT images. The ROC curve is
created by the ratio of sensitivity
to precision when there is a dif-
ference in the level of the cutting
in the binary classification sys-
tems. The method basically tries
to create a balance between accu-
racy (eliminating capability for
false positive results) and sensi-
tivity (the ability to detect true
positive results). The size of the
area under the ROC curve is
directly proportional to the diag-
nostic accuracy of the test. In this
study, areas under the ROC curve

were 0.659 ± 0.074, 0.684 ± 0.018 and 0.912 ± 0.041
for the early planar, late planar and SPECT images,
respectively. All results were statistically significant
(p < 0.05). It can be said that SPECT images have a bet-
ter diagnostic performance to distinguish between malig-
nant and benign cases because the areas under the curve
are closer to 1 for the T/Bg ratios of SPECT images. The
results of ROC analysis showed that SPECT images had
high sensitivity (95.7%), specificity (77.8%), accuracy
(84.7%), positive predictive value (73.3) and negative
predictive value (96.6%) to discriminate between the
malignant and benign groups. 
In the current study, the relationship between the
Gleason scores with uptake patterns and T/Bg ratios of
the patients was also assessed. By correlation analysis, it
was concluded that there was no statistically significant
relationship between the scores and uptake patterns. On
the other hand a compatible increase in the uptake pat-
tern or T/Bg ratio was not observed when the differenti-
ation of the adenocarcinoma raised. 
In the current study, when Tl-201 planar and SPECT
images were evaluated in 23 cases with prostate cancer,
pathological Tl-201 uptakes were observed in the early

Figure 1. A pathological Tl-201 uptake in the prostatic region is not shown on the
early (P: Prostatic region; B: Background) (A), late (B) planar images. It is noteworthy
that the increase in activity in the bladder. Transverse SPECT (C) images show a lack
of a pathological Tl-201 uptake in the prostatic region Coronal SPECT (D) images
show a pathological uptake in the prostatic region. 
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planar images in 16/23 patients (69.6%), in the late pla-
nar images in 17/23 patients (73.9%) and in the SPECT
images in the 20/23 patients (87%). In particular, T/Bg
ratios and uptake patterns of the SPECT images were
stronger. 
The sensitivity and specificity rates for SPECT imaging
were calculated as 95.7%, and 77.8%, respectively.
The credibility of the results may be increased by direct
anatomic correlation technics, like SPECT/CT. A limita-
tion of this study is interference of the activity in bladder
and prostatic urethra with the imaging of the lesion in
the prostate gland. 

REFERENCES
10. Ando A, Ando I, Katayama M, et al. Biodistributions of 201Tl in
tumor bearing animals and inflammatory lesion induced animals.
Eur J Nucl Med. 1987; 12:567-72.

11. Sehweil A, McKillop JH, Ziada G, et al. The optimum time for
tumour imaging with thallium-201 Eur J Nucl Med. 1988; 13:527-29.

12. Waxman AD, Ramanna L, Memsic LD, et al. Thallium
Scintigraphy in the Evaluation of Mass Abnormalities of the Breast,
J Nucl Med. 1993; 34:18-2.

13. Kaplan WD, Takvorian T, Morris JH, et al. Thallium-201 Brain
Tumor Imaging: A Comparative Study with Pathologic Correlation J
Nucl Med. 1987; 28:47-52. 

14. Otsuka H, Terazawa K, Morita N, et al. Thallium-201 chloride
scintigraphy in soft tissue tumors. J Med Invest. 2009; 56:136-41.

15. Yang CC, Sun SS, Lin CY, et al. Differentiation of prostate can-
cer and benign prostatic hyperplasia: the clinical value of 201Tl
SPECT-a pilot study. Ann Nucl Med. 2003; 17:521-24. 

16. Choi WW, Williams SB, Gu X, Lipsitz SR. Overuse of Imaging
Low Risk Prostate Cancer. J Urol. 2011; 185:1645-9.

17. Schoder H, Larson SM. Positron emission tomography for prostate,
bladder, and renal cancer. Semin Nucl Med. 2004; 34:274-292.

18. Hinkle GH, Burgers JK, Neal CE, et al. Multicenter radioim-
munoscintigraphic evaluation of patients with prostate carcinoma
using indium-111 capromab pendetide. Cancer. 1998; 83:739-47. 

19. Sodee DB, Malgurıa N, Faulhaber P, et al. Multicenter
prostascint imagıng findings in 2154 patients wıth prostate cancer.
Urology. 2000; 56:988-93.

20. Draisma G, Etzioni R, Tsodikov A, et al. Lead time and over-
diagnosis in prostate-specific antigen screening: importance of meth-
ods and context. J Natl Cancer Inst. 2009; 101:374-83.

21. Gretzer MB, Partin AW. PSA Levels and the Probability of
Prostate Cancer on Biopsy. European Urology Supplements. 2002;
1:21-7.

22. Catalona WJ, Smith DS, Ornstein DK. Prostate cancer detection
in men with serum PSA concentrations of 2.6 to 4.0 ng/mL and
benign prostate examination. Enhancement of specificity with free
PSA measurements. JAMA 1997; 277:1452-5.

23. Kundra V. Prostate cancer imaging. Semin Roentgenol. 2006;
41:139-49.

24. Kostakoglu L, Panicek DM, Divgi CR, et al. Correlation of the
findings of thallium-201 chloride scans with those of other imaging
modalities and histology following theraphy in patints with bone and
soft tissu sarcomas. Eur J Nucl Med. 1995; 22:1232-7. 

25. Kaya GC, Demir Y, Ozkal S, et al. Tumor grade-related thallium-
201 uptake in chondrosarcomas. Ann Nucl Med. 2010; 24:279-86.


