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We report an unusual finding in an AIDS patient who presented with
a large mediastinal mass and multiple lymphadenopathy. A sequen
tial thallium and gallium scan to specify the nature of the mediastinal
mass was requested. The early thallium images, acquired 15 min
after the intravenous injection, showed no uptake in the mass. The
delayed images 2 hr later showed intense thallium uptake. A gallium
scan perfomed 48 hr later also showed intense gallium uptake in the
mediastinal mass. Biopsy from the inguinal lymph node confirmed
the presence of large-cell diffuse noncleaved malignant lymphoma.
This case raises questions about the optimum time of imaging for
thallium in high-grade lymphoma, whether delayed imaging is es
sential, about previous reports of low sensitivity of thallium in
undifferentiated lymphoma and about the mechanism of thallium
uptake in this type of tumor.
Key Words: thallium-201-chloride; undifferentiated lymphoma;
AIDS
J NucÃ­Med 1997; 38:1213-1215

Thahallium-201 -chloride is used for tumor imaging to differen
tiate benign from malignant lesions and for the follow-up of
patients treated for malignant disease (1-5). Sites of the most
common clinical applications include the brain, bones (6-11)
and son tissues (12-14). The mechanism of uptake of thallium

in malignant tumors has been reported to be related to blood
flow, ATPase and sodium pump activity and indirectly related
to glucose and energy utilization (15-17). The optimum time
for thallium imaging has been reported to be between 10-20

min after the intravenous injection (18). We are reporting an
unusual case of high-grade malignant lymphoma in an AIDS
patient in whom the early thallium images started acquisition 15
min after the intravenous injection of thallium showed no
uptake in the mediastinal mass. The delayed images acquired 2
hr later showed intense uptake of thallium. A subsequent
gallium scan 48 hr later showed intense gallium uptake at the
same location. The unusual findings of this case are contrary to
what have been related previously in the literature. This raises
several questions that are discussed.

CASE REPORT
A 47-yr-old HIV-positive man with AIDS was admitted on July

18, 1996 because of the presence of inguinal lymph nodes. A chest
radiograph at admission revealed a large mediastinal mass (Fig. 1).
Laboratory tests showed RBC 0.6 X 106/MCL, hemoglobin 8.7

g/dl, CD4 70. WBC showed a total of 2800/MCL with lympho
cytes 17%, neutrophils 75%, platelets 156 X 103/MCL, LDH was

increased at 3317 ID/liter, total bilirubin 1.1 mg/dl, alkaline
phosphatase 95 IU/liter and AST 79 IU/liter, and serum hepatitis
studies were negative. A bone marrow biopsy was negative for
lymphoma. CSF cytology revealed an atypical population of large
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FIGURE 1. Chest radiograph at time of admission showing large mediastinal
mass.

lymphoid cells suspicious for malignant lymphoma. CT of the
abdomen on July 19, 1996 showed enlarged lymph nodes in the
retroperitoneal region and the gastro-hepatic ligament. The thal
lium study was performed on July 23, 1996. Fifteen minutes after
the intravenous injection of 4.0 mCi (148 MBq) planar images of
the chest in the anterior and posterior projection showed no
evidence of increased uptake in the mediastinum (Fig. 2, upper
row). The delayed planar images acquired 2 hr later showed intense
uptake in the mediastinal mass and in the left supraclavicular
region (Fig. 2, lower row). A dose of 8 mCi (288 MBq) of
<>7Ga-citratewas injected intravenously. Forty-eight hours later,

total-body planar images showed intense gallium uptake in the
mediastinal mass with focal uptake in the left supraclavicular
region and in the upper abdomen most likely in the gastro-hepatic
region or in the left lobe of the liver (Fig. 3). An excisional biopsy
from the inguinal lymph node revealed total effacement of the
lymph node due to an infiltrate of large malignant lymphoid cells
with numerous mitotic figures (Fig. 4). The diagnosis of non-
Hodgkin's high-grade malignant lymphoma (according to the
revised European American Lymphoma Classification "REAL"),

large B-cell type, diffuse was confirmed by immunohistochemical
studies.

DISCUSSION
Thallium-201-chloride has been widely used for tumor im

aging (/). A previous report suggested that its sensitivity in
high-grade malignant lymphoma is lower than in the low-grade
types (19). Gallium-67-citrate on the other hand, has been
reported to be more sensitive in high-grade lymphoma than in
the low-grade types (19). Recently, sequential thallium and
gallium scans have been reported by us and others to be useful
in AIDS patients in differentiating Kaposi's sarcoma from

THALLIUMUPTAKEIN LYMPHOMAâ€¢Abdel-Dayem et al. 1213



'"'/^ÃŒi^I^-^-^^Hte^^Â¿sÃ¤"Â«"
,"'.Â«iÂ£y^&tiBM&Ã§&;

FIGURE 2. Early and delayed thallium Â¡magesacquired 15 min (upper row)
and 2 hr later (lower row) showing no thallium uptake in the mediastinal mass
at the 15-min images and marked increased uptake in the 2-hr images.

malignant lymphomas or acute inflammatory conditions (20-
22). Lesions that are positive for both thallium and gallium are
suggestive of malignant lymphoma. Malignant lymphoma in
AIDS patients is characterized by an aggressive course, undif-
ferentiated pathology similar to Burkitt's-type lymphoma and

FIGURE 3. Total-body gallium images acquired 48 hr following the intrave
nous injection of 8 mCi (288 MBq) 67Ga-citrate showed intense uptake in the

mediastinal mass, left supraclavicular region and upper abdomen.

FIGURE 4. Pathologicalslideof specimen from excised inguinallymph node.
High-power view of the inguinal lymph node showing large malignant
lymphoid cells with mitotic figures.

by involvement of extranodal sites such as brain, heart, stomach
and small bowel. In order to differentiate between inflammatory
and malignant lymphomas or Kaposi's sarcoma, early and

delayed thallium images were proposed. In benign or inflam
matory lesions, early thallium uptake usually clears with time
while in malignant lymphoma or Kaposi's sarcoma, thallium

uptake persists in the delayed images with minimal changes
(23,24).

The optimum time for thallium imaging in tumors has been
previously reported between 10-20 min after the intravenous
injection (18). There are no previous reports of a negative
thallium uptake in malignant tumors in the early images that
became highly intense in the delayed images similar to the one
we are presenting in this manuscript. The discrepancy in this
case raises three questions: What is the optimum time of
imaging? What is the accuracy of the previously reported low
sensitivity of thallium in high-grade malignant lymphoma?
What is the mechanism of thallium uptake? In all the previous
reports, the thallium studies were evaluated only by early
images within 30 min after the intravenous injection. Chen, in
his presentation about optimum time for thallium imaging in
patients with lymphoma, reported that delayed imaging was
more sensitive than early imaging (25). The sensitivity of the
thallium in high-grade lymphoma might increase if delayed
images were obtained. Our own experience is similar to what is
reported in the literature of the poor sensitivity for thallium in
AIDS patients with malignant lymphoma. We obtain early
images in all patients and perform delayed images only if there
were abnormal sites of thallium uptake in the early images. The
presence of a large mediastinal mass in the case presented here
raised our doubts and we decided to obtain the delayed images.
We have changed our protocol to acquire both early and
delayed thallium images whenever there is a high clinical
suspicion of malignancy or in the presence of a mediastinal
mass.

We conclude from this case that the mechanism of thallium
uptake in high-grade undifferentiated lymphoma is not fully
understood. Causes of false-negative thallium uptake could be
related to tumor necrosis. Our intention by the early reporting of
this case is to draw the attention of nuclear medicine physicians
involved with thallium in tumor imaging to the drawback of
relying only on early images. Delayed images might be essen
tial to increase the sensitivity of tumor detection. More work is
needed in thallium tumor imaging.
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This study was performed to investigate the effect of the new
chemotherapeutic agent gemcitabine on glucose transport and
metabolism in prostate carcinoma in vitro and in vivo. Methods:
After transplantation of rat prostate adenocarcinoma cells, dynamic
PET measurements with fluorine-18-labeled 2-fluoro-2-deoxy-D-
glucose (18FDG) were performed in 15 animals before and 1 day
after therapy with 90 mg/kg of body weight (n = 8) and 180 mg/kg
of body weight (n = 7) gemcitabine. In the second examination, the
animals received a simultaneous injection of 18FDG and pHJthymi-

dine. Quantitative evaluation of the PET data was done using the
standardized uptake value (SUV) as well as a three-compartment
pharmacokinetic model. Furthermore, the incorporation of pHjthy-
midine into the DNA was determined. In vitro measurements of the
FDG, 3-O-methylglucose and thymidine uptake were performed
immediately and 4 hr after a 24-hr incubation period with different
doses of gemcitabine. Results: FDG-SUV and the metabolic rate of
FDG utilization did not change significantly after therapy. However,
the values for the transport rate constants K, and k2 increased
significantly. The incorporation of thymidine into the DNA of treated
tumors showed an 80% decline as compared with a control group.
In the cell culture experiments, a dose-dependent increase of FDG
(up to 178%) and 3-O-methylglucose uptake (up to 305%) was
demonstrated. The thymidine uptake showed a 96% decline in the
nucleic acid fraction and an increase of up to 337% in the cytoplas-
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mie fraction. Conclusion: The more global measures of FDG me
tabolism as SUV and metabolic rate of FDG utilization were un
changed after therapy, while DNA synthesis and cell viability
declined. However, in vitro and in vivo evidence of an enhancement
of glucose transport is presented, indicating that quantification by
modeling may be superior for the evaluation of metabolic effects
during chemotherapy.
Key Words: fluorine-18-FDG; PET; gemcitabine; prostate adeno
carcinoma; chemotherapy

J NucÃ­Med 1997; 38:1215-1221

VJemcitabine (2',2'-difluoro-2'-deoxycytidine, dFdC) is a

novel anticancer agent that must be metabolized in the cell into
its active nucleotide forms. The drug is phosphorylized by
deoxycytidine kinase, which is the rate-limiting enzyme for the
formation of the active anticancer metabolites: dFdC diphos-
phate and dFdC triphosphate. dFdC diphosphate inhibits ribo-
nucleotide reducÃ­ase(/), the enzyme that produces deoxynucle-
otides required for DNA synthesis and repair. Subsequently,
deoxycytidine triphosphate (dCTP) levels decrease, which is
important because dFdC triphosphate competes with dCTP for
incorporation into DNA by DNA polymerases (2). The decrease
of the cellular concentration of dCTP results in an increase of
the gemcitabine incorporation into the DNA, a self-potentiating
mechanism. After the gemcitabine nucleotide is incorporated at
the end of the elongating DNA strand, one more nucleotide is
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