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The tumor cell uptake of three tracers that can be labeled
with isotopes suitable for PET imaging—FDG, L-methionine
and thymidine—were examined in vitro in a human ovarian
carcinoma cell line (HTB77IP3) at varying times following 30
Gy ®°Co irradiation and were compared to a nonirradiated
control group. FDG, methionine and thymidine uptake per
tissue culture well all increased following irradiation when
compared to basal values, although to a much lower extent
than the increases in uptake seen in a nonirradiated group.
This increase in tracer uptake occurred despite a 6.25-fold
decline in viable cell numbers. When examined per cell, FDG
uptake per cell increased 9.77-fold, methionine 7.82-fold and
thymidine 9.48-fold over basal levels from Day 0 to Day 12
following irradiation. Part of these increases may be due to
giant cell formation and/or radiation repair processes that
require energy, protein and DNA substrates. While the in
vitro system differs from in vivo systems due to the absence
of a blood supply in vitro, a lack of infiltrating leukocytes and
other factors, our data suggest that early assessment of
human adenocarcinoma response to radiotherapy by PET
with these tracers may be complicated by this normal in-
crease in tracer uptake postirradiation. Clearly, in this human
cancer cell line, early radiation-induced cell death is not
associated with an early decline in tumor cell uptake of FDG,
methionine or thymidine.
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Beclinical and clinical data support the feasibility of
using positron-emitter labeled 2-fluoro-2-deoxy-D-glu-
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cose (FDG), thymidine and amino acids, such as L-
methionine, to assess the response of cancers to radiation
therapy (I-7), chemotherapy (8, 9) and hyperthermia, par-
ticularly after treatments are concluded (10). For exam-
ple, clinical studies using planar '®)FDG scanning have
shown a substantial reduction in '®)FDG uptake from
basal levels midway through a course of radiotherapy in
patients who ultimately had a good response to radiation
treatment of head and neck cancers (3). In animal models,
Abe et al. (4) demonstrated that '8FDG uptake decreased
after irradiation of an animal tumor even when tumor
volume was unchanged. Recently, Kubota et al. (5) dem-
onstrated in vivo with an elegant quadruple-label tech-
nique in a rat hepatoma model that the in vivo tumor
uptake of *H-thymidine and **C-methionine declined rap-
idly and were sensitive indicators of tumor response to
irradiation, with declines in uptake preceding volumetric
shrinkage and necrotic extension (6). The absolute signal
strength and degree of change in tumor uptake seen with
these tracers was not, however, as great as that seen with
8FDG. Fluorine-18-FDG uptake in these tumors showed
a wide range of change with a strong pretreatment signal
and a steady decline in tumor uptake following radiation,
which lagged behind changes in methionine and thymi-
dine uptake. Fluorine-18-FDG uptake did parallel viable
cell number decline (and the development of necrotic
extension) preceding volumetric shrinkage (5).

The aforementioned studies, performed in animals and
in patients, suggest that positron-emitting tracers may be
useful in monitoring the radiation response of cancers.
However, direct radiation effects (separate from those
resulting from cell death) on glycolysis, protein synthesis
or amino acid transport have been stated to be present
only following high-dose irradiation (>100 Gy) in Yoshida
ascites sarcoma or Ehrlich ascites carcinoma cells (11, 12).
In addition, Haberkorn recently described persistent uptake

773



of FDG in colorectal cancers following high-dose irradiation
(13). These changes have been attributed to ‘inflamma-
tion”’ induced by irradiation (13). Thus, it appeared impor-
tant to clarify the relationship of FDG, methionine and
thymidine uptake in tumor cells to cell viability following
radiation treatment of a human adenocarcinoma cell line
(HTB771P3) free of contaminating inflammatory cells. This
human adenocarcinoma would be relatively typical of the
kinds of cancers that might be studied in patients with PET.

The ultimate goal of such studies is to develop an
accurate noninvasive and early predictor of tumor radio-
sensitivity using the PET technique. In vitro studies of a
pure population of the relevant cell population, tumor
cells, may help define at what time following tumor irra-
diation PET examination for tumor response should be
performed and allow us to better understand the meta-
bolic processes associated with the radiation effect. For
these reasons, we sequentially studied the uptake of
FDG, methionine and thymidine in nonirradiated and ir-
radiated human adenocarcinoma cells in vitro.

MATERIALS AND METHODS

Cell Culture

The human carcinoma of the ovary cell line, HTB77IP3 (IP3),
was used. Cells (3 x 10%well) were inoculated into 24 multiwell
plates and grown in RPMI 1640 media (Sigma, St. Louis, MO)
supplemented with 7.5% calf serum, 2.5% fetal bovine serum, 2
mM L-glutamine, 100 IU/ml penicillin G and 100 ug/ml strepto-
mycin. Final pH of the media was 7.4. Cells were incubated in
a 5% CO, humidified incubator (Forma) at 37°C. The media was
exchanged when the pH of the media fell under 7.4. Trypsin
(0.05%), EDTA (0.53 mM), was used to dissociate the monolay-
ers. Cell number in multiple replicate wells (n = 6) and cell
viability were determined visually at regular intervals using the
trypan blue exclusion method and an Olympus inverted micro-
scope. These data were used to establish the cell growth curves.

Cobalt-60 Irradiation

Experimental tumor cells were exposed to a single dose of 30
Gy of %°Co irradiation one day after subculture using a clinical
radiation therapy device. The dose rate chosen was 0.672 Gy/
min. The control group was sham-irradiated only.

Radiopharmaceutical Uptake Studies

At varying time points following inoculation into the multi-
well plates, IP3 cells in replicate wells (n = 3) were preincubated
in the RPMI media (selectamine RPMI media, Sigma) with a
glucose concentration of 0.8 mg/ml, a L-methionine concentra-
tion of 15 ug/ml and a thymidine concentration of 1.85 ug/ml,
and were then incubated in the RPMI media (1 ml) containing
3H-FDG [5#6->H] (1 uCi [37 KBq], specific activity 40 Ci/mmol)
[1.48 TBg/mmol], *H-L-methionine [methyl *H] (1 pCi [37
KBq], specific activity 85 Ci/mmol [3.145 TBq/mmol]) or *H-
thymidine [methyl >H] (1 xCi [37 KBq], specific activity 45
Ci/mmol [1.665 TBg/mmol]) for 1 hr at 0, 1, 2, 3, 6, 8, 10 and 12
days after irradiation. Media glucose levels did not measurably
change from basal levels during 1 hr incubation nor when sev-
eral million cancer cells are incubated with the media for 4 hr.
Thus, there would not be a change expected in FDG uptake due
to changing glucose levels in the media. Studies performed using
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no glucose, methionine or thymidine media showed that H-
FDG, *H-methionine or *H-thymidine did not act as a tracer,
rather radiopharmaceutical uptake per 10° viable cells declined
as the cell number increased. This was not the case when the
reaction was conducted at the 0.8 mg/ml glucose level, 15 u/ml
L-methionine level and 1.85 u/ml thymidine level. Probably,
radiopharmaceuticals with high specific activities account for
this phenomenon. Glucose concentration (0.8 mg/ml) is equal to
normal blood glucose levels for fasting humans. The L-methio-
nine level (15 p/ml) in the media was chosen to correspond to
the upper part of the normal range of L-methionine levels re-
ported in fasting normal males (/4). Incorporation of radioiso-
topes was stopped by adding ice-cold Hank’s Balanced Salt
Solution (HBSS). The cells were then washed three times with
HBSS and then dissolved in 0.5 ml of 0.3 normal NaOH plus 1%
sodium lauryl sulfate. Cell extracts were diluted into 10 ml of
scintillation fluid (Hionic Fluor, Packard, Meridien, CT), after
which *H activity was measured with a liquid scintillation
counter. Tracer uptake, expressed as percent dose per tissue
culture well or percent dose per 10° viable cells, was deter-
mined. The percent dose per tissue culture well was felt to be
most analogous to the percent uptake per ‘‘tumor.”

We also studied the relative distribution of thymidine within
the cancer cell in both the control and irradiated cell groups. IP3
cells in replicate wells (n = 3) were preincubated in the RPMI
media mentioned above and incubated in the RPMI media con-
taining *H-thymidine for 1 hr at 37°C at 0, 1, 2, 3, 6, 8 and 10
days after irradiation. Incorporation was stopped by adding
ice-cold HBSS, washing the cells three times with HBSS and
treating with 2 ml ice-cold 10% trichloroacetic acid (TCA) for 10
min and repeating TCA washes twice (5 min each) to extract
DNA. Subsequently, the TCA-insoluble fraction (including
DNA) was dissolved in 0.5 ml of 0.3 normal NaOH plus 1%
lauryl sulfate and were diluted into 10 ml of scintillation fluid,
after which 3H activity was measured to estimate the relative
distribution of *H-thymidine within the TCA-insoluble fraction
(%TCA-insoluble fraction).

DNA Flow Cytometry Study

DNA flow cytometry was also performed to estimate syn-
chronization of cell cycles in the irradiated group. IP3 cells
(approximately 2 X 10° cells) cultured as above were trypsinized
and washed with PBS at 0, 12, 24 and 48 hr postirradiation.
These pellets were resuspended in 70% ethanol and kept at
—20°C until staining. The samples were then treated with 0.5 ml
RNase (54.5 pu/ml) for 1 hr at 4°C. Flow cytometry was per-
formed with a Coulter Epics C Flow Cytometer. Histograms
from the Epics C printout were used to estimate cell fractions in
the G0/1, S and G2/M phases with commercial software (Dean’s
model, Coulter Inc., Hialeah, FL).

RESULTS

The cell growth curve is shown in Figure 1. Following
subculture, the control cells progressed through a char-
acteristic growth cycle, nearing the plateau phase at Day
12. Cell viability did not change following subculture in
the control group and was always in excess of 91%. In the
irradiated group, viable cell number decreased exponen-
tially following irradiation and showed a 6.25-fold decline
from Day 0 to Day 12. Cell viability also decreased grad-
ually in the irradiated group, decreasing to 73% of the

The Journal of Nuclear Medicine ® Vol. 34 * No. 5 * May 1993



106

control

105

irradiated
104

Viable cell number

103 r v 1 I rryrrrer
0o 2 4 6 8 10 12 14
Days after irradiation

FIGURE 1. Cell growth curve. Following subculture, the con-
trol group (n = 6) progressed through a characteristic growth
cycle. In the irradiated group (n = 6), viable cell number de-
creased exponentially following irradiation. Note that the y-axis is
logarithmic. O = control group and @ = irradiated group.

residual visible cells at Day 12 following irradiation. Stan-
dard deviations on the irradiated samples were large rel-
ative to mean cell numbers at 5 days or longer postirra-
diation, due to the relatively low number of cells, and
resultant low signal, present per well. The cell fractions in
the G0/1, S and G2/M phases were determined by DNA
flow cytometry in the irradiated group. Almost all cells
(99%) entered the S phase at 12 hr following irradiation
and 58% of the cells moved in the G2/M phase at 24 hr
and were largely unchanged at 48 hr after irradiation.
Thus, radiation-induced synchronization of the cell cycle
was clearly apparent in the irradiated group. After 72 hr,
however, a large amount of debris (dead cells) prevented
the estimation of the cell fractions by DNA flow cytom-
etry.

FDG uptake per tissue culture well was compared to
basal FDG uptake at varying times postirradiation (Fig.
2). The percent dose of FDG uptake per tissue culture
well increased over time in the control group in a manner
paralleling the cell growth curve (r = 0.974, p < 0.01).
There was a more modest increase in FDG uptake per
tissue culture well in the irradiated group, but at all time
points following irradiation, uptake in the irradiated
group was greater than basal levels despite the fact that
much fewer cells were present in the irradiated group at
the later time points. FDG uptake was also examined per
10° viable cells. It was noted in this situation that there
was more uptake of FDG relative to basal levels in the
irradiated cells than in the control cells. This increase was
substantial, a 9.77-fold increase from Day 0 to Day 12,
which is relative to basal uptake (Fig. 3). Thus, a dra-
matic increase in FDG uptake per cell was seen following
irradiation. Limited microscopic data showed that cell
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FIGURE 2. FDG uptake per tissue culture well increased
slightly from the basal level in the irradiated group (n = 3),
although to a much lower extent than that in the control group (n
= 3). Measured uptake (mean + s.d.) was normalized to the
uptake at the time of irradiation. O = control group and ® =
irradiated group.

volume increased substantially in the residual irradiated
cells that remained viable. These giant cells reached a
volume roughly 11 times larger than control cells on Day
9 following irradiation. It is of interest that this increase in
cell volume is similar in magnitude to the increase in FDG
uptake per 10° viable cells. Thus, it is possible that this
increase in FDG uptake per cell is largely related to an
increase in cell volume (Fig. 4A,B).
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FIGURE 3. FDG per 10° viable cells increased markedly in
the irradiated group (n = 3), with a 9.77-fold increase from Day
0 to Day 12, and increased to a much higher extent than that
seen in the control group (n = 3). Measured uptake (mean +
s.d.) was normalized to the uptake at the time of irradiation. O =
control group and @ = irradiated group.
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Methionine uptake per tissue culture well is shown in
Figure 5. After irradiation, there was a modest increase in
methionine uptake followed by a sharp decrease and an-
other slight increase. Thus, there was a slight overall
increase in methionine uptake in the irradiated cells, al-
though it was much lower than in the control group.
These data suggest that there is some cycling variability
in methionine uptake following irradiation. Methionine
uptake per 10° viable cells increased conspicuously in the
irradiated group (Fig. 6), with a 782% increase from Day
0 through Day 12. This uptake per cell also tended to vary
somewhat cyclically following irradiation and was much

control

g

%basal uptake
g

irradiated

—r—rTr T T
6 8 10 12 14

4
Days after irradiation

FIGURE 5. Methionine uptake per tissue culture well in-
creased slightly from the basal level and varied in a cyclical
pattern in the irradiated group (n = 3), although to a much lower
extent than that in the control group (n = 3). Measured uptake
(mean *+ s.d.) was normalized to the uptake at the time of
irradiation. O = control group. @ = irradiated group.
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FIGURE 4. (A) Photomicrograph of
control cell. (B) Residual irradiated giant
cell at 9 days after 30 Gy irradiation. Vol-
ume has increased substantially in the re-
maining irradiated cells. Bar indicates 100
um.

greater than the percent uptake seen in the control group.
In fact, in the control group at the plateau phase, there
appeared to be a slight decline in methionine uptake per
cell relative to basal levels.

Thymidine uptake was examined as well. Thymidine up-
take per tissue culture well increased in the control group
from Day 0 to Day 12 (Fig. 7). There was cyclical variability
in thymidine uptake in the irradiated group, with an in-
crease in thymidine uptake seen at Day 3, although the
increase was less marked at Day 8. There clearly was an
increase in thymidine uptake per well after irradiation, al-
though it was not as marked as the increase in FDG uptake.
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FIGURE 6. Methionine uptake per 10° viable cells increased
markedly in the irradiated group (n = 3) with a 782% increase
from Day O through Day 12 which tended to vary somewhat
cyclically following irradiation and was much greater than the
uptake seen in the control group (n = 3). Measured uptake
(mean *+ s.d.) was normalized to the uptake at the time of
irradiation. O = control group. @ = irradiated group.
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FIGURE 7. Thymidine uptake per tissue culture well in-
creased in the control group (n = 3) from Day 0 to Day 12. There
was cyclical variability in thymidine uptake in the irradiated group
(n = 3). Measured uptake (mean + s.d.) was normalized to the
uptake at the time of irradiation. O = control group and ® =
irradiated group.

Thymidine uptake, when assessed per 10° viable cells,
showed a progressive decline throughout the growth
cycle of the cells in the control group (Fig. 8). This
is consistent with the cells entering a slower phase
of growth (and DNA synthesis) as they reach the
plateau phase. By contrast, thymidine uptake per 10°
viable cells in the irradiated group showed a 948% in-
crease from Day 0 to Day 12 following irradiation. There
also appeared to be cyclical variation of thymidine
uptake, possibly due to radiation-induced synchroniza-
tion of the cell cycle. We have also studied the relative
distribution of thymidine within the cancer cells in both
the control and the irradiated groups (Fig. 9). In the
control cells, the %TCA-insoluble fraction for thymidine
peaked at Day 1 and then decreased. In contrast, in the
irradiated cells, the %TCA-insoluble fraction for thymi-
dine increased gradually following irradiation, and at
Day 10 virtually all of the thymidine was contained within
the TCA-insoluble fraction (DNA). This indicates that
thymidine accumulation in irradiated cells is mainly due
to incorporation into DNA, while in control cells up to
50% of the thymidine is not in DNA. High thymidine
incorporation into DNA in the irradiated cells is probably
related to active repair of DNA damage from irradiation.
These results indicate that irradiation can change the
proportion of thymidine incorporation into DNA. When
assessed per tissue culture well or per cell, there was no
evidence of a decline in tumor cell uptake of FDG, me-
thionine or thymidine from basal levels in the first 12 days
following irradiation.
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FIGURE 8. Thymidine uptake per 10° viable cells showed a
progressive decline through the cell growth cycle in the control
group (n = 3). By contrast, thymidine uptake per 10° viable cells
in the irradiated group (n = 3) showed a 948% increase from
Day 0 to Day 12 following irradiation. There also appeared to be
cyclical variation of thymidine uptake in the irradiated group.
Measured uptake (mean + s.d.) was normalized to the uptake at
the time of irradiation. O = control group and @ = irradiated
group.

DISCUSSION

These data demonstrate that there was no decline in
FDG, methionine or thymidine uptake per tissue culture
well (i.e., per “‘tumor volume’’) following radiation ther-
apy in an in vitro system using a human adenocarcinoma
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FIGURE 9. After irradiation, a significantly larger fraction of
total 3H-thymidine activity was incorporated into the TCA-insol-
uble fraction (DNA) versus the control group after Day 3. On Day
10, all 3H-thymidine was contained within the TCA-insoluble
fraction (DNA) in the irradiated cells. O = control group and @ =
irradiated group.
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of the ovary cell line which responds well to a 30-Gy
radiation dose. In addition, since a decrease in viable cell
number following irradiation was clearly apparent with
cell counting, there was indeed a substantial increase in
FDG, methionine and thymidine uptake per cancer cell
following irradiation when the accumulated activity was
normalized to the remaining number of cancer cells.
Furthermore, a significantly larger fraction of the total
3H-thymidine activity was incorporated into DNA versus
the control group following irradiation, indicating thymi-
dine utilization was increased in the irradiated cells. Part
of the increase in tracer uptake per cancer cell may have
been due to the fact that cell volume increases substan-
tially following irradiation. This giant-cell formation fol-
lowing irradiation has previously been described and is
likely due to continued protein, RNA and DNA synthesis
and impaired cell division (15, 16). It was also shown that
the giant cells were metabolically active. Whitmore et al.
(15) showed logarithmic increases in protein, RNA, DNA
and cell volume over a 6-day period with strain L cells
after 5000 roentgens irradiation. Sheet et al. (16) showed
4C-thymidine uptake into cellular DNA of HeLa cells
continued at essentially normal rates for 10 days after
recovery from 1,400 roentgens of irradiation and then
declined. The rate of incorporation of *C-glutamic acid
reached a level greater than that in the control cells on a
per cell basis. In an in vivo tumor system (neuroblastoma
of mice) irradiated with 20 Gy in a single exposure, the
tumor cells became considerably enlarged and pleomor-
phic as early as 3 days postirradiation, and the cellular
changes were further exaggerated 6 days after irradiation
(15). For example, this phenomenon could explain in-
creased cellular FDG uptake and it is most consistent
with the fact that FDG uptake increased the most per cell
following irradiation. A similar explanation could hold for
methionine uptake per cell. Giant-cell formation due to a
lack of cell division coupled with increased DNA synthe-
sis could also explain thymidine uptake increasing per
cell. The 9.48-fold increase in thymidine uptake seen
between Day 0 and Day 12 may also be due to repair of
radiation damage in tumor cells that might require in-
creased thymidine utilization. Thymidine and methionine
uptake per cell varied in a cyclical pattern following irra-
diation. A DNA flow cytometry study showed that radi-
ation-induced synchronization of the cell cycle was
clearly apparent at 12 hr postirradiation. Part of the cy-
clical pattern for thymidine and methionine uptake may
have been due to the synchronization of the cell cycle
following irradiation.

Thus, our studies were somewhat surprising in that
none of these tracers, which have been proposed as po-
tential agents to monitor tumor response to radiation
therapy, were sensitive at detecting early changes in vi-
able cell number or in detecting cell death following cel-
lular irradiation. Most surprising was that there was ac-
tually an increase in FDG, methionine and thymidine
uptake, although particularly FDG, following such treat-
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ment per cell (where the increase is most dramatic) and
per tissue culture well. Again, the tissue culture well is
most analogous to the whole tumor in this in vitro system.

These in vitro findings in a human adenocarcinoma cell
line are seemingly at variance with in vivo findings in
systems examined by Kubota (radiosensitive rodent hep-
atoma, irradiation with 5, 10, 15 or 20 Gy in a single
exposure) (5,6), tumors examined by Abe (radiosensitive
and radioresistant rodent breast cancers, irradiation with
10, 20, or 40 Gy in a single exposure) (4) and head and
neck squamous-cell carcinomas in patients examined by
planar scintigraphy midway through the patients’ course
of radiation treatment by Minn (examined after irradia-
tion with 30 Gy, daily fractions of 2 Gy) (3). Indeed, it
may be that our in vitro model of a human adenocarci-
noma is sufficiently different from the situation in vivo
that extrapolation from in vitro to in vivo will not be
valid. It is, however, possible that this adenocarcinoma is
different (perhaps more radioresistant) than the other tu-
mors examined.

It is perhaps more likely that the radiation-induced
declines reported for in vivo systems in tumor FDG,
methionine and thymidine accumulation may be due to
factors other than direct radiation-induced cell death. For
example, there might be radiation-induced vascular dam-
age of tumors generated with resultant lower perfusion of
tumors and less opportunity for these tracers to be accu-
mulated in the tumors. In tumors (neuroblastoma of mice
and Walker 256 carcinoma of rat) irradiated with more
than 10 Gy in a single dose exposure, the intravascular
volume decreased from Day 1 to Day 12 following irra-
diation, indicating severe vascular damage in these tu-
mors (17,18). It is possible that some of the radiation
effects reported with potential PET tracers for in vivo
systems may be related to changes in tracer delivery, as
opposed to direct radiation-induced decrements in cell
number or metabolism. Alternatively, cell death follow-
ing radiation may be more rapid in vivo than in vitro,
perhaps due to the combined effects of direct tumor kill-
ing, radiation-induced changes in blood supply and radi-
ation-induced edema and/or other host effector mecha-
nisms, which possibly enhance the change in tracer signal
beyond that seen in vitro. Of interest, however, is that
Haberkorn and colleagues have reported substantial per-
sistence of FDG signal in colon cancers following irradi-
ation and have suggested that this is due to ‘‘inflamma-
tory reactions’’ caused by radiation injury (13). Our data
show that tumor cells can, at least transiently, increase
their uptake of several PET tracers following irradiation
without a need to explain the phenomenon as due to
increased uptake into infiltrating inflammatory cells.
Clearly, additional in vivo studies in this and other tumor
systems are necessary to better assess and define the
clinical relevance of this somewhat surprising in vitro
phenomenon.

In the control cells, there are substantial differences in
cellular uptake of thymidine and methionine between the
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exponential and plateau phase cells. For both of these
tracers, there is relatively less uptake per cell at plateau
phase than during exponential phase. By contrast, FDG
uptake per cell changes only minimally between the ex-
ponential and plateau phases. FDG uptake per tissue
culture well, however, increased over time in a manner
paralleling the cell growth curve (r = 0.974, p < 0.01).
These in vitro differences in tracer uptake suggest that in
this adenocarcinoma cell line, FDG measures a substan-
tially different parameter (viable cell number) than thy-
midine or methionine and that thymidine and methionine
uptake would underrepresent cell number if the cells are
in the plateau phase in vivo and imaging is performed
with PET.

In summary, our in vitro studies demonstrate that de-
spite substantial reductions in viable cell number, there
are increases in tumor cell FDG, methionine and thymi-
dine uptake, both in absolute terms and per cancer cell, in
a human adenocarcinoma cell line in the first 12 days
following irradiation. These changes are partly due to
giant-cell formation following irradiation, but may also be
due to increased tracer uptake due to accelerated repair
of cells, which require these substrates. From our in vitro
data, it is clear that reductions in FDG, methionine and
thymidine uptake do not occur shortly posteffective irra-
diation in this adenocarcinoma cell line. Our data also
suggest that these agents may not be good tracers for
early monitoring of the direct response of cancer cells to
radiation. While extrapolations to the in vivo setting must
be done with caution, our data suggest that caution is in
order when performing PET imaging in the period during
or soon after irradiation of adenocarcinomas, since it is
clear that if proper cellular substrates are available, then
tumor cell uptake of these three tracers do not rapidly
decline, rather they increase in this human adenocarci-
noma system. Additional in vitro and in vivo studies in
animals and man will be necessary to address more com-
prehensively the issues of how PET tracer uptake
changes in adenocarcinomas soon after successful and
unsuccessful radiation therapy and whether such early
radiation-induced changes in tumor metabolism are use-
ful predictors of ultimate tumor response to treatment.
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