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increase the Sensitivity and accuracy of detection techniques
(3â€”7).MDR1 gene expression has, thus far, been investigated
@â€œTc-MIBI
uptakeandthelevelofp-glycoprotein
(Pgp)expression
by using different probes or by studying the increase of MDR1
determined by flow cytometry and reverse transcription-polymerase
mRNA or the protein expression of Pgp (8â€”11). On the other
chain reaction (RT-PCR) techniques in patients with hematologic
malignancy. Methods: A total of 21 samples (19 patients) were hand, an organotechnetium complex, MIBI, has been reported
evaluated. Two patients had repeat studies after therapy. Thirteen to be a transport substrate for Pgp (12, 13). Although its
samples were studied at the time of initial diagnosis and 8 during accumulation rates are driven by negative transmembrane
relapse after therapy. After MIBI imaging, either bone marrow potential, the accumulation of MIBI is reduced in cells express
aspiration or peripheral blood was obtained for flow cytometric and
ing the MDR phenotype because of the energy-dependent Pgp
RT-PCRanalyses.Flowcytometrywas performedusingtwo differ efflux pump, which causes decreased accumulation of its
ent antibodies. After the injection of 555 MBq MIBI,whole-body and
substrates (12â€”15). Previous studies have shown an inverse
pelvic spot images were acquired using a dual-head gamma cam
relationship between Pgp levels and the magnitude of MIBI
era. The uptake in the bone marrow was evaluated against the
uptake (16â€”19). There still exists a need for the functional
background (adjacent soft tissue) by both qualitative (scoring sys
tern) and quantitative(tm/bkg ratios)analyses.Results For flow imaging data to be correlated with other objective techniques
performed at the molecular level to verify MIBI findings.
cytornetry, the limit for Pgp overexpression was set at >15%
Because accurate detection of PgpIMDR1 gene has important
Pgp-positive mononuclear bone marrow or peripheral blood cells.
There was an inverse correlation between the levels of Pgp and MIBI clinical implications and verification of antigenic expression at
imaging using both the qualitative (scoring system) and quantitative
the molecular level is considered a gold standard, in this study
(trn/bkg ratios) analyses (p = 0.022). Mean values were statistically we investigated the diagnostic potential of MIBI for determin
different between Pgp + and Pgp â€”groups for both qualitative and
ing Pgp compared to flow cytometry and reverse transcription
quantitative analyses (p = 0.009 and 0.024, respectively). For polymerase chain reaction (RT-PCR) to demonstrate a correla
RT-PCR, there was statistical support toward a difference in the tion between imaging and molecular studies in patients with
mean values between Pgp + and Pgp â€”groups by qualitative
hematologic malignancy.
analysis (p = 0.061); however, no statistical difference was found
between these two groups by quantitative analysis (p = 0.179).
Conclusion: Based on the strong correlation between the imaging MATERIALS AND METHODS
and flow cytometry and a statistical support toward the correlation
Patients
between the imaging and RT-PCR, MIBIimaging may be used for
A total of 21 specimens were included in our study from 19
the in vivo detection of Pgp in patients with hematologic malignancy.
patients (age range 30â€”70yr; mean age 47.3 + 13.8 yr). Twelve
Key Words:multidrugresistance;p-glycoprotein;
technetiurn-99rn
patients had acute myelocytic leukemia (AML) and 7 had acute
MIBI; reverse transcription-polyrnerase chain reaction techniques;
lymphoblastic leukemia. Eleven patients were evaluated before
flow cytometry
chemotherapy. Eight of 19 patients had been previously treated
J NucI Med 1998; 39:1191-1197
with various chemotherapy regimens consisting of doxorubicin,
mitomycine, vincristine, methotrexate, mitoxantrone, cytosine ar
abinoside and idarubicin. Bone marrow aspiration or peripheral
success has been stunted by chemotherapy failure due to blood were obtained for flow cytometric and RT-PCR analyses in
cellular drug resistance, which still remains a major problem in all patients 1â€”3
days before imaging studies. In 2 of 19 patients, all
most cancers. Establishment of better designed chemotherapy
studies were repeated during relapse 3 mo after initial therapy, and
strategies may further improve survival rates.
a total of 21 samples were obtained. Data were available for both
Attention has focused lately on the expression of the p
flow cytometry and RT-PCR on 10 samples, and on 11 samples
glycoprotein (Pgp)/multidrug-resistance
gene (MDR1) gene as either flow cytometric analysis (7 samples) or RT-PCR (4 samples)
an important determinant of responsiveness to therapy and was performed. To increase the specificity of the flow cytometric
survival in a group of cancers including hematologic malignan
analyses, two different antibodies were used in 15 samples, one
cies (1â€”7).As the modulation of the Pgp-mediated multidrug
developed against the internal (JSB-l) and one against the external
resistance (MDR) phenotype has opened prospects for a better
epitope (UIC2) of the Pgp antigen. These 15 samples included
response to therapy, various methods have been developed to those 7 on which RT-PCR could not be performed.
Our aim was to ascertain the relationship between the degree of

D espite
theintroduction
ofmore
effective
drugs,
treatment
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Imaging
Images were obtained 20â€”30mm postinjection of 740 MBq
99mTcMIBI A dual-head ADAC Genesys camera with a LEHR
collimator interfaced with an ADAC 3300 computer was used for
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Qualitative Scoting Results of MIBIImaging
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SI = sacroiliacjoints;r = patients presented withrelapse.trochanterrnajorSJ sacroiliac=
image acquisition. Whole-body and planar spot images of the
pelvis were acquired. The uptake ratios were taken in the regions
of interests drawn over relevant areas containing tumor (bone
marrow) and the contralateral site.
MIBI scans were interpreted by two nuclear medicine physicians
blinded to the patients' clinical information, flow cytometry and
RT-PCR findings.
Uptake ofMIBI in the target organ (bone marrow) was evaluated
against the uptake in the reference organ (reference organ uptake
was defined as the adjacent soft tissue uptake). This evaluation was
performed using a qualitative scoring system (Table 1) with the
following criteria: (a) bone marrow uptake < soft tissue uptake =
1; (b) bone marrow uptake = soft tissue uptake
2; and (c) bone
marrow uptake > soft tissue uptake = 3.
This evaluation was also performed using a quantitative system
with the determination of tumor-to-background (trn/bkg) ratios
(Table 2). Both the qualitative and quantitative analyses were
performed in the bone marrow in areas that included the proximal
humerus, shoulder joints, sternum, anterior iliac crests, trochanter
majors, sacroiliac joints and proximal femurs. Mean values were
determined for both the qualitative and quantitative analyses
(Tables 1 and 2). For symmetric organs, a mean value was derived
for the values obtained bilaterally. To avoid false-positive results
that could originate from the overlapping physiologic uptake in the
heart, kidneys and bowels, the vertebral column was not included
in the analyses.

Flow Cytometry
The leukemic blast cells were separated from heparinized
peripheral blood or bone marrow on ficoll hypaque by density
gradient. Pgp expression in blast cells was determined by indirect
immunofluorescence using JSB- 1 (Boehringer Mannheim, Mann
heim, Germany) and UIC2 (Dr. Carlos Cardon-Cardo, Memorial
Sloan Kettering Cancer Center, NY) antibodies. As JSB-1 has a
specificity for an internal epitope, for fixation the blast cells were
resuspended in 70% cold methanol and incubated for 5 mm at
â€”20Â°C
to permeabilize the cell membrane. The cells were then
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washed twice and resuspended in PBS + 0.05%NaN3. Blast cells,
1 X 106,were then incubated with the antibodies, JSB-1 and UIC2,
prepared at a final concentration of 10 @g/ml
for 60 mm at 4Â°Cand
then washed and incubated with fluorescein isothiocyanate-conju
gated sheep antimouse IgG serum (Dako, Versailles, France) for 30
mm at 4Â°C.The cells were then washed and analyzed with a flow
cytometer, EPICS 541, (Coulter, Luton, UK). An irrelevant,
isotype-matched mouse IgG (Sigma Chemical Co., St. Louis, MO)
was used as a negative control. The blast cell population was gated
using scatter parameters. Staining was considered positive when
more than 15% of the cells were stained.
Total RNA Extraction and Detecting Gene Expression by
Reverse Transcription-Polymerase
Chain Reaction
The RNAzol method was used to isolate cellular RNA (20).
Complementary DNA (cDNA) was synthesized with 1 @g
of total
cellular RNA, 100 ng of random primers (MWG-Biotech,
MÃ¼nchenstein,Germany) and 125U of MO MULV reverse tram
scriptase (Superscript Rmase H-Reverse transcriptase; BRL) at
37Â°Cfor 60 mm. PCR was performed with cDNA aliquots
equivalent to 1 @g
ofRNA, 2 @tmol/literof MDR1 specific primers
and 1 unit ofthermus aquaticus DNA polymerase (MBI-Fermentas,
Vilnius, Litvania) in a final volume of 20 @d.PCR was performed
in a thermal cycler, PTC-lOO, (MJ Research Inc., Watertown, MA)
for 35 cycles. Each cycle included 1 mm of denaturation at 94Â°C,
1 mm of primer annealing at 57Â°Cand 1 mm of DNA extension at
72Â°C.PCR products (10 .tl/reaction) were analyzed by electro
phoresis on 2% agarose gel. MDR1-specific sequences were
amplified using the following primers: sense strand; 5'CCCAT
CATTGCAATAGCAGG3',
and antisense
strand; 5'GT
AA'

(MWG-Biotech,

Munchenstein,

Germany). These primers generate a 167-kb PCR product.
Statistical Analysis
The correlation between flow cytometry and MIBI results
(qualitative and quantitative analyses) and between MIBI results
from the two different antibodies were analyzed by Spearmam's
rank correlation coefficient. Kappa statistics were used to define
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TABLE 3
Correlation of MlBl Parameters with Flow Cytometry and
Reverse Transcnption-Polymerase Chain Reaction

(RT-PCR)Results
Pgp - (Pr@.h.z@)

MIBIscintigraphyMolecular
studiesQualitativeQuantitaTh,eFCDx

B

(scoring)(trn/bkg)MAb1MAb2RT-PCR
1 AML*2.001

Pgp + (Poztc@.hamo)

D

.0883%np+

r2AML1.901.1074%76%+3

mAbi
4,1%

.2043%26%np4ALL1.750.9532%34%np5AML2.621.4227%46%+6
AML2.001

.0126%56%np7AML2.111.1624%25%np8ALL*2.111.1916%10%+9ALL1.500.98npnp+r1OAML1.881.01npnp+r11AML2.621.4613%npâ€”12AML2.711.4812%10%â€”13ALL*1.901.1510%12%np
.671
ALL1

mAb2
4,3%

+15
r16

AML2.751
ALL2.711

Pgp.

.679.0%8.0%â€˜

.388.3%7.0%â€”
.212.0%3.0%â€”

FIGURE1. @A)
A35-yr-oldwomanwhowas diagnosed withacute myelocytic
leukemia.PeMc spot @news
of MIBIimagingdemonstrate prominentuptake
inpeMc bone marrowconsistent withabsence of Pgp expression.(B)Pelvic
.35â€”â€”np19AML*2.551.394.1%4.3%â€”2OAML2.621.38npnpâ€”r21
AML2.671
spot viewsobtained aftertherapy revealfaintuptake in pelvicbone marrow,
ALL2.331

r17ALL2.501.20â€”â€”np18

which suggests
(C)

AML2.711

.59npnpâ€”

*@,ples 1 and 19 and 8 and 13 representthe same patientstudied after
therapy and before therapy, respectively.
ALL = acute

lymphocytic

leukemia

AML

= acute

myelogenous

cytometric

Pgp overexpression
analysis

induced

perlormed

before

by cytotoxic
therapy

drug therapy.
reveals

no

Pgp

overexpression,withlevelsof 4.1% and 4.3% for MAb1and MAb2,respec
tively.(D)Flow cytometric analysis performed after therapy reveals Pgp
overexpression,withlevelof83% forMAb1.Thisparticularsample could not
be studied with MAb2.

leukemia

Dx = diagnosis;FC â€”flow cytornetry; MAb 1 = antibody 1 â€”JSB-1; MAb

2 = anthody 2 - UIC2;trn/bkg = tumor-to-backgroundratio; np = not
performed; r = patients presented with relapse.

the concordance between flow cytometry and RT-PCR results. The
difference in MIBI values between Pgp + and Pgp â€”patients who
were grouped using the flow cytometry results (Pgp considered
positive when either antibody revealed a test result of >15%)
was analyzed by the Mann-Whitney test. The cutoff values of 2.33
and 1.20 yielding the highest predictive value were used for
determining sensitivity and specificity of MIBI results with respect
to the threshold of 15% for Pgp positivity.

RESULTS
Flow Cytometry

In all patients, the bone marrow was infiltrated with blast
cells with levels ranging from 90%â€”95%.Flow cytometric data
were available in 17 of 2 1 samples. In 15 samples, flow
cytometry was performed using two antibodies, one developed
against the internal (JSB-1) and one against the external epitope
(UIC2) of the Pgp antigen (Table 3). According to our results
obtained in healthy volunteers, the limit for Pgp overexpression
was set at 15% Pgp-positive mononuclear bone marrow cells
and peripheral blood cells. Eight samples were positive for Pgp
with the levels ranging from 16% to 83%, whereas 9 were
negative with the levels ranging from 2% to 13% (Table 3). In
one of those two patients on whom the studies were repeated
during relapse following initial therapy, Pgp converted to
positive after therapy (Table 3, Samples 19 and 1, pretherapy
and post-therapy, respectively, Fig. 1).
There was good agreement between the two antibodies for
determining the Pgp levels in numeric values (r = 0.952; p <
0.0001 ; Spearman's rank correlation coefficient) and, with the
threshold set at 15% for Pgp positivity, there was also agree
P-GLYCOPROTEIN

Flow

EXPRESSION

ment between the two antibodies
Kappa statistics) (Table 3).

(r = 86.5%; s.e. = 12.9;

Reverse Transcription-Polymerase
Chain Reaction
RT-PCR data were available in 14 samples. Seven samples
were positive and 7 were negative for Pgp presence. Both flow
cytometry and RT-PCR were performed in 10 samples. When
the results of flow cytometry were correlated with those of
RT-PCR, the concordance between these two techniques was
80% (s.e. = 18.6; Kappa statistics) with Pgp considered
positive when either antibody revealed a test result of
15%.
There was agreement between 9 samples, whereas disagreement
was present in 1 sample. In this particular sample, RT-PCR was
positive for Pgp when flow cytometry was negative using both
antibodies (9% and 8%) (Table 3, Sample 14). The quantitative
analyses for RT-PCR was not performed.
Correlating MIBI Results with Flow Cytometry
There was a statistically significant inverse relationship
between the levels of Pgp and both qualitative (p = 0.013; r =
0.58; Spearman's rank correlation coefficient) and quantitative
(p = 0.022; r = 0.55; Spearman's

rank correlation

coefficient)

results of MIBI imaging (Figs. 2 and 3). The results of the
analyses using Mann-Whitney test are as follows.
Mean Values for Qualitative Analyses. In Pgp-positive pa
tients, the mean value was 2.02 + 0.29 (median: 2.00) (Fig. 4A
and B), and in Pgp-negative patients the mean value was 2.53 +
0.27 (median: 2.62) (Fig. 4C and D). There was a statistical
difference between these two groups. (p = 0.009, range:
1.67â€”2.75)(Figs. 2 and 3).
Mean Valuesfor Quantitative (Tumor-to-Background Ratios)
Analyses. In Pgp-positive patients, the mean value was 1. 14 +
0.14 (median: 1. 13) (Fig. 4A and B) and in Pgp-negative
patients the mean value was 1.33 + 0. 17 (median: 1.35) (Fig.
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cytometry revealed low levels of Pgp expression (10% and
12%) that are considered to be present in the normal population.
In this particular patient, RT-PCR could not be performed.

2,8

2,6

Correlation of MIBIResults with Reverse Transcription

I 2.4

@

@

Polymerase Chain Reaction
Mean Values for Qualitative Analyses. In Pgp-positive pa
tients, the mean value was 2. 13 + 0.36 (median: 2.00) (Figs. 4A
and 5) and in Pgp-negative patients the mean value was 2.59 +
2.2
0.16 (median: 2.61) (Figs. 4C and 5). There was statistical
support toward a difference between these two groups. (p =
2.0
0.061, range: 1.67â€”2.75).
Mean Valuesfor Quantitative (Tumor-to-Background Ratios)
Analyses. In Pgp-positive patients, the mean value was 1.17 +
1,8
0.15 (median: 1.16) (Figs. 4A and 5) and in Pgp-negative
patients the mean value was 1.37 + 0. 17 (median: 1.36) (Figs.
4C and 5). A statistical difference could not be found between
P.gp.
Pip +
these two groups (p = 0. 179, range: 0.95â€”1.67); however, the
P@p Positivity
number of samples was not adequate to arrive at a firm
conclusion.
FIGURE2. Distilbution
ofqualitative
scoresofMIBIimaging
inrelation
tothe
The sensitivity and specificity were 57% and 85% for
presence of Pgp expression detected by flow cytometry. Limitfor Pgp quantitative and 71% and 100% for qualitative analyses of
overexpressionwas set at 15% Pgp-positivemononuclearbone marrow
cells or petipheral blood cells. There was inverse correlation between MIBI imaging (Table 4).
qualitativescores and levelsof Pgp expression (p = 0.013;r = 0.58).
1.6

4C and D). There was a statistical difference between these two
groups. (p = 0.024, range: 0.95â€”1.67) (Figs. 2 and 3).
Sensitivities and specificities of MIBI imaging for detecting
Pgp are shown in Table 4. The cutoff values of 2.33 and 1.20
yielding the highest predictive value were used for sensitivity
and specificity analyses of MIBI results. There were two
patients whose MIBI results contrasted with the cutoff values
set for Pgp presence (Table 3, Patient 5 and Patient 13). In one
of these patients, although MIBI results indicated no Pgp
presence with mean values above the threshold for Pgp pres
ence (qualitative: 2.62 versus 2.33 and quantitative: 1.42 versus
1.20), flow cytometry revealed high levels of Pgp expression
using both antibodies (27% and 47%). RT-PCR was in agree
ment with flow cytometry. In the other patient, MIBI results
were consistent with overexpression of Pgp with mean values
obtained below the threshold for Pgp presence (qualitative: 1.90
versus 2.33 and quantitative: 1.15 versus 1.20). However, flow

DISCUSSION

Multiple independent studies have demonstrated that a high
level of Pgp expression is associated with a poor response to
therapy in patients with acute leukemia or myelodysplastic
syndromes (21â€”23). Further analysis of leukemia specimens
has also shown a relationship between PgpIMDR1 expression
and treatment outcome in AML (9, 11 ). As prospective identi
fication of patients with MDR could lead to therapeutic strate
gies to circumvent or overcome it, such as modulation by
various inhibitors or use of chemotherapeutics not involved in
the MDR phenotype, multiple detection assays have been
developed for accurate characterization of Pgp (24,25). No
single detection technique provides specific information on the
presence of the Pgp/MDR1 gene, and methods for determining
MDR1 expression often yield discordant results. Therefore, the
use of at least two methods for evaluating Pgp/MDR1 gene
expression is advisable (10,22). RT-PCR is usually recom
mended because of its relative simplicity and high specificity;
however, this technique should be supplemented by immuno
histochemistry or flow cytometry to confirm expression of the
protein in case there is any blockage in protein synthesis. In our
study, we used two techniques and also used two different
anti-Pgp antibodies that recognize different epitopes to diminish
the possibility of obtaining conflicting results and to improve
the reliability of the detection technique.
0
Because of its recognition as a transport substrate by Pgp,
previous studies have indicated a potential use for MIBI for the
in vivo identification of the multidrug resistant phenotype in
patients with solid tumors (16â€”19). In line with these studies,
the most important finding in our study is the inverse relation
ship between the Pgp levels detected by flow cytometry and the
results of both the qualitative and quantitative (tm/bkg ratios)
analyses of MIBI imaging (Figs. 1 and 2). The difference in
both qualitative and quantitative values between the Pgp + and
Pgp â€”groups was statistically significant (p = 0.009 and 0.024,
P@p P@p +
P@p Positivity
respectively). However, there were also contrasting findings in
our data. In one patient, MIBI results indicated no Pgp expres
FIGURE3. Distribution
of quantitative
(tm/bkg)resultsof MIBIimagingin sion while flow cytometry detected high levels of Pgp expres
relationto the presence of Pgp expressiondetected byflowcytometry.Umit
for Pgp overexpressionwas set at 15% Pgp-positivemononuclearbone sion, which was supported by the RT-PCR results. We have to
marrowcellsor peripheralbloodcells.Therewas inversecorrelationbetween emphasize that imaging findings may not solely be related to
the presence of the protein but also to its functional capacity.
quantitative results and levels of Pgp expression
(p = 0.022; r = 0.55).
1,3

U)
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P-'gp
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B

D

mAbi

FiGURE4. @A4
A 54-yr-okimanwhowas

mAbi
8%

74%

diagnosed with acute myelocytic leuke

mia @AML).
Anterior whole-body views
demonstrate onlyfaint uptake of MIBIin
bone marrow of shoulder joints, pelvis

and proximal femurs. In remainder of
body, no appreciable uptake is noted in
bone marrow (qualitative: 1.90; quantita

tive: 1.10). (B) Row cytomethc analyels
performed with two antibodies reveals

mAb2
76%
@

Pgp overexpression,with levels of 74%
and 76% for MAb1and MAb2,respec
tb/ely.(C)A 44-yr-old woman who was
diagnosed with AML Anterior whole

mAb2

7%

,(1
I.,

body views demonstrate prominent bone
marrow uptake of MIBIthroughout body.

(qualitative:2.71; quantitative: 1.38). (D)
Flowcytometricanaly@sperformedwith
two antibOdieSdoes not revealPgp over

Pgp +

Pgp

expression, with levels of 8% and 5% for
MAb1 and MAb2, respectively.

Suboptimal functional capacity of the Pgp efflux pump result
ing from low levels of the ATP contents of cells could generate
conflicting results (3,6,26). Alternatively, the lack of correla
tion between Pgp expression and function in hematologic
malignancies could emerge from distinct differentiation pheno
types. It has been advocated that immunological detection of
Pgp should be complemented by functional assays investigating
Rhodamine 123 (Rh 123) efflux kinetics that could allow the
distinction between typical and atypical MDR phenotypes
(26,27). In Bailly et al. (28), when the kinetic profile ofRh 123
release was investigated in AML cells, it was observed that
mature phenotypes presented no Rh 123 efflux capacity al
though they expressed higher Pgp levels, whereas immature cell
lines displayed significant Pgp activity.
Although imaging at an earlier period might reflect blood
pool activity, the accumulation of solute molecules in solid and
P-GLYCOPROTEIN
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hematologic tumors varies greatly due to differences in the
transport parameters associated with either type of malignancy
(29). Once a molecule is injected into the blood stream, the
transport process to the hematologic neoplasms, because of
their intravascular nature and the lack of transport barriers such
as microvascular wall, interstitial space and parenchyma that
constitute a resistance to transport molecules to solid tumors, is
expected to be faster than to solid tumors. Additionally, high
interstitial pressure and low microvascular pressure may retard
extravasation of molecules to the tumor parenchyma in solid
tumors (29). In our study, imaging patients with hematologic
malignancies at 20â€”30mm should reflect the equilibrium phase
affected by the level of Pgp expression.
In one of our patients, when MIBI results were consistent
with Pgp expression, with respect to the cutoff values set for
Pgp presence, flow cytometry showed only low expression
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2

In one of our patients, although RT-PCR was positive,
protein expression could not be detected by flow cytometry (9%
and 8%). This discrepancy between mRNA and protein expres
sion may be related to one of the post-transcriptional control
mechanisms such as negative translational control (32 ) or by
the regulation of initiation factor phosphorylation in response to
a variety of situations (33). False-positive PCR or false
negative flow cytometry results should also be taken into
consideration.
There was statistical support toward a difference in the mean
values between Pgp + and â€”groups for qualitative analysis

3

FIGURE5. A 2% agarose gel elec
trophoresis of MDR1-specfflcpoly

(p = 0.061);

merase chain reaction products

frompatients withacute myelocytic
leukemia(Lanes1, 2 and 3). Lane 1
corresponds to patient described in

Figure4@ Lane 2 corresponds to
another patient whose images are
not presented here and demon
strafes specific product band for
MDR1

gene

(arrow)

however,

no statistical

difference

was

found

between these two groups for quantitative analysis (j = 0.179).
This finding could be attributed to the relatively small number
of patients we studied. On the other hand, similar factors
mentioned for the discrepancies obtained between mRNA and
protein expression may also be responsible for this finding.

CONCLUSION

(1 67kb),

whereas Lane 3 corresponding to
patient desctibed in Figure 4B does

not reveal any band representing
presence of MDR1 gene.

levels, which were considered negative for Pgp presence. In this
patient, poor penetration ofthe tracer into the bone marrow due
to relatively low levels of blood flow could account for the
discrepancy between the levels of Pgp expression and MIBI
imaging. On the other hand, the cutoff values set for the
presence of Pgp should not be relied on until these findings are
confirmed on larger number of patients.
There were two samples of which RT-PCR and flow cytom
etry results were discordant considering RT-PCR as the most
sensitive technique regardless of the cutoff values set for Pgp
positivity for flow cytometry (Table 3, Patients 11, 12, and 14).
In these samples with Pgp levels varying between 10% and 13%
on flow cytometry, RT-PCR was negative for Pgp expression.
Flow cytometry may fail to provide optimal information in
some situations including those specimens with mixtures of
normal and malignant cells and specimens with extensive
background staining. Therefore, this finding could be consistent
with false-positive flow results brought about by specimens
with extensive background staining (30). The sensitivity and
specificity of certain techniques are always limited by unavoid
able parameters such as skill ofthe technologists. The results of
previous studies have suggested a need for clear standardization
ofthe methods for detecting Pgp by revealing that positivity for
Pgp depends on various factors including the specificity of the
monoclonal antibodies, techniques used and preservation of the
samples (5,31).

Although further investigation is necessary to confirm our
findings with a larger number of patients, functional imaging
performed with MIBI can noninvasively identify MDR pheno
type in patients with hematologic malignancy. However, as
discrepancies exist between molecular and imaging studies, a
combination of current techniques, ideally one at the molecular
level and one at the imaging level, is necessary to avoid
false-positive or false-negative results.
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Fluorine- 18-Fluorouracil to Predict Therapy
Response in Liver Metastases from
Colorectal Carcinoma
Antonia Dimitrakopoulou-Strauss,
Ludwig G. Strauss, Peter Schlag, Peter Hohenberger, Markus MÃ¶hler, Franz Oberdorfer and
Gerhard van Kaick
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and Radiopharmacology, German
Cancer Research Center, Heidelberg; Department oflnternal Medicine IV, University ofHeidelberg, Heidelberg; and
Department ofSurgery and Surgical Oncology, Virchow-Klinikum, Robert-RÃ¶ssle-Klinik, Berlin, Germany

Prediction of chemotherapy response is still a problem in oncolog
ical patients. Methods: Studies with PET and 18F-fluorouracil (FU)
were used for measurements of drug concentrations in patients with
liver metastases from colorectal carcinoma. The PET data obtained
before onset of FU chemotherapy were correlated to the growth rate
of the metastases after therapy. The final evaluation included 25
metastases obtained in 17 patients. CT preceded the first chemo
therapeutic cycle and was repeated within 3-1 1 mo after onset of
treatment. The uptake of the cytostatic agent was evaluated in the
liver metastases using the SUV at 120 mm after tracer infusion.
Tumor growth rate of the metastases was calculated based on CT
volumetric data. Results: The trapping of 18F-FUwas highly variable
even for multiple metastases in the same patients. Six metastases
with high 18F-FU uptake values exceeding 3.0 SUV correlated with
negative growth rate values, 5 of 25 metastases with intermediate
uptake values ranging from 2.0-3.0 SUV were associated with
almost stable growth rate values nearly zero and 14 of 25 metasta
sea with low uptake values < 2.0 SUV demonstrated

positive growth

rate values. Only metastases with a 18F-FU uptake exceeding 3.0

SUVat 120mmpostinjection
demonstrated
a response
totherapy.
A significant
correlation
of0.86(p< 0.001)wasfoundbetween
the
â€˜8FFUuptake values in the metastases measured before chemo

therapy and the growth rate of the lesions after treatment. Conclu
sion: The data

show, that FU chemotherapy

outcome

can be

predicted using a single PET study with 18F-FU before onset to
therapy.
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lvi etastatic
disease
totheliver
remains
anotable
problem
in
the treatment of oncological patients. The median survival for
patients with liver metastases from colorectal cancer is 4â€”12
mo from the time of diagnosis of metastatic disease. The
response rate to chemotherapy is highly variable (1 ). The
standard chemotherapeutic
agent used in these patients is
fluorouracil (FU), which is applied as a continuous infusion or
concomittant with modulators. Another approach often used in
patients with inoperable liver metastases is regional chemother
apy using a surgically implanted catheter in the gastroduodenal
artery (2). However, the studies published in the literature are
not conclusive with respect to the therapeutic outcome (3,4).
This may depend on the patient populations examined by each
author, since some investigators include only patients with
liver-limited disease and other with extrahepatic disease. An
other point is the different doses and schemes of the chemo
therapeutic protocols and especially the different technique
used for intra-arterial chemotherapy.
Furthermore, the comparison of the median survival time is
variably documented among authors, varying from onset of
diagnosis, onset of symptoms or initiation of treatment. Some
authors use different criteria to evaluate response of liver
metastases to therapy, including biochemical determinants such
as liver enzymes or tumor-associated antigens such as carcino
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