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FiGURE1. PETscan of patient withad
enocarcinoma before treatment. PET
scanning was performed 30 mm after
injection of 347 MBq 18F-FDG. Blood
glucose levelwas 80 rng/dl.(A)Attenua
tuon-correctedimage;(B)attenuation-un
corrected image.
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with conventional images and histological diagnosis, retrospec
tively. For semiquantitative analysis, both types of images were
displayed simultaneously on the computer monitor and circular or
elliptical ROIs were marked on the primary and metastatic lesions
already defined by conventional imaging. The highest point of
radioactivity was included in these ROIs. Background counts were
evaluated by ROIs drawn on contralateral body areas. When a
contralateral area for mirror imaging was not available, the uptake
activity in the thigh or shoulder muscles was used as the back
ground. FDG uptake and background counts were evaluated on
individual images. We also calculated the L/B ratio using average
counts per pixel for all the regions marked by ROIs and compared
these ratios for both types of images. The standardized uptake ratio
(SUR) was calculated according to the following formula (8):

SUR â€” ROl data (cps/ml X body weight

â€” Calibration factor (cps/mCi/ml) X injected dose (mCi)

Stab@cal Anelyels
Evaluation of the relationship between two parameters was

assessed using linear regression analysis. A p < 0.05 denoted the
presence of a statistically significant difference.

RESULTS
All lesions visible on CT scans and conventional nuclear

medicine scintigrams examined in this study were detected on
both attenuation-corrected and uncorrected FDG whole-body
PET images. Figure 1 shows 18F-FDG uptake in a primary
adenocarcinoma in the lower lobe of the right lung. The
uncorrected image (Fig. IB) shows a higher uptake in periph
eral areas of the body (skin and muscles). Figure 2 shows an
ROl marked on the primary lesion (left breast), secondary
lesion (left axilla) and corresponding background areas. A
patient with a mediastinal mass diagnosed on mediastinoscopy
as sclerosing mediastinitis showed false-positive FDG uptake
on both the corrected and uncorrected images

Table 1 summarizes the type of lesions and their respective

L/B ratios on both types of images. Of 55 lesions, 40 (72.7%)
had a comparatively higher L/B ratio on uncorrected images,
with a mean difference of 4.5 Â±4. 1%. In the remaining 15
lesions (27%), the L/B ratio on attenuation images was higher
than that on uncorrected images, with a mean difference of
18 Â±12.9%. In only 6 of 55 lesions ( 11%) was the difference
between L/B ratios calculated on attenuation-corrected and
uncorrected images more than 14% [according to Weber's law,
the human eye can discriminate differences in intensity only
when it is more than 14% (9)]. Table 2 lists the different tumors
examined in this study according to their location.

FIGURE 2. Patent with post-treatment left-sided breast cancer with recur

rence inleftaxilla.PETscan was performed30 mmafterinject@nof263 MBq
18Fp@ Blood glucose level was 86 mg/dl. @A)Attenuation-corrected
image; (B)attenuafion-uncorrectedimage. AOl is marked on left breast
regionand leftaxilla

A
B

1220 THEJOURNALOFNUCLEARMEDICINEâ€¢Vol. 39 â€¢No. 7 â€¢July 1998



Blood glucoseLJB ratioon attenuation L/B ratioonDiagnosis
Therapy (mg/do Lesion corrected imagesuncorrected images

ACL None 106

ACL A,C 93

ACL S,R,C 99
ACL None 74

ACL R,C 102

ACL S 91

ACL None 90

ACL R,C 90

ACL None 108

ACL S,A,C 147
SmCCL None 62

SqCCL S 176

SqCCL S,A 138

SqCCL R 103

SqCCL S,A 117

SqCCL A 72
SqCCL None 80

Carcinoid None 201

ACM S 102

SqCCM None 298

IT None 99

MM None 109

IDCB S,C 100

IDCB A,C 86

*Lesionswere benign.
tFal@e-p@itive,a case of sclerosing mediastinitis.
ACL = adenocarcinomaofthe lung;SmCCL= small-cellcarcinomaofthe lung;SqCCL = squamouscellcarcinomaofthe lung;ACM = adenocarcinoma

of the mediastinum;SqCCM = squamous cell car@nomaof the mediastinum;MM= mediaslinalmass diagnosed as sclerosing mediaslinitison biopsy;
IDCB= invasiveductalcarcinomaofthe breast; IT= invasivethymoma;S = surgery;A= radiotherapy;C = chemotherapy;LN= lymphnode. Boldnumbers
in columns 4 and 5 represent higherLJBratio inthe paired values.

We next examined the relationship between the L/B ratio correlation between the ratios on two types of images (r 0.98,
calculated on both types of images (Fig. 3). There was a strong p < 0.001). Examination of the relationship between SUR

TABLE I
Diagnosis, Mode of Therapy, BlOOdGlucose Level, Location of Lesion and Lesion-to-Background (L/B)Ratios

Leftlung 4.74 5.00
Med@stinum 7.56 9.09
Mediastinum 4.55 5.96
Mediastinum 322 3.46
Aight lung 5.91 3.69
Left lung 22.99 21.73
Mediastinum 7.27 7.74
Aightfemur 10.44 11.42
Aightadrenal 4.55 4.93
Leftlung 10.17 10.23
LefthilarLN 9.81 10.03
Aightadrenal 4.16 4.63

Leftlung 13.93 14.15
Aightscapula 3.30 3.31
Aightlung 6.32 6.60
Mediastinum 5.07 4.97
Mediastinum 5.94 5.76
AightIung@ 3.01 2.08
Mediastinum* 3.09 2.51
Mediastinum* 3.03 2.76
Leftlung 26.10 26.41
Mediastinum 9.76 9.80
Mediastinum' 1.44 1.07
Aightlung 7.54 8.54
Mediastinum 6.90 7.34
Sup.clavicLN 4.77 4.99
Leftlung 7.85 4.30
Left parotid 4.46 4.75
Mediastinum* 2.21 1.10
Leftlunge 1.10 0.60
Mediastinum@ 1.22
Left parotid 1.77 2.19
Leftpostnb 4.87 5.17
Mediastinum 5.07 5.33
Mediastinum 5.23 7.39
Leftlung 8.12 8.98
Aightlung 15.22 15.28
Rightlung 4.26 4.29
Rightlung 8.28 9.37
Mediastinum 10.01 10.53
Mediastinum 10.20 10.60
Leftlung 2.6 3.04
Mediastinum* 1.96 221
Mediastinum* 2.63 1.41
Rightrib* 2.18 2.19
Mediastinum 10.61 11.39
Sup.clavicLN 8.40 9.41
Left pleurae 2.67 2.42
Med@stinum 5.06 5.50
Mediastinumt 5.95 7.45
Mediastinum 5.42 6.59
BreaSt 1.90 1.65
Axilla 3.92 4.00
Leftbreast@ 2.56 1.99
Axilla 4.43 5.70
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Number
Location of lesionsLesion

withhigher 1./BratioCorrectedUnCOrreCted

Numbers in parentheses represent benign lesions.Corrected = attenu
ation corrected; uncorrected = uncorrected attenuation images; L/B =
lesion-to-background.

values calculated on attenuation-corrected and uncorrected
images showed a lack of a significant correlation (Fig. 4).
Figure 5 depicts a plot of SUR values and L/B ratios calculated
on attenuation-uncorrected images, showing no relationship
between the two parameters (r = 0.2).

DISCUSSION
In this study, we compared the diagnostic efficacy and L/B

ratios ofattenuation-corrected and uncorrected images using the
ROl method. Our results showed equal diagnostic efficacies of
both images in oncological studies. All lesions detected by
X-CT scans and scintigrams also were detected on both atten
uation-corrected and uncorrected FDG whole-body PET scans.
The diagnostic efficacy of uncorrected images was similar to
that of attenuation-corrected images.

In ROl analysis, average counts per pixel were used for L/B
calculations because this is less sensitive to high-frequency
noise and provides better results than maximum pixel values
(10). In addition, in a series of preliminary experiments, we
evaluated {Lâ€”B}/{L + B} ratios in all lesions and found no
significant difference between these ratios and the simple L/B
ratio (data not shown). ROl analysis also showed that attenua
tion-corrected images were similar to uncorrected images. L/B
ratios of primary and secondary lesions on both types of images
were similar with the exception of only 6 of 55 lesions. In about
89% of the lesions, the differences in L/B ratio between
attenuation-corrected and uncorrected images were less than the
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TABLE 2
Distribution of Lesions Based on Location

LI

(y=0.2+0.1X râ€”0.16)

a

a
a

aa

Mediastinum
Lung
Lymph nodes
Bone
Breast
Adrenal
Miscellaneous

236(5)17(2)165(2)11
(1)5544(1)22(2)â€”2â€”231(1)2(1)

i6SUR
onattenuationconectedimages

FiGURE4@PlotbetweenSUAvaluescalculatedonattenuation-corrected
and uncorrected images.

perceivable limits of the human eye. Those 6 lesions with
significant difference in L/B ratio on attenuation corrected and
uncorrected images were detectable without any difficulty on
hard copies of both types of images.

In general, uncorrected images showed a higher L/B ratio in
73% of lesions while attenuation-corrected images showed a
higher L/B ratio in 15 lesions, with I 1 of these lesions having
an L/B ratio in the benign range (L/B ratio less than 3.1). Of the
remaining 4 malignant lesions, 3 were located in the lungs and
1 in the mediastinum (Table 2). This finding clearly suggests
that at least with a known pulmonary primary lesion, uncor
rected images could suffice for staging. Moreover, benign
lesions had comparatively higher L/B ratios on attenuation
corrected images. On uncorrected images, these benign lesions
appeared to be more similar to normal tissue. Uncorrected
images may prove even more helpful in routine clinical practice
in differentiating between benign and malignant lesions. Cer
tamartifactsintroducedduringtransmission-basedcorrectionof
PET images also can be avoided. Moreover, using this method
PET protocols become simpler and more practical in routine
practice.

I
I
I

SUR on attenuation uncon@c1ed images
US ratio on attenuation corrected images

FiGURE3. Plotbetween 1/Bratioscalculatedon attenuation-correctedand
uncorrected images.

FIGURE5. Plotbetween SURvalues and L/Bratioscalculatedon attenua
tion-uncorrectedimages.
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The cumulative data in this study showed a strong correlation
between L/B ratios calculated on attenuation-corrected and
uncorrected images (Fig. 3). However, there was no correlation
between SUR values calculated on both types of images. This is
probably due to the fact that the background activity, an
important variable in these calculations, is not considered in
SUR calculations. Moreover, absolute counts are required for
the original definition of SUR. For the same reasons, SUR and
LIB values calculated on uncorrected images also did not show
a significant correlation (Fig. 5). This indicates that the L/B
ratio is the only index that can be used for semiquantitative
evaluation of uncorrected images.

Our results confirmed that the attenuation correction required
for quantitative studies is not essential for qualitative imaging in
PET oncological studies. Thus, qualitative or semiquantitative
evaluation of nonattenuation-corrected images seems to be
sufficient for the effective use of whole-body FDG PET scans
in diagnosing malignant and benign lesions. However, recog
nition of the artifactual enhancement of body surface and
certain organs such as the liver is essential.

CONCLUSION
We have demonstrated that attenuation-uncorrected images

provide not only clinically useful but also as much quantitative
information as attenuation-corrected images. With the excep
tion of certain areas of special artifacts (e.g., body surface),
most tumors can be evaluated semiquantitatively on uncor
rected images with an accuracy similar to that of attenuation
corrected images.
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berlzyl]â€”1,4,8,1 1-tetra-azacyclotetradecane-N,N',Nâ€•,Nâ€•-tetraace
tic acid) 19-30 days later. Blood counts were measured three times
each week. Results The model predicted the severity of thrombo
cytopenia, and the time of the nadir corresponded to measured
values in mice. For a dose of 142 MBq 67Cu-2-iminothiolane-BAT
Lym-1 that induced a platelet nadir of 20% of baseline (Grade II),the
model predicted that at least 20 days were needed before a second
14.2-MBq injection if a subsequent nadir of <10% of baseline
(Grade IV)was to be avoided. Conclusion: The nadir and duration of
thrombocytopenia predicted by the model were similar to those
observed in the mice. Predicted information could be useful for
planning the dose and timing of fractionated radionuclide therapy.
This model provides a stepping stone for future development of a
predictive model for patients.

Key Words radionuclkJe therapy; radioimmunotherap@ marrow
cell kinetics; radiation dosimetry; thrombocytopenia
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R@diation-inducedmyelotoxicityisoftendose-limitingin
radionuclide therapy that does not include bone marrow recon
stitution. The ability to predict peripheral blood counts after

Thrombocytopenia is often the dose-limiting toxicity for radionuclide
therapy. Prediction of platelet counts after therapy is important for
treatment planning. Simple prediction methods based on linear
correlation between radiation dose and blood count nadir have been
insufficient because they have not considered time, because of the
complicated hierarchical structure of the hematopoietic system in
which platelets are not directly injured by low dose rate radiation and
because of changing radiation dose rates to marrow with time. This
study addresses these problems using a cell kinetics model.
Methods: The model consists of compartments for progenitor cells,
megakaryocytes, platelets and stromal cells. A linear quadratic
formula was used for progenitor cell survival. Stromal cells were
deathbed by a model based on a maximum likelihood estimate for
cellular damage, repair and proliferation. RepOrted values for murine
cellular turnover rates and radiosensitivity of progenitor cells were
used in the model calculations. Experimental mice received 4 Gy of
external beam radiation for tumor implantation and 124-23.3 MBq
Â°7Cu-2-iminothklane-BAT-Lym-1 (BAT = 6-[p-(bromoacetamklo)
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