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Truncation correction of fan beam transmission data
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data on a 3-detector SPECT system |
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Background When the simultaneous transmission com-
puted tomography (TCT)/single photon emission CT
{SPECT) acquisition protocol is applied to myocardial studies
using a 3-detector SPECT, the narrow effective field of view of
a fan beam collimator used for TCT acquisition may cause
truncaticn artifacts on TCT images. In this paper, we propose
a new method of correcting for the truncation of TCT.

Methods The truncated parts of the TCT projection data are
corrected using quadratic functions, based on the proper-
ties that the integral of non-truncated TCT projection data is
constant at any projection angle and the position of the
centre of gravity is focused on a fixed point. The usefulness
of our method was investigated in phantom and human
studies using a 3-detector SPECT equipped with one
cardiac fan beam collimator for TCT and two parallel beam
collimators for SPECT. We used ?°'Tl as a tracer for SPECT
and *™Tc as an external source for TCT.

Results The phantom and human studies showed that our
method can adequately correct for the truncation of TCT
data acquired using a fan beam collimator in a 3-detector
SPECT, as long as there is no truncation in SPECT data.

Introduction

Radionuclides used for myocardial scintigraphy, such as
201 and ™ Te, have relatively low photon energies, and
their atzenuation increases in deeper areas of the body.
Therefore, the Jow radionuclide counts due to attenua-
tion in the myocardial inferior wall in men and in the
anterior wall in women with large breasts are known
to result in a misdiagnosis of a hypopetfused area. To
prevent misdiagnosis, accurate correction for attenuation
is required.

Recently, attenuation correction has been  per-
formed using attenuation coefficient maps obtained
by rtransmission computed tomography (TCT) in
each patient [1,2]. However, the TCT method using
a cardiac fan beam collimator with high sensitivity
and resolution in deep areas [3] is not as common as
the TCT for cerebral blood flow single photon emission
computed tomography (SPECT), because there are
problems such as the areifacts caused by the truncation
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of projection data outside the effecrive field of

view (FOV) [4,5].

The purpose of this study was to propose a new method
of correcting for truncation artifacts in TCT data
acquired using a fan beam collimator for artenuation
correction in 2 3-detector SPECT, and to investigate the
usefulness of this method using phantom and human
studies.

Materials and methods

- Truncation correction method

Given transmission and reference (blank) data for the
slice, we define the projections P(x,8} for bin x at angle ©

as [6]
P(x,0) = In (’;E’; z)) ,

where fy(x, 0) is the measured reference {blank) intensicy
for bin x at angle &, and [{x,0) is the measured

(1)
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transmission intensicy for bin x at angle 8. /(x, 8) is given
by

Iz, 0 = Io(x, 0) cxp(—f#d&,o), {2)

where p is the linear attenuation coefficient and /4 g
denotes the projection ray path for bin x at angle 8. Then,
the total projection sum for angle 8 (Pq.,,) is given by

Pz Pe0)=Y e ©

Therefore, for non-truncated paralle] beam projections,
Py 10 is constant regardless of projection angle 8 [6).

Furthermore, the position of the centre of gravity of non-
truncated projections is focused on a fixed poing; that is,
the following equation is satisfied [7]:

gxP(x, &)

m =4 sin(B -+ 9,),

(4)

where A and 8, are constants,

-Based on the above two properties of non-truncated

projections, we performed truncation correction for TCT
as follows, After the fan beam to parallel beam
transformartion of rruncated TCT projection data, the
outline of the body was first extracted from non-
truncated SPECT data. For doing so, a count threshold
was applied to the sinogram of the SPECT data, and the
body outline was delineated by the filtered back-
projection (FBP) method [8} and was approximated by
the 7th order Fourier series.

Second, the truncated projection data at angle 8 [P(x, 8))
were approximated by two elliptical functions, fj(x, 8) and

Fig. 1

SfAx,8). The function fi(x, @) was obtzined from 1wo edge
points of the body outline extracted above and the left
cdge point of the truncated projection data as illustrated
by the solid line in Fig. 1(a), and f.(x,8) was obtained
from two edge points of the body outline extracted above
and the right edge point of the truncated projection dara
as Hlustrated by the solid line in Fig. 1(b).

Finally, the truncated parts of the projection data at angle
6 were approximated by quadratic functions gdx, 8) and
gAx,8) as illustrated by dotted lines in Fig. 1. The
functions g/fx,6) and g.(x,0) were given by
gr{x,8) = ap + ayx + azx’ (5)
and
g%, 0) = bo ¥ byx + brs?, (6)

where aq, 43, 42, bo, 0y and b, are constants, and these
functions satisfy the following conditions

ngA‘u,Q) =0
&1, 0) =y
2 (x2,0) = 72 2
&(x3,0) =0

Furthermore, from the two properties of nen-truncated
projection data mentioned above, we obtained the
following equations:

{ S, 0)dx + f Pz, 6)dx + /Z £, 0)d

x X

- / g,(x,e)dx+71>(x,e)dx+ f (%, 0)dx,

Xn X2
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lilustration of the truncation corection method. The details are in the text. FOV, field of view; TCT, transmission computed tomography.
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EY] Xy x)

j xf(x, 0)dy + f xP(x, 0)dx + / o, f)de

Xo xr &2

X Xr A3

= f xgr(x, O)dx + f .\-P(x,f))d\"—i- f g 0)dx. (8}

o Xy X2

Therefore, the constants @y, @y, @2, &, &1 and &, can be
obtained by solving Equations 7 and 8, indicating that the
truncated parts of projection data can be corrected using
gAx,0) and g.{x,0).

Phantom and human studies

SPECT system .

The SPECT system used was GCA-9300A/UI (Toshiba
Medical Systems, Tochigi, Japan) equipped with one
cardiac fan beam collimator and two parallel beam
collimators. The focal length, radial distance and FOV
of the cardiac fan beam collimator were 802.3 mm,
225mm and 241.3 mm, respectively. The radial distance
and FOV of the paralle! beam collimator were the same as
those of the fan beam collimator. The TCT data were
acquired using an external *™Tc gamma ray source,
which was a sheet made from bellow tubes filled with
740 MBq of “™T¢. The tube was 1 mm in inner diameter,
made of fluorocarbon resin embedded in an acrylic
rectangular board of 250 x 100 mm. The SPECT system
and external source are schematically illustrated in Fig, 2.
As described later, the SPECT data were acquired using
20LTICL Therefore, for attenuation correction, it was
necessary to convert the attenuation coefficient for ™ Te
to that for ?°'T1. Since the attenuation coefficients for
water at the °'T1 (74 keV) and P Tt (140 keV) enerpies
are 0.184cm ™! and 0.153 cm ™', respectively, and che ratio
between them is approximately 1.2, the artenuation
coefficient for 2°'T! was estimated from that for *°™T% by

Fig. 2
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Cardiac fan beam collimatar
(SPECT/TCT)

A 3-detector single photon emission computed tamography (SPECT)
system used for simultaneous acquisition of transmission computed
tomography (TCTY/SPECT data. The sheet shaped external gamma ray
source for TGT was made from bellow tubes filled with 740 MBq of
35"Tc was placed at the focus of the fan beam collimator.
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multiplying it by 1.2 [9]. The data processor used was
GMS-5500A/P1 (Toshiba Medical Systems, Tochigi,
Japan).

The TCTand SPECT data were acquired simultaneously
[10,11] using a matrix of 128 x 128 and step-and-shoot
mode (30s/projection angle) at an interval of 6° (60
projection angles for 360°). The pixel size was 3.2 mm.
The counts in the TCT projection data were about 75
counts/pixel in the myocardial phantom and the myo-
cardial area of patients, and were greater than 120 councs/
pixe! at the blank scan. Scatter correction was also
performed using the triple-energy window (TEW)
method [10]. The acquisition window width was set at
47% for the main window and 7% for the subwindow ac
74 keV for ®'T1, and 20% for the main window and 7%
for the subwindow at 140 keV for **™Tt.

After truncation correction, the attenuation coefficient
maps were generated from TCT data using the FBP
method. When using the FBP method, a ramp convolu-
tion filter was used, and the high frequency noise in the
reconstructed images was reduced using the Butterworth
filter with a cut-off frequency of 0.44 cyclefcm and an
order of 8. Subsequently, the projection data acquired
using two detectors with parallel beam collimators were
summed, and the SPECT images were reconstructed
from these summed projection data using the ordered
subsets expectation maximization (OSEM) method {12~
14]. The number of subsets and of iterations were raken
as 5 and 10, respectively.

Phantom study

Phantom studies were performed using a cylindrical
phantom (200 mm in height and 200mm in diameter)
(AZ-660, Anzai-Sogyo, Tokyo, Japan) with or without hot
rods. The hot rods (10, 15, 18 and 20 mm in diameter)
were filled with 2"'TICI having a radioactivity of
92.5kBq-mi~". When the hot rods were not used, the
phantom was uniformly filled with Z°'TICl having a
radioactivity of 9.25kBq:ml~". The cylindrical phantom

.could be imaged inside the effective FOV (220 x

410 mm) of the fan beam collimator. The following three
protocols were employed: protocol B with mild truncation
of TCT data only, and protocol C with severe truncation
of TCT data only. We compared the attenuation
corrected SPECT images before and after truncation
correction.

The phantom studies were also performed using a
myocardial phantom (Data Spectrum Co., Hillsborough,
NC, USA). This phantom could not be imaged inside the
effective FOV of the fan beam collimator. A rracer
(*°'TICI) with a radioactivity of 92.5kBg:ml~' was
infused into the region of the myocardium and
9.25kBq-ml~" into the region of the chest as background.
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The breasts were not taken into account in this study.
The three protocols (A, B and C) given above were
employed. .

Human study

A normal 45-year-old man participated in this study
Informed consent was obtained after a detailed ex-
planation of the purpose of the study and scanning
procedures. Twenty minutes after intravenous injection
of *'TICI (111 MBq), the TCT and SPECT data were
acquired simultaneously. As in the myocardial phantom
studies, the following three protocols given above were
employed.

Results

Phantom study

Figure 3 summarizes the results of phantom studies using
a cylindrical phantom. The first row illustrates the
effective FOVs for TCT (solid circle) and SPECT
(dashed circle). An illustration of the phantom with hot
rods is also shown. The second row shows the TCT
images. The third and fourth rows show the SPECT

.images of the phantom without and with hot rods,

respectively. TC(~) and TC(+) represent the cases
when the truncation was not corrected and corrected,
respectively. As shown in Fig. 3(b) and (c), when the
truncation was not corrected, artifacts due to trun-
cation were observed. Figure 4 shows the profile curves
through the line shown by an arrow on the SPECT image
without hor reds in Fig. 3(a). In Fig. 4, the solid and
dotted lines represent the cases when the truncation was
corrected and not corrected, respectively. Even after
truncation correction, there were approximately 4% and
22% errors in protocols B (Fig. 4(b)) and C (Fig. 4(c))},
respectively, compared to the profile curve with trunca-
tion correction for protocol A (Fig. 4(a)). In protocol A,
about a 5% error of maximum was observed before and
after truncation correction. Figure 5 shows the profile
curves through the line shown by an arrow in the SPECT
image with hot rods (Fig. 3(a)). As in Fig. 4, the solid
and dorted lines represent the cases when the trun-
cation was corrected and not corrected, respectively. As
shown in Fig. 5, good improvement was observed after
truncation correction in all protocols, and the shape of the
hot rods was alse markedly improved especially in
protocol C (Fig. 3(c)).

Figure 6 summarizes the results of using a myocardial
phantom. As in Fig. 3, the first row illustrates the
effective FOVs for TCT ({solid circle) and SPECT
(dashed circle), with the X-ray CT image of the phantom
being superimposed. The second row shows the TCT
images. The third and fourth rows show the trans-
verse and short axis SPECT images of the phantom,
respectively. As shown in Fig. 6, the truncation
artifacts were observed on the TCT images in all

SPECT
without
hot rods

Results of phantom studies using a cylindrical phantom with or without
hat rods. The first row illustrates the effective field of views (FOVs) for
TCT {solid circle} and SPECT (dashed circie). An illustration of the
phantom with hot rods is a'so shown, The second, third and fourth rows
show the TCT images, and the SPECT images of the phantom without
and with hot rods, respectively. Protocol A {panet a) includes no
truncation of either TCT or SPECT data, protocol B (panel b} includes
mild truncation of TCT data only, and protocol C {panel ¢) includes
severe fruncation of TCT data only. TC(-) and TC(+) represent the
cases when the truncation was not corrected and correcled,
respectively,

protocols. Figure 7 shows the profile curves through
the line shown by an arrow on the short axis SPECT
image for protocol A (Fig. 6{a}). When the truncation
was not corrected, there were approximately 13%
and 46% errors in protocols B (Fig. 7(b})) and C
(Fig. 7(c}), respectively, as compared to the profile curve
in the short axis SPECT image with truncation correction
in protocol A (Fig. 7{a)). When the truncation was
corrected, these errors rates decreased to less than 8%. In
particular, marked improvement was observed in the area
from the interventricular septum to the anterior wall
in which truncation was observed on TCT and not
on SPECT.

Human study

Figure 8 summarizes the results of human studies, and
Fig. 9 shows the profile curves through the line shown by
an arrow on the short axis SPECT image for protocol A
(Fig. 8(a)). In protocol A, no marked error was observed
on the short axis SPECT image (Fig. 8(a}) or the profile
curve before and after truncation correction (Fig. 9(a)).
In protocel B, good improvement of the TCTand SPECT
images was observed {(Fig. 8¢(b)), and the error (inter-
ventricular septum) in the profile curve was improved
from 64% to 15% (Fig. 9(b)}, compared to that obtained
after truncation correction with protocol A (Fig. 9(a)).
However, there was no improvement of the TCT and
SPECT images after truncation correction in protocol C
(Figs 8(c) and 9(c)).
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Profile curves through the line shown by an arrow on the SPECT image
without hot rods in Fig. 3(a). The solid and dotted lines represent the
cases when the truncation was corrected and not corrected,
respectively, Panels a, b and ¢ carrespond to protocels A, B and C in
Fig. 3, respectively.

Discussion

The simultaneous acquisition of TCT and SPECT data
using 3-detector SPECT allows one to avoid additional
TCT data acquisition for attenuation correction. The use
of a fan beam collimaror for TCT data acquisition is
beneficial in that it reduces patient radiation dose and/or
increases the pixel counts of the TCT data. However, a
fan beam collimator may cause truncation on TCT due to
the small effective FOV, evenrually causing artifacts on
SPECT images after attenuation correction. Although
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Fig. 5

—
[}
—

250

2001

150 1

1001

SPECT value

50

0 r

0 50 150

100
Pixel number

g
g

250

2001

1501

100 1

SPECT value

50 1

100 150

Pixel number

—
[a)
—

250

200

150 1

1001

SPECT value

501

100 150

Pixel number

Profile curves through the lina shown by an arrow on the SPECT image
with hot reds in Fig. 3{a). The sofid and dotted lines represent the cases
when the truncation was corrected and not corrected, respectively.
Panels a, b and ¢ correspond to protocols A, B and C in Fig. 3,
respectively.

atrenuation correction using TCT is not widely employed
in the clinical setting, the reduction of truncation
artifacts on TCT in simultaneous TCT/SPECT acquisi-
tion would enhance the application of attenuarion
correction using TCT. As previously described, the non-
truncated projection data have two important properties
16,7]. Then, we speculated that the truncation artifacts
on TCT might be corrected using the non-truncated
SPECT data acquired with parallel beam collimators
having a large FOV. Based on the above background, we
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Fig. 6

Fig. 7

SPECT|- & ~

shorl axis

Results of phantom studies using a myocardial phantom. The first row
itlustrates the effective FOVs for TCT (solid circle} and SPECT (dashed
circle), with the X-ray CT image of the phantom being superimposed.
The second, third and fourth rows show the TCT, transaxial and short
axis SPECT images of the phantom, respectively, Protocol A (panal a)
includes no truncation of either TCT or SPECT data, protocol B {(panel
b) includes mild truncation of TCT data only, and protocol C {panel ¢}
includes severe truncation of TCT and mild truncation of SPECT data.
TC({=) and TC{+) represent the cases when the truncation was not
corrected and corrected, respectively.

developed a method of correcting for truncation artifacts
on TCT, and our phantom and human studies (Figs 3-9)
demonstrated that this method can adequately correet for
the TCT truncation when the SPECT data are not
truncated,

The attenuation correction using an external *™Tc
gamma ray source in myocardial SPECT has been
reported to improve the uniformity of the entire
myocardium [15] and the specificity of diagnosis in the
inferior wal] region [16]. Our SPECT images corrected for
attenuation using the truncation corrected TCT data
were better and more uniform than those without
attenuation correction. However, further clinical studies
will be necessary to prove the advantage of attenuation
corrected myocardial SPECT images over those without
attenuation cotrection, because the incidence of over- or
under-attenuation correction in each myocardial segment
is unclear. The extent of improvement in the sensitivity,
specificity and accuracy of diagnosis when the attenua-
tion was corrected, should be demonstrated before its
clinical use.

In 3-detector SPECT, an external gamma ray source can
be placed at the opposite side of the fan beam collimator,
that is, at its focus. This position appears to be effective
for reducing the scattered gamma rays reaching the
adjacent detectors [9,17].

&} 500
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200 4
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160 A

100 180

o
o
-~
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400 4

200 1

200

SPECT value

100 +

100 180
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{c) 500

400 1

300 4

200 4

SPECT value

100

100 150

Pixel number

Profile curves through the line shown by an arrow on the short axis
SPECT image in Fig. 6(a). The solid and dotted lines represent the
cases when the truncation was corrected and not corrected,
respectively. Panels a, b and ¢ correspond to protocols A, B and C in
Fig. 6, respectively.

It has been reported that when an actenuation coefficient
map was generated using the FBP method, hot ring
artifacts were present, while cold ring artifacts were
obrained using the maximum likelihood expectation
maximization algorithm [5]. Although we used the FBP
method for TCT image reconstruction to reduce
computation time in this study, we did not observe such
ring artifacts. On the other hand, we used the OSEM
method for SPECT image recanstruction [12). Although
we consider the FBP method better for TCT image
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Fig, 8

629

Fig. 9

(b}

Results of human studies. The first row illustrates the effective FOVs for
TCT (soalid circle) and SPECT {dashed circle), with the X-ray CT image
of the subject being superimpased. The second, third and fourth rows
show the TCT, transaxial and short axis SPECT images, respectively.
Protocol A (panel a) includes no truncation of TCT or SPECT data,
protocol B {panel b) includes mild truncation of TCT data only, and
protocol C {panel ¢} includes severe truncation of TCT and mild
truncation of SPECT data. TC{-) and TC(+) represent the cases when
the truncation was not corrected and corrected, respectively.

reconstruction and the OSEM method better for SPECT,
a detailed investipation on the best combination of the
methods for TCT and SPECT image reconstruction
might be the subject of future studies.

In this study, ™Tc was used as an external gamma ray
source because it was readily available. Evaluation of
other external gamma ray sources such as 153Gd [18,19]
will be necessary in future studies.

In conclusion, we developed a method of correcting for
cruncation in TCT, and our phantom and human studies
demonstrated that this method can adequarely correct for
the truncation of the TCT data acquired using a fan beam
coltimator in a 3-detector SPECT system, as long as there
is no truncation of SPECT data. However, further studies
will be necessary to establish the clinical usefulness of
this method.
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Purpose: In attenuation correction of ECT images by transmission CT (TCT) with an external 9w T
y-ray source, simultaneous TCT/ECT data acquisition is difficult, when the same radionuclide such
as 99" Tc-tetrofosmin or PTc-GSA is used as the tracer. In this case, TCT is usually acquired before
administration of the tracer, and ECT is acquired separately after the tracer injection. However, mis-
registration may occur between the TCT and ECT images, and the repetition of examinations add
to the mental and physical stress of the patients. In this study, to eliminate this problem, we evaluated
whether attenuation correction of ECT images can be achieved by acquiring TCT and ECT
simultaneously, then acquiring ECT alone, and preparing an attenuation map by subtracting the
latter from the former using #™Tc-GSA liver ECT. Method: The ECT system used was a three-head
gamma camera equipped with one cardiac fan beam collimator and two parallel beam collimators.
External ¥ray source for TCT of **™Tc was 740 MBgq, and ECT of ®™Tc-GSA was 185 MBq. First,
pure TCT data were acquired for the original TCT-map, then, ECT/TCT data were acquired for the
subtracted TCT-map, and finally, pure ECT data were acquired. The subtracted attenuation map was
produced by subtracting the pure ECT image from the TCT/ECT image, and attenuation correction
of the ECT image was done using both this subtracted TCT map and attenuation map from pure
TCT. These two attenuation corrected images and non-corrected images were compared. Hot rods
phantom, a liver phantom with a defect, and 10 patients were evaluated. Resrelts: Attenuation
corrected ECT values using the subtraction attenuation map showed an error of about 5%
underestimation compared with ECT values of the images corrected by original attenuation map at
the defect in the liver phantom. A good correlation of y = 22.65 + 1.06x, r = 0.958 was observed
also in clinical evaluation. Conclusion: By means of the method proposed in this study, it is possible
to perform simultaneous TCT/ECT data acquisition for attenuation correction using Te-99m
external source in Tc-99m GSA liver SPECT. Moreover, it is thought that this method decreases
the mental and physical stress of the patients.

Key words: transmission computed tomography, *™Tc-GSA, subtraction attenuation map
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RECENTLY, P™Tc preparations, which are convenient for
emergency examinations, are commonly used as tracers
for nuclear medicine examinations, .g. *™Tc-HM-PAO
for imaging of the cerebral blood flow and #*™Tc-
tetrofosmin for imaging of myocardial perfusion. For
transmission computed tomography (TCT), #*"Tc is also
used as a relatively available external source.!? However,
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if the same nuclide is used, TCT and ECT must be
acquired separately. But the effects of the registration
errors between TCT and ECT images, and the repetition
of examinations increases the mental and physical stress
of the patients,

TCT/ECT simultaneous acquisition can be performed
by SPECT/CT system, or TCT (Gd-153YECT (Tc-99m)
dual-isotope SPECT,; however, the radioactive half life of
153Gd of external source in these systems is as short as 240
days, and these isotopes are expensive. Therefore, if Tc-
99m is used as an external source, attenuation correction
could be performed easily at a low cost, although there is
a problem with the present regulation system. To avoid
mis-registration, it is necessary to perform TCT and ECT
in the simultaneous mode.?

In this study, we, therefore, evaluated the feasibility of
the method in which TCT and ECT are acquired simulta-
neously, then ECT alone is performed, using the same Tc-
99m as the radiopharmaceuticals for imaging and a TCT
map, which was generated by subtracting the latter from

the former. ECT is corrected using this map. In this study,

the effect of attenuation correction by this method was
evaluated by comparing images a TCT alone to obtain an
original attenuation map before the injection of the tracer
for simultaneous TCT and ECT and comparing the results
of correction using this original attenuation non-corrected
and corrected by the subtraction TCT map and by the
original TCT map.

MATERIALS AND METHODS

ECT system and condition

The ECT system used was a GCA-9300A/UI (Toshiba
Medical Systems, Tochigi, Japan) equipped with one
cardiac fan beam collimator and two parallel beam colli-
mators, with the data processor also Toshiba, GMS-
5500A/PL. The TCT external jtray source was a sheet-
shape made from a bellows tube filled with 740 MBq of

AB,C: detector
A : fan-beam collimator (transmission scan, external source),

A': fan-beam collimator (transmission scan, external source and emission scan),

A" : fan-beam collimator (transmission scan, non-external source and emision scan),
B, C : parallel beam collimator (emission scan)
A’A" : subtraction transmission scan

#%arTe, The tube was 1 mm in the inner diameter made of
fluorocarbon resin embedded in an acrylic rectangular
board of 250 x 100 mm.

Both TCT and ECT images were sampled with a matrix
size of 128 % 128, continuous mode (15 min/rotation) at
intervals of 6 degrees (60 directions, 360-degree acquisi-
tionfdetector). The pixel size was 3.2 mm. With these
parameters, the count per detector in the phantom study
was about 75 counts/pixel; and the counts/pixel in the
myocardial area of patients was higher than 120. Accord-
ing to the triple-energy window (TEW) method,* the
acquisition window widths were 20% for the main win-
dow at 140 keV of ®™Tc and 7% for the lower subwindow.

After truncation correction, attenuation maps of TCT
acquisition data® were produced by the filtered back
projection (FBP) method. Subsequently, parallel beam
projection data of the 2 detectors for ECT imaging were
summated, then TEW scatter correction (SC) was per-
formed and ECT images were reconstructed using Or-
dered Subsets-Expectation Maximization (OS-EM).63

The ECT acquisition data were reconstructed with a
ramp convolution filter, and high frequency noise was
decreased with post-reconstruction Butterworth filtering
(cutoff frequency = 0.44 cycle/cm).

Data acquisition and imaging protocols

In the phantom study, **™Tc was filled in the phantom,
then, protocol A’ (TCT + ECT) was acquired with the
external source, followed by protocol A” (ECT only)
which was acquired without the external source. Then, a
subtraction attenuation map (S-Map) was generated by
subtracting data (protocol A’ — protocol A”), and attenu-
ation corrected ECT images of the protocol A” were
recenstructed. In the phantom study, the phantom was left
as it was for four days, a TCT source was placed again
after 96 hours, then protocol A (TCT only) was acquired.
An original attenuation map (O-Map) was generated by
protocol A alone.

Fig.1 The all directions method of data acquisition is shown.
{a) original TCT, (b) TCT and ECT simultancous acquisition, (c) ECT
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Liver Phantom
Anterior

2

Fig. 3 (a) A scheme and an attenuation map of the colurnnar
phantom, {b) a SPECT image of a uniformity phantom, and (c)
a SPECT image of a hot rods phantom. #1: No attenuation
correction. #2: Original TCT. #3: Subtraction TCT.

In the human study, protocol A was acquired first, then
protocol A’ was acquired, and finally protocol A” was
acquired. Attenuation corrected ECT images of the proto-
col A” reconstructed using O-Map and S5-Map were
compared (Fig. 1). The acquisition time was 15 minutes in
all cases.

Phantom study

In the cylindrical phantom (200 mm x 200 mm x 200 mm
circle, AZ-660, Anzai-Sogyo, Tokyo, Japan), areas filled
with uniform tracer activity (92.5 kBg/m{) and hot rods
areas (9.25 kBq/m{) were created, and the image quality
was compared using uniformity and hot rods (#1 (a) in
Fig. 3). The ECT images after attenuation correction
using the S-Map and O-Map were compared with the
uniformity phantom with the profile curves and normal-

Vol. 18, No. 7, 2004

Fig.4 (a) Schemes and attenuation maps of the liver phantom
and a clinical case, (b) phantom SPECT images. {c) abdomen
(liver) CT images and (d) abdomen (liver) ECT images. #1: No
attenuation correction. #2: Original TCT. #3: Subtraction TCT.

ized root mean square errors (NRMSE (%), V[Z(X;— 0¥
$072] % 100; X;, subtraction image; O, original image; £,
pixel number (i = 1 = n)). Spatial resolution of the hot rods
phantom was evaluated with the profile curves.

In the liver phantom (LSF-type, Kyoto-Kagaku, Kyoto,
Japan, Fig. 2), the concentration of ™ Tc in the liver part
was 247 kBq/mi? and the body part was 24.7 kBg/m!. In
this study, a spherical defect of 20 X 20 mm in diameter
was established in the left lobe, and ECT images afier
attenuation correction using S-Map and O-Map were
compared with regard to the clarity of the defect image
using profile curves,

Human study

As ahuman study, a 60-year-old female patient with liver
cirrhosis diagnosed on the basis of clinical and CT findings
was evaluated. The acquisition times of ECT and TCT
were the same. Before administration of ¥™Tc-GSA,
transmission data {protocol A) were acquired first. Then,
15 minutes after the intravenous injection of 185 MBq of
#mTe-GSA, simultaneous TCT/ECT data (protocol A%)
were acquired with an external source (740 MBq of
#9mTc). Finally, only ECT data (protocol A”) of ™Tc-
GSA were acquired without an external source (Fig. 1).
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phantom; lower left, liver phantom; lower right, case study.

$-Map was prepared by the subtraction, and O-Map was
prepared from protocol A. In protocol A and protocol A”,
4 markers were placed on the body surface as the land-
marks for the Automatic Registration Tool (ART),'? and
ECT images after attenuation correction using S-Map and
0O-Map were compared.

Human materials consisted of 10 patients (7 liver
cirrhosis [4 males and 3 females aged 65 £ 6 years], and

" 3 hepatocellular carcinoma [2 males and 1 females aged

226

67 £ 5 years]).
RESULTS

Phantom study

The transaxial images of the uniformity phantom are
shown in Figure 3 (b), and the place for the count profile
curves (Table 1, upper leff) shown as the broken line #1 (a)
in Figure 3. The ECT values (mean £ SD, [CV(%)]) are for
the internal side at both ends of the transaxial image: O-
map 92.33 +3.52 [3.81], S-map 95.96 + 1.94 [2.02], and
ECT values without attenuation correction were 78.54
15.60 [19.86). ECT values using the S-Map was overes-
timated by about 9% near the center. The NRMSE in these
images were 10.5%.

Figure 3 (c) shows the transaxial images of the hot rods
phantom. The profile curves (Fig. 5, upper right) were
nearly identical. Visualization was similar.

Defect in the liver phantom was shown as dotted lines
in the scheme. Normalized ECT values of the defects
(minimum value) using the S-Map were 10% better than
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y =22.65 + 1,06x
r=0.958 °
400 4 p=14X109

SPECT value with Subtraction TCT
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SPECT value with Original TCT

Fig. 6 Comparison of ECT values in 25 ROl including SOL and
hepatectorny sites in 10 patients.

those using the O-Map (Fig. 5, lower left). Qver correction
of 4-7% was observed in the center and peripheries (Fig.
5, upper right).

Human study

The case (Fig. 4) presented here had liver cirrhosis with
mild swelling of the left lobe. After angiography, a defect
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of GSA was noted at the porta hepatis. The normalized
ECT value of the defect (CPR in the area surrounded by
the dotted line in the scheme; Fig. 5, lower right) was
reduced by 10% with the S-Map as compared with the O-
Map. In the caudate lobe, a 12% overestimation was
observed.

In the 25 ROIs in 10 patients, the ECT values after
attenuation correction using the O-Map and S5-Map showed
a good correlation (y = 22.65 + 1.06x,r=0558, p=14x
1075).

DISCUSSION

For attenuation correction of ECT images by TCT with an
external source, TCT with !53Gd can be acquired in
combination with ECT simultaneously using tracers such
as 2011 and #™Tc-MIBI in myocardial scintigraphy.!! In
an evaluation using TCT in the liver,!? good quantitative
results of volume measurements were reported.' In a
liver 9™Tc-GSA scintigraphy which is an analog ligand
of the asialoglycoprotein receptor, it is report and attenu-
ation correction is necessary in the quantitative evaluation
‘of the liver.'

99mTc can also be used as an external source for TCT;
however, TCT/ECT simultaneous acquisition? can not be
used, when the same %™T¢ radiotracer such as®™Tc-GSA
is used. In the sequential mode,!* TCT must be acquired
before the administration of the tracer, and ECT thereafter
can be acquired. However a mis-registration may between
when TCT and ECT images for attenuation correction.!s
The mis-registration must be avoided by use of the ART
method.!! In sequential mode, improvement of concen-
tration linearity was reported by combination of TCT
attenvation correction and TEW scatter compensation, !4
Since the external source is comparatively large, TEW
scatter compensation can also correct ECT scatter as well
as TCT scatter.!$

In order to reduce the repetition of examinations, we
examined whether attenuation correction can be per-
formed by acquiring TCT and ECT twice serially in the
simultaneous mode and acquiring an attenuation map by
image subtraction. When the protocot “simultaneous TCT/
ECT (¥"Te-GSA) followed ECT”, i.e., (1) i.v. of ra-
diotracer, (2) waiting for fixation of the radiotracer, (3)
TCT/ECT, (4) ECT, subtracted TCT map (TCT/ECT —
ECT) can be generated. This protocol saves the time
needed for fixation of the radiotracer, compared with the
conventional protocol “TCT (GSA) followed ECT”, i.e.,
(1) TCT, (2) i.v. of radiotracer, (3} waiting for fixation, (4)
ECT. In the phantom study, to minimize mis-registration
between the ECT and TCT images, TCT and ECT were
acquired simultaneously, ECT alone was then acquired,
and original TCT was acquired after the phantom was
allowed to stand for 96 hours in consideration of the
attenuation time. However, as this protocol is difficult in
clinical cases, markers were placed at 4 points on the
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phantom, and images were overlayed by the landmark
method of the ART.!? In the experiments using unifor-
mity, hot rods and liver phantoms, no marked difference
was observed between the O-map and S-map, and a 5%
error was observed in the defect value in the liver phantom
with a model SOL. In human study, also, errors of ECT
values in the defects after hepatectomy and relatively
large SOL (space occupying lesion) of 3 em or greater in
diameter were 0-7%, but they were larger and more
variable with a maximum of 20% for small tumors about
1 cm in diameter or other hepatic resions. Since this value
was within the limits of agreement (mean + 25D) of the
evaluation method of Bland & Altman,” it is clinically
acceptable. However, there was no such error in the
phantom study, and therefore, a part of the errors may due
to respiration, which is uncorrectable by the subtraction
method. Evaluation of the respiratory affect and its cor-
rection must be performed using respiratory gated'® liver
SPECT in future studies.

The subtraction method in ®™Tc-GSA must take phar-
macokinetic analyses into consideration; namely the liver
is described in 30 seconds after injection, the tracer is
accumulated rapidly, and after 15 to 40 minutes has
comparatively little change in time-activity.'® Therefore,
TCT and ECT were acquired at the same time. Moreover,
time-activity is considered to decrease more by acquiring
continuous repetitive rotation of the gamma camera.?’
Since about 50% of the amount of administered *™Tc-
GSA is accumulated in the liver,'? sufficient radiotracer
counts are obtained in the liver ECT may be obtained
using one detector with parallel beam caollimator. Then
two other detectors may be used for TCT with high
radioactivity counts, This method may improve the accu-
racy of TCT attenuation correction,

CONCLUSION

By means of the subtraction attenuation correction method
proposed in this study, it is possible to perform simulta-
neous TCT/ECT data acquisition for attenuation correc-
tion using Tc-99m external source in Te-99m GSA liver
SPECT. Moreover, it is thought that this method de-
creases the mental and physical surden of the patients.
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Abstract

Background. Many studies have been performed, on the
clinical outcome and prognostic factors in patients with cer-
vical cancer treated with radical hysterectomy and postop-
eralive radiotherapy, but no useful method for predicting
the risk of recurrence has been established. The purpose of
this study was to analyze histopathological prognostic fac-
tors. In addition, we proposed a new risk classification and
evaluated its usefulness.

Methods. One hundred and thirty patients with stage I-II
uterine cervical cancer were treated with radical hysterec-
tomy and postoperative radiotherapy at Ehime University
-Hospital between 1978 and 1997. All surgical specimens
were reviewed, and the relationship between histopatho-
logical factors and the clinical outcome was analyzed.
Results. Of the histopathological prognostic factors of the
surgical specimens analyzed, six factors (parametrial inva-
sion, venous infiltration, pelvic lymph node metastases,
thickness of the residual muscular layer, tumor depth, and
tumor growth pattern) were significant prognostic factors.
In particular, venous infiltration and pelvic lymph node
metastases were strongly correlated with recurrence. Using
the above five factors (excluding the thickness of the
residual muscle layer), all patients were scored based on the
total number of poor prognostic factors, and were classified
into three groups. Patients with a score of 0-1 were
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classified as the low-risk group, those with a score of 2 as the
intermediate group, and those with a score of 3-5 as the
high-risk group. The 5-year disease-free survival rates were
93% in the low-risk group, 82% in the intermediate group,
and 56% in the high-risk group (P < 0.05).

Conclusion. Six prognostic factors were found. Our risk
classification seems to be clinically useful to predict which
patients are at risk of recurrence.

Key words Uterine cervical cancer - Postoperative radio-
therapy - Prognostic factor

Introduction

Radical hysterectomy or radical radiotherapy is the primary
therapy for early-stage uterine cervical cancer. Similar clini-
cal outcomes have been reported with these twa strategies.!
Many patients have been treated with surgery in Japan, and
there are many studies about the prognostic factors of early-
stage cervical cancer treated with surgery. The prognosis
is poor in patients with either lymph node metastases,
parametrial invasion, bulky tumor, deep stromal invasion,
vascular infiltration, or a positive vaginal stump.®® In these
patients, postoperative radiotherapy is usually employed
as additional therapy. The effect of postoperative radio-
therapy on improving local control has been demonstrated,
however, its role in increasing survival is controversial>*
The recurrence rate in patients treated with radical hyster-
ectomy and postoperative radiotherapy has been reported
to be 15%-40%.*® Many studies have been performed
about the prognostic factors, and several histopathological
prognostic factors have been reported.>® Nevertheless,
no useful method has been established for predicting
which patients are at risk of recurrence. Therefore, the
purpose of this study was to analyze the histopathological
prognostic factors related to recurrence in patients treated
with radical hysterectomy and postoperative radiotherapy
and to propose a useful method for predicting the risk of
recurrence.
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Patients and methods
Patients
Between January 1978 and December 1997, 130 patients

with uterine cervical cancer were treated with radical
hysterectomy and postoperative radiotherapy at Ehime

University Hospital. The patients’ ages ranged from 28 to

72 years, and the median age was 49 years.

The clinical stage, judged according to the International
Federation of Gynecology and Obstetrics (FIGQ) stages,
was stage IB in 88 patients, stage IIA in 15, and stage 1iB in
27. The histological types of tumor were non-keratinizing
squamous cell carcinoma in 82 patients, keratinizing squa-
mous cell carcinoma in 34, and adenocarcinoma in 14.

Postoperative radiotherapy

Indications for postoperative radiotherapy were assessed
according to the General rules for clinical and pathological
management of uterine cervical cancer’: (a) lymph node
metastases, (b) parametrial invasion, (c¢) marked primary
invasion or vascular infiltration, and (d) insufficient vaginal
wall excision. For the postoperative radiotherapy, external
irradiation was performed using a linear accelerator, and
anteroposterior opposing portal irradiation of 10-MV X-ray
was administered. The upper and lower margins of the irra-
diation field were the top of L5 and the lower margin of the
obturator foramen. The left and right margins were 1.5-
2cm lateral to the widest diameter of the pelvic outlet. A
total dose of 40-60Gy (median, 50Gy) was given, with
1.8Gy or 2.0Gy per fraction.

Histopathological findings

All surgical specimens were reviewed histopathologically,
and evaluated according to the general rules for clinical and
pathological management of uterine cervical cancer? Histo-
pathological factors investigated were as follows: (1) histo-
logical type of tumor, (2) pathological T factor (pT), (3)
corpus invasion, (4) vaginal invasion, (5) Iymph vesse] infil-
tration, (6} venous infiltration, {7) pelvic lymph node me-
tastases, (8) tumor growth pattern, (9) tumor width, (10)
tumor depth, and (11} thickness of the residual normal
muscular layer. We excluded the factor of positive or closed
margin of the excised vagina, because no patient in this
study had this factor.

Histological type was classified as non-keratinizing squa-
mous cell carcinoma, keratinizing squamous celf carcinoma,
or adenocarcinoma. Lymphatic vessel infiltration and
venous infiltration were individually classified into four
grades, from 0 to 3. For tumor width, we measured the
largest longitudinal diameter of the tumor. Tumor depth
was measured at the area of deepest tumor invasion (Fig. 1).
The tumor growth pattern was designated as follows:
expansive growth pattern with marked border between
the tumor and surrounding tissue was designated as

Fig, 1. Measurement of tumeor size and residual muscular layer in
surgical specimen, A, Longitudinal diameter of tumor (tumor width).
B, Transverse diameter of tumor (tumor depth). C, Thickness of the
residual normal muscular layer

“expansive” infiltrative growth pattern of small or trabecu-
lar-like nests of the tumor into interstitial tissue with an
unclear border was classified as “invasive”, and an interme-
diate pattern between the above two patterns was classified
as “intermediate”

Follow-up

The follow-up period ranged from 2 to 25 years, with a
median of 14 years and 5 months. Recurrence was con-
firmed pathologically and radiographically. Recurrence in
the irradiation field was regarded as local recurrence, and
recurrence outside the irradiation field was defined as dis-
tant metastases.

Statistical analysis

Overall survival rate (OS), cause-specific survival rate
(CSS8), and disease-free survival rate (DFS) were analyzed
using the Kaplan-Meier method and compared by the log-
rank test.* Multivariate analysis was performed using the
Cox proportional hazard model. Results were considered to
be statistically significant when P < 0.05, DFS was used as
an endpoint for the analysis of prognostic factors. OS was
defined as the time from the last date of radiotherapy to



death, CSS as the time from the last date of radiotherapy to
death of primary disease, and DFS as the time from the last
date of radiotherapy to disease recurrence.

The relationship between the prognostic factors and re-
currence patterns was analyzed using the y* test and Fisher’s
exact probability test.

Risk classification

A risk classification was designed using factors found 1o be
significant. Patients with risk of recurrence were classified
based on the number of poor prognostic factors, and the
usefulness of the risk classification method was evaluated.

Results
Survival rates and recurrence

Five-year OS, 5-year CSS, and S-year DFS were 88%, 89%,
and 85%, respectively (Fig. 2). There were recurrences in
24 of the 130 patients (18%). Sixteen patients (12%}) died of
the primary disease. There were local recurrences in 4
patients (3%), distant metastases in other regions in 19
{15%), and multiple recurrences in the irradiation field and
distant metastasis in 1 (1%). The time of recurrence ranged
from 2 to 174 months, with a median of 16 months. Recur-
rences occurred within 1 year in 11 patients, 1-5 years in 8,
and after 5 years in 5.

Prognostic factors

The details of the statistical analyses of the histopathclogi-
cal prognostic factors are shown in Tables 1 and 2. For
univariate analysis, significant differences were observed in

Survival probability (%)
100
[
90 o L —
80 b -
T r
6o f
50 Fr
40 b
30 b = « QOverall Survival
= Cause Specific Survival
nr = = Disease Free Survival
19 p
0 i 2 a N N N . A z

0 17 24 3% 48 60 T2 8 9 108 120

Time from treatment (month)

Fig. 2. Survival curves for overall survival, cause-specific survival, and
disease-free survival
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six factors: pT factor, venous infiltration, pelvic lymph node
metastases, thickness of the residual muscular layer, tumor
depth, and tumor growth pattern. For tumor growth pat-
tern, the invasive type was significantly worse than the
others, Tumor depth ranged from 2 to 50mm, and the mean
diameter was 13mm. The prognosis was significantly worse
in patients with a 13-mm or larger tumor. The thickness of
the residual muscular layer ranged from 0 to 19mm, and the
mean thickness was 5mm. The prognosis was significantly
worse in patients with a 5-mm or thinner muscular layer.
On multivariate analysis, venous infiltration was the only
significant factor. :

Recurrence and prognostic factors

The relationship between recurrences and the significant
prognostic factors is shown in Table 3. The relationships
between the prognostic factors and recurrence patterns
were also investigated, but no significant differences were
observed.

Risk classification

Risk classification was performed using the six significant
prognostic factors. Among the six factors, thickness of the
residual muscular layer and tumor depth were correlated
with each other, and thus, the thickness of the residual
muscular layer was excluded for further analysis. Each of
the five factors (parametrial invasion, pelvic lymph node
metastases, venous infiltration, tumor growth pattern, and
tumor depth) was divided into two categories, 0 or 1. Poor
prognosis was defined as 1. All patients were scored, based
on the total number of worse categories, using a six-step
grade, 0-5. Patients with an overall score of 0~1 were classi-
fied as the low-risk group, those with a score of 2 as the
intermediate-risk group, and those with a score of 3-5 as the
high-risk group (Table 4). The DFS values for the three
groups are shown in Fig. 3. Five-year DFS values were
03%, 82%, and 56% in the low; intermediate; and high-
risk groups, respectively, showing a significant difference
(P < 0.05).

Adverse events

Adverse events of radiotherapy were judged according to
the National Cancer Institute common toxicity criteria
{(NCI-CTC). Late adverse events requiring surgery oc-
curred in 6 patients (5%): vesicovaginal fistula in 1,
rectovaginal fistula in 1, vesical rupture in 2, ureterostenosis
in 1, and intestinal adhesion-induced ileus in 1. These events
were judged to be NCI-CTC grade 4. In addition, subileus
occurred in 11 patients, hemorrhage that may have been
due to radiation enteritis occurred in 4, and lower-limb
lymphatic ¢dema occurred in 4, but all these effects were
relieved by conservative therapy.
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Table 1. Univariate analysis of histopathological prognostic factors

Histopathological factor No, of patients 5-Year DF$ P Value

Histology
Non-keratinizing-type SCC 82 87% 0.1556
Keratinizing-type SCC 34 88%
Adenocarcinoma 14 N%

Pathological extent of tumor
pTlb 93 BB% 0.0149*=
pT2a 20 %%
pT2b 17 64%

Endometrial invasion
Negative 100 87% 0.2402
Positive 30 79%

Vaginal invasion
Negative 104 85% 0.7980
Positive 26 88%

Infiltration into lymphatic vessel
Negative 43 N% 0.1466
Positive 87 83%

Venous infiltration
Negative g7 93% <0.0001*
Positive 33 64%

Pelvic lymph node metastasis
Negative 103 90% 0.0003*
Positive 27 T0%

Tumor growth pattern
Expansive M 4% 0.0131*+
Intermediate 65 85%
Invasive k) | TI%

Tumor width
=27mm 65 88% 0.3435
>27Tmm 65 83%

Tumor depth
<13mm 84 89% 0.0300%*
E13mm 46 78%

Remaining muscle layer
>5mm 48 94% 0.0202%*
=5mm 82 80%

*£ < 001;** P <005

DFS, disease-free survival rate; SCC, squamous ¢ell carcinoma

Table 2. Multivariate analysis of histopathological prognostic factors, using the Cox propor-

tional hazard model

Prognostic factor 95% CI P Value Relative risk
pT2b 0.344-3.560 0.8642 1107
Venous infiltration 1.593-10.885 0.0036 4.165
Pelvic LN metastasis 0.834-5.889 0.1106 2216
Tumor growth pattern (invasive) 0.304-5.582 0.7219 1.302
Tumor depth (Z13mm) 0.540-4.410 0.4186 1.543
Remaining muscle layer (=5mm) 0.380-4.740 0.6465 1.344

Discussion

Clinical outcome

The clinical outcomes of postoperative radiotherapy have
been reported to be 72%-90% for 5-year OS and 74%-83%
for 5-year DFS.*%*" In this study, 5-year OS and DFS
were 88% and 85%, respectively, which is comparable to
those in the previous reports.

The recurrence rate in this study (24/130; 18%) was simi-
lar to previous reports.*’ Recurrence cccurred within 5
Years in 19 patients, but tumors recurred after a more pro-
longed period in 5 patients. Patients with early-stage cervi-
cal cancer may survive for a long period, and sufficient
follow-up is necessary. .

The frequency of distant metastases after postoperative
radiotherapy has been reported to be relatively high in
many reports,***# similar to our study (19/130; 15%). The



Table 3. Relationships between prognostic factors and recurrences
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Prognostic factor All patients (130)

Patients with recurrence (24)
Recurrence pattern

Absent Present PF (4) “DM (19) PF + DM (1}
Absent Present Absent Present Present
Pathological T factor (pT2b) 113 17 4 ¢ 13 6 1
Venous infiltration (positive) 97 33 2 2 7 12 0
Pelvic lymph node metastasis (positive} 103 n 4 0 9 10 1
Tumor growth pattern (invasive) 99 3 2 2 11 8 0
Tumor depth (=13mm) 84 46 4 0 8 11 1

PF, pelvic failure; DM, distant metastasis

Table 4. Relationship between risk classification and recurrence

No. of patients Recurrence
+ -
Low 90 7 83
Intermediate 17 5 12
High 23 12 11

Survival probability { % }
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Fig. 3. Discase-free survival for the low-risk, the intermediate-risk,
and the high-risk group patients, according to our classification

frequency of local recurrence and distant metastasis was
equal,*™® or recurrence in the irradiation field was more
frequent in previous reports.”® In this study, the frequency
of local recurrence was relatively low (4/130; 3%), while the
frequency of distant metastases was 15% (19/130). Post-
operative radiotherapy may inhibit local recurrence.

NCI-CTC Grade 4 late adverse events occurred in 6
patients (5%). This frequency was similar to those previ-
ously reported.**!

Prognostic factors

Among prognostic factors investigated, pelvic lymph node
metastases have been reported as an important prognostic
factor in many studies.’*#™*" Pelvic lymph node me-
tastases were also correlated with recurrence in the present
study. However, a significant difference was only observed
in the univariate analysis. This factor was not significant in
the multivariate analysis. Qur analysis was performed only
in patients treated with postoperative radiotherapy. The
improved survival rate, brought about by pelvic lym-
phadenectomy and postoperative radiotherapy, for patients
with pelvic lymph node metastases, may explain why this
prognostic factor was not significant in the multivariate
analysis.

Tumor size is regarded as a major prognostic factor in
cervical cancer.”® Few reports, however, have mentioned
methods of measuring the tumor size. We investigated
tumor width and depth individually. Our results showed
that tumor depth was a significant prognostic factor. On the
other hand, no significant difference was observed for
tumor width. The mean tumor depth (13mm) in this study
was considerably less than that (40mm) in other re-
ports.*'*¥ We measured the actual transverse diameter of
tumors in fixed preparations. Because the tumors had been
divided into two parts and fixed in formalin, tumor shrink-
age was greater than that in fresh specimens.

For the pT factor, the prognosis was poor only in pT2b
patients. The finding of pT2b is synonymous with parame-
trial invasion, and this factor may have greatly affected the
poor prognosis. Parametrial invasion has been reported to
be a poor prognostic factor in many studies,”*™"* consis-
tent with our results.

Although vascular infiltration has been reported to be a
poor prognostic factor in some reports,”™ lymphatic vessel
and arterial and venous infiltration were all considered as
one factor, “vascular infiltration” in those studies. No study
has investigated individual types of vessels, to the best our
knowledge. We investigated lymphatic vascular infiltration
and venous infiltration individually, and evaluated their sig-
nificance. Venous infiltration was the most significant prog-
nostic factor, while only a tendency for poor prognosis was
observed in patients with lymphatic vessel infiltration. This
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finding regarding venous infiltration may be related to the
high frequency of distant metastases in those patients
with recurrence, but a definite conclusion cannot be
made because the number of patients with recurrence was
small.

We classified the tumor growth pattern as invasive, inter-
mediate, or expansive type. The prognosis was significantly
worse for the invasive type than for the expansive and
intermediate types. To our knowledge, there has been no
previous study investigating the tumor growth pattern as a
prognostic factor.

Risk classification

We also investigated the relationship between the signifi-
cant prognostic factors and recusrence patterns, but no fac-
tor was strongly correlated with the recurrence patterns. It
was difficult to judge the risk of recurrence based on a single
factor, as multiple factors seemed to be related to each
other. To simultaneously investigate multiple factors, we
used the risk classification scheme.

Risk classification by scoring prognostic factors has been
reported.’*"®* Kodaira et al."® scored such factors, using
three factors based on a Gynecologic Oncology Group
(GOG) report® (tumor diameter, depth of muscular layer
infiltration, and lymphatic-vascular space invasion) in
tymph node-negative patients after postoperative irradia-
tion for cervical carcinoma. They divided the patients into
low- and high-risk groups, and found that this scoring was
useful for the judgment of risk of recurrence. We applied
this method to lymph node-negative patients in this study,
but no difference was observed between the high-risk and
low-risk groups. Aoki et al.® scored prognostic factors,
using parametrial infiltration and the number of lymph
node metastases in lymph node-positive patients after post-
operative irradiation for cervical carcinoma. They divided
the patients into three risk groups, and obtained useful
results. We applied this method to lymph node-positive
patients in this study, and a significant difference in risk of
recurrence according to scores was observed. However, risk
judgment could not be made with their system in lymph
node-negative patients, who comprised 79% the population
in this study.

The classification we propose is applicable to all patients
with cervical cancer treated with radical hysterectomy and
postoperative radiotherapy. Our risk classification showed
a very high correlation with recurrence.

We used five factors: (1} parametrial invasion, (2) pelvic
lymph node metastases, (3) venous infiltration, (4) tumor
growth pattern, and (5) tumor depth. These factors are seen
in histopathological reports, and therefore clinicians can use
this classification routinely. The classification is applicable
to all postoperative patients, and is clinically practical.

In addition, the prognosis can be predicted before radio-
therapy, because radiotherapy factors are not included.
Therefore, using our classification, the selection of more
intensive treatment, such as chemoradiotherapy, may be
possible.

Conclusion

Significant differences in prognosis were observed for six
factors: pT factor, venous infiltration, pelvic lymph node
metastases, thickness of the residual muscular layer, tumor
depth, and tumor growth pattern. Qur risk classification
may make it possible to predict which patients are at risk of
FECUITENce.
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