Letters to the Editor 521

STEREOTACTIC RADIOTHERAPY OF PRIMARY LUNG
CANCER AND OTHER TARGETS: RESULTS OF CONSULTANT
MEETING OF THE INTERNATIONAL ATOMIC ENERGY
AGENCY (INT J RADIAT ONCOL BIOL PHYS 2011;79:660-669)

To the Editor: We read with great interest the article by Nagataetal. (1) in
which they nicely evaluated the current status of stereotactic body radiother-
apy (SBRT) in developing countries and recommendations following the
meeting of consultants of the International Atomic Energy Agency
(IAEA). We very much appreciate their contribution, as their findings and
experiences will have major implications for our clinical daily practice of
SBRT treatment and planning in the developing world.

In their report, Nagata et al. advised using the minimum methodology,
technology, and quality assurance requirements for SBRT in treating pri-
mary lung tumors and other body tumors. Patients who are candidates for
SBRT for lung tumors are generally those whose cases are medically inop-
erable and have poor performance status, with cardiac or other comorbid-
ities, and a significant number of those patients may present with
implanted cardiac pacemakers (ICP). Such a report should also have dis-
cussed this potential problem. We would like to share our experience with
and opinion regarding image-guided SBRT for early-stage lung cancer
patients with ICP, in that respect.

Among our 25 SBRT lung patients treated since 2008, we treated
a 76-year-old medically inoperable patient who was diagnosed with
early-stage lung cancer, who had received an ICP in 2006. Total dose of
5,500 cGy was given in 5 fractions with our Trilogy linear accelerator-
based system, with daily pre- and posttreatment kV-kV imaging and
cone beam computerized tomography (CBCT) for image guidance. We re-
ported this case, in which we followed the recommendations of the Amer-
ican Association of Physicists in Medicine Task Group report for treating
this patient, which was published in 1994 (2). We limited the total dose to
the ICP to less than 5 Gy and refrained from using direct beams through
the ICP device. During treatment, an erratic pacing happened due to the
transient interference, and this was retrospectively recorded by the ICP de-
vice memory analysis. No immediate severe side effect happened during
SBRT. The patient had cardiac problems and expired | month after treat-
ment. However, these cardiac problems were not found to be related to
pacemaker malfunction.

Although the aforementioned task group report is available for manage-
ment of ICP patients, this report was published in 1994. At that time, hypo-
fractionated treatments with currently different kind of image guidance (like
CBCT and kV-kV imaging) methods were not available. Therefore, more
studies of the effect of high-dose hypofractionated treatments and new
image guidance methods for ICPs are needed. In this important JAEA
report, we believe that the information and warnings about managing
patients with ICPs are lacking. Our colleagues dealing with these kinds of
new treatment methods should be aware of this problem.
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IN REPLY TO DRS. ATALAR, CAGLAR, AND OZYAR

To the Editor: We thank Drs. Atalar, Caglar, and Ozyar for their com-
ments on stereotactic body radiotherapy (SBRT) for a patient with im-
planted cardiac pacemakers (ICPs). They reported on 1 patient who died

1 month after SBRT with cardiac problems probably unrelated to RT.
However, they suggested the establishment of a new guideline for ICPs
and implantable cardioverter defibrillators (ICDs) in the era of SBRT and
image-guided RT.

Our nation-wide survey conducted by the Japan Conformal External
Beam Radiotherapy Group (J-CERG) did not include any patients who
died after SBRT with malfunction of ICPs and ICDs (1).

‘When a tumor was situated at the same level of the ICP, the computed
tomography image of the ICP would be accompanied by severe metallic
artifacts. These computed tomography images are not suitable for SBRT
planning. Even in such a case, SBRT can be indicated when the position
of the subcutaneous ICP can be changed by the patient raising their hands
upward.

A direct radiation beam through the ICP should be avoided. Also, when
a tumor is situated just below the chest wall of the ICP, I would recommend
the cardiologists to replace the ICP to an abdominal position.

Another Japanese prospective survey of patients with ICP and ICD
found 1 case of malfunction in a patient with prostate cancer treated
by intensity-modulated RT to the prostate. Even when the ICP is not
situated at the same tumor level and no beam passes through the
ICP, they recommended precautions during the planning and administra-
tion of RT (2).

In conclusion, I advise a direct beamn path through ICP should be avoided in
the case of SBRT. Moreover, all radiation oncologists should ask a medical en-
gineering officer to check the ICP before and after SBRT because of the data
reported by several studies on the usual RT for patients with an ICP/ICD (3-5).
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RESPONSE TO “THE PHYSICS AND TECHNOLOGY OF
RADIATION THERAPY BOOK REVIEW” (INT J RADIAT ONCOL
BIOL PHYS 2011;80:637

To the Editor: We thank Dan Odero for his review of our book The
Physics and Technology of Radiation Therapy in the June 2011 issue
(1). When reviewing an 850-page book, it is usually not practical to
read the entire volume. We believe that this has led to some misunder-
standings. We have been criticized for leaving some things out of the
book that are, in fact, in the book. Regarding the reference to the “Me-
valac” linear accelerator (linac), we are criticized because “there exists
no such linac or manufacturer.” The book clearly and repeatedly states
(on Pages 12.5, 15.2, 15.5, and 15.23, as well as in the index [Page
1.10]) that this is a fictitious linac. We give detailed dosimetry data for
this fictitious machine in Appendix C. The title page to the appendix
again states that this is a fictitious linac. It is stated that radiochromic do-
simetry is not mentioned, yet this topic is discussed on Page 8.33. Re-
garding the use of thermoluminescent dosimeters for “external agency
machine output verification,” if this is referring to the RPC mailed dosim-
etry program, the RPC no longer uses thermoluminescent dosimeters.
This is discussed in Chapter 11 (Page 11.13). Dr. Odero states that the
physician reader needs to understand the importance of positron deca
and electron capture, particularly for 27 and '®Pd. The decay of ‘2]
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Purpose: The aim of this study was to compare the calcium score and reproducibility of coronary artery calcium scores obtained on the
four kinds of 64-detector computed tomography (CT) scanners using standard (120 kVp) and low tube voltage (80 kVp) scan techniques.

Materials and Methods: We scanned 80 and 120 kVp on all scanners. We calculated Agatston, volume, and mass scores for coronary
artery calcium scoring on each scanner and compared the coefficients of variation of the calcium scores to evaluate reproducibility of

among CT scanners.

Results: The averages of the total mean Agatston score, total mean volume score, and total mean mass score at 80kVp/120kVp were
798.9/683.8, and 627.2/567.3, and 157.1/156.7, respectively. The total mean mass score was almost constant irrespective of the tube volt-
age. The total mean coefficients of variation for the four CT scanners were lower at 80 than 120 kVp (4.1% vs. 10.2% [total mean Agatston
score], 3.2% vs. 9.6% [total mean volume score], and 3.2% vs. 9.4% [total mean mass score]).

Conclusion: Use of the low tube voltage technique can reduce variations in the coronary artery calcium scores obtained on different CT

scanners.
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oronary artery calcium scoring by cardiac computed
tomography (CT) is a reliable diagnostic tool in
patients with suspected coronary artery disease
because the degree of coronary calcification is strongly associ-
ated with the degree of atherosclerosis (1-4). The coronary
artery calcium score on screening CT images yields relevant
prognostic information on the development of coronary
events (5-7). Although coronary artery calcium scoring was
devised originally for electron beam CT by Agatston (1), it
is now widely performed on multidetector CT (MDCT).
For follow-up studies of patients with coronary artery disease,
the use of the same CT scanner is desirable from the perspec-
tive of reproducibility among different CT scanners. How-
ever, this is not always possible and follow-up studies are
often performed on different scanners.
The CT number of a scanned object depends on the effec-
tive tube voltage. Individual CT scanners have a specific effec-
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tive tube voltage that corresponds to the “nominal” kilovolts
peak (kVp). Consequently, different CT scanners yield differ-
ent CT numbers even if the same object is scanned at the same
kVp. Calcium attenuation increases as the effective tube volt-
age decreases (8). We hypothesized that variations in coronary
artery calcium scores obtained on different CT scanners may
be mitigated by increasing the signal intensity of calcium by
using a low tube voltage technique. Although the image noise
level is the same at 120 kVp and 80 kVp, because of the
increased signal intensity at 80 kVp, coronary artery calcium
can be certainly detected on scans acquired at 80 kVp. There-
fore, the purpose of this study was to compare the calcium
score and reproducibility of coronary artery calcium scores
obtained on different CT scanners using standard (120 kVp)
and low tube voltage (80 kVp) scan techniques.

MATERIALS AND METHODS

Phantom

‘We used a cardiac CT calibration phantom (QRM, Moehren-
dorf, Germany; http://www.qrm.de) designed as a calibration
standard for the quantification of coronary calcium (9) (Fig 1).
The phantom is static without cardiac motion. It consists of
two parts, an anthropomorphic phantom body and a calibra-
tion insert. The phantom body includes artificial lungs and a
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CORONARY ARTERY CALCIUM SCORING AT 80KVP CT SCAN
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Figure 1. (a) Frontal view of the anthropomorphic phantom body

with the calibration insert. (b) Diagrams of frontal (left) and side (right)
views of the calibration insert with the nine different calcifications and
the two large calibration inserts (Hounsfield units [HU] = 0, water and
200 mg/cm? calcium hydroxyapatite).

spine insert surrounded by material equivalent to soft tissue.
The phantom is 300 mm in width (x-axis), 200 mm in ante-
roposterior diameter (y-axis), and 100 mm in length (z-axis).
At the position of the heart there is a 100-mm-diameter cylin-
drical hole that permits placement of a calibration insert con-
taining three series of calcified cylinders measuring 1.0, 3.0,
and 5.0 mm in diameter and 1.0, 3.0, and 5.0 mm in height,
respectively. The calcium hydroxyapatite (CaHA) density of
each series of calcified cylinders equals 200, 400, and 800
mg/cm®, respectively (Fig 1). In addition, the calibration
insert contains 2 large homogeneous inserts. One of them is
made of water equivalent material, the other one contains
hydroxyapatite (CaHA density 200 mg/ cm®).

CT Scanning

We obtained prospectively-gated step-and-shoot scans on
64-detector CT scanners produced by 4 manufacturers (Aqui-
lion64, Toshiba Medical Systems, Tokyo; LightSpeed VCT,
GE Healthcare, Waukesha, WI; SOMATOM Definition
AS +, Siemens Medical Systems, Erlangen, Germany; and
Brilliance-64, Philips Medical Systems, Cleveland, OH).
The scan parameters for obtaining the coronary artery calcium
scores are shown in Table 1. We applied low (80 kVp) and
standard tube voltage settings (120 kVp) on all scanners. For
each CT scanner, we increased the tube current at 80 kV so
that the image noise was at the same level (20 Hounsfield units
[HU]J) as at 120 kVp. Preliminary tube current values obtained
at 120 and 80 kVp were based on image noise measurements
of the water insert part in the phantom (Fig 1). Detailed
scanner parameters including the tube current at 120 and 80
kVp are shown in Table 1. At each experiment, the phantom

was scanned five times without being repositioned. Acquired
data were reconstructed at 75% of the R-R interval; the non-
overlapping slice thickness was 3.0 or 2.5 mm; the field of
view was 250 mm. We used the reconstruction kernel recom-
mended by the manufacturer of the different scanners to
acquire the coronary artery calcium scores (Table 1).

Analysis of Coronary Artery Calcium Scoring

We used Agatston, volume, and mass scores for coronary
artery calcium scoring (1,10-12). Each score was calculated
with the equation:

Agatston score = slice increment/slice thickness

X Z (area x weighting factor),

where the weighting factor = 1 if 130 HU = CT,,,,, < 200
HU, = 2 if 200 HU = CT,,, <300 HU, = 3if 300 HU =
CTax < 400 HU, and = 4 if 400 HU = CT,,,,,, the volume
score =2 (area X slice increment), and the mass score = 3
(area X slice increment X mean CT density) X calibration
factor (12).

To calculate the Agatston, volume, and mass scores, the CT
number threshold for 120 and 80 kVp was set at a default
threshold of 130 HU (9). To obtain the calcium mass we cal-
culated the calibration factor by measuring the attenuation of
the large CaHA calibration insert at 200 mg/cm® and the
water insert. The calibration factor ¢ can be determined
with the equation:

€= 200/(HUCnHA - HUw:m:r)-

The circular regions of interest were of a 145 mm? area
(Fig 2). The calibration factor was corrected for the different
tube voltages and CT scanners. We calculated the calibration
factor at each tube voltage and for each scanner (Table 1).
The calibration factor describes the scanner-specific attenu-
ation of calcium. It is necessary to derive the calcium mass
from the mean attenuation and the measured volume of a
lesion (12).

All reconstructed images were analyzed on a workstation
(Virtual Place Raijin, AZE, Tokyo, Japan). One of the authors
(C.E), a radiological technologist with 14 years of experience
in cardiac CT, measured calcifications 3.0 and 5.0 mm in size
and 200, 400, and 800 mg/cm® in density by using a fixed
130-HU threshold, and calculated the Agatston, volume,
and mass scores obtained on the four CT scanners at the
two tube voltages. The smallest calcium inserts (1.0 mm in
size and of all densities) were not assessed because their attenu-
ation values (CT number) were below the threshold. There-
fore, the known total mass score (167.1 mg) was computed
from the total mass (168.22 mg)—1.12 mg of the 1.0 mm
mass (9). The Agatston, volume, and mass scores were
acquired five times from five scan data sets; the total mean
score and standard deviation (SD) for 120 and 80 kVp were
calculated from five data sets obtained with each CT scanner.
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TABLE 1. Scan Parameters for Coronary Artery Calcium Scoring

Scanner

Aquilion-64 Light Speed VCT Definition AS+ Briliance-64
Rotation time (sec) 0.25 0.35 0.217 0.28
Tube voltage (kV) 120 80 120 80 120 80 120 80
Tube current (mA) 70 240 95 265 70 254 86 350
Calibration factor 0.70 0.51 0.71 0.51 0.83 0.59 0.81 0.56
Noise (mean + SD) 21.0+04 204+08 199109 21.3+0.6 20.6+1.2 20.8 £ 0.5 199+ 0.6 209+1.0
CTDiw (mGy) 1.60 1.90 1.58 1.37 0.88 0.83 1.70 2.10
Detector configuration (mm}) 64 x 0.5 64 x 0.625 64 x 0.6 64 x 0.625
Section thickness (mm) 3.0 3.0 2.5
Table feed (mm/rotation) 32.0 40.0 38.4 40.0
Beam pitch 1 1 1
Reconstruction kernel FC13 Standard B35f Heart View medium Cardiac Standard

CTDIw, weighted computed tomography dose index.

Figure 2. Transverse computed tomography (CT) images of the
semianthropomorphic thoracic phantomn. To determine the mean
CT numbers, circular regions of interest (mean area 145 + 1.0 mm®)
were used for the calibration factor.

We also calculated the coefficients of variation for each CT
scanner using the equation:

coefficient of variation =100 X[standard deviation]/mean(9)

Statistical Analysis

We used Kruskal-Wallis one-way analysis of variance on ranks
to compare each Agatston, volume, and mass score acquired at
120 and 80 kV on the four different CT scanners. When the
overall differences were statistically significant we performed
post-hoc analysis using the Steel-Dwass multiple comparison
test. Differences of P < .05 were considered statistically signifi~
cant. Calculation of Kruskal-Wallis one-way analysis of
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variance was with a statistical software program (MedCalc
Software; MedCalc, Mariakerke, Belgium). Calculation of
the Steel-Dwass multiple comparison test was with a commer-
cially available software program (Statcel3, Saitama, Japan).

RESULTS

The Agatston, volume, and mass scores at 80 and 120 kVp for
the four different scanners are shown in Tables 2A and 2B.
The data for each size are presented as the sum of different cal-
cium density values ranging from 200 to 800 mg/cm’. At 120
kVp, the total mean and standard deviation of the total mean
Agatston, volume, and mass scores obtained on the four CT
scanners was 683.8 £+ 69.7, 567.3 + 54.6, and 156.7 & 14.7,
respectively (Table 2A). There were large variations and statisti-
cally significant differences in the total Agatston score between
the Aquilion-64 and the Brilliance-64 instrument (P < .05).
‘With respect to the mass score, there was a statistically signifi-
cant difference between all pairs of CT scanners (P < .05).
When we excluded the Brilliance-64 scanner, we found that
at 120 kVp, the total mean and standard deviation of the total
mean Agatston, volume, and mass scores were higher (ie,
717.2 £23.9,593.6 & 17.2, and 163.9 = 2.8, respectively).
At 80 kVp, the mean coronary artery calcium scores were
798.9 X 32.4, 627.2 £ 20.1, and 157.1 £ 5.1 (Table 2B).
The total mean Agatston and total mean volume scores were
16.8% and 10.6% higher at 80 than 120 kVp, respectively;
the total mean mass scores were almost the same at 80 and
120 kVp. At 80 kVp, we observed stable variations among
the different CT scanners in the total mean Agatston, volume,
and mass scores, irrespective of the inclusion or exclusion of
the Brilliance-64 instrument. In addition, comparison of
data acquired at 120 kVp and 80 kVp on the same CT scanner
showed that the standard deviation for the Agatston, volume, .
and mass scores was almost the same or lower at 80 kVp. Coef-
ficient of variation (%) obtained with different CT scanners
are shown in Tables 3. At all CT scanners, the coefficient of
variation (%) were lower at 80 than 120 kVp. The total
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TABLE 2A. Mean Coronary Artery Calcium Scores Obtained at 120 kVp

The Three Vendors
Scanner All Scanners (excluding Brilliance-64)
Score Aquilion-64 Light Speed VCT Definition AS+ Briliance-64 Average :+ SD Average = SD
£
Agatston l
Total 744.8 4 65.8 704.4 + 57.2 702.5 + 51.1 583.4 + 61.8 683.8 - 69.7 717.2 = 23.9
3 mm 148.6 140.5 127.7 101.1 129.5 + 20.8 138.9 = 10.5
5mm 596.2 563.9 574.8 482.3 554.3 + 49.9 578.3 = 16.5
*
| o
volume (mm®~) ] |
Total 611.4 = 34.1 577.1 + 29.2 592.4 + 26.3 488.2 - 44.6 567.3 :: 54.6 593.6 = 17.2
3mm 129.3 116.3 112.0 88.3 1M11.5+17.1 119.2 + 9.0
5 mm 482.1 460.7 % 480.4 399.8 455.8 + 38.5 474.4 - 11.9
| % l
| - .
Mass (mg) l l l I
Total 163.8 : 4.1 1612+ 1.6 166.8 i+ 3.2 134.9 : 10.1 156.7 = 14.7 163.9 = 2.8
3mm 271 273 26.6 20.7 254 4 3.2 27.04:0.4
5mm 136.6 133.9 140.2 114.2 1312 £ 11.7 136.9 + 3.2
* Steel-Dwass test, P < .05.
TABLE 2B. Mean Coronary Artery Calcium Scores Obtained at 80 kVp
The Three Vendors
Scanner All Scanners {excluding Brilliance-64)
Score Aquilion-64 Light Speed VCT Definition AS+ Briliance-64 Average + SD Average = SD
B3
Agatston
Total 845.0 4 44.9 792.0 = 49.8 769.1 = 32.1 789.7 + 53.0 7989 = 324 802.0 + 38.9
3mm 160.9 156.4 148.3 156.5 1555 + 5.2 155.2 = 6.4
5 mm 684.1 635.6 620.8 633.2 643.4 - 27.9 646.8 = 33.1
volume (mm?®)
Total 652.4 = 41.0 607.7 = 27.1 614.8 + 21.0 633.7 + 39.7 627.2 = 201 625.0 = 24.0
3mm 1329 125.5 120.7 129.6 127.2 + 5.2 126.4 + 6.1
5 mm 519.5 482.2 494.1 504.1 500.0 - 15.8 498.6 = 19.1
% .
Mass (mg)
Total 161.8 +: 4.2 1542+ 1.8 161014 1514 + 9.7 157.1 + 5.1 159.0 - 4.2
3 mm 26.2 26.1 25.7 251 25.8 = 0.5 26.0 = 0.3
5 mm 135.6 128.1 135.3 126.4 131448 133.0 = 4.3

* Steel-Dwass test, P < .05.

mean coefficients of variation for the four CT scanners were DISCUSSION
lower at 80 than 120 kVp (4.1% vs. 10.2% [total mean Agat-
ston score], 3.2% vs. 9.6% [total mean volume score], and
3.2% vs. 9.4% [total mean mass score]).

Our coefficients of variation for Agatston, volume, and mass
scores were similar to those reported by others. According
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TABLE 3. Coefficient of Variation (%) Obtained with Different CT Scanners

Scanner

Score kVp Aquilion-64 Light Speed VCT Definition AS+ Briliance-64
Agatston 120 8.8 8.1 7.3 10.6

80 5.3 6.3 4.2 6.7
Volume (mm°) 120 5.6 5.1 4.4 9.1

80 6.3 4.5 3.4 6.3
Mass (mg) 120 2.5 1.0 1.9 7.5

80 2.6 1.2 0.9 6.4

to McCollough et al (9), at 120 kVp they were 4.0%, 7.9%,
and 4.7%; in another study (13) the coefficients of variation
for volume scores at 120 kVp were 3.2%-10.3%. We found
that these values were smaller at 80 than 120 kVp. The CT
number of smaller and lower density calcifications may be
more easily affected by the partial volume effect. As the CT
number of calcifications is increased at 80 kVp, smaller, lower
density calcifications may be more accurately identified on 80
than 120 kVp scans and the coefficients of variation for the
calcium scores may be smaller at 80 than 120 kVp. Although
the coefficients of variation for each calcium score were
smaller at 80 than 120 kVp, the absolute value of the Agatston
and volume scores were higher at 80 kVp. In the clinical set~
ting, the commonly used tube voltage is 120 kVp and the cal-
cium score obtained at 80 kVp may overestimate the degree of
arteriosclerosis. Therefore, a standard for calcium scores
obtained at 80 kVp is needed.

Because Agatston scores are significant predictors of events
in patients with coronary heart disease, they are widely used in
the clinical setting. Although the scoring system has several
limitations, a large amount of data acquired and analyzed by
using Agatston scores is already available. However, the Agat-
ston score depends strongly on noise because it is based on
maximum CT numbers. Therefore, we recommend use of
the mass score for evaluating coronary artery calcification
because it was almost the same on 120 and 80 kVp scans
and the coefficients of variation were small at both 120 and
80 kVp. As the value of the mass score is corrected with the
calibration factor, we posit that it can be used to estimate
the amount of calcification more accurately than other cal-
cium scoring methods. The usefulness of the mass score has
been reported (9,12,14). According to Hong et al (12), the
calcium mass as a quantitative index for the amount of calcium
yields more precise information than other methods because
the pixels that compose each calcified lesion are corrected
by an appropriate calibration factor to compensate for
decreased mean CT numbers. They concluded that calcium
mass measurements were more accurate and less variable.
Thomas et al (14) also reported the advantage of calcium scor-
ing at low tube voltage. They used the same scanner and 80
and 120 kVp to compare the Agatston, volume, and mass
scores and concluded that an 80-kVp protocol allows for a
dose reduction without compromising reproducibility and
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accuracy. In clinical situations, variations in coronary artery
calcium score are greater than in phantom studies. Yoon
etal (11) reported that the percentage differences in Agatston,
volume, and mass scores were 37.2%, 28.2%, and 28.4% in
clinical situations. On the other hand, according to others
(10,15-17), the percentage difference in Agatston and
volume 25.5%-38.6% and 22.0%—30.0%,
respectively, in phantom studies. This difference may be
attributable to motion artifacts and the instability of the
image noise level in clinical settings. With respect to motion
artifacts, Braown et al reported that increasing motion time
during image acquisition results in an apparent increase in
the Agatston coronary artery calcium score (18). In addition,
the pseudo-mass located close to the area of a lesion is strongly
affected by motion ardfacts (19). The slice thickness is also
important factor in the acquisition of accurate calcium scores.
To avoid the partial volume effect, thinner slices should be
used. Vliegenthart et al (13), who compared the results
obtained with 3.0- and 1.5-mm-thick slices, suggested that
the partial volume effect on 3.0-mm-thick images may result
in an underestimation of the calcium volume. Our slices were
3.0 mm or 2.5 mm in thickness, and the use of 1.5-mm thick
images might improve calcium volume effect. On the other
hand, the use of thinner slices might increase image noise
and higher x-ray doses may be required to compensate for
the increased noise. The scan starting position, table move-
ment, and displacement of the phantom on the table also
highly influence calcium measurements (19). In addition,
the helical trajectory of the x-ray source is different at each
repeat scan and may affect the calcium measurements because
half-scan reconstruction is employed at cardiac scanning.
Therefore, we scanned the phantom 5 times and computed
the average score from the five scans for each scanner.

Our study has some limitations. First, as we used a static
phantom free of cardiac motion, our findings did not con-
sider the effect of cardiac motion artifact and varying heart
rates. Our experimental results obtained with the phantom
require validation in humans. In the next stage of our inves-
tigation, we will perform a multicenter study of coronary
artery calcium scoring to compare the effects of factors
such as motion artifact, patient size, and heart rate at 80
kVp and 120 kVp. Second, calcium scoring was performed
on the same workstation to control for calculation errors

sCcores was
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among different workstations. If different workstations are
used for different scanners, the scores may differ slightly.
Third, we applied the same weighting factor to correct the
Agatston score at both 120 and 80 kVp. Considering the
increase in the CT number at 80 kVp, the weighting factor
at the 80 kVp voltage setting may need to be changed.
Finally, we selected 64-detector scanners from four different
vendors that are widely used for clinical examinations. If dif-
ferent scanners were employed, we may have observed
changes in the reproducibility of data and in the observed
variations. Nonetheless, we posit that on different scanners,
there is a similar trend with respect to reproducibility and
variations at 120 kVp and 80 kVp. ’

In conclusion, variations in coronary artery calcium scoring
among different CT scanners can be reduced by the applica-
tion of 80 kVp. Coronary artery calcium scoring at low
tube voltage (80 kVp) provides for high reproducibility.
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Geminin Expression in Pancreatic Neuroendocrine Tumors
Possible New Marker of Malignancy
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Yuichiro Katoh, MD, PhD,* Takahiro Kinoshita, MD, PhD,* Shinichiro Takahashi, MD, PhD,*
Masaru Konishi, MD, PhD,* Taira Kinoshita, MD, PhD,* and Atsushi Ochiai, MD, PhD¥

Objectives: We evaluated geminin labeling index (LI) as a new prog-
nostic indicator of pancreatic neuroendocrine tumor.

Methods: Twenty-seven patients who underwent surgery were ret-
rospectively referred. Labeling indices for geminin and Ki-67 were
calculated and compared with clinicopathologic factors. Then, the con-
cordance of positivity between 2 LIs was evaluated using the color dif-
ference quotation.

Results: The median (range) of LIs for geminin and Ki-67 was 1.0%
(0.05%—14.9%) and 1.5% (0.02%-8.8%), respectively. When the high
LI was defined as more than 2.0% according to the receiver operat-
ing characteristic curves determining the metastasis, both geminin LI
(hazard ratio [HR], 31.382; 95% confidence interval [CI], 3.177-309.99;
P =0.003) and Ki-67 LI (HR, 6.182; 95% CI, 1.221-31.298; P = 0.028)
were significant risk factors of recurrence in the univariate analysis. The
Kaplan-Meier curves consistently exhibited the superiority of geminin
LI (log rank, P < 0.001) to Xi-67 LI (log rank, P = 0.041) in predicting
the disease-free survival. In the color difference quotation, the median
AE of geminin stain (16.12; range, 5.8-41.9) was significantly larger
than that of Ki-67 stain (13.17; range, 3.4-37.9).

Conclusions: The geminin LI was suggested to be more closely
correlated with outcome and had more consistent positivity than the
Ki-67 L1

Key Words: geminin, neuroendocrine tumor, color difference
quotation, prognostic factor, Ki-67

(Pancreas 2012;41: 512-517)

he annual incidence of pancreatic neuroendocrine tumor

(PNET) is about 0.32 cases per population of 100,000 in
the United States and 2.23 cases per population of 100,000 in
Japan. Pancreatic neuroendocrine tumors are thought to repre-
sent 1%—2% of all pancreatic neoplasms. The apparent incidence
and prevalence of PNET have increased substantially during the
last 30 years, probably because of the rapid progress of inno-
vative diagnostic techniques.' The best treatment for PNET is
curative surgical resection, which has a disease-free survival rate
of 82% after surgery.? Pancreatic neuroendocrine tumors have
a wide spectrum of clinical presentations. Therefore, multiple
studies have attempted to develop staging and grading systems
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to better define prognosis.” The 2000 World Health Orga-
nization (WHO) classification system used both stage-related
criteria (size and presence of metastases) and grade-related cri-
teria (mitotic rate, perineural invasion, angioinvasion, and Ki-67
proliferative index) to predict outcome. Though this approach
included most well-accepted pathologic prognostic factors, the
multiple grading parameters made it difficult to reproduce grades
reliably among pathologists and institutions, and this grading
system has since been replaced by the current WHO classifica-
tion.® Immunohistochemistry for Ki-67 protein is commonly
used to evaluate the proliferative activity of tumor cells, and
numerous studies have shown that the labeling index (L) of the
Ki-67 protein is correlated with the clinical outcome of patients
with a variety of malignant tumors, including PNET.>>"-¢
The Ki-67 protein is detected during all active cell cycle phases
(G;, synthesis, G,, and mitosis and cytokinesis) but not in
resting (Gy) cells, although its function remains uncertain.!!1?
Although histologic grade-based estimations of prognosis are
extremely useful for interpreting biopsy samples, additional re-
liable markers are needed.

Geminin, a negative regulator of DNA replication, has re-
cently been described as a novel marker of malignant potential,’®
During the G, phase, DNA replication is initiated by the re-
cruitment of the origin recognition complex, composed of cell
division cycle-6 and Cdtl, to specific points of replication ori-
gin in the genome; this recruitment, in turn, loads the minichro-
mosome maintenance (Mcm) complex, which is composed of
Mem-2 to Mem-7.1* Geminin is specifically expressed during
the S, G,, and early M phases and interacts with Cdtl to prevent
the loading of the Mcm complex to points of origin that have
already been initiated, thus ensuring a single replication per 1
cell cycle.’>!® Geminin expression has been widely observed
in various malignant neoplasms, and the number of geminin-
positive cells is reportedly proportional to the cell prolifera-
tion index, as measured using Ki-67 exprc:ssion.13 High levels
of geminin expression are reportedly correlated with a poorer
clinical outcome in breast cancer,!” renal cell carcinoma,'®
prostatic adenocarcinoma,'? salivary gland carcinomas,?’ lung
cancer,?! and gastric hyperplasia.?> However, the prognostic sig-
nificance of geminin expression in PNET remains unknown.

The purpose of this study was to determine whether gem-
inin expression defines the aggressiveness of PNET and to com-
pare the clinical and diagnostic use of the geminin LI with that
of the Ki-67 L1

MATERIALS AND METHODS

Patients ‘

Between 1994 and 2010, a total of 27 consecutive patients
underwent primary surgical treatment for PNET at our insti-
tution. The medical records and surgical specimens of these
patients were retrospectively examined in the present study.
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Patients with recurrent tumors were excluded. Follow-up clinical -

information was obtained from the patients’ medical records.
The follow-up time was measured from the date of surgery until
disease-caused death or the end of the follow-up period.

Clinicopathologic Parameters

The grading and staging of each tumor were performed
according to the WHO classification, the cancer staging manual
of the American Joint Committee on Cancer (AJCC), and the
classification proposed by the European Neuroendocrine Tumor
Society (ENETS). >4

The prognostic values of the following clinicopathologic
parameters were examined in the present study: tumor diame-
ter (<2 vs >2 cm), lymphatic or blood vessel infiltration (absent
vs present), perineural invasion (absent vs present), serosal or
retroperitoneal invasion (absent vs present), tumor extension
beyond the pancreas (absent vs present), mitotic index per
10 high-power fields (10 HPFs) (<2 vs >2), regional and distant
metastasis (absent vs present), and pathological stage (AJCC
stage > 1A vs AJCC stage < I, ENETS stage > IIb vs ENETS
stage < Ila).

Histologic Examination and
Immunohistochemistry

Surgical specimens were fixed in 10% formalin and em-
bedded in paraffin. Two pathologists (M.A. and M.K.), who were
unaware of the clinical data, reviewed all the hematoxylin-
and-eosin—stained sections and reclassified and graded the
specimens according to the histologic parameters.

Serial 4-pm sections were used for immunohistochemical
staining. Deparaffinized and rehydrated sections were immersed
in 0.3% hydrogen peroxide in methanol for 30 minutes to block
endogenous peroxidase activity. Heat-induced antigen retrieval
was performed for 20 minutes at 95°C with a 10-mM citrate
buffer (pH 6.0). After the slides had cooled at room temperature
for 1 hour, they were exposed to 2% normal swine serum in
phosphate-buffered saline for 30 minutes, then allowed to react
overnight at 4°C with the following mouse monoclonal an-
tibodies: antthuman geminin (diluted 1:40, clone EM6; No-
vocastra, Newcastle, United Kingdom) or antithuman Ki-67
(diluted 1:100, clone MIB-1; Dako, Glostrup, Denmark). After
washing with phosphate-buffered saline 3 times, the sections
were reacted with EnVision plus (Dako) for 30 minutes at room
temperature. The peroxidase reaction products were developed
with 3,3'-diaminobenzidine, and the sections were counter-
stained with hematoxylin.

The LI of each marker was calculated by manually count-
ing the number of brown-stained tumor cell nuclei among the
total number of tumor cells in the most highly immunoreactive
area at a magnification of 400-fold, with the aid of an eyepiece
grid (5 x 5 squares). Indices were expressed as a percentage
value corresponding to the number of positive cells among
approximately 2000 tumor cells.

Evaluation of Color Difference Quotation

Immunohistochemically stained full-face sections from
each case with geminin and Ki-67 overexpression were digitized
using the Slide Path and the NanoZoomer Digital Pathology
System (Hamamatsu, Welwyn Garden City, United Kingdom).
Approximately 7 minutes was required to scan a slide at a res-
olution of 40 x. Subsequently, 400-fold magnified images from
highly immunoreactive areas were exported for analysis.

The image analysis was performed using Photoshop (ver-
sion 7; Adobe Systems, San Jose, CA). First, the image mode
was converted from RGB to Lab color mode. Two hundred fifty

© 2012 Lippincott Williams & Wilkins

representative positive cells were selected in each of 4 cases with
high geminin expression levels (LI > 2.0%) and 7 cases with
high Ki-67 expression levels (LI > 2.0%). All the cells with a
recognizable brown stain were measured. The L*a*b* value of
the nuclear areas was outputted as a range from 0 to 255. The
values represented a Lab color space composed of 3 axes in a
spherical form: L*, a*, and b*. The L* axis was associated with
the lightness of the color, whereas the a* and b* axes were as-
sociated with the red-green scale and the yellow-blue scale, re-
spectively. After the conversion of the scale to the CIE LAB
color system, the L* value was described as a decimal scale from
0 to 100, and the a* and b* values ranged from —128 to 127. The
difference between the average values for a positive cell and
an adjacent negative cell was calculated as AL*, Aa*, and Ab*.
Then, the color difference AE was estimated using the formula
AE = [(AL*)* + (Aa*)” + (Ab*)’]"2. AE was then compared
between the geminin-stained and Ki-67—stained sections.

Statistical Analysis

The Spearman rank correlation test was used to determine
associations between continuous variables. Receiver operating
characteristic curves were plotted to calculate the sensitivity,
specificity, positive predictive value, and negative predictive value
for the presence of metastasis. The cutoff values for the geminin
LI and the Ki-67 LI were chosen so as to obtain the best combi-
nation of predictive values. A univariate analysis using the Cox
proportional hazards model was applied to estimate the associa-
tions of clinicopathologic factors, including the immunohisto-
chemical results, with the disease-free survival period. Survival
curves were drawn using the Kaplan-Meier method, and the dif-
ferences were analyzed using a log-rank test. Differences in non-
parametric data were estimated using the Mann-Whitney U test.
All P values < 0.05 were considered statistically significant. The
statistical analyses were performed using Dr. SPSS 1I for Win-
dows (SPSS Japan, Tokyo, Japan).

RESULTS

Demographic Characteristics and
Tumor-Related Factors

Among the 27 patients, the median age at the time of
diagnosis was 56 years; 14 patients (51.9%) were men, and
13 patients (48.1%) were women. In all the patients, a curative
resection was performed, followed by a histologic assessment
of the tumor grading. The tumor-related factors are summarized
in Table 1. The tumor was located in the pancreatic head in 11
cases (40.7%), in the body in 12 cases (44.4%), and in the tail
in 4 cases (14.8%). Only 1 case of functional PNET (insulinoma)
was included. The median and range of the maximum tumor
diameter were 26 mm and 8 to 92 mm, respectively. The diam-
eter was 2 cm or larger in 11 cases (40.7%). Local invasion was
observed in 2 cases (7.4%). One of these cases exhibited an
obstruction of the inferior common bile duct, and another case
presented with invasion to both the splenic artery and vein.
Lymph node metastasis was encountered in 10 cases (37.0%),
and a solitary liver metastasis was resected in 1 case (3.7%).
With respect to mitosis, fewer than 2 mitoses per 10 HPFs were
present in 19 cases (70.4%), from 2 to 10 mitoses per 10 HPFs
were encountered in 8 cases (29.6%), and none of the cases had
more than 20 mitoses per 10 HPFs.

The tumor grade classifications according to the WHO
system and tumor staging according to the AJCC or ENETS
criteria are shown in Table 1. Nineteen cases (70.4%) were
classified as grade 1 neuroendocrine tumor (NET), and 8 cases
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TABLE 1. Patient Demographics and Tumor-Related Factors
for 27 Patients

Characteristics
Age, y Median - 56
Range 31-76
Sex, n (%) Men 14 (51.9)
Women 13 (48.1)
Location, n (%) Ph 11 (40.7)
Pb 12 (44.4)
Pt 4 (14.8)
Functional tumor, n (%) 1(3.7)
Maximum diameter, mm Median 26
Range 8-92
Diameter, n (%) <2 cm 16 (59.3)
>2 cm 11 (40.7)
Local invasion, n (%) 2 (7.4)
Metastasis, n (%) — 17 (63.0)
Lymph node 10 (37.0)
Liver 13.7)
Mitosis, n (%) 0-1 per 10 HPFs 19 (70.4)
2-20 per 10 HPFs 8 (29.6)
>20 per 10 HPFs 0(0.0)
WHO grading, n (%) NET G1 19 (70.4)
‘ NET G2 8 (29.6)
NEC 0 (0.0)
AJCC stage, n (%) 1A 8(29.7)
IB 9 (33.3)
A 0 (0.0)
s 9(33.3)
m 0(0.0)
v 1(3.7)
ENETS stage, n (%) I 8(29.7)
1la 7(25.9)
b 2(7.4)
Ila 0(0.0)
b 9(33.3)
v 13.7)

NET GI1 indicates grade 1 NET; NET G2, grade 2 NET; Pb, pan-
creatic body; Ph, pancreatic head; Pt, pancreatic tail.

(29.6%) were classified as grade 2. According to the AICC
staging, 17 cases (63.0%), 9 cases (33.3%), 0 cases (0%), and
1 case (3.7%) were classified as stages I, II, III, and IV, re-

spectively. According to the classification proposed by ENETS,
8 cases (29.7%), 9 cases (33.3%), 9 cases (33.3%), and 1 case
(3.7%) were classified as stages I, II, III, and IV, respectively.

The median and range of the observation period were
1704 days and 37 to 4206 days, respectively. Three patients died,
one of whom had a tumor-related death; the other 2 patients
had treatment-related deaths. Recurrence after surgery was ob-
served in 6 patients (22.2%).

Geminin and Ki-67 Expression

The immunohistochemical analysis examined the expres-
sions of geminin and Ki-67 protein in all the cases (Fig. 1). Im~
munoreactivity was observed exclusively in the nuclei of the
tumor cells. Geminin was also immunoreactive in the perichro-
mosomal cytoplasm of mitotic cells in a few cases. The median
LIs for geminin and Ki-67 were 1.0% and 1.5%, respectively.
The geminin LI was slightly but significantly lower than that
of Ki-67. Figure 2 shows the positive correlation between the
geminin LI and the Ki-67 LI (Spearman R, = 0.757, P < 0.001).

The receiver operating characteristic curves for the geminin
LI, the Ki-67 LI, and the mitosis count (all of which were con-
tinuous variables), which were used to predict the presence of
metastatic lesions, are shown in Figure 3. The curves for the
2 LIs were similar. The area under the curve was calculated to be
0.829 (95% confidence interval [CI], 0.660-0.999) for the
geminin LI, 0.776 (95% CI, 0.598-0.955) for the Ki-67 LI, and
0.594 (95% C1, 0.362-0.826) for the mitosis count. The geminin
LI seemed to have a slightly superior ability to predict metas-
tasis, compared with the Ki-67 LI. The sensitivity, specificity,
positive predictive value, and negative predictive value of a
geminin LI greater than 2.0% (n = 4) and of a Ki-67 LI greater
than 2.0% (n = 7) for determining metastasis were 33.3%,
90.5%, 50.0%, and 82.6% and 50.0%, 80.0%, 42.9%, and
85.0%, respectively. We defined high-geminin expression cases
as those with a geminin LI greater than 2% because this cutoff
had the best discriminatory power for the predictive values.
According to the current WHO classification, a Ki-67 LI of
2.0% can be used to discriminate G1 tumors, and this cutoff
also had the best discriminatory power for the predictive values
in the present analysis. Thus, we regarded a Ki-67 LI greater
than 2.0% as indicating a high Ki-67 expression level.

Correlations of Geminin and Ki-67 Lis
With Prognosis

Because there was only 1 tumor-related death in this series,
we examined the predictive values of each LI for the disease-
free survival period after surgery. The results of a univariate Cox
regression analysis are shown in Table 2. A mitosis count of
2 or more per 10 HPFs (hazard ratio [HR], 10.204; 95% CI,
1.684-61.834; P = 0.012), a local invasion (HR, 18.762; 95%

FIGURE 1. Representative photomicrograph of a PNET specimen. Hematoxylin and eosin staining (A) shows a typical trabecular
arrangement of uniform tumor cells. The cells have eosinophilic cytoplasm and centrally located, round nuclei. Immunohistochemical
staining for geminin (B) and Ki-67 (C) shows brown-stained tumor cell nuclei. The number of geminin-positive cells was smaller

than the number of Ki-67-positive cells in most cases (original magnification x400).
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FIGURE 2. Scatterplot of the geminin LI and the Ki-67 LI
(top) shows a positive correlation between the 2 Lis
(Spearman rank correlation coefficient; r; = 0.757; P < 0.001).
The geminin expression level was lower than the Ki-67
expression level (bottom).

CI, 1.163-302.6; P = 0.039), a metastasis (HR, 10.469; 95% CI,
1.103-102.77; P = 0.041), a Xi-67 LI greater than 2.0% (HR,
6.182; 95% CI, 1.221-31.298; P = 0.028), a geminin LI greater
than 2.0% (HR, 13.709; 95% CI, 1.919-97.739; P = 0.009),
an AJCC stage of IIA or greater (HR, 8.758; 95% CI,
1.483-51.716; P = 0.017), and an ENETS stage of IIb or greater
(HR, 16.793; 95% CI, 1.834-153.738; P = 0.013) were signif-
icantly correlated with recurrence. A multivariate Cox regression
analysis revealed that none of these factors were independent
prognostic factors. The Kaplan-Meier curves consistently ex-
hibited a more significant relationship with the disease-free
survival period after surgery for geminin (log rank, P < 0.001)
than for Ki-67 (log rank, P = 0.012) (Fig. 4).

Concordance of Positivity Between Geminin
and Ki-67 Stains

The immunoreactions were quantified using the CIE LAB
color system. The color difference quotation was used to eval-
uate the positivity of the 2 stains. The color difference, AE, and
a geminin-stained image are shown in Figure 5. The AE values
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FIGURE 3. Receiver operating characteristic curves comparing the

predictive value of the geminin LI to that of the Ki-67 LI or the
mitosis count for determining the presence of metastasis.
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TABLE 2. Univariate Cox Regression Analysis of Risk of
Recurrence After Surgery

Variables HR 95% CI1 P

Diameter >2 cm 1.209 0.221-6.627 0.827
Mitosis >2 per 10 HPFs 10.204 1.684-61.834 0.012
v(+) or ly(+) 0.813 0.114-5.807 0.813
pn(+) 3.615 0.375-34.837 0.266
s(+) or rp(+) 2.068 0.411-104 0.378
Local invasion (+) 18.762 1.163-302.6 0.039
Metastasis (+) 10.469 1.103-102.77 0.041
Ki-67 L1>2.0% 6.182 1.221-31.298 0.028
Geminin LI >2.0% 13.709 1.919-97.739 0.009
WHO grade G2 2772.5 0.000-95.889 x 107 0.429
AJCC stage >ITIA 8.758 1.483-51.716 0.017
ENETS stage >IIb 16.793 1.834-153.74 0.013

Local invasion indicates (+), presence of local invasion; ly(+), pres-
ence of lymphatic invasion; metastasis (+), presence of metastasis; pn(+),
presence of peri-neural invasion; rp(4), presence of retroperitoneal inva-
sion; s(+), presence of serosal invasion; v(+), presence of venous invasion.

corresponded with the optical intensity of the positive cells. The
same consistency was observed for the images with Ki-67 stain-
ing (data was not shown). The distributions of AE in the geminin
and Ki-67 staining images are shown in Figure 6. AE = 0 sig-
nified no color difference from negative cells, and the left side
of the histogram’ distribution indicates the number of cells
with equivocal positivity. A larger AE reflects a greater color
disparity between the positive and negative cells. The medians
(ranges) of the AE values for geminin and Ki-67 staining were
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FIGURE 4. Disease-free survival period after surgery according
to the geminin LI (A) and the Ki-67 LI (B).
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FIGURE 5. The color difference AE in geminin stain is shown.
AE values were calculated from the difference of L*a*b* values
between positive cells (in numbered red circles) and a negative
cell (in green circle).

16.12 (5.8-41.8) and 13.17 (3.4-37.9), respectively. The AE for
the geminin stain was significantly larger than that for the Ki-67
stain (P < 0.001).

DISCUSSION
The criteria used to predict the outcome of patients
with PNET has been simplified in the 2010 WHO classifica-
tion.® Pancreatic neuroendocrine tumors are divided into well-
differentiated NETs and poorly differentiated neuroendocrine

carcinoma (NEC). The definition of NEC is the presence of more ~

than 20 mitoses per 10 HPFs. Neuroendocrine tumors were fur-
ther subcategorized as low-grade NET (G1), characterized by
the presence of 0 to 1 mitoses and a Ki-67 LI of 0% to 2%, and
intermediate-grade NET (G2), characterized as 2 to 20 mitoses
per 10 HPFs and a Ki-67 LI of 3% to 20%. Actually, immuno-
histochemical staining for Ki-67 has been the most reliable
modality for assessing the proliferative activity.>>’ In addition,
staging has been noted to be an independent prognostic indica-
tor, and the AJCC staging manual and the staging classification
proposed by the ENETS are thought to be useful for predicting
the prognosis of patients with PNET. In the present study, 19
and 8 cases were classified as G1 and G2, respectively. No cases
of NEC were seen, consistent with the presence of only 1 tumor-
related death, Regarding recurrence after radical resection, this
grading system is not a reliable prognostic factor (Table 2).
Unlike the WHO grading, however, both the AJCC and ENETS
stagings are significantly correlated with recurrence; similarly,
the superiority of these stagings to anticipate disease-free survival
has been previously reported.”® The present analysis suggested
that local spread beyond the pancreas might be a key event.

The usefulness of geminin staining to predict the outcome
of several neoplasms has been demonstrated using retrospec-
tive analyses.! 7?2 The present study also indicated that geminin
expression was a more useful indicator of disease-free survival
than not only Ki-67 expression but also AJCC and ENETS
staging (Table 2). Geminin expression is specifically limited
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during the S, G2, and early M phases, and it probably reflects
the proliferative activity more precisely than these other factors.
Indeed, the number of positive tumor cells for geminin was sig-
nificantly smaller than that for Ki-67. Although the survival
analysis using Kaplan-Meier curves suggested that the geminin
LI was more associated with the prognosis than the Ki-67 LI
(Fig. 4), the present study has a limitation to evaluate the prog-
nosis in accordance with the small number of cases. Further
analyses of a larger population is needed to determine the prog-
nostic use of the geminin LI. Moreover, the mechanism by which
geminin expression contributes to the aggressiveness of neo-
plasms remains unknown. The inhibition of Cdtl by geminin has
been regarded as a pivotal event in the licensing of DNA repli-
cation, so an increase in Cdtl inhibition biologically results in
cell cycle arrest. This discrepancy between geminin expression
and cell proliferation remains to be explained. The predictive
superiority of the geminin LI to the Ki-67 LI in the present anal-
ysis may depend on some aspect of the malignant potential other
than the proliferative activity.

In addition, the immunoreactivity of geminin staining in
each tumor cell was relatively clear, whereas weak positivity for
Ki-67 staining was observed in some tumor cells (Fig. 1). Thus,
fewer intraobserver and interobserver differences between pa-
thologists or institutions can be expected using the geminin LI
Actually, the difficulty in grading PNETs has been attributed to
the need for concordance, along with the lower frequencies of
proliferative marker positivity in PNETs. In the present study, we
performed a color difference quotation analysis using the CIE
LAB color system. Several color analyses have reported that the
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FIGURE 6. The distribution of each AEin geminin and Ki-67 stain
is shown. The difference of each AF was evaluated as statistically
significant (P < 0.001) using the Mann-Whitney U test.
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color parameters of the CIE LAB color system are closely related
to the psychophysical characteristics of color perception.
This analysis was the first application of the CIE LAB color
system for the quantification of immunohistochemical positivity.
As shown in Figure 5, a precise correspondence between AE and
the optical color intensities was observed. Furthermore, the AE
for geminin staining was larger than that for Ki-67 staining.
These results suggest that a greater concordance was achieved
using the geminin LI rather than the Ki-67 LI. The use of the
color difference quotation enabled subjective optical intensities
to be measured as absolute values, and no inconsistencies with
regard to determining positivity were encountered. Thus, the CIE
LAB color system may be a promising tool for making objective
histopathologic assessments.

Pancreatic neuroendocrine tumor constitutes a heteroge-
neous group of rare neoplasms. Recent advances in abdominal
imaging techniques have increased the detection of incidental
nonfunctional PNET. In particular, endoscopic ultrasound and
endoscopic ultrasound—guided fine needle aspiration biopsy pro-
cedures have drastically improved diagnostic accuracy.?® Now-
adays, minimally invasive surgery is usually recommended as a
pancreas-preserving maneuver.>® Therefore, accurate estimates
of the malignant potential before surgery are becoming increas-
ingly important for optimal patient management. Despite the im-
portance of such estimations, pretreatment evaluations remain
difficult. Only microscopic observations are acceptable for tu-
mor grading and staging because PNET can exhibit heteroge-
neous biological behavior even within the same tumor. In the
present study, a heterogeneous expression level was observed
throughout the tumor for both geminin and Ki-67 staining. The
use of geminin expression for the assessment of biopsy samples
or aspirated specimens was not evaluated in the present study.
Thus, the establishment of a preoperative classification based
on geminin expression will require further research.

In conclusion, the geminin expression level in PNETs was
correlated with the disease-free survival period after curative

resection. The geminin LI may be more useful than the Ki-67 LI

for predicting postoperative outcome.
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Abstract
Background/purpose This study was conducted to ascer-

tain the feasibility and effectiveness of preoperative enteral -

immunonutrition using an immune-enhanced formula
(Impact) in patients undergoing pancreaticoduodenectomy.

Methods Twenty-five patients undergoing an elective
pancreaticoduodenectomy were asked to ingest Impact for
5 days (750 mL/day) prior to surgery in addition to their
normal diets. We retrospectively compared the early
postoperative outcomes of the Impact group (n = 18),
which consisted of patients who fully complied with the
study protocol, and a control group (n = 13), which con-

sisted of patients who had not ingested Impact prior to

surgery.

Results  Overall, 82.6% of the patients complied with the
preoperative oral ingestion of Impact; all but four patients
tolerated a daily intake of 750 mL. While the clinical
backgrounds of the Impact and control groups were not
significantly different, the frequency of incisional wound
infection was lower (0 vs. 30.8%, p = 0.012) and the
change in systemic severity as evaluated using the acute
physiology and chronic health evaluation (APACHE)-II
scoring system was milder (p = 0.033) in the Impact group
than in the control group.
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Conclusion The preoperative oral ingestion of Impact
was well tolerated and appeared to be effective for pre-
venting incisional wound infection and reducing the
response to surgical stress in patients undergoing a
pancreaticoduodenectomy.

Keywords Immunonutrition - Pancreaticoduodenectomy -
Surgical site infection - Nutrition

Introduction

In recent years, pancreaticoduodenectomy (PD) has gained
acceptance as an appropriate surgical procedure for selec-
ted patients with diseases of the pancreas head and
periampullary region. Improvements in surgical techniques
and accumulating experience have reduced the complica-
tion rate after PD. The postoperative mortality rates after
PD are typically 5% or less at major surgical centers [1, 2],
although the morbidity rates remain high, ranging from 10
to 50% [3-5]. Thus, postoperative morbidity after PD
remains problematic and can lead to delays in the postop-
erative resumption of adequate oral food intake. Even in
series with relatively good rates of postoperative morbidity,
about 10% of the patients develop wound infections [1, 3~
6]. However, the morbidity rate increases considerably if
other complications, such as pancreatic fistula or delayed
gastric emptying, are included [7]. Bacteria from the gut,
especially Enterococci and Escherichia coli [8], translocate
into the mesenteric lymph nodes or blood, where they
cause the majority of the observed infections. Several
conditions before, during, or after surgery can facilitate this
bacterial translocation, including a reduction in postoper-
ative intestinal motility, jaundice, the use of antibiotics
resulting in small bowel bacterial overgrowth [9], the loss
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of mucosal barrier function caused by malnutrition,
manipulation of the bowel, and parenteral nutrition [10].

Recently, enteral immune-enhancing formulas supple-
mented with arginine, omega-3 fatty acids, and ribonucleic
acid (RNA) have been suggested to improve the immune
response and wound healing in postoperative patients [11,
12]. Arginine, which is classified as a semi-essential amino
acid for catabolism, serves as a substrate for the urea cycle
and the production of nitric oxide during protein synthesis.
Arginine is known to promote T cells and to have a direct
enhancing effect on their activities [13], enhancing the
phagocytosis of neutrophils. Arginine also reduces the
production of inflammatory mediators, such as interleukin
(IL)-1beta, tumor necrosis factor alpha (TNF-a), and IL-6
at the site of tissue injury and is capable of enhancing
cellular immunity in rat septic models [14]. Finally,
arginine accelerates tissue growth after infection [15].
Omega-3 fatty acids compete with omega-6 fatty acids for
cyclo-oxygenase metabolism at the cell membrane and for
the production of eicosapentanoic acid (EPA). In addition,
omega-3 fatty acids increase the production of some prosta-
glandins (PGs) and leukotrienes, reducing the proinflamma-
tory potential, and inhibit the production of some other PGs
(PGE2) and leukotrienes, reducing the cytotoxicity of mac-
rophages, lymphocytes, and natural killer (NK) cells [11].
Supplementation with agents rich in omega-3 fatty acids also
decreases prostacyclin and thromboxane (TX)-A2 synthesis
and increases the antiaggregatory substance TXA3 [16].
Omega-3 fatty acids and EPA are believed to inhibit excessive
inflammatory responses but not to be immunosuppressive.
The intravenous administration of omega-3 fatty acids sig-
nificantly reduced the production of proinflammatory cyto-
kines in arecent clinical trial in patients with sepsis [17]. RNA
supplementation is necessary for the proliferation of immune
cells or cells involved in wound healing [18].

Several studies have demonstrated that immune-enhanc-
ing formulas may improve the postoperative immune
response and reduce inflammatory reactions in various
groups of postoperative patients, thereby reducing the
incidence of serious infectious complications [12, 19-25].
Thus, the preoperative administration of these formulas in
patients undergoing gastrointestinal tract surgery has been
recommended [15, 24, 26-29]. In Japan, an enteral diet was
introduced for immunonutrition in 2002; however, to the
best of our knowledge, the utility of preoperative immu-
nonutrition in patients undergoing PD has yet to be exam-
ined. The present study was undertaken to determine
whether the preoperative oral intake of an immune-
enhancing formula may be suitable for patients undergoing
elective PD. Furthermore, we attempted to evaluate the
effect of a preoperative immune-enhancing formula con-
taining arginine, omega-3 fatty acids, and RNA (Impact
Japanese version; Ajinomoto, Tokyo, Japan) on the early
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postoperative outcomes of patients, comparing outcomes
with a historical control group who had received a normal
diet alone.

Patients, materials, and methods

From February 2005 to November 2006, 25 consecutive
patients (19 men, 6 women; age range, 48—77 years; median
age, 64 years) who were candidates for a curative PD for the
resection of a lesion in either the pancreatic head or the
periampullary region were prospectively enrolled. The
study protocol was reviewed and approved by the institu-
tional review board of our hospital. Consenting patients
who did not have malnutrition, bowel obstruction, severe
cardiopulmonary complications, diabetes, collagen disease,
renal failure, ongoing infection, or immune disorders were
enrolled in the study. None of the patients had an immu-
nosuppressive condition preoperatively. Patients were
required to sign a written informed consent form once the
protocol was explained.

The subjects included 5 patients with pancreatic inva-
sive ductal carcinoma (PIDC), 6 with intraductal papillary
mucinous neoplasm (IPMN), 9 with biliary tract cancers
[bile duct cancer (BDC) in 6 and carcinoma of the papilla
of Vater (VC) in 3], 3 with duodenal carcinoma, and 2 with
other diseases (a pancreatic solid and pseudo-papillary
neoplasm in 1 and a serous cystic adenoma in 1).

First, patient compliance with the preoperative ingestion
of Impact was examined. After hospitalization, the patients
were instructed to consume 3 packs/day (750 mL) of
Impact Japanese version (Ajinomoto) in addition to their
normal diets over a 5-day period immediately before sur-
gery. Regarding the timing of the enteral immunonutrition,
studies examining gastrointestinal cancer patients without
malnutrition have reported that because a sufficient effect
could be achieved with 5 days of preoperative adminis-
tration, the postoperative administration of Impact was
not necessary [26, 30]. In the study by Braga et al. [26],
1000 mL/day of Impact was prescribed to patients without
malnutrition, but the actual mean intake was 890 mL.
Because the mean body size of Japanese is smaller than
that of Westerners, the daily intake of Impact Japanese
version was set at 3 packs/day (750 ml/day) in the present
study. Impact Japanese version is based on Impact (Nov-
artis Consumer Health, Bern, Switzerland), and has been
designed to suit the nutritional needs and flavor preferences
of Japanese populations. A total of 750 mL of Impact
Japanese version contains 9.6 g of arginine, 2.49 g of
omega-3 fatty acids, and 0.96 g of RNA. The kilocalorie/
milliliter ratio is 1:1. Regular meals of 1800 or 2000 kcal/
day, depending on the patient’s body size, were served
preoperatively.
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The patients were admitted at least 1 week before sur-
gery and underwent mechanical preparation, including the
oral intake of 2 L of polyethylene glycol electorolyte
lavage solution (Niflec; Ajinomoto). Preoperative cultures
were performed using nasal and throat swabs from all the
patients to test for methicillin-resistant Staphylococcus
aureus (MRSA). As a preventative antibiotic, 1 g of cef-
metazole sodium (CMZ) (Cefmetazone; Daiichi Sankyo,
Tokyo, Japan) was administered intravenously via a drip
infusion immediately after the induction of anesthesia. A
second dose was given 3 h later, followed by doses every
12 h for 2 days after the surgery. Oral feeding was initiated
5 days after the surgery.

Second, we attempted to evaluate the early postoperative
outcome after PD by comparing the Impact group, which
consisted of patients who fully complied with the ingestion
of Impact for 5 days preoperatively, with a control group,
which consisted of patients with a similar clinical back-
ground and condition who had undergone the same opera-
tive procedure in our hospital in 2004 but who had not
ingested an immune-enhanced formula preoperatively. The
age, sex, body mass index (BMI), serum albumin level,
prognostic nutrition index (PNI) [31], preoperative biliary
drainage, operative methods, operation times, and intraop-
erative blood loss of the two groups were compared.
Regarding the postoperative course, the surgical morbidity
and mortality and the duration of the hospital stay were
investigated. The presence of postoperative complications,
such as pancreatic fistula and incisional wound infection,
and the infection status were described in the medical
records. Incisional wound infection was defined based on
the evidence of purulent exudate in the wound and the
1solation of pathogenic organisms in culture. Surgical site
infection (SSI) was diagnosed according to the Centers for
Disease Control (CDC) definitions of SSI [32].

During the perioperative period, laboratory blood tests
were performed. The white blood cell (WBC) count and
the C-reactive protein (CRP), total protein (TP), serum
albumin (Alb), total bilirubin (T-Bil), serum amylase
(AMY), glutamic oxaloacetic transaminase (GOT), glu-
tamic pyruvic transaminase (GPT), blood urea nitrogen
(BUN), and serum creatinine (Cr) levels were routinely
measured at 1, 3, and 7 days after surgery. Changes in body
weight (BW), and in the acute physiology and chronic
health evaluation (APACHE)I scores [33], and the dura-
tion of systemic inflammatory response syndrome (SIRS)
in the postoperative course were also investigated. The
APACHE-II classification includes twelve physiological
measures (temperature, mean arterial pressure, heart rate,
respiratory rate, oxygenation, arterial pH, serum sodium,
serum potassium, serum creatinine, hematocrit, WBC
count, and Glasgow Coma Scale score), age, and the
presence of severe chronic health problems. The worst

value in each patient was used as the physiological score.
This index enables the prediction of perioperative events in
patients undergoing various surgical procedures [34-39].
The definition of SIRS was adopted from the report by the
American College of Chest Physicians/Society of Critical
Care Medicine Consensus Conference [40]. SIRS was
defined as the presentation of two or more of the follow-
ing criteria: (1) temperature >38°C or <36°C; (2) heart
rate >90 beats/min; (3) respiration >20/min or PaCO,
<32 mmHg; (4) leukocyte count >12,000/mm>, <4000/
mm?>, or >10% band cells.

Statistical analysis of the data was performed using an
unpaired Student’s #-test, the x” test, and the Mann—Whit-
ney U-test. Variations in some parameters over time and
comparisons among the two groups were studied using a
repeated measure analysis of variance (ANOVA). Data are
shown as means (standard deviation). All statistical anal-
yses were performed using StatView-J 5.0 (Abacus Con-
cepts, Berkeley, CA, USA); all two-sided p values <0.05
were considered statistically significant.

Operation procedures

Five staff surgeons performed all the operations. The oper-
ative procedure was a standardized substomach-preserving
PD. Reconstruction was achieved using a retrocolic jejunal
Roux-en-Y limb with an end-to-side pancreaticojejunosto-
my, an end-to-side hepaticojejunostomy, and a gastrojeju-
nostomy, according to the child procedure. In all patients,
a pancreatic stenting tube was placed in the pancreatic duct
and fixed with 2 absorbable suture ligations. The main duct
was anchored to the adjacent serosa. A 3-0 polypropylene
monofilament thread with curved needle was prepared with a
straightened needle at each end. The suture was passed from
the ventral to the dorsal surface of the pancreas from the cut
end and the serosal surface of the jejunum. All end-to-side
pancreaticojejunostomies were performed in two layers. The
inner layer comprised the opposition of the pancreatic duct
and adjacent pancreatic tissue to a small opening in the
jejunum (full thickness), which was made by puncturing the
tissues with a thick needle conmected to the pancreatic
stenting tube and utilizing interrupted stitches of 5-0 mono-
filament polyglyconate. All pancreaticojejunal anastomoses
were stented (decompressed) through 6- or 7.5-F polyvinyl
chloride tubes, according to the diameter of the main pan-
creatic duct, and the tubes were guided externally through the
jejunal loop. The pancreatic juice was completely drained via
the tube, and the tube was removed 3 weeks or more after the
surgery.

Hepaticojejunostomy was performed using interrupted
polyglyconate sutures. A stenting tube was not inserted
through the anastomosis in any of the patients. Penrose
drains were routinely placed on the anterior and posterior

@ Springer



252

J Hepatobiliary Pancreat Sci (2012) 19:2495-258

Table 1 List of patients with

tive Tmpact Patient Age Sex Disease Procedure Duration of oral Reasons for
preopera tl.ve pac (years) intake of Impact discontinuation
consumption (days) of Impact
1 79 Female BDC SSpPD 5 None
2 57 Female PIDC  SSpPD 5 None
3 58 Male IPMN  SSpPD 5 None
4 68 Male VC SSpPD 5 None
5 71 Male  BDC SSpPD 5 None
6 68 Male DC SSpPD 1 Diarrhea
7 52 Male BDC SSpPD 5 None
8 56 Male IPMN  SSpPD 5 None
9 62 Female IPMN  SSpPD 5 None
10 77 Male VC SSpPD 2 Nausea
11 57 Male BDC EBDR 5 None
12 75 Male  BDC Not resected 3 Diarrhea
13 64 Female PIDC  SSpPD 5 None
14 48 Male IPMN  SSpPD 4 Pancreatitis and cholangitis
15 62 Male IPMN  SSpPD 5 None
BDC bile duct carcinoma, 16 57 Female VC SSpPD 5 None
PIDC pancreatic invasive ductal 17 67 Male DC SSpPD 5 None
carcinoma, /PMN intraductal 18 59 Male SPT SSpPD 5 None
papillary mucinous neoplasm,
VC papilla of Vater carcinoma, 19 64 Male  PIDC  SSpPD 5 None
DC duodenal carcinoma, 20 62 Female DC SSpPD 5 None
SPT solid and psendo-papillary 21 72 Male BDC SSpPD 5 None
tumor of pancreas, SCT serous 2 67 Male PIDC  SSpPD 5 None
cystic tumor of pancreas,
SSpPD substomach-preserving 23 44 Female SCT SSpPD 5 None
pancreaticoduodenectomy, 24 58 Male IPMN  SSpPD 3 Changed operation date
EBDR extra bile duct resection, 25 64 Male PIDC  Not resected (GJB) 1 Changed operation date

GJB gastrojejunal bypass

surfaces of the pancreaticojejunal anastomosis and the
dorsal side of the hepaticojejunostomy.

Reconstruction was completed before suturing the
abdominal wall. Immediately after the opening of the abdo-
men, the surgical wound was protected by the placement of a
drape. Before closing the abdomen, the abdominal cavity was
washed using 3000 mL of warm saline, and the drape was
removed. The surgeon and assistant changed gloves, and the
abdominal muscle and fascia layers were closed using
monofilament absorbable sutures. After washing the skin and
subcutaneous fat layer with 500 mL of warm saline, the
wound was closed using a skin stapler. Postoperatively, the
wound was covered using a transparent protective film and
was monitored without sterilization until suture removal.

Results
Compliance with preoperative administration of Impact

The amount of the immunonutrition preparation consumed
preoperatively was monitored by the doctor in charge of
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each patient. A total of 25 patients were enrolled in the
study (see Table 1). As the scheduled operation date was
moved forward for two patients, these 2 patients had to
discontinue Impact consumption. Treatment compliance
and other reasons for discontinuation are summarized in
Table 2. Nineteen patients (82.6%) fully complied with
Impact consumption. The mean period of preoperative oral
intake was 4.6 £ 1.1 days. The reasons for the discontin-
uation of Impact consumption were diarrhea in 2 patients,
nausea in 1 patient, and pancreatitis and cholangitis caused
by the primary disease in 1 patient. The nausea and diar-
rhea symptoms occurred 3 days after the start of Impact
consumption. ’

Comparison of early postoperative outcome after PD
between the Impact and control groups

Of the 25 patients, 18 were able to complete the Impact
consumption protocol. These patients (Impact group) were
retrospectively compared with a control group consisting
of patients treated at our institution in 2004 who had
undergone the same surgical procedure for the treatment of
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similar conditions but who had not ingested an immune-
enhanced formula preoperatively.

The preoperative and intraoperative clinical background
characteristics of the two groups of patients are summa-
rized in Table 3. No significant difference was observed in
the total numbers of calories served in the daily hospital
meals given for 5 days before surgery and until postoper-
ative day (POD) 7 between the two groups (data not
shown). In both the Impact and control groups, peripheral
parenteral nutritional infusion was used, without using total
parenteral nutrition. Moreover, no differences in age, sex,

Table 2 Compliance with oral intake of Impact

Duration of oral intake of immunonutrition (days) 4.6 £+ 1.1
No. of patients who completed oral intake 19/23* (82.6%)
No. of patients who discontinued treatment 4/23* (17.4%)
Reasons for discontinuation
Diarrhea 2 (8.7%)
Nausea 1 (4.3%)
Pancreatitis and cholangitis 1 (4.3%)

caused by primary disease

® Not including 2 patients (out of a total of 25 patients in this study)
who discontinued preoperative Impact consumption because of
changed operation dates

preoperative nutritional status, operative time, or intraop-
erative blood loss were observed between the groups.

Postoperative SIRS duration and complications

The duration and complications associated with postoper-
ative SIRS in each group are shown in Table 4. The
duration of postoperative SIRS and the hospital stay were
not significantly different between the groups. The inci-
dences of individual complications were also comparable
between the groups. The incidence of incisional wound
infection was significantly lower in the Impact group than
in the control group (0 vs. 30.8%; p = 0.012), but no
significant differences in the incidences of other postop-
erative complications were seen between the groups. The
operative mortality rate was 0% for each group.

The effects of immune-enhanced nutrition on laboratory
and physical data (WBC count, CRP level, TP, Alb, T-Bil,
AMY, GOT, GPT, BUN, Cr, BW, and APACHE-II score)
during the perioperative period are shown in Fig. 1. No
significant differences in the WBC counts, CRP levels, TP,
Alb, T-Bil, AMY, GOT, BUN, and Cr results were seen
between the two groups. However, the GPT level was
significantly higher in the Impact group (Fig. 1h). While
the change in BW during the perioperative period also did

Table 3 Baseline patient

characteristics Impact (n = 18) Control (n = 13) P
Age (years) 62.6 + 8.5 65.1 + 10.0 0.466
Sex (male/female) 1177 716 0.686
BMI 219+ 21 22.1+32 0.821
Serum albumin (g/dL) 39403 37+£05 0.296
PNI’ 465 £58 43.7 £5.0 0.176

BMI body mass index, PNI Biliary drainage 7 8 0.213

prognostic nutrition PTBD 5 (71.4%) 5 (62.5%) 0.714

index = (10 x serum ENBD 2 (28.6%) 3 (27.5%)

albumin) + [0.005 x toga] Duration of oral intake of Impact (days) 5 None None

lymphocyte count (/mm")], .

PTBD percutaneous Resection procedure SSpPD

transhepatic biliary drainage, Reconstruction method Modified child method

ENBD endoscopic naso-biliary  Operation time (min) 329 £ 79 308 + 88 0.488

g;:‘s‘;:f;;gs‘gp” D substomach- 1140 perative blood loss (mL) 921 + 566 947 + 654 0.905

pancreaticoduodenectomy, Pathological diagnosis

PIDC pancreatic invasive ductal PIDC 4 (22.2%) 2 (15.4%)

carcinoma, IPMN intraductal IPMN

papillary mucinous neoplasm,

IPMA intraductal papillary IPMA 3 (16.7%) 1(7.7%)

mucinous adenoma, IPMC IPMC 0 1(7.7%)

intraductal papillary mucinous SPT 1 (5.6%) 0

carcinoma, .SPT solid and SCA 1 (5.6%) 0

pseudo-papillary tumor, SCT BDC 5278 33

serous cystic adenoma, BDC (27.8%) (23.1%)

bile duct carcinoma, VC papilla vC 2 (11.1%) 4 (30.8%)

of Vater carcinoma, DC DC 2 (11.1%) 2 (15.4%)

duodenal carcinoma
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Table 4 Early postoperative outcome and complications

Impact (n = 18) Control (n = 13) p

Duration of postoperative SIRS (days) 0.8 +£1.0 09+ 0.8 0.664
Duration of postoperative hospital stay (days) 29 £ 13 26 + 12 0.516
Morbidity and mortality

Pancreatic fistula 12 (66.7%) 8 (61.5%) 0.768

Delayed gastric emptying 2 (11.1%) 1(5.9%) 0.751

Cholangitis 0 1 (5.9%) 0.232

Wound infection 0 4 (30.8%) 0.012

Perioperative death 0 0

SIRS systemic inflammatory response syndrome

Fig. 1 Laboratory blood test
results. Filled circles Impact

* group, open circles control
group. a White blood cell count
(WBC), b C-reactive protein
(CRP), ¢ total protein (TP),

d serum albumin (Alb), e total
bilirubin (7-Bil), f serum
amylase (AMY), g glutamic
oxaloacetic transaminase
(GOT), h glutamic pyruvic
transaminase (GPT), i blood
urea nitrogen (BUN), j serum
creatinine (Cr), k body weight
(BW), 1 acute physiology and
chronic health evaluation score
II (APACHE-II)

not differ significantly between the two groups, the
improvements in the gain or loss of BW after surgery
showed a better course in the Impact group than in the
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control group. To evaluate the systemic severity of patients
after surgery, we utilized the APACHE-II classification. A
high postoperative APACHE-II score predicts an increased
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risk of a .complicated postoperative course .[33]. The
change in the total APACHE-II score after PD was sig-
nificantly lower in the Impact group than in the control
group (p = 0.033). Among the factors measured for the
APACHE-II scores, the following factors showed signifi-
cantly lower scores in the Impact group than in the control
group: temperature on POD 1 (p = 0.008), mean arterial
pressure on POD 1 (p = 0.048), heart rate on POD 5
(p = 0.019) and POD 7 (p = 0.049), and hematocrit on
POD 7 (p = 0.006).

Discussion

Preoperative oral supplementation with Impact (750 mL/
day for 5 days) was well tolerated by patients scheduled to

4 5 7POD 1POD 3POD 5POD  7POD

—&— Impact group
-~ Control group

undergo PD. The compliance rate was more than 80%,
and the duration and dose of Impact used in this study
were suitable. This encouraging result suggests that
Impact could also be ingested by outpatients prior to
elective PD. '

In the present series, one patient with IPMN could not
tolerate Impact because of pancreatitis and cholangitis.
This patient complained of epigastralgia, fever, and jaun-
dice after beginning to consume Impact. The patient’s
laboratory data showed elevated serum amylase and bili-
rubin levels. We suspect that this patient’s pancreatitis and
cholangitis might have originated from an obstruction
caused by a mucinous secretion from the primary tumor,
because the pancreatitis and cholangitis occurred simulta-
neously and progressed synchronously. Actually, the ele-
vated serum bilirubin level consisted predominantly of
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