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Fig. 1. (a) The Type 1 vector consists of a 1.5-mm-deep slot, carved on a vaginal cylinder orona template; this houses an
radiophotoluminescence glass dosimeter (RPLGD) complex, which consists of an RPLGD (white arrow) located centrally,
. a g1 mm lead ball (black arrows) placed at each end, and 1-mm spacers (striped arrows) between the RPLGD and the lead
balls. (b) The Type 2 vector, dedicated to the urethra; the 2 mm Tefion tube contains 10 RPLGD complexes. (c) The Type
2 vector is inserted into the balloon catheter until the vector top touches the proximal catheter end at simulation and at each
irradiation session. The vector and the catheter are clamped together with forceps near the distal catheter end. The point
where the vector surface crosses the distal end of the catheter is marked using a felt-tip pen (arrow). (d) The Type 3 vector,
dedicated to the rectum, is shown; the p4-mm Teflon tube contains 10 encapsulated RPLGD complexes, with each RPLGD
housed in a plastic capsule. The thrce nylon threads sutured to each end and the midportion of the vector enable ﬁxatlon of

the vector to the rectum.

synchronously. For most female patients, tumor extent involved the
vaginal wall such that vaginal wall dosimetry represented tumor
dose. The template was sutured to the perineum such that the
Type 1 RPLGD was in contact with the skin (Figs. 2a and 2b). Tem-
plate dosimetry represented perineal skin dose. A balloon catheter
was sutured to the urethral orifice after early experiences with the
prostate implant and anterior vaginal implant in particular; the nee-
dle tips had collapsed the balloon and caused migration of the cath-
eter from the original position. A total of 1142 points were measured
by RPLGDs in the following locations: anterior wall of the rectum,
n=599; urethra, n = 482; vaginal cylinder, n = 28; perineal template,
n =33. Doses were measured by RPLGDs and were also calculated
on a planning computer (CadplanBT 1.1, Varian TEM, Crawley,
United Kingdom). Of the 1142 points, 58 points (5.1%) were not
identified by X-ray films, and dose calculation was not obtainable;
therefore, both measured and calculated doses were available for
1084 points.

Simulation, planning, and irradiation

At simulation, the Type 2 vector was inserted into the balloon
catheter until the vector top touched the proximal end of the catheter
(Fig. 1c). Both the vector and the catheter were clamped together

with forceps near the distal end of the catheter. The point where
the vector surface crossed the distal end of the catheter was marked
with a felt-tip pen to enable reproducible loading at each session. A
dummy source was loaded into each applicator. A pair of radio-
graphs was taken; the couch was then rotated 90°, and CT was per-
formed at 5-mm intervals; all measured doses were therefore
contaminated by simulation radiation. CadplanBT 1.1 was used
for treatment planning. The geometry of the applicators was recon-
structed from the radiographs before the superimposition of CT data.
The central plane and basal dose points were determined according
to the extrapolated Paris System (17, 18). An arbitrary isodose sur-
face (median, 82% BDIS; range, 70%-98% BDIS) that covered the
CTV was chosen for dose prescription. HDRIB schedules are
described in Table 2; rectal and urethral doses represent constraints
for dose prescription. For patients not previously irradiated, calcu-
lated rectal and urethral doses were set to a below-ceiling dose
that was determined on the basis of clinical experiences of HDRIB
at Osaka University and related hospitals (Table 2). For the 12 reir-
radiated patients, the previous radiotherapy consisted of 30-Gy
whole pelvis (range, 0-50 Gy) and 10-Gy central-shielded field
(range, 0-28 Gy) combined with 30-Gy HDR intracavitary brachy-
therapy (n = 6, range, 15-30 Gy) or 36 Gy HDRIB (n = 1). It was
impractical to set a ceiling dose for these patients, and doses for
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the rectum/urethra were modified to as low as péssiblc. The maxi-
mum diameter of double the prescription isodose surface (hyperdose
sleeve) was another concem related to morbidity. The Paris System
recommends keeping this diameter =8-10 mm (18). If the diameter
exceeded 8 mm, the dose distribution was modified by manually
changing dwell times. When these three conditions (CTV coverage,
rec;al/urethral dose, hyperdose sleeve =8 mm) could not be

)

(b)

achieved simultaneously, the plan was compromised at the cost of
rectal/urethral dose, hyperdose sleeve, or both. For each RPLGD,
three points (the midpoint and both ends of the readout part) were
reconstructed. Doses were calculated for the three points, and the
averaged value was regarded as the calculated dose for the particular
RPLGD. The anatomic location of the RPLGD was classified as
“anterior wall of the rectum™; “‘urethra (male/female)’; “vaginal
wall,” measured at the vaginal cylinder surface; and “perineal
skin,” measured at the template surface facing the perineum. Irradi-
ation was performed using Varisource (Varian TEM). Source
strength was determined following each purchase using a well-
type chamber. The mean deviation from the supplier’s value was
only 0.08 + 0.83% (range, —1.04 to 1.60%). HDRIB was delivered
twice a day with an interval of at least 6 h. Before each session, the
Type 2 vector was inserted into the balloon catheter to the depth of
the felt-tip pen marker crossing the catheter (Fig. 1c).

Absorbed simulation X-ray

Absorbed dose from the simulation was assessed in one prostate
cancer patient using a Type 2 vector in the urethra. During a routine
simulation, 10 RPLGDs in the urethra were exposed to 120 KV X-
rays (mean effective energy = 40 KeV) for a pair of radiographs and
a 20-cm CT at 5-mm intervals. The readout value was corrected by
both calibration factors for each RPLGD, as obtained for 4-MV pho-

“tons, and by a relative correction factor of 3.8 for 40 KeV (Fig. A,

9.4 in ref. 16).

Statistics '

Statistical analyses were performed using SPSS 8.0 software
(Chicago, IL). The Mann-Whitney U test was used for nonparamet-
ric comparisons (19). Kaplan-Meier methods were used for analyses
of local control (20).

\

RESULTS

Clinical results

There were no unexpected events attributable to the use of
RPLGDs. Moreover, the location of anterior rectal wall that
is not visible on CT was easily found, and the corresponding
dose was calculated. In all patients, the use of RPLGD was
well tolerated. The local control ratio was 87% with a median
follow-up of 30 months. Late sequelae were graded as GO in
38 patients, G1 in 6 patients, G2 in 5 patients, G3 in 7
patients, and not specified in 10 patients.

Fig. 2. (a) Schema of the current study. Application of two Type 1
radiophotoluminescence glass dosimeter (RPLGD) complexes: one
on the template, the other on the vaginal cylinder (arrowheads); one
Type 2 vector in a balloon catheter (white arrow); and one Type 3
vector on the anterior rectal wall (black arrow) for a female patient.
The striped arrow indicates the perineal template and vaginal cylin-
der (curved arrow). (b) A radiograph from the study shows the ap-
plication positions of the following vectors: Type 1 vectors on the
temnplate (striped arrowhead) and on the vaginal cylinder (white
arrowhead); Type 2 vector in a balloon catheter (white arrow);
and Type 3 vector on the anterior rectal wall (black arrow) of a fe-
male patient. (c) A Type 3 vector (white arrowhead) is sutured to the
anterior rectal wall through a rigid rectoscope (striped arrowhead).
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Table 2. HDRIB schedule i

Ceiling dose Ceiling dose

HDRIB EXRT for rectum for urethra
HDRIB alone (n = 45)
Previously nonirradiated (n = 33) 54 Gy fr/5d - 42 Gy/9 fr/5d 76 Gy/9 fr/5 d
Previously irradiated (n = 12) 48 Gy/8 fi/4 d - Not specified Not specified
HDRIB+EXRT (n = 21)
Previously nonirradiated (n = 21) 30Gy/5fr/3d WP 30 Gy + CS 20 Gy 24 Gy/5fr/3 d 58 Gy/5 fr/3 d

Abbreviations: HDRIB = high-dose-rate interstitial brachytherapy; EXRT = external radiotherapy; fr = fraction; WP = whole pelvis field;

CS = central-shielded field.

Absorbed simulation X-ray by RPLGDs

The median measured dose of all 1084 points was
17.19 Gy (range, 0.41-88.73 Gy). The median absorbed
simulation dose for the 10 RPLGDs was 0.048 Gy (range,
0.043-0.054 Gy), corresponding to 1.06% (0.048 Gy x 3.8
/ 17.19 Gy; range, 0.21% [0.048 Gy x 3.8 / 88.73 Gy] to
44.49% [0.048 Gy x 3.8 /0.41 Gy]) of the median absorbed
dose. Setting the threshold for the simulation dose at 5% of
the total absorbed dose, 3.65 Gy (0.048 Gy x 3.8 / 5%)
was the minimum total measured dose required. Doses for
80 points (rectum, n = 30; urethra, n = 41; vagina, n = 1; per-
ineum, n = 8) were <3.65 Gy; these values were eliminated
from further analyses.

Results of 1004 RPLGDs

The remaining 1004 points (=3.65 Gy), comprised of rec-
tum, n = 549; urethra, n = 415; vaginal wall, n = 25; and per-
ineal skin, n= 15 were used for further analyses. For the 1004
dosimeters, the median measured and calculated doses were
18.59 Gy (range, 3.65-88.73 Gy) and 19.94 Gy (range, 2.42—
94.68 Gy), respectively. The compatibility ratio of the mea-
sured and calculated doses was 0.98 & 0.23. Measured doses,
calculated doses, and compatibility according to location are
displayed in Table 3. The frequencies of compatibility
according to location are displayed in Figs. 5a-5e.

Dose for the rectum.

For the 549 dosimeters, the median measured and cal-
culated doses were 17.64 Gy (range, 3.68-64.64 Gy) and
18.32 Gy (range, 3.19-75.70 Gy), respectively. The com-
patibility ratio of the measured and calculated doses was
0.99 + 0.20 (Fig. 3a).

Dose for the urethra (female and male)

For the 415 dosimeters, the median measured and calcu-
lated doses were 20.47 Gy (range, 3.72-88.73 Gy) and
21.65 Gy (range, 2.58-78.84 Gy), respectively. The compat-
ibility ratio of the measured and calculated doses was
0.96 + 0.26.

Dose for the male urethra : .

For the 181 dosimeters, the median measured and calcu-
lated doses’ were 28.31 Gy (range, 4.07-88.73 Gy) and
36.73 Gy (range, 3.35-78.84 Gy), respectively. The compat-
ibility ratio of the measured and calculated doses was 0.90 £
0.30 (Fig. 3b). The ratio for the male urethra was significantly
different from that for the female urethra (p <0.01). Even with
stitches to the urethral orifice in males, if the balloon was rap-
tured by the needle tips, the balloon catheter could migrate,
depending on penis direction and length. A 10% negative
shifted distribution suggests slipping of the original position.

Dose for the female urethra

- For the 234 dosimeters, the median measured and cal-
culated ‘doses were 17.51 Gy (range, 3.72-71.69 Gy) and
18.16 Gy (range, 2.58-73.03 Gy), respectively. The com-
patibility ratio of the measured and calculated doses was

1.01 £ 0.20 (Fig. 3c).

Dose for the vaginal wall ' ;

For the 25 dosimeters, the median measured and calculated
doses were 38.79 Gy (range, 9.51-82.42 Gy) and 42.98 Gy
(range, 9.04-94.68 Gy), respectively. The compatibility ratio
of: the measured- and' calculated doses was 0.91 £ 0.08
(Fig. 3d). ' ‘

Table 3. Measured dose, calculated dose, and compatibility according to locations for the 1004 poirits

Region Measured dose Calculated dose Compatibility ratio*

Anterior wall 17.6 Gy (3.7-64.6 Gy) 18.3 Gy (3:2-75.7 Gy) 0.99 & 0.20

of the rectum (n = 549) ) ' ’ '
Urethra (n = 415) 20.5 Gy (3.7 Gy-88.7 Gy) 21.7 Gy (2.6 Gy-78.8 Gy) 0.96 + 0.26
Male urethra (n = 181) 28.3 Gy (4.1 Gy-88.7 Gy) 36.7 Gy (3.4-Gy-78.8 Gy) 0.90 £ 0.30
Female urethra (n = 234) 17.5 Gy (3.7 Gy-71.7 Gy) 18.2 Gy (2.6-73.0 Gy) 1.01+0.20
Vaginal wall (n = 25) 38.8 Gy (9.5 Gy-82.4 Gy) 43.0 Gy (9.0-94.7 Gy) - 091 £0.08
. Perineal skin (n = 15) . 6.9 Gy (3.7 Gy-59.6 Gy) 6.3 Gy (2.4-61.6 Gy) 1.25 £0.32
Total (n = 1004) 18.6 Gy (3.7 Gy-88.7Gy) - 0.98+0.23

19.9 Gy (2.4-94.7 Gy)

* Compatibility ratio = measured dose/calculated dose.
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Fig. 3. (a) Frequency of compatibility ratio for radiophotoluminescence glass dosimeter (RPLGD) for the rectum.
Abscissa: ratio of measured dose/calculated dose. Ordinate: number of points for RPLGDs. Distribution approximates
Gaussian, with mean compatibility of 0.99 =+ 0.20. (b) Frequency of compatibility ratio for RPLGD for the male urethra.
Abscissa: ratio of measured dose/calculated dose. Ordinate: number of RPLGDs. Distribution is positive-skewed and neg-
atively shifted, with mean compatibility of 0.90 &= 0.30. (c) Frequency of compatibility ratio for RPLGD for the female
urethra, Abscissa: ratio of measured dose/calculated dose. Ordinate: number of RPLGDs. Distribution approximates
Gaussian, with mean compatibility of 1.01 + 0.20. (d) Frequency of compatibility ratio for RPLGD for the vaginal wall.
Abscissa: ratio of measured dose/calculated dose. Ordinate: number of points for RPLGDs. Distribution is negatively
shifted steep Gaussian, with mean compatibility of 0.91 =+ 0.08. (e) Frequency of compatibility ratio for RPLGD for the
perineum. Abscissa: ratio of measured dose/calculated dose. Ordinate: number of RPLGDs. Distribution is positive-

skewed and with mean compatibility of 1.25 % 0.32.
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Fig. 4. Correlation between compatibility ratio (ordinate; measured
dose/calculated dose) and the calculated dose (abscissa) for perineal
skin.

Dose for the perineal skin

For the 15 dosimeters, the median measured and calculated
doses were 6.85 Gy (range, 3.65-59.62 Gy) and 6.33 Gy
(range, 2.42-61.64 Gy), respectively. The compatibility ratio
of the measured and calculated doses was 1.25 + 0.32
(Fig. 3e). Transit dose plays an important role in positive dis-
crepancy of the measured dose and its impact is known to
depend on the calculated dose (21). Compatibility ratio ac-
cording to calculated dose is displayed in Fig. 4.

DISCUSSION

In vivo dosimetry studies for interstitial brachytherapy
have previously dealt only with small numbers of patients,
except for pioneering work using RPLGDs at the Veterans
Administration Hospital in New York in the 1950s and
1960s (5-9, 13). To the best of our knowledge, this is the
largest in vivo dosimetry study conducted for interstitial bra-
chytherapy. The simple handling of RPLGDs facilitates their
routine use in clinical situations; in addition, their linearity
and reproducibility are better than those of the TLDs used
previously (5-9). Measured doses in this study were contam-
inated by simulation X-rays; data with excessive contamina-
tion were excluded by setting a threshold for measured doses.

For male urethral measurements, suturing of the catheter to
the urethral orifice did not eliminate the migration of dosime-
ters that prevents precise data from being obtained. For female
urethral measurements, this technique eliminated migration.
The frequency for compatibility of measured and calculated
doses displayed a wide Gaussian distribution, with mean
1.01 £ 0.20. For the rectum, compatibility displayed a similar
Gaussian distribution (0.99 + 0.20). These deviations
(+20%) are attributable to the movements for these organs in-
dependent of movement for the target, and hence for the appli-
cators. In our previous in vivo dosimetry study for 61 head and
neck brachytherapy patients, the compatibility for nontarget
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Fig. 5. Correlation between compatibility ratio (ordinate; measured
dose/calculated dose) and the calculated dose (abscissa) for 823
points (male urethra excluded).

organs (the submandibular skin and the mandible) displayed
a wider Gaussian distribution, with mean 1.06 + 0.32 (12).
The movement of nontarget organs relative to the applicators
is less in the pelvic region (where target organs and applica-
tors do not move voluntarily) than in the head and neck region
(where target organs move under the control of voluntary
muscles). For nontarget organs in the pelvic region, actual ab-
sorbed doses can be 20% greater than calculated doses, com-
pared with 32% in the head and neck region. Lead shielding is
an effective protection that halves the absorbed dose to the
nontarget organs in the region of the head and neck (4); how-
ever, shielding is impractical for the rectum and urethra during
interstitial brachytherapy. Actual dose monitoring for organs
atrisk is feasible by employing an alternative real-time dosim-
eter such as MOSFET (22). If excessive dose is detected, the
initial planning can be adapted for subsequent sessions.

For the target (vaginal wall), compatibility displayed a nar-
row Gaussian distribution (0.91 + 0.08). This 8% deviation is
the smallest among all the locations and is similar to the 10%
deviation (0.95 % 0.10) observed for the head and neck target
in our previous study (12). Movement of the target is syn-
chronized with the applicators, provided that the applicators
are implanted in the target, irrespective of the target type and
movement pattern (pelvis, nonvoluntary movement by sur-
rounding organ volumes; head and neck, voluntary move-
ment). The 9% negative shift is attributable to the lack of
inhomogeneity correction in the software for the vaginal cyl-
inder, which has a density of 1.24. The acceptable criteria for
brachytherapy, as stated by the Radiological Physics Center,
is 15% (23), which is achievable using inhomogeneity cor-
rection. Use of a real-time dosimeter is desirable to achieve
more precise delivery of the planned dose.

The transit dose affects all the measured doses to some de-
gree. The importance of the transit dose depends on calcu-
lated dose (21). As shown in Fig. 4, the calculated dose
seems to affect the compatibility ratio for the perineal skin.
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The compatibility ratio approaches unity as the calculated
dose increases, especially for >10 Gy. For 823 points
(excluding male urethral points), 294 points were to receive
calculated dose <10 Gy, and the compatibility ratio was
1.09 + 0.25, whereas 529 points were to receive calculated
dose =10 Gy, and the compatibility ratio was 0.97 & 0.18

(p <0.001) (Fig. 5). Transit dose should be incorporated in’

points with calculated dose <10 Gy, although the clinical
impact of these low doses remains unclear.

In conclusion, the compatibility ratio of the measured and

calculated doses for the target displayed a small deviation

(8%) caused by synchronized movement with the applica-
tors, and a 9% negative shift attributable to the cylinder ma-
terial. The addition of inhomogeneity correction to the

" planning software would enable the acceptable criteria for

the target of brachytherapy (15%) to be easily achieved.
The transit dose should be incorporated into points with a cal-
culated dose of <10 Gy. Measured doses for organs at risk
displayed as much as 20% deviation from the planned doses
because of involuntary movements. The next step to using
these findings will be to establish an adaptive dose delivery
system using a real-time dosimeter.
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PURPOSE: This study focuses on the prognostic survival
value of postirradiation metabolic activity in primary
rectal cancer as measured with 18-fluorodeoxyglucose
positron emission tomography.

METHODS: From July 1995 to March 2002, all 59 patients
underwent two series of fluorodeoxyglucose positron
emission tomography: one before preoperative radiation
(standardized uptake values-1), and the other two to three
weeks after radiation (standardized uptake values-2).
Standardized uptake values-1 and standardized uptake
values-2 correspond to before and after radiation,
respectively.

RESULTS: In univariate analysis, the following emerged as
significant prognostic variables: with or without residual

tumor, pathologxc differentiation, with or without recur-
rence, standardized uptake values-2, and with or without
lymph node metastases. In multivariate analysis, residual
tumor and standardized uptake values-2 were significant
prognostic factors for survival. The median survival and

the five-year overall survival rate comparing standardized
uptake values-2 values <5 vs. >5 were 95 vs. 42 months

and 70 vs. 44 percent, respectively (P=0.042).

CONCLUSION: A significant survival benefit was observed
in patients with low fluorodeoxyglucose uptake after
preoperative radiotherapy in primary tumors of rectal
cancer. ‘
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values; Rectal cancer; Preoperative radiation.
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Anumber of studies have reported that preoperative
radiotherapy (RT) reduces the recurrence rate for
locally advanced rectal cancer.]f6

Several studies have suggested that in selected patients
with low rectal tumors, high-dose preoperative RT might
permit the resection of the primary tumor with a high

rate of preservation of sphincter function.”*! Such treat-

" ment results could have survival rates similar to those

observed with more radical surgery without increasing the
risk of pelvic or perineal recurrences.

However, except for a single European trial, definitive
improvement in overall survival has not generally been
demonstrated with preoperative RT alone.”'?

The prognosis of rectal cancer is generally related to
the degree of penetration of the tumor through the bowel
wall and the presence or absence of nodal involvement.'?
16 However, diagnostic accuracy of tumor penetration and
nodal status is not sufficient.'”

Many other prognostic markers have been evaluated
retrospectively in determining the prognosis of patients
with rectal cancer, although most, including allelic loss of
chromosome 18q or thymidylate synthase expression,
have not been prospectively validated.'**°

In those cases of rectal cancer in which preoperative
RT was administered, nodal involvement and penetration
of the tumor seemed to be significant for prognosis as

well.?'"** Besides nodal involvement and penetration status,
no definitive prognostic markers have been reported in the
preoperative radiation setting for this malignancy.

Prognostic information available before surgery is
useful to select the candidates for a more aggressive
surgical approach, such as extended lymphadenectomy, as
well as intensive postoperative adjuvant therapy.”¢>°
Also, the identification before the start of the entire treat-
ment course of subsets of patients who are at low or high
risk for recurrence can help to optimize treatment. For

* high-risk subsets, a more aggressive preoperative approach,



such as combined modality preoperative treatment should
be considered. Few predictors have been reported for this
use. ' ’

Several studies have now been reported claiming the
potential of fluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) in predicting treatment outcome after
preoperative RT for malignant neoplasms, including rectal
cancer.”’”? However, no consensus has been established

on the usefulness of FDG-PET in predicting survival

outcomes.

This study was designed to clarify the role of FDG-
PET as a prognostic tool for patients with rectal cancer
treated with preoperative RT.

PATIENTS AND METHODS

Study Design
From July 1995 to March 2002, the authors prospectlvely
enrolled 59 patients with primary rectal cancer deemed
eligible for preoperative RT, on the basis of a clinically
bulky or tethered tumor or on imaging-based evidence of
T34 or N1 disease by use of transrectal ultrasound. The
distance from the anal edge of the tumor to the anal verge
was <3 c¢cm in 11 cases, 3 to 5 cm in 42 cases, and >5 ¢m
in 6 cases. All patients received 50 Gy to the pelvis and
were subjected to two series of FDG-PET: one before
preoperative RT, and the other two to three weeks after
the treatment (days after radiotherapy ranged from 11~
50; mean, 17; median 16). Surgery was performed 20 to
77 (mean, 43.3; median, 41) days after the completion of
preoperative RT and 3 to 63 (mean, 26.2; median, 25)
days after the second FDG-PET study.

The study was a prospective trial and had institu-
tional review board approval. Informed consent was
obtained from all patients,

Treatments

For RT, a 6-MV x-ray accelerator delivered 50 Gy in 25
fractions, 5 fractions per week during five weeks. Two AP/
PA opposed fields were used as a Japanese conventional

radiation technique for pelvic tumors. The clinical target.

volume included the entire pelvic cavity, anal canal,
primary tumor, mesorectal and presacral lymph nodes,
nodes along the internal iliac artery, lumbar nodes up to
the level of the lower border of the fifth lumbar vertebra,
and nodes at the obturator foramen. No chemotherapy was
added to the RT in a preoperative setting. All surgeries were
performed by colorectal specialists. Abdominoperineal
resection with permanent colostomy was performed
mainly for low rectal cancers located <5 cm from the anal
verge, and for other rectal cancers mainly intersphincteric
resection with coloanal anastomosis, according to sur-
geons’ judgment. When residual tumor cells were found in
the surgical resection margin, postoperative adjuvant 5-
fluorouracil-based chemotherapy was performed.
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Positron Emission Tomography, Standardized Uptake
Values

All patients received two series of FDG-PET: one before
preoperative RT, and the other two to three weeks after the
treatment (days after RT ranged from 11-50; mean days
after RT, 17+7.6).>® 18-fluorodeoxyglucose (18F) was
synthesized using the Cypris Model 370 Cyclotron®
(Sumitomo Heavy Industries, Shinagawa-ku, Tokyo, Ja-
pan), and FDG with an automated FDG synthesizer based
on the method reported by Harms and Starling'" radio-
chemical purity was >95 percent. The physxcal character-
istics of this machme have been described in detail in a
previous study.’’ Patients fasted for at least 4-1/2 hours
before PET scanning so that serum glucose levels were
between 80 and 110 mg/ml. All studies were performed
using a Headtome IV dedicated PET scanner® (Shimadzu
Corporation, Kyoto-city, Kyoto, Japan) with seven imaging
planes at 13-mm intervals, each 10-mm thick. The inplane
resolution was 4.5-mm full width at half maximum
(FWHM). The axial resolution was 9.5-mm FWHM and
the sensitivities were 14 and 24 kcps/(micro Ci/ml),
respectively, for direct and cross planes. Each transmission
scan was performed for eight minutes. For injections, 333 to
444 MBq of FDG were introduced via the cubital vein. A
series of static acquisitions for 6 minutes each were initiated
60 minutes after the injection, and the mean time for
the main tumor lesion was fixed at a constant settrng of
63 minutes.

PET Data Analysis

Cross-sectional sinogram data were corrected for dead
time, decay, random coincidences, and attenuation. Image
reconstruction was performed by using a filtered back-
projection algorithm with a Hanning filter using a cutoff
frequency of 0.3 and a 128X 128 matrix. Several regions of
interest (ROIs) were drawn manually on the hot spots of
tumors. To minimize the partial volume effect associated
with decreasing tumor sizes resulting from radiotherapy,
the ROIs were set to have a number of pixels between 40
and 99. FDG accumulation was measured by using
standardized uptake values (SUV) obtained by the follow-
ing equation:

= (decay corrected PET value)/

SUV
' [(injected dose)/(body weight)]. 3234

We defined SUVs in FDG-PET before preoperative RT

"as SUV, and two to three weeks after the treatment as SUV,.

Pathologic Analysis

Analysis of the surgical specimen included a determination
of the following parameters: 1) histologic type of the
tumor; 2) degree of extension of the tumor through the
rectal wall; 3) nodal involvement; and 4) status of proximal
and distal margins. Pathologic response criteria were
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Relative  95% confidence
Factor N risk interval P value
Residual tumor
+ 8 1
- 51 0.147 0.056-0.384 <0.0001
Differentiation
- Well 41 1 . 0.0011
Moderate 11 3.923 1.229-12.518 0.0210
Mucinous 4 614 1.57-24.012 0.0091
Poorly . 2 23.093 4.09-130.371 0.0004
Unknown 1
Recurrence
+ 31 1
- 28 0.113 0.026-0.494 0.0038
Post-SUV 59 1.306 1.073-1.591 0.0079
SUV ratio
>100% 4 1
<100% 55 0.239 0.067-0.854 0.0276
LN
+ 30 1
- 29 0.341 0.121-0.958 0.0411
Astler-Coller .
B1 10 0.21 0.027-1.63 0.1354
B2 18 0.315 0.088-1.132 0.0767
Cl 4 1.123 0.247-5.097 0.8808
C2 26 1 0.1643
SUV ratio 59 1.014 0.994~1.033 0.1648
Pre-SUV 59 1.088 0.962-1.232 0.1788
Pathologic effect
Grade 0 2 0.235 0.014-4.059 0.3193
Grade 1 © 44 0.102 0.012-0.868 0.0366
Grade 2 12 0.121 0.012-1.182 0.0693
Grade 3 1 1 ¢ 0.1877
Sex
Male 37 1
Female 22 0.603 0.215~1.692 0.3363
Age (yr) 59 0.986 0.941-1.032 0.5392

SUV=standardized uptake values, LN=lymph node metastases.

defined as proposed by the Japanese Society for Esophageal
Disease: Grade 0, no treatment effect; Grade 1, more than
one-third viable tumor cells; Grade 2, less than one-third
viable tumor cells; and Grade 3, no viable tumor cells.*

Statistical Analysis

Statistical analyses were performed by using StatView
Dataset File version 5.0 J for Windows computers. Survival
periods were calculated from the start of irradiation. The
survival functions were estimated with the Kaplan-Meier
method estimator, and log-rank tests were used to compare
the survival distributions. Both univariate and multivariate
analyses for survival were performed.

RESULTS

Pathologic effect and SUV ratio (SUV,/SUV;) were
related statistically (P=0.047). Pathologic effect, however,
showed no significant correlation with recurrence and
survival. Histologic tumor type and SUV ratio were
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correlated and the ratio was >100 percent when the
tumor type was poorly differentiated adenocarcinoma.
Although recurrence rate tended to be higher with an
elevated value of SUV,, there was no significant associa-
tion between them.

SUV ratio showed a tendency to be related with recur-
rence, and recurrence rate was of marginally higher sig-
nificance when SUV ratio was >100 percent. Survival period
was significantly short when SUV ratio was >100 percent
(P=0.0121) and/or when SUV, was >5 (P=0.0378).

In univariate analysis, residual tumor, pathologic
differentiation, recurrence, SUV, value, and lymph node
metastasis were significant prognostic factors (Table 1). In
multivariate analysis, no residual tumor and SUV, were
significant prognostic factors for survival (Table 2). The
survival curves comparing patients with vs. without residual
tumor are shown in Fig. 1. Notably, when SUV, value was
>5, overall survival was significantly poorer (Fig. 2). The
median survival time and five-year overall survival rate
comparing <5 vs, >5 SUV, value was 95.4 vs. 41.9 months
and 70.4 vs. 43.6 percent, respectively (P=0.042). '

DISCUSSION

SUV before RT and Prognosis

In this study, recurrence or poor prognosis was not related
to high SUV before RT, which is in agreement with
previously published reports. For head and neck cancers,
Greven et al.’® claimed that SUV before RT did not have
any correlation with local control when examined for the
entire group, primary site, or T stage (n=45). Others,
however, have reported studies that differed from our
results. Both Allal et al.’” and Rege et al.*® concluded that
FDG uptake followed by RT, as measured by the SUV, had
potential value in predicting local control and survival in
head and neck carcinomas (n=63 and n=12, respectively).

SUV after RT and Prognosis
Recurrence or poor prognosis was related to high SUV
after RT in our study. This result also concurs with earlier

Relative  95% confidence ,
Factor risk interval P value
Residual tumor 0.302 0.094-0.973 0.0449 -~
Differentiation
Well 0.1552
Moderate 2774 0.734-10.482 0.1326
Mucinous 2.875 0.574-14.406 0.1990
Poorly 10.486 0.988-111.283 0.0511
Recurrence 0.155 0.019-1.297 0.0854
Post-SUV . 1.502 1.128-2 0.0054
SUV ratio <100% 0.675 0.107-4.268 0.6759
LN 0.362 0.080-1.637 0.1867

SUV=standardized uptake values; LN=lymph node metastases.
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FIGURE 1. Overall survival curves comparing patients with vs.
without residual tumor,

reports.’>*® Higher SUV after preoperative RT predicts
poor prognosis. Kunkel et al.*® concluded that postirradi-
ation FDG-uptake significantly predicted survival (P=0.046)
and local tumor control (P=0.0017) in advanced oral
squamous-cell carcinoma (n=35). Brun et al.** concluded
‘that when a high initial tumor SUV was found, the reduction
of SUV in the second PET examination might predict local
tumor response in head and neck cancer (n=17). Swisher
et al*' concluded that FDG-PET was predictive of survival
in patients with esophageal carcinoma who had received
preoperative chemoradiation (P=0.01; n=83). In our pre-
vious report,32 only SUV, correlated with recurrence, al-
though no significant correlation was observed in this study.

- It might be explained by the increased number of the
patients involved to the study.

SUV before or after RT and Histologic Effects

SUV before or after RT was marginally correlated with
histological effects. This finding is in agreement with
previous reports. Kunkel et al*” reported a significant
correlation (P=0.045) between post-RT FDG-uptake and
histologic tumor regression was observed for mouth
carcinoma (n=30). In their report, SUV>2.75 as a prac-

tical clinical threshold value for the identification of residual

tumor resulted in a specificity of 88 percent, sensitivity of
68 percent, a positive predictive value of 94 percent, and
a negative predictive value of 50 percent (in their
report]).*"*? In. our actual follow-up data, a significant
- correlation could not be confirmed between post-RT SUV
and patients’ survivals. Briicher et al.*’ claimed an associa-
tion for histology and survival in esophageal squamous-cell
carcinoma (n=24). In responders, FDG uptake decreased
by 72411 percent; in nonresponders, it decreased by only
42+22 percent. Nonresponders to PET scanning (n=11)
had a significantly poorer survival after resection than
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responders. Flamen ef al.** also reported a correlation with
histology and survival in locally advanced esophageal cancer
(n=36). Response to chemoradiation as assessed by serial
FDG-PET was strongly correlated with pathologic response
(P=0.002) and survival (P=0.087).** In our study, SUV
value after preoperative RT (SUV2) was significant in
overall survival. In addition, the SUV ratio (SUV2/SUV1)
showed an association with histopathologic effects and
recurrence. These values are only available after the
completion of preoperative radiation. In this respect, they
may influence the surgical approach and postoperative
adjuvant therapy. For example, if SUV1 was a prognostic
marker, decisions could be made regarding preoperative
treatment. SUV1 can control the entire treatment strategy,
whereas SUV2 defines the surgical procedure and post-
operative adjuvant therapy.

FDG-PET for Prediction of Survival in Rectal Cancer

The important implication of this study is that FDG-PET
may be useful in assessing cytotoxic or ablative therapy.
de Geus-Oei et al.*> reported that a significant benefit
(P=0.017) was observed in patients with low FDG uptake
(SUV < 4.26) with metastases of rectal cancer (of 152 patients,
67 were treated with resection of metastases and 85 with
chemotherapy). A recent study from the Memorial Sloan-
Kettering Cancer Center reported on monitoring the
response to therapy with FDG-PET and the biologic basis
of the change in FDG uptake of tumors in patients treated
with neoadjuvant chemotherapy for hepatic colorectal
metastases (13/42 evaluated patients underwent preoperative
chemotherapy).*® Fernandez et al.*’ concluded that post-
resection screening by FDG-PET was associated with
excellent five-year overall survival for patients undergoing
resection of hepatic metastases from colorectal cancer
(19 studies; 6,070 patients). Guillem et al.*® from Memorial

FIGURE 2. Overall survival according to standardized uptake values-2
(SUV,). :

Overall Survival
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- SUV3>50(m=11)
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Sloan-Kettering Cancer Center suggested that FDG-PET
might be useful in assessing the response of primary rectal
cancer to chemoradiotherapy (n=15).

Denecke et al.*® compared CT, MR, and FDG-PET in
the prediction of outcome of neoadjuvant radiochemo-
therapy in 23 patients with locally advanced primary T3/4
rectal cancer. The mean SUV reduction in responders
(60+14 percent) was significantly higher than in non-
responders (37:+31 percent; P=0.03). The sensitivity and
specificity of FDG-PET in identifying response was 100
percent (CT 54 percent, MRI 71 percent) and 60 percent
(CT 80 percent, MRT 67 percent). Positive and negative
predictive values were 77 percent (CT 78 percent, MRI 83
percent) and 100 percent (CT 57 percent, MRI 50 percent)
(PET P=0.002, CT P=0.197, MRI P=0.5). Additionally,
Kalff et al.>® evaluated the prognostic information obtained
from the degree of change in tumor FDG-PET uptake
induced by chemoradiation before radical curative surgery
in 34 patients with T3/T4 rectal cancer. PET response was
highly significantly associated with overall survival du-
ration (P<0.0001). and time to progression (P<0.0001).
Complete pathologic response was the only other statisti-
cally significant prognostic factor (P<0.03). The percent-
age of maximum SUV change after chemoradiation was
not predictive of survival in partial metabolic response
patients. Guillem et al.>' tried to determine the prognostic
significance of FDG-PET assessment of rectal cancer re-
sponse to preoperative chemoradiation. The mean per-
centage decrease in SUV ax (ASUV ,,) Was 69 percent for
patients free from recurrence and 37 percent for patients
with recurrence (P=0.004). ASUV ,,.,=62.5 was the best
predictors of no-evidence-of-disease status and freedom
from recurrence. Patients with ASUV,,,>62.5 had signif-
icantly improved disease-specific and recurrence-free
survival (P=0.08 and P=0.03, respectively).

The continued accumulation of clinical data on SUV
for preoperative RT will contribute to establishing its
usefulness. Studies in other malignancies, such as maxil-
lary sinus carcinoma, are under consideration, for which
preoperative RT is frequently performed..

CONCLUSION

A significant survival benefit was observed in patients
with low FDG uptake (SUV<5) after preoperative
radiotherapy in primary tumors of rectal cancer.

REFERENCES

1. Gerard A, Buyse M, Nordlinger B, et al. Preoperative radio-
therapy as adjuvant treatment in rectal cancer: final results of
randomized study (EORTC). Ann Surg 1988;208:606-14.

2. Anonymous. Preoperative short-term radiotherapy in operable
rectal carcinoma: a prospective randomized trial. Stockholm
Rectal Cancer Study Group. Cancer 1990;66:49-55.

105

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Anonymous. Improved survival with preoperative radio-

therapy in resectable rectal cancer. Swedish Rectal Cancer
Trial. N Engl ] Med 1997;336:980-7.

Colorectal Cancer Collaborative Group. Adjuvant radiother-
apy for rectal cancer: a systematic overview of 8,507 patients

" from 22 randomised trials. Lancet 2001;358:1291-304.

Mendenhall WM, Millon RR, Bland KI, Pfaff Ww,
Copeland EM, Preoperative radiotherapy for clinically re-
sectable adenocarcinoma of the rectum. Ann Surg 1985;
202:215-22. ,
Mohiuddin M, Marks G. Patterns of recurrence following
high-dose preoperative radiation and sphincter-preserving
surgery for cancer of the rectum. Dis Colon Rectum 1993;
36:117-26.

. Mohiuddin M, Marks G. High dose preoperative irradia-

tion for cancer of the rectum, 1976-1988. Int J Radiat
Oncol Biol Phys 1991;20:37-43.

. Ng AK, Recht A, Busse PM. Sphincter preservation therapy

for distal rectal carcinoma: a review. Cancer 1997;79:671—
83.

Mohiuddin M, Marks G, Bannon J. High-dose preoperative
radiation and full thickness local excision: a new option for
selected T3 distal rectal cancers. Int J Radiat Oncol Biol
Phys 1994;30:845-9.

Willett CG. Organ preservation in anal and rectal cancers,
Curr Opin Oncol 1996;8:329-33.

Harms BA, Starling JR. Current status of sphincter
preservation in rectal cancer. Oncology (Williston Park)
1990;4:53-60. '
Martling A, Holm T, Johansson H, Rutqvist LE, Cedermark
B; Stockholm Colorectal Cancer Study Group. The Stockholm -
II trial on preoperative radiotherapy in rectal carcinoma:
long-term follow-up of a population-based study. Cancer
2001;92:896-902.

Herrera L, Brown MT. Prognostic profile in rectal cancer.
Dis Colon Rectum 1994;37:51-5.

Tang R, Wang JY, Chen JS, et al. Survival impact of lymph
node metastasis in TNM stage 1II carcinoma of the colon
and rectum, ] Am Coll Surg 1995;180:705-12.

Hojo K, Koyama Y, Moriya Y. Lymphatic spread and its
prognostic value in patients with rectal cancer. Am ] Surg
1982;144:350-4.

McLeod HL, Murray GI. Tumour markers of prognosis in
colorectal cancer. Br ] Cancer 1999;79:191-203.

Dershaw DD, Enker WE, Cohen AM, Sigurdson ER.
Transrectal ultrasonography of rectal carcinoma. Cancer
1990;66:2336-40.

Wang WS, Lin JK, Chiou TJ, et al. Preoperative carcinoem-
bryonic antigen level as an independent prognostic factor
in colorectal cancer; Taiwan experience. Jpn ] Clin Oncol
2000;30:12~6.

Jen J, Kim H, Piantadosi S, et al. Allelic loss of
chromosome 18q and prognosis in colorectal cancer. N
Engl ] Med 1994;331:213-21.

Lanza G, Matteuzzi M, Gafa R, et al. Chromosome 18q
allelic loss and: prognosis in stage II and III colon cancer.
Int J Cancer 1998;79:390-5.

Rinkus KM, Russell GB, Levine EA. Prognostic significance
of nodal disease following preoperative radiation for rectal
adenocarcinoma. Ann Surg 2002;68:482-7.



22.

23.

24,

25.

26.

27.

28.

29,

30.

31.

32.

33.

' 34,

35.

36.

37.

Myerson RJ, Michalski JM, King ML, et al. Adjuvant
radiation therapy for rectal carcinoma: predictors of
outcome. Int J Radiat Oncol Biol Phys 1995;32:547-8.
Onaitis MW, Noone RB, Hartwig M, et al. Neoadjuvant
chemoradiation for rectal cancer: analysis of clinical out-
comes from a 13-year institutional experience. Ann Surg
2001;233:778-85.

Theodoropoulos G, Wise WE, Padmanabhan A, et al. T-
level downstaging and complete pathologic response after
preoperative chemoradiation for advanced rectal cancer
result in decreased recurrence and improved disease-free
survival. Dis Colon Rectum 2002;45:895-903,

Mohiuddin M, Hayne M, Regine WEF, et al. Prognostic
significance of postchemoradiation stage following preoper-
ative chemotherapy and radiation for advanced/recurrent
rectal cancers. Int ] Radiat Oncol Biol Phys 2000;48:1075-80.
Moriya Y, Sugihara K, Akasu T, Fujita S. Importance of
extended lymphadenectomy with lateral node dissection for
advanced lower rectal cancer. World J Surg 1997;21:728-32.
Moriya Y, Hojo K, Sawada T, Koyama Y. Significance of lateral
node dissection for advanced rectal carcinoma at or below the
peritoneal reflection. Dis Colon Rectiim 1989;32:307-15.
Minsky BD. Adjuvant therapy for rectal cancer: the
transatlantic view. Colorectal Dis 2003;5:416-22.

Rodel C, Sauer R. Perioperative radiotherapy and concur-
rent radiochemotherapy in rectal cancer. Semin Surg Oncol
2001;20:3-12.

Wils ], O'Dwyer P, Labianca R. Adjuvant treatment of
colorectal cancer at the turn of the century: European and
US perspectives. Ann Oncol 2001;12:13-22.

Guillem JG, Moore HG, Akhurst T, et al. Sequential
preoperative fluorodeoxyglucose-positron emission tomog-

“raphy assessment of response to preoperative chemoradia-

tion: a means for determining long term outcomes of rectal
cancer. ] Am Coll Surg 2004;199:1-7.

Oku S, Nakagawa K, Momose T, et al. FDG-PET after
radiotherapy is a good prognosis indicator of rectal cancer.
Ann Nucl Med 2002;16:409-16.

Kanno I, lida H, Miura S, et al. Design concepts and
preliminary performances of stationary-sampling whole-
body high-resolution positron emission tomography:
HEADTOME IV [in Japanese]. Kaku Igaku 1989;26:477-85.
Zasadny KR, Wahl RL. -Standardized uptake values of
normal tissues at PET with 2-[fluorine-18]-fluoro-2-deoxy-
D-glucose: variations with body weight and a method for
correction. Radiology 1993;189:847-50.

The Japanese Society for Esophageal Disease. Hxstopatho~
logic criteria for the effects of radiation or anticancer
chemotherapy. In: Isono K, ed. Guidelines for clinical and
pathologic studies on carcinoma of the esophagus. Sth ed.
Tokyo: Kanehara Shuppan, 1999:55. '
Greven KM, Williams DW III, McGuirt WF Sr, et al. Serial
positron emission tomography scans following radiation
therapy of patients with head and neck cancer. Head Neck
2001;23:942-6.

Allal AS, Dulguerov P, Allaoua M, et al. Standardized

uptake value of 2-[(18)F] fluoro-2-deoxy-D- glucose in-

predicting outcome in head and neck carcinomas treated

38,

39.

40.

41.

42.

43.

44,

45.

46.

47,

48.

49,

50.

106

NAKAGAWA ET AL: NART EvALUATED BY FDG-PET FOR RectaL CANCER -

by radiotherapy with or without chemotherapy. J Clin
Oncol 2002;20:1398-404,

Rege S, Safa AA, Chaiken L, Hoh C, Juillard G, Withers
HR. Positron emission tomography: an independent
indicator of radiocurability in head and neck carcinomas.
Am J Clin Oncol 2000;23:164-9.

Kunkel M, Forster GJ, Reichert TE, et al. Radiation
response non-invasively imaged by {18F]FDG-PET predicts
local tumor control and survival in advanced oral squa-
mous cell carcinoma. Oral Oncol 2003;39:170-7.

Brun E, Ohlsson T, Erlandsson K, et al. Early prediction of
treatment outcome in head and neck cancer with 2-18FDG
PET. Acta Oncol 1997;36:741-7.

Swisher SG, Erasmus J, Maish M, et al. 2-Fluoro-2-deoxy-
D-glucose positron emission tomography imaging is
predictive of pathologic response and survival after preop-
erative chemoradiation in patients with esophageal carci-
noma. Cancer 2004;101:1776-85.

Kunkel M, Grotz KA, Forster GJ, et al. Therapy monitoring
with 2-(18F)-FDG positron emission tomography after
neoadjuvant radiation treatment of mouth carcinoma [in
German]. Srahlenther Onkol 2001;177:145-52.

Briicher BL, Weber W, Bauer M, et al. Neoadjuvant therapy of
esophageal squamous cell carcinoma: response evaluation by
positron emission tomography. Ann Surg 2001;233:300-9. -
Flamen P, Van Cutsém E, Lerut A, et al. Positron emission
tomography for assessment of the response to induction
radiochemotherapy in locally advanced oesophageal cancer.
Ann Oncol 2002;13:361-8. .

de Geus-Oei LF, Wiering B, Krabbe PF, Ruers T}, Punt CJ,
Oyen W]. FDG-PET for prediction of survival of patients
with metastatic colorectal carcinoma. Ann Oncol 2006;17:
1650-5.

Akhurst T, Kates TJ, Mazumdar M et al. Recent chemo-
therapy reduces the sensitivity of [18F]flugrodeoxyglucose
positron emission tomography in the detection. of colorec-
tal metastases. J Clin Oncol 2005;23:8713-6.

Fernandez FG, Drebin JA, Linehan DC, Dehdashti F,
Siegel BA, Strasberg M. Five-year survival after resection
of hepatic metastases from colorectal cancer in patients
screened by positron emission tomography with E-18
fluorodeoxyglucose (FDG-PET). Ann Surg 2004;240:
438-5.

Guillem ]G, Puig-La Calle J Jr, Akhurst T, et al. Prospective
assessment of primary rectal cancer response to preoper-
ative radiation and chemotherapy using 18-fluorodeoxy-
glucose positron emission tomography. Dis Colon Rectum
2000;43:18-24. '

Denecke T, Rau B, Hoffmann KT, et al. Comparison of CT,
MRI and FDG-PET in response prediction of patients with
locally advanced rectal cancer after multimodal preopera-
tive therapy: is there a benefit in using functional imaging?
Eur Radiol 2005;15:1658-66. .
Kalff V, Duong C, Drummond EG, Matthews JP, Hicks R].
Findings on 18F-FDG PET scans after neoadjuvant che-
moradiation provides prognostic stratification in patients
with locally advanced rectal carcinoma subsequently treated
by radical surgery. ] Nucl Med 2006;47:14--22. .



A DBRIER |

Bl H 75

FELERE b HARIRD B % KD T

HOR KRR Ry 7w ARl R

B & OBV REHELH T
b, BRCEGVEVHER S0OH
AADEEREHRD 2 0 LIEHTHN
ENTVEHPDLITHE, T_TD
ABICH—FEHhsEd, 20
B%EREOLPICBEELTCLEY
REEE TR I LHTER o
TlEofe £LT, BELRBL L
Vb HET, B, FICERET B4 A —
TEBODIL, BATHE, I,
BAZED BROTAA Y 2]
hOTHD,

DA, BB, 0Bl
VRS, #HR—OREETH S
bHE, ER—DHFAKETH S,
EE, BHRAD 2 AIZT AD, HEEIC
BACREL, 3AI1AN, PAT
BT 5, LL, BEADODELIE
ART LD &, TR
EBNAEVI R, MAZC LAY
Biiv, Z0O/R, BEAAOHAIC
A B CRERE, BRI, it
BElohhTid, &hbiJBRENTH S,
IOZEE, BADERLYTOT Y
NN, BIHEEND, BEK
b, BLLTERTEL- 2, EE
B BEILET LR, ERAGT

i, TE>>7 7] ORI L
T&7, LArL, WL, L,
BT ZE2BHRT S, EE, $XC
DEFEEICEME +— A58+ 5
e, 6] & TRl OWMILOLE
HERTHIOTHA I,

WBERESTOTyNT R, BA
EEOAL ST, HEOEREREE
Kbl BERkOMEETHY, BXD
BT 7TORBNORERTH S, EED
Mbo/-BEAHMH I L 2 HERAET
b, [BH7 7] #8o>TwaniE,
HI28% &, HEYLZERIETY
%,

WAL BFAEMOIT A Z LT,
BT 7 ORGEELREELSH, TN
EACRESINIERAREG EA
A F) ORADHLE BB, LAL,
ZOENEADEREN, BEIXH S
¥, A=AV TOMTIFDL, T
AUA, TITVADKAGO1EEE
EEEO LN TRELAVTHY, &
LI, FEF A FEEIZonTw R,
HERIZKEOR A L2050 1 1BET,
HRFHUTOEHETH S, V0
TEANL, bYFEOVAREL, £
NETHLCEAZZ TWAEDTH

Pharma Medica Vol.26 No.7 2008 9




B, LrL, BECKE, TLEALE
BTN THEADLZWEEDIT)
PREETHERNDH LD, BED
CEh, HERLIERTEZOT, BA%
DEH, [HE] DDA A— V2B,
VAT LD AP IR T E v,
Ihb, Y [FROS#] FRE
HAEPOIEDL, Tk, X T
LHEELLTOIRLEIERE ST,

HLWHBZzHELLTWwA EZ A,

GOBEBMFOLOLE(hoTLES
Twa0#E, BAANOTEBRNS )
2, BADERICBWTIE, BEH%
BEOERE LTHERTAIOTH S,
R —DVAKE, HEOEZENE S
EWVWZBERTHA,

L L, BEEICHIAT S At A AR
HEAREE, O RESEZLT
MDD D, SREZEE [HFALES
HEHDORED] o, [T XTOHFA
BERVZORKEOEROBERILE
FEEREFOHEOMFR L] ThHY, E
HRCE D M _EBEEE LT, B
Wk, (LEEE, PABROKEL
&bz, NAEOMBER» 5 %M
7 DER] PEDS N, FIEFEET
b, EhESEHERERREEIANE

10  Pharma Medica Vol.26 No.7 2008

HEZOMBEEEWHEIBHRELTY
5o
SEOBETIE, BT T ERED
BB OBEICRAD N A BT
5o BKREFROMEOFEE LTI
BHE bR B, EE HEXEN

725 A PO LEPIIH S, [F] OX

FOKIZS O ks, F o, EEAFE
RERAXHEFRER 2 R0 E L
72271 — 3V COE (GCOE) fif %% [FE4
FORM L HERIL] ORIFRERED,S,
BEEHIR, HRKTEMRESIRIC S
VW TWAALFEHNTH S,
Z DOEZGCOE, BEEIE
Hy—F—tnh, EELBEEHER
HEOIANELTENMLTE, 22
T, FOR—L_—-Tns, BE%E
OWMFENOP Y MATEHT L, £<
DEFEE IS, HEEWECHLE
Lo ThbLWhnhsTHhb,
[T L VEMTH S, 21
HETEREAX - HEROBATK

o TWwa, BROBRIITLIZES

NEDTTIZEL DT % SRR S
B, BRBENT To—Fi10k 5
EREZOBRATIEZFDOHEN LIS
vy, 19602 HEK TR A K R

EHPFRHEILND, FBCEEL-S
BRFRERD = — XD R 5120 DT
EOUE  BRIEDSND L1
Lol EmEICEDLIL L DE
PHEELTELOLEBETHS,
ERESCHI B RIZ TR AT 48
Ihh, CRETHETOERTER
BoHElEEAT, AtORKER
729 2 LT E AR KIGICH A

Lo2d b, 154, EEFFONEHE
DTV —FT, LITEEOMNAI
RARES Ak v S LRI
ERETALIILhoTE, 201D
BB & R A OBS CIRREH
WFRABUCE S CREMNHET B DL
5L hoT05,]

EEY, RERAKFEFHHERKT
AT T MR-k BT
PEED 122, [RAEETORD
WfgE) THo 7. GCOERFFETIE, A
XRFEORAHERAL ~OBG I
BEREENTED, Moz iz
B, ANXHZELESISHEICHBL
HITATI v s RBRTHELLV,
LT, KEFED, 20EFPYIOL
DB NEENTH D,




Workflow Analysis of Medical staff in Surgical
Wards Based on Time-Motion Study Data

Hodaka Numasaki

................................................................................................

Hodaka NUMASAKI', Yuko OHNO?, Atsue ISHII2,
Satoko KASAHARA?,

Harumi FUJIMOTOS3, Hajime HARAUCHY, Kiyonari
INAMURAS®, Morito MONDEN¢, Masato SAKON?

1 Department of Medical Physics and Engineering, Osaka
University Graduate School of Medicine
1-7, Yamadaoka, Suita, Osaka, 565-0871, JAPAN

2 Department of Health Promotion Science, Osaka University
Graduate School of Medicine

Abstract

The aim of this study is to clarify the change over time
in the elements of work (job elements) and their features,
as well as the relationship between job elements and the
type of job, job class, and the role of the hospital they
are performed in. A time-motion study was conducted on
the medical staff in the surgical wards of two hospitals.
An analysis of roles bys by (a) type or class of job type,
and (b) hospital function was conducted. The number
of working hours was analyzed, as well as the ratio of
working hours with respect to direct and indirect job
elements. The job elements required for each medical
staff member were proven to differ by type of job (doctors
and nurses) and also by job class (nurse leaders and staff).
When comparing between hospital the differences in job
elements were proven not to be a result of differences
in hospital function, but to result from the ward system
(ward design and nursing system).

1. Introduction

It is well known that doctors and nurses are hard-
working professionals. It is recognized worldwide that
planning an efficient, effective, and safe job workflow
is one of the most important problems in hospital
administration [1], [2].

The number of medical staff, their abilities, and

3 Department of Nursing, Saiseikai Hyogo Hospital

4 Department of Radiological Technology, Kawasaki College
of Allied Health Professions

5 Department of Business Management, Kansai University of
International Studies

6 Department of Surgery and Clinical Oncology, Osaka
University Graduate School of Medicine

7 Nishinomiya Municipal Center Hospital, Japan

the function of the ward (hospital) must be accurately
assessed, and the interrelation of these parameters should
be clarified.

In this study, we surveyed the numbers of doctors and
nurses working in hospitals with different roles. We aimed
to clarify the change over time in job elements and their
features, as well as the relationship between job elements
and the type of job, job class, and the function of the
hospital they are performed in.

2. Methods
2.1. Time-motion study

A time-motion study of the job workflow of medical
staff (doctors and nurses) was conducted in a surgical
ward at an advanced treatment hospital in Osaka, and at a
regional general hospital in Hyogo. Both hospitals are in
Japan. The study was conducted for 24 consecutive work
hours in the advanced treatment hospital, and throughout a
working day shift in the regional general hospital [3]-[6].
To maintain accuracy in job records, graduate certified
nurses, radiological technologists, and clinical laboratory
technicians were asked to record job elements and their
durations in units per second. Each observer recorded
job elements performed by the nurse or doctor involved
in a free format, using the terms “where,” “since when,”
“until when,” “by whom,” “for whom,” and “which job
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element”. Classified codes or templates were not prepared
beforehand to avoid observer bias,

The recorded job workflow was checked in parallel to
maintain accuracy and oversight of the documentation.

2.2. Classification of job elements by coding

The coding format for the observed data was defined
by the Osaka Time-Motion Study Group, consisting of
academic researchers and experienced clinical staff. The
format consisted of up to 91 items for nurses and 105
items for doctors. The documented records of job elements
were entered into a time-Motion database using a specific
format devised by trained coding specialists.

The classification had a three-level hierarchy for
doctors and nurses. The top level hierarchy was “main
category,” followed by “sub category” and *specified
category.”

2.3. Data analysis

Firstly, jobs were analyzed by job type or job class.
The number of working hours was analyzed, as well as
the ratio of working hours spent on direct and indirect
job elements. Secondly, jobs were analyzed by hospital
function. The number of working hours was analyzed,
as well as the ratio of working hours spent on direct and
indirect job elements. The results of this analysis were used
as data in 2000 and 2004. The respondent doctors were
residents in the advanced treatment hospital, and full-time
doctors in the regional general hospital. Job analysis by
hospital function was not conducted for doctors.

For nurses, the advanced treatment hospital used

a primary nursing care system and the regional general
hospital used a team nursing care system. Both hospitals
had three working shifts per day (eight working hours per
shift). Job analysis by hospital function was conducted for
nursing staff in the regional general hospital and all nurses
in the advanced treatment hospital,

Two “flags™ were prepared to distinguish between
simultaneously or ambiguously recorded jobs. The “Serial
job elements” flag was used if an observer could not record
the end of a job element because the medical staff member
performed many job elements quickly one by one in a short
period of time. The “Parallel job elements” flag was used
if a staff member performed two or more job elements in
the same unit of time. For example, carrying out vital sign
measurements (e.g., recording body temperature) while
observing patient status and explaining the status to the
patient.

Two more flags were classified: The “Direct job
elements” flag was used if doctors or nurses contacted
patients directly and the “Indirect job elements” flag was
used for job elements other than direct job elements.

3. Results
3.1.  Analysis of jobs by job type or job class
(advanced treatment hospital)

3.1.1. Working hours

Table I shows the working hours of doctors and
nurses. When the working hours were calculated for serial
job elements, those of doctors were about 45 minutes
longer than those of nurses. For parallel job elements, the
working hours of doctors were about 30 minutes longer

B Table 1: Working hours of doctors and nurses (advanced treatment hospital)

Job type ~ Job class Working hours (Serial} Working hours (Parallel) Serial / Parallel: . ‘
Doctor Resident 10:15:25 11:01:24 1.07
Nurse Staff 9:31:17 10:31:44 1.1

B Table 2: Percentages of working hours spent on direct and indirect jobs by doctors and nurses
(advanced treatment hospital)

Doctors - ! - Nurses :
. Working hours. . Ratio (%) - Working hours: Ratio (%)
Direct job elements 5:01:46 58.1 2:20:56 27.3
Direct job elements {preparation or cleaning up) 0:34:42 6.7 1:07:56 13.1
Indirect job elements 2:54:45 33.7 4:56:38 57.4
Indirect job elements {preparation or cleaning up) 0:08:04 1.6 0:11:12 2.2
Total 8:39:16 100.0 8:36:42 100.0
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than those of nurses. Nurses had a higher ratio of parallel
time to serial time than doctors.

3.1.2. Working hours spent on direct and indirect
jobs

~Table 2 shows the working hours spent on direct
and indirect jobs for doctors and nurses. The percentage
of working hours spent on direct jobs by doctors was
higher than that of nurses, which was the opposite case
to the percentage of working hours spent on indirect jobs.
The percentage of working hours spent by doctors on
“preparation or cleaning up”, for direct and indirect jobs,
was lower than that of nurses.

3.2.  Analysis of jobs by job type or job class
(regional general hospital)

3.2.1. Working hours

Table 3 shows the working hours of doctors and
nurses. When the working hours were calculated for serial
job elements, those of doctors and nurses were almost
identical. For parallel job elements, the working hours of
nurses were about one hour longer than those of doctors.
Nurses had a higher ratio of time spent on parallel tasks
compared to time spent on serial tasks than doctors.

For nurses, the working hours of leaders and staff were
almost identical when they were calculated for parallel
Jjob elements. For serial job elements, the working hours
of nurse leaders were about 40 minutes longer than those
of nursing staff. Nursing staff had a higher ratio of time
spent on parallel tasks compared to time spent on serial
tasks than nurse leaders.

3.2.2. Working hours of direct and indirect jobs

Table 4 shows the working hours spent on direct
and indirect joBs for doctors and nurses. The percentage
of working hours spent by doctors on direct jobs was
higher than that of nurses, which was the opposite case
to the percentage of working hours spent on indirect jobs.
The percentage of working hours spent by doctors on
“preparation or cleaning up” for direct and indirect jobs
was much lower than that of nurses.

For nurses, the percentage of working hours spent on
direct jobs by nurse leaders was lower than that of nursing
staff, which was the opposite case to the percentage of
working hours spent on indirect jobs. The percentage
of working hours spent on direct jobs (preparation or
cleaning up) was almost identical for nurse leaders and
staff. The percentage of working hours spent on indirect

B Table 3: Working hours of doctors and nurses (regional general hospital)

Job type Job class Working hours (Serial) Working hours (Parallel) Serial / Parallel
Doctor - 9:18:32 9:39:31 1.04
All 9:14:19 10:24:22 1.13
Nurse Leader 9:40:41 10:27:49 1.08
Stoff 9:03:47 10:22:59 1.15

B Table 4. Percentages of working hours spent on direct and indirect jobs by doctors and nurses

(regional general hospital)

Nurses R
Doctors L
leaders Staffs . - o
Working Ratio Working Rafio |- Working " Ratio Working -.| Roho
hours (%) hours (%) | hours. (%) ~ hours’ 3%
Direct job elements 4:53:49 66.9 2:34:27 30.4 1:39:36 18.6 2:56:24 355
Direct job elements 0:02:55 07 | 042:26 8.4 | 04545 8.6 | 0:41:06 8.3
{preparation or cleaning up) .
Indirect job elements 2:17:03 31.2 4:51:04 57.4 5:47:50 65.1 4:28:22 54.0
Indirect job elements 0:05:34 13| 0:19:24 38 | 0.40:55 77 | 01047 2.2
(preparation or cleaning up)
Total 7:19:21 100.0 8:27:21 100.0 8:54:06 100.0 8:16:39 100.0
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jobs (preparation or cleaning up) was higher for nurse
leaders than nursing staff.

3.3.
3.3.1. Working hours
Table 1 and table 3 show the working hours of nurses

Analysis of Jobs by hospital function

in both hospitals. The working hours of nurses in the
advanced treatment hospital were longer than those of
nurses in the regional general hospital, for time spent
on serial tasks as well as on parallel tasks. Nurses in the
regional general hospital had a higher ratio of time spent
on parallel tasks compared to time spent on serial tasks
than those in the advanced treatment hospital.

Table 5 shows the detailed working hours of nurses
in both hospitals. The percentage of working hours spent
by nurses in the regional general hospital on jobs related

to “patient assistance with activities of daily living” was
higher than that for nurses in the advanced treatment
hospital. This was the opposite case for the percentage
of working hours spent on jobs related to “assisting
with procedures” and “miscellaneous activities”. Jobs
classified as “meals,” “domestic care,” “emotional care,”
“postmortem care,” “physical examination,” “medication
administration,” “explanation/instructing/educating,”
“collecting patient information,” “home care service,”
“teaching students,” “ward secretary jobs,” “hospital
administrative activities,” and “sending messages” took
a higher percentage of time for nurses in the advanced
treatment hospital than for nurses in the regional general
hospital, though the opposite held for the percentage of
time spent on jobs classified as “hygiene assistance,”
“elimination management,” “arranging the patient’s

B Table 5. Detailed working hours and percentages for doctors and nurses (advanced treatment hospital

and regional general hospital)

Activity duration | Rotio (%) | Activity duration | Ratio (%) . | Activity duration | Ratio (%)} | Activity duroion V,ﬁ_g‘ﬁ'o (%)
Meal 0:00:48 0.1 0:00:35 0.1 Informofion exchange within | ) ;¢ g 120 1:10:42 13.0
healthcare professionals

Hygiene assistance 0:13017 23 0:15:10 2.8 Patient Colls 0:01:00 0.2 0:01:45 0.3
Elimination management 0:08:12 14 0:17:02 3.1 Home care service 0:00:02 0.0 0:00:00 0.0
Arranging the patient’s 0:07:27 13 0:11:29 21 Other 0:02:57 05 0:00:00 0.0
environment
Domestic care 0:00:39 01 0:00:22 0.1 Subtotal 4:34:56 48.1 4:11:06 46.2
Transporting pafienis 0:09:13 1.6 0:12:02 22 Chartwork 1:24:0 14.7 1:22:38 15.2
Emotional core 0:00:34 0.1 0:00:23 0.1 Teoching students 0:04:25 0.8 0:00:34 0.1
Solety 0:00:00 0.0 0:00:13 0.0 Ward secretary jobs 0:29:26 52 0:10:25 1.9
Physical comfort promofion | 0:05:06 0.9 0:05:34 1.0 :f;ls:;::: administrative 0:07:22 1.3 0:00:02 0.0
Call for/see off potients 0:00:00 0.0 0:00:00 0.0 Sending message 0:07:29 13 0:00:58 0.2
Postimortem care 0:00:05 0.0 0:00:00 0.0 {nfection profection 0:05:17 0.9 0:08:40 1.6
Other 0:00:10 0.0 0:00:00 0.0 Wolking/waiting 0:58:20 10.2 1:17:27 14.2
Subtotal 0:45:29 8.0 1:02:51 116 Other 0:00:00 0.0 0:01:58 0.4
Physical examinotion 0:06:18 1.1 0:04:10 0.8 Subtotal 3:16:30 34.4 3:02:43 336
Trealments 0:11:29 2.0 0:11:08 2.0 Research/study 0:00:39 0.1 0:00:00 0.6
Medication administration 1:10:17 12.3 0:42:32 7.8 Break 0:51:03 8.9 0:47:00 8.6
Physicol ossessment 0:40:30 7. 1:10:56 13.0 Other 0:02:07 0.4 0:00:00 0.0
Explanation/instructing/

N 0:34:58 6.1 0:25:53 4.8 Subtotal 0:53:49 9.4 0:47:00 8.6
educating
Collecting potient 0:39:03 68 0:24:01 44 | Eror | Eror 0:00:33 0.1 0:00:08 0.0
information
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“transporting  patients,”  “Safety,”

“improving physical comfort,” “treatments,” “physical

environment,”

assessment,” “exchanging information between healthcare
professionals,” “patient calls,” “chartwork,” “infection
protection” and “walking/waiting”.

3.3.2.
Figure 1 shows the time series distribution of working

Time series distribution of working hours

hours for nurses in both hospitals. The percentage of
working hours spent on “patient assistance with activities
of daily living” jobs decreased during the time periods
immediately after work started and before the end of
work in both hospitals. For both hospitals the percentage
of working hours spent on jobs classed as “assisting
with procedures” was higher than in the afternoon; the
opposite of the percentage of working hours spent on
“miscellaneous activities” jobs.

3.3.3.
Table 2 and table 4 shows the working hours spent on

Working hours for direct and indirect jobs

direct and indirect jobs for nurses in both hospitals. The
percentage of working hours spent on direct jobs by nurses
in the regional general hospital was higher than that for
nurses in the advanced treatment hospital. The percentage
of working hours spent on direct (preparation or cleaning
up) and indirect jobs by nurses in the advanced treatment
hospital was higher than that for nurses in the regional
general hospital. The percentage of working hours spent

B Figure 1. Time series distribution of working hours.
The horizontal axis indicates hours in a day, and the vertical axis indicates working hours.

on indirect jobs (preparation or cleaning up) was identical
for nurses of both hospitals.

4. Discussion

It is thought that the number of operations when the
nurses are not involved, and the length of these operations,
contribute to the difference in the ratio of direct and
indirect jobs when comparing job types (doctors and
nurses). We need to survey the ward of another department
and analyze their working hours by job type. _

Nurse leaders did not manage patients. According
to the analysis results in 3.2 they assisted the doctor’s
examination of the patient, aided nursing staff, or
exchanged information with doctors and nursing staff,
Nursing staff primarily cared for the patient.

It is thought that the differences in the nurse’s job
elements obtained from the analysis result 3.3 are
not related to hospital function, but are related to the
differences in nursing systems. The percentage of
working hours spent on “ward secretary jobs,” “hospital
administrative activities” and “sending messages” by the
nurses in the advanced treatment hospital was higher than
for the regional general hospital. In the regional general
hospital, with the team nursing care system in place,
these three job elements are performed chiefly by the
nurse leaders. The percentage of working hours spent on
“patient assistance with activities of daily living” jobs by
nurses in the regional general hospital was higher than

21:00

22:00
23:00

Hours in a day [hhimm]

(a) Advanced treatment hospital

Working hours [hh:mm:ss]

0:30:00

0:20:00

0:15:00
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0:05:00
0:00:00 L

D “miscellaneous activities” jobs
“assisting with proecedures” jobs
[:] “patient assistance with activities of daily iving” jobs
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23:00
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(b) Regional general hospital
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that in the advanced treatment hospital, similar to that of
direct job elements. This is because the so-called nurse
leader’s job elements are not performed by nursing staff
in the regional general hospital.

In this study, a constant relationship was observed
between job type/class and job elements. This result may
change considerably depending on any one factor because
this survey was performed in limited settings, i.e., survey
schedules were short and there were few respondents.

The relationship between hospital function and job
elements was not ascertained because it was not possible
to separate them from the other factors. To do this we
would need to survey hospitals with different functions
yet having similar ward conditions.

S. Conclusion

The job elements required to be performed by each
medical staff member was proven to differ according to
Jjob type (doctors and nurses) and job class (nurse leaders
and staff).

In the comparison between hospitals the difference in
job elements was proven to be not due to different hospital
functions, but due to the ward system (ward design and

nursing system).
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