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of a small number of randomized controlled trials
(RCTs) suggest that concomitant external beam
radiotherapy and chemotherapy (radiochemo-
therapy) are preferable to chemotherapy alone or
radiation alone for patients with advanced, non-
resectable pancreatic cancer with no distant metas-
tasis.'>"'®

The recent report by the European Study Group
for Pancreatic Cancer (ESPAC-1} has shown a wors-
ening of outcome in patients undergoing curative
resection followed by adjuvant radiochemo-
therapy,'” although another report by the Gastroin-
testinal Tumor Study Group (GITSG) suggested
that adjuvant radiochemotherapy had a survival
benefit.'® However, there is no consensus on the
treatment of locally invasive pancreatic cancer with
no distant metastasis, since no RCTs exist for this
locally advanced stage of pancreatic cancer. An
RCT was therefore conducted to establish the
treatment strategy for locally invasive pancreatic
cancer that extends beyond the pancreatic capsule
but does not invade the superior mesenteric artery
or the common hepatic artery.

MATERJAL AND METHODS

Eligibility. Our criteria for patient enrollment
were (1) patients were between 20 and 75 years of
age with a performance status of 0 through 2; (2)
the tumor had either invaded the serosal (anterior)
or retroperitoneal ({posterior) surface of the
pancreas, or extended to the intrapancreatic portal
vein without complete obstruction (ie, the tumor
was either $2, RP2, or PV2 according to the
Japanese classification system jesn;' (8) no
adjacent organs were involved except the transverse
mesocolon, the duodenum, and the common bile
duct; (4) there was no invasion to the superior
mesenteric artery or the common hepatic artery, or
the peripancreatic nerve plexuses (A0 and PLO);
{5) para-aortic lymph node metastases were absent
{NO or N1}; (6) the maximal diameter of the tumor
was more than 2 c¢m and less than 6 cm (TS2 or
TS3): and (7) there were no liver metastases or
peritoneal seeding (HO and P0). These criteria are
consistent with Stage IVa cancer according to the
JCS. Tumors that met the entry criteria represent
a tumor that extends beyond the pancreas, but
without involvement of major arteries (the celiac
axis or the superior mesenteric artery). These
tumors correspond to T3NOMO (Stage IIA} or
T3NIMO (Stage IIB) of the American Joint
Commission for Cancer (AJCC) staging system
(T3, Stage II}.
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The other exclusion criteria were (1) previous
radiation therapy or chemotherapy; (2) abnormal
reaction to drugs, including contrast media; (3)
presence of serious cardiovascular, pulmonary,
renal, or hepatic diseases; (4) coexistence of
another active malignant neoplasm; and (5) any
conditions that the physician considers should
preclude the trial.

Figure 1 shows the protocol for the present
study. Once a patient met our eligibility criteria
based on preoperative examinations including
abdominal computed tomography (CT), angiogra-
phy. ultrasonography, chest x-rays, and routine
laboratory tests, informed consenting patients were
registered as potential candidates at the central
office of the trial not later than 1 day before the

“scheduled laparotomy. Eligibility was finally de-

cided according to the operative findings of the
laparotomy; eligible patients were randomly
assigned to either a resection group or a radio-
chemotherapy group via a telephone call to our
central office.

Treatments. Patients assigned to the resection
group underwent pancreatoduodenectomy (PD)
or distal pancreatectomy for resection of the main
pancreatic cancer with dissection of the regional
lymph nodes that were classified as Group 1 (or
higher) according to JCS.!° At least a half circle of
the plexus of the root of the superior mesenteric
artery was resected. Patients received no post-
operative adjuvant therapy unless recurrence was
obvious, at which peint the doctor in charge was
permitted to select another therapy.

In patients assigned to the radiochemotherapy
group, the abdomen was closed once a biopsy
specimen had been taken to confirm the diagnosis,
although the surgeon in charge was free to perform
an anastomotic resection such as gastro-
jejunostomy or biliodigestive anastomosis. The pa-
tient received radiation therapy beginning within 1
week after the operation. The radiotherapy was
delivered as a single course of a total radiation
dose of 5040 c¢Gy in 28 fractions at 180 ¢Gy over
5.5 weeks by using 10 to 14 megavolt photons. The
radiation fields covered the primary tumor and
a margin of 1 to 3 cm covering the regional lymph
nodes, and was directed on the basis of CT images
taken 1 ot 2 days before treatment. The 3- or 4-field
therapy and the dynamic arc conformal technique
were recommended, but the 2-field therapy was
allowed when necessary based on institutional
availability. During the radiotherapy, there was
continuous intravenous infusion of 5-fluorouracil
(5FU) at 200 mg/m®/day. This was followed b;
weekly intravenous infusion of 5-FU at 500 mg/m”,
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Fig 1. Schema for the study protocol.

starting in most patients within 1 week and always
within 4 weeks of completion of radioche-
motherapy.

Statistical analysis. The sample size was de-
termined as follows: Supposing that the l-year
survival rate for Stage IVa cancer treated by surgical
resection is 60% and that the l-year survival for
locally invasive cancer treated by radio-
chemotherapy is 40% (median survival of 9
months), 73 patients per group are needed to
detect the difference at a l-sided 5% significance
level with 80% power. The target sample size was
therefore set at 150 patients. Both treatments
involve routine procedures, with unpredictable
complications or death considered unlikely.
Interim analysis was scheduled when half of the
target sample size was reached.

The distributions of the baseline characteristics
of the patients were compared between the
treatment groups by using the chisquare test
for binary variables, the Mann-Whitney U test for

ordinal variables, and the unpaired ¢ test for
continuous variables.

Conventional survival statistics, including the
hazard ratio (log-rank test) and the l-year survival
rate, were calculated to compare the outcomes
between the 2 treatment groups. The mean survival
time was also estimated, since it has recently been
recognized as a superior measure of survival
benefits.?**? Mean survival time was calculated as
the area under the survival curve,? and its standard
error was estimated by using the Irwin method®
with Kaplan-Meier adjustment®™ for the total
number of deaths. To assess the prognostic
significance of individual variables and to identify
independent predictors of survival, Cox regression
analysis was used with a stepwise selection pro-
cedure.

Postoperative changes in quality-ofife scores
(performance status, general well-being, diarrhea,
pain} were recorded. The questionnaire covers
4 categories including daily activities, physical

26
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Table I. Reasons for exclusion at laparotomy*

No. of patients

Peritoneal metastasis 10
Distant lymph node metastasis
Anterior organ invasion

Liver metastasis

Major arterial invasion
Retroperitoneal organ invasion

Stage III

Portal venous stenosist

Tumor diameter >6 cm

Serous cystadenoma by frozen section
Tumor diameter <2 cm

— e N3ORD O3 0O B CD AT WO
—+

*All reasons were counted for each patient.
tOverdiagnosis preoperatively for portal venous invasion.
$Portal invasion of the tumor with a development of cotlateral vein,

condition, social activities, and mental and psycho-
logic status. The patients were requested to circle
their own status on a scale from 1 to 5. The lab-
oratory data (hemoglobin, total protein, albumin,
total cholesterol, log carcincembryonic antigen
[CEA] and log carbohydrate antigen [CA19-9])
were recorded and compared by using repeated
measure analysis of variance between the treatment
groups. All analyses were run with the use of the
Statistical Package for Social Science, version 11
(SPSS Inc, Chicago, II).

RESULTS

During this study, 198 patients from the partici-
pating institutions were diagnosed with resectable,
locally invasive pancreatic cancer that met the
chosen criteria. These patients were informed in
detail about the study and were asked to register for
the clinical trial. Written informed consent was
obtained from 81 patients (41%). The remaining
117 patients were not registered in the clinical trial
because 91 strongly requested surgical resection,
and the remaining 26 requested radioche-
motherapy.

The study started in January 1999. The required
number of patients was not enrclled in the first
Z-year period, and accrual was therefore extended
by an additional 2 years, At the end of the second
2-year period, it was estimated that we would need
to continue accrual for another 4 years to reach the
required number. This finding, together with our
ethical concerns and financial difficulty, led to
premature termination of the trial. The follow-up
data were analyzed at this point when the power was
estimated to be 67 percent. So far, a total of 81
potentially eligible patients have been registered
and undergone laparotomy. Of these, 39 patients
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Fig 2. Survival curves of the resection group and radio-
chemotherapy group.

were excluded based on the operative findings
{Table I).

We compared the preoperative evaluation based
on imaging modality with the operative findings in
our 81 registered patients. Table II shows the
diagnostic accuracy for each factor. CT evaluation
has a diagnostic accuracy of 65% for anterior
capsular invasion, 84% for retroperitoneal inva-
sion, and 86% for portal venous system invasion.

Finally, 42 patients were randomized and were
treated as indicated. Twenty patients were assigned
to the resection group (12 males and 8 females)
with an average age of 65 years old (range, 51-75),
and 22 patients were assigned to the radio-
chemotherapy group (15 males and 7 females)
with an average age of 63 (range, 49-72). There
were no statistical differences in the patients’
backgrounds. The patients in the resection group
underwent surgical resection, involving PD in 15
patients (8 PDs and 7 PPPDs) and distal pancrea-
tectomy in 4 patients. One patient in the resection
group was found during the operation tc have
invasion to the superior mesenteric artery, and
resection was abandoned by the surgeon in favor of
radiochemotherapy. This patient was nevertheless
included in the resection group, according to the
“intention to treat” principle. Lymph node dissec-
tion was completed to group 2 (D2) in 9 patients
and to group 1 plus para-aortic lymphnode (D1+a)
in 10 patients according to JCS.'? The pancreatic
head plexuses I and II were resected in 16 patients,
but were not resected in 3 patients. The entire
circle of the superior mesenteric arterial plexus was
resected in 4 patients, the half circle of the plexus
was resected in 13 patients, and the plexus was not
resected in 2 patients. The reconstruction was
performed by the Whipple method in 4 patients, by
the Child method in 10 patients, and by the
Imanaga method in 5 patients.

In the other group, all 22 patients received
radiochemotherapy after the laparotomy. In 3

- —144—




Surgery
Volume 136, Number 5

Imamwura et al 1007

Table II. Accuracy of preoperative evaluation by imaging modality compared to findings at laparotomy

Correct dicgnosis™

Overdiagnosis* Underdiagnosis* {diagnostic accuracy, %)
Anterior capsular invasion (8} 21 7 53 {65)
Retroperitoneal invasion (RP) 10 3 68 (84)
Portal venous system invasion (PV) 9 2 70 (86)
Arterial system invasion (A) 0t 4 77 (95)
Distant lymph node invasion (N} 0t 9 72 (89
Peritoneal metastasis (P) 0t 10 71 (88)
Liver metastasis (H) 0t 6 75 (93)

*Values are the number of patients.

tPatients who were diagnosed to have these factors by imaging were not envolled in this study.

patients, however, both radiation and 5-FU were
discontinued because of severe colitis in 1 patient,
disease progression in 1, and refusal of treatment in
the other. The dose of radiation given to these
patients (n = 22) was 4518 + 1420 ¢Gy. The dose of
5FU was 9805 + 4429 mg during radiation, and
10114 + 4766 mg after the radiation therapy. The
resection group and the radiochemotherapy
group were comparable with respect to the base-
line variables of the tumor in terms of localization:
invasion to the anterior pancreatic capsule, retro-
peritoneal tissue, portal venous system, arterial
system, distal bile duct, duodenal wall, and
extrapancreatic nerve plexus, Lymph node
metastases were found in 14 of 20 patients in the
resection group (70%) and in 5 of 22 patients in
the radiochemotherapy group (23%) (P < .001).
This difference was related to the differences in the
level of lymphadenectomy between the groups.

Morbidity, mortality and survival. By the time of
the last follow-up in April 2002, 11 patients in the
resection group and 17 patients in the radio-
chemotherapy group had died of the disease (4
and 9, respectively, from distant metastases, 4 and 4
from locoregional recurrence, and 3 and 4 from
both components). The mean follow-up from the
entry was 13 months for the resection group and 10
months for the radiochemotherapy group. One
additional death occurred in the resection group
secondary to liver failure after thrombosis of the
superior mesenteric vein and the superior mesen-
teric artery on the seventh postoperative day.
Otherwise there were no serious complications,
such as anastomotic leakage, pancreatic fistula, and
bleeding.

Figure 2 shows the survival curves for the 2
treatment groups. The resection group had better
survival than the radiochemotherapy group (Fig 2,
Table III); operative resection increased the sur-
vival time by an average of 5.9 months, and the
lyear survival rate by 30%, and halved the hazard
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ratio. The resulting statistical significance in-
creased further when the operative death was
treated as censored (the right 3 columns in Table
III). Cox univariate analyses revealed the only
variable to be a significant predictor of survival
was the treatment (P = 0.02) (Table IV}. The Cox
stepwise procedure also showed that treatment is
the only independent predictor (P = .04}).

Effects of treatment on quality of life scores and
other variables. The mean hospital stay of the
resection group was shorter than that of the
radiochemotherapy group (66 + 29 days vs 102 £
57 days; P=.03 on 32 df). Under the Japanese
insurance system, patients are generally allowed to
stay in the hospital until they can live in their homes
without professional support. The total costs for the
primary hospital stay were $17,500 + $5120 for
resection plus postoperative care, and $28,200 £
$6130 for radiochemotherapy (mean + SD).

Three months after laparctomy, both treatments
were associated with significant decreases in body
weight, hemoglobin, albumin, total cholesterol
levels and log CAl19-9; the patients’ average
satisfaction had increased significantly in both
groups (Fig 3). The extent of these changes did
not differ between the 2 groups. A significant
difference was found onlyin the average number of
bowel movements per day, which increased after
resection but was unchanged after radio-
chemotherapy.

DISCUSSION

Although the question of whether to perform
resection for pancreatic cancer has long been
discussed,'"*” no general consensus has arisen. In
our study, we specifically selected patients with
a resectable, locally invasive pancreatic cancer that
extended beyond the pancreatic capsule but did
not invade the superior mesenteric artery or the
common hepatic artery. This stage of pancreatic
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Table III. Comparison of survival between the treatment groups

Resection Radiochemntherafy Difference P Resection Difference P
group* group* ratio® value® growfit ratiot veluet
Mean survival time 16.9% (11.9-21.9) 11.0 (8.9-13.1) 5.9 (0.5-11.3) 0.03 17.8f (12.8-22.7) 6.8 {1.412.1) .01

{months)
(95% CI)
Median survival
time (95% CI}
l-year survival
(%) (95% CI)
Hazard ratio
(95% CI)

15.0 {10.2-15.9) 8.9 (5.0-12.8)

4.1 (0.7-89) 0.10
61.8 (39.2-84.4) 30.2 {9.2-51.2) 31.6 (7.4624) 0.05

0.46 (0.22-0.97) 0.04

15.7 (10.8-15.2) 4.7 {0.19.6) .06
65 (42.2-87.9) 34.8 (3.8-65.9) .03

0.41 (0.1:0.88) .02

*All deaths are inchucled.
TOpcrmivc death is weated as censored observation.

¥This value (Iewin's restricied mean) is smaller than the true estimate (the areas under the complete survival curve) because the longest survival
time is censored; hence, the additional length of life gained by surgery is also underestimated.

Table IV. Prognostic influences of treatment and tumor factors

Variable Hazard ratio* P value*
Treatment (resection vs radiochemotherapy) 0.41 021
Location (heat vs body/tail) 1.01 91
Tumor size (=4 ¢m vs >4 ¢m) 1.00 1.00
Serosal invasion (present vs absent) 0.89 .78
Retroperitoneal invasion {present vs absent) 0.63 ' .30
Portal vein invasion (present vs absent) 1.28 58
Bile duct invasion (present vs absent} 0.68 .36
Duodenal invasion (present vs absent) 0.64 29
Gender (male vs female) 0.96 .92

*Operative death is wreated as censored observation.
tSignificant values.

cancer (Stage IVa in JCS,'! T3 Stage II in AJCC
system) includes the largest number of patients,
and Japanese surgeons have generally tried to cure
the disease by resection with or without post-
operative radiochemotherapy. In the United
States and other Western countries, however,
possibly fewer of these patients would undergo
radical surgical resection.®® Certainly PD has been
performed safely worldwide for the past 5 years,
with an operative death rate of less than 5 %11
Whether the apparently better results of surgical
resection compared with nonsurgical treatments is
due to selection bias {a majority of prognostically
favorable patients undergo resection and the
remaining patients receive other treatments) or
due to more accurate disease information obtained
by laparotomy has yet to be elucidated. To answer
this question, we compared operative resection
alone with radiochemotherapy alone under other-
wise equal conditions (ceteris pallibus).

Our present trial has several unique points. We
compared 2 different types of treatments in
patients having very similar conditions. Qur eligi-
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bility criteria were based on operative findings,
which are more accurate than preoperative imag-
ing; there were considerable discrepancies between
preoperative and operative diagnoses in the extent
of the tumor and distant metastases, Our eligibility
criteria took into account more than 10 variables to
specify the study population closely. These variables
included performance status, tumeor size, histopa-
thology, nodal involvement, and tumor invasion of
contagious structures such as the serosal and
retroperitoneal surface of the pancreas, duode-
num, common bile duct, portal vein, major
arteries, and nerve plexus. As a result, about half
of all preregistered patients were excluded from
the trial, leaving a subset of patients who were very
homogeneous and well matched, and were ex-
pected to respond similarly to the treatments.
This study was difficult to conduct in Japan
where a majority of people so far have relied on
resection for pancreatic cancer because patients
with pancreatic cancer rarely survive more than 3
years with any therapies that do not include
resection. According to a nationwide survey by
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the Japanese Pancreas Society, 2005 patients with
surgical stage IVa pancreatic ductal cancer, which is
almost identical to the stage in this study, un-
derwent resection between 1980 and 1999, with an
average l-year survival of 49%, 5-year survival of
10%, and 10-year survival of 5%." On the other
hand, no data were available on the results of
radiochemotherapy alone without resection in
comparable patients. Our randomized trial, how-
ever, revealed that radiochemotherapy adminis-
tered to comparable patients resulted in
significantly shorter survival than resective surgery.
Moreover, this difference between the treatment
groups was greater than expected and was detected
with a much smaller number of patients than
estimated at the time of sample size determination.
Although statistically there remains the risk of type
I error (wrong judgment that resection is better
than radiochemotherapy}, we concluded that the
trial should not be continued and decided in favor
of resection for the following reasons: It is highly
unlikely that radiochemotherapy would ever
achieve a long-term survival rate comparable to that
of resection; no major factors could reverse the
overall advantage of resection unless the operative
mortality and morbidity were high; the hospital stay
for the resection group was significantly shorter
than that for the radiochemotherapy group; the
overall cost for the resection group was lower than
that for the radiochemotherapy group.

It has been thought that liver metastases are
observed frequently after a radical operation.
Nevertheless, the increased number of long-term
survivors in Japan after a radical operation suggests
the possibility that, atleast, a portion of the patients
with locally invasive pancreatic cancer might have
a limited disease and could enjoy the maximal
benefit by surgical resection. It should be taken
into account that the current study was performed
by a group of specialized institutions focusing on
pancreatic diseases because recent reports have
shown a distinct association between hi§h atient
volume and decreased mortality rates.! 2932 The
mortality rate of PD for pancreatic cancer has been
reported to be 3% to 8%."" The current series
encountered only 1 in-hospital death after pancre-
atic resection, which should be a serious drawback
to the surgical treatment, although the overall
survival was still better in the resection group.

CONCLUSION

Patients with pancreatic cancer without distant
metastasis (ie, that extends beyond the pancreatic
capsule but does not invade either the superior
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mesenteric artery or the common hepatic artery)
should be treated by surgical resection. The results
of the European Study Group for Pancreatic
Cancer (ESPAC) trial showed a potential benefit
of adjuvant intravenous fluorouracil and folinic
acid after surgical resection,!” Therefore, it would
be better for patients meeting our criteria to under-
go resection, unless new treatment modalities are
expected to achieve substantial long-term survival.

The authors benefited from insightful discussions with
the late Dr Shuichi Okada of the National Cancer Center,
Tokyo. The following persons also participated in the study.
Surgeons: Koichi Aiura (Keio University), Tatsuya Aoki
(Tokyo Medical College), Nobuo Baba (Otsu Red Cross
Hospital), Koichi Hirata (Sapporo Medical University),
Seiyo Ikeda (Fukuoka University), Kaichi Isono (Chiba
University), Tatehiro Kajiwara (Kobe City General Hospi-
tal), Akira Kakita (Kiwasato University), Tadao Manabe
{Nagoya City University Medical 8chool), Satoru Matsu-
sue (Tenri Hospital), Morito Monden {Osaka University),
Junichi Matsui (Ohtawara Red Cross Hospital), Hideki
Noda {Nagahama City Hospital}, Masahiko Ozaki (Yoko-
hama Rousai Hospital), Makoto Sasaki (National Naga-
saki Medical Center), Masao Tanaka (Kyushu University),
Hiroshi Yamamoto (Chiba Cancer Center); Internists:
Hiroyuki Maguchi (Teine-Keijinkai Hospital), Masayoshi
Yoshimori (Kawasaki Social Insurance Hospital}; Radiol-
ogists: Mitsuyuki Abe {Hyogo Jon Beamn Medical Center),
Keizo Akuta (Otsu Red Cross Hospital), Takashi Aruga
{(Chiba University), Masaro Fushiki (Nagahama City
Hospital), Masato Hareyama (Sapporo Medical Univer-
sity), Kazushige Hayakawa (Kitasato University), Masahiro
Hiraoka (Kyoto University), Hidenori Hirata (National
Kyushu Cancer Center}, Kyo Itoh (Kyoto University),
Etsuo Kunieda {Keio University), Kenji Nemoto (Tohoku
University), Yoshiaki Okamoto (Tenri Hospital), Natsuo
Opya (Kyoto University}, Takeo Tsukioka (Tochigi Cancer
Center), Iwao Tsukiyama (Tochigi Cancer Center).

REFERENCES

1. Imaizami T, Hanyu F, Harada N, Hatori T, Fukuda A.
Extended radical Whipple .resection for cancer of the
pancreatic head: operative procedure and results. Dig Surg
1998;15:209-507,

2. Nagakawa T, Nagamon M, Futakami F, Tsukioka Y, Kayahara
M, Ohta T, et al. Results of extensive surgery for pancreatic
carcinoma. Cancer 1996;77:640-5.

3. Forter JG, Kim DK, Cubilla A, Turnbull A, Pahnke LD,
Shils ME. Regional pancreatectomy: en bloc pancreatic,
portal vein and lymph node resection. Ann Surg 1977;186:
42-50.

4. Pancreatic Cancer Registration Committee of Japan Pan-
creas Scciety. Report of a nation-wide survey of pancreatic
cancer in 1999 (Japanese). Suizou (J Jap Pancreas Soc)
2001;16:115-47.

8. Yamamoto M, Ohashi O, Saiton Y. Japan Pancreatic Cancer
Registry: current status, Pancreas 1998;16:238-42,




Surgery
Volume 136, Number 5

6.

10.

11.

12.

13.

14.

15.

16.

17,

18.

Niederhuber JE, Brennan MF, Menck HR., The National
Cancer Data Base report on pancreatic cancer. Gancer 1995;
75:1671-7.

. Nitecki 88, Sarr MG, Colby TV, van Heerden JA. Long-term

survival after resection for ductal adenocarcinoma of the
pancreas. Is it really improving? Ann Surg 1995;221:59-66.

. Livingston EH, Welton ML, Reber HA. Surgical treatment

of pancreatic cancer. The United States experience. Int ]
Pancreatol 1991;9:153-7.

. Trede M, Schwall G, Saeger HD. Survival after pancreato-

duodenectomy. 118 consecutive resections without an
operative mortality. Ann Surg 1990;211:447-58.
Cameron JL, Pitt HA, Yeo CJ, Lillemoe KD, Kaufman HS,
Coleman J. One hundred and fortyfive consecutive
pancreaticoduodenectomies without mortality. Ann Surg
1993;217:430-5.

Schafer M, Mullhaupt B, Clavien PA. Evidence-based
pancreatic head resection for pancreatic cancer and
chronic pancreatitis. Ann Surg 2002;236:137-48.

Riess H, Hwun P, Loffel ], Huhn D. Chemotherapy for
patients with adenocarcinoma of the pancreas. Recent
Results Cancer Res 1996;142:415-24.

Fennelly D, Kelsen DP. The role of chemotherapy in the
treatment of adenocarcinoma of the pancreas. Hepatogas-
troenterology 1996;43:356-62,

Kelsen D. The use of chemotherapy in the treatment of
advanced gastric and pancreas cancer. Semin Oncol 1994;
21:58-66.

Moertel CG, Frytak S, Hahn RG, O"Connell M], Reitemeier
R], Rubin], et al. Therapy of locally unresectable pancreatic
carcinoma: a randomized comparison of high dase (6000
rads) radiation alone, moderate dose radiation (4000
rads + 5-fluorouracil), and high dose radiation + 5-Hluor-
ouracil: The Gastrointestinal Tumor Study Group. Cancer
1981;48:1705-10.

Moertel CG, Childs DS Jr, Reitemeier RJ, Colby MY Jr,
Holbrook MA. Combined 5-flnorouracil and supervoltage
radiation therapy of locally unresectable gastrointestinal
cancer. Lancet 1969;2:865-7.

Neoptolemos JP, Dunn JA, Stocken DD, Almond J, Link K,
Beger H, et al. Adjuvant chemoradiotherapy and chemo-
therapy in resectable pancreatic cancer: a randomised
controlled trial. Lancet 2001;358:1576-85,

Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant
combined radiation and chemotherapy following curative
resection, Arch Surg 1985;120:899-003,

19

20,

24,

25,

26.

27.

28,

29.

30.

3L

32,

—149—

Imamura et al 1011

. Japan Pancreas Society. Classification of Pancreatic Carci-
noma (English edition). 1st ed, Tokyo: Kanehara & Co; 1996.
Beard SM, Holmes M, Price G, Majeed AW. Hepatic
resection for colorectal liver metastases: A cost-cffectiveness
analysis. Ann Surg 2000;232:763-76.

. Tan LB, Murphy R. Shifts in mortality curves: saving or

extending lives? Lancet 1999;354:1378-81.

. Wright JC, Weinstein MC. Gains in life expectancy from
medical interventions—standardizing data on outcomes,
N Engl ] Med 1998;339:380-6.

. Karrison TG. Use of Irwin's restricted mean as an index for

comparing survival In different treatment groups-interpre-
tation and power considerations. Control Clin Trials 1997;
18:151-67.

Irwin JO. The standard error of an estimate of expectation
of life, with special reference to expectation of tumourless
life in experimenis with mice, | Hygine 1944;47:188-0,
Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. | Am Stat Assoc 1958;53:457-81.
Kurihara M, Shimizu H, Tsuboi K, Kobayashi K, Murakami
M, Eguchi K, et al. Development of quality of life
questionnaire in Japan: quality of life assessment of cancer
patients receiving chemotherapy. Psychooncology 1999;8:
$55-63.

DiMagno EP, Reber HA, Tempero MA. AGA technical
review on the epidemiology, diagnosis, and treatment of
pancreatic ductal adenocarcinoma. American Gastroenter-
ological Association. Gastroenterology 1999;117:1464-84.
Sener SF, Fremgen A, Menck HR, Winchester DP.
Pancreatic cancer: a report of treatment and survival
trends for 100,513 patients diagnosed from 1985-1995,
using the National Cancer Database. ] Am Coll Surg 1999;
189:1-7.

Gordon TA, Burleyson GF, Tielsch JM, Cameron JL. The
effects of regionalization on cost and outcome for one gen-
eral high-risk surgical procedure. Ann Surg 1995;221:43-9.
Clasgow RE, Mulvihill §]. Hospital volume influences
outcome in patients undergoing pancreatic resection for
cancer. West ] Med 1996;165:294-300.

Gouma DJ, van Geenen RC, van Gulik TM, de Haan RJ, de
Wit LT, Busch OR, et al. Rates of complications and death
after pancreaticoduodenectomy: risk factors and the impact
of hospital volume. Ann Surg 2000;232:786-05.

Yeo CJ, Cameron JL, Lillemoe KD, Sitzmann JV, Hruban
RH, Goodman SN, et al. Pancreaticoduodenectomy for
cancer of the head of the pancreas. 201 patients. Ann Surg
1995;221:721-31.



Acute Pancreatitis in the
Early Stages of
Pregnancy Associated
With a PSTI
Gene Mutation

To the Editor:

Acute pancreatitis can be consid-
ered one of the causes of abdominal pain
during pregnancy. However, the inci-
dence of acute pancreatitis during preg-
nancy is relatively rare since it has been
reported in only 0.03% of pregnant
women.! On the other hand, the pancre-
atic secretory trypsin inhibitor (PSTI)
gene has recently been identified as be-
ing associated with hereditary and idio-
pathic chronic pancreatitis.2 PSTI is a po-
tent protease inhibitor that is thought to
be an inactivation factor of intrapancre-
atic trypsin activity.® Here we report a
case in which a woman with a PSTI gene
mutation was thought to have shown
acute pancreatitis ignited by pregnancy.

A 29-year-old Japanese woman
complained of abdominal pain, nausea,
diarrhea, and fever at 13 weeks + 2 days’
gestation, February 9, 2001. Because of
liver dysfunction and white blood cell
count (WBC) elevation, she was admit-

ted to our obstetrics and gynecology -

ward, These conditions were thought to
be early morning sickness. Treatment
was initiated with rest, and gradually her
liver dysfunction and inflammation were
relieved, But on February 14, she was
suddenly aware of severe ipper abdomi-
nal pain and her laboratory data showed
an increase in serum pancreatic specific
amylase (p-amylase). Therefore, she was
admitted to our ward. Both her father and
elder sister had a history of acute pancre-
atitis, She had no life history of smoking
or drinking, The patient had Moya-moya
disease at the age of 8. Physical examina-
tion revealed severe abdominal tender-
ness. There was neither anemia nor jaun-
dice. The liver and spleen were not pal-
pable. Laboratory studies showed the
following values: WBC count was 9.64 x
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10 /uL. p-Amylase was 185 U/L (normal
range, 10-63) and lipase was 112 U/L
(normal range, 16-51). AST was
30 U/L, and ALT was 39U/L. C-reactive
protein (CRP) was 0.1 mg/dL., which was
within the normal range. Ultrasonogra-
phy showed swelling of the pancreatic
body and tail, and the margin of the pan-
creas was indistinct. Dilatation of the
main pancreatic duct was not observed.
There was no cystic formation. Because
of the pregnancy, computed tornography
was not done. Taken together, the diag-
nosis of acute pancreatitis was made.
She started a low-fat diet and was
treated with enzymes for 2 weeks, but her
response was not favorable. Therefore, at
17 weeks + 1 day’s gestation, strict fast-
ing was initiated, and she was treated
with vigorous intravenous hydration and
gabexate mesylate. Although an elevated
serum amylase value continued, her
symptoms and pancreatic swelling
gradually improved. After 8 days of strict
fasting, she started a low-fat diet once
more and therapy with camostat mesyl-
ate and enzymes, At 2] weeks + 1 day’s
gestation, she was discharged and treated
as an outpatient. The level of serum p-
amylase gradually decreased and pancre-
atic swelling, observed by ultrasonogra-
phy, disappeared at 33 weeks' gestation.
She delivered a healthy female infant via
Cesarean section at 37 weeks + 6 days.

After childbirth, serum amylase eleva- -

tion and pancreatic swelling have not
been detected. Magnetic resonance chol-
angiopancreatography (MRCP) showed
no anomaly of the pancreatic duct such as
pancreatic divisum. Therefore, we sus-
pected that there was a possibility that
acute pancreatitis would be caused by he-
reditary pancreatitis because of her fam-
ily history. We then investigated her and
her family for cationic trypsinogen {CT)
gene mutations that have been reported
and considered causative factors for he-
reditary pancreatitis.? However, muta-
tions in CT genes were not observed.
Therefore, we checked for PSTI gene
mutations (Fig. 1A). An A to G transition
resulting in a substitution of asparagine

A.
34
N34S U male
O female
this case
» § recurrent
. N34S abdominal paic
£272C-T ncute pancreatilis
B.
........._.3.;.. -~ Bxand ¢ o+ < Erand
BRI -GREAKCY%JELNGCTK cae
N34
Acla2tica

FIGURE 1. A, Pedigree of this family. This
patient has a PSTI mutation (N345) (ar-
row). The father has the same mutation,
and the sister showed another PST! poly-
morphism. B, The PSTI gene mutation in
exon 3 of this patient.

by serine at codon 34 in exon3 (N34S) .
(Fig. 1B) was revealed for both the pa-
tient and her father. It was heterozygous
for this mutation. Her sister showed an-
other PSTI polymorphism, +272 C>T in
3'UTR. It was an intronic sequence vari-
ant. Her mother had neither CT not PSTI
gene mutations.

Acute pancreatitis during preg-
nancy is rare, occurring in <! in 3000
pregnant women.' The most common
cause of pancreatitis during pregnancy is
gallstones (68%),' followed in frequency
by trauina, alcohol ingestion, viral infec-
tion, biliary abnormalities, and finally
hyperlipidemia.** However, in this case,
the basic diseases described above con-
sidered to be the causes of acute pancre-
atitis during pregnancy were not ob-
served, Therefore, we determined the
mutation of CT and PSTI because the
pedigree analysis indicated the possibil-
ity of hereditary pancreatitis. As a result,
this patient was found to have PSTI gene
mutation (N343),

Recently, several genes have been
identified as being associated with he-
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reditary and idiopathic chronic pancre-
atitis, ie, cationic trypsinogen (PRSS1),
cystic fibrosis transmembrane conduc-
tance regulator (CFTR) and PSTL*S7
PSTI is synthesized in pancreatic acinar
cells as a 79-amino-acid premature pep-
tide. When PSTI is secreted into pancre-
atic juice as a protease inhibitor having a
56-amino-acid mature peptide, it is
thought that it protects the pancreas from
trypsin activation.’® PSTI mutations de-
crease inhibiting trypsin activity and re-
sult in autodigesting the pancreas. Since
PSTI has the capacity to inhibit about
20% of total potential trypsin activity
within the pancreas,® it is thought that
only PSTI mutations are not potential
disease-causing mutations.

It is known that there are many mu-
tations and polymorphisms in the PSTI
gene, ie, N345, P555 (163C>T in exon
3, MIT(@2T>C in exonl), IVS3+2T>C
and 272C>T.>% Pfiitzer et al® reported
that mutation of N34S was observed in
25% of patients with familia] pancreatitis
and idiopathic chronic pancreatitis. Fur-
thermore, N34S heterozygous mutations
are observed in approximately 1% of the
general population,® whereas the rate of
incidence of idiopathic chronic pancre-
atitis is rare (a prevalence of 0.0066% in
the same population).® Therefore, it is not
considered that only PSTI mutations nec-
essarily cause pancreatitis. It is possible
that PSTI gene mutations effect pancre-
atitis brought on by envirorumental fac-
tors.

In this case, we suggested that
PSTI gene mutation ignited by preg-
nancy could induce pancreatitis.
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Hyperamylasemia and |
Acidemia: Is There
an Association?

To the Editor:

Numerous studies have shown a
high incidence of hyperamylasemia in
patients with diabetic ketoacidosis
{DKA) without clinical or autopsy ex-
amination evidence of pancreatitis.'”
The mechanism of this assoctiation is un-
clear: the largest and most recent report
on the issue revealed correlations be-
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tween amylase and both hyperosmolarity
and acidemia,’ although other studies
have failed to show an association be-
tween amylase and pH.'”?* One study®
also showed a correlation between hy-
peramylasemia and acidemia in patients
without DA orclinical evidence of pan-
creatitis. In this study, 12 of 33 patients
were found to have hyperamylasemia, 5
of whom had values 2 times or more the
upper limit of normal range. Nine of the
12 had only elevated total amylase with
normal pancreatic isoamylase, and only 1
had an elevated lipase. Weaknesses of
the study include the lack of serial amy-
lase values to determine whether hyper-
amylasemia resolved with resolution of
the acidemia, obtaining amylase too long
after pH determination, no characteriza-
tion of the severity of illness, and a con-
trol group that may not have had similar
severity of illness. Moreover, no mecha-
nism for the findings was elicited.
Hence, we carried out a study to (1)
validate or refute the association of hy-
peramylasemia and acidemia not due to
DKA using a superior study design and
(2) to investigate a possible mechanism
of such a finding. We recruited noncon-
secutive adult patients with APACHE I1°
scores (AIL) >5 and arterial pH values of
<7.32 (acidemic group) or All scores >5
and pH in the range of 7.36~7.44 (contro}
group) from a university hospital’s inten-
sive care unit (ICU). The control, high
All group was to detect any effects of se-
vere illness per se (in the absence of aci-
demia) on amylase and lipase, We ex-
cluded patients with the following chat-
acteristics known to result in elevated
amylase levels: diagnosis of pancreatitis
by the primary team, DKA, renal failure
(defined as creatinine clearance <35
mL/min or serum creatinine increase
>0.5 mg/dL in the previous 48 hours),
acidemnia after cardicpulmonary resusci-
tation, perforated viscus, or bowel ische-
mia. All patients had serum analyzed for
amylase, lipase, and osmolarity within 2
hours of their qualifying arterial blood
gas. Patients with acidemnia had repeat se-
rum analysis at least daily unti} the acide-
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Clinical features and management of pancreatic cancer with bone metastases

Haruo IGUCHL Mikihiko YASUDA, Toru MATSUO, Toshihiko SUMII and Akihiro FUNAKOSHI"

"Division of Gastroenterology, National Kyushut Cancer Center

Prognosis of pancreatic cancer is one of the worst among various cancers, however, incidence of bone me-
tastasis has been increased even in pancreatic cancer in recent years. Therefore, we examined clinical fea-
tures of pancreatic cancer presenting bone metastases who were treated in our cancer center, and propose
how to manage these patients.

We experienced 13 patients (7.3%) with pancreatic cancer with bone metastases during 2000-2003. Among
these patients, pancreatic cancer was located at pancreatic body to tail in 10 cases, while it was located at
pancreatic head in 3 cases. Liver metastasis was noted in 7 of 13 cases with bone metastases. Radiographical
imagings of bone lesions revealed osteolytic bone destruction, and serum levels of bone resorption marker, 1
CTP, were elevated in these patients. Stimulation of osteoclastic bone resorption is a critical step for bone
metastasis, thus, serum levels of cytokines (PTHrP, IL-6, VEGF), which exert a promotive effect on bone re-
sorption, were measured. Serum levels of IL-6 and VEGF were elevated in most of these patients, while ele-
vation of serum PTHrP levels was found in 3 of 13 patients with bone metastases. Survival periods of pan-
creatic cancer patients with bone metastases was not long, however, treatment for bone metastases is im-
portant in terms of quality of life (QOL). An earlier diagnosis is essential to prevent deterioration in the QOL
of pancreatic cancer patients presenting bone metastases. Periodical measurement of serum 1CTP in addi-
tion to bone scintigraphy is helpful for the earlier diagnosis for bone metastases.
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Stage [VEIEIZXT T 2 BT ML T &
gemcitabine 12 & % {b22BE DA

BHF BE BRE ¥ H0O FEE MR EEe

B F 1991 £ 6 2002 FiCHEHREERE (CRT) 2FZ L7 HEAEE 5261 (stage
WVa2r @i i A, IVb25§l:BE, ZOEmAEN, (+) 78 :B1EE M (+) 184 : B2
#¥) &t gemcitabine (GEM) TO{b2EH: 22 B (CEE) 28U, BEOBERE 2R
EFMARTIHEBIRET U, CRT it cisplatin & 3 v> i3 5-fluorouracil (5-FU) % RSEH| &
L, #B8REL50.4 Gy BAHE, 5-FU £7:12 GEM 245172, A, B, CED 50% & 17HARS
(median survival time, MST) 3%# ¥4 366 H, 196 H, 256 B C4AEMSTI B, C
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BEHECE R (CRT : chemoradiation) % JE17
LTZDEREEERE L TE 299, S8 CRT
Wb GEMMWMERE e+ 5Ez 603,
£ ZTHE, ETREOEEFSEFHORER
M TR T REFERATH 2 » 2 BET 21
0, HEFESOHRWZBWTIThh T &7z stage [V
DRI 5 BERE E AT,

XI5 L FE

1991 F4» 5 2002 12 Y5z T, CRT #i5%%
T&J: stage IVDIERE 52 41, 8 X ' GEM Tk
ERECHETUCERER 2B L 205205
L7, CRT ik cisplatin 6 mg/m?d% % v a2 5-
fluorouracil (5-FU) 250 mg/m? % #&EH & LT

—159—



18 : 480 B iz

SHARRATEANIC SFFHEL, BIEE50.4Gy (1.8
Gy/[El, 28 &) OEE 21T>7. TO%E 5-FU(
Fliz BRI S-FU» & GEMIEE, 841
GEM) 2 e ftb gk 2T, BRIEL
7 5-FU i3 500 mg/m?*% @ 1 B, GEM % 1,000
mg/m2% 38 1 AOEETHRTHRE L. 4B,
CRT D5% 5813 86.7% (52/60 F) T, HiL¥EH
BEEBERNE N, Staging (BRI
HEE S ERPOSEEAWT, CT, MEEZOM
B X FEHiz{To7. CRTER% A [ IVa 27 f,
BEe:IVhb 2561, 20ESEELTBIRF I N;
(+) T DMOEBEZDORWIVD 7 H, B2 8!
EiEEEEE T 5IVb 18#1k L7z, CRT HEfTa]
DESIRE T 1 2 ER 2R T & 3%,
CRTEZFEEFEDEFEB2EELL
7=, %7, GEM TO®BFEE226((IVD) = CEEL
L. WRoBFEE% Tablel iomw Uiz, &HONY,
ERIEZRTH W, GEM HEIRRERIGEE &
5 stage IVb EFIAEFHL DT, FHRIVEND{H
i b 2 HERBEBI Mo 2 BictkrEr o7z L
FogEOZRERHE CITEFHE * Ka-
plan-Meier ¥4z TR L, log-rank & THK
MErL .

A 5=
9%, A, B, CEEOSI%EEFEHM (median

19%55 (2004)

Tablel Subjects

therapy chemoraciation gemcitabine
stage IVa IVb?* IVh

No. of patients| 27cases | 25cases 22 cases
male 16 cases 16 cases 13 cases
famale 11 cases 9 cases 9 cases

age (years)

(M+SD) 64.74£9.0 |66.6=11.0|.61.1+11.7 -

localization
head 20 cases 15 cases 4 cases
head/body 1 case
hody/tail 7 cases 10 cases 15 cases
whole 1 case
unknown 1 case

* Twenty-five patients with stage IVb disease re-
ceived chemoradiotherapy. They included 7
patients who bad N; lymph node metastasis but
lacked liver metastasis. Six patients classified as
stage [Vb disease because liver metastases ap-
peared soon after chemoradiotherapy.
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