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Curative Surgical Treatment after Preoperative Chemotherapy for
Primarily Inoperable Locally Advanced Pancreatic Carcinoma:
Report of a Case
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Pancreatic cancer is considered resectable only when there are no distant metastases or infiltration of sur-
rounding organs or arteries. We describe a patient with primarily inoperable locally advanced pancreatic
adenocarcinoma who underwent curative surgical treatment after preoperative chemotherapy. A 61-year-
old woman was admitted for further evaluation of a pancreatic head mass discovered fortuitously on a
health screening. Examination revealed locally advanced pancreatic cancer with infiltration of the superior
mesenteric artery. After a partial response was obtained by chemotherapy with gemcitabine (GEM) and S-1,
we performed pancreaticoduodenectomy. Microscopically, the main tumor was replaced with fibrotic tis-
sue, and there were only a few residual adenocarcinoma cells in the pancreatic head. The radicality of the
surgery was R0, according to the TNM classification. Our results suggest that neoadjuvant treatment with
GEM/S-1 on a sustainable regimen offers the possibility of a multimodal treatment concept for all patients
and a higher radical-resection rate in patients with otherwise unresectable pancreatic cancers.
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INTRODUCTION

In Japan, pancreatic adenocarcinoma is the fourth
most common malignancy of the digestive system and
has the fifth highest mortality cancer among cancers
[1]. The disease is rarely cured [2], and surgical resec-
tion is the only treatment modality that has curative
potential, although most patients present with locally
advanced pancreatic cancer at primary diagnosis. To
reduce the high rate of recurrence and metastasis after
potentially curative resection, several neoadjuvant and
adjuvant strategies for pancreatic cancer have been
developed. Recently, many new preoperative radioche-
motherapy regimens have been developed in Europe
and the United States, and it is hoped that these will
improve long-term survival and resectability rates in
patients with locally advanced pancreatic cancer [3-13].
However, the use of neoadjuvant chemotherapy alone
rarely permits radical resection of inoperable locally
advanced pancreatic cancer. There has been only one
case of advanced pancreatic cancer successfully treated
by chemotherapy alone followed by curative resection
[14]. The purpose of chemotherapy before surgery for
pancreatic cancer is to downstage otherwise unresect-
able tumors, thereby enabling surgical resection.

Our criteria for respectability, using computed
tomography (CT) and magnetic resonance imaging
(MRI) findings, are the absence of extrapancreatic dis-
ease and tumor encasement of the superior mesenteric
artery (SMA) or celiac axis. The presence of tumor
encasement of the superior mesenteric portal vein

(SMPV) confluence is not a contraindication. Here,
we describe a patient with primarily inoperable locally
advanced pancreatic adenocarcinoma who underwent
curative surgical treatment after preoperative chemo-
therapy.

CASE REPORT

A 61-year-old woman was admitted for further
evaluation and surgical treatment of a mass at the
head of her pancreas. The lesion was discovered
fortuitously on a health screening, before which there
had been no signs or symptoms of illness. Upon
physical examination at admission blood pressure was
128/64 mm Hg, pulse rate was 72 beats/min, and
body temperature was 36.7 °C. There was no sign
of cervical lymphadenopathy; however, gallbladder
swelling without tenderness was palpable in the right
hypochondrium. There were no significant findings
on a rectal examination. Her past medical history was
unremarkable except for a complete hysterectomy for
dysplasia of the uterine cervix. Family history included
colon cancer in her father and inoperable pancreatic
cancer in her mother. Laboratory findings were as fol-
lows: WBC count, 4900/mm?; hemoglobin (Hb), 13.1
g/dl; platelets (Plt), 20.4 x 10*/pl; total bilirubin, 0.7
mg/dl; alkaline phosphatase, 370 U/1; aspartate ami-
notransferase (AST), 24 U/l; alanine aminotransferase
(ALT), 25 U/]; and serum amylase 20 U/1. The serum
levels of carbohydrate antigen 19-9 and carcino-
embryonic antigen were 97.5 U/ml and 4.9 ng/ml,
respectively in tumor maker analysis. Ultrasonography
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(US) revealed a hypoechoic, solid mass 30 x 23 x 29
mm in diameter, with an irregularly shaped, unclear
border. The mass was adjacent to the superior mes-
enteric vein (SMV), along which it spanned 11 mm;
the distance between the tumor and the superior
mesenteric artery (SMA) was only 2 mm. The com-
mon bile duct and the main pancreatic duct on the
distal side of the mass were dilatated 11 mm and 5
mm, respectively. Additional evaluation revealed a 30
x 256 mm hypovascular mass at the uncinate process of
the pancreas on an abdominal computed tomography
(CT) scan (Fig. 1a). The fatty tissue around the mass
was disordered and the mass was slightly enhanced
in late-phase dynamic CT. There was no evidence of
lymph node metastasis, peritoneal dissemination, or
distant organ metastasis. Magnetic resonance imaging
(MRI) also showed dilatation of the bile duct and the
main pancreatic duct. In addition, on MRI the mass

Fig. la,b Computed tomography scans show changes in
the tumor during chemotherapy. a Abdominal
computed tomography scan shows a low-
density mass measuring 30 x 25 mm at the
pancreatic head (white arrow), adjacent to the
superior mesenteric vein. b After 11 cycles of
chemotherapy with gemcitabine and S-1, the
pancreatic tumor had shrunk to 11 x 13 mm
in size (white arrow).

Fig. 2 Magnetic resonance imaging shows the pancreatic
mass in the uncinate process infiltrating not only
the SMV, but the SMA (white arrow).

appeared to infiltrate not only the SMV, but the SMA
as well (at least dissected peripancreatic nerve plexus
margin around the SMA) (Fig. 2). Our tentative diag-
nosis was locally advanced pancreatic adenocarcinoma
greater than 2.0 cm in size, with infiltration of the
common bile duct, SMV, SMA, and retroperitoneal
tissue, i.e., TANOMO clinical stage III on the TNM clas-
sification of the International Union Against Cancer
(UICC). Because surgical treatment was not indicated
under our criteria for resectability, we recommended
systemic, neoadjuvant chemotherapy. She was treated
with combined chemotherapy comprising gemcitabine
(GEM) and the oral fluoropyrimidine anticancer drug
S-1 (1 M tegafur-0.4 M gimestat-1 M otastat potassium).
The patient was administered biweekly cycles of GEM
800 mg/m? intravenously and S-1 orally twice daily
after meals, at a dose of 60 mg/m?/day with a 5-day
administration/2-day off cycle, i.e., a weekday-on and
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weekend-off schedule [15]. One course consisted of
one administration of GEM, with S-1 administration
for 10 days and 4 days’ rest. No toxic events due to
therapy were observed. Tumor maker CA19-9 -201.0
U/ml at the first chemotherapy- normalized, and the
size of the pancreatic head tumor decreased to 16 x
14 x 15 mm on follow-up US and CT after 4 courses.
Chemotherapy was given on an outpatient basis, and
the patient maintained good quality of life. She un-
derwent 11 courses and the total dose of administered
GEM was 1.1 grams. Finally, tumor size decreased to
13 x 11 x 13 mm on US. CT and MRI revealed no
tumor encasement of the SMA and no extrapancreatic
disease (Fig. 1b). Our evaluation indicated that a par-
tial response had been obtained. After a downstaging
to TINOMO clinical stage IA that resulted from preop-
erative chemotherapy, we performed pancreaticoduode-
nectomy with wedge resection of the SMV, which was
suspected had been invaded by the tumor. Histological
examination of the excised specimen confirmed a few
residual adenocarcinoma cells in the branched pancre-
atic duct (Fig. 3a). The specimen also showed fibrotic
change and fat replacement of the main tumor, with
moderate atrophy of the pancreas. The perineural
area contained no tumor cells, but mucous retention
indicated that they had been present (Fig. 3b). No
invasion of the common hepatic duct, duodenal wall,
or other organs was evident histopathologically. No
lymph node metastases were detected in the resected
specimen or intraoperatively, and there was no vessel

Microscopic findings of the specimen. a There
are a few residual adenocarcinoma cells in the
branched pancreatic duct. b The perineural
area is free of tumor cells, but mucous reten-
tion suggests that they had been present (white
arrows); fibrotic change in the stroma is also
evident.

or neural invasion. Therefore, the tumor was classified
as TisNOMO pathological stage 0 which was usually
expected almost 100% in five-years survival rates in
pancreatic cancer. The patient had an uneventful
recovery and was discharged on postoperative day 18.
The patient was not given adjuvant chemotherapy be-
cause of the satisfactory pathological findings. During
the 12 months of follow-up since then, there has been
no evidence of local recurrence, or distant metastasis
or peritoneal dissemination.

DISCUSSION

Pancreatic cancer remains a major unsolved health
problem, because conventional cancer treatments hav-
ing little impact on disease course. Nearly all patients
with pancreatic cancer develop metastases and die [2].
This disease is considered resectable when there are
no distant metastases or infiltration of surrounding
organs or arteries. Adjuvant chemotherapy improves
survival, but not all patients can receive this treat-
ment because of complications related to surgery.
Preoperative (neoadjuvant) treatment offers several
theoretical advantages over adjuvant treatment; it is a
multimodal treatment concept for all patients, it has a
potentially higher RO resection rate, and it can be used
to treat micrometastases before surgery [2, 11, 16, 17].

Before GEM was used clinically, pancreatic adeno-
carcinoma was notoriously resistant to chemotherapy.
The best available strategy for unresectable disease
includes combination therapy with chemotherapy and
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radiotherapy. In an attempt to improve patient out-
come after chemoradiotherapy, various clinical trials of
treatments for pancreatic cancer have been conducted
in Japan. These trials were designed to evaluate novel
chemotherapy regimens combined with conventional
radiotherapy, or intensive radiotherapy in combination
with chemotherapy.

GEM is a nucleoside analog with structural simi-
larities to cytarabine. Its cytotoxic effect results from
the incorporation of its triphosphate metabolite into
growing strands of DNA, which leads to inhibition of
DNA synthesis [18]. Two initial phase II studies found
that GEM induced modest activity in pancreatic cancer
[19, 20]. In a randomized trial in which 126 patients
with metastatic pancreatic cancer were randomized
to receive either GEM or 5-fluorouracil (5-FU) [21]
treatment with GEM resulted in better survival out-
come than 5-FU in patients with advanced disease.
Based on the results of this trial, the current standard
chemotherapy for patients with pancreatic cancer is
a regimen containing GEM [22, 23], which has been
investigated as a chemotherapeutic agent and/or
radiosensitizer for the treatment of locally advanced
pancreatic cancer in a number of trials.

S-1 is a novel oral anticancer drug that is also being
intensively evaluated in Japan for the treatment of
locally advanced pancreatic cancer. It is composed of
tegafur (FT), gimestat (CDHP), and otastat potassium
(Oxo0) at a molar ratio of 1: 0.4: 1, which is based on
the biochemical modulation of 5-FU. CDHP inhibits
dihydropyrimidine dehydrogenase (DPD), an enzyme
that degrades 5-FU, thereby maintaining prolonged
5-FU concentrations in blood and tumors. Oxo is dis-
tributed throughout the gastrointestinal tract at a high
concentration after oral administration and alleviates
gastrointestinal toxicity due to 5-FU. S-1 improves the
tumor-selective toxicity of 5-FU by the actions of two
modulators, CDHP and Oxo [24]. S-1 can be added to
GEM to increase the efficacy of chemotherapy and to
improve convenience for patients [25-30]. Combination
chemotherapy with S-1 plus GEM appears to be ef-
fective and well tolerated as a first-line treatment in
patients with advanced/metastatic pancreatic cancer
[25]. Furthermore, it improves quality of life and the
nutritional status of affected patients, and result in
favorable overall and disease-free survival. Our chemo-
therapy regimen for patients with primarily inoperable
pancreatic cancer is combination chemotherapy with
GEM and repeated oral administration of S-1 on a
sustainable schedule, as described above.

Recent reports indicated that neoadjuvant chemora-
diotherapy in patients with potentially resectable pan-
creatic cancer enabled surgical treatment in patients
who were previously ineligible for such treatment and
resulted in longer survival with acceptable treatment
toxicity [31-35]. However, there are few reports of pre-
operative chemotherapy without radiotherapy for po-
tentially unresectable locally advanced pancreatic can-
cer [14, 36, 37]. To our knowledge, this is the second
English-language report of curative surgical treatment
of inoperable pancreatic cancer after neoadjuvant che-
motherapy alone. The number of cases responding suc-
cessfully to neoadjuvant chemotherapy has increased
recently, giving new hope for patients [14, 36, 38-40].

In the present case, histopathological examination reli-
ably confirmed the effects of chemotherapy. Additional
data collection and clinicopathological analysis of
patients with pancreatic cancer who respond favorably
to chemotherapy would provide invaluable information
and increase hope for a curative treatment [13, 41,
42]. Pancreatic cancer remains a challenging problem.
However, improvements in chemotherapy can be
expected to result in greater benefits for patients with
this disease who undergo surgical treatment.

REFERENCES

1) Foundation for Promotion of Cancer Research. “Cancer
Statistics in Japan” Editorial Board. CANCER STATISTICS IN
JAPAN-2008.

2) LiD, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer. Lancet
2004; 363: 1049-57.

3) Golcher H, Brunner T, Grabenbauer G, Merkel S, Papadopoulos
T, Hohenberger W, et al. Preoperative chemoradiation in adeno-
carcinoma of the pancreas. A single centre experience advocating
a new treatment strategy. Eur | Surg Oncol 2008; 34: 756-64.

4) Chandler NM, Canete J]J, Stuart KE, Callery MP. Preoperative
chemoradiation in resectable pancreatic cancer. ] Hepatobiliary
Pancreat Surg 2003; 10: 61-6.

5) Chae YS, Choi JS, Kim KS, Seong ]S, Lee W], Kim BR.
Preoperative chemoradiation and pancreaticoduodenectomy with
portal vein resection for localized advanced pancreatic cancer.
Yonsei Med ] 2003; 44: 551-6.

6) Magnin V, Moutardier V, Giovannini MH, Lelong B, Giovannini
M, Viret F, et al. Neoadjuvant preoperative chemoradiation in
patients with pancreatic cancer. Int J Radiat Oncol Biol Phys
2003; 55: 1300-4.

7) Kim H]J, Czischke K, Brennan MF, Conlon KC. Does neoad-
juvant chemoradiation downstage locally advanced pancreatic
cancer? J Gastrointest Surg 2002; 6: 763-9.

8) Moutardier V, Giovannini M, Lelong B, Monges G, Bardou V],
Magnin V, et al. A phase II single institutional experience with
preoperative radiochemotherapy in pancreatic adenocarcinoma.
Eur J Surg Oncol 2002; 28: 531-9.

9) Arnoletti JP, Hoffman JP, Ross EA, Kagan SA, Meropol NJ,
Freedman G, et al. Preoperative chemoradiation in the manage-
ment of adenocarcinoma of the body of the pancreas. Am Surg
2002; 68: 330-5.

10. Mehta VK, Fisher G, Ford JA, Poen JC, Vierra MA, Oberhelman
H, et al. Preoperative chemoradiation for marginally resectable
adenocarcinoma of the pancreas. ] Gastrointest Surg 2001; 5:
27-35.

11) Pendurthi TK, Hoffman JP, Ross E, Johnson DE, Eisenberg BL.
Preoperative versus postoperative chemoradiation for patients
with resected pancreatic adenocarcinoma. Am Surg 1998; 64:
686-92.

12) Brown KM, Siripurapu V, Davidson M, Cohen SJ, Konski A,
Watson JC, et al. Chemoradiation followed by chemotherapy
before resection for borderline pancreatic adenocarcinoma. Am
J Surg 2008; 195: 318-21.

13) White RR, Xie HB, Gottfried MR, Czito BG, Hurwitz HI, Morse
MA, et al. Significance of histological response to preoperative
chemoradiotherapy for pancreatic cancer. Ann Surg Oncol 2005;
12: 214-21.

14) Matsuda T, Taniguchi F, Minato H, Nomura H, Tsuda T, Aikawa
I. Successful resection of advanced pancreatic tail cancer after
neoadjuvant gemcitabine chemotherapy: report of a case. Surg
Today 2006; 36: 754-7.

15) UFT Compliance Study Group, Kanagawa, Japan. Sadahiro
S, Ohki S, Yamaguchi S, Takahashi T, Otani Y, Tsukikawa S,
et al. Feasibility of a novel weekday-on/weekend-off oral UFT
schedule as postoperative adjuvant chemotherapy for colorectal
cancer. Cancer Chemother Pharmacol 2000; 46: 180-4.

16) Ohigashi H, Ishikawa O, Eguchi H, Sasaki Y, Yamada T,
Noura S, et al. Feasibility and efficacy of combination therapy
with preoperative and postoperative chemoradiation, extended
pancreatectomy, and postoperative liver perfusion chemotherapy



K. OKADA et al. /Neoadjuvant Chemotherapy for Pancreatic Cancer

for locally advanced cancers of the pancreatic head. Ann Surg

Oncol 2005; 12: 629-36.

Ishikawa O, Ohigashi H, Sasaki Y, Masao K, Kabuto T,

Furukawa H, et al. Adjuvant therapies in extended pan-

createctomy for ductal adenocarcinoma of the pancreas.

Hepatogastroenterology 1998; 45: 644-50.

Plunkett W, Huang P, Searcy CE, Gandhi V. Gemcitabine: pre-

clinical pharmacology and mechanisms of action. Semin Oncol

1996; 23: 3-15.

Casper ES, Green MR, Kelsen DP, Heelan RT, Brown TD,

Flombaum CD, et al. Phase II trial of gemcitabine (2,2’-difluoro-

deoxycytidine) in patients with adenocarcinoma of the pancreas.

Invest New Drugs 1994; 12: 29-34.

20) Carmichael J, Fink U, Russell RC, Spittle MF, Harris AL, Spiessi
G, et al. Phase II study of gemcitabine in patients with advanced
pancreatic cancer. Br J Cancer 1996; 73: 101-5.

21) Burris HA 3rd, Moore M], Andersen ], Green MR, Rothenberg
ML, Modiano MR, et al. Improvements in survival and clinical
benefit with gemcitabine as first-line therapy for patients with
advanced pancreas cancer: a randomized trial. ] Clin Oncol
1997; 15: 2403-13.

22) Okusaka T, Ito Y, Furuse J, Yamada S, Ishii H, Shibuya K, et
al. Current status of chemoradiotherapy for locally advanced
pancreatic cancer in Japan. Int J Clin Oncol 2008; 13: 127-31.

23) Heinrich S, Pestalozzi BC, Schafer M, Weber A, Bauerfeind P,

Knuth A, et al. Prospective phase II trial of neoadjuvant chemo-

therapy with gemcitabine and cisplatin for resectable adenocarci-

noma of the pancreatic head. J Clin Oncol 2008; 26: 2526-31.

Sakata Y, Ohtsu A, Horikoshi N, Sugimachi K, Mitachi Y,

Taguchi T. Late phase II study of novel oral fluoropyrimidine

anticancer drug S-1 (1 M tegafur-0.4 M gimestat-1 M otastat po-

tassium) in advanced gastric cancer patients. Eur ] Cancer 1998;

34: 1715-20.

25) Kim MK, Lee KH, Jang BI, Kim TN, Eun JR, Bae SH, et al.
S-1 and gemcitabine as an outpatient-based regimen in patients
with advanced or metastatic pancreatic cancer. Jpn J Clin Oncol
2009; 39: 49-53.

26) Ina S, Tani M, Kawai M, Hirono S, Miyazawa M, Nishioka R, et
al. Phase 2 trial of oral S-1 combined with low-dose cisplatin for
unresectable advanced pancreatic cancer. Anticancer Res 2008;
28: 2373-17.

27) Nakahira S, Nakamori S, Tsujie M, Takeda S, Sugimoto K,
Takahashi Y, et al. Pretreatment with S-1, an oral derivative of

17

—

18

=

19

=

24

=

5-fluorouracil, enhances gemcitabine effects in pancreatic cancer
xenografts. Anticancer Res 2008; 28: 179-86.
28) Murakami Y, Uemura K, Sudo T, Hayashidani Y, Hashimoto Y,
Nakagawa N, et al. Adjuvant gemcitabine plus S-1 chemotherapy
after surgical resection for pancreatic adenocarcinoma. Am J
Surg 2008; 195: 757-62.
Yamauchi |, Kanai M, Matsumoto S, Nishimura T, Yazumi S,
Kami K, et al. Clinical outcome of gemcitabine/S-1 combination
therapy for advanced pancreatic cancer. Pancreas 2008; 36:
327-8.
Maeda A, Boku N, Fukutomi A, Kondo S, Kinoshita T, Nagino
M, et al. Randomized phase III trial of adjuvant chemotherapy
with gemcitabine versus S-1 in patients with resected pancreatic

29

=

Qo
=]
=

cancer: Japan Adjuvant Study Group of Pancreatic Cancer

(JASPAC-01). Jpn J Clin Oncol 2008; 38: 227-9.

Evans DB, Varadhachary GR, Crane CH, Sun CC, Lee JE,

Pisters PW, et al. Preoperative gemcitabine-based chemoradiation

for patients with resectable adenocarcinoma of the pancreatic

head. J Clin Oncol 2008; 26: 3496-502.

32) Varadhachary GR, Wolff RA, Crane CH, Sun CC, Lee JE,

Pisters PW, et al. Preoperative gemcitabine and cisplatin followed

by gemcitabine-based chemoradiation for resectable adenocarci-

noma of the pancreatic head. J Clin Oncol 2008; 26: 3487-95.

Takai S, Satoi S, Yanagimoto H, Toyokawa H, Takahashi K,

Terakawa N, ef al. Neoadjuvant chemoradiation in patients with

potentially resectable pancreatic cancer. Pancreas 2008; 36:

€26-32.

Allendorf ]JD, Lauerman M, Bill A, DiGiorgi M, Goetz N,

Vakiani E, et al. Neoadjuvant chemotherapy and radiation for

patients with locally unresectable pancreatic adenocarcinoma:

feasibility, efficacy, and survival. | Gastrointest Surg 2008; 12:

91-100.

Vento P, Mustonen H, Joensuu T, Karkkdinen P, Kivilaakso

E, Kiviluoto T. Impact of preoperative chemoradiotherapy on

survival in patients with resectable pancreatic cancer. World ]

Gastroenterol 2007; 13: 2945-51.

36) Shinchi H, Takao S, Maemura K, Noma H, Mataki Y, Kitazono
M, et al. A resected case of effective treatment with gemcitabine
for advanced pancreatic cancer with peritoneal metastasis (in
Japanese with English abstract). Gan To Kagaku Ryoho (Jpn ]
Cancer Chemother) 2007; 34: 773-6.

37) Aristu J, Candn R, Pardo F, Martinez-Monge R, Martin-Algarra
S, Manuel Ordonez ], et al. Surgical resection after preoperative
chemoradiotherapy benefits selected patients with unresectable
pancreatic cancer. Am J Clin Oncol 2003; 26: 30-6.

38) Shinchi H, Takao S, Maemura K, Noma H, Kitazono M, Ueno

S, et al. A case of gemcitabine-based chemo-radiation therapy

for locally advanced unresectable pancreatic cancer (in Japanese

with English abstract). Gan To Kagaku Ryoho (Jpn ] Cancer

Chemother) 2006; 33: 1653-6.

Kawasaki H, Kukita K, Mizushima Y, Hirata K. A case of

advanced pancreatic cancer successfully treated by combined

chemotherapy of S-1 and gemcitabine (in Japanese with English
abstract). Gan To Kagaku Ryoho (Jpn ] Cancer Chemother)

2008; 35: 1239-42.

Fujimoto C, Maruyama Y, Niina Y, Fujimori N, Sumii T,

Funakoshi A. A case of advanced pancreatic cancer responding

to combination chemotherapy with the individual maximum

repeatable dose of gemcitabine and oral S-1 (in Japanese
with English abstract). Gan To Kagaku Ryoho (Jpn ] Cancer

Chemother) 2008; 35: 1013-6.

Wilkowski R, Thoma M, Schauer R, Wagner A, Heinemann V.

Effect of chemoradiotherapy with gemcitabine and cisplatin on

locoregional control in patients with primary inoperable pancre-

atic cancer. World ] Surg 2004; 28: 1011-8.

Sasson AR, Wetherington RW, Hoffman JP, Ross EA, Cooper H,

Meropol NJ, et al. Neoadjuvant chemoradiotherapy for adenocar-

cinoma of the pancreas: analysis of histopathology and outcome.

Int J Gastrointest Cancer 2003; 34: 121-8.

31

=

33

=

0o
S
Nt

35

=

39

=

40

=

41

=

42

-



