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Figure 1. Kaplan-Meier curves for survival periods after recurrence in the
S-1 group (solid line) and the GEM/BSC group (dotted lin€).
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Figure 2. Kaplan-Meier curves for overall survival periods ia the S-1 group
(solid line) and the GEM/BSC group (dotted line).
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Figure 3. Kaplan-Meier curves for progression-free-survival period in the
S-1 group. m, months.
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Table II. Drug-related adverse effects.
S1 group (n=26)
G112 (%) G3/4 (%)
Hematological toxicity
Leukopenia 4(154) 1(3.8)
Neutropenia 3(115) 1(38)
Anemia 1(04) 0(0.0
Thrombopenia 0(0.0) 0(0.0)
Non-hematological toxicity
Appetite loss 2007 2(7.7)
Diarrhea 0(0.0) 0(00)
Nausea 1(3.8) 0(0.0)
Vomiting 3(115) 0(0.0)
Fatigue 3(115) 1(38)

Table Ill. Efficacy of S-1 in terms of recurrence pattern.

S-1 GEM/BSC  p-value
MST MST (log-rank)
(months) (months)
Liver metastasis 105 116 0.796
Peritoneal dissemination 135 8.7 0.152
Local recurrence 269 178 0.046

" MST, median survival time.

Discussion

In this retrospective study, we inv&stigato?d the efficacy and
feasibility of S-1 as second-line chemotherapy after adjuvant
chemotherapy with GEM for patients with pancreatic cancer.
Our results show that the administration of S-1 as a second-
line chemotherapy was capable of prolonging not only the
survival period after relapse (median 11.4 vs. 6.2 months), but
also the overall survival period (median 20.9 vs. 13.7 months).
Second-line chemotherapy with S-1 combined with adjuvant
chemotherapy using GEM may therefore be an efficient and
beneficial strategy for pancreatic cancer patients.
Neoptolemos et al previously demonstrated that adjuvant
chemotherapy was potentially beneficial for patients with
pancreatic cancer, whereas adjuvant chemoradiotherapy had a
deleterious effect on survival (6). Tani et al have reported that -
adjuvant chemotherapy was an independent factor affecting
long-term survival in patients with locally advanced pancre-
atic cancer who had undergone surgery (10). Oettle et al have
shown that adjuvant chemotherapy with GEM for pancreatic
cancer patients was significantly effective for prolonging
disease-free survival (7), and their subsequent study revealed
that it was also capable of prolonging OAS (9). In their
study, Ueno et al have shown that GEM prolonged disease-
free survival in patients who had undergone macroscopically
curative resection of pancreatic cancer (8). Since these reports
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were published, adjuvant chemotherapy with GEM has been
the standard treatment in Japan for patients following resection
of pancreatic cancer. However, few reports have described the
optimal regimens for patients who suffer relapse after adju-
vant chemotherapy. In the present study, we retrospectively
evaluated the efficacy and safety of S-1, an oral fluoropy-
rimidine derivative, as second-line chemotherapy for patients
suffering disease relapse after adjuvant chemotherapy with
GEM. ‘

S-1 is an oral anticancer drug consisting of tegafur, a
prodrug of 5-FU, and two biochemical modulators, 5-chloro-
2 4-dihydroxypyridine and potassium oxonate (11). S-1
has been shown clinically to exert potent antitumor activity
against various solid tumors (12-15). Okusaka et al have
reported that S-1 is a promising agent for advanced pancre-
atic cancer, with a response rate of 37.5% and an MST of 9.2
months (16) In our present study, the MST after recurrence
was prolonged for up to 11.4 months by S-1 administration.
The median progression-free survival time after administra-
tion of S-1 was estimated to be 5.4 months. Results show
that second-line chemotherapy with S-1 was capable of
maintaining progression-free survival for approximately
6 months, but also extended survival for an additional 6
months. This may have been due to the fact that the toxicity
of S-1 was sufficiently mild to allow the introduction of
third-line chemotherapy.

In general, S-1 should be administered orally for 28
conse-cutive days, followed by a 14-day rest. However, the
incidence of adverse reactions tended to be high (83.2%), and
20.3% of all adverse reactions were reported to be of grade
3 or more severe (12,16). Therefore, certain previous reports
have proposed that S-1 should be administered for 2 weeks,
followed by a 1-week rest, rather than for 4 weeks followed
by a 2-week rest. Tsukuda et al have reported that, in patients
with advanced head and neck cancer, a 2-week administration
of S-1 followed by a 1-week rest was safer and more tolerable
than 4-week administration followed by a 2-week rest (18).
With regard to the administration of S-1 for advanced or recur-
rent gastric cancer, Kimura et a! have reported that the rate of

adverse reactions was 77% in the 2-week regimen, compared

with 93% for the 4-week regimen. They also reported that the
total 6-month compliance for S-1 was much more favorable
for the 2-week regimen than for the 4-week regimen. These
authors concluded that the 2-week regimen may mitigate
adverse reactions and prolong the medication period (19). In
the present study, S-1 was administered orally for 14 consecu-
tive days, followed by a 7-day rest (2-week regimen). Neither
hematological nor non-hematological adverse events were

frequent. Severe adverse effects (grade 3/4) were almost not

evident, and the medication time was therefore prolonged. This
may have contributed to prolonging not only progression-free
but also overall survival.

S-1 administration was not capable of prolonging the OAS
of patients who had suffered relapse in the form of either
peritoneal dissemination or liver or lung metastasis, and
was effective only for local recurrence. S-1 administration
allowed patients who had suffered local recurrence to survive
longer than those who continued with GEM, or received best
supportive care. In a phase II study report, Okusaka et al
stated that S-1 administration was effective against metastatic
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pancreatic cancer. In their study, although 90% of patients
had liver metastasis, a relatively long MST (9.3 months) was
observed (16). In the present study, as only a small number of
patients developed relapse in the form of liver metastasis, the
effectiveness of S-1 may not have reached a significant level.

In conclusion, following not only major surgical treat-
ment, but also cancer relapse, patients experience a relatively
severe condition. S-1, an oral anticancer drug, is capable of
maintaining a reasonable quality of life under such condi-
tions (20). Since this study revealed a promising anticancer
effect of S-1 and a significantly long survival time, S-1 isa
potentially beneficial drug for second-line chemotherapy
following adjuvant chemotherapy with GEM in patients with
pancreatic cancer.
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Summary

Background: Colorectal cancer most commionly metasta-
sizes to the liver. However, in patiants with liver metasta-
ses precluding radical resection, we still have no other
choice but to depend almost completely on anticancer
chemotherapy. We report the results of hepatic arterial
infusion chemotherapy (HAIC) in patients with multiple
unresectable metastasas throughout the liver and likely
to develop liver fallure In the near future. Patlents and
Methods: A total of 284 advanced cclorsctal cancer pa-
tients were treated. Of these patients, 40 and 24 had syn-
chronous and metachronous liver metastases, respec-
tively. Of these liver metastasis patients, 27 had unre-
sectable metastases. 14 of the patients with unresectable
liver metastases (likely to develop liver failure in the near
future) but without extrahepatic lesions underwent HAIC.
The chemotherapy regimen consisted of b-fluorouracil
600 mg/m? and teucovorin 250 mg/m? Results: HAIC re-
sulted in a complete response, partial response, stable
disease, and progressive disease in 2, 7, 3, and 2 pa-
tients, respectively. The 1- and 2-year survival rates were
79 and 50%, respectively. Coneclusion: Colorecial cancer
patients with unresectable liver metastases without ex-
trahepatic lesions and likely to develop liver failure in the
near future showed relatively good results with no seri-
ous side effects. We suggest that HAIC is an sffective
treatment in selected patients.

ietastases

Kanji Katayama Akio Yamaguchi

Schiiissehwdrter
Nicht resekiable L
Hepatisch intraarterisl]

sbermetastasen - Kolorektales Karzinom -
g Chemotherapie, HIC

Zusammeaniassung

Hintergrund: Kolorekizle Karzinome metastasieren am
haufigsten in dis Leber. Bei Patisnten mit Lebermetas-
tasen, die eine Radikalresektion ausschlieBen, ist jedoch
die Chemotherapie nach wie vor die einzige Therapie-
option. Wir berichten hiermit von den Ergebnissen, die
mit der hepatisch intraarteriellen Chemotherapie (HIC)
bei Patientan mit multiplen, nicht resekiablen Metasta-
sen in der gesamten Leber und bevorsiehendem Leber-
versagen erzielt wurden. Patienten und Methoden: Ins-
gesamt wurden 284 Patienten mit fcr‘gesshrsftenem ko- .
lorektalem Karzinom behandelt. Bei 40 Patienten best an-
den synchrone und bei 24 Patienten metachrsaé’
Lebermetastasen, die in 27 Fa len nicht resekiabel waren.

14 Patienten mit nicht rektablen Lebermetastasen (und

bevorstehendem Leberversagen), aber ohne extrahepati-

sche Lasionen erhielten HIC. Das chemotherapeutische

Regime bestand aus 5-Fluarouracil 600 mg/m? Und Leu-
covorin 250 mg/m® Ergebnisse: HIC flihrte 2u komplet-

tem Ansprechen, partisllem Ansprechen, Kfafzk‘zeitssta—

bilisierung bazw. Kranksheitsfortschreiten bei 2, 7.3 bzw,
2 Patienten. Das 1- bzw. 2-Jahres-Uberl eben waren 79
bzw. 50%. Schiussfolgerung: Patienten mit sinem
rektalen Karzinom und nicht resektablen Lebesmsta
sen, bei denen keine extrahepatischen i.és%one,ﬂ:béstef ~
hen und baldiges Laberversagen zu amfarteﬂ”?st" zeigten

ein relativ gutes Ansprachen ohne ernsthafte Nebenwir-
kungen. Wir sind der Ansicht, dass HIC eine effeldive
Behandlung bei selektierten Patienten ist.
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infroduction

The most commonly involved organ for metastasis and recur-
rence in colorectal cancer is the liver, which affects the prog-
nosis {1-4]. Surgical removal has the best outcome of all treat-
ments for resectabie liver metastases, and chemotherapy is the
first-choice therapy for unresectable cases [5-10]. The main
adminisiration routes of chemotherapy are systemic adminis-
tration and hepatic arterial infusion chemotherapy (HAIC).
The advantages of HAIC are: i) the concentration of the drug
that reaches the tumor is higher; i1} a reduced drug concentra-
tion in systemic organs due to drug metabolism in the liver de-
creases adverse drug reactions, and the maximum dosage can
be increased [11-13]. Therefore, it is suggested that the effi-
cacy of HAIC is higher in patients with only liver metastases.
We administered HAIC to patients with unresectable liver
metastases and no extrahepatic lesions, in whom hepatic fail-
ure was likely to occur due to extensive metastases.

Patients and Methods

A total of 284 advanced colorectal cancer patients were treated at the
University of Fukui Hospital (Japan) between 2001 and 2005. Of these, 40
and 24 had synchronous and metachronous liver metastases, respectively.
Of these liver metastasis patients, 27 had unresectable metastases (syn-
chroncus in 20 and metachronous in 7). 14 of the patients with unresecta-
ble Hver metastases (constituting a prognostic facter) but without extra-
hepatic lesions underwent HAIC. In these patients, liver metastases had
spread to both hepatic lobes and occupied at least 40% of the liver, as
evaluated by computed tomography (CT) scan, and iiver failure was
likely to occur in the near future. All patients were evaluated for perfor-
mance status (PS) according to the Eastern Cooperative Cncology Group
scale. All patients had a PS of 0. This study was retrospectively analyzed.
A hepatic arterial infusion catheter with a side port was inserted
through the right femoral artery using the Seldinger technigue, and the
catheter tip was placed in the gastroduodenal artery to allow drug fow
" from the side port into the hepatic artery. The gastroduodenal artery was
coiled to prevent drug inflow, and the drug was aliowed to flow iito the
hepatic artery under angiography guidance (fig. 1). A S-french cathater
{Sophysa Sa, Orsay, Cedex, France) was inserted intraluminally from the
right femeoral artery with a subcutaneously implanted reservoir. 14 patients
were treated by HAIC via a subcutaneously implanted injection port.
There were no complications that were considered to have been caused by
surgical procedures. The chemotherapy regimen consisted of 5-fluoroura-
cil (5-FU) 600 mg/m? and leucovoria (LV) 250 mg/m®. A. once-weekly infu-
sion for 6 weeks was defined as 1 course. The patients underwent 4 courses
of chemotherapy at the end of which response to treatment was evaluated
by CT scan. After that, tumor status was assessed every 1-2 courses, All
CT scans were reviewed by 2 radiclogists. Response rates and adverse
events were evaluated according to the RECIST criteria [14, 15] and Com-
mon Taiminology Criteria for Adverse Events (CTCAE) version 3.0, re-
spectively. Complete response (CR) was defined as the disappearance of
all disease. Partial response (PR) was defined as at least a 30% reduction
in the sum of the longest diameters of all measured lesions by at least 4
weeks. Progressive disease (PD) was defined as an increase in lesions by
20% or greater, or the appearance of new lesions. Responses not falling
into any of these categories were classified as stable disease (SD). When
extrahepatic metastases were detected, and their presence was a prognos-
tic factor, patients were converted from HAIC to systemic chemotherapy.

398 Viszeralmedizin 2011;27:397-401

Fig. 1. A hepatc
arterial infusion cathe-
ter with a side port was
inserted in the gastro-
duodenal artery
through the right femo-
ral artery using the
Seldinger technigue,
and the catheter tip
was placed in fhe gas-
troduodenal artery.
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Table 1. Intermittent hepatic arterial infusion of 5-fluorouracil and
leucovorin

n Response Extrahepatic Follow-up, Clinical
‘ metastasis months outcome

1 CR lymph node 52 death

2 PR hung 16 death

3 CR &9 survival

4 SD peritoneum 14 death

5 SD peritoneum 26 ) death

& PR iung, bone 34 survival

7 PR 27 death

8§ PR fung 43 survival

g PR 38 death
10 PR 17 eath
11 PD tung, lymph node 6 death
12 PR 14 death
13 SD iung, lymph node 12 death
14 PD 16 death

CR = Complete response; PR = partial response; SD = stable disease;
PD = progressive disease.

Tabie 2. Tumor response

Patients, Response Disease control
n rate, %

CR PR SD PD
14 2 7 3 2 8

CR = Complete response; PR = partial response; SD = stable disease;
PD = progressive disease.

Results

HAIC resulted in CR, PR, 8D, and PD in 2, 7, 3, and 2 pati-
ents, respectively (tables 1 and 2). Figure 2 shows the CT
appearances of the 2 patients who achieved a CR. The first
patient was a 55-year-old man with sigmoid colon cancerand .
multiple hepatic metastases, 5 cm in diameter, in both lobes of
the liver (T3, N2, M1 (liver), stage IV). First, we locally con- -
trolled the sigmoid colon cancer by sigmoid Coiectomy; and
the patient subsequently underwent HAIC for unresectable
liver metastases (fig. 2a). After completion of 4 courses of

Gol/Sawai/KoneryKatayama/Yamaguchi
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Fig. 2. Abdominal computed tomography of 2 patients. a,b Case 1: mul-
tiple liver metastases a before treatment, and b afier treatment when no
metastases could be detected; ¢,d Case 2: multiple liver metastases ¢ be-
fore treatment, and o after treatment when no metastases could be
detected.
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Fig. 3. Overall survival rate for 14 patients.

treatment, no metastases could be detected by CT (fig. 2b).
Subsequently, the patient received pyrimidine fluoride anti-
cancer drugs, and has shown no signs of exacerbation for
69 months. No adverse events were observed. The second
patient (figs. 2c and d) was a 57-year-old woman with rectal
cancer and multiple hepatic metastases, 2.5 cm in diameter, in
both lobes of the liver (T3, N1, M1 (liver), stage IV). We
locally controlled the rectal colon cancer by low anterior re-
section before administering HAIC for unresectable liver me-
tastases. After completion of 4 courses of treatment, no metas-
tases could be detected by CT (fig. 2d). No adverse events
were observed. Subsequently, the patient received pyrimidine
fluoride anticancer drugs, showed recrudescence of liver me-
tastases and lymph node and splenic recurrence after 2 years,
and underwent systemic chemotherapy (FOLFIRI: irinotecan/
5-FU/LV, folowed by FOLFOX: oxaliplatin/S-FU/LV}. How-

Hepatic Arterial Infusion Chemotherapy

Table 3. Toxicity {CTC.

,
t
u
122

=

Toxicity Grade 1-2, 1 (%) Grads 34, 0. (%)
Diarrhea 2(14) 3{0)
Appetite loss 7 {50} 8{0)
Pigmentation 6 (43) BE()!
Neutropenia 4(29; 003

ever, the patient’s condition gradually deteriorated, leading to
death from cancer 4 years and & months after surgery.
As shown in figure 3, the overall 1- and 2-year survival

rates were 79 and 50%, respectively, and the mean survival
time (MST) was 21.5 months. Side effects were obferved in

the form of grade 1-2 diarrhea, appetite loss, pigmentation,
and neutropenia, but these were not serious. Quality of life
(QoL) remained satisfactory, allowing administration of the
scheduled 4 courses of chemotherapy (table 3). Extrahepatic
metastases were detected after the start of HAIC and became
a prognostic factor in § of the 14 patients, who were then con-
verted from HAIC to systemic chemotherapy (table 1).

The 13 patients who developed extrahepatic metastases
(lung, peritoneum, bone) but not liver failure, were started on
systemic chemotherapy such as FOLFIRI or FOLFOX. The
final MST was 18.5 months. No significant difference was
noted between the survival time with HAIC and systemic
chemotherapy.

Discussion

Liver metastasis is considered to be the decisive prognostic
factor for colon cancer. It is thought that lver matastases are
already present in approximately 10% of cclon cancer pa-
ients at the time of the first surgery, and that multiple metas-
ases are present in the liver as a wholg in approximately 4%
of patients [1-4].

There are currently various opinions regarding the indica-
tions for HAIC as a chemotherapeutic approach. Two such
opinions are that this therapy is indicated: i) in the case of
imminent liver failure due to extensive liver metastases; and
i1} when there is metastatic liver cancer for which systemic
chemotherapy would be ineffective. It has been reported that
in the treatment of unresectable liver metastases HAIC im-
proves the response rate compared to systemic chemotherapy,
that hepatic artery infusion therapy maintains QoL, and that
both response rate and survival rate are better with HAIC
than with systemic chemotherapy [12]. Conversely, it has also
been reported that, although HAIC improves the response
rate compared to systemic chemotherapy, it does not show
any beneficial effects on survival [16]. Outcomes with HAIC
have thus been inconsistent.

The present study was carried out in order to investigate
HAIC by focusing on 14 patients with unresectable liver

o

e
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metastases that had spread to both hepatic lobes and occupied
at least 40% of the whole liver, and for whom liver failure was
considered to be the decisive prognostic factor. All adverse
reactions, regardless of the symptoms, were rated as grade 1,
with no serious adverse reactions of grade 3 or higher. QoL
was maintained well. Both incidence and grade of adverse
reactions were low when compared with the FOLFIRI and
FOLFOX systemic chemotherapy regimens (table 3} {17, 18].
Among the present patients, the 1-year survival rate was
79%, the 2-year survival rate was 50%, and the MST was 21.5
months (fig. 3). These results were about the same as the
l-year and 2-year survival rates with the FOLFIRI and
FOLFOX systemic chemotherapy regimens, and some of the
patients survived for a relatively long period of time [17, 18],
Kemeny et al. [12] reported that there ars many cases in
which extrahepatic lesions appear although HAIC is able to
control metastatic foci in the liver itself. We also observed de-
velopment of extrahepatic lesions in 8 (57%) of the 14 pa-
tients, and it can be surmised that there is a limit to how much
the survival rate can be increased with HAIC alone. The fol-
lowing scenario can be thought to explain the development of
extrahepatic lesions in the case of HAIC. Pharmacologically,
HAIC achieves a higher drug concentration in liver lesions
when compared with delivery by systemic chemotherapy, re-
sulting in good efficacy in relation to tumors. However, ap-
proximately 60% of the anticancer drug administered by
HAIC is metabolized in the liver, which reduces the drug con-
centration delivered to the body as a whole and aliows devel-
opment of extrahepatic lesions. When efficacy was assessed
after switching the treatment to systemic chemotherapy in the
8 patients who developed extrahepatic lesions, all were rated
as having PD, indicating that treatment efficacy was poor.
However, the anticancer drug concentrations that reached the
extrahepatic lesions themselves were higher in the case of
systemic chemotherapy when compared with HAIC. Accord-

References

ingly, it is possible that the suppression of tumor progression
was {airly sood.
 Kemeny et al. {19] reported a response rate of 88% and an
MST of 22 months or more when patients with resectable
liver metastases from colon cancer were treated with a combi-
nation of HAIC and systemic chemotherapy. The findings
indicate that for patients with recurrence in other organs, which
is a risk associated with HAIC alone, addition of systemic che-
motherapy to the treatment regimen enables more effective
suppression of cancer progression and prolongs survival.
scently, molecularly targeted drugs such as bevacizumab,
cetuximab and panitumumab have been developed, and they
have been successful in further extending patient survival
[20-22]. The mean survival time has been steadily extended
since then, recenily reaching approximately 30 months {20,
21]. However, to date, there are no reported large-scale trials
showing clear improvements in outcome for HAIC of molecu-
larly targeted drugs. This issue warrants more detaied study
in the future. -
Based on the study findings presented above, when consid-
eration is given to efficacy against hepatic metastases {in
patients likely to develop liver failure in the near future), ad-
verse reactions, and QoL, HAIC is useful; however, when
considering the risk of recurrence in organs other than the
liver, systernic chemotherapy is necessary. Further study is
reguired in order to effectively implement both of these treat-
ment modalities and to determine whether it is possible to
increase ireatment efficacy and prolong survival, even in
patients with unresectable liver metastases but without extra-
hepatic lesions.
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“F-fluorodeoxyglucose Positron Tomography is Useful
in Evaluating the Efficacy of Multidisciplinary
Treatments for So-called Borderline
Unresectable Pancreatic Head Cancers

MAKOTO MURAKAMI*, KANJI KATAYAMA, AKIO YAMAGUCH]I,
ATSUSHI IIDA, TAKANORI GOI, YASUO HIRONO,
HIDEKI NAGANGQG, KENJI KONERI

First Department of Surgery, University of Fukui, School of Medicine, 23 Shimoaiduki; Matsuoka, Eiheiji-cho,

Fukui 910-1193, Japan

Abstract : Currently, computed tomography (CT) is widely used to evaluate the efficacy of treatments on V
tumor regression in unresectable pancreatic head carcinomas. Recently, “F-fluorodeoxyglucose
positron emission tomography (PET) examination has been used for the initial diagnosis of ‘pancreatic
tumors, for diagnosis of distant metastasis, and for recurrences of pancreatic carcinomas. PET has also
been used for the qualitative diagnosis of existing tumors. The current study was designed to observe if
PET examination can be used to gauge the efficacy of multidisciplinary treatments, and to estimate the
prognosis for unresectable pancreatic head carcinomas in similar clinical stages and during therapy.
This was a prospective cohort study and included 18 cases. All cases were unresectable pancreatic head
cancers diagnosed as TNM classification stage 3, and had undergone idéntical mu}zidiscipiinafy treatment.
regimens. The level of tumor markers, tumor-size reduction, and maximum standardized uptake values
{SUV ax) were correlated with prognosis. Pearson’s correlation and Kapian—}égyc:r survivai raté curves
were used for statistical analysis. Tumor-size reduction in CTs and the‘;‘ :rajrisition of tumor markers were
not related to patient prognosis. Cases in which post-treatment SUV,,, values were reduced to < 3.0
were correlated with a more favorable prognosis and demonstrated extended survival rates, PET
examination can be used to estimate the prognosis of unresectable pancreatic headcazcin,omasvwhicﬁ hm’e

undergone multidisciplinary treatments,

Key Words: FDG-PET, unresectable pancreatic cancer, SUV.., multidisciplinary treatments,
hyperthermia

Introduction
Excision rates for invasive pancreatic ductal carcinomas remain low, and the disease continues to be
treated primarily with chemoradiotherapy. Consequently, the methods used to exgazuage[;hggg?w@g
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efficacy are important. Using the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines

B

b

tumor regression effects on target lesions is recommended. However, in cases of severe

infiltrative pancreatic carcinoma which includes multiple non-target lesions {e.g. in the surroundin

0%

1 1

lymph nodes and nervous plexus), examination of an overall tumor response is difficult to evaluats with
computed tomogra "13« {CT). Even after successful ireatments, tumor reduction may appear inadeguate
due to copious fibrillary elements present in pancreatic carcinomas. In addition to this, changes in
tumor marker levels may be inconsistent in pancreatic carcinomas, adding to the difficulty of judging the
efficacy of radiotherapy and hyperthermic chemotherapy.
Recently, fluorodeoxyglucose positron emission tomography (PET) has been used in diagnostic
of

imaging for several types of pancreatic carcinomast™. PET examinations have been used, not only for

‘initial evaluations of differential diagnosis®~® and dzag osis of distant metastasis and recurrences, but
also for qualitative diagnosis®. Several studies have s n that PET is useful for the characterization
of pancreatic tumors, as well as for assessments of the efficacy of chemotherapy and outcomes™. The
increased uptake of fluorine-18 fluorodeoxyglucose, due o enhanced glucose metabolism in cancer cells,
is a sensitive marker of tumor viability. Because PET examinations evaluate the activity of cancer cells
rather than tumor size, the current study was designad to investigate the usefulness of PET examinations
in the evaluation of therapeutic effects and prognosis of unresectable pancreatic head carcinomas.. This
differs from other recent reporis because the subject cases examined here were limited to pancreatic head
cancers in which excision was difficult and which were accompanied by massive local invasion without

distant metastasis®™i.

Subjects and methods

Characteristics of all the cases are shown in Table I. This study included 18 patients (6 females and

Table I. Response of tumor markers, CT, PET and overall survival times.

= PAN-2

Case  Age/ Stage  CRT %f\/;i)g D& j:g;} SUVmax RRS ST )

No. Sex (UICC) (%3 P AT BT s — re: (%)  {(months)y . Prognosis
I 73M 1T 53 5 5 386 39 35 13 764 38 Deceased
2 83M jas -42 1760 134 479 224 54 23 574 20 Deceased
3 6iF 11 il 963 57 25 25 5% 28 525 31 Deceased
4 TIM 81 i5 63 31 42 3% 85 38 553 10 Deceased
5 64M 11 21 12 5 25 25 69 26 418 31 Deceased
6 TIM 11 21 501 91 25 25 69 37 464 7 Deceased
7 SIF J¥51 19 342 20 2 31 35 25 286 26 Deceased
8 64M jail 0 1,310 62 150 %6 4% 31 367 9 Deceased
9 49M I 30 5350 51 196 g4 45 24 467 64 Living
10 79M sl 1 365 104 55 27 84 39 536 30 Deceased
i1 72F I 15 645 45 217 133 43 21 512 27 Deceased
12 74F oI 17 5 S OLE00 575 61 39 361 9 Deceased

13 TF m 18 125 32 1,120 25 4 25 375 15 Deceased
14 8IM o 25 4,330 36 25 25 32 21 344 20 Deceased
15 62M o 26 1,100 20 108 25 Ll 48 582 13 '
16 66M 11 26 3,570 71 66 27 46 21 543 14
17 T0M jiss 32 2,150 36 42 38 41 31 244 14
18 73F 51 17 1,940 994 994 20000 51 45 314 5

CRT: Contraction rate of a tumor; RRS: Reduction rate of SUV,,,; BT: before treatment; AT : after t}:catmcni 8T
survival tme.
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12 males).
performance status (PS) at the baseline was 2 80%. Subject cases were unresectable pancreatic head
All
cases received the same multidisciplinary treatment and had a measurable pretreatment target lesion
evaluated with both CT and PET imaging.

The patients’ average age was 61 years old (range: 49 to 79 years), and the Kammofsky
cancers diagnosed as TINM classification stage 3 (T4 NX MO0} from imaging and operative findings.

Laparotomy was performed on all cases to clarify presence
of metastases in the liver and peritoneum. Needle biopsies revealed adenoccarcinoma in all cases. For
cases with obstructive jaundice (17 cases) and duodenal wall invasion (16 cases), bypass surgery was
performed. Blood glucose levels were measured three times per day, and controlled at 150 mg/d! or less
with insulin. Outcome parameters in this study were the change in the longest axis of the tumor in
multidirectional computed tomography (MDCT) imaging, the change of maximum SUV values (SUV )
in PET imaging, and changes in tumor markers. These examinations were performed both prior to
treatments and in the third month after treatments. The longest axis of the target lesion in the pancreatic
head was measured using a horizontal section {3 mm slice thickness) in dynamic contrasting MDCT.
All patients were examined with a high-resolution, whole-body PET scanner. The patients fasted for
more than 4 h before an intravenous injection of F-FDG, and the acquisition of whole-body PET
images was started 50 min after the injection. Data acquisition was performed in a two-dimensional

imaging mode. Cut-off values for SUV ., were defined as 3.0. With regard to tumor markers, CA 19-9
(normal < 37 U/ml) was used as the primary marker, and DUPAN-2 (normal < 150 U/ml) was used in
cases where no rise of CA 19-9 was observed. Observations were continued for 4.5 years or until the
patients died, excluding one example. In addition to the above measurements, the relationship between

these variables and disease prognosis was examined using Pearson’s coefficient and log-rank test.

Multidisciplinary treatments

Multidisciplinary treatments in this department were as follows: biliary and/or intestinal tract
bypass surgery with intra-operative irradiation (8-12 cm in diameter, 20-25 Gy, 15 MeV); postoperative
external irradiation (25 times, for a total of 30 Gy); hyperthermia treatments using a Thermotron-RF8
(Yamamoto Vinita Co., Ltd., Osaka, Japan) with CDDP (a total of 100-120 mg) and MMC (a total of
16-20 mg) (50 min, 1 time per week, 4-5 times) ; and systemic chemotherapy using 3-fluorouracil (5-FU)
(a total of 14 g) for 28 days (Fig. 1).
were evaluated at the 3rd month post-ireaiment.

Second-line therapies were not initiated until therapeutic efficacies

| 5-FU (total 14g) 9 {

Chemotherapy

CDDP 20mg CDDP 20mg CDDP 20mg CDDP 20mg
MMC 4mg ¥ | | MMC 4mg MMC dmg MMC 4mg
Trradiation [ 20~25Gy?| | external iradiation 45~50Gy 9 , |
admission Bypass Hyperthermia || Hyperthermia || Hyperthermia || Hyperthermia
surgery treatment ¥ treatment ireatment treatment

Fig. 1. 1) Biliary and/or gastric bypass surgery. 2) Intra-operative irradiation (20-25Gy, 15
MeV). 3) Postoperative external irradiation (23 times, total of 50 Gy). 4) Hyperthermia
treatment (RF-8) with CDDP (total of 100-120 mg) and MMC (total of 16-20 mg) (1 time
per week, 4~5 times). 5) Systemic Chemotherapy using 5 FU {total of 14 g) for 28 days.
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Hyperthermia treatments were deliversd with an 8 MHz capacitive heating device. An
electromagnetic field with power ranging from 1,200 to 1,400 W was used, depending on the patient’s
condition. This was applied between a pair of electrodes with diameters of 25 cm or 30 cm which were
placed on the opposite sides of the target area. A saline solution maintained at 10 degrees Celsius
degrees was circulated in boluses to avoid overheating of the skin.

Muitidisciplinary ireatments in this department appear to provide the following multiple
advantages:

(A) Biliary bypass surgery helps prevent the occurrence of acute cholangitis and obstructive
jaundice. Serious cholangitis developing during chemotherapy results in the interruption of
treatment and adversely affects prognosis.

(B) Gastrointestinal anastomosis can help prevent duodenal stenosis or obstruction due to
enterocolitis from radiation and tumor invasion.

(C) Hyperthermia is effective for hypoxic lesions with little effect on radiotherapy, and increases the

e

uptake of anticancer drugs into tumor tissues.

(D) Irradiation (intra-operative and post-operative irradiation; total 75 Gy) provides not ounly
antitumor effects, but also a reduction of cancer induced pain.

The therapeutic synergism of these multiple and complementary modalities appsars to offer good

results.

Resuits

No new metastases were found in any cases until treatment efficacy was evaluated at the 3rd month
post-treatment. The average diameter of target lesions was 27 mm (range: 19 to 46 mm). Survival
times ranged from 5 to 54 months. Afier undergoing multidisciplinary treatments, the average regression
rate of the tumors was 15.6% {range: —4.2 to 329%) (Table [). A significant correlation between tumor

reduction and prognosis was not observed (Pearson’s »=-0.290, p-value=0:2636) (Fig.2). Levels of CA

72 )
° Corrslation coefficient  -0.4027
p-value 0.0892
60 : *Pearson’s correlation coefficient
487

Overall survival (months)

0 -5 0 5 10 15 20 25 30 35
Tumor contraction rate (%)

Fig. 2. Correlation of tumor reduction and prognosis. A significant correlation between the
contraction rate of the pancreatic head cancer and coverall survival was not observed
(Pearson’s »=-0.402, p-value=0.0992). *Pearson’s correlation coefficient.
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19-5 decreased in all cases post-treatment, and reached normal values in five cases (Table I).  Similarly,
no significant correlation was observed betwesn the movement of tumor markers towards normal values
and prognosis (Fig.3). The average SUV,,, value pricr to treatment was 52 (TableI). After
treatment, the SUV ., value decreased in all cases, and decreased to < 3.0 in seven cases. A significant
correlation was found between post-treatment SUV ., values and a favorable prognosis (Pearson’s r=

-0.694, p-value=0.0014) (Fig. 4). In contrast, no correlation was found between reduced values of

60
g Cormrelation cosfficient  -0.080°
481 p-value 0.7646
36 1 : .
N ° ° ¢
"% = 2 ®
§ 127 o A e
o) °
? G + - - T T = - ~
> ] 25 40 60 80 100, 120 140
= Post treatment CA19-9 (U/mi)
=5 60
i @ Correlation cosfficient -0.173*
= 487 p-value 05139
5]
= g4 2
36
o 2 .
247 s s
e
12 '\\\\
%@ 2
0 : : —
0 100 200 300 400 500 600

Post treatment DUPAN-2 (U/mal)
Fig. 3. Correlation of post-treatment tumor markers and prognosis. A significant correlation
between post-treatment tumor markers (CA19-9 and DUPAN-2} and overall survival was
not observed (Pearson’s 7=-0.402, p~value=0.0992). *Pearson’s correlation- coefficient.

607
@ Corzelation cosficient  -0.598%
p-value 0.0057
48
o
34

[\
B

Overall survival (months)
=

<

{5 2 25 3 35 4 45 5
Post treatment SUVmax

Fig. 4. Correlation of post-treatment SUV . values and prognosis. A significant correlation was
found between post-ireatment SUV o, values and prognosis (Pearson’s 7 =-0.598, p-value=
0.057). “Pearson’s correlation coefficient.

ot
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SUV ey and the overall survival (O8) time (Fig. 5). Fig. 6 shows patient survival curves divided into
egions for SUVge < 3.0 and SUVq, 2 3.0, There were significant differsnces between overall
survival times for patients with post-treatment values of SUV,,, < 3.0, and for SUV ., = 3.0 (log-rank
test; p-value=0.032). The median survival time for patients with post-treatment values of SUV ,, <

3.0 increased compared to those with a value of SUV ., = 3.0 (26 vs. 9 months).

66

e Correlation coeffcient  0.308
p-value 0.239

481

Overall survival (months)

20 30 40 50 50 70 80
Reduction rate of SUVnax (%)
Fig. 5. Correlation of the reduction rate of SUV .. and progunosis. No significant

correlation was found between the reduction tate of SUV,,, and prognosis
(Pearson’s r=0.308, p-value=0.239).

li—
Q i | Posttreamment SUVmax  Median survival tme
= — | SUVmax<3 26 months
Bl = L  SUVmae3 9 months
< [ !
£ |
= .61 ! B
7 f %
a i ‘?
B 4 | p—
»a%i : L log-rank test; %
= | |p-value= aozzi
g 2 L | SUVmax<3
) T

0 | SUVmax>3

0 12 24 36 48 60

Survival time (months)

Fig. 6. Kaplan-Meler plot of overall survival times (OS) shows patient survival curves
divided into SUVy,, < 3.0 and SUV_,, =30. There were significant
differences between overall survival times {OS) for patients with post-treatment
SUVaux < 3.0 and those with SUVy, = 3.0 (logrank test; p-value=0.032).
Median survival tmes of patients with post-treatment SUV . <30 increased
compared to those with SUV e 2 3.0 (26 vs. 9 months),
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Discussion

Currently, the prognosis for unressctable pancreatic head carcinomas is dependent upon the degree
of therapeutic response and the presence of distant metastasis. Following conventional treatment
protocols, pancreatic carcinomas with distant metastases require systemic chemotherapy. In this study,
multidisciplinary treaiments were used for cases of pancreatic head cancer in which excision was difficult
and which were accompanied by massive local invasions, including to the para-aortic lymph nodes. In
short, these were severe cases for which a total, curative resection was considered impossible. The
ultimate goal of this multidisciplinary treatment regimen was not simply tumor reduction with systemic
chemotherapy, but rather annihilation of the primary carcinoma tissue itself. A sufficient control of the
primary lesion is most important for reducing distant metastases and in cobtaining long-term survival
times. Currently, it is generally accepted that gemcitabine should be the standard first line chemotherapy
drug for pancreatic cancer. However, 5-FU, platinum and MMC were used for these patients because
using these drugs as the chemotherapeutic regimen of choice provided better hyperthermic sensitivity.
Recently, studies have examined the hyperthermic sensitivity of GEM*® and the timing of hyperthermia
in relation to GEM treatments'®. The question of whether hyperthermia using GEM providéd
improvements in tumor regression effect on target lesions was svaluated.

Following RECIST guidelines for solid tumors, tumor regression in the target lesions was evaluatad,

but in this study, no correlation was found between tumor reduction observed in CT and prognosis.
PET examinations may be advantageous when compared to CTs for several reasoms. First,
retroperitoneal invasion and para-zortic lymph node metastasis often coalesce together in unresectable
pancreatic cancer, making CT measurements of nearby target lesions difficult. With PET, this is done
more accurately and reliably by measuring the SUV without concern for lesion positions. Second, even
if a treatment achieves large-scale tumor cell destruction, because pancreatic carcinomas often have many -
fibrous components, the tumor may be difficult to shrink. In addition, there is a possibility that edema
and inflammation due to irradiation and hyperthermia therapy may increase the tumor size. - PET
examination can evaluate carcinomatous metabolic activity without regard for potentially misleading
issues of size. Finally, PET examinations allow the evaluation of distant metastasis simultaneously, and
a more accurate disease localization can be achieved with PET/CT%,
"~ . The evaluation method used to measure tumor markers and SUV,., is important. When the
correlation with overall survival times is evaluated, measured values should be used, in contradiction to
a previous study which used the response ratio of tumor markers and SUV,,, according to European
Organization for Research and Treatment of Cancer (EORTC) guidelines*®. Cancer cells are certain to
exist when the post-treatment SUV ., value is three or more, even if the response rate of SUV y,, with
treatment is 50%.

Reductions in tumor markers were thought to result from the efficacy of therapy, but CA 19-9 and
DUPAN-2 were positive in 83.3% and 55.6% of the cases, réspscti,veiy. PET examination was us_efulﬁ in
‘cases of pancreatic carcinoma in which tumor markers did notrise. When tumor markers increase along
-with treatment, there is a high probability of distant metastases being present which were not seen in
imaging. In addition, interpretation of a decrease state requires care and attention to the possibility that
treatment of bile duct obstructions and acute cholangitis may have reduced tumor marker levels.
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Pretreatment values of SUV, 2 3 in PET imaging is necessary for the optimal evaluation of the

o

¥

therapeutic efficacy of pancreatic cancer treatments. In several studies, correlations betwesn

e

pre-treatment SUV.., values and the prognosis are siill controversiall®, even though a significant
correlation was not found in this study. Two studies showed that there was a significant correlation
between g prognosis and FDG uptake after treatment, but that there was no relationship between
prognosis and FDG uptake befors treatment. Oku et al reported that FDG-PET imaging after

radiotherapy is a good prognostic indicator for rectal cancer*®, and Brun et al reported the same results

7

for head and neck sguamous cell carcinomas™. Because PET examinations can simultanecusly detect
distant metastases (aside from intraperitoneal metastases) which may alter therapeutic strategies, such
imaging should be strongly encouraged prior to treatment. With regard to prognostic predictions using

SUV values of the primary lesicn, SUV values should be evaluated in similar clinical stages and therapies.
Even if the Sbvmu value is less than 3 before treatment, 2 cancer with distant meias{asxs or a large size
would show & worse prognosis. PET imaging has a sensitivity of 82-100% and a specificity of 6i 100%

for pancreatic carcinomas*®*~*®.  Previous several studies reported that the presence of tumors less than
Zem in diameter and the presence of hyperglycemia may decrease diagnostic accuracy®™29.  Tumor
cellularity is one of factors influencing FDG uptake. Scirrhous tumors have a low celiularity, and thus.
should show lower accumulations of FDG?2%, In general, unresectable pancreatic carcinomas have 2
large size (in this study, the average tumor diameter was 27 mm} and severe local invasions, and the

occurrences of false negatives from PET imaging may be low?” Blood glucose levels should be noted’
in evaluations of PET examinations. The effect of glucose levels in FDG-PET oncology is known, but

the management of non-fasting patients or diabetic patients remains controversial. In this smdy four.

a.

subjects had diabetes mellitus, but no false negatives were found, suggesting that pr&e:xamma&oﬁ glucose
control may assist in the reduction of false negatives. In particular, in the presence of chronic
hypergiycemia (not acute hyperglycemia), the adverse effect caused by high glucose levels was minimal
in human adenocarcinoma cell models, except for small lesions (15mm in size)®®®®. Friess et al
suggested that there was no significant difference between the high blood glucose group and the low
one®®.  The only necessity is instruction to patients to fast, and to check glucose levels immediately
prior to FDG injection®.

In order to avoid the influence of localized inflammation and edema from radiotherapy and
hyperthermia treatments, PET imaging was performed during the 3rd month after the final treatment in
the protocol. In addition, no additional chemotherapy was given during this period, because it is very
likely that chemotherapy decreases carcinomatous carbohydrate metabolism, potentially altering PET
accuracy. PET examination in the setting of recent chemotherapy may substantially increase the rate of
false negative images. ‘

In conclusion, FDG-PET examinations may be superiof to tumor regression measured with CT and
measurements of tumor markers after treatments. FDG-PET can be used to evaluate the efficacy and
prognosis of unresectable pancreatic carcinoma (TNM classification stage3) cases in the 3rd month after
a multidisciplinary treatment protocol. In addition, if post-treatment SUVp,, values can bgrtédﬁc¢d<to
less than 3.0 by multidisciplinary treatments, this may translate to a more favorable prognésis.

— 791 —



References

1

2)

7

9)

10)

[
.
S

12)

13)

14)

15)

16)

Maemura K., Tzkao S., Shinchi H., Noma
tomography in decision on treatment szrafng;es for pancreatic cancer. J Hepatobiliary Pancreat Surg, 13: 435-441, 2006.
Delbeke D., Pinson C.W.: Pancreatic tumors: Role of imaging in the diagnosis, staging, and treatment. J
Hepatobiliary Pancreat Surg, 11: 4-15, 2004,

Inokuma T., Tamaki N, Torizuka T, Magata Y., Fujii M, Yonskura Y., Kajivama T., Ohshioc G., Imamura M.,
Konishi J.: Bvaluation of pancreatic mmorts with positron emission tomography and F-18 flucrodeoxyghicoss:
Comparison with CT and US. Radioclogy, 195: 343-332, 1993,

Nakamoto Y., Higasi T, Sakahara H., Tamaki N, Kogire M., Dot R, Hosotani R., Imamura M., Konishi J.: Delayed
(18) F-fluoro-2-deoxy-D-glucose positron emission tomography scan for differentiation between malignant and benizn
lesions in the pancreas. Cancer, 89 : 2347-2334, 2000,

Ozaki Y., Oguchi K., Hamano H., Arakura N., Muraki T, Kiyosawz XK., Momose M., Kadoya M., Miyata K.,
Aizawa T., Kawa S.: Differentiation of autoimmune pancreatitis from suspected pancreatic cancer by ﬂue{ine—i@y
fluorodeoxyglucose positron emission tomography. J Gastroenterol, 43 1 144-151, 2008.

Yoshioka M., Sato T, Furuya T., Shibata 3., Andoh H.,, Asanuma Y., Hatazawa J., Shimosegawa E., Koyama XK.,
Yamamoto Y.: Role of positron emission tomography with 2-deoxy-2- {18F) fluoro-D-glucose in evaluating the effects
of arterial infusion chemotherapy and radioiherapy on pancreatic cancer. J Gastroenterol, 391 50-35, 2004,

Lyshehik A., Higashi T., Hara T., Nakamoto Y., Fujimoto K., Doi R., Imamura M., Saga T., Togashi K. : Expression
of glhcose transport-1, hexokinase-II, proliferating cell nuclear antigen and survival of patients with pancreatic cancer.
Cancer Invest, 25 : 154-162, 2007,

Kobayashi N., Fujita K., Fujisawa T., Tkahashi H., Yoneda M., Abe Y, Inamori M., Kirikoshi H., Kubota K.,

Saito S., Nakajima A.: Which is the best monitoring study {(tumor marker, computed tomography- or

o

l8P—ﬂuoro—z;deoxy-D-glﬁsose positron emission tomography) to evaluaie efficacy of chemotherapy on unrssectable
pancreatic cancer? Jpn Cancer Chemother, 35: 65-70, 2008.

Kuwatani M., Kawakami H., Eto K., Haba S., Shiga T., Tamaki N.: Modalities for evaluating chmotherapeutic
efficacy and survival time in patients with advanced pancreatic cancer: Comparison between FDG-PET, CT, serum
tamor markers. Inter Med, 48 : 867-875, 2005

Matalki Y., Shinchi H., Kurahara H., Maemura K., Noma H., Natsugee 3., Takao S.: Clinical usefulness of FDG-PET
for pancreatic cancer. Jpn Cancer Chemother, 36: 2516-2520, 2009. ‘

Sasaki K., Maemura K., Shinichi H., Moma H., Mataki Y., Jinncuchi 8., Takao S., Aikou T.: Value of FDG-PET on
treatment decisions for pancreatic cancer. Jpn Cancer Clin, 52: 901-304, 2006.

Ishikawa T., Kokura S., Oyamada H., Inui O, Okita M, Isozakai Y., Nagao Y., Tkagi T., Hanada O., Ando T,
Naito Y., Yoshida N., Yoshikawa T.: Effects of a sequential combination of hyperthermia and gemcitabine in the
treatment of advanced unresectable pancreatic cancer: A retrospective study. Thermal Med, 24 131-139, 2008.
Adachi S., Kokura S, Yoshikawa T.: Effect of 'ﬁéating prior to gemcitabine exposure on therapeutic cutcomes in
combination therapies. Thermal Med, 26 : 75-85, 2010.

Higashi T., Saga T., Nakamoto Y., Ishimori T., Fujimoto K., Doi R, Imamura M., Konishi J.: Diagnosis of pancreatic
cancer using fluorine 18 fluorodecxyglucose positron emission tomography (FDG PET) usefulness and limitations in
“clinical reality”. Ann Nucl Med, 17: 261-279, 2003.

Delbeke D.: Oncological applications of FDG PET imaging: Brain tumeors, colorectal cancer, lymphoma and
melanoma. J Nucl Med, 40 : 591-603, 1899, "
Oku S., Nakagawa K., Momose T., Kumakura Y., Abe A., Watanabe T.: FDG-PET after radictherapy is a good
prognostic indicator of rectal cancer. Ann Nucl Med, 16: 409-416, 2062,

— 792 —



Thermal Med, 27 (4] : 89-58, 2011.

22)

28)

29)

30)

31)

Brun E., Kjellen E, Tennvall 1., Oblesson T., Sandell A, Perfelr R., Perfekt R., Wennerberg J., Strand S.E. FDG PET

studies during treatment: Prediction of therapy outcome in head and neck squamous cell carcinoma. Head Neck, 24:

127-135, 2002.

Rose D.M., Delbeke D., Beauchamp R.D., Chapman W.C.. Sandler M.P., Sharp K.W., Richards W.0., Wright 1.K,
rexes M.E., Pinson C.W., Leach 5.D.: 18 fluorodeoxyglucose-positron emission tomography in the managemsnt of

patients with suspected pancreatic cancer. Ann Surg, 229 729-737, 1949,

Berberat P., Friess H., Kashiwagl M., Beger H.G., Buchler M.W.: Diagnosis and staging of pancreatic cancer by

positron emission tomography. World J Surg, 23 882-887, 1999,

Sperti C., Pasquali C., Chierichetti F., Lessi G., Ferlin G., Pedrazzoli S.: Value of 18-fluorodecxyglucose positron

emission tomography in the management of patients with cystic rumaors of the pancreas. Ann Surg, 234: 675-680, 2001,

imdahl A., Nitzsche E., Krautmann F, Hogerle S, Boos S., Binert A, Sontheimer J., Farthmann EH. : Evaluation of

positron emission tomography with 2- {18F) fluoro-2-decxy-D-glucose {or the of chronic pancreatitis and pancreatic

cancer. Br J Surg, 86: 194-199, 1999,

Clark L., Perez-Tamayo R.A., Hurwitz H., Branch S, Baillie J,, Jowell P, Coleman E., Pappas T., Keogan M,

Tyler D.: The role of positron emission tomography in the diagnosis and staging of pancreatic cancer (abstract)

Gastroenterology, 114 A1382-A1383, 1998,

Diederichs C.G., Staib L., Glatting G., Beger H.G.,, Reke SN.: FDG PET: Elevated plasma glucose reduces both

uptake and cieteciicxa rate pancreatic malignancies. J Nuct Med, 39 1030-1033, 1998,

Frdhlich A., Diederichs C.G., Staib L., Vogel I, Beger H.G., Reske S.N. : Detection of liver metastases from pancreatic

cancer using FDG-PET. J Nuel Med, 40 250-255, 1995.

Hatano E., lkai L, Higashi T., Teramukai S., Torizuka T., Saga T., Fujii H., Shimahara Y.: Preoperative positron

emission tomography with fluorine-18-fluorodeoxyglucose is predictive of prognosis in patients with hepatocellular

carcinoma after resection. World J Surg, 30: 1736-1741, 2006,

Higashi T., Tamald N., Torizuka T., Nakamoto Y., Sakahara H., Kimura T., Honda T., Inokuma T., Katsushima §,,

Ohshio G., Imamura M., Konishi I.: FDG uptake, GLUT-1 glucose transpoter and cellularity in human pancreatic

tumors. J Nucl Med, 39: 1727-1735, 1998,

Nakata B., Chung Y.S., Nisimura S., Nishihara T,, Sakurai Y., Sawada T., Okamura T., Kawabe J., Ochi H,, Sowa M. :

18F-fluorodeoxyglucose positron emission tomography and prognosis of patients with pancreatic adenocarcinoma.

Cancer, 79 : 695-699, 1957,

Hara T., Higashi T., Nakamoto Y., Suga T., Saga T., Ishimori T., Ishizu K., Kawashima H., Kawase 8., Matsumoto K.,

Togashi K. : Significant of chronic marked hyperglycemia on FDG-PET : Is it really problematic for clinical oncologic

imaging? Ann Nucl Med, 23: 657-669, 2005.

Torizuka T., Clavo A.C., Wah! R.L.: Effect of hypergivcemia on in virro tumor uptake of tritiated FDG, thymidine,

L-methionine and L-leucine. J Nucl Med, 38 : 382-386, 1997,

Friess H., Langhans J., Ebert M. Beger H.G., Stollfuss ], Reske S.N.: Diagnosis of pancreatic cancer by

2{18F]-fluoro-2-deoxy-D-glucase positron emission tomography. Gut, 36: 771-777, 1995,

Higashi T., Saga T., Nakamoto Y, Ishimori T., Fujimoto K., Doi R., Imamura M., Konishi J. : Diagnosis of pancreatic.

cancer using fluorine-18 fluorodeoxyglucose positron emission tomography (FDG PET) -Usefulness and limitations in

“clinical reality”-. Ann Nucl Med, 35: 261-279, 2003.

— 793 —



HANA = — & FEETE 2T (¢

i
b2

|
o

]
&
T
L]
#
Nt

Abstract in Japanese

A REDOERENIREDSRAZICBT S
BEF-fluorodeoxyglucose positron tomography D8 H#

NE E-FUEX-LOBEXR-E =
EAEBR - EFEBER-AXEFEFE-DRGA

=2 g BE, UBTHEERSCBYAERROBENENBCR CTRERZAVLI I EHES L. &
3E. ®F-fluorodeoxyglucose positron tomography (M F PET) & R EEEOEESWIZ Y TR {, Ezﬁ%@
%ﬁ%ﬁﬁ@%&k@,ﬁ%ﬁ@%ﬁ%ﬁ&@&iﬁé%m%&fu%(i&%@@,%ﬁ%&%%ﬁ
TR URTREREEAORESRE L FTROHTEZPETRENERELERE L. ZOWER
prospective cohort study TH 5. RO 18 EFIE TS, TNM £4F Staged OVIRTEEELEZETHS.
EFENAER L LTSN 2SAF, HEHRE FF i), BRVEEBREORS CRETEA TS, )
RHEOHE L LT, BHv——E, BEOE/IE, SUV,y, (makimum standardized uptake value)
RREV, Tho LBEFRLEOBMREPRE L. FEMENEBITZE YT Y V8 L Kaplan-Meyer £
BEREHERA L. CTRER L BESY  ADHINE L BE~—» —OEBRBETREEL L2
Fo. B SUVne BFHE BB, SUVa, 3RBOEMZ, FCEFHMMERL . PET
BEREZEERHT AN TERETEEEO TR ERTH 3.

Thermal Med, 27 (4] : 89-98, 2011.

(118)

— 794 —



Pancreas * Volume 41, Number 2, March 2012

Letters to the Editor

and “Exact Test” produced by Prof. S.
Aoki (http://aoki2.si.gunma-u.ac.jp/exact/
exacthtml). The x? test, Fisher exact test
probability, and Mann-Whitney U test were
used as appropriate. P < 0.05 was consid-
ered as statistically significant.

RESULTS

The incidence of chyle leak was 8.0%
(11/138) in all patients. The timing of start
for enteral feeding was significantly earlier
in the fast-track group (median, day 3;
range, days 3—4) compared with the tradi-
tional group (median, day 5; range, days
3-16; P < 0.001). Incidence of chyle leak
was significantly increased in the fast-track
group compared to the traditional group
(13.3% vs 1.6%, respectively, P = 0.004).

In comparison of clinical features,
there were no significant differences be-
tween the patients with chyle leak and
those without chyle leak except for early
enteral feeding (timing of enteral feeding
start was postoperative day 3 or 4; Table I).

Five-day fast therapy with total paren-
teral nutrition was effective for all of our
patients with chyle leak. No patients required
the use of somatostatin analogs. Overall
length of the hospital stay of the patients in
the fast-track group without drain infection
was significantly longer if there was a chyle
leak (median hospital stay, 21 days; range,
15-28 days) compared with the patients
without chyle leak (median hospital stay,
11 days; range, 5-23 days; P < 0.001).

DISCUSSION

In this study, we showed that the
overall incidence of chyle leak in the
patients who underwent DP was 8.0%.
Only early enteral feeding was associated
with the development of chyle leak. Chyle
leak was one risk factor for prolonged
hospital stay but could be successfully
treated with dietary measures.

Several authors suggest lymph node
dissection, neoplastic diseases, and chronic
pancreatitis as risk factors for the develop-
ment of chyle leak 5® Malik et al® and
van der Gaag et al® doubt that early enteral
feeding affected the incidence of chyle
leak in patients who underwent pancreatic
resection (PD and DP). Our study showed
that early enteral feeding was associated
with chyle leak after DP.

Malik et al suggested that the mech-
anism of action leading to chyle leak may
be due to the lipid content of the enteral
feed, which may keep the visceral lym-
phatic channels that have been divided as
part of the standard resection open, thus
leading to the persistent chyle leak.® Chyle
leak did occasionally occur despite a period
of gut rest; however, it was during this pe-
riod of early feeding that chyle leak became

© 2012 Lippincott Williams & Wilkins

most problematic. This leads to the recog-
nition that the likely source of this chyle
was an early stimulation of the lymphatic
drainage of the small intestine. Our results
support this hypothesis. Our results also
suggest that the visceral lymphatic chan-
nels may have remained open at least until
4 days postoperatively because all of our
patients with chyle leak were started on
enteral feeds on day 3 or 4.

There is little doubt that enteral nu-
trition carries advantages over total par-
enteral nutritional support. It is also easier
to administer. There may be preservation
of gut barrier function with enteral feed-
ing, and it may prevent structural altera-
tions induced by starvation and injury.
However, several randomized controlled
trials demonstrated that immediate post-
operative enteral feeding through a jeju-
nostomy tube is not beneficial in patients
undergoing PD and is even associated
with impaired respiratory mechanics and
postoperative mobility. '°

We did not deny a clinical benefit
of the fast-track program for DP; how-
ever, further studies would be needed for
establishing the appropriate time to start
enteral feeding after pancreatic surgery.

Several authors have also shown that
surgical devices such as ultrasound scissors
or a vessel sealing system were not useful
in preventing chyle leak.® In our study,
we could not find benefit for using these
devices in preventing chyle leak.

In conclusion, the overall incidence
of chyle leak in the patients who under-
went DP was 8.0% in our institute. Early
enteral feeding may be associated with
postoperative chyle leak. Further inves-
tigation is needed for establishing the
appropriate time to start enteral feeding
after DP.
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Long-Term Results
of Surgical Resection
After Preoperative
Chemoradiation
in Patients With
Pancreatic Cancer

To the Editor:

We would like to report the long-
term results of surgical resection

after preoperative chemoradiation therapy

(CRT) for patients with pancreatic cancer

that extended beyond the pancreas.
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