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Abstract

Objectives: We conducted an evaluation of the efficacy
and toxicity of radiotherapy for locally advanced stage Il
pancreatic cancer.

Methods: Fifteen patients with locally advanced stage lll
pancreatic cancer underwent radiotherapy with or without
concurrent chemotherapy between July 2006 and April
2014. We used 10 MV X-rays and multiple coplanar (two to
four) fields. The number of fractions ranged between 20 and
28 with a fraction size of 1.8Gy. A total dose of 36-50.4Gy
at the isocenter of the planning target volume (PTV) was
administered to each patient. Fourteen patients received
chemotherapy during radiotherapy. The cumulative sur-
vival rate and local control rate were calculated using the
Kaplan-Meier method.

Results: The study included nine males and six females
with a median age of 61 years (age range: 42-85 years).
The tumor stage was T4 in all patients and lymph node me-
tastasis was N1 in 11 patients and NO in 4. The clinical stage
in the UICC 7" was Ill in all patients. The median follow-up
period was 7.8 months. For a total of 15 patients, the one-
and two-year overall survival rates were 38.9% and 12.9%,
respectively. The six-month and one-year local progres-
sion-free survival rates were 59.4% and 0%, respectively.

Conclusion: We reported the clinical outcomes of locally
advanced stage |l pancreatic cancer in a single institution.
Although this treatment option is a feasible, the efficacy
should remain to be verified with future large-scale studies.
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Introduction and Objectives

In Japan, pancreatic cancer represents the fourth
leading cause of death due to cancer [1]. Recently, diag-
nostic methods and treatment technology for pancreat-
ic cancer has been progressed; however, the mortality
rate has not declined. At the time of the initial diagno-
sis, there are few patients who are resectable absence
of the invasion of major vessels or the presence of dis-
tant metastasis. The three-year overall survival rate of
the patients who were resectable is reported to be only
20% [2]. On the other hand, according to a report from
approximately 10-years-ago, the median survival time of
the patients who were unresectable was approximate-
ly between 6 and 13 months [3-8]. Thus, regardless of
the enforcement of surgery, the prognosis of pancreatic
cancer is extremely poor compared to other cancers. For
patients with unresectable pancreatic cancer, the bene-
fit of the addition of chemotherapy to radiotherapy has
proven [8,9]; however, the effect of the addition of ra-
diotherapy to chemotherapy is unclear [10]. Regarding
radiotherapy, due to the poor prognosis and insufficient
cases of pancreatic cancer, high-quality evidences con-
cerning the treatment strategy are scarce. 5FU combina-
tion radiotherapy has become one of the standard treat-
ments, but the relevant supporting literature is dated.
The purpose of this study is to retrospectively evaluate
the efficacy and toxicity of radiotherapy for locally ad-
vanced stage Ill pancreatic cancer in our institution.
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Figure 1: Three-dimensional dose distributions for unresectable stage Il pancreatic cancer that received a total dose of 50.4

Gy using 10 MV X-rays and four coplanar fields.

Methods and Materials

Patients

We retrospectively investigated 15 patients with lo-
cally advanced stage lll pancreatic cancer who under-
went radiotherapy with or without concurrent chemo-
therapy at our institution between July 2006 and April
2014. Written informed consent was provided from all
patients following an explanation of the clinical stage
and life prognosis, treatment goals, treatment sched-
ule, other treatment options, and adverse events. The
complete patient evaluation included a physical exam-
ination, blood counts, screening blood chemistry tests,
and an electrocardiogram. The clinical TNM staging
(UICC) was performed using chest and abdominal radio-
graphs, chest-abdominal computed tomography (CT),
and/or positron emission tomography (PET/CT) scans.
This study was approved by the institutional review
board of our institution.

Radiotherapy

We used a three-dimensional (3D) radiotherapy
planning procedure with high-energy linear accelera-
tors. Serial CT scans with 2.5-mm intervals were per-
formed. Following the CT scan, the organs at risk (i.e.,
duodenum, liver, bilateral kidney and spinal cord) and
target outlines were drawn. The gross tumor volume
(GTV) was defined as primary tumor and enlarged lymph
nodes detected by CT scans and/or PET-CT scans. The
irradiated clinical target volume (CTV) included the GTV
and regional lymph nodes area (i.e., pancreaticoduode-
nal and celiac axis). The planning target volume (PTV)
was defined by the CTV plus 1-1.5 cm margins for move-
ment and uncertainties during the set up. We used 10
MV X-rays and multiple coplanar (two to four) fields.
The number of fractions ranged between 20 and 28 in
fractions of 1.8Gy/day, five days per week. A total dose
of 36-50.4Gy at the isocenter of the PTV was adminis-
tered to each patient. One representative case of the 3D
radiotherapy planning for locally advanced pancreatic
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body cancer is shown in (Figure 1). The dose constraints
of the organs at risk were evaluated by a dose volume
histogram. The restriction for the liver, kidney, and spi-
nal cord were < 30Gy, £ 20Gy, and < 40Gy, respectively.

Evaluation and analysis

The objectives of this study were to evaluate the local
control, overall survival, and toxicity. The patients were
monitored for a follow-up every two to three months
during the first year, and every four to six months
thereafter. The majority of the patients were followed
by clinical examination, CT scans, and laboratory data,
including tumor markers. The local tumor response
was evaluated using CT scan and the Response Evalua-
tion Criteria in Solid Tumors (RECIST) [11]. Local tumor
control was defined as a lack of any significant tumor
regrowth on the follow-up CT. The cumulative survival
rates and local control rates from the first date of treat-
ment until the date of death or local recurrence were
calculated using the Kaplan-Meier method. These were
estimated from the date of the radiotherapy initiation
to the date of event or the last follow-up. All analyses
were performed using Prism v5.0f (GraphPad Software,
Inc., USA). The grade of treatment toxicity was evaluat-
ed using the Common Terminology Criteria for Adverse
Events (CTCAE) v3.0. Acute and subacute toxicities were
defined as occurring within six months after the radio-
therapy, and late toxicities were defined at six months
or later.

Results

Patient characteristics

A summary of the patients’ characteristics is provid-
ed in Table 1. The nine men and six women who com-
prised the cohort had a median age of 61-years (range:
42-85 years). At the time of the analysis, eight patients
had died, and seven patients were alive. The median fol-
lows up was 7.8 months (range: 1.2-18.8 months) for all
patients and 4.1 months (range: 1.2-18.8 months) for
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Figure 2: (a) Overall survival rate for 15 patients with unresectable stage Il pancreatic cancer treated with radiotherapy; (b)
Local control rate for 15 patients with unresectable stage Il pancreatic cancer treated with radiotherapy.
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Table 1: Patient Characteristics (n = 15).

Table 2: Failure Patterns after radiotherapy.

Characteristic Value Sites of Failures Number of Patients
Sex Locoregional 9
Male 9 (60%) Distant metastasis 8
Female 6 (40%) Liver 6
Age Pulmonary 1
Median (range) 61 (42-85) Hilar lymph node 1
Performance Status
0-1 13 (87%) (47%); 8 tumors could not be diagnosed by biopsy or
2 2 (13%) cytology and had been clinically diagnosed. Clinical di-
Stage agnosis of malignancy was based on CT scan, or uptake
cT4No 4(27%) on PET/CT scan. The median dose of radiotherapy was
. CT4N1 11.(73%) 50.4Gy. The 3D radiotherapy used four portals in 12 pa-
Site of pancreas i h tals in 2 patients, and two portals in 1.
Head 8 (53.3%) tients, three por P ’ por .
Fourteen patients received chemotherapy during radio-
Body 5 (33.3%) )
Tail 2 (13.3%) therapy. The concurrent chemotherapy was TS-1 in 12

Radiation doses (Gy)

Median (range) 50.4Gy (36-50.4Gy)

Combination of

Chemotherapy
Yes 14 (93%)
No 1(7%)
Follow-up Time
(month)
Median (range) 7.8 (1.2-18.8)
Status
Alive 7 (47%)
Dead 8 (53%)
Failure
Yes 12 (80%)
No 3 (20%)

the surviving patients. Four patients were lost to fol-
low-up. The performance status was between Oand 1in
13 patients and 2 in 2 patients. The tumor stage was T4
in all patients. Unresectable and borderline resectable
were 11 patients and 4 patients, respectively. The lymph
node metastasis was N1 in 11 patients, and NO in 4. The
clinical stage in the UICC 8™ was Il for all patients. The
histological types were adenocarcinoma in 7 patients
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patients, gemcitabine (GEM) and TS-1 in 1 patient, and
GEM in 1 patient. The GEM-based regimen had been ad-
ministered to nine patients before radiotherapy as an
initial treatment. The duration of prior chemotherapy
was 3 to 6 months.

Survival and local tumor control

For a total 15 patients, the one- and two-year overall
survival rates were 38.9% and 12.9%, respectively, and
the six-month and one-year local progression-free sur-
vival rates were 59.4% and 0%, respectively (Figure 2).
The site of the initial failure among the 15 patients is pro-
vided in Table 2. During the follow-up, local progression
occurred in nine patients (60%). Eight patients (53.3%)
developed distant metastasis, six developed liver me-
tastasis, one developed pulmonary metastasis, and one
developed hilar lymph node metastasis. Two patients
developed local progression and distant metastasis si-
multaneously. In all eight patients who had died, death
was a result of disease progression.

Toxicities

Leukopenia and thrombocytopenia of CTCAE criteria
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Table 3: Previous reports of chemoradiotherapy with TS-1 for locally advanced pancreatic cancer.

Author Number of Patients Radiotherapy Median Survival time 1y-0OS
Ikeda 2007 21 50.4Gy 11 42.90%
Kim 2009 25 50.4Gy 12.9 43%
Sudo 2011 34 50.4Gy 16.8 70.60%
Shinchi 2012 50 50Gy 14.3 62%
Our study 12/15 36-50.4Gy 9 38.70%

Abbreviations: 1y-OS, 1-year overall survival rate.

Grade 2 was observed in three (20%) and one (6.7%)
patient, respectively. No other severe adverse events (>
grade 3) have been observed in any of the patients as of
the last follow-up.

Discussion

Chauffert, et al. conducted a randomized controlled
trial to evaluate the use of chemoradiotherapy for lo-
cally advanced pancreatic cancer with Fluorouracil and
Cisplatin and chemotherapy alone with Gemcitabine;
the authors reported that the survival time of the che-
motherapy alone group was significantly better than
chemoradiotherapy group in 2008 [12]. Furthermore,
the incidence of severe adverse events was significant-
ly higher in the chemoradiotherapy group. In contrast,
Loehrer, et al. conducted a randomized controlled trial
to investigate the use of chemoradiotherapy with Gem-
citabine and chemotherapy alone with Gemcitabine.
They reported that the survival time of the chemora-
diotherapy group was significantly longer than the
chemotherapy alone group in 2011 [13]. Regarding ad-
verse events, the incidence of grade 3-4 did not differ
between the two groups. As described above, it is not
possible conclude the superiority of either chemoradio-
therapy or chemotherapy alone at this time. Therefore,
currently the first line treatment for locally advanced
pancreatic cancer has recommended the administration
of chemoradiotherapy or chemotherapy alone. In our
experience, chemotherapy alone has been widespread
in clinical practice and there are less opportunities to
implement radiotherapy with or without chemother-
apy for locally advanced pancreatic cancer. This study
included only 15 patients in eight years however with
such a small sample size, the number of patients that
can receive radiotherapy are minimal, and similar pub-
lished reports also involve small sample sizes.

From the 15 patients included in this study, the
one-year overall survival rate and median survival time
were 38.9% and 10.8 months, respectively. The medi-
an survival time of the patients with locally advanced
pancreatic cancers that received chemoradiotherapy or
radiotherapy alone or chemotherapy alone was found
to be between 5.7-16.8 in a previous randomized con-
trolled study [8-10,12-16]. In particular, the results of
the median survival time with chemoradiotherapy with
TS-1 had been 11-16.8 months [17-22]. Our study in-
cluded 12 patients with TS-1 and a median survival time
of 10.8 months, which is slightly inferior compared to
previous reports. We summarized previous reports of
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the chemoradiotherapy with TS-1 for locally advanced
pancreatic cancer in Table 3.

Unfortunately, both the one-year local control rate
and progression free survival rate in our study were
0%, respectively. Local disease recurrence and distant
metastasis occurred in nine (60%) and eight patients
(53.3%), respectively. Moreover, both local disease re-
currence and distant metastasis occurred in five patients
(33.3%). Only three (20%) patients have experienced a
period without local disease recurrence and distant me-
tastasis. The most frequent site of distant metastasis
was the liver in six patients (40%). The venous drainage
from the pancreas flows to the liver via the portal vein.
Therefore, distant metastasis of pancreatic cancer is
most often liver metastasis, and our results are in line
with this observation. A total of 9 (60%) out of 15 pa-
tients received chemotherapy before chemoradiothera-
py and 8 (66.7%) out of 12 patients with local disease re-
currence or distant metastasis underwent chemothera-
py with gemcitabine prior to chemoradiotherapy with
TS-1. Many of these patients were consulted regarding
radiotherapy because chemotherapy was not effec-
tive in our institution. Thus, patients who underwent
chemoradiotherapy as an initial treatment was less and
chemoradiotherapy was performed under severe con-
ditions. This is considered to be one of the reasons why
the clinical outcomes of this study were slightly inferior
as compared to previous reports.

Regarding to adverse events, three patients devel-
oped grade 2 leukopenia and one patient developed
grade 2 thrombopenia. Six patients developed grade
1 gastrointestinal adverse events such as anorexia and
nausea. No grade 3 or greater toxicities were observed
in this study. Therefore, the results of this study indicate
that radiotherapy with TS-1 and/or GEM is a feasible
and relatively safe treatment option in locally advanced
pancreatic cancer. As of the last follow-up, no severe
late adverse events occurred in any of our patients.

In this study, we reported the clinical outcomes of
locally advanced stage Ill pancreatic cancer at a single
institution. Although this treatment option is feasible,
the efficacy is not satisfactory. In addition, we have ob-
tained similar results as other reports, with the excep-
tion of the particle beam therapy. With the appearance
of some new anti-cancer agents, the survival period has
been extended [23,24]. However, compared to other
cancers, the therapeutic effect remains poor. In the fu-
ture, by combining radiotherapy and chemotherapy, we
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hope that the clinical outcomes of locally advanced pan-
creatic cancer will be improved.
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