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Abstract: Background: The aim of this study was to evaluate the feasibility and safety of the reirradiation of CyberKnife (CK) for locally advanced pancreatic cancer (LAPC) patients in local control and pain relief. Methods: Four
patients with unresectable LAPC were treated with CK robotic radiosurgery system and their treatment response
was evaluated by response evaluation criteria in solid tumors (RECIST). Toxicity was evaluated according to the national cancer institute (NCI) common terminology criteria for adverse events (CTCAE) v4.0. The relief of abdominal
or back pain was followed by numerical rating scale (NRS) scoring evaluation. Results: Two patient presented with
stable disease (SD), the rest two patients were with partial response (PR) after first CK treatment course. The median overall survival (OS) and the median progression-free survival (PFS) were 20 months and 9.5 months respectively from the first CK treatment. The pain relief was observed less than 1 month after tCK procedures (3-22 days),
and local control was achieved 3 months after CK treatment. All patients were with compliance to radiotherapy
well, one patient with grade 1 nausea and vomitting in the first CK treatment, one patient with grade 1 leucopenia,
grade 2 nausea and weakness, grade 3 vomitting were observed in CK reirradiation course, no grade 4 late toxicity
was observed in both CK treatment courses. Conclusion: Selected LAPC patients can be reirradiated with CK after
local failure of first CK treatment, the reirradiation was safe and effective to improve local control rate and relieve
symptoms.
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Introduction
Pancreatic cancer is one of the most invasive
cancers with a poor prognosis, because early
specific clinical symptoms were rarely shown,
most patients had developed advanced stage
at the time of diagnosis. For the current stage,
surgery is the only curable treatment for pancreatic cancer, and around 15% of patients had
received radical resection, however the median
survival time is no less than 1 year [1].
Local recurrence rate or distant metastasis
after radical surgery is still high and moreover
few patients with LAPC are accessible for surgeries. Besides, 50% of patients with LAPC suffered from pains with varying degrees caused
by ineffective local control which will lower the
quality of life (QoL) [2]. Christine A [3] reported
that about 30% of patients died with locally
destructive pancreatic cancer without distant
metastasis in autopsy, which suggested that

local failure may play an important role in tumor
recurrence with LAPC, and patients may
enhance overall survival and QoL if local progression of the disease could be controlled.
Chemotherapy or radiotherapy is the conventional treatment for patients with LAPC, whereas it is not applicable in some circumstances.
For pancreatic lesions located deep inperitoneal cavity, which is adjacent to critical organs
such as stomach, small intestine, liver and kidney, it is difficult to elevate the prescription
dose in conventional radiation therapy scheme
even it is Intensity-modulated radiation therapy
(IMRT).
Different from conventional therapy with relatively small doses over the course of several
weeks, stereotactic body radiotherapy (SBRT)
could deliver a greater dose of radiation over
the course of far few treatments with highly precise treatment fields. SBRT has shown better
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Table 1. Characteristics of 4 patients before the first-course CK
treatment
Case Gender Age
1
2
3
4

Male
Male
Female
Male

62
77
59
55

Tumor
Tumor
Lymph node
maximal
location
metastasis
diameter
Head
4.0 cm
Negative
Body
2.5 cm
Positive
Body
2.6 cm
Negative
Body
1.8 cm
Negative

Tumor
stage

KPS

cT4N0M0
cT2N1M0
cT4N0M0
cT3N0M0

90
80
80
90

Table 2. Dose-volume constraints for critical organs in the first
course CK treatment
Critical structure
Liver
Stomach
Duodenum
Bowel
Left kidney
Right kidney

Volume of organ Absorbed radiation (Gy) Tolerance
receiving radiation
Mean (range)
dose (Gy)
700 cc
3 (2.6-4.7)
21
10 cc
12.5 (4.9-15.6)
18
5 cc
6.5 (2.7-15.6)
18
10 cc
5 (2.2-10.9)
12.5
5 cc
11.2 (7.43-18)
19.5
2/3
4.5 (2.3-6.27)
23
2/3
4.6 (1.6-7.84)
23

outcomes with more clinical benefit and less
toxicity. And CK is one platform of SBRT with
Synchrony® respiratory tracking system as well
as real-time tumor tracking and adjustment
keeps beam stationary to the target and reduces amount of dose to critical structures. The
efficacy and safety of the CK in LAPC has been
reported in several studies [4-9]. The range of
median progression free and overall survival
were 6.8 to 8.7 months and 12.2 to 14.3
months respectively. However, there were few
studies on the subsequent therapy after the
failure of local control. The aim of our study is to
evaluate the safety and efficiency of the second course of CK treatment for LAPC patients
in local control and pain relief.
Materials and methods
Patients
Between April 2013 and October 2013, four
patients with unresectable LAPC received the
first-course radiotherapy by CK, and from
February 2014 to June 2014 the secondcourse of radiotherapy was delivered. The four
patients with 3 males and 1 female, whose age
ranged from 55 to 77 years, all were with a KPS
≥80 points. In which one was with pancreatic
head carcinoma and the other three were with

980

pancreatic body carcinoma. All
patients were with variable
degrees of abdominal or back
pain with NRS scores from 5
to 7 before the first-course CK
treatment. Two patients were
diagnosed by histopathology
via EUS-guided biopsy and the
other two patients were diagnosed by clinical symptom,
PET (positron emission tomography)-CT scan and a CA (glucoprotein antigen) 19-9 level.
All patients had accepted any
anti-tumor treatment before
the first CK course radiation
therapy (Table 1). The recurrence or progression was limited to the primary tumor or
regional nodes.
Positioning and target delineation

Patients were placed in the
supine position by a wholebody vacuum pad and underwent planning
CT with a slice thickness of 1.5 mm. The normal
organs at risk (OAR) include liver, kidneys, stomach, and small intestine. The gross tumor volume (GTV) was defined as the visible tumor and
lymph node by CT images, while the clinical target volume (CTV) was equivalent to GTV, and
planning target volume (PTV) was defined as
the region of 2 mm outside CTV. When tumor is
adjacent to critical organs especially duodenum, the expansion from CTV to PTV is avoided
in this direction. The mean dose and range of
doses to stomach, duodenum, small intestine
and kidneys are listed in Tables 2, 3.
Treatment planning and delivery
All patients were treated with CK robotic radiosurgery system (Accuray, Sunnyvale, USA) with
different tumor tracking techniques for twice
radiotherapy courses. Two patients were treated by spine tracking system and the other two
patients were by both respiratory tracking system and fiducials tracking system by placing
gold fiducials which are 0.9 mm in diameter
and 3 mm in length (CIVCO, USA) to the region
near to the tumor. Treatment planning CTs were
performed at least 7 days after fiducial placement. The two patients received abdominal CT
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Table 3. Dose volume constraints for critical organs in the secondcourse CK treatment
Critical structure
Liver
Stomach
Duodenum
Bowel
Left kidney
Right kidney

Volume of organ Absorbed radiation (Gy)
receiving radiation
Mean (range)
700 cc
1.8 (1.4-2.8)
10 cc
7.74 (6.4-9.51)
5 cc
5.5 (2.3-9.33)
10 cc
4.3 (1.9-8.17)
5 cc
9.2 (6.7-12.05)
2/3
3.1 (1.58-3.7)
2/3
3 (1.47-4.5)

Tolerance
dose (Gy)
21
18
18
12.5
19.5
23
23

Table 4. Dose-volume parameters for the 4 patients before the firstcourse CK treatment
Case GTV (cc) PTV (cc)
1
2
3
4

93.7
42
35.1
40.5

114
73.5
62.6
66.7

Coverage
(%)
80.6
82
80
81

CI

HI

1.12
1.27
1.08
1.27

1.52
1.61
1.59
1.16

Prescription
Fractions
dose (Gy)
7
5
8
5
7.5
5
7
5

GTV, gross tumor volume; PTV, planning target volume; CI, conformality index; HI,
homogeneity index.

Table 5. Dose volume parameters for the 4 patients before the
second-course CK treatment
Case
1
2
3
4

GTV (cc) PTV (cc)
66.7
56
60.8
21.1

66.7
77.8
94.3
35

Coverage
(%)
80.4
82
80
81

CI

HI

1.17
1.27
1.18
1.23

1.39
1.61
1.46
1.52

Prescription
Fractions
dose (Gy)
6
5
6.1
5
7.2
5
7
5

Table 6. Characteristics of the 4 patients with local recurrence before the second course CK treatment
Tumor
Lymph node
Case maximal
metastasis
diameter
1
3.4 cm
Negative
2
2.5 cm
Positive
3
2.8 cm
Positive
4
1.5 cm
Negative

KPS

Chemotherapy

PFS
Best
OS
(m) Response (m)

and x-sight spine tracking
systems are applied.
Treatment characteristics
The median prescription dose was 36.25 Gy (35-40 Gy)
in 5 fractions with the median coverage of 80.8% (80%82%) for the first-course CK
therapy (Table 4) and the
second-course CK therapy,
the median prescription dose was 32.75 Gy (30-36 Gy)
in 5 fractions with the median coverage of 80.7%
(80.4%-82%). The prescription isodose line was limited
to 70%-75% (Table 5).
Patient follow-up
The patients had biological
evaluations every month after CK treatment and underwent upper abdominal CT
scans every 2-3 months. All
patients’ images will be
assessed and classified as
complete response (CR), partial response (PR), stable
disease (SD), or progressive
disease (PD) based on RECIST. Toxicity was evaluated
according to the NCI CTCAE
v4.0. The relief of the abdominal or back pain was followed by NRS scoring evaluation.
Statistical analysis

All statistics were performed
using SPSS 13.0 software.
80 Gem+Oxa (4 cycles) 9
PR
24
For survival analysis, pro80
Gem (6 cycles)
11
SD
18
gression-free survival was
80
None
7
SD
16
defined as the time interval
80 Gem+S1 (3 cycles) 10
PR
22
between the date from treatPFS: progression free survival, Gem+Oxa: Gemcitabine plus Oxaliplatin (Gem 1 g/m2/
ment to the date of tumor
d1, 8; Oxa 130 mg/m2/d1), Gem+S1: Gemcitabine plus S1 (Gem 1 g/m2/d1, 8; S1
progression, overall survival
2
50 mg/m /d1-14).
was defined as the time
interval between the date
scans about 1 week after fiducial placement.
from treatment to the date of death or the last
The three CT phases should be acquired under
follow-up. Survival curves were plotted using
breath hold (end-expiratory). When the number
the Kaplan-Meier method. Statistical signifiof fiducials is less than three, fiducial tracking
cance was set at P<0.05.
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Figure 1. Computed tomography (CT) scan of case 3 with LAPC prior to and following the twice SBRT. A. CT scan
prior to the first-course treatment shows a mass in the pancreatic body (white arrow). B, C. CT scan 3 months and
6 months following the first SBRT course (white arrow). D. CT scan prior to the second-course treatment shows the
local recurrence of the tumor in the pancreatic body (white arrow). E. CT scan 2 months following the second SBRT
course (white arrow). F. Fiducial showed in this picture (gray arrow).

Results
Tumor response and survival
The follow up upper abdominal CT scans were
assessed for tumor response every two to three
months, two patients showed SD, the other two
patients were with PR after the first CK course
illustrated in Table 6. And three patients accepted maintenance chemotherapy including
982

Gemcitabine post-first CK course. The median
OS and the median PFS were 20 months and
9.5 months respectively from the first CK
course (Table 6). The CT images were shown in
Figure 1.
Toxicities
All patients have shown good compliance to
two courses radiation therapy. Only nausea and
Int J Clin Exp Med 2017;10(1):979-985
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2). The pain relief rate was up
to 100%. All patients complained that the pain aggravated to the range from 5 to 6
scores prior to the second CK
course. And the second CK
course relieved the pain with
NRS scores down to 3.
The changes of the tumor
markers
Figure 2. Evaluation of the pain relief in patients during the first and second
CK course.

Figure 3. The level of CA19-9 in patients during the first and second CK
course.

vomiting of grade 1 was observed after the first
fraction during first course CK treatment. In the
reirradiation of second-course CK treatment,
leucopenia of grade 1 and nausea and weakness of grade 2 were observed, and one patient
had temporary aggravated abdominal pain
without increasing amylase. In the follow up,
one case showed grade 3 vomitting, however
no grade 4 of late toxicity was observed after
CK reirradiation.
Pain relief
The pain suffered by the enrolled patients was
assessed by NRS system with the range from 5
to 7 scores prior to radiation therapy. Opioids
has to be prescribed to two patients to control
the pain. The pain relief was observed after
CK treatment with time range of 3 days to 22
days, and the best pain control was achieved in
3 months after CK treatment. The pain was
relieved and controlled by 2 scores’ reduction
in all patients, moreover no medication was
prescribed to the enrolled four patients (Figure
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The difference of CA19-9
between pre- and post-CK is
shown in Figure 3. In the follow-up of 18 months, the
mean level of CA19-9 was
found to be reduced from 925
to 151.8 U/ml which revealed
the relevant tumor response
after first course CK treatment. However the mean level of CA19-9 was increased
to 457.7 u/ml just before CK
reirradiation. In which the
mean level of CA19-9 was
reduced to 201 u/ml after the
second course of CK treatment (Figure 3).
Discussion

The conventional external beam treatment to
locally advanced pancreatic adenocarcinoma
(LAPC) remains limited by relatively lower therapeutic ratio in the potential adverse effects
than the gain in overall survival.
However, stereotactic body radiotherapy (SBRT)
has shown the ability to deliver high doses for
tumor control while keeping lower doses to the
surrounding normal tissues and there were
many experiences in SBRT shows that CK can
get an advantageous survival rate and reduce
the toxicity.
Gurka [10] had reported that 14 unresectable
LAPC patients treated with prescription dose
of 25 Gy in five fractions showed grade 1 to 2
gastrointestinal toxicity and no grade 3 or 4
radiation-related toxicities after SBRT treatment within 2 weeks, in the follow up, two
patients had a partial response, and the left 12
patients showed stable disease. The median
PFS and OS were 6.8 months and 12.2 months
respectively.
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The previous studies [11-13] have also demonstrated that hypo-fractionated approach in
LAPC treatment is more effective in the radiation induced toxicity control. Koong and his coworkers [14] reported the first CK study on
LAPC, the enrolled 15 patients were treated
with doses of 15, 20, or 25 Gy in a single fraction. The local control rate was up to 100% and
OS was 11 months. There wasn’t any grade 3
toxicity observed in this study. The lower toxicity in LAPC SBRT treatment were also found in
two studies with which achieved local control
rate of 94% and 100% respectively by one fraction dose of 25 Gy. In addition, the increasing
toxicity especially the late gastrointestinal (GI)
toxicity was found to be well correlated with
high local control rate in these studies.
Bae [15, 16] observed that a Dmax of 35 Gy
and 38 Gy in 3 fractions of SBRT correlated
with a 5% and 10% rate of grade 3 gastroduodenal toxicity respectively on abdominal malignant tumor. ASCO (American Society of Clinical
Oncology) recommend [17] that five-fraction
regimens (30 to 33 Gy in five fractions) have
been shown to be associated with low incidence of GI toxicity, improvement in pancreatic
pain, and 1-year local control of 78%. The optimal sequencing of chemotherapy and SBRT
remains unknown; SBRT has been used as upfront treatment or as a sandwich regimen during ongoing chemotherapy.
In our study, a modest prescription dose of
30-40 Gy in five fractions (35-40 Gy in first
course, 30-36 Gy in second course), which is
equivalent to the conventional radiation therapy scheme dose of 2 Gy in 25-30 fractions in
BED (α/β=10) was prescribed to patients with
LAPC.
The results showed that all four patients had
a 100% local control rate, and the pain relief
was accompanied with significant CA19-9
decrease even in reirradiation treatment. We
observed that three patients received the maintenance chemotherapy post-first CK course.
Maybe it is one of the reasons that preventing
the there patients from the distant metastasis.
The main toxicities in our study are transient
grade 1 nausea and vomitting during the first
CK course. Leucopenia of grade 1, nausea and
weakness of grade 2 as well as vomiting of
grade 3 were observed after the second CK
treatment. There were no grade 4 late toxicity
984

observed after CK treatment, the acute side
effects were acceptable whereas more sample
sizes and long term follow up were needed.
Our study has the limitation of small enrolled
sample size, thus, we could not confirm that all
LAPC patients can benefit from the repeated
CK treatment. As an innovative new technology,
the dose and fraction scheme of CK treatment
is still under investigation. And from the experiences in this study the inclusion criteria of
selected LAPC patients treated with CK re-irradiation were as follows: 1. The KPS scores
should be more than 80. 2. Tumor located
in pancreatic body or head without severe
obstructive jaundice. 3. Patients with good
clinical response after the first CK course. 4.
The re-irradiation interval of CK treatment
should be limited with at least 6 months from
the first CK treatment, in the meanwhile, a
reduced prescribed dose was delivered for the
re-irridiation.
Conclusion
In the present study we have evaluated the
outcomes in patients with LAPC treated with
CK re-irridiation. Our study has shown that the
repeated CK may be an alternative treatment
in selected LAPC patients to improve the local
control rate and quality of life with acceptable
toxicity. Further studies based on larger sample
size are needed.
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