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Abstract

Objective: This study is to determine the efficacy of the Chinese clinical program of Ultrasound Guided
High-Intensity Focused Ultrasound (USgHIFU) in the Bulgarian patients with advanced pancreatic
adenocarcinoma.

Methods: Patients with advanced pancreatic adenocarcinoma from China and Bulgaria were enrolled in
the study. All patients received the same clinical procedure of USgHIFU treatment and follow-up. The
patient characteristics, the USgHIFU treatment and evaluation parameters including complications,
Visual Analogue Scale (VAS) pain scores, tumor size, serum CA19-9 levels, survival rates and survival
times were comparatively studied in Chinese and Bulgarian patients.

Results: There was no significant difference in clinical parameters of Chinese and Bulgarian patients
with advanced pancreatic adenocarcinoma, such as the ratio of male/female, mean age, tumor size, and
TNM stage. Similarly, no statistical significance was found in USgHIFU procedure including treatment
time, the ratio of USgHIFU time to treatment time, USgHIFU time, average power and total energy.
After USgHIFU treatment, four patients with complications were recorded. The VAS pain scores post-
USgHIFU were decreased. Besides, the tumor shrunk after treatment, and the one-year survival rate for
the Chinese and Bulgarian patients were 26.0% and 37.0%, respectively. The results showed no
statistical significance between patients from China and Bulgaria. Additionally, the serum CA19-9
content did not show significant change in Chinese and Bulgarian patients after USgHIFU treatment.
Conclusion: A good consistency in treatment efficacy of USgHIFU was found in Chinese and Bulgarian
patients with advanced pancreatic adenocarcinoma, suggesting that the Asian-originated USgHIFU

treatment for advanced pancreatic adenocarcinoma may be also suitable for European patients.

Keywords: Ultrasound guided high-intensity focused ultrasound (USgHIFU), Advanced pancreatic cancer, Cancer-

related pain, Survival rate.

Introduction

Pancreatic cancer is one of the malignancies that are most
difficult to diagnose and with worst outcomes. The 5 y survival
rate of pancreatic cancer is less than 5% [1-3]. It is reported
that the mortality of pancreatic cancer ranks the fourth of all
malignancies in Europe and North America [1-3]. In China,
pancreatic cancer is the top 10 [4,5] cause of cancer related
death and is the fifth in Bulgaria [2,6].

So far, RO resection (complete surgical removal of tumor) is
still the only curative method for early pancreatic cancer.
Unfortunately, most of patients with pancreatic cancer are
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difficult to diagnose at the initial period due to the non-specific
early symptoms. Only 20% of pancreatic cancer patients in
early stage are suitable for surgical resection, and expected to
have a 5 y survival rate of 15%-20% [7-10]. The majority of
patients (80%) with advanced pancreatic cancer (including
local and tumor metastasis) is expected to have a median
survival time less than one year and 5 y survival rate nearly 0%
due to lack of the alternative effective treatment [7-10].

High-Intensity Focused Ultrasound (HIFU) has been used for
treatment of solid tumors (regardless of benign and malignant)
in Asia and Europe [11-13]. Studies have shown that the
Ultrasound guided HIFU (USgHIFU) method achieved better
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therapeutic effects on Asian patients with advanced pancreatic
cancer [14-24]; however, its application in European patients
has not been well investigated [25]. In addition to pancreatic
adenocarcinoma [26,27], USgHIFU is also suitable for the
treatment of pancreatic neuroendocrine tumor [28,29],
pancreatic cystadenocarcinoma [30], acinic cell carcinoma
[30], and pancreatic metastatic cancer [28]. According to the
clinical guideline of USgHIFU treatment [31], we designed
this study and investigated whether this USgHIFU treatment
also benefits Bulgarian patients with advanced pancreatic
adenocarcinoma.

Materials and Methods

Clinical teams for USgHIFU treatment

This study was separately performed in the Second Affiliated
Hospital of Chongqing Medical University (Chongqing, China)
and the Affiliated Hospital of Medical University Pleven
(Pleven, Bulgaria) at the same time. Clinical team in the
Second Affiliated Hospital of Chongqing Medical University
has more than 15 years of experience in USgHIFU treatment,
however, the clinical team in Medical University Pleven only
has 2 years of experience. Besides, doctors in both of the two
teams have more than 10 years of clinical experience of
diagnosis and treatment of pancreatic cancer.

Patients

This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Chongqing Medical University
and the Medical University Pleven. The informed consents
were obtained from patients and their family before
procedures. The inclusion criteria included: i) patients with
pathologically diagnosed pancreatic adenocarcinoma; ii) TNM
stage III/IV; iii) Karnofsky score above 70%; iv) expected
survival time more than three months. The exclusion criteria
included: i) patients with un-controlled cardio-pulmonary
diseases, ii) patients with active hemorrhagic diseases,
including upper gastric-intestinal bleeding, iii) patients with
Child-Pugh Grade C liver disease; iv) patients with continuous
and increasing jaundice, and v) patients with large scar in the
acoustic pathway of HIFU on the abdominal wall. From
January 2013 to January 2015, 49 advanced pancreatic
adenocarcinoma patients (including local and tumor
metastasis) without surgical options were enrolled in this study.
These 49 patients included 27 Chinese patients and 22
Bulgarian patients. Their clinical characteristics were shown in
Table 1. There was no significant difference in clinical
characteristics between Chinese patients and Bulgarian
patients.

Measurement of biochemical indicators

The routine examination, including Electrocardiograph, chest
X-ray, enhanced Computed Tomography (CT)/Magnetic
Resonance Imaging (MRI), blood cell counting, and serum
CA19-9 level, was performed before USgHIFU treatment. The
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pain score was evaluated by Visual Analogue Scale (VAS)
[32].

USgHIFU equipment

The JC USgHIFU system (Chongqing Haifu Medical
Technology Co. Ltd., Chongqing, China) was applied on
Chinese and Bulgarian patients. The therapeutic procedure was
guided by a real-time B-mode ultrasound. A DU3 US imaging
device with 2.5-3.5 MHz imaging probe (Esaote, Genova,
Italy) was used as the real-time imaging unit of the system.
Therapeutic ultrasound energy was produced by a transducer
with diameter about 150 mm diameter, focal length about 135
mm, and work frequency about 0.85 MHz.

USgHIFU treatment

Bowel preparation was performed one day before USgHIFU,
and a routine fasting and water-deprivation should be finished
10 h before USgHIFU. Patients lay down on the table of JC
USgHIFU system after anesthesia. A tank containing degassed
water was used to fulfil the space between the body and the
transducer in order to create an acoustic pathway without air
bubbles. Besides, in order to get rid of gas left in the bowels
(potentially in the acoustic pathway), a water balloon was
placed between the abdominal wall and the transducer.

The basic mode of HIFU treatment was shown as dot-line-
slice-volume. Guided by real-time monitoring B mode-
ultrasound, targeted lesion was accurately located, and further
divided into slices. Normally, it began from one dot, gradually
became a line, then a slice, and eventually a volume. The
USgHIFU treatment was finished if the hyper-echogenic
changes fulfilled the whole targeted lesion. The USgHIFU
treatment targeted tumors not only located in pancreas but also
in distance metastases.

The parameters of USgHIFU including treatment time,
USgHIFU time, average power and total energy were
separately recorded. The treatment time was the time duration
started from the first therapeutic ultrasound exposure to the last
one. The USgHIFU time was the sum of all therapeutic
ultrasound exposure time. The average power and total energy
were recorded and calculated by JC USgHIFU system.

Follow-up study

Vital signs of patients were closely monitored for at least 6
hours after USgHIFU treatment. All patients were encouraged
to do activity and suggested no meal before passing air again.
The clinical assessment was performed after USgHIFU
operation, and the complication was recorded one week post-
USgHIFU by referring to CTCAE3.0 grade [33]. The pain
score was evaluated by VAS pre-and post-USgHIFU. The
concentration of amylase and CA19-9 in serum of patients was
also tested. One month after USgHIFU, radiography (enhanced
CT/MRI) was performed to measure the Ilesion size.
Additionally, a follow-up was performed every three months to
study the survival condition of patients. The follow-up lasted
for 24 months from January 2013 to January 2015.
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Chemotherapy

The adjuvant gemcitabine-based chemotherapy, which
included 4-6 cycles, was recommended to patients. Patients
who finished chemotherapy were recorded as “Yes
Chemotherapy”, and those who refused or did not finished
were recorded as “No Chemotherapy”.

Statistical analysis

Data was analysed using SPSS version 19.0 for Windows
(SPSS Inc., Chicago, US). Continuous variables were shown as
Mean + SD, and analysed by independence t-test. The level of
serum CA19-9 and VAS pain score before and after USgHIFU
treatment were comparatively analysed by paired t-test.
Statistical analysis of categorical values was performed by Chi-
square test. The duration of a patient’s survival was calculated
from the date of USgHIFU treatment to the date of death. The
cumulative survival rate was estimated by Kaplan-Meier
method and compared by Log-Rank test. It was considered as
statistical significance if P<0.05.

Results

Comparison of USgHIFU parameters between
Chinese and Bulgarian patients

To evaluate the differences of the USgHIFU procedure
between the two groups, multiple comparisons of USgHIFU
parameters were performed. There was no significant
difference in USgHIFU treatment between Chinese and
Bulgarian patients by analysis of the USgHIFU parameters,
including treatment time, HIFU time, average power and total
energy, as shown in Table 2.

Comparison of VAS pain score between Chinese and
Bulgarian patients

To evaluate the changes of the VAS pain score after USgHIFU
treatment, VAS pain score was collected before and one-week
post-USgHIFU treatment. The result showed that the VAS pain
score of patients with advanced pancreatic adenocarcinoma
significantly decreased in Chinese patients and Bulgarian
patients after USgHIFU treatment (Table 3, P<0.001). Besides,
in Chinese patients, 14 patients felt pain relief (51.9%), 10
patients felt no change (37.4%) and 3 patients (11.1%) felt pain
increase; while these three conditions in Bulgarian patients
were 14 (63.6%), 6 (27.3%) and 1 (4.5%). There was no
significant difference in the constituent ratios of the three
conditions (pain relief/no change/increase) between the
Chinese and Bulgarian patients after USgHIFU treatment
(Table 3). These results indicate that a similar pain control is
achieved in Chinese and Bulgarian patients after USgHIFU
treatment.
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Comparison of complications and outcome between
Chinese and Bulgarian patients

To evaluate the complications after USg HIFU treatment,
follow-up was conducted. During follow-up, four patients with
complications were reported one-month post-USgHIFU (Table
4). Two patients had pancreatitis (Grade 1). There was no
symptom, but only with higher level of serum amylase, which
reduced to normal level in one week without any medical
intervention. The other two patients suffered skin burn (Grade
2), and the burn wound healed after debridement in one week.
No serious complication was found, and all patients suffering
complications recovered in one week. The complication ratio
in Chinese patients was 1:27 while in Bulgarian patients was
3:22. No statistical significance was found between the two
groups (P>0.05).

Comparison of tumor size between Chinese and
Bulgarian patients

To study the tumor size change after USgHIFU treatment, the
enhanced CT/MRI was performed and data was further
analysed by paired t-test. The results showed that the tumor
shrunk after USgHIFU treatment in both two groups. No
statistical significance was found in tumor size in Chinese
patients (P>0.05). However, the USgHIFU treatment
significantly decreased the tumor size in Bulgarian patients
(P<0.05, Table 5 and Figure 1).

enhanced ~ CT/MRI
adenocarcinoma in a 54 y old Chinese patient. The arrow indicates
the lesion in the head of the pancreas. (A) The un-equal enhancement
signal in the head of pancreas was shown by the enhanced CT before
the patient received the USgHIFU treatment. The non-enhancement
signal was shown in the same person by the enhanced CT (B) and the
enhanced MRI (C) one-month post-USgHIFU treatment.

Figure 1. The image of pancreatic

Comparison of CA19-9 level between Chinese and
Bulgarian patients

To assess the level of tumor marker CA19-9 in Chinese and
Bulgarian patients after USgHIFU treatment, the serum of 21
Chinese patients and 5 Bulgarian patients one-month post-
USgHIFU were collected. Our data showed that serum CA19-9
level of patients in Chinese patients decreased after USgHIFU
treatment from 554.1 + 379.94 to 527.9 + 389.9 (P=0.733),
while in Bulgarian patients, it also showed decline trend from
30.7 £23.81 to 23.0 + 17.49 (P=0.386) (Table 6).
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Figure 2. The Kaplan-Meier survival curve revealed the survival rate
of patients with advanced pancreatic adenocarcinoma after
USgHIFU treatment.
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Figure 3. The Kaplan-Meier survival curve revealed the survival rate
of Chinese and Bulgarian patients with advanced pancreatic
adenocarcinoma after USgHIFU treatment.

Comparison of survival time between Chinese and
Bulgarian patients

To study the long term survival condition of patients after
USgHIFU treatment, the survival rate was analysed. For all
patients after USgHIFU treatment, the survival rate at 6 month,
12 month and 18 month was 43.6%, 31.6% and 10.5%,
respectively (Figure 2), whilst the mean survival time and the
median survival time were 8.9+0.95 and 6.0 + 0.43 months.
For Chinese patients, the survival rate after USgHIFU
treatment at 6 month, 12 month and 18 month was 39.6%,
26.0% and 17.3%, respectively; while that in Bulgarian
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patients was 47.6%, 37.0% and 6.2%, respectively. There was
no significant difference in the survival rate between the two
groups (P=0.873, Figure 3). Additionally, the mean/median
survival time for Chinese patients and Bulgarian patients was
89 + 1.45/6.0 = 0.43 and 8.9 + 1.26/6.0 = 3.25 months,
respectively.

Discussion

Patients from China and Bulgarian diagnosed with advancer
pancreatic adenocarcinoma were involved in this study, and
received the same USgHIFU treatment in Chinese and
Bulgarian Hospital, respectively. The Second Affiliated
Hospital of Chongqing Medical University has performed
USgHIFU treatment for more than 15 y, while, the hospital of
Medical University Pleven has performed USgHIFU for only 2
y. To avoid the treatment differences, we comparatively
analysed the clinical characteristics of patients in two hospitals
as well as their USgHIFU treatment parameters. No statistical
significance was found between Chinese patients and
Bulgarian patients, which indicate that the USgHIFU treatment
is suitable for both Chinese and Bulgarian patients, even with
different clinical teams.

Clinical studies have reported the complications of pancreatic
cancer after HIFU treatment, which involved skin burn
[14,16-19,21-22,24] and pancreatitis [19,23,24], superior
mesenteric artery insufficiency occlusion [16],
pancreaticoduodenal fistula [17,19] and obstructive jaundice
[22,24]. Most of the complications need simple medical
intervention. Here, we found the complications after USgHIFU
treatment in this study were similar as previously reported.

Several studies have confirmed that the HIFU treatment could
relieve the cancer-related pain by ablating the local pancreatic
cancer and its distance metastasis including plexus celiacus and
retroperitoneal nerve plexus [24,25,31-37]. The previous meta-
analysis has shown that 80% of pancreatic cancer patients
benefited from HIFU treatment, and among those, 30% of
patients felt pain-free [38], which was important to improve the
life quality. Additionally, studies have demonstrated that the
serum CA19-9 levels showed no changes after HIFU treatment
[14,19,23]. Consistently, we found that there was no significant
difference in serum CA19-9 after HIFU treatment in both
Chinese and Bulgarian patients. Besides, in agreement of the
previous studies which demonstrated the tumor size shrunk
after HIFU treatment [14-23], our data also supported the
decrease tendency of ablated pancreatic cancer after USgHIFU
treatment. Meanwhile, clinical studies [15,18,19,23] have also
indicated the one-year survival rate of Asian patients with
advanced pancreatic cancer after USgHIFU treatment was
14.3%-49.9% and the median survival time was 7-12 months.
Our study obtained consistent results in patient survival.

So far, few European patients with pancreatic cancer have been
reported to receive HIFU treatment [25]. The HIFU treatment
is safe and effective in the Asian patients [11,12,14-24]. In
agreement with that, our study not only confirmed the
treatment effect of USgHIFU on Chinese patients with
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advanced pancreatic adenocarcinoma, but also revealed a
similar therapeutic efficacy on Bulgarian patients. Our findings
indicate that USgHIFU treatment might be an alternative

choice for European patients with advanced pancreatic
adenocarcinoma.

Table 1. The clinical characteristics of patients with advanced pancreatic cancer in two groups.

Clinical characteristics Chinese patients

Bulgarian patients Statistical data

Number of cases 27

22

Sex M/F 20/7

14/8 x2=0.622, P=0.430"

Age (years old)

Mean £ SD (range) 58.6 + 9.82 (35-72)

56.7 + 7.12(40-68) t=0.760, P=0.451#

Tumor location

Head/Body/Tail

¥2=0.449, P=0.799"

Invade two parts 8

Tumor size (mm)

Mean £ SD (range) 40.6 + 13.37 (20-70)

40.0 £ 9.67 (23-62) t=0.185, P=0.854#

TNM stage (I11/1V) 8/19 10/12 x2=1.306, P=0.253"
HIFU session (single/multiple) 22/5 20/2 x2=0.880, P=0.348"
Chemotherapy (Y/N)$ 6/21 12/10 x2=5.450, P=0.020"

"Chi-square test, *independence t-test. P<0.05 means different significant. 8Y indicated patients received chemotherapy. N indicated patients who refused or did not finish

chemotherapy.

Table 2. The parameters of USgHIFU treatment for patients with advanced pancreatic cancer in two groups.

Parameters of USgHIFU Chinese patients

Bulgarian patients Statistical data

Number of cases 27

22

USgHIFU session 32

24

Treatment time (min)

Mean £ SD (range) 119.6 + 72.08 (8-254)

156.6 + 57.32 (20-285) =-1.955, P=0.057"

HIFU time (min)

Mean + SD (range) 22.8 9.4 (2.35-37.38)

17.9 + 11.57 (4.5-55) t=1.644, P=0.107"

Average power (W)

Mean £ SD (range) 281.8 + 46.5 (200-407)

270.0 + 94.43 (95-400) t=0.569, P=0.572"

Total energy (kJ)

Mean £ SD (range) 392.0 + 188.46 (41.5-672.9)

303.2 + 217.29 (28-881) t=1.531, P=0.132"

“Independence t-test. P<0.05 means different significant.

Table 3. Evaluation of the VAS pain scores for patients with advanced pancreatic cancer in two groups before and after HIFU treatment.

Total number VAS scores

Number of patients with VAS scores modification

pre-USgHIFU post-USgHIFU Statistical data” Decrease No change Increase Statistical data®
Chinese patients 27 53+3.14 3.1+£2.01 t=3.876, P= 0.001 14 10 3 x2=1.270
Bulgarian 21 5.8 £3.01 29+1.92 t =4.254, P<0.001 14 6 1 P=0.530
patients
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1 datum lost.*Paired t-test. #Chi-square test. P<0.05 means different significant.

Table 4. Number and CTCAE3.0 grade of complications and outcome.

Complications Patient Number/ CTCAE 3.0 Grade Outcome
Chinese Bulgarian patients Total
patients
Gastrointestinal Tract 0 0 0 No record.
injury
Skin burn 0 2/Grade 2 2 Due to the previous surgery scare, debridement was performed, and the wound
healed in 1 week.
Pancreatitis 1/Grade 1 1/Grade 1 2 Serum-amylase level back to normal in one week. No treatment was needed.
Total 1 3 4

Table 5. The modification of tumor size in patients with advanced pancreatic cancer after USgHIFU treatment in two groups.

Group Pre-HIFU Post-HIFU Statistical analysis

N Size (mm) (Mean * SD) N Size (mm) (Mean * SD) Method P value
Chinese patients 20 39.8 + 12.58 20 36.8+12.43 Paired t-test 0.032
Bulgarian patients 12 34.6 +4.25 12 29.5+543 0.015

Table 6. Comparison of the serum CAI19-9 (U/ml) level in Chinese and Bulgarian patients with advanced pancreatic cancer pre- and post-

USgHIFU treatment.
Group N Pre-USgHIFU Post-USgHIFU Statistical data
Chinese patients” 21 554.1 £ 379.94 (16.95-1000) 527.9 + 389.9 (5.38-1000) t=0.347, P=0.733
Bulgarian patients” 5 30.7 + 23.81 (5.5-62.28) 23.0 + 17.49 (1.9-39.6) t=0.972, P=0.386

The maximum limit was 1000 U/ml. That datum over 1000 U/ml was treated as 1000 U/ml.

Paired t-test. P<0.05 means significant difference.
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