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Abstract: The purpose of this study was to verify the efficacy and safety of high intensity focused ultrasound therapy 
(HIFU) combined with S-1 in the treatment of metastatic pancreatic cancer after failure of gemcitabine (GEM). In 
total, 120 patients with GEM-refractory PC who received HIFU and S-1 between Aug 2012 and December 2014 
were randomly assigned to 2 groups. The patients in group A (n = 61) received HIFU in combination with S-1 and 
those in group B (n = 59) were given S-1 alone. S-1 was administered orally twice a day on days 1-14. Cycles were 
repeated every 21 days. The follow up time was 3~19 months in both groups. The median overall survival (OS) time 
and progression free survival (PFS) were analysed by Kaplan-Meier method and Logrank test. The pain remission 
rate of the two groups was compared by χ2 test. Patient characteristics and prognostic factors were compared. 
Patient characteristics did not significantly differ between the 2 groups. Median OS was significantly longer in group 
A (10.3 months) than in group B (6.6 months, P = 0.000). Median PFS was also significantly longer in group A than 
in group B (5.1 months vs 2.3 months, P = 0.000). Meanwhile, the pain remission rate was markedly higher in 
group A than in group B (57% vs. 20%, P = 0.000). There were mild side effects and no significant difference was 
observed between the two groups. The treatment effect was independently associated with a good outcome. HIFU in 
combination with S-1 might be effective and well tolerated as salvage chemotherapy in the treatment for metastatic 
pancreatic cancer.
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Introduction

Most pancreatic cancer patients are diagnosed 
with advanced stage, which the 5 year survival 
rate is only 2% [1]. Gemcitabine (GEM) based 
systemic chemotherapy has been regarded as 
the standard method for advanced PC because 
Burris et al. [2] found its superior efficacy over 
5-fluorouracil. However, after disease progres-
sion during GEM-based chemotherapy, further 
treatment methods are very limited. No stan-
dard salvage chemotherapy has been establish- 
ed.

In Japan, the clinical trials of S-1 in advanced 
PC have been reported [3]. Compared with the 
gemcitabine monotherapy, the efficacy of S-1 is 
about the same as that in the treatment of 
advanced PC [1]. In recent years, studies have 

identified that S-1 achieve favorable therapeu-
tic effect in GEM resistant PC [4, 5].

High-intensity focused ultrasound (HIFU) thera-
py, accumulating energy at a targeted area and 
inducing coagulation necrosis without harming 
surrounding tissue, has been used to treat dif-
ferent solid tumors. Recently clinical studies 
have confirmed that HIFU is a promising meth-
od for the treatment of pancreatic cancer [6]. In 
terms of HIFU treatment for pancreatic cancer, 
not only can local tumor control be achieved by 
ultrasound absorption, cancer pain can also be 
relieved, perhaps by destroying peripancreatic 
nerves and portions of the celiac plexus [7].

As noted above, treatment with S-1 or HIFU can 
provide good antitumor activity and tolerable 
side effects for pancreatic cancer patients. 
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However, the efficacy and safety of the com-
bined treatment for the treatment of metastat-
ic pancreatic cancer after failure of gemcitabine 
are not well known. In this study, we reviewed 
the HIFU and S-1 combined treatment out-
comes to find the impact of HIFU and S-1 on the 
prognosis of GEM-refractory metastatic PC.

Patients and methods

Patients

Patients with metastatic GEM-refractory PC 
received HIFU and S-1 treatment between Aug 
2012 to December 2014 as second-line treat-
ment at Xinhua Hospital Affiliated to Shang- 
hai Jiaotong University and Fudan University 
Cancer Hospital. All patients had a pathological 
diagnosis of pancreatic ductal adenocarcino-
ma. The patients were divided into 2 groups. 
The patients in group A (n = 61) received HIFU 
in combination with S-1 and those in group B (n 
= 59) were given S-1 alone. We retrospectively 
collected their medical records. Each patient 
signed a written informed consent form, and 
this retrospective study was approved by the 
independent ethics committees/IRBs of Xinhua 
Hospital and Fudan University Cancer Hospital. 
The characteristics of the patients are shown in 
Table 1. The baseline prognostic characteris-

ents with central nervous system (CNS) metas-
tases; Severe disability, ECOG score of more 
than 3.

Chemotherapy

S-1 was administered orally twice daily on day 
1-14, then rest for a week. The dosage was 
determined according to the body surface area 
(BSA): BSA < 1.25 m2, 80 mg/day; 1.25 m2 ≤ 
BSA < 1.50 m2, 100 mg/day; and BSA ≥ 1.50 
m2, 120 mg/day. The treatment course was 
repeated every 3 weeks until the disease pro-
gression or intolerance to toxicity. Each patient 
received 2-6 cycles of chemotherapy, the medi-
an treatment was 4 cycles.

HIFU

High intensity focused ultrasound treatment 
was performed using the JC HIFU system 
(Chongqing Haifu Tech Co. Ltd, Chongqing, 
China). All patients underwent a preliminary 
evaluation 2 weeks before HIFU treatment to 
further assess the treatment target and deter-
mine the targeted areas. Before the HIFU pro-
cedure, the skin in the treatment area was 
cleaned. The patients were fasted overnight.  
All patients signed written informed consent 
before treatment.

Table 1. Clinicopathological characters of metastatic pancreatic 
cancer

Group A Group B P value
Gender (male/female) 32/29 28/31 0.588
Age (years) 50.13±19.87 55.22±18.12 0.742
Primary tumor location (head/other) 31/30 32/27 0.711
Previous Whipple procedure (yes/no) 31/30 26/33 0.463
Differentiation (well+moderate/poor) 24/37 23/36 0.968
Metastatic sites
    Peritoneal lymph node 30 27 0.711
    Liver 37 39 0.540
    Lung 27 32 0.278
Number of Metastatic site
    1-3 34 30
    > 3 27 29 0.595
CEA (U/ml) 8.61±7.16 9.12±8.33 0.482
CA199 (U/ml) 1215±997 1510±1120 0.347
Performance status (median) 1.0 2.0 0.472
VAS (median) 6.0 7.0 0.094
S1 treatment (mean) 4.35 3.88 0.554
VAS: visual analog scale.

tics were balanced between 
the two groups.

Eligibility

The main inclusion criteria 
were: metastatic pancreatic 
cancer; disease progres-
sion under gemcitabine 
based chemotherapy; age  
≥ 18 years; Eastern Co- 
operative Oncology Group 
(ECOG) performance status 
of 0-2. Main exclusion crite-
ria were: severe complica-
tions, such as active con-
comitant malignancy, active 
infection, uncontrolled dia-
betes, massive pleural effu-
sion or ascites, reduced 
haematological, hepatic, or 
renal functions, any disease 
that may increase the risk of 
adverse effects, or severe 
drug hypersensitivity; pati- 
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The patient was placed in a prone posture. The 
HIFU therapeutic energy is delivered in a pulsed 
mode. HIFU is palliative for those with advanced 

SPSS 16.0 software package (SPSS Inc., 
Chicago, IL, USA) was used to analyze all the 
data. Objective responses were analysed with 

Figure 1. Kaplan-Meier curves for OS between the two groups.

Figure 2. Kaplan-Meier curves for PFS between the two groups.

cancer, impeding tumor growth 
and improving the quality of 
life, so the principle of target 
selection is mainly the largest 
tumor lesions. Real-time ultra-
sound was used to compre-
hensively detect tumor targets. 
The target area was scanned 
by continuous high intensity 
focused ultrasound beam, and 
the targeted regions of tumor 
were completely ablated. Every 
patient in the study received 
only one session of HIFU treat- 
ment.

Evaluation of the efficacy and 
side effects of the treatment

Contrast-enhanced CT was 
used before and after treat-
ment to assess the tumor 
response according to the 
RECIST version 1.1. Contrast-
enhanced MRI was also used 
to evaluate the therapeutic 
effect of locoregional control 
of HIFU. OS was calculated 
from the start of treatment to 
the date of last follow-up or 
death, and PFS was calculated 
from the start of treatment to 
the date of disease progres-
sion or death. We also carried 
evaluation of pain relief rate 
according to previous reports 
[8]. Before and after every 
treatment cycle, the pain was 
evaluated with a visual analog 
scale (VAS). Complete remis-
sion of pain was defined as 0 
pain score and no need for opi-
oid analgesics), partial remis-
sion of pain was defined as 
decrease in pain score by 2  
or more. We evaluated treat-
ment-related toxicities accord-
ing to the Common Termino- 
logy Criteria for Adverse Events 
(CTCAE) version 4.0.

Statistical analysis
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Pearson’s χ² test. The median overall survival 
(OS) time and progression free survival (PFS) 
were analysed by Kaplan-Meier method and 
Logrank test. Multivariate logistic regression 
model was used to evaluate the prognostic 
variables. The results are presented as the 
median survival in months with the hazard risk 
(HR) with 95% confidence interval (CI). A p value 
less than 0.05 was considered to be statisti-
cally significant as indicated.

Results

Survival benefit

OS for the HIFU and S-1 combination therapy 
was 10.3 months compared with 6.6 months 
for S-1 monotherapy (HR 0.194, 95% CI, 0.112-
0.336, P = 0.000) (Figure 1). PFS for the HIFU 
and S-1 combination therapy was 5.1 months 
compared with 2.3 months for S-1 monothera-
py (HR 0.151, 95% CI, 0.083-0.273, P = 0.000) 
(Figure 2).

Efficacy

Of the 61 patients assigned to Group A, one 
patient had a complete response and 15 
patients had partial responses, ie, 26.2% 
showed an objective response. The therapeutic 
effect of locoregional control of HIFU was also 
evaluated, one patient had a complete re- 
sponse and 8 patients had partial responses. 
Of the 59 patients assigned to Group B, five 
patients (8.5%) showed partial response and 
no patient showed complete response. There 
was significant difference between the two 
groups in the proportions of responders (P = 
0.000).

Pancreatic cancer related abdominal pain was 
relieved obviously at 1 month after the HIFU 

procedure. The remission rate of pain was 57% 
and 20% respectively in Group A and Group B, 
the difference was significant (P = 0.000).

Side effects

The most common side effects in Group A  
were nausea, vomiting, anorexia, diarrhea; they 
were transient and quickly recovered in all 
patients. Slight skin burns were also noted in 
Group A. We didn’t record grade 3 or 4 adverse 
events in both groups (Table 2). There were 
mild side effects and no significant difference 
was observed between the two groups.

Prognostic factors

Median OS consistently favored Group A across 
most subgroups (Table 3). In a multivariate  
Cox model of OS, adjusting for the stratification 
factors, the treatment effect remained signifi-
cant, with a similar magnitude of decease in 
the risk of death compared with the primary 
analysis (HR 0.193, 95% CI, 0.105-0.354, P = 
0.000) (Table 4). As observed with OS, the 
median PFS by treatment group consistently 
favored Group A across most subgroups (Table 
3). In the multivariate analyses of PFS, treat-
ment effect remained significant after adjust-
ment for stratification factors and favored 
Group A (HR 0.172, 95% CI, 0.093-0.319, P = 
0.000) (Table 5).

Discussion

The prognosis of pancreatic cancer is very poor. 
Most ongoing clinical research was to investi-
gate the more effective first-line protocols. 
Study results on second-line treatment in PC 
are rare [9]. In regard to treatment for GEM-
refractory PC, oxaliplatin, fluorouracil, and folin-
ic acid (OFF) indicated the benefit of second-
line chemotherapy was significantly better than 
best supportive care (BSC) alone [10]. However, 
OFF has not been recognized as standard sal-
vage chemotherapy in advanced PC patients 
for the patient number was small. Kasuga et al. 
[4] carried a retrospective analysis to evaluate 
the efficacy and safety of gemcitabine com-
bined with S-1 in the treatment of pancreatic 
cancer after failure of first-line treatment. 
Results showed that GS might be effective and 
well tolerated as salvage chemotherapy in a 
practical setting.

Table 2. Side effects between the two groups
Group A Group B P

Anaemia 15 13 0.743
Neutropenia 11 12 0.751
Thrombocytopenia 10 8 0.667
Vomiting 13 10 0.548
Diarrhea 8 9 0.739
Hand foot syndrome 7 6 0.820
Neurotoxicity 4 5 0.693
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S-1, a fluoropyrimidine derivative, was designed 
to improve the antitumor effect of 5-FU [11]. 
S-1 offered an alternative to traditional intrave-
nous 5-FU. Several clinical trials of S-1 mono-
therapy have been conducted in the treatment 
of advanced pancreatic cancer [12-16]. The 
median OS and PFS time of S-1 monotherapy 
were 4.5-7.6 and 2.1-4.1 months respectively. 
There would be a need to evaluate its efficacy 
for patients following GEM failure in further 
RCTs.

total drug levels [23]. However, randomized 
controlled studies have not rigorously designed 
to show that HIFU has a significant survival ben-
efit in the treatment of advanced pancreatic 
cancer.

Previous studies of HIFU combined with gem-
citabine based chemotherapy in the treatment 
of advanced pancreatic cancer, but HIFU com-
bined with S-1 in the treatment of pancreatic 
carcinoma is rarely reported. In our reports, OS 

Table 3. Univaraite analysis of OS and PFS in pancreatic cancer

Patient subgroups N
OS PFS

HR (95% CI) P value HR (95% CI) P value
Treatment (A/B) 61/59 0.194 (0.112-0.336) 0.000 0.151(0.083-0.273) 0.000
Age (< 65/≥ 65) 55/65 0.512 (0.318-0.824) 0.006 0.766 (0.489-1.144) 0.249
Sex (male/female) 60/60 1.216 (0.772-1.916) 0.399 1.255 (0.798-1.974) 0.325
PS (0-1/2) 55/65 0.468 (0.290-0.756) 0.002 0.728 (0.460-1.152) 0.175
Primary location (head/other) 63/57 1.019 (0.650-1.599) 0.933 1.007 (0.645-1.572) 0.976
Previous Whipple procedure (yes/no) 57/63 0.446 (0.283-0.702) 0.001 0.534 (0.341-0.835) 0.006
Differentiation (Well+moderately/poorly) 47/73 0.408 (0.246-0.676) 0.001 0.607 (0.372-0.990) 0.045
Presence of liver metastasis (yes/no) 76/44 2.335 (1.475-3.695) 0.000 1.856 (1.180-2.917) 0.007
Presence of lung metastasis (yes/no) 59/61 1.513 (0.965-2.371) 0.071 1.457 (0.930-2.282) 0.101
Peritoneal lymph node metastasis (yes/no) 57/63 1.061 (0.676-1.666) 0.798 1.094 (0.696-1.719) 0.696
Number of metastatic sites (1-3/> 3) 64/56 0.573 (0.362-0.905) 0.017 0.729 (0.465-1.144) 0.169
Abbreviations: A/B: HIFU+S-1/S-1; PS: performance status.

Table 4. Multivariate analysis of OS in pancreatic cancer
Hazard 
Ratio 95% CI P 

Value
Treatment (A/B) 0.193 0.105-0.354 0.000
Age (< 65/≥ 65) 0.929 0.468-1.843 0.833
PS (0-1/2) 0.686 0.400-1.179 0.172
Previous Whipple procedure (yes/no) 0.662 0.400-1.096 0.109
Liver metastasis (yes/no) 1.249 0.728-2.145 0.419
Lung metastasis (yes/no) 0.917 0.547-1.536 0.741
Number of metastatic sites (1-3/> 3) 0.642 0.342-1.206 0.168
Differentiation (well+moderately/poorly) 0.452 0.226-0.904 0.025
Abbreviations: A/B: HIFU+S-1/S-1; PS: performance status.

Table 5. Multivariate analysis of PFS in pancreatic cancer
Hazard 
Ratio 95% CI P 

Value
Treatment (A/B) 0.172 0.093-0.319 0.000
Previous Whipple procedure (yes/no) 0.711 0.448-1.129 0.148
Liver metastasis (yes/no) 1.178 0.734-1.891 0.498
Differentiation (well+moderately/poorly) 0.691 0.419-1.140 0.148
Abbreviations: A/B: HIFU+S-1/S-1; PS: performance status.

The most obvious advantage of 
HIFU in the treatment of cancer 
is noninvasive. There are a lot of 
reports about HIFU in the treat-
ment of advanced pancreatic 
cancer. Most of these reports 
come from China. It is recom-
mended to use HIFU as mono-
therapy or combined with che-
motherapy [17-22]. The objec-
tive response rate was 14.6%~ 
74%. No obvious side effects 
were found in these reports. 
Ultrasound hyperthermia can 
reduce the dosage required and 
adverse effects of chemothera-
py. Combined HIFU and chemo-
therapy can result in a better 
outcome, high pain relief and 
longer survival. Recent studies 
have also demonstrated that 
hyperthermia mediated doxoru-
bicin release using HIFU im- 
proves intratumoural distribu-
tions of bioavailable drug and 
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and PFS for the HIFU and S-1 combination ther-
apy was 10.3 and 6.6 months respectively, 
which is significantly better than the S-1 mono-
therapy.The results of this analysis confirm and 
identify treatment with HIFU plus S-1 as inde-
pendent predictors of survival.

Pain is an important factor seriously affectting 
the quality of life of patients with advanced PC. 
How to relieve the cancer pain is still a serious 
question. Most of the studies reported that 
pancreatic cancer patients’ pain was signifi-
cantly relieved after HIFU treatment, although 
the mechanism is still unclear. In our study, 
57% patients with varying degrees of pain 
relieved and their quality of life improved.

Zhao’s [8] study showed that the major grade 3 
and 4 toxicities were haematological and gas-
trointestinal toxicities when gemcitabine was 
combined with HIFU therapy. In our study, the 
patients in group A only showed a mild skin 
burn at the time of treatment, serious compli-
cations such as bleeding, organ perforation 
and peritonitis didn’t appear. Regarding toxicity, 
grade 3-4 side effects weren’t found. The safe-
ty profile in this study suggests that HIFU and 
S-1 can be safely administered to patients with 
PC even as a salvage therapy.

It is important to point out the limitations of  
this retrospective study. This study included 
patients after failure of gemcitabine based  
chemotherapy. Considering the patients’ back-
grounds were poor, we modified the S-1 regi-
men which was S-1 was administered orally 
twice daily on day 1-14, then rest for a week.

In conclusion, the combination of HIFU and S-1 
in the treatment of advanced pancreatic can-
cer after failure of gemcitabine might be safe 
and effective. Nowadays the research of HIFU 
mainly focused on: (1) the safety monitoring 
during HIFU treatment; (2) the evaluation sys-
tem after the treatment of HIFU such as MRI, 
CDFI, PET-CT and so on; (3) combining with 
thermal medium to enhance the therapeutic 
efficacy [24, 25]. We need more clinical study 
of a larger sample size to further explore the 
application of HIFU combined with S-1 in the 
treatment of pancreatic cancer, and further 
optimize the dosage, duration time, treatment 
intervals.
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