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Abstract N\
We determined the clinical effectiveness and long-term outcomes in patients with distal biliary obstruction (DBO) secondary to |
pancreatic carcinoma (PC) who were treated by self-expanded metallic stent (SEMS) insertion with or without high-intensity focused
ultrasound (HIFU) ablation.

From January 2014 to December 2018, consecutive patients with DBO secondary to PC underwent SEMS insertion with or
without HIFU ablation in our center. The long-term outcomes were compared between the 2 groups.

During the included period, 75 patients underwent SEMS insertion with (h=34) or without (h=41) HIFU ablation in our center.
SEMS insertion was successfully performed in all patients. Liver function was significantly improved after SEMS insertion in both
groups. An average of 2.9 HIFU treatment sessions per patient were performed. Twenty patients (stent + HIFU group: 7; stent-only
group: 13) experienced stent dysfunction (P=.278). The clinical response rate to HIFU ablation was 79.4%. The median stent
patency was significantly longer in the stent with HIFU group than in the stent-only group (175 vs 118 days, P=.005). The median
survival was significantly longer in the stent with HIFU group compared with the stent-only group (211 versus 136 days, P=.004). An
Eastern Cooperative Oncology Group (ECOG) Performance Status of 3 (hazard ratio: 0.300; P=.002) and subsequent HIFU ablation
(hazard ratio: 0.508; P=.005) were associated with prolonged survival.

HIFU ablation following stent insertion can prolong the stent patency and survival for patients with DBO secondary to PC.

Abbreviations: CT = computed tomography, DBO = distal biliary obstruction, ECOG = Eastern Cooperative Oncology Group,

HIFU = high-intensity focused ultrasound ablation, PC = pancreatic carcinoma, SEMS = self-expanded metallic stent.
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1. Introduction

Pancreatic carcinoma (PC) is often associated with distal biliary
obstruction (DBO) which can cause jaundice.' 3! If the jaundice
cannot be cured in a timely manner, the patients risk dying due to
liver failure."! Only 10% to 20% of patients can undergo
surgery once obstructive jaundice occurs, with 3- and S-year
survival rates of 18% to 52% and 5% to 31%, respectively.'*
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For inoperable patients with DBO secondary to PC, the major
purpose of treatment is relief of the jaundice."~®! Stent insertions,
which include plastic stent insertion, self-expanded metallic stent
(SEMS) insertion, and covered stent insertion, have been used as
palliative treatment of DBO secondary to PC.''"®! Although many
treatment strategies for DBO secondary to PC exist, there were no
significant differences in survival or quality of life between surgical
bypass versus stents, SEMSs versus plastic stents, or covered versus
uncovered stents in such patients.[* These results are mainly due to
the fact that stent insertion alone has no additional treatment
benefit with regard to the primary tumor.

To prolong stent patency and survival of patients with
malignant biliary obstructions, various treatments have been
used, including chemotherapy, radiotherapy, and high-intensity
focused ultrasound (HIFU) ablation.”"'" Kitano et al!’! con-
cluded that chemotherapy prolonged the overall survival of
patients with DBO secondary to PC. However, both chemother-
apy and radiotherapy display treatment-related toxicity.®!
Compared with chemotherapy, radiotherapy, and other treat-
ments such as transcatheter arterial infusion or percutaneous
ablation, HIFU ablation is a noninvasive and nontoxic
treatment.!'*)

In this study, we compared the clinical effectiveness and long-
term outcomes of SEMS insertion with or without HIFU ablation
in patients with DBO secondary to PC.

2. Patients and methods

This retrospective study was approved by the institutional review
board (No. QLYY-2019-0630-115), which agreed to a waiver of
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written informed consent for study participation. All patients
provided consent for stent insertion and HIFU.

2.1. Study design

From January 2014 to December 2018, consecutive patients with
DBO secondary to PC underwent SEMS insertion with or
without HIFU ablation in our center. Patients were allowed to be
treated with chemo- or radiotherapy before or after SEMS
insertion in both groups.

Patient inclusion criteria are: a confirmed PC diagnosis; a
confirmed DBO diagnosis; inoperable cases. Patient exclusion
criteria are: technical failure of SEMS insertion; an Eastern
Cooperative Oncology Group (ECOG) performance status >4.

2.2. Diagnosis

Diagnosis of DBO was made according to patients’ symptoms,
computed tomography (CT), magnetic resonance cholangiopan-
creatography, and liver function results. Diagnosis of PC was
made based on the pathology results obtained by endoscopic
retrograde cholangiopancreatography and/or endoscopic ultra-
sound-guided fine needle aspiration.

2.3. SEMS insertion

Patients were placed in a supine position. The right intrahepatic
biliary tract was punctured under combined ultrasonic and
fluoroscopic guidance. A 0.035-inch normal guidewire (Terumo,
Tokyo, Japan) and a 4 to SF VER catheter (Cordis, Hialeah, FL)
were used to detect the obstructed site. When the guidewire and
catheter had entered the duodenum, the normal guidewire was
exchanged with a 0.035-inch stiff guidewire (Cook, Blooming-
ton, IN). The uncovered SEMS (Micro-Tech, Nanjing, China)
was placed at the obstructed site via this stiff guidewire. The
stents were 8 mm in diameter and 50 to 70 mm in length.

All patients received antibiotic therapy and hemostasis for 3 to
5 days after SEMS insertion

2.4. HIFU ablation

HIFU ablation was performed 1 week after SEMS insertion. The
main treatment parameters of the HIFU equipment included
input power, 300 to 500 W, and effective therapy depth, 2 to 15
cm. The area of each ablated dot was 6 x 4 mm.

Patients were placed in the supine position. The ultrasound
imaging transducer was used to identify the tumor target. The
distribution of the ablated dots was directed by the tumor size and
depth. Each dot was ablated for 10 seconds.

Each patient underwent at least 2 cycles of HIFU ablation. The
interval between each HIFU treatment was 1 month.

2.5. Follow-up

Routine follow-up after SEMS insertion was performed at 1, 3,
and 6 months, and then every 6 months thereafter. Stent
dysfunction was suspected if the patients experienced recurrence
of jaundice or cholangitis. Follow-up ended at the patient’s death.

2.6. Definitions

Technical success of SEMS insertion was defined as passage of the
SEMS across the obstruction, along with the flow of contrast
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medium through the SEMS.'"" The clinical response to HIFU
ablation was considered positive if contrast-enhanced CT showed
necrosis or reduction of PC after 2 cycles of treatment.!'>!3! Stent
patency was calculated from the day of SEMS insertion to stent
dysfunction or death.

2.7. Statistical analysis

Fisher exact test or the x? test was used for comparing categorical
variables. Continuous variables are shown as means + standard
deviation, with Student ¢ test or Mann-Whitney U test used for
comparisons as appropriate. Differences before and after
treatment were assessed via paired ¢ test. Patient survival and
cumulative patency were assessed using Kaplan—-Meier curves.
Predictors of survival were identified via Cox regression analyses.
Variable with a P<.1 in a univariate analysis was subsequently
assessed using a multivariate model with P<.05 as the
significance threshold. Statistical testing was conducted with
SPSS v16.0 (SPSS Inc, Chicago, IL).

3. Results

3.1. Patients

During the included period, 75 patients with DBO secondary to
PC underwent SEMS insertion with (n=34) or without (n=41)
HIFU ablation in our center (Fig. 1). From January 2014 to
December 2016, HIFU ablation was not used. From January
2017, HIFU ablation was introduced in our hospital and was
used for patients with malignant tumors.

3.2. Effectiveness of SEMS insertion

SEMS insertion was successfully performed in all patients. The
baseline data of the 75 patients are shown in Table 1. There were
12 patients (Stent + HIFU group: 7; Stent group: 5) with stage 11
PC. These patients did not undergo surgical resection because of
their older age or poor body condition. None of the patients
suffered procedure-related complications. All patients underwent
repeated liver function tests 1 week after SEMS insertion. The
improvements of liver function are shown in Table 2.

3.3. Effectiveness of HIFU ablation

A total of 100 HIFU treatment sessions were performed for the 34
patients (average of 2.9 sessions per patient) in the stent with HIFU
group. HIFU was well tolerated by all patients. Ten, 16, and 8
patients received 2, 3, and 4 treatment sessions, respectively. The
response rate to HIFU ablation was 79.4% (27/34).

3.4. Patency

Twenty patients (stent + HIFU group: 7; stent group: 13)
experienced stent dysfunction (P=.278, Table 3). All cases of
stent dysfunction were caused by tumor ingrowth and these
patients received a repeat SEMS insertion. The median stent
patency was significantly longer in the stent with HIFU group
compared with the stent-only group (175 vs 118 days,
respectively, P=.005, Fig. 2).

3.5. Survival

Follow-up lasted until all patients were dead. The causes of death
included tumor progression (n=74) and abdominal infection
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(n=96)

Patients with DBO and PC

Excluded (n=21):

Surgical treatment (n = 15)
ECOGPS>4(n=06)

(n=175)

Patients included

Stent + HIFU
(n=34)
Technical failure
(n=0)
Analysis
(n=34)

Stent without HIFU
(n=41)
Technical failure
(n=0)
Analysis
(n=41)

Figure 1. The flowchart of this study.

(n=1). The median survival time was significantly longer in the
stent with HIFU group compared with the stent-only group (211
vs 136 days, respectively, P=.004, Fig. 3). In the stent with HIFU
group, 10 and 2 patients received chemotherapy or radiotherapy,
respectively. In the stent-only group, 12 and 7 patients received
chemotherapy or radiotherapy, respectively. The remaining
patients did not receive chemotherapy or radiotherapy because
they could not afford it. When we removed the patients who
underwent either chemotherapy or radiotherapy during follow-
up from both groups, the median survival in the stent with HIFU
group and in the stent-only group were 208 and 88 days,
respectively (P=.001).

Cox regression analysis revealed that the predictors of
prolonging patient survival included ECOG performance status
of 3 (hazard ratio [HR]: 0.300; P=.002) and HIFU ablation (HR:
0.508; P=.005, Table 4).

Patients’ characteristics.

Stent + HIFU (n=34) Stent (n=41) P
Age, y 65.2+11.7 63.6+8.1 505
Sex .908
Male 22 26
Female 12 15
ECOG PS 1.000
2 5 5
3 29 36
Tumor stage 510
Il 7 5
1] 20 27
v 7 9

ECOG PS=Eastern Cooperative Oncology Group performance status, HIFU = high-intensity focused
ultrasound.

3.6. Complications

In the stent with HIFU group, 3 patients experienced cholangitis.
In the stent-only group, 5 patients experienced cholangitis. In all
cases, cholangitis was caused by stent dysfunction and was
relieved progressively after the repeat SEMS insertion. One
patient in the stent with HIFU group experienced pancreatitis and
this patient was treated by conservatively. The treatment protocol
included gastrointestinal decompression, antibiotic therapy, and
trypsin inhibitor therapy.!'¥

4. Discussion

PC is a common disease which can lead to DBO. SEMS insertion
has been accepted as the first-line palliative treatment of DBO.[~
¢l Partially or fully covered SEMSs were used to prevent tumor
ingrowth, the main cause of stent dysfunction in uncovered

Improvements of liver function in 2 groups.

Stent + HIFU Stent P
TBIL, wmol/L
Before 194.7 +88.8 209.6+101.6 .505
After 91.6+46.8 63.2+30.1 .004
P .000 .000 —
AST, UL
Before 142.1+£951 167.2+110.1 532
After 63.2+30.4 68.1+13.8 .391
P .000 .000 —
ALT, UL
Before 163.3+123.6 148.6+90.2 .854
After 64.5+34.5 62.5+21.3 .769
P .000 .000 —

ALT=alanine aminotransferase, AST=aspartate transaminase, HIFU=nhigh-intensity focused
ultrasound, TBIL=total bilirubin.
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Complications and outcomes.
Stent + HIFU (n=34)

Stent (n=41) P

Complications

Cholangitis 3 5 924
Pancreatitis 1 0 453
Bleeding 0 0 —
Stent dysfunction 7 13 278
Subsequent chemotherapy 10 12 .989
Subsequent radiotherapy 2 7 259

Patency (median), days 175 (95% Cl: 98-252) 118 (95% Cl: 94-142) .005
Overall survival (median), days 211 (95% Cl: 194-228) 136 (95% Cl: 108-164) .004

Cl=confidence interval, HIFU= high-intensity focused ultrasound.

SEMSs. Recently, partially covered SEMSs are more frequently
used than fully covered SEMSs to prevent stent migration.*!
However, whether it is an uncovered, fully covered, or partially
covered, SEMS by itself has no anticancer effect.!”!

In this study, the significant decrease of aspartate transami-
nase, alanine aminotransferase, and total bilirubin were achieved
in both groups within 7 days. This result may indicate that SEMS
can provide a rapid improvement of liver function. However, the
postoperative total bilirubin level was significant higher in the
stent with HIFU group than in the stent-only group (91.6 +46.8 .
mol/L vs 63.2+30.1wmol/L, P=.004). This result may be
attributed to the individual differences of each patient.

Postoperative anticancer treatments can effectively prolong the
stent patency and survival of patients with malignant biliary
obstruction.’®! Li et al'® also found that different anticancer
protocols (chemotherapy, radiotherapy, or combined) did not
differ from each other in promoting stent patency and survival.
Recently, a multicenter randomized trial proved the superiority of
irradiation stents over conventional stents in terms of stent
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patency (212 vs 104 days, P=.01) and survival (202 vs 140 days,
P=.02) for patients with unresectable malignant biliary
obstruction."*! However, both chemotherapy and radiotherapy
are associated with treatment-related toxicities, which usually
reduce the patients’ quality of life.

HIFU ablation has been used for treating various malignant or
benign tumors due to its noninvasive and nontoxic na-
ture.['%13:16] The HIFU equipment can focus ultrasound energy
from an extracorporeal source that is targeted within the body,
resulting in thermally induced necrosis and apoptosis.''® The
temperature of the ablated area can reach up to 42°C to 45°C.[*¢]
In this study, the clinical response rate of HIFU ablation was
79.4%, which is comparable to that (72%) in a previous study of
HIFU ablation for inoperable PC.*!

In this study, all stent dysfunctions were caused by tumor
ingrowth. This study revealed that median stent patency in the
stent with HIFU group was 175 days, significantly longer than the
control group (median patency period of 118 days). However, the
stent dysfunction rates were not significantly different between
these 2 groups. These results indicated that although HIFU
ablation cannot prevent stent dysfunction, it fulfilled one of the
main purposes of HIFU ablation, that is, to increase stent patency
by inhibiting tumor growth.

The patient survival was significantly longer in the stent with
HIFU group compared with the stent-only group. This finding is
similar to previous findings that patient survival can be prolonged
by the addition of anticancer treatment to SEMS.[%' In
addition, the median survival in the stent with HIFU group
was 211 days. When we removed those patients who underwent
postoperative chemotherapy or radiotherapy, the median
survival in the stent with HIFU group remained almost
unchanged at 208 days. These survival durations were
comparable to those found in previous studies regarding stent
insertion accompanied by chemotherapy or radiotherapy for
patients with malignant biliary obstruction.™S! These results
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Figure 2. The comparison of stent patency between 2 groups.
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Figure 3. The comparison of survival between 2 groups after SEMS insertion.

Predictors of survival after stent insertion.

Univariate analysis

Multivariate analysis

Hazard ratio 95% Cl P Hazard ratio 95% ClI P
ECOG PS 0.289 0.139-0.599 .001 0.300 0.143-0.631 .002
HIFU ablation 0.511 0.319-0.820 .005 0.508 0.316-0.815 .005
Post-stent AST 1.008 0.999-1.018 .068 1.006 0.996-1.016 219

AST =aspartate transaminase, Cl=confident interval, ECOG PS=Eastern Cooperative Oncology Group performance status, HIFU= high-intensity focused ultrasound.

may indicate that the effectiveness of HIFU ablation was
equivalent to that of chemotherapy or radiotherapy.

We found, that an ECOG performance status of 3 and HIFU
ablation were predictors of increased patient survival following
SEMS insertion. A lower ECOG performance status usually
predicts longer survival." ! In this study, the number of patients
with ECOG performance status of 3 was much larger than that of
patients with ECOG performance status of 2. The reason that a
relatively high ECOG performance status was associated with a
good outcome in this study may be mainly attributed to the small
number of patients with ECOG performance status of 2.
Moreover, there is only 1 grade between ECOG performance
status of 2 and 3 and there may not exist a critical difference in
body condition between patients with ECOG performance status
of 2 and 3.

This study has some limitations. First, it is a retrospective study
and a selective bias does exist. Second, a subset of patients also
received chemotherapy or radiotherapy during the follow-up,
and this may also cause a selective bias. Obviously, we cannot
deny patients’ appropriate alternative anticancer treatments.

Therefore, we also compared the survival between the 2 groups
after removing the patients who underwent chemotherapy or
radiotherapy from both groups and found that this made the
survival difference between the 2 groups even greater. Third, this
is a single-center study and the sample size was not large. In
addition, the sample size has not been calculated and this added
another bias to this study. Therefore, the results need to be
confirmed in a multicenter trial with a larger sample size.

In conclusion, although further clinical studies are needed, our
results indicate that HIFU ablation following SEMS insertion can
prolong stent patency and survival of patients with DBO
secondary to PC.
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