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High-intensity focused ultrasound thermal ablation boosts the
efficacy of immune checkpoint inhibitors in advanced cancers
with liver metastases: A single-center retrospective cohort study
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Abstract. High-intensity focused ultrasound thermal ablation
(HIFU) is a novel non-invasive technique in the treatment of
liver metastases (LIM) that allows focal destruction and is
not affected by dose limits. This retrospective study aimed to
explore the efficacy of HIFU in improving survival and the
safety of the method in newly diagnosed patients with cancer
with LIM who received first-line immune checkpoint inhibitor
(ICI) therapy. Between January 2018 and December 2023,
data from 438 newly diagnosed patients with cancer and LIM
who were treated at Mianyang Central Hospital (Mianyang,
China) were reviewed. A total of 94 patients were enrolled in
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this study, of whom 28 were diagnosed with lung carcinoma,
36 with gastric carcinoma, 11 with esophageal carcinoma,
7 with cholangiocarcinoma and 12 with other malignan-
cies. The patients were divided into groups depending on
whether they underwent HIFU. Progression-free survival
(PFS), overall survival (OS) and adverse events (AEs) were
compared. Clinicopathological features were analyzed using
the chi-squared test. Of the 94 patients, 28 received ICI +
HIFU as first-line treatment. After a median follow-up of
13.8 months, the median PFS and OS in the HIFU group
were 2.38 times [10.95 vs. 4.60 months, 95% confidence
interval (CI): 1.087-3.106, P<0.0001] and 1.84 times (19.6 vs.
10.67 months, 95% CI: 1.087-3.106, P=0.0418), respectively,
higher than in the group without HIFU. All-cause AEs and
immune-mediated AEs were similar between the groups
with and without HIFU. However, the incidence of grade 1-2
immune-mediated AEs, troponin elevation, hepatotoxicity
and renal dysfunction were more common in the current
patients with LIM than those reported previously for the entire
population. No immune-mediated AEs of grade =3 occurred
in either group. HIFU prolonged the PFS and OS of first-line
ICI in newly diagnosed patients with advanced cancer with
LIM, with manageable safety and tolerability. The efficacy of
HIFU in patients with LIM who plan to undergo ICI treatment
warrants further prospective clinical investigation.

Introduction

The liver is a common site for malignant tumor metastasis
and patients with liver metastases (LIM) have poor survival
rates (1,2). Currently, immune checkpoint inhibitors (ICIs) are
the standard treatment for various solid tumors (3). However,
clinical studies on lung cancer, melanoma, breast cancer and
gastric cancer have shown that patients with LIM benefit less
from ICI therapy compared to those with metastases at other
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sites (4-8). For instance, a sub-analysis of two Phase 111 clinical
trials on metastatic non-small cell lung cancer reported that
the 3-year survival rate and median survival time for the LIM
subgroup were considerably worse than those for the non-LIM
subgroup (8 vs. 17% and 6.8 vs. 11.1 months, respectively) (9).
Similarly, a meta-analysis of various cancer types demon-
strated that the efficacy of ICI therapy is greatly reduced when
LIM is present (10).

This diminished efficacy of ICI therapy is likely due to
the unique anatomical structure and physiological functions
of the liver (11). The liver features a dual venous system with
an abundant blood supply, which offers optimal conditions for
tumor cell colonization. By absorbing blood from the diges-
tive tract, the liver is constantly exposed to food and intestinal
flora antigens, maintaining an immune-tolerant state (12,13).
Yu et al (14) reported that ICI therapy was less beneficial for
patients with LIM than for those with lung, bone or brain
metastases. In addition, the authors confirmed in mouse
models that LIM alters the systemic immune microenviron-
ment by attracting peripheral T cells to the liver, where they
are subsequently eliminated by macrophages (14).

Owing to its non-invasive and reproducible nature and
efficiency, high-intensity focused ultrasound (HIFU) is
increasingly being employed to treat LIM. Zhou et al (15)
presented a clinical study on the efficacy of HIFU in patients
with gastric cancer with LIM who were contraindicated for
either hepatectomy or radiofrequency ablation. The results
showed that HIFU improved long-term prognosis without
any considerable increase in the occurrence of adverse events
(AEs) (15). Similar findings were reported in colorectal cancer
with LIM (16). HIFU, delivered via a specialized transducer,
can concentrate ultrasound energy at a focal point, generating
transient high temperatures (65-100°C) that induce coagulative
necrosis in tumor tissues (17,18). Concurrently, the cavitation
effect induces the rupture of the cell and nuclear membranes,
rendering the cells incapable of proliferation (19-21). Numerous
preclinical studies have confirmed that HIFU can enhance
the efficacy of ICI therapy (22-25). The potential mecha-
nisms for the enhanced antitumor response to ICI therapy
after HIFU treatment include the release of large amounts
of tumor antigens or antigen fragments, damage-associated
molecular patterns, inflammatory chemokines, cytokines
and increased expression of interferon-stimulating genes.
These factors promote the activation of innate immune cells,
facilitate antigen presentation to adaptive immune cells and
attenuate the immunosuppressive tumor microenvironment by
reducing the activity of regulatory T cells and myeloid-derived
suppressor cells (23-25).

In recent years, emerging clinical data on prostate and
breast cancers have highlighted the potential of HIFU to
modulate the immune system (26,27). However, limited
clinical reports have focused on the effects of this technology
on other cancers in real-world settings. Considering that HIFU
is already being used to treat LIM in numerous types of solid
malignancies, the question arises of whether the combination
of HIFU with ICI therapy can lead to improved efficacy in
patients with LIM. In the present study, a retrospective cohort
study was conducted using data from newly diagnosed patients
with solid malignancies and LIM who received first-line ICI
therapy to explore the efficacy of HIFU in this subgroup.

Materials and methods

Patient selection and data collection. The medical records
of 94 patients with advanced metastatic solid malignant LIM
who were treated at Mianyang Central Hospital (Mianyang,
China) between January 2018 and December 2023 were retro-
spectively reviewed. The study protocol was approved by the
Ethics Committee of Mianyang Central Hospital (Mianyang,
China; file no. S20240390-01) and the study was conducted in
accordance with the principles of the Declaration of Helsinki.
The Ethics Committee granted an exemption from informed
consent due to the retrospective nature of the study and no
specimens were collected from the patients.

The inclusion criteria were as follows: i) Newly clinically
and pathologically diagnosed advanced metastatic solid malig-
nancy; ii) concurrent LIM confirmed in at least two types of
imaging or pathology tests, iii) Eastern Cooperative Oncology
Group scores =1; iv) completion of at least two courses of a
first-line regimen of ICI-based therapy with subsequent thera-
peutic effect evaluation using imaging; and v) availability of
comprehensive medical records, imaging data and follow-up
information.

The exclusion criteria were as follows: i) Patients with
a history of cancer but with relapse confined to the liver
without pathological confirmation; ii) patients diagnosed with
advanced cancer who received small-molecule tyrosine kinase
inhibitors based on gene mutations during first-line ICI-based
therapy; iii) patients with unknown metastatic sites or survival
status; iv) patients with a history of ICI administration; or
v) lack of target lesions that could be used for evaluating the
efficacy of systemic therapy. A flowchart of the participant
selection process is shown in Fig. 1.

The collected data included sex, age, primary tumor
pathology, first-line and subsequent treatment regimens, HIFU
plan details, time of diagnosis of the advanced solid malignan-
cies with LIM, time of disease progression and time of death.
The immunotherapy and chemotherapy regimens for the patients
included in the study followed the guidelines of the Chinese
Society of Clinical Oncology for the specific cancer type (28-31).

Oligometastasis was defined as the involvement of no
more than five metastatic nodules and a maximum of three
organs (32).

HIFU lesions selection and ablations methods. Patients
were divided into a HIFU group and non-HIFU group based
on whether they received HIFU treatment during first-line
treatment.

The selection of HIFU lesions requires comprehensive
evaluation of multiple factors, including tumor staging,
clinical symptoms, skin condition in the treatment area,
lesion size, lesion location and compression to adjacent tissue
or organ. A few basic conditions were required to be met
before application: i) The targeted lesions must be located
within the focus of the ultrasound transducer; ii) the ultra-
sound path should not be obstructed by bony structures or
gas-containing tissues; and iii) the presence of substantially
calcified arterial walls in the channel of ultrasound therapy
is contraindicated for HIFU treatment. Lesions that were
more likely to alleviate discomfort symptoms or reduce the
compression of tumors on adjacent blood vessels or bile
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[ Exclude small cell lung cancer (n=187) }

[ First-line ICI less than 2 cycles (n=16)

[ Accepted other local therapy (n=28)

[ Incomplete imaging data (n=35) }

[ Incomplete follow-up data (n=14)

[ Final sample size (n=94) }

Figure 1. Flowchart of participant selection. LIM, liver metastases; ICI,
immune-checkpoint inhibitor.

ducts were prioritized. Thus, the largest lesions are usually
selected for HIFU following the selection criteria. HIFU
surgeries were commonly completed within 5 h under general
anesthesia, with a total HIFU duration of usually <3,000 sec.

HIFU ablations were scheduled in advance. A sagittal or
axial orientation, which facilitates real-time monitoring of the
lesion and adjacent tissue structures, was chosen as the scan-
ning direction for guided imaging. The treatment protocol
for each layer was formulated with a spacing of 3 or 5 mm,
determined by the left and right or upper and lower diameters
of the target tumor. Typically, treatment commenced at the
maximum level of the lesion and the deeper side of the lesion
was treated before the superficial side. The doses were evalu-
ated during the initial treatment session or whenever a new
high dose was proposed, with adjustments made based on the
ultrasound imaging and patient status.

HIFU was performed using the model-JC200 Focused
Ultrasound Tumor Therapeutic System integrated therapy
machine from Chongqing Haifu Medical Technology Co.,
Ltd. Transducers with focal lengths of 115 and 165 mm were
often used based on the depth of tumor treatment. All patients
underwent HIFU under intravenous anesthesia, with real-time
evaluation of ablation efficacy based on intraoperative moni-
toring of ultrasound grayscale changes.

Treatment efficacy evaluation. Treatment efficacy in each
patient was assessed by two experienced radiologists using
computed tomography or magnetic resonance images,
following the Response Evaluation Criteria In Solid Tumours
(version 1.1) (33). If their evaluations differed, the images were
reviewed until a consensus was reached. If other lesions could
be evaluated for treatment efficacy, those treated with HIFU
were not considered target lesions. However, in the absence of
other assessable lesions, those treated using HIFU were desig-
nated as target lesions. AEs, including those related to ICI
and chemotherapy within 30 days after the last treatment with
first-line ICI therapy were graded according to the National
Cancer Institute-Common Terminology Criteria for Adverse
Events (version 4.0) (34).
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In the current study, progression-free survival (PFS) refers
to the time from the beginning of first-line treatment to the
observation of disease progression in patients; overall survival
(OS) refers to the time from the confirmation of diagnosis as
cancer with liver metastases to death caused by any reason.

Statistical analysis. Demographic information and clinico-
pathological characteristics were summarized and presented
using counts and percentages. Differences between qualitative
variables and continuous variables were analyzed using ¥’
statistics and analysis of variance, respectively. Survival prob-
abilities were calculated using the Kaplan-Meier method with
GraphPad 10.0 and survival curves were compared using the
log-rank test. The follow-up duration was estimated with the
reverse Kaplan-Meier method. Statistical significance was set
at a P-value of <0.05.

Results

Patient characteristics. Demographic data and clinico-
pathological characteristics were well-balanced between the
treatment groups (Table I). A total of 94 eligible patients diag-
nosed with LIM who received first-line ICI between February
2018 and December 2023 were included. The mean age of the
94 patients was 60.98 years (range, 36.0-81.0 years). Of these,
75 (79.79%) were between 50 and 75 years of age and 71.28%
were men. Gastric carcinoma was the most common primary
tumor, followed by non-small cell lung cancer and esophageal
carcinoma. Among the patients, 97.87% (n=92) had metastases
in organs other than the liver and 65.96% (n=62) had metas-
tases in at least three organs (including the liver). The lungs and
bones were the most common sites of metastases, at 52.13%
(n=49) and 41.49% (n=39), respectively. Adenocarcinoma was
the most common histological subtype, accounting for 67.02%
(n=63) of the cases. There were no differences between
the HIFU group and non-HIFU group in terms of sex, age,
primary disease, metastasis organs, histology, oligometastasis
and systemic therapy regimens (P=0.309, 0.713, 0.053, 0.406,
0.404, 0.941 and 0.844, respectively). However, there was a
significant difference in the distribution of organ metastases
between the two groups (P=0.033). There was no case of single
organ metastasis in the HIFU group but 3.03% (n=2) in the
non-HIFU group. Furthermore, the incidence of metastasis
to 2, 3, and 4 organs was significantly higher in the HIFU
group compared to the non-HIFU group. A total of 88 patients
received combination therapy that included ICI, whereas
six patients received ICI monotherapy (two patients in the
HIFU group). Metastatic sites and liver metastasis details of
94 patients with LIM who accepted first-line systemic therapy
including ICT are presented in Table SI.

Of the 94 patients, seven were classified as having oligo-
metastases (five men and two women). Of these patients, two
received HIFU as first-line treatment. Of the seven patients
with oligometastases, four had gastric carcinoma and all
experienced recurrence after radical surgery, in accordance
with the guidelines for gastric cancer LIM (35,36). Of the
seven patients, two had esophageal carcinoma and one had
non-small cell lung cancer. The clinicopathological char-
acteristics of the seven patients with oligometastases are
presented in Table SII.
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Table I. Clinicopathological variables of 94 patients with liver metastases who accepted first-line systemic therapy including ICI.

With HIFU Systemic therapy
Variable Total (n=94) (n=28) only (n=66) P-value
Sex 0.309
Male 67 (71.28) 22 (78.57) 45 (68.18)
Female 27 (28.72) 6(21.43) 21 (31.81)
Age, years (mean, 60.98; range, 36.0-81.0) 0.713
<50 12 (12.77) 4(14.28) 8 (12.12)
51-65 45 (47.87) 11 (39.29) 34 (51.51)
65-75 30 (31.91) 11 (39.29) 19 (28.79)
>75 7 (7.45) 2(7.14) 5(7.58)
Primary disease 0.053
Lung carcinoma 28 (29.79) 10 (35.71) 18 (27.27)
Gastric carcinoma 36 (38.29) 9 (32.14) 27 (40.91)
Esophageal carcinoma 11 (11.70) 4(14.29) 7 (10.60)
Gallbladder carcinoma 2(2.13) 0(0) 2 (3.03)
Cholangiocarcinoma 7(7.45) 3(10.72) 4 (6.06)
Pancreatic carcinoma 4 (4.26) 1(3.57) 3(4.55)
Nasopharyngeal carcinoma 2 (2.13) 0(0) 2 (3.03)
Other carcinoma 4 (4.26) 1(3.57) 3(4.55)
Metastasis to other sites 0.406
LUM 49 (52.13) 18 (64.29) 31 (46.97)
BOM 39 (41.49) 13 (46.43) 26 (39.39)
BRM 9(9.57) 1 (3.57) 8 (12.12)
Others 86 (91.49) 24 (85.71) 62 (93.94)
Number of organs with metastases 0.033
1 2(2.13) 0(0) 2(3.03)
2 30 (31.91) 9 (32.14) 21 (31.82)
3 35(37.23) 11 (39.29) 24 (36.36)
4 23 (24.47) 7 (25.00) 16 (24.24)
5 4 (4.26) 1(3.57) 3(4.55)
Histology 0.404
AC 63 (67.02) 20 (71.43) 43 (65.15)
SCC 27 (28.72) 8 (28.57) 19 (28.79)
Other 4 (4.26) 0(0) 4 (6.06)
Oligometastasis 0.941
Yes 7 (7.45) 2(7.14) 5(7.58)
No 87 (92.55) 26 (92.86) 61 (92.42)
Systemic therapy regimens 0.844
Chemotherapy + ICI 88 (93.62) 26 (92.86) 62 (93.94)
ICI only 6 (6.38) 2(7.14) 4 (6.06)

Values are expressed as n (%). AC, adenocarcinoma; BOM, bone metastases; BRM, brain metastases; HIFU, high-intensity ultrasonic focusing;
LUM, lung metastases; SCC, squamous cell carcinoma; ICI, immune-checkpoint inhibitor.

A total of 28 patients received HIFU during first-line
ICI treatment, while 66 patients received systemic therapy
with ICI only. As of the data cutoff date of June 11, 2024,
the median follow-up duration was 13.8 months. Details
on the application of HIFU to the 28 patients, including
treatment site and time, total energy, energy and time at
different output powers, are presented in Table II. During

first-line treatment, the 28 patients underwent 36 HIFU
treatments. A total of 26 patients received HIFU after the
start of ICI therapy; two patients with newly diagnosed
lung cancer underwent liver HIFU within one week before
immunotherapy while waiting for genetic testing. Among
the 28 patients, six underwent HIFU ablation twice and one
underwent three HIFU sessions.
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Figure 2. Kaplan-Meier curves and risk tables of (A) progression free survival and (B) overall survival for patients with and without HIFU-t during first-line
therapy. (C) Response rate comparison between patients with versus without HIFU during first-line treatment. HR, hazard ratio; HIFU, high-intensity ultra-
sonic focusing; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Survival analyses. The Kaplan-Meier plots in Fig. 2 show the
survival data for all patients. Fig. 2A shows that the patients who
received HIFU had longer PFS [hazard ratio (HR)=0.4192,95%
confidence interval (CI): 0.2747-0.6398, P<0.001] than those
who did not receive HIFU, with a 6-month PFS rate of 85.71
vs. 42.42% and 1-year PFS rates of 46.43 and 12.12%, respec-
tively. The median PFS for the patients who received HIFU was
2.38 times that of those who did not (95% CI: 1.502-3.772), at
10.95 and 4.60 months, respectively. Fig. 2B shows that OS was
better for the patients who received HIFU (HR=0.5920, 95%
CI: 0.3633-0.9646, P=0.0418) than in those who did not, with
a 6-month OS rate of 100 vs. 74.24%, respectively. The 1-year
OS rates were 78.57 and 34.85%, respectively. The median OS
in the HIFU group was 1.84 times that in the non-HIFU group
(95% CI: 1.087-3.106), at 19.6 and 10.67 months, respectively.
The disease control rate (defined as the ratio of the sum of
complete response, partial response and stable disease to the
total number of subgroups) in the HIFU group was 82.14%
(23/28), higher than that in the systemic therapy group with ICI
only, which was 66.67% (44/66) (Fig. 2C).

AEs. The all-cause and immune-mediated AEs in the two
groups are presented in Table III. All-cause AEs occurred in
96.42% (n=27) of the patients in the HIFU group and in 95.45%
(n=63) in the non-HIFU group. Myelosuppression was the most
frequent AE and the most common AE of grade =3 in both
groups, followed by elevated levels of alanine aminotransferase
(ALT)/aspartate aminotransferase (AST), fatigue and decreased
appetite. Both groups had one case of treatment suspension due
to ALT/AST elevation, with treatment resumed after recovery.
Diarrhea was more common in the HIFU than in the non-HIFU
group (10.71 and 0%, respectively). However, this difference is
unlikely to be meaningful, as intake of laxatives was neces-
sary for bowel preparation before abdominal HIFU. The most
frequent immune-mediated AEs were troponin elevation, skin
reactions and thyroid dysfunction. There was no significant
difference in immune-mediated AEs between the two groups
and no immune-mediated AEs of grade =3 in either group.

Discussion

Although the widely used ICIs have markedly improved
efficacy in the clinical treatment of various histologically
advanced cancers, their benefits for patients with LIM are
limited (4-10). Local treatment strategies for LIM, such as

radiotherapy and radiofrequency ablation, have been shown
to enhance the efficacy of ICI (37-40), but the disadvantages
of these local treatment methods cannot be overlooked. For
instance, radiotherapy is constrained by long treatment dura-
tion and normal-tissue dose limitations, while radiofrequency
ablation is invasive and less reliable for tumors close to the
gallbladder, main biliary tract and major blood vessels. HIFU,
a recent technology for local treatment, has gained traction
in cancer therapy, particularly when LIM has occurred, due
to its non-invasive nature, efficiency, limited side effects and
reproducibility, regardless of dose limits (41). In the present
retrospective cohort study, the clinicopathological characteris-
tics, survival and AEs of 94 patients diagnosed with LIM who
received first-line ICI treatment were analyzed. The findings
indicate that HIFU prolonged PFS and OS in newly diagnosed
patients with LIM, with similar AEs across the study groups.
Both preclinical and clinical studies have demonstrated
that HIFU enhances anti-tumor immunity. Preclinical
studies have shown that HIFU ablation can generate in situ
antigens, increase the activity of antigen-presenting cells
such as dendritic cells and promote innate immune cell
activity (23-26). Zhou et al (41) observed decreased serum
levels of immunosuppressive cytokines, including VEGF,
TGF-p1 and TGF-B2, in 15 solid tumors after HIFU treat-
ment. This suggests that HIFU not only directly destroys
tumors but also reduces the production of immunosuppressive
cytokines secreted by cancer cells. In addition, a prospective
randomized clinical trial by Zhu et al (42) revealed that HIFU
ablation induces marked infiltration of CD3, CD4, CDS8, B
lymphocytes and natural killer (NK) cells in treated breast
lesions, with notable increases in the numbers of FasL(+),
granzyme(+) and perforin(+) tumor-infiltrating lymphocytes
post-HIFU treatment. These findings suggest that HIFU can
restore anti-tumor immunity, and the increased infiltration of
T lymphocytes provides mechanistic support for the efficacy of
ICI. Eranki et al (43) found that HIFU can effectively induce
immune sensitization in a previously unresponsive murine
neuroblastoma model and is a promising novel and efficacious
immuno-adjuvant modality to overcome therapeutic resis-
tance. HIFU alone causes upregulation of the expression of
splenic and lymph node NK cells and circulating IL-2, IFN-y
and damage-associated molecular patterns, whereas the levels
of immune regulators such as CD4+forkhead box p3+, IL-10
and VEGF-A are reduced considerably. Combining HIFU
with a-cytotoxic T lymphocyte antigen-4 and a-programmed
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Table II. Key parameters of 36 HIFU ablation programs.

Ablation Total Average Ablation Ablation Gray scale
No. site energy, J power, W Actual power volume, cm® time, sec change
1 LL 114,500 183 100 W, 20 sec, 3.2%; 3.12 625 MGC

150 W, 170 sec, 27 .2%;
200 W, 435 sec, 69.6%

2 RL 213,600 368 300 W, 76 sec, 13.74%; 5.85 553 MGC
400 W, 477 sec, 86.26%
LAG 182,950 314 300 W, 422 sec, 72.38%; 6.22 583 MGC
350 W, 161 sec, 27.62%
3 RL 836,000 400 400 W, 2,090 sec, 100% 266.40 2,090 OGC
HGS 291,100 386 300 W, 105 sec, 3.93%; 26.88 754 MGC
400 W, 649 sec, 86.07%
4 RL 195,250 250 250 W, 781 sec, 100% 9.72 781 MGC
RAG 318,600 389 300 W, 90 sec, 10.99%; 26.77 819 OGC
400 W, 729 sec, 89.01%
5 RL 365,200 400 400 W, 913 sec, 100% 57.58 913 OGC
6 RL 328,400 364 300 W, 151 sec, 16.74%; 98.26 902 MGC

350 W, 346 sec, 38.36%;
400 W, 405 sec, 44.90%
7 LL,RL 337,350 366 250 W, 83 sec, 9.00%; 112.08 922 MGC
300 W, 190 sec, 0.61%;
400 W, 649 sec, 70.39%

8 LL 232,960 299 80 W, 147 sec, 18.87%; 24.63 779 MGC
350 W, 632 sec, 81.13%

LL 126,300 300 300 W; 421 sec; 100% 24.32 421 OGC

9 RL 523,750 365 365 W, 1436 sec, 100% 82.50 1,436 OGC

10 RL 130,200 350 350 W, 174 sec, 75.65% 21.60 479 OGC

11 RL 1,042,000 400 400 W, 2,605 sec, 100% 27.90 2,605 OGC

LL 542,600 379 300 W, 171 sec, 11.96%; 112.02 1,430 MGC

350 W, 246 sec, 17.2%;
400 W, 1,013 sec, 70.84%

12 LL 405,300 399 300 W, 15 sec, 1.47%; 8.1 1,017 MGC
400 W, 1,002 sec, 98.53%
LL 592,800 384 300 W, 240 sec, 15.56%; 132.8 1,542 MGC
400 W, 1,302 sec, 84.44%
13 LL,RL 141,800 392 350 W, 60 sec, 16.57%; 1539 362 MGC
400 W, 302 sec, 83.43%
14 LL 324,400 400 400 W, 811 sec, 100% 122.55 811 OGC
15 HGS 527,150 391 250 W, 53 sec, 3.93%; 355 1,348 MGC

300 W, 41 sec, 3.04%;
400 W, 1,254 sec, 93.03%
16 RL, 165,000 267 200 W, 174 sec, 28.16%; 8.16 618 MGC
PALN 250 W, 153 sec, 24.76%;
300 W, 198 sec, 32.04%;
350 W, 93 sec, 15.5%
17 LL,RL 250,200 333 200 W, 56 sec, 7.46%; 21.32 751 MGC
300 W, 85 sec, 11.32%;
350 W, 610 sec, 81.22%

18 LL 417,800 397 350 W, 60 sec, 5.7%;, 30.9 1,052 OGC
400 W, 992 sec, 94.3%
19 HOP 113,250 238 150 W, 20 sec, 4.21%; 63.2 475 OGC

200 W, 206 sec, 43.37%;
250 W, 113 sec, 23.79%;
300 W, 136 sec, 28.63%
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Table II. Continued.
Ablation Total Average Ablation Ablation Gray scale
No. site energy, J power, W Actual power volume, cm® time, sec change
20 CL 745,550 349 300 W, 255 sec, 11.93%; 204.7 2,138 OGC
350 W, 1,683 sec, 78.72%;
400 W, 200 sec, 9.35%
21 HGS 278,400 332 200 W, 66 sec, 7.88%; 36.72 838 OGC
300 W, 100 sec, 11.93%;
350 W, 672 sec, 80.19%
22 LL 60,000 200 200 W, 300 sec, 100% 12 300 MGC
23 RL 1,210,000 400 400 W, 3,025 sec, 100% 3185 3,025 OGC
RL 1,161,600 400 400 W, 2,904 sec, 100% 1,080 2,904 MGC
RL 956,360 399 310 W, 36 sec, 1.5%; 154.0 2,399 MGC
400 W, 2,363 sec, 98.50%
24 LL 476,800 400 400 W, 1,192 sec, 100% 309 1,192 OGC
25 RL 826,400 400 400 W, 2,066 sec, 100% 429.7 2,066 OGC
26 LL 187,500 300 300 W, 625 sec, 100% 12.1 625 MGC
27 RL 874,800 400 400 W, 2,187 sec, 100% 283.5 2,187 MGC
28 RL 735,700 391 300 W, 105 sec, 5.58%; 372 1,883 OGC

350 W, 140 sec, 7.43%;
400 W, 1,638 sec, 86.99%

LL, left lobe; RL, right lobe; CL, caudate lobe; HGS, hepato-gastric space; LAG, left adrenal gland; RAG, right adrenal gland; HOP, head of
pancreas; PALN, para-aortic lymph node; MGC, massive grayscale changes; OGC, overall grayscale change.

death ligand 1 markedly enhanced the anti-tumor response,
improving survival from 0 to 62.5%, and, importantly, led to
abscopal effects (43). However, these studies did not explore
the combination of HIFU and ICI in real-world patients with
advanced cancer. To our knowledge, only one article, published
by our team in 2024, has focused on this novel combination
therapy in patients with LIM, confirming the feasibility and
safety of the method in clinical settings, although survival data
were not presented (44). In the present study, it was reported
that HIFU with ICI prolonged PFS in patients with advanced
cancers and LIM. Based on these results, it may be speculated
that HIFU may reverse the unfavorable immune microenvi-
ronment caused by LIM. In our opinion, this longer PFS may
be caused by HIFU's inferences to the micro-immune environ-
ment. However, the effect was temporary, as resistance to ICI
developed and the condition progressed after approximately
six months. Thus, the method could not completely alter the
deterioration of the immune microenvironment caused by
multiple LIM and multiple organ metastases.

HIFU combined with ICI represents a new therapeutic
model for patients with LIM; however, numerous issues, such as
safety, treatment sequence and timing, require further explora-
tion. Dupré et al (45,46) confirmed the safety of HIFU ablation
before surgical resection of liver tumors and its effectiveness in
reducing intraoperative bleeding in patients with LIM.

Although these results support the safety of HIFU therapy,
surgical candidates often have a limited tumor burden in the
liver and the entire body, whereas patients in the present study
had multiple LIM. Furthermore, the proportion of patients
with elevated ALT, AST and bilirubin levels was much

higher among the 94 patients in the present cohort. Previous
meta-analyses and studies reported liver toxicity incidences of
16-37.8% with immunotherapy (47.48), whereas in the present
study, the incidence in both the HIFU and non-HIFU groups
exceeded 60%. This result may be due to the damage caused
by the occurrence of multiple LIM, chemotherapy drugs
and ICIs rather than HIFU itself. Zhou et al (15) reported
that HIFU treatment improved the long-term prognosis of
patients with gastric cancer without any notable increase in
AEs in patients with LIM without extrahepatic metastasis who
could not undergo surgery or radiofrequency ablation. This
study supports the safety and survival benefits of HIFU, but
it included patients without extrahepatic metastases. LIM are
frequently accompanied by metastases to other organs, which
also explains the higher incidence of grade 1-2 AEs, such as
troponin elevation, hepatotoxicity and renal dysfunction, in
both groups compared to previous results. These observations
suggest the necessity of closer monitoring of relevant indica-
tors in patients with advanced cancer with LIM undergoing ICI
therapy. Importantly, no immune-mediated AEs of grade =3
were observed in either group.

The present study has certain limitations. First, it was
a retrospective clinical study from a single institution that
included only 94 patients across eight cancer types. Therefore,
the possibility of incomplete or inaccurate records inherent in
retrospective research or the influence of specific environments
and populations in a single institution center cannot be excluded.
Second, it was not possible to provide the size and quantity of
the LIM lesions. There were too many patients with multiple
liver metastases and numerous small lesions, even diffuse small
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Table III. Summary of AEs.

A, Common AEs of chemotherapy

With HIFU therapy Systemic therapy with
(N=28) ICI only (N=66)

Event Any grade Grade =3 Any grade Grade =3
Myelosuppression 27 (96.42) 11 (39.29) 60 (90.90) 19 (28.79)
Vomiting 4(14.29) 1(3.57) 7 (10.61) 2 (3.03)
Fatigue 12 (42.86) 2(7.14) 27 (40.91) 2 (4.55)
Nausea 7 (25.00) 0 18 (27.27) 2 (3.03)
Diarrhea 3(10.71) 0 2 (3.03) 0
Decreased appetite 10 (35.71) 0 23 (34.85) 0
Hepatotoxicity
ALT/AST elevation 17 (60.71) 1(3.57) 40 (60.61) 1(1.52)
Bilirubin elevation 13 (19.70) 0 32 (48.48) 0
B, Immune-mediated AEs

With HIFU therapy Systemic therapy with

(N=28) ICI only (N=66)

Event Any grade Grade =3 Any grade Grade =3
Thyroid dysfunction 4(14.29) 0 14 (21.21) 0
Pneumonitis 2(7.14) 0 2(3.03) 0
Skin reactions 4 (14.29) 0 12 (18.18) 0
Renal dysfunction 3(10.71) 0 5(7.58) 0
Troponin elevation 6(21.43) 0 13 (19.70) 0
Arthralgia 3(10.71) 0 5(7.58) 0
CCEP 2(7.14) 0 8 (12.12) 0

AEs, adverse events; HIFU, high-intensity ultrasonic focusing; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CCEP, cuta-

neous capillary hyperplasia.

lesions, making it difficult to count the number. Furthermore,
most of these patients also had multiple pulmonary and bone
metastases, which further reduced the significance of the size
of liver metastases. However, the largest tumor was found in
the liver of every patient. Third, due to the gradual onset of
immunotherapy, physicians often recommended this treatment
for patients with an anticipated survival exceeding two months,
thereby introducing a potential selection bias. Fourth, patients
who received one or two cycles of ICI but without further
imaging review were excluded, as the efficacy of ICI was uncer-
tain in these cases. Finally, as HIFU is a novel method in cancer
treatment, limited clinical evidence about its efficiency on the
immune system has been reported previously. In the present
study, it was not observed that HIFU may improve the immune
environment by ablating liver metastases, and this was not
included in the lesions' selection items. However, this approach
may have inflated the objective response rate. Of note, seven
patients with oligometastases were potentially curable according
to the guidelines for oligometastasis of lung carcinoma (32), and
2 of 7 accepted HIFU after failing in the pre-treatment evalua-
tion for other local curative treatments. Nonetheless, this study

suggests that HIFU may enhance ICI efficacy in patients with
LIM, with mild and manageable AEs.

In conclusion, the present retrospective study indicated
that HIFU prolonged the PFS and OS of first-line ICI-based
treatment in newly diagnosed patients with advanced cancer
with LIM, with manageable safety and tolerability. Therefore,
the efficacy of HIFU in patients with LIM undergoing ICI
treatment warrants further prospective clinical investigation.
Given the good safety of this combination strategy and that up
to 50% of patients with various cancer types will either present
with or develop LIM during the course of their disease, it is
indicated that it can be further promoted in clinical practice
for liver and extrahepatic lesions. This treatment strategy
may also be considered for advanced cancers without LIM.
To further clarify the efficacy of HIFU in immunotherapy for
LIM, animal studies are in planning in our group to further
investigate the efficacy of HIFU in immunotherapy for LIM.
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