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Abstract. Colorectal liver metastasis (CRLM) is typically 
associated with a poor prognosis. However, adopting multiple 
comprehensive treatment methods can significantly improve 
patients' long‑term survival rates. High‑intensity focused 
ultrasound (HIFU) is an emerging therapeutic technique that 
presents new treatment possibilities for patients. The present 
study reports the case of a patient who was diagnosed with 
liver metastasis following laparoscopic rectal cancer surgery. 
After unsuccessful tumor control with classical chemotherapy, 
radiofrequency ablation and interventional embolization 
therapy, the patient underwent HIFU treatment, which resulted 
in complete tumor remission and >10 years of tumor‑free 
survival. In this case, HIFU treatment significantly improved 
tumor control without causing additional trauma. This case 
highlights a successful multimodal treatment approach for 
CRLM and provides valuable insights for similar cases, 
underscoring the importance of personalized treatment that 
integrates multiple therapeutic modalities. As a non‑invasive 
and innovative technique, HIFU demonstrates significant 
potential in providing a new avenue for the future treatment 
of CRLM.

Introduction

Colorectal cancer is a common malignancy of the diges‑
tive system, and the liver is its most frequent site of distant 
metastasis (1). The relatively high incidence of colorectal liver 
metastasis (CRLM) can be attributed in part to the liver's unique 

anatomical and physiological environment. Specifically, ~70% 
of the liver's blood supply is delivered via the portal venous 
system, which carries a rich and slowly circulating volume of 
blood from the gastrointestinal tract. Combined with the liver's 
inherent immune‑tolerant properties, these factors create a 
conducive milieu for metastatic colonization (2). Additionally, 
alterations in the tumor microenvironment, such as the 
suppression of local immune responses and the influence of 
liver‑specific factors, play a significant role in promoting the 
growth and survival of metastatic tumor cells (3). Furthermore, 
the expression of certain molecular markers has been associ‑
ated with an increased risk of liver metastasis. For example, 
the upregulation of CD44, CD133, epithelial cell adhesion 
molecule, Nanog and Sox2 enhances tumor cell self‑renewal, 
proliferation and tumorigenicity, thereby fostering the cells 
invasive and metastatic potential (4).

The management of CRLM, encompassing both systemic 
and local therapies, is tailored to the patient's overall condition 
and the number, size and location of the liver lesions. Systemic 
treatments primarily comprise chemotherapy, targeted therapy 
and immunotherapy, while local therapies mainly include 
surgical resection, transarterial embolization/transarterial 
chemoembolization (TAE/TACE), radiofrequency ablation 
(RFA), microwave ablation (MWA), selective internal radia‑
tion therapy, stereotactic body radiation therapy and HIFU. 
Surgical resection remains the primary treatment for CRLM, 
aiming to completely remove all visible tumors and offering 
potential curative prospects  (5). However, only 10‑20% of 
patients with CRLM are eligible for resection, with a 5‑year 
postoperative survival rate of only 30% (3).

Systemic chemotherapy is the standard treatment for 
patients with unresectable or widespread liver metastases. 
Common regimens include FOLFOX and FOLFIRI, often 
combined with targeted agents. Notably, the FOLFOXIRI plus 
bevacizumab regimen has demonstrated significant survival 
benefits, albeit with a higher incidence of adverse events (6). 
Emerging immunotherapies, such as those utilizing lipopoly‑
saccharide‑targeted fusion proteins and nanoparticle systems, 
show potential for enhanced efficacy but require further vali‑
dation regarding their safety profiles (7). TAE/TACE is a local 
control approach for metastatic liver cancer that improves both 
response and survival rates (8). Other local treatments include 
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RFA and MWA, which can decrease tumor size, alleviate 
pain and improve survival rates. However, their effectiveness 
is limited by tumor size and location; larger tumors or those 
near major hepatic vessels are not suitable for RFA or MWA 
therapy (9).

HIFU has emerged as a powerful, non‑invasive and 
non‑ionizing technique for the targeted ablation of tumors. 
Guided by ultrasound or magnetic resonance imaging (MRI), 
HIFU enables precise ablation of lesions, including those 
adjacent to major hepatic vessels, without causing harm to 
them (10). The most extensively studied therapeutic application 
of HIFU is thermal tissue ablation, which has demonstrated 
both palliative and curative potential (11). Over the past two 
decades, a growing body of preclinical and clinical literature 
has emerged in support of the capacity of HIFU to enhance 
nascent antitumor immune responses and to potentiate the 
effects of cancer immunotherapies (for example, checkpoint 
inhibitors) through mechanisms such as immune modulation 
and drug delivery (12‑14).

Case report

A 78‑year‑old woman was admitted to Suining Central 
Hospital (Suining, China) in June 2013 presenting with 
repeated bloody stools for >1 month that had worsened 1 day 
prior to admission. An abdominal CT scan upon admission 
revealed wall thickening at the rectosigmoid junction and 
enlargement of the perirectal and bilateral inguinal lymph 
nodes, raising suspicion of a malignant tumor (Fig. 1A and B). 
The medical team recommended a colonoscopy for further 
diagnostic clarification. After being informed of the risks 
and benefits of the procedure, the patient declined colonos‑
copy and requested direct surgical intervention. Following 
a multidisciplinary team discussion, it was concluded that 
the probability of colon cancer was high and that proceeding 
directly to surgical exploration was appropriate given the 
patient's refusal of a colonoscopy. The patient underwent 
laparoscopic radical surgery for rectal cancer under general 
anesthesia 2 days after admission. Tissues were fixed in 10% 
neutral buffered formalin at 15‑25˚C for 12‑24 h and then 
sectioned to 4‑µm thick. Hematoxylin and eosin staining was 
used at 15‑25˚C for 45 min, and the results were assessed 
under an Olympus BX43 optical microscope (Olympus 
Corporation). The postoperative pathological diagnosis 
confirmed a moderately to well‑differentiated ulcerative 
adenocarcinoma (Fig.  1C), but the patient subsequently 
declined adjuvant chemotherapy. A follow‑up abdominal 
CT scan 3  months after surgery demonstrated multiple 
liver nodules, suggesting the presence of metastatic tumors 
(Fig. 2).

As a standard approach for multiple small lesions, 
systemic chemotherapy was initiated 3  months after 
surgery, using the FOLFOX regimen (100 mg oxaliplatin 
by intravenous infusion on day 1; 200 mg calcium folinate 
by intravenous infusion on days 1‑2; 500 mg fluorouracil 
by intravenous bolus on day 1, followed by 1,500 mg via 
continuous intravenous infusion over 44 h). However, the 
treatment was discontinued due to poor patient tolerance. A 
multidisciplinary consultation then recommended the use of 
RFA. However, the pre‑procedural assessment identified the 

following notable challenges for RFA: The lesion beneath 
the liver capsule in the right lobe of the liver was relatively 
superficial, which could potentially lead to incomplete 
coverage by the radiofrequency probe and impact treatment 
efficacy; the lesion adjacent to the right portal vein posed a 
heightened risk for RFA due to its proximity to major blood 
vessels; and the lesion at the apex of the right lobe was too 
deep for adequate radiofrequency coverage.

A total of 5 days after the initial chemotherapy treat‑
ment, the patient was admitted to the in the Department of 
Hepatobiliary Surgery and underwent RFA with a concur‑
rent biopsy of the left hepatic lobe lesion. The postoperative 
pathology, performed as aforementioned, confirmed liver 
metastasis of colorectal cancer. The cells were arranged in 
irregular glandular structures with infiltrative growth, and 
the nuclei were enlarged, with prominent nucleoli (Fig. 3A). 
The patient developed abdominal pain and a fever following 
the operation. A CT scan 1  week after RFA revealed 
signs of infection (Fig. 3B and C), which recovered after 
antibiotic treatment. In October 2013, the chemotherapy 
regimen was switched to XELOX (1,500 mg capecitabine 
orally twice daily on days 1‑14; 180 mg oxaliplatin by intra‑
venous infusion on day 1), followed by TACE 8 days later, 
targeting the metastatic lesions in the right hepatic lobe. A 
contrast‑enhanced CT scan conducted 10 days post‑TACE 
showed no significant reduction in the size of the three 
lesions in the right hepatic lobe compared with the size in 
the images taken before the procedure, with persistent mild 
enhancement (Fig. 4).

Due to the presence of multiple residual lesions in 
the right lobe of the liver, particularly one adjacent to the 
portal vein and the surrounding major blood vessels, RFA 
therapy was deemed inappropriate. Furthermore, the patient 
declined further RFA treatment due to the infection that 
occurred following the previous RFA procedure. Therefore, 
in November 2013, the patient underwent HIFU ablation for 
the residual lesions in the right lobe of the liver. This was 
followed by three cycles of the XELOX regimen, starting 
8  days later. A follow‑up CT scan conducted at  1  month 
post‑HIFU showed complete resolution of the lesions beneath 
the liver capsule and adjacent to the portal vein in the right 
lobe, with no enhancement observed in the lesion at the apex 
of the right lobe (Fig. 5).

After the patient completed a total of six cycles of XELOX 
chemotherapy, a CT scan at the end of January 2014 confirmed 
the disappearance of the lesion at the apex of the right lobe 
(Fig. 6). A cluster of low‑density masses was observed in the 
left lobe, with partial enhancement of some lesions (Fig. 7A). 
Approximately 1 month later, HIFU treatment was performed 
under general anesthesia for the lesion in the left lobe (the 
lesion that had previously been treated with RFA). A subse‑
quent CT scan performed at the end of May 2014 showed the 
clustered low‑density mass in the left lobe with no evident 
enhancement (Fig. 7B).

Tumor marker levels, including carcinoembryonic 
antigen (CEA), α‑fetoprotein (AFP), carbohydrate antigen 
(CA)12‑5, CA15‑3, and CA19‑9, were monitored every 
1‑3 months from June 2013 to February 2014, and every 
6‑12 months thereafter until July 2015. An analysis of the 
timeline of changes in the patient's CEA levels, alongside 
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the diagnosis and treatment of rectal cancer liver metastases, 
revealed that the main lesion was located in the left lobe 
of the liver. Before HIFU treatment for the left liver lesion, 
CEA levels remained elevated above the normal range. 
However, following HIFU treatment, CEA levels returned to 
a normal level (Fig. 8). AFP, CA12‑5, CA15‑3 and CA19‑9 
levels remained within the normal range throughout the 

disease course. Contrast‑enhanced CT scans over the 
2  years following HIFU therapy showed no evidence of 
tumor recurrence (Fig. 9). Beginning in the sixth year after 
surgery, annual contrast‑enhanced MRI examinations were 
performed, facilitated by upgrades in the hospital's imaging 
equipment. These MRI studies confirmed the absence of 
tumor recurrence in the right hepatic lobe. In the left hepatic 

Figure 1. Preoperative computed tomography scan and postoperative pathological. (A) Thickening of the intestinal wall at the junction of the sigmoid colon and 
rectum (arrow). (B) Enlarged perirectal lymph nodes (arrow). (C) Postoperative pathology reveals moderately to well‑differentiated ulcerative adenocarcinoma 
(H&E staining; x400 magnification). H&E, hematoxylin and eosin.

Figure 2. Enhanced computed tomography scans 3 months after surgery. (A) A 14x11‑mm lesion beneath the liver capsule in the right lobe (arrow). (B) An 
8x7‑mm lesion adjacent to the right portal vein (arrow). (C) A 17x14‑mm lesion at the apex of the right lobe (arrow). (D) A 15x15‑mm lesion in the left lobe 
(arrow).

Figure 3. Pathological and computed tomography imaging in the left lobe of the liver following radiofrequency ablation. (A) Histopathology of the lesion in 
the left lobe of the liver reveals that the cells are arranged in irregular glandular structures with infiltrative growth. The nuclei are enlarged and nucleoli are 
prominent. The pathological diagnosis is metastatic colorectal carcinoma to the liver. (B and C) A clustered heterogeneous density shadow can be seen in the 
left lobe of the liver, with gas density shadows within it (arrow). The adjacent greater omentum is thickened. The results suggest infection.
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lobe, only residual scar tissue was observed, with no signs of 
tumor recurrence (Fig. 10).

When reviewing the patient's entire treatment course 
(Fig. 11), liver metastases were detected during the 3‑month 
postoperative follow‑up after colorectal cancer surgery. An 
integrated approach combining systemic therapy and local 
treatment was adopted. Early interventions such as RFA 
and TACE failed to effectively control the local lesions. 
Subsequently, focused ultrasound ablation achieved excellent 

local therapeutic outcomes. Over a long‑term follow‑up period 
of 10 years, with annual re‑examinations, no tumor recurrence 
was observed, indicating a complete cure.

Discussion

Compared with other types of metastatic liver cancer, CRLM 
usually presents with a more favorable prognosis, justifying 
the exploration of more intensive treatment strategies. HIFU 
treatment can improve the penetration of chemotherapy drugs 
into tumor tissues by enhancing the local blood supply through 

Figure 4. Enhanced computed tomography scans following transarterial chemoembolization. (A) The lesion beneath the liver capsule in the right lobe shows 
no significant reduction in size compared with before, with mild enhancement (arrow). (B) The lesion adjacent to the portal vein in the right lobe still shows 
mild enhancement (arrow). (C) The lesion at the apex of the right lobe of the liver shows no significant reduction in size compared with before, with mild 
enhancement (arrow).

Figure 5. Enhanced computed tomography scans 3 weeks after high‑intensity focused ultrasound combined with chemotherapy. (A) The lesion beneath the 
liver capsule in the right lobe disappeared (arrow). (B) The lesion adjacent to the portal vein in the right lobe disappeared (arrow). (C) No evident enhancement 
can be observed in the lesion at the apex of the right lobe (arrow).

Figure 6. Enhanced computed tomography scan after chemotherapy on 
day 2. No evidence of the lesion at the apex of the right lobe of the liver can 
be observed.

Figure 7. Left liver lesion: Pre‑ vs. post‑HIFU comparison. (A) Pre‑HIFU 
enhanced computed tomography scan demonstrating a clustered low‑density 
mass with streaky low‑density components in the left lobe of the liver, 
showing mild enhancement and attenuation in the venous phase (arrow). 
(B) At 3 months post‑HIFU, a low‑density mass can be observed in the left 
lobe of the liver, without evident enhancement (arrow). HIFU, high‑intensity 
focused ultrasound.
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local thermal effects, thereby increasing chemosensitivity. 
In a previous single‑center retrospective study (15), a total 
of 523 patients with unresectable pancreatic ductal adeno‑
carcinoma (PDAC) were recruited. Of these patients, 347 
received HIFU combined with gemcitabine (GEM), which was 
administered through either regional arterial chemotherapy 
or systemic chemotherapy. The remaining patients received 
GEM alone. The median overall survival time for the patients 
receiving HIFU combined with GEM therapy was 7.4 months, 
compared with 6.0 months for those receiving GEM alone 
(P=0.002). The 6‑month, 10‑month, 1‑year and 2‑year 
survival rates for the HIFU + GEM and GEM alone groups 
were 66.3 vs. 47.5% (P<0.0001), 31.12 vs. 15.9% (P<0.0001), 
21.32 vs. 13.64% (P=0.033) and 2.89 vs. 2.27% (P=0.78), 
respectively. These findings suggested that the combination 
of HIFU and GEM improves overall survival compared with 
standard chemotherapy alone in patients with PDAC (15). 
However, the efficacy of tumor therapy can be hindered by 
the tumor‑specific hypoxic microenvironment, high osmotic 
pressure and vascular dysfunction. The hypoxic environment 

not only promotes tumor formation and progression, but also 
contributes to chemoresistance (16,17). Considering the unique 
hypoxic environment inside tumors, a novel bio‑targeted 
synergistic system comprising genetically engineered bacteria 
and multifunctional nanoparticles can overcome the limita‑
tions of HIFU in terms of targeting ability and single‑image 
monitoring mode. This synergistic approach has shown 
promise in improving the efficacy and safety of focused ultra‑
sound ablation surgery (18). Other studies have highlighted 
that local ablation may stimulate immune responses, which 
will contribute to tumor control (19,20). It has been proposed 
that, by identifying tumor antigen exposure, thermal abla‑
tion of tumors may trigger an ‘in vivo vaccination’, thereby 
stimulating the production of antibodies and promoting the 
eradication of the local tumor and control of distant metastasis 
while establishing antitumor immune memory, a phenomenon 
referred to as ‘antitumor induced immunity’ (21). HIFU can be 
combined with other interventional treatment methods, such 
as TACE, to achieve a synergistic effect. While TACE aims 
to devascularize tumors by embolizing their feeding arteries, 

Figure 8. Timeline of changes in CEA levels (normal range, 0‑5 ng/ml). The CEA level was 2.66 ng/ml before radiofrequency ablation and chemotherapy, 
peaked at 7.45 ng/ml during treatment, decreased to 1.8 ng/ml after combined therapy, and then remained within the normal range for an extended period. 
CEA, carcinoembryonic antigen.

Figure 9. Enhanced computed tomography scan of the lesion in the left lobe of the liver post‑HIFU. (A) The lesion measured 38x33 mm at 3 months post‑HIFU 
(arrow). (B) The lesion measured 37x33 mm at 6 months post‑HIFU (arrow). (C) The lesion measured 35x32 mm at 18 months post‑HIFU (arrow). (D) The 
lesion measured 33x30 mm at 2 years post‑HIFU (arrow). HIFU, high‑intensity focused ultrasound.
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its efficacy can be limited by alternate blood supplies or the 
formation of collateral circulation, often leading to incomplete 
necrosis. In such cases, subsequent HIFU ablation can target 
these residual lesions, achieving local tumor control and 
improving treatment efficacy (22).

The most common pathological type of colon cancer 
is adenocarcinoma, accounting for >90% of all cases. 
Adenocarcinomas can be further classified into various 
subtypes, including well‑differentiated, moderately differenti‑
ated and poorly differentiated adenocarcinomas, among which 
the well‑differentiated type generally carries the most favor‑
able prognosis (23). In the treatment of colon cancer, systemic 
chemotherapy is crucial in addition to surgery. In the present 
case, although the pathological type of the patient's colon 
cancer was well‑differentiated adenocarcinoma, the patient 
declined chemotherapy after surgery, which led to the rapid 
development of liver metastases. The initial treatment involved 
RFA for lesions in the left hepatic lobe and TACE for lesions 

in the right hepatic lobe, combined with two cycles of chemo‑
therapy. However, following these treatments, the patient 
failed to achieve complete tumor remission and experienced 
complications. Subsequently, the patient underwent HIFU as 
a local therapy while maintaining chemotherapy treatment, 
which ultimately resulted in complete tumor remission. It 
is notable that throughout the treatment course, the patient 
received a total of six cycles of XELOX chemotherapy, which 
played a crucial role in achieving the favorable final outcome. 
This also suggests that the combination of HIFU with chemo‑
therapy may produce synergistic effects, thereby enhancing the 
efficacy of the chemotherapy. For irregularly shaped tumors, 
HIFU enables three‑dimensional conformal complete ablation, 
offering advantages over local ablation methods such as RFA 
or MWA, while also demonstrating a superior safety profile. In 
treating multiple small tumors, HIFU allows for greater preci‑
sion under real‑time monitoring. For lesions adjacent to the 
diaphragm or major blood vessels, HIFU can achieve complete 

Figure 10. Follow‑up by enhanced magnetic resonance imaging. (A) The lesion measured 30x19 mm at 6 years post‑HIFU. At (B) 7, (C) 8, (D) 9, (E) 10 and 
(F) 11 years post‑high‑intensity focused ultrasound, the left hepatic lobe shows stable residual scar tissue without signs of recurrence.

Figure 11. Timeline of the patient's clinical course. d, days; m, months; LM, liver metastasis; chemo, chemotherapy; TACE, transarterial chemoembolization; 
HIFU, high‑intensity focused ultrasound; RFA, radiofrequency ablation.
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tumor ablation without damaging these critical structures (24). 
With the application of new technologies and AI assistance, 
HIFU treatment will become even more precise and efficient 
in the future (25,26). The absence of tumor recurrence during 
the long‑term follow‑up in the present case suggests that HIFU 
may contribute to stimulating a systemic antitumor immune 
response. The successful outcome of this integrated treat‑
ment strategy provides new insights and directions for future 
cancer therapy. Nevertheless, more rigorous, prospective and 
comparative studies are needed to definitively establish the 
role of HIFU in the management of CRLM.
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