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Abstract

Interventional radiology (IR) is a rapidly evolving medical field that combines
advanced imaging with minimally invasive techniques for both diagnosis and
treatment. Interventional oncology (IO), a subspecialty of IR, focuses on the mini-
mally invasive, image-guided intervention for cancer and cancer-related conditions.
IR plays an important and increasingly recognized role within the multidisciplinary
care of patients with cancer, contributing meaningfully to diagnosis, therapy, and
palliation. 10 therapies, particularly tumor ablation and transarterial embolization,
aim to target tumors directly while preserving surrounding healthy tissue. These
therapies are increasingly supported by clinical guidelines and have shown favorable
outcomes in cancers such as hepatocellular carcinoma, renal cell carcinoma, and
metastatic colorectal cancer. This review focuses on the role of minimally invasive,

image-guided, locoregional IR therapies for patients who have cancer.
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INTRODUCTION

Interventional radiology (IR) has emerged as a pivotal field in modern
medicine, integrating cutting-edge imaging technologies with mini-
mally invasive techniques to manage several medical conditions.
Over the past few decades, the scope of IR has expanded, now
encompassing diagnostic and therapeutic interventions. These in-
terventions are delivered under image guidance, such as computed
tomography (CT), ultrasonography (US), magnetic resonance imaging
(MRI), positron emission tomography (PET), and fluoroscopy using

either trans-arterial or percutaneous approaches. In contrast to
traditional surgical approaches, image-guided interventions are
typically associated with minimal or no pain, lower complication
rates, reduced hospitalization duration—often performed in outpa-
tient settings—faster recovery times, and lower overall costs.'?
Interventional oncology (I0) has emerged as a distinct IR sub-
specialty and plays a significant role in the multidisciplinary man-
agement of patients with cancer, from initial diagnosis to treatment
to palliative care. Minimally invasive locoregional IR therapies have
revolutionized treatment in patients with localized cancer, directly
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targeting tumors while preserving the surrounding healthy tissue. Of
these therapies, ablation and transarterial embolization have gained
widespread acceptance, offering excellent tumor control and
improved survival outcomes.'® Thermal ablation (TA) offers a
percutaneous approach for achieving complete tumor eradication by
directly applying energy to the tumor and, if applied correctly with
adequate margins, could result in a durable response in the treated
lesion. The choice of ablation modality (radiofrequency ablation
[RFA], cryoablation [CA], or microwave ablation [MWA]) is physician-
dependent and is affected by several factors, including national/in-
ternational guidelines, tumor size, tumor location, risk of complica-
tions, peer-reviewed literature, and operator expertise and
preference. Alternatively, transarterial embolization aims for tar-
geted tumor control while minimizing systemic toxic effects by
delivering plain microspheres (transarterial bland embolization
[TAE]), chemotherapy-loaded microspheres (transarterial chemo-
embolization [TACE]) or radioactive microspheres (transarterial
radioembolization [TARE]) directly to the tumor site through a
catheter inserted into the blood vessels supplying the tumor.

Both ablative and transarterial therapies have demonstrated
success in treating both primary and secondary malignancies, leading
to their inclusion in major clinical guidelines for the management of
primary and oligometastatic disease of certain malignancies, such as
hepatocellular carcinoma (HCC), colorectal cancer, and kidney can-
cer, as summarized in Table 1. Optimal patient selection for these
therapies is best done in the context of a multidisciplinary tumor
board.

This review focuses on the role of minimally invasive, image-
guided, locoregional IR therapies for patients with primary malig-
nancies (HCC and renal cell carcinoma [RCC]) and oligometastatic
disease (metastatic colorectal cancer, RCC, and sarcoma) as well
as secondary bone cancer, highlighting the growing clinical
acceptance of and guideline-based recommendations involving these
interventions.

Given the limited availability of robust comparative evidence
evaluating interventional oncologic therapies against focused radio-
therapeutic modalities such as stereotactic body radiation therapy
(SBRT), we have intentionally confined our discussion to 10-based
approaches rather than attempting to comprehensively address all

locoregional treatment options.

Renal cell carcinoma

Kidney cancer is the 10th most common cancer in the United States,
accounting for approximately 5% of all cancer cases.* The incidence
of newly diagnosed kidney cancer has been rising every year. Up to
67% of RCCs are identified incidentally as a small renal mass (<4
cm),® largely attributed to the widespread use of cross-sectional
imaging. The emergence of minimally invasive, image-guided abla-
tion therapy has led to a paradigm shift in the management of small
renal masses. Percutaneous image-guided TA has emerged as a

curative treatment option for small renal tumors because it provides

excellent oncologic outcomes that are comparable to those of partial
nephrectomy. In addition, percutaneous TA offers several advantages
over surgery, including lower complication rates, enhanced preser-
vation of kidney function, shorter hospitalizations, and quicker re-
covery.® TA is currently endorsed by multiple societal guidelines for
the treatment of T1a RCC.”"%°

Outcomes

Single-arm studies evaluating various ablation modalities in patients
with Tla RCC have demonstrated favorable oncologic outcomes,
with reported 5-year local recurrence-free survival rates of
92%-98%, metastasis-free survival rates of 94%-100%, and cancer-
specific survival (CSS) rates up to 97%-100%.%'721-2¢ Figure 1
illustrates long-term follow-up after TA for biopsy-proven RCC.

A comprehensive systematic review incorporating 107 studies
evaluated the outcomes among patients undergoing radical ne-
phrectomy (RN), partial nephrectomy (PN), or TA for the treatment
of small renal tumors.® TA was associated with the most favorable
perioperative outcomes profile, characterized by shorter hospitali-
zations, reduced intraoperative blood loss, and a lower rate of con-
version to open surgery. Although local recurrence-free survival was
reported to be lower with TA, patients who received more than one
ablation treatment session had outcomes similar to surgery.®
Although overall survival (OS) was lower in the TA cohort compared
with both RN and PN, it likely reflects the selection bias inherent to
treatment decision making because patients undergoing TA are
typically older, have multiple comorbidities, and are often poor sur-
gical candidates® The CSS rate across all treatment modalities
ranged from 95% to 100%, with no statistically significant differences
observed between the groups. The metastasis-free survival rate was
similarly high, ranging from 90.5% to 100%, and demonstrated
comparable outcomes among all three treatment strategies.®

Similar findings were reported in Surveillance, Epidemiology, and
End Results (SEER)-based studies comparing outcomes of TA versus
PN or RN for T1a RCC.?”?® In matched patient cohorts with similar
baseline characteristics, Zhou et al.?” identified a significant differ-
ence in the 5-year OS favoring the PN group compared with the TA
group (p = .0457); however, no difference was observed in the CSS
rate between both groups (p = .4023). Xing et al.?® used the SEER
database to evaluate the outcomes in patients with Tla RCC
(n = 10,218) managed by PN, RN, TA, or active surveillance. In that
report, although OS was higher for patients who underwent surgery
compared with those who received TA, no significant difference was
observed between both treatments when matched for age in a
stratified analysis. However, the OS and CSS were superior in pa-
tients who underwent ablation compared with those under active

.22 associated

surveillance.?® In another SEER-based study, Uhlig et a
both cryosurgery and TA with substantially higher CSS relative to
active surveillance (cryosurgery: hazard ratio [HR], 0.25; 95% confi-
dence interval [Cl], 0.14-0.45; TA: HR, 0.27; 95% Cl, 0.13-0.55).This

is consistent with findings reported by Larcher and colleagues,*® who
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TABLE 1 Different clinical disease scenarios and recommended locoregional treatment.

Disease

Clinical scenario

Recommended locoregional treatment (with or without
systemic therapy)

Renal cell carcinoma

Hepatocellular carcinoma

Unresectable ontrahepatic
cholangiocarcinoma

Oligometastatic disease

RCC to

CRC to

Sarcoma to

<4 cm
>4 cm
Single lesion, tumors <3 cm

< 3 tumors, each <3 cm

Single lesion, tumors <8 cm

Multiple lesions, one or two segments
Multiple lesions, one lobe

Single lesion, tumor <3 cm (unresectable)
<3 tumors, each <3 cm (unresectable)

Single lesion, tumors >3 cm (unresectable)

Multiple lesions, one or two segments

Multiple lesions one lobe or both lobes

Bone, <5 lesions

Lung, <5 lesions, each <3 cm

Various organs, <5 lesions, each <3 cm

Liver, <3 tumors, each <3 cm

Liver, >5 tumors (unresectable)

Liver, single large lesion (unresectable)

Liver, multiple lesions, one or two segments (unresectable)
Liver, multiple lesions, one lobe (unresectable)

Lung, <5 tumors, each <3 cm

Lung, <5 tumors (unresectable)

Lung, >5 tumors with one or two lesions not responding
chemotherapy or immunotherapy

Skeletal/soft tissue, <5 lesions

Lung, <5 lesions, each <3 cm (unresectable)
Various organs, <5 lesions, each <3 cm
Liver, <5 tumors, each <3 cm

Liver, >5 tumors (unresectable)

Liver, single large lesion (unresectable)

Liver, multiple lesions, one or two segments (unresectable)

Liver, multiple lesions, one lobe (unresectable)

Surgery or ablation
Surgery; if not feasible, consider ablation
Surgery, ablation, TARE, or EBRT

Transplantation, resection, ablation, TARE, or EBRT if
feasible

TARE or EBRT alone or bridging to surgery
Radiation segmentectomy

Radiation lobectomy

Ablation; consider EBRT if ablation is not feasible
Ablation

Arterially directed therapies (TARE [preferred] or TACE or
TAE) or EBRT

Arterially directed therapies (TARE + radiation
segmentectomy [preferred] or TACE or TAE)

Arterially directed therapies (TARE + radiation lobectomy
[preferred] or TACE or TAE); consider hepatic arterial
infusion chemotherapy (HAIC) if TARE/TACE is not an
option

Surgery or ablation or radiation therapy

Surgery or ablation or radiation therapy

Surgery or ablation or radiation therapy

Surgery equal to ablation

TARE alone or bridging to surgery

TARE alone or bridging to Surgery or EBRT

TARE + radiation segmentectomy or radiation therapy
TARE + radiation lobectomy

Ablation or surgery

Ablation (equivalent to resection) or radiation therapy

Ablation (equivalent to resection) or radiation therapy

Ablation or radiation therapy
Ablation or radiation therapy
Ablation or radiation therapy
Ablation or surgery

Arterially directed therapy alone (TARE, TACE, or TAE) or
bridging to surgery or radiation therapy

Arterially directed therapy alone (TARE, TACE, or TAE) or
bridging to surgery or radiation therapy

Arterially directed therapy (TARE + radiation
segmentectomy or TACE or TAE) or radiation therapy

Arterially directed therapy (TARE + radiation lobectomy
or TACE or TAE) or radiation therapy

(Continues)
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TABLE 1 (Continued)

Disease Clinical scenario

Recommended locoregional treatment (with or without
systemic therapy)

Bone metastases <5 tumors

Painful skeletal lesions

>5 tumors with one or two lesions, chemotherapy-

resistant or immunotherapy-resistant

Ablation or radiation therapy
Ablation or radiation therapy

Ablation or radiation therapy

Abbreviations: CRC, colorectal carcinoma; EBRT, external-bema radiation therapy; RCC, renal cell carcinoma; TAE, transarterial bland embolization;
TACE, transarterial chemoembolization; TARE, transarterial radioembolization.

FIGURE 1 A man aged 75 years with biopsy-proven left clear cell renal cell carcinoma. (A) An axial CT image of the abdomen showed a
low-density mass (yellow circle) in the left kidney. (B-D) Percutaneous radiofrequency ablation was performed using three probes (red
arrows). (E,F) Contrast-enhanced CT scans at (E) 6 months and (F) 12 years after ablation showed no evidence of residual or recurrent disease
(yellow and blue arrowheads). Gradual resorption and dystrophic calcification were present in the ablated area (blue arrowhead) on the
contrast-enhanced CT image in F at 12 years after the ablation. CT indicates computed tomography.

shared their experience in a cohort of 1860 individuals diagnosed
with clinical Tla RCC who underwent either percutaneous tumor
ablation or active surveillance. In matched patient cohorts with
similar baseline characteristics, those investigators demonstrated
notably lower cancer-specific mortality in the ablation cohort
compared with those managed through active surveillance alone
(3.5% vs. 9.1%, respectively; HR, 0.47; 95% Cl, 0.25-0.89).%°

In terms of complication rates, several studies have reported a
lower overall complication rate associated with TA compared with
surgical interventions. Talenfeld et al.3! conducted a population-
based analysis comparing outcomes of TA, PN, and RN in patients
aged 66 and older with T1a RCC. Those authors observed that TA
was associated with lower rates of 30-day non-urological compli-
cations compared with PN and RN (6% vs. 29% and 30%, respec-
tively). In addition, patients who received TA experienced fewer
instances of acute renal failure (3%) compared with those who
received PN (7%) and RN (11%). Within 1 year after treatment, the

incidence of new-onset chronic renal insufficiency was lower in the
TA group (11%) than in the RN group (18%) and was comparable to
that in the PN group (9%). Similar results were reported by Kat-
sanos et al., 2 who evaluated six clinical trials involving 587 patients
with small renal tumors, comparing TA versus surgical nephrectomy.
Their evaluation indicated that TA was associated with a signifi-
cantly lower overall complication rate (7.4% vs. 11%; p = .04) and a
smaller postoperative decline in the estimated glomerular filtration
rate (mean difference, —14.6 mL per minute per 1.73 m? p = .03)
compared with nephrectomy. In that systematic review, the local
recurrence rates and disease-free survival (DFS) up to 5 years were
similar between the two groups, suggesting that TA offers compa-
rable oncologic outcomes with reduced morbidity and better pres-
ervation of kidney function.®2 These findings support that TA offers
a less invasive alternative with reduced perioperative risks and
better preservation of renal function, and it is particularly beneficial

for older patients.®?
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Position in clinical guidelines

As supported by multiple societal guidelines, TA is an effective
treatment for renal tumors measuring up to 4 cm.””? Furthermore,
TA is an excellent treatment choice for patients with multiple renal
tumors or compromised renal function (such as renal insufficiency or
a solitary kidney), patients with genetic predispositions or syndromes
(such as von Hippel-Lindau disease), and patients who refuse sur-
gery.”®10-17 Contemporary studies have explored TA as a treatment
option for select T1b lesions (4—7 cm).®72° Figure 2 illustrates
different clinical RCC scenarios and recommended treatment.

Hepatocellular carcinoma

HCC is the third-leading cause of cancer-related mortality worldwide
and the leading cause of death in patients with cirrhosis.>334 In general,
liver-directed therapies should be considered in patients who have

primary liver malignancies without extrahepatic disease.3>~#*

Outcomes

Thermal ablation

When stage A HCC is treated with TA, the complete response rate
ranges from 70% to 90%, with a median OS of approximately 60
months.*®> These favorable outcomes position TA as a curative
therapy for small (<3 cm) HCC.

Prospective RCTs, such as the SURF-RCT trial, have demon-
strated comparable results for RFA compared with surgical resection
(SR) in patients with small HCCs, defined as three or fewer nodules,
each measuring <3 c¢cm in greatest dimension, with a 5-year OS rate
of 74.6% in the SR group versus 70.4% in the RFA group (p = .84),
whereas the 5-year RFS rate was 42.9% for the SR group versus
42.7% for the RFA group (p = .84). Serious adverse events occurred
in 3.3% of surgical patients and in no patients in the RFA group.*® In a
systematic review and meta-analysis of eight randomized controlled
trials (RCTs) comparing RFA versus SR, Jia et al. reported no statis-
tically significant differences in OS or DFS between the two modal-
ities. However, RFA demonstrated a significantly lower complication
rate (odds ratio, 0.65; 95% Cl, 0.44-0.80; p < .05) along with

advantages in terms of reduced hospital stay, lower postintervention
mortality, and decreased health care costs.*”

In recent years, MWA has been increasingly adopted over RFA
across numerous institutions because of several distinct advantages,
including the ability to achieve larger ablation zones, facilitating the
achievement of adequate ablative margins, which are essential for
effective local tumor control. Moreover, technological advancements
—such as the development of dedicated software to assess the ad-
equacy of ablative margins—have reduced rates of local tumor pro-
gression, a key prognostic indicator of clinical outcomes.*®*° A meta-
analysis that included 16 studies (n = 2622) comparing MWA versus
SR in patients with HCC and liver metastases indicated that OS was
similar between the two modalities.>® Moreover, MWA was associ-
ated with reduced complication rates, decreased intraoperative
blood loss, shorter procedure duration, and a reduced hospitalization
period.>® Although these findings are promising, further randomized
studies are necessary to compare SR and modern TA techniques in

patients with early stage HCC.

Intra-arterial therapies: TARE, TACE, and TAE

For patients with early stage to intermediate-stage HCC who are not
candidates for liver transplantation, SR, or TA, intra-arterial therapies
like TARE, TACE, and TAE are great options. There is consensus among
the IR community that TARE can result in superior outcomes compared
with TACE and TAE, which is based on several RCTs, including the
PREMIER and TRACE trials. The PREMIERE trial®* randomized pa-
tients who had unresectable, unablatable HCC to undergo TARE or
conventional TACE and reported a significantly longer time to pro-
gression with TARE (>26 vs. 6.8 months), although OS was similar

I°2 compared

when censoring for transplantation. The TRACE tria
TARE versus drug-eluting bead-TACE mostly patients with
intermediate-stage HCC and demonstrated both superior time to
progression (17.1 vs. 9.5 months) and OS (30.2 vs. 15.6 months) for
TARE, with comparable safety profiles. Together, these trials suggest
that TARE offers more durable tumor control than TACE, with evi-
dence for improved survival in some patients.’>*2 There are also
randomized data suggesting comparable results with TACE and
TAE. For example, a randomized, single-center trial®>®> compared
doxorubicin-eluting microsphere TACE with bland microsphere

embolization in patients with unresectable HCC. That study

Renal cell carcinoma

|

<4 cm

Surgery or Ablation.

FIGURE 2

>4 cm

Surgery, if not feasible,
consider ablation.

lllustration of recommended locoregional therapies for T1 renal cell carcinoma.
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demonstrated no significant difference in progression-free survival
(PFS) or OS between the two groups. Specifically, the median PFS was
6.1 months for TACE and 5.4 months for bland embolization (HR, 1.02;
95% Cl,0.69-1.51), whereas the median OS was 15.1 months for TACE
and 14.6 months for bland embolization (HR, 1.05; 95% Cl,0.71-1.55).
These findings suggest that the addition of chemotherapy to the
embolic procedure did not confer a clear clinical benefit over bland
embolization alone.

For patients with early stage HCC, contemporary studies using
TARE have demonstrated a greater than 80% objective response rate
with a mean duration of response of 6 months and longer.*>>* The
retrospective LEGACY study included patients (n = 162) with solitary
HCC <8 cm who were treated with TARE and reported an objective
response rate of 88% and a median duration of response of 11.8
months.*® The localized PFS rate was 93.9% at 2 years. Grade 3
adverse events occurred in 19% of patients, but most resolved during
the study. Despite great results, the study had several limitations,
including a retrospective design and the limited number of patients
available for follow-up after 3 years. In a prospective study that
included 30 patients with three or fewer tumors who received TARE,
Kokabi et al. reported an objective response rate of 81% at 6 months
and a median duration of response of 32.7 months.>* More recently,
the Doorway prospective multicenter clinical trial evaluating the role
of yttrium-90 (°°Y) radioembolization in patients with HCC (Barce-
lona Clinic Liver Cancer [BCLC] stage 0-B) have completed recruit-
ment, and results will be available in the next few months. These
results could help verify the results of the LEGACY study in a pro-

spective, independent manner.>® Figure 3 provides images from a

patient with HCC who was treated by selective *°Y treatment and
had a sustained complete response on follow-up at 2 years.

For patients with BCLC stage B HCC (multifocal HCC and no
evidence of vascular invasion or extrahepatic dissemination with
preserved liver function and a performance status of 0-2), TARE is
preferred over TACE because studies have demonstrated that TARE
is associated with a longer time to progression after treatment.>!
However, most patients with BCLC B disease do not qualify for
curative-intent TARE. Only select patients with BCLC stage B disease
may be candidates for curative-intent TARE, such as those with
disease confined to a lobe or with enough unaffected liver paren-
chyma to support high-dose ablative TARE to the diseased liver. In
the prospective, randomized TRACE study, 72 patients with unre-
sectable HCC were assigned to TARE or TACE. Those in the TARE
arm achieved a longer median time to progression (17.1 vs. 9.5
months; p = .002) and median OS (30.2 vs. 15.6 months; p = .006).>2

For patients with BCLC stage C HCC (HCC with vascular invasion
or extrahepatic spread and a performance status <2) in whom systemic
therapy is the standard of care, TARE can be offered as a consolidative
option to those with good underlying liver function who achieve dis-
ease control. Although there is no consensus regarding treatment for
these patients, three separate prospective studies have demonstrated
good outcomes after TARE monotherapy even in the presence of portal
vein tumor thrombus, with OS ranging from 13 to 15 months.>®~>% In
patients with HCC who are refractory to or unsuitable for other
locoregional therapies, the Radiation Therapy Oncology Group RTOG-
1112 phase 3 RCT demonstrated a benefit of combining SBRT with

sorafenib in improving OS and PFS after adjusting for stratification

FIGURE 3 A man aged 64 years with HCC treated with TARE. (A) Contrast-enhanced CT showed a 7-cm HCC with satellite nodules.
(B) Digital subtraction angiography demonstrated multiple feeding vessels connected to the tumors. (C) A posttreatment, single-photon
emission CT confirmed microsphere deposition in the tumor. (D) Contrast-enhanced CT at 6 months after TARE showed the tumor had a
complete response to TARE. (E) Noncontrast and (F) contrast-enhanced follow-up CT scans at 2 years demonstrated areas of calcification
within the treated tumor with no evidence of residual or recurrent disease. CT indicates computed tomography; HCC hepatocellular

carcinoma; TARE, transarterial radioembolization.
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factors (OS, 15.8 vs. 12.3 months; PFS, 9.2 vs. 5.5 months for sorafenib

combined with SBRT vs. sorafenib alone, respectively).>®

Combination locoregional approaches

It is also common to combine multiple locoregional approaches when
a patient's disease status (number, size, and distribution of the le-
sions) is not conducive to a single type of locoregional therapy. For
example, in select patients who have multifocal disease with a higher
disease burden in one lobe, combining lobar TARE or TACE with TA
or SBRT in the contralateral lobe sometimes may result in achieving
great local control. All of these cases have to be reviewed in a
multidisciplinary tumor board to achieve consensus with different
specialties, such as surgical oncology, radiation oncology, medical
oncology, and IR, before proceeding.

In addition, there is evidence suggesting better outcomes when
intra-arterial therapies like TACE are combined with an ablative
therapy such as TA or SBRT to treat single lesions. For example, a
retrospective study in a cohort of 289 patients with HCC demon-
strated that the addition of ablation (TA or SBRT) significantly
improved outcomes: the 3-year OS rate was 85.3% with combination
therapy versus 47.1% with TACE alone, and the median OS nearly
doubled (83.4 vs. 33.9 months). The study concluded that adding
ablative therapy after TACE was associated with markedly improved
local control and survival.®®

In summary, percutaneous TA is a safe and effective treatment
option for patients with small HCC. Growing evidence continues to
support its efficacy, establishing it as a curative alternative for
appropriately selected patients. For larger lesions, TARE with
appropriate advanced dosimetry provides excellent local tumor
control, improves OS compared with TACE, and is potentially cura-
tive in select patients. Figure 4 provides different clinical HCC sce-
narios and recommended locoregional treatment.

Position in clinical guidelines
Percutaneous liver ablation is widely recognized in clinical practice as

a treatment for liver malignancies, offering faster recovery and lower

costs than conventional SR.3> According to the 2022 BCLC treatment
guidelines, ablation with RFA or MWA is the recommended approach
to first-line treatment for patients with very early stage HCC
(defined as a solitary tumor <2 cm) who are not candidates for liver
transplantation or SR.3¢ Ablation is also an alternative option for
patients with early stage HCC who are unsuitable for SR because of
portal hypertension or liver dysfunction, provided that they have no
more than three tumors and that each is no larger than 3 cm in
greatest dimension.?*” Candidates for liver ablation should have
Child-Pugh class A or B liver function status and a good performance
status.® Given its lower invasiveness and cost, ablation may be
prioritized in appropriate candidates, whereas SR may be preferred
for larger tumors or tumors located in high-risk areas for ablation,
such as near the gall bladder.

For patients who are not candidates for transplantation, SR, or
ablation, the 2022 BCLC guidelines recommend TACE and TARE (or
selective internal radiation therapy) for stage O-A disease (up to
three tumors, each <3 cm in greatest dimension), for tumors that
require downstaging, or for patients awaiting liver trans-
plantation.3¢%? 2025 European Association for Study of the Liver
guidelines for the treatment of HCC has released a more flexible
approach for these patients and consider external-beam radiation
therapy as an option for patients who have a single lesion within
Milan criteria when there is a significant risk of recurrence after
treatment (greatest tumor dimension >3 cm), or based on location, or
as an alternative to TARE/TACE in patients who are unsuitable for or
experience recurrence after ablation and are at high risk for com-
plications from TACE/TARE (such as colonized biliary tree, increasing
the risk of infection, and liver abscess after TACE/TARE).! Once
known as only a palliative treatment option, TARE is also a poten-
tially definitive treatment for select patients. Curative-intent radio-
embolization refers to °°Y segmentectomy or lobectomy in selected
patients with localized HCC (BCLC stage 0-A and select BCLC stage
B amenable to ?°Y segmentectomy), delivered at higher intensity
versus palliative “°Y with the primary aim of achieving complete and
durable tumor eradication, analogous to SR or ablation, rather than

Hepatocellular carcinoma

Single lesion tumors < < 3 tumors, each <3

Single lesion tumors <
3cm cm 8cm

Multiple lesions one or Multiple lesions one
2 segments lobe

Transplant, resection,
ablation, TARE or EBRT
if feasible.

Surgery, ablation, TARE
or EBRT

TARE or EBRT alone or
bridging to Surgery.

Radiation

Radiation lobectomy.
segmentectomy.

FIGURE 4

lllustration of recommended locoregional therapies (with or without systemic therapy) for hepatocellular carcinoma. EBRT

indicates external-beam radiation therapy; TARE, transarterial radioembolization.
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palliation, bridging, or downstaging. The curative-intent °°Y approach
can also be applied to patients with other malignancies, such as
intrahepatic cholangiocarcinoma (iCCA), colorectal liver metastasis
(CLM), or other tumors with liver metastasis that are amenable *°Y
segmentectomy, to achieve complete and durable tumor responses in
the treated lesion. This curative potential is thanks to the progress
made in the application of advanced dosimetry (calculating the ra-
diation dose for treatment), with proven efficacy in randomized
prospective trials, such as the Dosisphere trial-01,°2 and supported
by post-TARE pathologic data from liver explants confirming a
complete pathologic response.*® Today, TARE has been broadly
adopted to treat primary liver tumors, mainly HCC.#%4?

TARE can also be used palliatively to improve PFS or hepatic
PFS. In these patients, the use of advanced dosimetry techniques
(maximizing the radiation dose to tumor and minimizing it to the
normal liver) is mandatory for proper patient selection and treat-
ment.*® In prospective studies, approximately 10%-15% of patients
in the palliative setting are not eligible for such treatment because of

dose constraints.*344

Intrahepatic cholangiocarcinoma

Cholangiocarcinoma encompasses a heterogeneous group of malig-
nancies arising from the biliary epithelium. It represents the second
most common primary hepatic malignancy, accounting for approxi-
mately 15% of liver cancers and 3% of all gastrointestinal can-
cers.®®%* Based on anatomic location, it is classified into intrahepatic,
perihilar, and distal cholangiocarcinoma.®*%> Although systemic
therapies remain central to the management of cholangiocarcinoma,
growing evidence supports the role of TA in iCCA management,
which aims to maximize local tumor control while preserving liver

parenchyma.®%”

Outcomes

TA has demonstrated efficacy for patients with small iCCAs, resulting
in outcomes comparable to those achieved with SR.6%"72 A multi-
center cohort study published by Pang et al. compared MWA with SR
for treating primary iCCA.°® The study included 944 patients from 10
tertiary hospitals who were seen between 2009 and 2022 and had a
median follow-up of 4.7 years. In matched patient cohorts with
similar baseline characteristics, compared with SR, MWA demon-
strated comparable OS (5-year OS: 44.8% vs. 40.4% with SR;
p = .761) and DFS (37.3% vs. 40.8%; p = .129). Notably, DFS in pa-
tients who underwent MWA has improved since at least 2017,
demonstrating a narrowing gap in survival outcomes compared with
SR. Those authors reported that achieving an ablative margin >5 mm
was crucial to survival; when patients who underwent either MWA or
SR achieved this margin, DFS was similar. MWA offered advantages
in perioperative outcomes, including shorter operation time, reduced

blood loss, and lower complication rates. Therefore, MWA could be a

viable alternative to SR for patients who have early stage iCCA,
especially those who are unsuitable for surgery, provided an
adequate ablative margin is achieved.®®

In TA, margin width is a critical determinant of local tumor
progression. However, no consensus exists regarding the optimal
minimal ablative margin in iCCA. Therefore, many advocate for larger
safety margins (an ablation zone extending beyond tumor margins)
because of the tumor's infiltrative nature.”! Data from the COVER-
ALL randomized clinical trial (6% of volunteers had iCCA) validated
the intraprocedural use of software-based ablation confirmation
methods for minimal ablative margin assessment during liver tumor
ablation. In that trial, with adequate safety margins, none of the
patients with iCCA experienced progression.*’

Locoregional, arterially directed therapies have also shown
promise in patients with unresectable iCCA.®” Given the rarity of iCCA,
none of these treatment approaches have been evaluated in RCTs.®”
The MISPHEC trial demonstrated the efficacy and safety of combina-
tion systemic therapy and °°Y in the first-line setting and the ability to
downstage patients to render them candidates for SR.”® In this
selected population, the median PFS was 14 months, and the median
OS was 22 months. In addition, in nonsurgical candidates, when the
disease is anatomically confined to a few segments or a lobe, TARE
radiation segmentectomy or ablative radiation lobectomy provides
excellent local control. In the case of widespread disease, studies have
demonstrated that using advanced dosimetry techniques significantly
improves OS compared with older dosimetry techniques’*”>

In summary, the role of locoregional therapies in iCCA treatment
is expanding, with early data showing improved oncologic outcomes.
TA has emerged as a potential curative option for selected, small
iCCAs, offering survival outcomes comparable to those achieved by
resection, with a favorable safety profile. Further large-scale studies
are warranted to refine optimal minimal ablative margin thresholds in
iCCA and to continue improving local tumor control. Figure 5 lists
different clinical iCCA scenarios and recommended locoregional

treatments.

Position in clinical guidelines

TA has been used increasingly as a definitive treatment for small
iCCA tumors <3 cm.®® The National Comprehensive Cancer Network
(NCCN) guidelines recognize TA as a potential curative option for
this select group of patients.®” If SR or TA is not feasible, TACE or
TARE may be offered either as a standalone treatment or in combi-

nation with systemic chemotherapy.®”

Oligometastatic disease

Locoregional treatments, including both image-guided ablation and
transarterial approaches, have achieved notable effectiveness in
managing limited metastatic lesions. These approaches are used
increasingly and are incorporated into treatment algorithms for
multiple malignancies, including colorectal carcinoma, RCC, and soft

tissue sarcomas.
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Unresectable Intrahepatic cholangiocarcinoma

<3 tumors, each <3 cm
(unresectable)

Single lesion tumor < 3 cm
(unresectable)

Single lesion tumors > 3 cm
(unresectable)

Multiple lesions one lobe or both

Multiple lesions one or 2 segments
lobes

Ablation. Consider EBRT if ablation

is not feasible. Ablation.

Arterially directed therapies (TARE
(preferred) or TACE or TAE) or EBRT.

Arterially directed therapies (TARE-
Radiation lobectomy (preferred) or
TACE or TAE). Consider hepatic
arterial infusion chemotherapy
(HAIC) if TARE/TACE is not an
option.

Arterially directed therapies (TARE-
Radiation segmentectomy
(preferred) or TACE or TAE).

FIGURE 5

lllustration of recommended locoregional therapies (with or without systemic therapy) for unresectable intrahepatic

cholangiocarcinoma. EBRT indicates external-beam radiation therapy; TAE, transarterial bland embolization; TACE, transarterial

chemoembolization; TARE, transarterial radioembolization.

Metastatic colorectal cancer
Hepatic metastases

The liver is the most common site of colorectal cancer metastases,
whereas colorectal cancer is the most common malignancy to
metastasize to the liver.”® CLMs occur in approximately 20% of pa-
tients with colorectal cancer at the time of diagnosis and in up to 80%
of such patients during the disease course.””~”? Liver involvement is
thought to be the most common cause of mortality among patients
with colorectal cancer.®°

For patients with oligometastatic colorectal disease, the 2025
NCCN guidelines endorse TA as an equivalent therapy to SR for
CLMs measuring up to 3 cm in greatest dimension, provided that the
location of disease allows ablation with adequate margins.83%2 As
treatment paradigms evolve, ablation is expected to play an
increasingly significant role as a first-option therapy to replace sur-
gery for selected patients with CLMs 22

TA is most effective for tumors up to 3 cm in size, for which
treatment with TA is associated with low rates of local tumor pro-
gression.84788 Although 3 cm is a common upper threshold for
ablation, tumors up to 5 cm may also be treated with ablation if their
location allows for overlapping ablations to achieve sufficient mar-
gins.88 Most centers perform ablation for patients who have up to
five CLMs, and treatment of more than five tumors is reserved for
carefully selected patients.®®

Ablation can be combined with or performed after systemic
therapies. Contemporary advances in systemic therapies for colo-
rectal cancer have improved response rates, often reducing the size
of CLMs until they are undetectable on imaging. However, up to 83%
of disappearing liver metastases still harbored viable tumor cells
upon surgical pathologic examination or follow-up imaging at 1

9

year,®? although contemporary studies suggest that this may be

lower.?® Therefore, subsequent ablation or SR is required to ensure

complete treatment of CLMs.71:92

A noninferiority phase 3 trial compared the outcomes of patients
with CLMs <3 cm who were randomized to receive either TA or
surgery.®% There was no significant difference in OS (p = .83) be-
tween the two groups, although the TA group demonstrated reduced
complications, reduced mortality, shorter hospital stays, and
improved local control in a per-tumor analysis.®®

Studies have demonstrated that the independent predictors for
postablation local tumor control are a tumor size <3 cm and an
ablative margin >5 mm. For example, one study reported an
improved median OS for ablated tumors <3 cm compared with tu-
mors >3 cm (41 vs. 25 months; p = .005). In addition, CLM ablations
with margins >5 mm have exhibited significantly lower recurrence
rates than those with margins <5 mm.?>* Software-based margin
guantification can provide three-dimensional margin assessment
during the procedure to ensure that the intended margins have been
achieved.*’ Figure 6 shows images from one such patient who had a
solitary CLM treated with MWA.

In patients with hepatic CLM who are not candidates for either
SR or ablative therapies, TARE is an option. Ideal candidates for
TARE have a hepatic tumor burden that is <25% of the total liver
volume, with no to minimal extrahepatic disease. A potential TARE
candidate should have a life expectancy of at least 3 months and
bilirubin levels <2.0 mg/dL with a good performance status (Eastern
Cooperative Oncology Group performance status <2). At our insti-
tution, for patients with advanced disease, if there are systemic op-
tions, we prefer starting systemic therapy to achieve disease control
before radioembolization.

Several prospective studies using TARE for the first-line and

d.”>7¢ In

second-line treatment of CLMs have been complete
the FOXFIRE/SIRFLOX studies (ClinicalTrials.gov identifiers
NCT00724503 and NCT01721954, respectively), the addition of
TARE (SIR-Spheres; Sirtex) to FOLFOX (folinic acid, fluorouracil, and
oxaliplatin) in the first-line setting was not associated with an
improvement in OS or PFS; however, an important limitation of that

study was the lack of advanced dosimetry for treatment planning.®” In
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FIGURE 6 A patient aged 45 years with a solitary CRC liver metastasis. (A) An intraprocedural preablation CT during hepatic
arteriography imaging with artificial intelligence-based autosegmentation of the liver (blue) and the tumor (green) revealed a 2.0-cm CLM on
segment 7. (B) Top: Microwave applicators (blue) within the target tumor shown on a noncontrast CT image. Bottom: A 3D reconstruction of
the CT images showed the microwave applicators (blue) within the tumor (green) with the preplanned, expanded ablation coverage of 5 mm
(yellow). (C) Top: Intraprocedural postablation showed the ablation zone; the tumor was no longer visualized because it was encompassed by
the ablation zone. Bottom: Artificial intelligence-based segmentation was used to visualize the ablation zone and tumor; the tumor was
projected from the preablation image by image co-registration using biomechanical deformable registration. (D) A 3D representation showed
the ablation zone covering the entire tumor with the intended minimal ablative margin (6.4 mm). (E) A fused positron emission tomography-CT
image showed that the tumor had a complete response to the ablation at 2 months. 3D indicates three-dimensional; CLM, colorectal liver
metastasis; CRC, colorectal carcinoma; CT, computed tomography; DIR, deformable image registration; MAM, minimum ablative margin.

the EPOCH study (ClinicalTrials.gov identifier NCT01483027), pa-
tients with CLMs whose disease progressed on first-line therapy were
randomized to receive second-line therapy with or without TARE
(TheraSpheres; Boston Scientific). Patients who received TARE had
statistically significant longer PFS (8.0 vs. 7.2 months; p = .0013) and
hepatic PFS (9.1 vs. 7.2 months; p < .001)—both primary end points—
than those who did not receive TARE; however, OS did not differ
significantly between groups. Again, the lack of advanced dosimetry for
treatment planning was a key limitation of that study.”®

Although TARE for CLMs in the third-line and later settings has
not shown efficacy in clinical trials, in our clinical practice, we use
TARE to treat select patients who have colorectal cancer in third-line
and later settings with palliative intent.””?® Even in this case, all
patients undergo treatment planning with advanced dosimetry given
its benefits over the prior dosimetry methods, because studies have
demonstrated a clinical benefit in patients who receive a tumor dose

above a certain threshold.”®
Colorectal pulmonary metastasis
Similar to the recommendations for hepatic colorectal metastases,

NCCN guidelines support the use of ablation for pulmonary metas-

tases in patients who are not surgical candidates or in selected

surgical candidates who have small tumors that can be completely
ablated with adequate margins. Percutaneous TA is primarily used as
a definitive treatment in patients with oligometastatic pulmonary
disease (lesions <3 c¢m).1®° For patients in whom complete tumor
control is not possible (e.g., patients with greater than 5 lesions and
patients with multiorgan or mediastinal lymphadenopathy), ablation
may be used for specific tumors that are growing disproportionately
to others despite systemic therapy with the objective of improving
quality of life.1° Although few quality-of-life studies exist for lung
ablation, existing studies support its potential use for a chemo-
therapy holiday of up to approximately 10-20 months and some
subjective improvement in quality of life.19%103

OS after TA of lung metastases varies based on patient se-
lection factors, such as tumor type, tumor characteristics, the size
and number of lesions, but is similar to the OS achieved with SR.
This inherent heterogeneity is particularly evident in colorectal
metastases, in which 5-year survival rates have ranged from
approximately 30% to 70%.%0%104105 These variations are attrib-
uted to differences in study populations: some studies focused on
patients who had one or two small lesions, whereas others included
those who had poor performance status or extensive bilateral or
multilobar disease. Similar discrepancies have been observed in
surgical and radiation studies, which nonetheless reported similar

outcomes.106-108
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One prospective study investigated at the results from RFA in
1037 lung metastases, of which 52% were colorectal in origin. RFA
resulted in a median OS of 5.1 years, with 1-year and 5-year survival
rates of 92.4%, and 51.5%, respectively.'®” In another perspective,
multicenter study with 5-year follow-up involving 50 patients and 60
pulmonary lesions (42.5% colorectal in origin), the overall local tumor
control rate was 87.9% and 79.2% at 3 and 5 years, respectively. The
3-year and 5-year DFS rates were 74.8% and 55.3%, respectively,
and the respective 3-year and 5-year OS rates were 62.3% and
46.7%.1° These outcomes align with those from surgical data,
including a multicenter surgical registry study that reported a 5-year
OS rate of 53.5% %111 and a meta-analysis of 2925 colorectal pul-
monary metastases that indicated OS rates between 27% and 68% at
5 years.''? However, to our knowledge, there are no randomized
trials to prospectively inform their comparative efficacy. Figure 7 lists
different clinical metastatic colorectal carcinoma scenarios and rec-

ommended locoregional treatments.

Metastatic renal cell carcinoma

The NCCN guidelines endorse ablative therapy in patients with oli-
gometastatic disease secondary to RCC who are not eligible for met-
astectomy. Bang et al.1*® investigated the feasibility of TA for local
tumor control in oligometastatic RCC, targeting 72 tumors across
various anatomic sites, including the lung, liver, and soft tissues, in 27
patients. The median OS was 2.7 years. Only two tumors showed
postablation recurrence.**® Similarly, Welch et al. assessed the safety
and oncologic efficacy of TA in managing 82 metastatic RCC lesions in
61 patients involving a range of organ systems. Local tumor control was
achieved in 87.5% of all lesions. The local RFS rates was 94% at 1 year
and declined to 83% at 3 years. The corresponding OS rates were 87%

and 76% at 1 and 3 years, respectively.!'*

Renal cell carcinoma osseous metastasis

Bone is a common site of metastasis for advanced RCC. Although
most data on TA have been obtained in the palliative setting for pain

control, ablation has also been used to achieve local control of oli-
gometastatic disease.

Gardner et al. reported the outcomes of using TA to achieve local
control for RCC with metastatic bone lesions.'® Their retrospective
study included 40 patients with 50 lesions. Of the 40 patients, 25
(63%) had oligometastatic disease, defined as 5 or fewer metastases
at the time of ablation. With a median follow-up of 35 months (range,
22.7-74.4 months), the overall local tumor control rate was 82% (41
of 50 lesions), with a significantly higher local tumor control rate
noted in patients who had oligometastatic disease compared with
those who had greater than five metastases (96% vs. 53%, respec-
tively; p = .001).

Renal cell carcinoma pulmonary metastasis

In a cohort study conducted by Soga et al.'*¢ involving 39 patients
with pulmonary metastases secondary to RCC who underwent TA,
the 1-year OS rate was 90% and declined to 52% at both 3 years and
5 years. These findings were further supported by Gonnet et al.,*'”
who evaluated 53 patients undergoing TA for 100 lung metastases
and reported a 91% local tumor control rate and 1-year and 5-year
OS rates of 94% and 62%, respectively.

In another study by de Baere et al.'° 68 of 566 patients un-
derwent TA for lung metastases from RCC. The authors reported 5-
year OS and PFS rates of 53.8% and 9.2%, respectively. Notably,
these OS outcomes are comparable to those reported in the surgical
literature, in which 5-year OS rates after pulmonary metastasectomy
for metastatic RCC range from 36% to 45%.1*®1% Figure 8 lists
different clinical metastatic RCC scenarios and recommended

locoregional treatment.

Metastatic soft tissue sarcoma

Soft tissue sarcomas comprise a group of rare malignancies that often
arise in young adults and adolescents. Although surgery is the
mainstay of treatment, the role of local ablative treatment in such
patients is expanding. Considering the expanding role of local 10

Oligometastatic CRC disease
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FIGURE 7

lllustration of the recommended locoregional therapies (with or without systemic therapy) for oligometastatic colorectal

cancer. CRC indicates colorectal cancer; EBRT, external-beam radiation therapy; TARE, transarterial radioembolization.
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Oligometastatic RCC disease

I

Bone < 5 lesions

Lung < 5 lesions,
each <3 cm

Various organs < 5 lesions,
each <3 cm

Surgery or Ablation or Radiation
therapy.

Surgery or Ablation or Radiation
therapy.

Surgery or Ablation or Radiation
therapy.

FIGURE 8
RCC indicates renal cell carcinoma.

therapies, the NCCN guidelines have incorporated 10-based local
therapies into various treatment algorithms for patients with

Sarcoma.103,109,1207131

Outcomes

Many recent studies have supported 1O applications for soft tissue
sarcomas,103109:121123-125 1 5 retrospective, multicenter study by
the French Sarcoma Group,'?! Falk et al. assessed the impact of local
ablative treatment on the survival of patients with oligometastatic
sarcoma, defined as the presence of between one and five concurrent
metastatic lesions, irrespective of their anatomic locations or histo-
logic subtypes. After matching patient cohorts based on baseline
characteristics, those investigators compared the survival outcomes
of patients who had oligometastatic sarcoma disease and received
local treatment (n = 164) with the outcomes of those who did not
receive local treatment (n = 117). Local ablative treatment appeared
to improve OS in patients with oligometastatic sarcoma (2-year OS,
63% vs. 36.3%; p < .0001).12*

We reported our experience with 217 percutaneous CA pro-
cedures for 250 recurrent or metastatic soft tissue sarcoma lesions in
141 patients. The median follow-up was 25 months (range, 3-80
months). The 1-year and 2-year local PFS rates were 86% and 80%,
respectively, whereas the respective OS rates were 89% and 80%.1%*
Figure 9 provides images of a leiomyosarcoma metastasis to the right

gluteal musculature that were treated with CA for local control.

Hepatic metastasis

Although available data for sarcomas are limited, hepatic ablation has
been shown to be an effective and safe treatment option in properly
selected patients.'231%2°135 |y 3 retrospective study, Awad et al.
evaluated the outcomes of percutaneous TA of soft tissue sarcoma
liver metastases, including 84 liver metastases in 55 patients.'?® In
their study, complications developed in two patients (3.6%), including

infection/abscess formation and pneumothorax. The local tumor PFS

Illustration of recommended locoregional therapies (with or without systemic therapy) for oligometastatic renal cell carcinoma.

rate was 80% at 3 years, and the OS was 86% at 3 years.'?® In

addition, Hakime et al. evaluated the role of RFA as adjuvant therapy
for metastatic gastrointestinal stromal tumors after tyrosine kinase
inhibitor therapy.?®® That study included 17 patients with 27 meta-
static liver lesions who underwent RFA after receiving a tyrosine
kinase inhibitor. The local control rate was 100%, and no local re-

currences occurred over a mean follow-up of 49 months.'3

Pulmonary metastasis

Koelblinger et al. assessed outcomes after RFA of 55 lung metastatic
lesions in 21 patients'®® and reported OS rates of 94% and 85% at 2
and 3 years, respectively, with a mean OS of 51 months. Similarly, de
Baere et al. assessed RFA for pulmonary metastases in 51 patients
with sarcoma and reported a 5-year OS rate of 41.5%°? and a PFS
rate of 15.9% at 5 years.’®® Palussiere et al. also reported their
experience using RFA for pulmonary metastases from sarcoma in 29
patients and observed OS rates of 92.2% and 65.2% at 1 and 3 years,
respectively.'®” Sato et al. assessed 46 patients with sarcoma grom
144 lung metastases treated with RFA and reported primary local
tumor control rates of 83.5% at 1 year and 76.3% at 2 years and
secondary local tumor control rates (after a second ablation) of
90.0% at 1 year and 81.4% at 2 years. The OS rates were 80.6%,
70.1%, and 47.1% at 1, 2, and 3 years, respectively.138 Figure 10
provides images of a pulmonary metastatic lesion from sarcoma that
was treated with TA.

Position in clinical guidelines

Ablative therapy is an option for patients with soft tissue sarcomas who
are not eligible for SR because of comorbidities and those with local
recurrent disease, oligometastatic disease, or disease progression
despite conventional therapy, although its use in patients who had
disease stability after systemic treatment is also offered.103109:120-125
TA has been shown to play a curative role and improve survival in
patients with oligometastatic disease.'?? In addition, TA can treat
multiple lesions in asingle session and reduce morbidity compared with
repeated SR.10%121122 However, for patients who have disseminated
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FIGURE 9 A woman aged 71 years with leiomyosarcoma metastasis to the right gluteal musculature. (A) Contrast-enhanced computed
tomography showing a soft tissue mass (red asterisk) in the right gluteal musculature consistent with leiomyosarcoma metastasis. (B) The
metastatic lesion was treated with percutaneous cryoablation (red arrows) under computed tomography image guidance. To prevent injury to
the adjacent sciatic nerve, continuous electromyography and somatosensory evoked-potential monitoring was performed throughout the
procedure. (C) Follow-up imaging at 3 months demonstrated successful local control of this lesion, with extensive necrosis (blue asterisk)

throughout the tumor.

metastatic disease, TA can be combined safely with immunotherapy?®

or chemotherapy'?® as a means to provide a break from systemic
treatment?©3125 or for palliation.*?? Furthermore, for patients who
have liver-dominant metastatic disease who are not candidates for
surgery, catheter-directed transarterial therapy (TAE, TACE, TARE)
has shown evidence of efficacy.*?’"*®! Figure 11 lists different
clinical metastatic sarcoma scenarios and recommended locoregional

treatments.

Bone metastases from solid tumors

Bone is the third most common site for metastasis. Approximately
50% of patients with osseous metastatic disease experience re-
fractory bone pain, with subsequent functional impairment and
diminished quality of life.*3?-*4* TA affords an option for definitive
treatment and also plays a role in the palliation of symptoms asso-

ciated with bone metastases, including pain.24?-14?

Outcomes

TA has been shown to achieve local control in patients with oligome-
tastatic disease.'>°"1°2 |n a retrospective study, Erie et al.'>2 evaluated
the efficacy and safety of percutaneous TA (16 CAs, two RFAs) for the
treatment of prostate cancer with oligometastatic disease, most of
which were bone metastases. Over a median follow-up of 27 months
(range, 5-56 months), local tumor control was achieved in 15 of 18
metastases (83%), and local recurrence was identified in three me-
tastases (17%), with a median time to recurrence of 3.5 months (range,
3-38 months). The 24-month PFS rate was 43%. For seven patients
with androgen-deprivation therapy-naive disease, all metastatic le-
sions were successfully ablated, and local tumor control was achieved
in 100% of lesions. No major complications were reported.*>?
Wallace et al.*>3 conducted a retrospective analysis of 55 pa-
tients who had spinal osseous metastases treated with RFA in
conjunction with vertebral augmentation. At the 3-month follow-up,

local tumor control on imaging was achieved in 89% of patients. The
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FIGURE 10 A woman aged 73 years with oligometastatic uterine sarcoma involving the lung. (A) Follow-up CT scans of a 7-mm lesion
(red circle) in the right upper lung showed a progressive increase in size. (B,C) Cryoablation was performed using two probes surrounding the
lesion. (D) An immediate postprocedure CT image demonstrated an adequate ablation zone encompassing the nodule with an adequate safety
margin. (E,F) Follow-up CT scans at (E) 1 year and (F) 8 years after cryoablation revealed postablation changes with no signs of recurrent

disease. CT indicates computed tomography.
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FIGURE 11 |lllustration of recommended locoregional therapies (with or without systemic therapy) for oligometastatic sarcoma. TAE

indicates transarterial bland embolization; TACE, transarterial chemoembolization; TARE, transarterial radioembolization.

12-month tumor control rate was 70%. Among patients with ongoing
systemic metastatic progression, the local tumor control rate at 12
months was 67% (18 of 27 patients).

RFA was the first TA modality used to treat painful bone me-
tastases. A foundational study by Goetz et al. described 43 patients
at multiple institutions who received RFA for painful osteolytic bone
metastases.’* These patients had exhausted conventional treat-
ments for these lesions, with 74% of patients having received prior
radiation therapy. Clinically significant pain relief was observed in
95% of patients, and TA was associated with a decrease in narcotic
pain medication use. These results motivated a multicenter American
College of Radiology Imaging Network clinical trial evaluating TA for
pain palliation from solitary painful bone metastases.'>* In that study,

49 patients with solitary bone metastases up to 8 cm in greatest

dimension were treated with RFA, and postprocedure pain scores
and imaging findings were analyzed. Ablation of the bone-tumor
interface was identified as a significant factor in improved pain
response after ablation; however, the ablated tumor volume was not
associated with better pain relief.'>* Given these results, TA in this
setting remains highly clinically meaningful even if complete
coverage of the target lesion is not possible.

In the prospective, single-arm OPuS One study**® of 206 patients
who underwent spine RFA, the total adverse event rate was 2.9%, and
none of these events included spinal cord or nerve thermal injury. Pain
relief of at least 2 points on the Brief Pain Inventory scale was noted
within 3 days of the intervention and lasted up to 12 months.**®
Several early studies with small patient cohorts evaluated CA for

painful bone metastases across a range of histologic types and
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imaging guidance modalities.’>>>¢ The initial findings were further
validated in multicenter studies; these studies also indicated that CA

was associated with durable pain relief.}*7157 |n the MOTION

157

study,™’” a prospective multicenter trial of patients with metastatic

bone disease, the authors observed that CA resulted in a mean
decrease in pain scores of 2.6 points starting 1 week after the pro-
cedure and lasting for up to 6 months.*”

TA can be combined with other therapies—such as radi-

145-147

ation, systemic treatment,*®*%° embolization,'>® or cemen-

142_and its use is often determined on a case-by-case basis.

toplasty
Although prospective trials are lacking, retrospective studies and
clinical experience support the safety and potential synergistic
benefit of these multimodal approaches. Treatment decisions are
typically individualized based on tumor location, patient symptoms,

prior therapies, and overall disease burden to optimize outcomes and

minimize complications. Figure 12 provides images of a metastatic
RCC lesion to the left ischium and acetabulum that was treated using
combined locoregional therapies.

In summary, percutaneous TA represents an effective local
treatment strategy for achieving tumor control in patients with oli-
gometastatic bone metastases. Moreover, TA has demonstrated
encouraging outcomes in mitigating disease progression and
improving survival, and it offers a reliable treatment for patients with
painful skeletal lesions that can be used alone or in combination with
other treatment modalities.

Position in clinical guidelines
The Cardiovascular and Interventional Radiological Society of
Europe guidelines include TA as definitive treatment for

secondary bone metastases in selected patients, including those

FIGURE 12 A man aged 58 years with clear cell renal cell carcinoma. (A,B) Metastatic lesion from RCC (red circle) extensively involved
the left acetabulum and ischium. After a multidisciplinary discussion, the patient was referred to interventional radiology. (C-G) The patient
was treated with a combination of minimally invasive therapies designed to eliminate the underlying tumor, including (C) transarterial
embolization and (D,E) cryoablation (red arrows), and (F,G) to stabilize the weight-bearing components of the bone (cementoplasty; black

stars). RCC indicates renal cell carcinoma.
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Bone metastases
< 5 tumors. Painful skeletal lesions >5 tumqrs with one or 2 lesi.ons
chemo or immunotherapy resistant
Ablation or Radiation therapy. Ablation or Radiation therapy. Ablation or Radiation therapy.
FIGURE 13 lllustration of recommended locoregional therapies (with or without systemic therapy) for bone metastases.

with oligometastatic disease (including oligorecurrent and oligo-
progressive disease) who present with less than three to five
potentially treatable metastases, each measuring <3 cm.’*? In
addition, TA can be performed to prevent compromising adjacent
critical structures that may occur secondary to tumor progression,
particularly in spinal lesions.242143

Furthermore, in accordance with recommendations of the NCCN
and Cardiovascular and Interventional Radiological Society of
Europe guidelines, image-guided ablation is a therapeutic option for
patients who present with localized pain that is unresponsive to
conventional therapies.'#2144 Such treatments can be provided as a
single session and can lead to rapid and durable pain relief. TA
(notably, RFA and CA) can also safely be combined with locoregional

2

therapies, such as cement augmentation,'*? external-beam radi-

145-147 and systemic therapies.'*®14? Figure 13 lists different

ation,
clinical bone metastasis scenarios and recommended locoregional

treatments.

CONCLUSION

In conclusion, percutaneous, minimally invasive, image-guided local
therapies have been established as definitive treatment options for
patients with early stage cancer or oligometastatic disease in
different organs. These therapies, including ablation and emboliza-
tion, offer precise tumor targeting while preserving surrounding
healthy tissue, leading to favorable oncologic outcomes with minimal
morbidity. Long-term clinical data have demonstrated that ablation
and embolization are associated with durable local oncologic control
and improved survival outcomes. Optimal patient selection guided by
a multidisciplinary team approach remains critical to ensuring suc-
cessful treatment. Future randomized controlled studies will further
define the role of these minimally invasive therapies and solidify their

place in the evolving landscape of oncologic treatment.
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