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A B S T R A C T   

Interventional Oncology (IO) is a subspecialty field of Interventional Radiology bridging between diagnostic 
radiology and the clinical oncology team, addressing the diagnosis and treatment of cancer. There have been 
many exciting advancements in the field of IO in recent years; far too many to cover in a single paper. To give 
each topic sufficient attention, we have limited the scope of this review article to four topics which we feel have 
the potential to drastically change how cancer is treated managed in the immediate future.   

1. Introduction 

Interventional Oncology (IO) is a subspecialty field of Interventional 
Radiology bridging between diagnostic radiology and the clinical 
oncology team, addressing the diagnosis and treatment of cancer. There 
have been many exciting advancements in the field of IO in recent years; 
far too many to cover in a single paper. To give each topic sufficient 
attention, we have limited the scope of this review article to four topics 
which we feel have the potential to drastically change how cancer is 
treated managed in the immediate future. 

2. Immuno-oncology and interventional oncology 

Immuno-oncology is a young area of research with a goal to develop 
treatments which enable the body’s immune system to fight cancer. 
Over the past decade, general interest in this field has shifted from cy
tokines and cancer vaccines to immune checkpoint inhibitors (ICI) due 
to their impressive clinical efficacy. In fact, research into immune 
checkpoints as potential targets for cancer treatments earned Drs. 
Tasuku Honjo and James Allison the Nobel Prize in Medicine 2018 [1]. 
There has also been a growing body of literature investigating the use of 
locoregional interventional oncology therapies in conjunction with ICI, 
offering exciting possibilities for interventional radiologists and 
patients. 

The immune response against tumors is driven primarily by cytotoxic 
CD8 + T cells. Tumor antigens are presented to these cells by antigen- 

presenting cells, which establishes target specificity in the cytotoxic T 
cells. However, the activity of these cells against tumor cells is depen
dent on the dominance of either costimulatory or coinhibitory signals. 
Costimulatory signals are necessary for an immune response to foreign 
antigens, but coinhibitory signals are important for preventing auto
immune reactions. Coinhibitory signals depend on immune checkpoints, 
which are protein-protein interactions that control the type and 
magnitude of immune responses. Tumoral expression of checkpoint 
proteins protects the tumor cells from immune attack by inducing T cell 
clonal deletion and anergy. This has been found to have clinical signif
icance. With hepatocellular carcinoma, for example, higher expression 
levels of the checkpoints programmed cell death protein 1 (PD-1) and 
programmed cell death ligand 1 (PD-L1) have been found to correlate 
with tumor stage, local recurrence and progression rates, and worse 
prognosis [2]. 

By blocking the checkpoint proteins which modulate cytotoxic T cell 
function, ICI permit the activation of the immune response against tu
mors. The checkpoint inhibitors which have been approved by the Food 
and Drug Administration are monoclonal antibodies against PD-1, PD-L1 
and cytotoxic T-lymphocyte associated protein 4 (CTLA-4) (Fig. 1). A 
number of groundbreaking clinical trials have led to the widespread 
acceptance of ICI as first or second line treatments, either alone or in 
combination with chemotherapy, for approximately 50 types of cancer. 
In patients with advanced non-small cell lung cancer (NSCLC) and tu
mors with PD-L1 expression > 50 %, pembrolizumab demonstrated a 
superior progression-free survival than chemotherapy (10.3 months vs 
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Fig. 1. Thermal ablation systems have both local and systemic effects on tumors. A. Heat-based modalities (e.g. radiofrequency ablation and microwave ablation) 
damage tumor cells in a number of ways and lead to the release of tumor antigens. B. The antigens released by dead tumor cells are taken up by antigen-presenting 
cells, such as dendritic cells. These present the antigens to T-cells, and can activate them through costimulatory checkpoint proteins (green). However, coinhibitory 
checkpoint proteins (red) on T-cells or tumor cells can cause T-cell apoptosis. C. Immune checkpoint inhibitors are antibodies which bind and inactivate coinhibitory 
proteins on T-cells and tumor cells, allowing activated T-cells to attack distant tumor cells. 
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6.0 months) [3]. In patients with metastatic melanoma, pembrolizumab 
and nivolumab have increased the median overall survival (OS) to > 2 
years from the historical OS of < 1 year, with about 20 % of patients 
achieving a complete response of metastatic disease (i.e. complete 
disappearance of all visible metastases on imaging) [4]. In patients with 
nonresectable HCC, the IMBrave 150 trial has shown promising results 
with atezolizumab plus bevacizumab demonstrating superior 12-month 
OS compared to the standard of care sorafenib (67.2 % vs 54.6 %) [5]. 
Although these results are impressive, there is still a great deal of room 
for improvement. 

Interventional radiologists use a variety of locoregional ablation and 
embolization therapies to destroy tumors. These techniques lead to 
tumor cell death and the liberation of tumor antigens which incite a 
systemic immune response, similar to the immune response mounted 
against pathogenic organisms (Fig. 1). There are even a handful of case 
reports in which distant metastases spontaneously decreased in size 
following ablation of one lesion [6–8] (Fig. 2). This phenomenon has 
been called the abscopal effect. However, in the majority of cases the 
immune effect is transient, shown to last about 4 weeks in one preclin
ical study [9]. It has been shown that tumors increase expression of 
PD-L1 and tumor-infiltrating lymphocytes increase expression of PD-1 
after thermal ablation, dampening the immune system’s anti-tumor 
activity [10]. There is also a growing concern that tumor ablation may 
stimulate growth of tumor cells at remote sites in some cases [11]. 
Clearly, the immunomodulating effect of locoregional therapy alone is 
inadequate as an immuno-monotherapy. 

There have been several studies evaluating the combination of 
interventional oncology treatments with immunotherapies other than 
checkpoint inhibitors, such as natural killer cell injection, dendritic cell 
injection, CPG-oligodeoxynucleotides, IL-2 injection, and granulocyte 
macrophage colony stimulating factor (GM-CSF) [12–15]. Interestingly, 
all of these combination therapies resulted in a stronger immune 
response than either ablation or immunotherapy alone. As research in
terest in immuno-oncology has now largely shifted to ICI, this will be the 
main focus of this manuscript. 

A handful of case reports of cryoablation or transarterial radio
embolization (TARE) combined with ICI have described decrease in size 
of distant tumors with few adverse events [16–19]. Most of the larger 
available studies on interventional oncology therapies combined with 
ICI are focused on safety, with some reporting on immune changes or 
clinical efficacy. A pilot study of preoperative cryoablation and ipili
mumab followed by mastectomy in women with breast cancer reported 
only grade 1 or 2 immune-related adverse event (irAE). In addition, 
serologic analysis found sustained elevations of Th1-type cytokines, 
activated CD4 + and CD8 + T cells, and T-effector cells relative to 
T-regulatory cells within tumor, suggesting a beneficial immunostimu
latory effect [20]. 

A retrospective study of TARE combined with ICI (nivolumab +/- 
ipilimumab) in 26 patients with advanced HCC demonstrated no early 
grade 3 or 4 toxicities related to the TARE or ICI, with 2 patients (7.7 %) 
developing delayed grade 3 and 4 hepatobiliary toxicities in the setting 
of disease progression [21]. Although comparisons of outcomes between 
this relatively small study and larger studies can be problematic, the 
survival results in this study compared favorably with landmark studies, 
with median OS from time of TARE of 16.5 months compared to 11.3 
months in the largest study of TARE alone [22]. The results of this study 
were also promising when compared to the CheckMate040 study of 
nivolumab [23] and the KEYNOTE-224 study of pembrolizumab [24], 
which showed median OS of 15.0 months and 12.9 months, respectively, 
while the median OS in this study was 17.2 months from the time of 
immunotherapy. 

A similar retrospective study of TARE combined with ICI in 22 pa
tients with metastatic disease to the liver from various primaries 
demonstrated a slightly higher rate of toxicities, with 3 patients (13.6 %) 
developing hepatobiliary toxicities and 2 patients (9.1 %) developing 
“clinical” toxicities (grade 4 colitis and hepatic abscess) [25]. Subgroup 
analysis of the most common primary malignancy, uveal melanoma, 
demonstrated a median OS of 17.0 months, which is favorable compared 
to an earlier study of TARE alone for metastatic uveal melanoma which 
demonstrated a median OS of 12.3 months [26]. 

Fig. 2. Abscopal effect in 77 year-old-man with metastatic renal cell carcinoma. A. 18FDG PET/CT MIP shows FDG-avid biopsy-proven right upper a right upper lobe 
pulmonary metastasis (black arrowhead) and right retroperitoneal recurrence (white arrowhead). B, C, D, and E. CT images show the pulmonary metastasis (black 
arrow) at the time of right retroperitoneal ablation (white arrows), and 1.5 years later which underwent gradual regression (dashed black arrow) in the absence of 
systemic treatment. 
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A number of ongoing clinical trials are evaluating combination 
therapy of locoregional interventional oncology treatments with 
checkpoint inhibitors for the treatment of a variety of diseases [Table 1]. 
While the majority of this research is focused on HCC, there are also 
trials on NSCLC, renal cell carcinoma (RCC), breast cancer, melanoma, 
pancreatic cancer, neuroendocrine tumors, and non-Hodgkin lymphoma 
(NHL). Most of these studies evaluate a single locoregional therapy, 
however a handful of studies compare different modalities. 
NCT03949231 is a phase III trial comparing hepatic artery infusion with 
venous infusion of toripalimab (an anti-PD1 monoclonal antibody) in 
BCLC stage C HCC. NCT02821754 is a phase II trial comparing TACE, 
radiofrequency ablation (RFA) and cryoablation in patients with HCC 
and cholangiocarcinoma treated with tremelimumab and durvalumab. 
NCT03753659 is a phase II trial comparing RFA and microwave ablation 
(MWA) in patients with early HCC treated with pembrolizumab. 

The advent of ICI has already fundamentally changed the way that 
cancer is being treated and research on the combination with locore
gional interventional oncology techniques are in the early stages. Many 
exciting trials investigating these combinations are underway, and 
preliminary results are promising. The field excitedly anticipates further 
results and development of future investigations as large randomized- 
controlled trials will be required for these treatment combinations to 
become the standard of care. 

3. Breast ablation 

Improvements in diagnostic and therapeutic modalities for breast 
malignancies allow for earlier detection of breast cancers and have 
driven a shift towards using surgically conservative and targeted 

treatments. In addition, our deeper understanding of post treatment 
disease progression, recurrence rates, and impact of conservative 
treatment on disease free survival, encourages further consideration of 
minimally invasive approaches, such as thermal ablation, for early 
breast cancer treatment. Although accepted for the treatment of many 
malignancies, thermal ablation has not been widely studied in breast 
malignancies. Here, we disuses discuss thermal ablation techniques and 
summarize the current literature on efficacy and safety of thermal 
ablation for breast cancer. Thermal ablation may effectively treat benign 
breast masses, early-stage tumors, and reduce tumor burden in more 
extensive disease; however, well- controlled studies are needed to fully 
understand the impact on disease recurrence and disease-free survival. 

Breast carcinoma represents a variety of malignant pathologies. It is 
the most common cancer diagnosis in women and the second leading 
cause of cancer death worldwide [27,28]. The traditional treatment for 
most malignant breast masses included surgical therapy with complete 
mastectomy and axillary lymph node dissection, which often results in 
significant morbidity and reduced quality of life. Recent advancements 
in screening and imaging modalities enable the detection of smaller, 
earlier stage tumors that are ideal candidates for breast conserving 
therapy (BCT) [29]. However, even with implementation of BCT, 
cosmetic and functional sequalae persist, and patients with 
non-malignant masses may undergo unnecessary surgical procedures 
[30]. In addition, many patients with comorbidities or advanced staged 
disease may not be appropriate surgical candidates. The application of 
nonminimally-invasive ablation techniques provides opportunities to 
effectively treat benign and malignant breast masses, while minimizing 
reducing sequalae of surgical approaches. 

Thermal ablation techniques, including radiofrequency ablation 

Table 1 
Ongoing clinical trials evaluating locoregional interventional oncology procedures combined with immune checkpoint inhibitors (ICI).  

NCT Phase Drug Procedure Malignancy 

NCT03572582 II nivolumab cTACE intermediate-stage HCC 
NCT04191889 II apatinib and camrelizumab cTACE stage C HCC 
NCT04246177 III lenvatinib and pembrolizumab cTACE incurable/non-metastatic HCC 
NCT03638141 II durvalumab and tremelimumab DEB-TACE intermediate-stage HCC 
NCT03143270 I nivolumab DEB-TACE stage B HCC 
NCT03259867 IIA nivolumab or pembrolizumab trans-arterial tirapazamine embolization (TATE) advanced HCC or other malignancies 
NCT03033446 II nivolumab TARE advanced HCC 
NCT02837029 I nivolumab TARE advanced HCC 
NCT03099564 I pembrolizumab TARE high-risk HCC 
NCT03949231 III toripalimab hepatic artery or IV infusion of toripalimab stage C HCC 
NCT03753659 II pembrolizumab RFA or MWA early HCC 
NCT04472767 II cabozantinib, ipilimumab, and 

nivolumab 
TACE unresectable HCC 

NCT03778957 III durvalumab and bevacizumab TACE locoregional HCC 
NCT04605731 Ib durvalumab and tremelimumab TARE unresectable locally-advanced HCC 
NCT04541173 II atezolizumab and bevacizumab TARE unresectable HCC 
NCT03630640 II nivolumab electroporation stage A HCC 
NCT02821754 II tremelimumab and durvalumab TACE, RFA, or cryoablation stage B/C HCC, unresectable cholangiocarcinoma 
NCT03937830 II durvalumab, bevacizumab, and 

tremelimumab 
TACE intermediate or advanced HCC and 

cholangiocarcinoma 
NCT04301778 II durvalumab and SNDX-6352 TACE or TARE locally-advanced intrahepatic 

cholangiocarcinoma 
NCT03457948 II pembrolizumab IV peptide receptor radionuclide therapy, bland 

embolization or TARE 
metastatic well-differentiated neuroendocrine 
tumor in liver 

NCT04429321 I nivolumab and ipilimumab lipiodol+ethanol embolization of primary or metastatic 
tumors 

metastatic RCC 

NCT03080974 II nivolumab irreversible electroporation stage III pancreatic cancer 
NCT04339218 III pembrolizumab, pemetrexed, and 

carboplatin 
cryoablation metastatic lung adenocarcinoma 

NCT04201990 I/II camrelizumab and apatinib MWA metastatic NSCLC 
NCT04102982 II camrelizumab MWA advanced NSCLC 
NCT03769129 N/A pembrolizumab MWA advanced NSCLC 
NCT03290677 II not specified cryoablation metastatic lung cancer and metastatic melanoma 
NCT03949153 I/II nivolumab cryoablation and in situ ipilimumab injection stage IIIB/C melanoma 
NCT03546686 II ipilimumab and nivolumab cryoablation triple negative breast cancer 
NCT02833233 N/A nivolumab and ipilimumab cryoablation early stage breast cancer 
NCT03035331 I/II pembrolizumab and dendritic cell 

therapy 
cryoablation non-Hodgkins lymphoma  
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(RFA), microwave ablation (MVA), and cryoablation, use energy 
generated around an inserted device to create temperature differentials 
that induce cellular injury and death [31]. There is a multiphasic effect 
on neoplastic growth, with immediate and delayed cell death, and 
possible immune activation [32]. Thermal ablation is already utilized 
for many malignancies including liver, lung [33], kidney, and thyroid, 
providing excellent proof of concept for its use in breast neoplasms [31]. 

Although many studies have investigated the use of thermal ablation 
in treating malignant breast masses, non-malignant breast masses, and 
metastatic disease as palliative or debulking therapy, few randomized 
controlled studies have been completed to date. Thus, the efficacy of 
thermal ablation in primary breast lesions varies between studies, likely 
due to the large range of tumor burden, varying technical approaches, 
recent advances in available tools, and varying primary outcomes [34, 
35]. 

Studies evaluating RFA for invasive ductal carcinomas measuring 
less than 2 cm demonstrated feasibility [36], with effective coagulative 
necrosis of masses, low complication rates [37,38], efficacy in reducing 
tumor size [39–41], and efficacy in reducing positive margin rate when 
compared with lumpectomy [42]. In 2021, two meta analyses of studies 
using RFA for small invasive ductal carcinomas (<2 cm) reported high 
technical success of RFA, complete ablation rates of 88.6 % [34] and 99 
% [35], and low complication rates of 9.4 % [34] and 2 % [35]. Un
fortunately, due to the small sample sizes, short duration of follow up, 
and lack of standard of care control groups, the impact on local and 
distant recurrence has not been well established. 

Similarly, MWA and cryoablation demonstrated technical feasibility, 
safety, and efficacy in initial treatment of early-stage breast masses 
[43–45]. Prospective studies with long-term follow up are necessary to 
clearly evaluate long term efficacy and impact on recurrence of 
early-stage breast cancers and survival in patients undergoing thermal 
ablation compared to breast conserving therapy. 

Minimally invasive thermal ablative techniques are non-surgical and 
can be performed in the outpatient or ambulatory settings making them 
ideal for the treatment of benign breast lesions, including fibroadenoma 
and mammary adenosis [46]. Most studied in the context of 
non-malignant masses is cryoablation. A large prospective study showed 
that cryoablation of fibroadenomas achieved complete resolution of 
masses in up to 75 % of patients at 12 months, and patient satisfaction 
rates of 88 % [47]. In a recent study, MWA showed promising reductions 
in frequency of palpable mass, breast pain, and low rates of cosmetic 
complications (<1 %) for non-malignant breast masses [48]. Studies 
using cryoablation serve as excellent proof of concept for the use of other 
thermal ablation techniques, including RFA and MWA, for 
non-malignant masses. 

Although single-probe thermal ablation is particularly useful in 
masses less than 2–3 centimeters, there is an interesting role for ablative 
techniques in metastatic disease for palliative or debulking therapy. 
Multiple studies validated the feasibility of thermal ablation for meta
static breast cancer [49–52]. More recently, Li et al., evaluated the ef
ficacy of MRI-guided RFA in patients with either metastatic disease or 
those who were poor surgical candidates and demonstrated significant 
reduction of tumor volume, only two treatment related complications 
(breast pain and perspiration), and no new local or distant tumor 
recurrence [53]. In a retrospective study, Ridouani et al. evaluated 
progression free survival after RFA in patients with oligometastatic 
breast cancer and demonstrated median progression free survival of 10 
months [54]. Furthermore, laboratory studies confirm feasibility and 
physiology of combinatorial approaches that include both thermal 
ablation and immunotherapy for the treatment of metastatic breast 
cancer [55,56], with other trials ongoing (NCT03546686 and 
NCT02833233). Moving forward, such combinatorial approaches for 
metastatic breast cancer need to be thoroughly evaluated in clinical 
settings. 

As diagnostic and treatment modalities for breast masses improve, 
focus shifts to minimally invasive therapeutic techniques that achieve 

disease control without sacrificing functionality, cosmetic appearance, 
and quality of life. Image guided, thermal ablative techniques including 
ultrasound or MRI guided RFA, MWA, and cryoablation, are ideal mo
dalities for the treatment of small, early-stage breast cancers, non- 
malignant masses, and in non-surgical candidates. The physiologic ef
ficacy in inducing coagulative necrosis of breast masses has been well 
established. However, well designed and well controlled studies 
comparing ablative techniques to the standard of care are truly neces
sary to determine the impact on local and distant disease recurrence and 
quality of life outcomes. 

4. Prostate ablation 

Prostate cancer is the most common, noncutaneous malignancy in 
men, affecting approximately 1 in 8 men during their lifetime. It is also 
the second leading cause of cancer death in American men, killing 
approximately 1 in 41 men [57]. With the adoption of serum 
prostate-specific antigen (PSA) screening, the majority of prostate can
cers today are discovered at a localized stage. Many of these cancers are 
indolent, and are unlikely to pose a significant threat to the patient’s 
health or life. Approximately three quarters of all prostate cancer pa
tients have low- or intermediate-risk prostate cancer [58]. Traditional 
management for prostate cancer confined to the gland can be divided 
into definitive therapy and active surveillance or watchful waiting. 

The standard definitive therapy options include radical prostatec
tomy and whole gland radiation therapy. However, these can carry 
significant morbidity affecting quality of life. In a study published in the 
New England Journal of Medicine in 2008, poor sexual function was 
reported in 53 % of patients who had a prostatectomy, 58 % of patient 
who had undergone external beam radiotherapy, and 46 % of patients 
who had undergone brachytherapy at 24 months. Urinary incontinence 
was reported in 14 % of patients who had a prostatectomy, 7 % of pa
tients who had undergone external beam radiotherapy, and 10 % of 
patients who had undergone brachytherapy at 24 months. While bowel 
function was not significantly affected by prostatectomy, some bowel 
problem was reported in 11 % of patients who had undergone external 
beam radiotherapy and 8 % of patients who had undergone brachy
therapy at 24 months [59]. 

Active surveillance for diagnosed prostate cancers can include peri
odic digital rectal examinations and/or PSA testing or periodically 
repeated prostate biopsies. While active surveillance can be an accept
able option in appropriately-selected patients, it is variably utilized 
[60]. The obvious advantage over definitive therapies is avoidance of 
treatment-related morbidity. However, several studies have shown a 
significant decrease in sexual function and psychological morbidity [61, 
62], even without localized surgery or radiation. Furthermore, there is a 
risk of disease progression and subsequent death. 

As imaging of the prostate has advanced, minimally-invasive image- 
guided focal therapies for very low to intermediate risk prostate cancer 
have emerged. The theoretical advantage is that only the portion of the 
prostate with known cancer could be treated while minimizing damage 
to surrounding structures, decreasing the incidence of side effects. These 
focal therapies include cryotherapy, high-intensity focused ultrasound 
(HIFU), irreversible electroporation (IRE), photodynamic therapy, and 
focal laser ablation (FLA). In this article, we will discuss FLA which is 
one of the newest modalities. 

Laser ablation is either performed under MR guidance or MR fusion 
over ultrasound image guidance. It can be performed via either trans
rectal or transperineal approaches. Under image guidance, a laser is 
introduced into the prostate. During the ablation, the temperature 
within and around the treatment region is monitored to ensure lethal 
heat is applied to the tumor and not to normal structures. The treatment 
creates an identifiable hypovascular defect within the prostate on post 
treatment MRI (Fig. 3). 

The side affect profile of focal laser ablation has been shown to be 
favorable in multiple studies. One phase I trial of 12 men found only 
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mild symptoms of hematuria, hematospermia, and urinary retention in 
the perioperative period, but no significant decrease in International 
Prostate Symptom Score (IPSS) or International Index of Erectile Func
tion (IIEF-5) scores at 1, 3, or 6 months postoperatively [63]. Another 
phase I trial of 9 men demonstrated no significant change in the average 
IPSS or Sexual Health Inventory for Men (SHIM) scores at 1 or 6 months 
[64]. A self-resolving perineal abrasion and focal paresthesia of the glans 
penis occurred in one patient each. 

The longest follow-up to date was reported by Feller et. Al. in 2020 as 
10-year interim results from an ongoing phase II clinical trial. One 
hundred and fifty-eight men and 248 cancer foci were treated with 
transrectal, MR-guided laser focal therapy. Of the 122 men who 

underwent biopsy of the treatment site at 6 months, 71 (59 %) were 
negative, 18 (15 %) were positive but clinically insignificant, and 32 (26 
%) were positive and clinically significant. The metastasis-free survival 
rate was 99 % and the prostate cancer specific survival rate was 100 %. 
These results are promising, as they demonstrate similar oncologic 
control as whole-gland therapy. Furthermore, there was no significant 
change in the IPSS or SHIM scores [65]. These patients will be followed 
for twenty years. 

However, a large 2020 study cast focal laser ablation of the prostate 
in a less flattering light. Zhou et al. conducted an analysis on data from 
the SEER database comparing survival outcomes between radiation 
therapy and focal laser ablation for the treatment of prostate cancer. A 

Fig. 3. MR-guided focal laser ablation of prostate cancer in a 59-year-old man with biopsy-proven Gleason 3 + 4 disease. On pre-procedure MRI, cancer in the right 
midgland transitional zone (red arrows) appears hyperintense on axial high b value DWI (A), hypointense on ADC (B), and hypointense with “erased charcoal” sign 
on the T2-weighted sequence (C). Note the BPH changes in the left midgland transitional zone (blue arrows). Intraprocedural T1-weighted axial images with Dotarem 
demonstrate non-enhancing ablation defects in the right midgland (green arrows) after treatment of the cancer (D) and subsequently a second ablation defect in the 
left midgland (yellow arrows) after treatment of BPH (E). Surveillance MRI 1.5 years later demonstrates marked shrinkage of the transitional zone (white arrows) 
with no residual or recurrent signal abnormality on high b value DWI (F), ADC (G), or T2-weighted images. At this time, the patient’s serum PSA had decreased from 
6.1 preprocedurally to 1.3, and he reported a dramatic reduction in symptoms related to BPH with no change in erectile function. 
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total of 93,469 patients were included, of which 428 were treated with 
laser ablation and the remainder received radiotherapy. Patients treated 
with laser ablation had worse overall survival (OS) in the adjusted 
multivariate regression, the propensity score matched analysis, and the 
instrumental variate (IV)-adjusted analysis. Interestingly, there was no 
significant difference in the cancer-specific mortality (CSM) between the 
two groups [66]. The main strength of this study, the size of the patient 
cohort, is also its most glaring limitation. With an aggregated patient 
population of this size, there is almost certainly significant heteroge
neity in the specific laser devices, imaging used for guidance (in-bore 
MR versus MR-ultrasound fusion), and the specialty of the proceduralists 
(interventional radiologists versus urologists). This makes it difficult to 
generalize the results, when one combination of elements may perform 
drastically differently than another. 

In the United States, FLA and other focal therapies are still consid
ered investigational and are therefore not covered by Medicare or pri
vate insurance. In the American Urologic Association (AUA) guideline 
on clinically localized prostate cancer, focal therapies are not recom
mended as the standard of care outside of clinical trials due to insuffi
cient evidence [67]. While some evidence suggests inferior outcomes of 
FLA compared with radiotherapy, the side effect profile seems to be 
more favorable in multiple studies. Proponents of FLA might argue that 
FLA does not have to demonstrate superiority or even non-inferiority in 
outcomes for it to become adopted as an option for patients who are 
mostly concerned with the impact of side effects on quality of life. Either 
way, prospective randomized trials comparing focal prostate therapies 
to prostatectomy, radiation therapy, and active surveillance are needed. 

5. Artificial intelligence 

Artificial intelligence (AI) within interventional radiology is a 
rapidly evolving field with new technologic and algorithmic advance
ments every year. Globally, AI can be thought of as intelligence 
demonstrated by machines in which the system can perceive its own 
environment using statistical and probabilistic techniques and take ac
tions to improve the chance of achieving a set goal or parameter [68]. 
Within the field of radiology and especially within the field of inter
ventional oncology, artificial intelligence has demonstrated many useful 
applications such as pattern recognition, procedural planning, and pa
tient outcome prediction. As technology advances and clinical data 
management improves, utilizing artificial intelligence in everyday pa
tient care is quickly becoming more commonplace. While the com
plexities of AI, machine learning, and deep neural networks are beyond 
the scope of this article, there are some initial specifics that should be 
addressed prior to further discussion. 

AI is a larger generalizable term that includes both machine learning 
and deep learning. Machine learning is a specific form of AI in which the 
system learns to perform a task from available data. This data is initially 
taught to the system and the algorithm then estimates a specific rela
tionship between the data provided (input) and the variable of interest 
(output). Examples of specific to interventional oncology inputs include 
age, sex, medical comorbidities, and tumor markers whereas the outputs 
include survival estimates or treatment response. There are multiple 
forms of machine learning and one such application is the use of neural 
networks such as artificial neural networks (ANN) and convolutional 
neural networks (CNN). These techniques are modeled after biologic 
neuronal networks and simulate action potentials as they pass through 
multiple layers, allowing for intricate relationships to be learned 
through inherent probabilistic weights [69]. CNNs are a type of deep 
ANNs specifically attuned for diagnostic imaging as they are initially 
inspired from the connectivity pattern of visual cortex neurons with 
deep receptive fields serving as the input to a deep neural network [70]. 
This type of learned model makes ANNs ideal for applications such as 
image recognition and intraprocedural needle localization. For addi
tional specific and technical information, refer to the excellent AI in 
interventional oncology primer by Letzen et al. [69]. 

As image quality, acquisition, and data management improve, it is 
clear to see why radiology is one of the ideal fields for adapting ANNs 
and CNNs into daily practice. Further, the field of interventional 
oncology additionally benefits from the treatment and procedural 
planning that these algorithms can provide. In regard to improving and 
augmenting diagnostic skills, multiple groups have demonstrated the 
importance of utilizing AI in the oncologic realm. For example, Antonelli 
et. al. utilized machine learning to assist with identifying and stratifying 
aggressiveness of MR-detected prostate cancer. When the results were 
compared against radiologists, the machine learning model was able to 
outperform the radiologist in detecting Gleason pattern 4 prostate can
cer [71]. Other groups have studied utilizing machine learning in the 
identification and classification of pulmonary nodules using computed 
tomography, demonstrating high AUC for positive case identification 
and exceeding the average performance of radiologists [72]. Another 
interesting application of machine learning in interventional oncology is 
the ability to predict tumor response particularly in the setting of 
transarterial chemoembolization (TACE) in patients with hepatocellular 
carcinoma (HCC). Prior studies have demonstrated that patients with 
moderate to severe cases of HCC have variable or unresponsive out
comes after a TACE procedure [73]. As a result, several groups have 
utilized machine learning to predict treatment response before 
attempting a TACE. Combining the Barcelona Clinic Liver Cancer 
(BCLC) staging system as an input data set along with CT image analysis, 
one group was able to accurately predict TACE response in approxi
mately 74% of their cases compared to 61% with BCLC data alone in a 
retrospective study [74]. This data highlights how useful artificial in
telligence can be to the interventional radiologist, especially at the 
initial pre planning assessment in an interdisciplinary setting. 

While artificial intelligence can certainly be integrated into the 
diagnostic realm, intraprocedural applications are actively being tested, 
although the vast majority are still within the pre-clinical stages. One 
such application is utilizing image fusion to assist when attempting to 
target a tumor for biopsy or ablation. Using noncontrast CT can often 
provide limitations for needle guiding and planning due to the inherent 
lack of structural contrast. To overcome this challenge, machine 
learning is being used to improve lesion detection with the fusion of 
intraprocedural images with diagnostic scans. Liu et al. designed a 
proof-of-concept machine learning model that took advantage of 
multilayer CT liver segmentation which utilized CT overlay models 
combined with MRI, contrast enhanced CT and PET/CT [75]. This 
application would allow operators to have a flexible and fluid 
multi-modality approach to tumor localization in real time. 

Other proof-of-concept algorithms being developed using machine 
learning include applications for accurate and safe needle localization 
are being developed utilizing machine learning. For example, MR- 
guided procedures provide the advantage of high soft tissue contrast 
without the need for ionizing radiation. However, procedures that 
require the placement and manipulation of a needle fall victim to 
visualization challenges depending on what sequence is implanted and 
to variations in signal void [76]. To overcome these challenges, one 
group successfully trained a CNN with in vivo intraprocedural images 
and ex vivo MRI data sets to accurately track needle tips during 
MR-guided prostate biopsies [77]. 

Similarly, ultrasound-guided procedures do not require ionizing ra
diation and comprise a large segment of interventional oncology vol
ume. However, limitations to ultrasound include needle visibility, deep 
lesions, and artifact from adjacent structures. Using a combination of 
several CNNs, Mwikirize et al. were able to apply machine learning 
using curvilinear 2D ultrasound to refine the image analysis. After 
training their neural network utilizing bovine/porcine lumbosacral 
spine phantoms, their proof-of-concept algorithm was able to improve 
the overall needle tip localization, with 99.6 % precision, 99.8 % recall 
rate, and detection time of 0.04 s [78]. 

The role of artificial intelligence in interventional oncology is an 
exciting and constantly evolving field. While this is by no means an 
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exhaustive list, it is clear that the applications are far reaching and can 
be applied to both the diagnostic and interventional fields of oncology. 
Additionally, the studies discussed in this article highlight the impor
tance of developing a close collaboration between artificial intelligence 
researchers, engineers, and clinicians to develop the test tools to 
approach a specific case or diagnostic dilemma. 

6. Conclusion 

Interventional Oncology (IO) has already revolutionized the man
agement of cancer, offering minimally-invasive therapies often with 
more tolerable side effects than conventional surgical or medical treat
ments. The advent of immune checkpoint inhibitors has inspired many 
investigators to look for synergistic combinations with locoregional IO 
therapies. Promising trials are also being done with percutaneous 
ablation of breast and prostate cancer, the most common noncutaneous 
cancers in women and men respectively. And artificial intelligence is 
being incorporated into many aspects of locoregional treatments to 
improve outcomes. IO was founded by some of the most creative minds 
in medicine, and today a new generation of interventional radiologists is 
boldly leading the field into an exciting future. 
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