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ABSTRACT

Interventional oncology uses image-guided procedures to
enhance cancer care. Today, this specialty plays an increasingly
critical role in cancer diagnosis (e.g., biopsy), cancer therapy
(e.g., ablation or embolization), and cancer symptom palliation
(e.g., nephrostomies or biliary drainages). Although the number
of procedures and technical capabilities has improved over the

last few years, challenges remain. In this article we discuss the
need to advance existing procedures, develop new ones, and
focus on several operational aspects that will dictate future
interventional techniques to enhance cancer care, particularly
by accelerating drug development and improving patient out-
comes. The Oncologist 2018;23:1–9

Implications for Practice: Interventional oncology is vital for cancer diagnosis, therapy, and symptom palliation. This report focuses
on current interventional procedures and techniques with a look toward future improvements that will improve cancer care and
patient outcomes.

INTRODUCTION

Image-guided cancer interventions have steadily increased
over the last decade as technical capabilities have improved,
new procedures have been developed, and minimally inva-
sive interventions have become generally preferred over
more invasive alternatives. Today, the annual number of
interventional oncology procedures in the U.S. alone are esti-
mated in the millions. Nearly every patient with cancer will
undergo at least one image-guided biopsy prior to treatment,
and many more patients will undergo palliative and sympto-
matic image-guided treatments. For example, there were
approximately 126,000 hospitalizations for malignant pleural
effusion management in 2012 alone [1]. Interventional oncol-
ogy can now be considered the fourth pillar of modern
oncology care (Fig.F1 1).

Although cardiovascular interventional radiology was made
possible by advances in fluoroscopy, interventional oncology
(IO) is built primarily on advances in cross-sectional imaging,
including ultrasound, computed tomography (CT), magnetic
resonance (MR), and positron emission tomography (PET)
imaging. As a specialty, IO has leveraged many of interventional
radiology’s technical advances so that practitioners can provide
increasingly differentiated cancer treatment strategies. Broadly
speaking, IO comprises three interventional areas: (a) diagnosis
(e.g., tissue sampling for molecular diagnostics and drug devel-
opment), (b) therapy (e.g., tumor ablation and catheter

delivered therapies), and (c) symptom palliation (Fig. 1). As
“precision oncology” matures, using frequent tissue harvests to
understand cancer’s precise genetic and immune composition
is critical. Furthermore, both catheter-directed therapies and
image-guided ablative treatments have been shown to prolong
survival in patients with hepatocellular carcinoma [2–4]. These
treatments have been incorporated into international cancer
care guidelines [5]. Finally, maintaining quality of life is critical
to managing patients with cancer. IO techniques such as ablat-
ing painful bone metastases, preventing pathologic fractures,
and draining malignant effusions and ascites can greatly
improve patient quality of life.

The field of IO has largely self-organized over the last
decade, leading to broader use [6], established subdivisions
in many hospitals, and, in 2017, the formation of the Society
of Interventional Oncology (SIO). Given the current and
potential future value of image-guided intervention, the SIO
embraces more forward-looking and deliberative planning to
develop IO’s capacity to improve cancer care. Yet such enthu-
siasm is tempered by the tremendous constraints on differ-
ent aspects of patient care. Integrative and multidisciplinary
solutions are often needed to further the field. The goal of
this article is to review current challenges and opportunities
for growth within IO. The beneficiaries of future IO develop-
ments will always include patients with cancer, but health
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care systems may also benefit as IO specialists strive to pro-
vide a continuum of care, avoid unnecessary interventions,
implement cost-effective treatments, and further improve
patient care across the globe.

Challenges and Limitations of Current Practice
Many interventional procedures are now well described, com-
monly practiced, and fully embraced by the oncology commu-
nity (TableT1 1). Providing these services has presented a number
of opportunities to meet existing challenges. We identify five
major areas for improvement: (a) biopsy yields and their infor-
mation content, (b) therapeutic procedures and coupling with
immunotherapy, (c) existing hardware and device limitations,
(d) operational workflows, and (e) training and research specific
to interventional oncology.

EVOLVING PARADIGMS IN BIOPSIES

Although acquiring enough tissue sample to render morpho-
logic diagnoses was once considered adequate, today’s biopsy
requirements are quite different. There is a shift from a single
core to high throughput, multicore biopsies in which speci-
mens are processed for histopathology, immunohistochemis-
try, fluorescence in situ hybridization analysis, genomic
analyses, protein and phosphoprotein biomarker testing, and
establishment of patient-derived models (e.g., patient-derived
xenografts, cell lines, organoids, and mouse xenografts). Read-
outs from such biopsies have even become integral to enter-
ing certain “state-of-the-art” clinical trials. In an ideal setting,
future biopsies will have even higher diagnostic yields, become
more comprehensive by sampling more biomarkers, occur
more frequently to provide ongoing evaluation of the cancer
and tumor microenvironment adaptations to therapeutic pres-
sures, and be even less invasive and thus better tolerated by
patients. Tissue sampling will be further informed by circulating
biomarkers (e.g., liquid biopsies), whereas new technical capa-
bilities will speed up the currently slow diagnostic cycle (i.e.,
from biopsy to end result).

What to Biopsy?
Currently, most biopsy planning is dictated by anatomic imaging.
Targets are primarily chosen based on accessibility, surrounding

structures, obstacles avoidance, and patient conditions (e.g.,
sedation requirements, pain control). Although this anatomic
approach has generally worked well, there is increasing interest
in specifically targeting high-interest lesions that can be identi-
fied by molecular imaging. Biopsying “hot spots” assures molec-
ular readouts of the most active cancer areas rather than those
of quiescent or necrotic lesions. This specificity directly addresses
cancer researchers and clinicians’ increasing concerns about
intrapatient tumor heterogeneity.

In an ideal setting, future biopsies will have even
higher diagnostic yields, become more comprehen-
sive by sampling more biomarkers, occur more fre-
quently to provide ongoing evaluation of the cancer
and tumor microenvironment adaptations to thera-
peutic pressures, and be even less invasive and thus
better tolerated by patients.

There is also ongoing debate about the number of cores
required for testing. On one hand, analytical advances have
ushered in an era of single-cell sequencing and protein pathway
analysis. On the other hand, requests for additional cores have
increased substantially. One recent study [7] evaluated a large
number of research biopsies (average of 5.5 cores per proce-
dure) that were distributed to trial sponsors, internal research
laboratories, and pathology services. The study concluded that
harvesting extra tissue cores through coaxial needles during
focal liver biopsies did not increase complication rates and
yielded valuable tissue for additional experimental testing.
Standardization of biopsy materials for molecular testing, how-
ever, has not been done universally and has been problematic
in some studies [8].

Rapid Molecular Analyses of Fine Needle Aspirates
There is a need to perform broad, pathway-centric immunohis-
tochemistry on more limited sample sizes, such as fine needle
aspirates (FNAs), rather than core biopsies. FNAs are obtained

Figure 1. Interventional oncology plays a key role in integrated cancer care. (A): The four pillars of cancer care: medical oncology, surgical
oncology, radiation oncology, and interventional oncology. (B): The old approach to intervention was largely linear (biopsy! diagnosis!
treatment). The emerging promise of IO is one of multiple rebiopsies to optimize therapeutic approaches including interventions.
Abbreviations: Bx, Biopsy; Tx, Treatment.

2 Developing a Roadmap for Interventional Oncology

Oc AlphaMed Press 2018

J_ID: ONCO Customer A_ID: ONCO12581 Cadmus Art: ONCO12581 Ed. Ref. No.: TO-17-654 Date: 11-June-18 Stage: Page: 2

ID: jwweb3b2server Time: 17:52 I Path: D:/Wiley/Support/XML_Signal_Tmp_AA/JW-ONCO180106

Abbreviations: Bx, Biopsy; Tx, Treatment.

©AlphaMed Press 2018www.TheOncologist.com

Schoenberg, Attenberger, Solomon et al. 1163



with 21 G needles, as opposed to 17 G core biopsies, and gener-
ally have fewer procedural complications and perhaps even
lower sedation requirements. The challenge has been to obtain
sufficient numbers of cells for diagnostic purposes. One recently
described technology can analyze hundreds of proteins in cells
from FNA samples (Fig.F2 2). The method capitalizes on DNA-
barcoded antibody sensing, in which barcodes can be digitally
detected without any amplification steps. In one study, the
method was used to profile approximately 90 proteins in cells,
map patient heterogeneity, and demonstrate pathway res-
ponses to molecularly targeted drugs [9]. Methods based on
this and similar principles [10–12] are now being developed and
will ultimately allow deeper sample analyses in scant materials.

Tissue versus “Liquid Biopsy” for Molecular Analyses
Liquid biopsies, that is, the analysis of tumor-derived material in
peripheral blood, have exploded in popularity over the last few
years. Different approaches include analyzing scant circulating
tumor cells [13], circulating tumor DNA [14], and extracellular
vesicles (“exosomes”) [15]. These highly specific methods are
generally viewed as complementary to image-guided, minimally
invasive biopsies. Despite their lower sensitivity, liquid biopsies
seem to be particularly useful for screening and for serially mon-
itoring treatment response or relapse. Percutaneous biopsies,
however, continue to remain the gold standard in procuring suf-
ficient malignant tissue for detailed molecular and cellular anal-
ysis to inform routine clinical care. Combining information from
the two different sources could more deeply mine data points
via integrated diagnostics. The complementary strengths of tis-
sue and liquid biopsies will likely drive the next wave of influen-
tial cancer diagnostics and profiling strategies.

Low-Cost Molecular Analyses in Developing Countries
One of the critical health challenges in low- and middle-income
countries (LMICs) is identifying patients with aggressive cancer

who require imminent therapy. Because of limited pathology
resources and large caseloads, there has been interest in devel-
oping advanced stand-alone diagnostics. An automated point-
of-care technology was recently developed to molecularly diag-
nose lymphoma in a resource-limited setting [16–18]. Namely,
a contrast-enhanced microholography method integrating a
deep learning algorithm was developed to directly analyze per-
cutaneously obtained FNAs of palpable lesions (Fig. F33). The
method demonstrated high accuracy in a lymphoma-focused
diagnostic clinical study. Similar technology is also being devel-
oped for palpable breast lesions. We believe that these and
other low-cost portable devices along with automated analysis
will allow accurate classification of patients in resource-limited
settings for prompt triage into appropriate treatment regimens.
Deploying innovative, robust, “low tech” strategies in LMICs
should help catalyze efforts to reduce the vast global disparities
in cancer care and outcomes. Moreover, engaging historically
underserved populations could help us understand both the
epidemiology and biological underpinnings of their cancers to
refine resources and tailor care.

NEW THERAPEUTICS FOR INTRATUMORAL DELIVERY

Over the past two decades, the opportunities to help patients
with both catheter-directed therapies and image-guided abla-
tive treatments have grown exponentially. As technology has
progressed, the original gelfoam-based transarterial chemoem-
bolizations have been replaced by emulsions and embolic
beads with drug elution [19–21]. Furthermore, yttrium-90-
laden beads for radioembolization are another effective tool in
the armamentarium, and holmium-166 for selective internal
radiotherapy is a promising therapeutic agent that can be
visualized in both x-ray and MR imaging (MRI) [22]. A recent
phase II study demonstrated hepatic disease control, with an
acceptable toxicity profile, in 49% of patients [23].

Table 1. Image-guided interventional procedures: Past and future

Type Established current procedures Future/emerging procedures

Diagnostic Biopsies for pathology
Needle aspirates for cytoplasmthology, ID
Needle/wire placement (breast surgery)
Angiography for surgical planning

High content research biopsies for genetic analysis,
PDX, drug testing
FNA for single cell analysis
Biopsies tailored by molecular imaging
Bone marrow/tumor ports for continuous sampling

Therapeutic Radiofrequency ablation
Microwave ablation for local tumor control
Chemoembolization of stage A and B HCC
Selective internal radiation therapy
Intratumoral injection of therapeutics

Intratumoral injection of therapeutics
Intratumoral injection of (genetically engineered) cells
SIRT with new radiation sources
Interventional MRI
Hybrid procedures
Organ spacer placement

Palliative/other Ports, venous access
Paracenteses, long-term drain placements
(Pleurex)
Thoracentesis, chest tube placement
Gastrostomy, jejunostomy
Abscess drainages
Celiac block, nerve blocks
Kyphoplasty
Biliary drainage
Nephrostomy
Suprapubic catheter placements
Embolization
Fiducial placements

Chronic pain management and opioid aversion
Radiopaque therapeutics to better monitor
locoregional delivery and drug distribution
Treatment of fistulas and leaks with novel glues

Abbreviations: FNA, fine needle aspirate; HCC, hepatocellular carcinoma; ID, infectious disease analysis; MRI, magnetic resonance imaging; PDX,
patient-derived xenograft; SIRT, selective internal radiotherapy.
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Tumor Ablations
Ablative tools have advanced as well. Initially, ablation was per-
formed with ethanol, but given the liquid’s variable spread,
most practitioners now favor thermal tumor ablation using
radiofrequency, microwave, laser, cryotherapy, and focused
ultrasound. Today, the most commonly used techniques include
radiofrequency, microwave, or cryotherapy, depending on the
location and operator [24–26]. A more recently developed and
adopted alternative to thermal ablation is irreversible electro-
poration, which transiently disrupts cell membranes through
electric pulses that kill cancer cells, although this technology is
still in its infancy [27]. As different ablative technologies have
emerged, their use has been supported by advances in imaging
tools such as ultrasound fusion and contrast, CT fluoroscopy,
MR thermometry, and PETguidance.

Imaging Guides Intratumoral Delivery
Precisely delivering novel therapeutics into tumors is gaining inter-
est. These deliveries often occur through either catheter-based
approaches or direct intratumoral injections. Furthermore, image
guidance has enabled other novel techniques, such as oncolytic
viral therapies [28] and bacterial therapies [29, 30]. In many cases,
the effects of direct intratumoral injection of these therapeutics
have been better than systemic intravenous approaches. This in
turn indicates that image-guided administration will continue to
play an important and expanded role in the future.

The field of immuno-oncology has blossomed in response
to our increasing knowledge of the interactions between
cancer and the immune system. Antibodies against check-
point inhibitors have become exciting new systemic thera-
pies for treating many cancers. However, with the improved

Figure 2. Example of emerging interventional procedures. (A): Novel diagnostics developed for fine needle aspirate sampling under image
guidance. Using a 21 G needle alone it is now possible to quickly obtain thousands of single cells for protein, mRNA, and DNA analysis.
This has the potential to replace cutting biopsies and reduce complications while improving information content. Reprinted with permis-
sion from [9]. (B): Combination of local therapy, drug delivery, and systemic immunotherapy potentiates therapeutic efficacy. Hematoxylin
and eosin staining of a 7-day-old ablation lesion created with high intensity focused ultrasound in a rabbit muscle. The image demon-
strates the intense inflammatory response surrounding the ablation zone and the opportunity for antigen presentation. This type of
response suggests the possibility for combining ablation therapy with immunotherapy treatments. Reprinted with permission from [48].
(C): The graph demonstrates the synergy between cryoablation and anti-CTLA-4 combination therapy to mediate rejection of a second
tumor challenge. Reprinted with permission from [31].
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antigen presentation that can be accomplished with ablative
or catheter-directed therapies (Fig. 2), these newer systemic
therapies may be further improved [31–35]. As such, there
are several ongoing treatment trials that combine immuno-
therapy with IO.

Chimeric antigen receptor (CAR) T-cell treatment is another
exciting treatment modality. In this case, too, studies show that
localized tumoral delivery of CAR T cells may be more effective
than systemic delivery [36]. The potential to expand CAR T-cell
treatment opens up future synergistic opportunities for IO that
could further cement its role in cancer care.

NEW TECHNICAL CAPABILITIES
Although the vast majority of IO procedures are performed
using ultrasound, x-ray fluoroscopy, or CT imaging modalities, a
number of new technical advances are on the horizon.

Interventional MRI, Including Hybrid Imaging Systems
MRI is well suited to interventions because of its superior soft
tissue contrast and capacity to monitor treatment response in

real time using functional imaging techniques (e.g., MR ther-
mometry). However, because of the restricted patient access in
high-field systems, IO has been largely limited to open-bore sys-
tems, which so far have had inferior performance in terms
of spatial resolution, speed, and functional monitoring. In
addition, the development of MRI-compatible interventional
devices has never reached the level or performance of main-
stream product lines for x-ray-based interventional procedures.
More recently, hybrid systems (XMRI) with separate two-room
MRI and x-ray fluoroscopy installations have increased proce-
dure flexibility and spectrum. The systems are interlinked by an
automated floating table for exact and reproducible patient
positioning. One growing indication for XMRI is interventional
brachytherapy to locally control nonresectable, infiltrative
tumors that cannot be effectively reached by either external
beam radiation therapy or standard thermal ablative techni-
ques. Radioactive seed placement has also shown promising
tumor control results for recurrent intrahepatic cholangiocarci-
noma [37]. XMRI has the potential to integrate state-of-the-art
morphologic and functional MRI, x-ray, and MR image fusion

Figure 3. Digital diffraction diagnosis (D3) platform for rapid diagnosis of biopsy material in resource-limited settings. (A): Assay schematic
for cellular detection. Target cells in patient samples (e.g., blood or biopsy) are immunolabeled with microbeads, and their diffraction pat-
terns are recorded. The diffraction images are then digitally reconstructed into object images wherein bead-labeled target cells are identi-
fied. (B): The snap-on module for a smartphone consists of a light-emitting diode powered by a coin battery, a pinhole for uniform
illumination with partial coherence, and a sample mount. (C): The D3-mounted smartphone’s embedded phone camera is used to record
the diffraction images of the specimen. The recorded images are transferred to a server via the cloud service for real-time image recon-
struction and analyses, which can be returned to the smartphone in less than 2 minutes. Reprinted with permission from [17].
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for precise interventional needle placement and immediate
follow-up of tumor response including diffusion, perfusion,
thermometry, and advanced image analysis. Such an integrated
approach has the potential to shorten the diagnostic-therapeu-
tic information continuum and to reduce the diagnostic uncer-
tainty of long-term follow-up (Fig. 1).

New Auxiliary Robotic Systems to Increase
Spatial Precision
Robotic technologies have slowly been implemented in the
operating room over the last 2 decades, with variable out-
comes. Although visually driven systems have advanced more
quickly, one of the success-limiting steps in IO has been the dif-
ficulty of seamlessly integrating intraprocedural imaging and
the device at frame rates to account for physiologic motion
(e.g., breathing, organ motion). Interdisciplinary development
sites have recently presented innovative concepts for interac-
tive robotic navigation by aligning the stereotactic imaging
frame of the cone beam CT and MRI systems with the coordi-
nates of the robotic arm with real-time needle position update.
This induces a paradigm shift from a fixed robotic device to an
integrated assistant manipulator, which in turn allows the
advancement of percutaneous biopsy or thermal ablation
probes with immediate image-guided feedback. Initial studies
have shown that this approach reduces both overall procedure
time and radiation exposure while also increasing precision for
out-of-plane needle placement, particularly for less experi-
enced users [38]. Broader availability of these systems will
allow the IO community to expand its user pool. In addition,
diagnostic and treatment-related imaging can be comprehen-
sively assessed, reducing overall procedure-related time (Fig. 1).

Advances in Ultrasound
In IO, ultrasound has recently experienced a “rebirth” because
of its real-time feedback, improved image quality, and portabil-
ity along with the introduction of 3D imaging, the approval of
ultrasound contrast agents, and the development of therapeu-
tic ultrasound. Ultrasound contrast agents can more precisely
visualize difficult-to-see lesions and assess organ perfusion. 3D
fusion techniques combine ultrasound, CT, and MRI images in
real time to further improve spatial orientation and localization.
Agent reinjection offers immediate surrogate markers of radio-
logic-interventional tumor ablation. Ultrasound agents with
target-specific molecules recognizing angiogenesis are being
applied in studies to guide stereotactic biopsies of aggressive
hypervascular tumor areas [39]. High-intensity focused ultra-
sound ablation is another emerging therapeutic modality
wherein noninvasive, pinpoint ablations can be performed [40].
This modality also allows tumor regional increases in drug deliv-
ery through either selective opening of the vascular barrier or
nanoparticle disruption [41].

Theranostics
Theranostics (Rx/Dx) refers to the development of targeted ther-
apeutics and combined molecular diagnostics with the goal of
personalizing treatment by targeting therapy to an individual’s
specific disease subtype and genetic profile. The premise is that
the linked companion diagnostic test will monitor therapy in real
time or determine whether a patient will benefit from a specific
treatment. Examples include nuclear medicine approaches [23,
42, 43], ultrasound contrast agents, and MR-imageable, drug-

loaded nanostructures [44, 45]. Theranostics is an actively grow-
ing field with its own journal and rapid advances, several of
which can now enter clinical testing.

REDESIGNING CLINICAL OPERATIONS TO PROVIDE A CARE
CONTINUUM
In an ideal scenario, interventional procedures are performed
in state-of-the-art imaging suites and patients are cared for in
modern perioperative recovery areas and followed in clinics.
Increasingly, it has also become routine for IO specialists to
round on inpatients, and many institutions even offer them
admission privileges. Despite these advances, the reality of the
emerging specialty is often different. For example, in many hos-
pitals, radiology departments were designed in the preinter-
ventional era; newer imaging suites are often scattered across
different buildings. This invariably leads to workflow, schedul-
ing, and communication problems. It is thus apparent that criti-
cal review of practical and patient-centric workflows needs to
be implemented.

Measuring Interventions: Level of Clinical Evidence
IO is maturing and the number of different procedures avail-
able to patients with cancer is growing. This raises important
issues regarding the safe and efficient deployment of emerging
procedures to guide appropriate care. The level of evidence for
IO procedures is still dominated by single-arm studies largely
reporting technical successes or clinical efficacy and hence a
relatively low level of evidence. Although such early studies are
important in popularizing new treatment approaches, they are
not sufficient to change clinical practice uniformly across health
care systems. The challenge for trial investigators in the future
will be to incorporate cost-effectiveness measures and patient-
reported outcomes into larger-scale studies to change clinical
practice. Endpoints of clinical efficacy (e.g., procedure lengths
and wait times, avoidable and unavoidable procedure-related
complications, patient satisfaction, measurable disease response,
progression-free survival, disease-free survival) and effectiveness
(e.g., overall survival, hospitalization-free period, quality of life,
health care costs) have been published [47].

The level of evidence for IO procedures is still domi-
nated by single-arm studies largely reporting technical
successes or clinical efficacy and hence a relatively
low level of evidence. Although such early studies are
important in popularizing new treatment approaches,
they are not sufficient to change clinical practice uni-
formly across health care systems.

What is likely required at this stage is to convene a National
Comprehensive Cancer Network task force to define challenges
surrounding diagnostic, curative, and palliative procedures and
building clinical evidence. This would also help address other
impending changes to the health care system, including Cen-
ters for Medicare and Medicaid Services regulations, changes
in reimbursement models, and other governmental pressures.
In the future it will, therefore, become essential to measure
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outcomes and benefits not only for continued care improve-
ment but also to document for appropriate reimbursement.

Limited Clinical Trial Infrastructure
The clinical trial infrastructure for image-guided interventions is
currently quite limited for several reasons. First, IO trials often
lack industry funding at the scale required for large phase II and
III trials. Although medical and surgical fields are often backed
by multi-billion-dollar companies, the IO commercial landscape
is much more modest. However, there are opportunities to
expand this by integrating pharma-supported systemic thera-
pies with IO therapies to achieve synergy, for example in the
field of immuno-interventional oncology (Fig. 2) [31], or the
use of advanced diagnostic readouts of pathway inhibition [12].
Second, there is an absence of cooperative group structure that
could create and accrue successful IO trials. The American Col-
lege of Radiology Imaging Network (ACRIN) is one such groups,
but with the exception of a few IO studies (e.g., ACRIN trial
6673, radiofrequency ablation of hepatocellular carcinoma in
cirrhosis) they have focused more on diagnostic imaging. Third,
we need to use registries to gather large data sets on IO proce-
dures, such as through the IO Clinical Outcomes Registry.

Developing Patient-Friendly Workflows
Most patients with cancer are monitored by imaging on a rou-
tine basis.When abnormalities are detected, rapid and seamless
integration with the IO service facilitates rapid preprocedure
planning. In some hospitals, this occurs at tumor board meetings
and through electronic communications (electronic medical
records, flowcharts) or personal visits in others. Irrespective of
the mechanism, a continuous dialogue of neighboring clinical
disciplines will ultimately help the patient and allow for rapid
treatment changes based on new results.

From a patient and workflow perspective, it is essential to
implement periprocedural areas where patients can give con-
sent, be examined, and undergo recovery. Currently, these
recovery areas are often at capacity during peak hours, leading
to unnecessary backlogs in procedure rooms and delays for
other patients. Time-based scheduling, more efficient turnover,
and expansion facilities are somemechanisms that can improve
workflows. Going forward, we can prospectively plan these
receiver areas to avoid mistakes of the past.

Finally, there are opportunities to improve patient-physi-
cian interactions by using existing and developing future
Health Insurance Portability and Accountability Act-compliant
smartphone apps. Simplifying appointment setups, controlling
and managing pain, and using telemedicine are just a few
examples.

Improving Oncology Integration and Developing
New Partnerships
Although IO has been dubbed the fourth pillar of oncology,
there are locoregional differences in integration between
this and other oncologic fields. IO procedures can be better
integrated with other multimodality treatments. Examples of
such integration include enabling leukapheresis for CAR T-cell
therapy by placing large bore venous catheters, facilitating
the use of radiotherapy by placing fiducial markers, and part-
nering with urologists who place ureteral stents as protective
devices during renal ablation. These types of partnerships

and alliances may also prove useful to continue the growth
of the specialty.

Can Robotic Approaches Be Used to Address the
Workforce Bottleneck?
IO is a fast-growing specialty with high demand for new train-
ees. This is aggravated by the rising number of elderly, multi-
morbid oncologic patients across the globe. The specialist
shortage is particularly pronounced in Europe, Asia, and rural
areas. A key question then becomes whether technology
could one day augment or replace a less-skilled work force.
For example, simulation systems, robots, and navigation sys-
tems could be designed to assist younger physicians in sim-
pler procedures. Innovative assisting devices might be the
way to address these tasks in the future. Coupling such hard-
ware with emerging artificial intelligence and machine learn-
ing could make significant inroads. Much work remains to
see if indeed the strategies mentioned above are feasible
and cost-effective.

RESEARCH AND TRAINING

Research in interventional oncology is critical to assure contin-
ued growth and development of next-generation technologies.
In the past, basic research has taken a backseat to clinical pro-
cedure development. This is not entirely unexpected given the
clinical nature of the specialty, the absence of formal research
training in curricula, and the often close relationships between
physicians and device and equipment manufacturers. In the
future, basic and outcomes research will hopefully blossom.
For example, there are extraordinary opportunities in develop-
ing next-generation diagnostics, miniaturized sensors, integrat-
ing diagnostics, artificial intelligence, novel ablative therapies,
early detection strategies, and adjuvant immunotherapies, to
name a few. Increased involvement of the IO community in
development of new procedures would be beneficial, and
incorporating research time into IO fellowships, similar to sur-
gery and medical oncology fellowships, might be possible.

Training the next generation of interventional specialists is
well under way, now that the American Board of Radiology
administers Initial Certifications and thenMaintenance of Certi-
fication exams. Similar curricula have been established by Car-
diovascular and Interventional Radiological Society of Europe in
the European community and require training not only in inter-
ventional radiology but also in pathology, tumor biology, phar-
macology, bioinformatics (e.g., artificial intelligence, machine
learning), and technical skills. One specific route for providing
online continuing medical education-accredited education in
the fundamentals of oncologic disease management for inter-
ventional radiologists is the IO University Curriculum provided
by the SIO (SIO-central.org). Another opportunity is the Radio-
logical Society of North America’s Clinical Trials Methodology
Workshop, a week-long intensive boot camp, similar to the
American Society of Clinical Oncology’s Vail course, in which
junior faculty attend lectures on clinical trial design, statistics,
and logistics while developing their own trial protocols in small
group sessions.

Continued education and understanding of how IO proce-
dures can better integrate with other multimodality treatments
is needed. Similarly, the level of molecular and pharmacologic
training is still subpar in comparison with other oncologic
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specialties. Future clinical trials and practice should integrate
disciplines and crystallize synergies for better patient care.

CONCLUSION
The future of IO is exciting: two decades of improving techni-
ques and experience have demonstrated significant value to
the patient with cancer for diagnosis, therapy, and symptom
palliation. These advances have generated further opportuni-
ties for growth, as outlined above. Going forward, one of
the most interesting directions will be the emergence of new
therapeutic procedures and technical capabilities and their pro-
spective efficacy testing in larger trials. Similarly, better inter-
ventional tools are on the horizon and will ultimately enable
more accurate and safer procedures. The availability of IO serv-
ices in individual countries [6] and across the globe is some-
what uneven. In the U.S. and some European countries,
another challenge has been the increasing number of proce-

dures, leading to resource constraints, often suboptimal inte-
gration of IO into oncologic teams, and reduced time in training
the next generation of specialists. These locoregional challenges
can be addressed by more efficiently integrating IO into cancer
management teams. Such positioning would enable IO to
accommodate emerging cancer advances and practices. The
beneficiaries will clearly include patients as well as cancer clini-
cians and researchers.
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