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Renal Ablation: Can We 
Push the Treatment 
Boundaries?
Strategies for treatment based on size criteria, ablation modality, tumor location, 

periprocedural considerations, and combination therapy options.

By Ronak Patel, BS, and Merve Ozen, MD

I n 2024, approximately 81,610 new cases of kidney can-
cer will be diagnosed and 14,390 will die in the United 
States.1 Of these new cases, 85% will be some form 
of renal cell carcinoma (RCC).2 Common risk factors 

for RCC include smoking, chronic kidney disease (CKD), 
hypertension, obesity, and certain analgesics and envi-
ronmental exposures.3 Treatment of RCC is multifacto-
rial and depends on many criteria, including size, lymph 
node involvement, and metastasis outside the kidney. 
There are many different guidelines as well as unique sur-
gical approaches on how to treat RCC.

SIZE CRITERIA
The National Comprehensive Cancer Network stages 

RCC into four distinct stages (T1-4).2 Stage T1a describes 
a tumor that is < 4 cm and only found in the kidney. 
Stage T2 is when the tumor grows beyond 7 cm but, most 
importantly, is still limited to the kidney. Percutaneous 
ablation is an important treatment option for early 
stage (1b) RCC, with a 90% to 95% efficacy rate and a 6% 
to 7% complication rate.4 Ablation works best for stage 1a 
tumors; however, a multifactorial approach is considered, 
including patient age, comorbidities, and renal function.4 
Specifically, the primary success of percutaneous ablation 
largely correlates with the size of the tumor.5 Gervais et al 
reported nine tumors in seven patients with local recur-
rence with sizes ranging from 4.0 to 8.9 cm.6 Another study 
looked at long-term ablation outcomes and determined 
a 14.3% recurrence rate for T1b lesions compared to a 
4.2% recurrence rate for T1a lesions.7 Recent studies show 

promise for treating T1b lesions with glomerular filtration 
rate preservation and disease-free survival compared to 
partial nephrectomy (PN).8,9

ABLATION MODALITIES
Recent studies comparing percutaneous ablation 

techniques highlight encouraging results in onco-
logic outcomes but emphasize the need for careful 
patient selection to balance treatment benefits and 
risks. Although cryoablation and microwave ablation 
(MWA) are currently the most common modalities, 
there is a substantial amount of literature comparing 
radiofrequency ablation (RFA) with these techniques. 
Studies showed similar recurrence-free survival for PN 
and percutaneous ablation patients, and metastasis-free 
survival was superior for PN and cryoablation when 
compared to RFA.10 However, improved oncologic 
outcomes for tumors > 3 to 4 cm were shown with 
cryoablation compared to RFA.11 A study determined 
that percutaneous cryoablation was successful and rela-
tively safe for an average tumor size of 4.2 ± 1.1 cm.12 
Compared with MWA, cryoablation had similar tech-
nical success, minimal impact on renal function, local 
disease control, and cancer-specific survival.13 The study 
showed higher adverse event rates after cryoablation, 
but the study also stated that cryoablation was used to 
treat larger and more complex lesions.13 In one meta-
analysis, MWA demonstrated similar safety and clinical 
effectiveness with lower ablation time when compared 
to cryoablation.14 When comparing MWA to RFA and 
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cryoablation, MWA had fewer overall complications 
than RFA and cryoablation; moreover, MWA also had 
fewer recurrences than cryoablation.15 These new stud-
ies show great leaps in ablation; however, caution is 
highly encouraged to determine which patients are 

most likely to benefit 
while minimizing risks.16 
Figure 1 shows effective 
treatment with cryoabla-
tion in a patient with a 
stage T2a renal mass.

An emerging technology, 
histotripsy, is a noninva-
sive technique in kidney 
cancer treatment that uses 
focused ultrasound waves 
to mechanically destroy 
cancer cells without heat, 
offering a precise and mini-
mally invasive alternative to 
traditional therapies. This 
technology shows promise 
in improving treatment 
outcomes by targeting 
tumors with precision 
while sparing surrounding 
healthy tissue, making it a 
potential future option for 
managing RCC.17 

TUMOR LOCATION
Apart from size, loca-

tion is also a very impor-
tant factor in successful 
ablation. Tumors that 
are located centrally or 
in hilar regions are more 
difficult to treat due 
to their proximity to a 
major collecting system.18 
Traditionally, MWA and 
RFA are used to treat 
peripheral lesions, as 
major renal vessels dis-
sipate heat away from 
the tumor leading to 
incomplete local treat-
ment.19 Additionally, 
ablation of exophytic 
lesions is more successful 
than for parenchymal or 
central lesions because 

perirenal fat can produce a thermally insulating effect.19 
Conversely, cryoablation is used to treat central lesions 
due to the ice ball overlap, which minimizes the risk of 
collecting system injury complications.20 Going against 
the norm, one study showed that MWA can success-

Figure 1.  A man in his early 60s with a complex past medical history including CKD, peripheral 
artery disease, renal artery stenosis, and an atrophic right kidney was found to have 7.5-cm 
T2aN0M0 left renal mass. Contrast-enhanced coronal CT image showing a large renal mass 
(dashed lines) in the left kidney, before ablation treatment (A). MRI at 7-month follow-up dem-
onstrating successful ablation of the tumor, with no residual enhancement, indicating effec-
tive treatment (dashed lines) (B). Needle placement image from intraprocedural CT guidance 
showing positioning of cryoablation probes (arrow) within the renal tumor (C). Hydrodissection 
(arrow) and ice ball formation (dashed lines) visible during the cryoablation procedure, dem-
onstrating the ice ball’s margins surrounding the tumor to ensure complete ablation without 
affecting the adjacent large bowel (D). Coronal needle placement showing the seven-probe 
entry for optimal coverage of the tumor during the cryoablation process (E). In this case, a 
combined approach of embolization and ablation was initially considered. However, due to the 
presence of a solitary kidney with CKD and renal artery stenosis, the decision was made to pro-
ceed with cryoablation after a multidisciplinary discussion.

A

C

E

D

B



VOL. 23, NO. 10 OCTOBER 2024 ENDOVASCULAR TODAY 51 

I N T E R V E N T I O N A L 
O N CO LO G Y

fully treat central renal masses just as effectively as 
peripheral masses.21 Another study used cryoablation 
to treat endophytic lesions and demonstrated durable 
oncologic efficacy.22 Although literature is limited on 
using different techniques for central and peripheral 
lesions, there is great promise on the horizon with care-
ful utilization.

PERIPROCEDURAL CONSIDERATIONS
Cryoablation can be utilized in many different demo-

graphics, especially patients who cannot receive general 
anesthesia due to specific comorbidities. Although 
cryoablation has minimal complications, injury to adja-
cent structures such as the ureter and bowel are known 
risks that proceduralists avoid. Ancillary techniques are 
shown to minimize these risks. The literature shows 
that by isolating the thermal energy by dissection, 
we can further reduce damage to nearby organs dur-
ing ablation, thus improving patient safety.23 Another 
enhancement to current technology includes using 
liquid nitrogen with a single probe as a substitute for 
argon gas and multiple needles.24 The study showed 
that cryotherapy using liquid nitrogen was feasible 
in multiple organ systems and produced appropriate 
ablation zones with minimal complications.24 Another 
material used in ablation procedures is thermoprotec-
tive gels. For instance, poloxamer 407 hydrogel has been 
shown to effectively protect nontarget tissues from 
thermal damage during MWA in a porcine model, dem-
onstrating its potential for clinical application in reduc-
ing collateral damage during such procedures.25

Although cryoablation is usually 
performed under CT guidance, MRI 
has slowly started to be used as an 
adjunct to cryoablation.26 MRI has 
many advantages such as enabling 
precise localization, especially for 
intraparenchymal and endophytic 
lesions; finer resolution, allow-
ing visualization of surrounding 
structures like blood vessels; and 
enabling precise needle guidance 
for lesions in difficult locations such 
as upper polar renal lesions.27

Robotics has also slowly inte-
grated into the field of cryoabla-
tion. With the help of an overlay, 
cryoablation can be more efficient 
and direct, allowing for a more 
precise ablation zone (Figure 2). 
Additionally, robotic-assisted abla-
tion allows for a more personalized 

treatment option for patients with multiple comorbidities.
Outside of imaging and techniques, cryoablation, 

RFA, and MWA have been shown to play a pivotal role 
in management of patients with advanced CKD where 
other treatment options may be limited.28 It remains 
unclear which ablative modality is superior due to lack 
of randomized controlled trials; however, the use of 
ablative measures is encouraging in this patient popula-
tion and needs further study.28

Other than the direct effect of cryoablation, another 
possible benefit is an elicited immune reaction called 
the abscopal effect. Some studies suggest that cryoabla-
tion elicits an immune reaction by stimulating immune 
cells, which causes regression of distant tumors that 
aren’t directly targeted.29-31 There is evidence of this 
phenomenon after MWA in liver lesions as well.32 

In summary, cryoablation and other ablative tech-
niques show great promise, particularly in preserving 
renal function, treating metastatic bone lesions from 
RCC, and stimulating the immune system without 
immunomodulators.

COMBINATION WITH SYSTEMIC THERAPIES
In recent years, combination therapies have been 

used more frequently to help treat renal tumors. As 
mentioned previously, certain ablative methods can 
stimulate the immune system to target distant lesions; 
however, this is quite rare. Immunotherapy that tar-
gets immune checkpoints such as programmed cell 
death protein (PD-1), programmed cell death ligand 1 
(PD‑L1), and cytotoxic T lymphocyte-associated anti-

Figure 2.  Robot-assisted renal ablation. The multiplanar views demonstrate the plan-
ning and final image overlay for confirmation.
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gen 4 (CTLA-4) are commonly used.33 Immunotherapy 
is often not effective at treating all types of cancer; spe-
cifically, only 20% to 30% of cancer types are responsive 
to immune checkpoint blockade (ICB).33 Additionally, 
cancer may develop resistance to ICB, making a com-
bination of ablation and immunotherapy necessary 
for effective treatment.34 One pilot study showed that 
treatment with tremelimumab (a CTLA-4 inhibitor) 
and cryoablation combination therapy led to favorable 
changes in posttreatment tissue samples of patients 
who had clear cell histology.35 Additionally, another 
study showed that mice that received anti-PD-1/
CTLA‑4 therapy with MWA demonstrated suppressed 
tumor growth and rejection.36 Although studies like 
these are in the preliminary stages, combination thera-
py shows potential in treating metastatic RCC. 

CONCLUSION
RCC treatment is evolving, allowing precise strategies 

based on tumor stage. Multiple advancements in ablative 
methods, combination therapies, and immunotherapy 
hold great promise in the treatment of large, complex 
lesions as well as metastatic lesions of RCC. Continuous 
expansion and refinement of these techniques will help 
maximize efficiency and patient outcomes.  n
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