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Abstract

Purpose To compare outcomes in patients with T1b and T2a renal cell carcinoma (RCC) treated with percutaneous cry-
oablation (PCA) who underwent transarterial embolization (TAE) of the RCC prior to PCA (TAE +PCA) to patients who
were treated with PCA alone.

Methods Retrospective review of all adult patients with T1b (4.1-7 cm) and T2a (7.1-10 cm) RCC treated with PCA from
2008 to 2021. Data collected included age, sex, tumor diameter, RENAL nephrometry score, technical success, adverse
events (AEs), changes in serum creatinine, local control, and recurrence rates. A p value of 0.05 was considered the threshold
for statistical significance.

Results 13 patients with 13 RCCs (mean age: 72.7 +10.4; 54% male) and 35 patients with 37 RCCs (mean age: 66.7 + 10.6;
60% male) were included in the TAE + PCA and PCA groups, respectively. The TAE + PCA group had larger mean tumor
diameter (5.7+1.1 cm vs. 4.7+0.6 cm; p <0.0001) and higher mean RENAL nephrometry score (8.9 +1.1 vs. 7.8+ 1.5;
p=0.02). There were no differences between the groups with respect to technical success of PCA (p=0.46), local tumor
control (p=0.3), or mean number of procedures to achieve local tumor control (p =0.85). Mean increase in serum creatinine
was not significantly different between the two groups (p=.63). Major AEs were similar between the groups (p=1); however,
the TAE + PCA group had no major hemorrhagic AEs while the PCA alone group had three (8.3%).

Conclusion TAE +PCA in patients with T1b or T2 RCC is technically feasible without significant added detriment to renal
function. This combined approach may help to reduce hemorrhagic AEs but larger patient cohorts are needed.
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Introduction

Percutaneous ablation is a well-accepted therapeutic
approach for patients with T1a renal cell carcinoma (RCC)
(<4 cm in maximal diameter) who are either unwilling
or unable to undergo partial or total nephrectomy [1, 2].
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However, for larger tumors, including T1b (4.1-7 cm) and
T2 (>7 cm) masses, the technical and clinical outcomes of
percutaneous ablation are worse [3], suggesting additional
strategies are needed for this patient population. Clear cell
RCC, the most common histologic variant [4], is a hyper-
vascular tumor on contrast-enhanced imaging [5]. This fea-
ture has led several investigators to report retrospective case
series evaluating transarterial embolization (TAE) prior to
percutaneous ablation as a mechanism to improve outcomes
in non-surgical patients with T1b or T2 RCC [6—-13]. While
these reports address the technical feasibility and safety of
the combined approach, there are a paucity of data com-
paring clinical outcomes in patients with T1b or T2 RCC
who underwent TAE prior to percutaneous ablation versus
those who underwent percutaneous ablation alone. Along
these lines, one retrospective study in patients with RCC
measuring > 5 cm compared outcomes from four patients
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who underwent TAE + percutaneous cryoablation (PCA)
to those of six patients who received PCA alone found
that post-procedural hematoma volume was reduced in the
TAE + PCA patients [14]. More recently, a retrospective
comparative study matched nine patients with RCC treated
with TAE 4+ PCA by age, sex, and tumor size to 18 patients
treated with PCA alone [15]. However, no significant dif-
ferences were seen between the groups with regard to num-
ber of probes required, complication rates, changes in renal
function, or post-procedural hematocrit levels; although,
patients with both T1a and T1b RCC were included in this
analysis which may have lessened the impact of TAE. As
such, additional comparative data specifically for patients
with either T1b or T2 RCC is needed. The purpose of this
study is to compare technical and clinical outcomes of
patients with T1b and T2 RCC treated with TAE + PCA to
those treated with PCA alone.

Materials and methods
Patients

The approval for this retrospective study was granted by the
Institutional Review Board (IRB) and was Health Insurance
Affordability and Accountability Act compliant. The Radi-
ology Information System (RIS) was searched for all adult
patients with RCC treated with PCA from January 2009
to July 2021. Patients with either T1b (4.1-7 cm) or T2
(7.1-10 cm) RCC were identified for further analysis. This
included 47 patients with 48 T1b or T2 RCCs. Patient char-
acteristics, such as age, sex, Charlson comorbidity index,
international normalized ratio (INR), platelet count, and
baseline serum creatinine, are detailed in Table 1. 12 (25%)
of the tumors were treated with TAE +PCA, while 36 (75%)
of the tumors were treated with PCA alone. The decision to
treat with TAE 4+ PCA or PCA alone was at the discretion of
the attending interventional radiologist.

Tumor characteristics

Maximal tumor diameter was measured on either the most
recent ultrasound, computed tomography (CT), or magnetic
resonance imaging (MRI) prior to PCA. Tumor complex-
ity was assessed by the RENAL nephrometry score [16].
Both the maximal tumor diameter and RENAL nephrometry
score were recorded by either a medical student or inter-
ventional radiology resident. This was overseen by a board-
certified interventional radiologist with 4 years of experience
in practice. The results for each group are summarized in
Table 1. Biopsy specimens were available in 26/48 (54%)
of tumors with results showing RCC in 16/26 (62%) and
low-grade oncocytic renal neoplasm in 3/26 (12%). Seven
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Table 1 Patient and tumor characteristics

TAE +PCA?* PCA? p-value

Age (years), Mean (SD) 73.08 (10.74) 66.31 (10.51) 0.0605

Sex 0.8647

Male 58.30% 61.10%

Female 41.70% 39.90%

Charlson comorbidity index 7.58 (2.23) 6.64 (2.13) 0.1947
(age factored), Mean (SD)

Tumor size (mm), Mean 57.33(11.88) 46.69 (6.55) 0.0003
(SD)

Nephrometry* score, Mean  8.92 (1.16) 7.78 (1.48) 0.0192
(SD)

INR**, Mean (SD) 1.13 (0.29) 1.10 (0.18) 0.6883

PIt® (1000/mm?), Mean 274.8 (125.5) 188.5(74.6)  0.0058
(SD)

Cr® (mg/dL), Mean (SD) 2.24 (2.62) 2.02 (2.34) 0.7846

Bolded values statistically significant
*Percutaneous cryoablation

®Platelet count

“Serum creatinine

*RENAL nephrometry score

**International normalized ratio

biopsy samples (26%) had no malignancy identified, from
inadvertently obtaining a sample from normal renal paren-
chyma instead of the mass at the time of procedure.

Embolization procedure

All TAEs were performed by board-eligible or board-cer-
tified interventional radiologists with post-training experi-
ence ranging from 1 to 26 years (Fig. 1). All TAEs were
performed with moderate sedation. Vascular access was
obtained under sonographic guidance in either the right
common femoral artery, left common femoral artery, or
left radial artery depending on patient characteristics and
operator preference. A diagnostic angiogram from the main
renal artery was performed to identify the artery (or arteries)
supplying the RCC. After selecting the artery (or arteries)
supplying the RCC with a microcatheter, TAE was per-
formed to stasis in the target vessel(s). Embolic agents uti-
lized included Embozene™ microspheres alone (n=4; 33%)
(75-900 pm; Varian, Palo Alto, CA, USA), Embozene™
microspheres followed by a gelatin sponge slurry (n=2;
17%) (75-400 um; Varian), an alcohol and ethiodized oil
emulsion (n=2; 17%), Embosphere® microspheres alone
(n=2; 17%) (300-500 um; Merit, South Jordan, UT, USA),
Embosphere® microspheres followed by a gelatin sponge
slurry (n=1; 8%) (300-500 um; Merit), and Ekobi® micro-
spheres (n=1; 8%) (180-212 um; IMBIOTECHNOLO-
GIES, Edmonton, AB, CA). Embolic selection was at the
discretion of the operator. TAE were performed at a mean
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Fig.1 a Axial slice from a contrast-enhanced CT of the abdomen
demonstrates a T1b renal cell carcinoma on the anterior portion of
the left kidney (white arrow). b Digital subtraction angiogram (DSA)
with the microcatheter in the distal left renal artery demonstrates
the hypervascular RCC in the left kidney (white arrow). ¢ DSA with
the microcatheter in a branch of the left renal artery demonstrates
lack of perfusion to the tumor after embolization (white arrows). d
Axial slice from a non-contrast CT of the abdomen obtained with the
patient in right lateral decubitus position during the ablation proce-
dure shows one of four ablation needles used during the procedure
with the resultant iceball (white arrow). e Axial slice from a con-
trast-enhanced CT of the abdomen obtained approximately 5 years
after the ablation procedure continues to demonstrate the hyper-
dense embolic material within the mass without evidence of residual
enhancing tissue (white arrow), consistent with a continued complete
response to therapy

10.25 days prior to PCA (range: 0-46; inter-quartile range:
13).

Cryoablation procedure

All PCAs were performed by board-eligible or board-certi-
fied interventional radiologists with post-training experience

ranging from 1 to 26 years (Fig. 1). General anesthesia or
conscious sedation were used based on operator and patient
preference. All procedures were performed with computed
tomography (CT) and CT-fluoroscopy guidance alone.
Peri-procedural antibiotics were administered, and anti-
coagulation therapies were withheld according to guidelines
[17, 18]. A preliminary scan was performed to determine
appropriate percutaneous access. Specific ablation plat-
forms and probes were left to operator discretion but both
ICEFx™ (Boston Scientific, Marlborough, Massachusetts,
USA) and Endocare® (Varian) were employed. Regardless,
probe positioning and number were at the discretion of the
operator with the goal of achieving at least a 5-mm margin.
The number of probes used in each procedure was recorded.
With the probes in place, the ablation zone is estimated. If
the operator determined that a critical structure such as colon
would encroach on the anticipated ablation zone, hydrodis-
section was performed. Subsequently, PCA was performed
according to the manufacturer’s instructions for use. Most
commonly, this included a 10-min freeze, an active thaw,
a second 10-min freeze, and then an active thaw. Intermit-
tent imaging was performed throughout the ablation cycle
to assess progress. Adequate coverage of the lesion and
immediate adverse events (AEs) were assessed on a final
intraprocedural CT scan.

Outcomes

Per institutional practice, imaging follow-up, consisting of
either contrast-enhanced US, CT, or MRI, was obtained at
approximately three months after PCA to assess response.
If there is no residual disease, patients were seen again with
imaging in approximately six months. After that, imaging
follow-up occurred annually for up to 5 years. All follow-up
imaging was interpreted by board-eligible or board-certified
abdominal radiologists. Technical and oncologic outcome
parameters such as primary technical success, secondary
technical success, and local recurrence were defined by
published standards [19]. AEs were classified according to
published criteria from the Society of Interventional Radi-
ology (SIR) [20]. Volumes of any post-PCA hematomas
were calculated by a board-certified interventional radiolo-
gist with approximately 4 years of post-procedure training
using commercially available software (TeraRecon, Foster
City, CA, USA).

Statistical analysis

Statistical analysis was performed utilizing commercially
available software (GraphPad, v9, San Diego, CA, USA).
An unpaired ¢ test and Chi-squared test were used to ana-
lyze continuous and categorical data, respectively. A p value
of <0.05 was considered to be statistically significant.
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Results
Patient and tumor characteristics

Patient and tumor characteristics are summarized in Table 1.
Regarding tumor characteristics, patients in the TAE +PCA
cohort had both larger (mean (SD): 57.33 mm (11.88) vs.
46.69 mm (6.55); p=0.0003) and more complex (mean
RENAL score (SD): 7.58 (2.23) vs. 6.64 (2.13); p=0.0192)
tumors.

Technical outcomes

Technical outcomes are summarized in Table 2. Imag-
ing follow-up was available on 11/12 (92%) tumors in the
TAE + PCA group and 33/36 (92%) tumors in the PCA
along group. Both patients that did not achieve primary
technical success in the TAE 4+ PCA group underwent repeat
PCA without additional TAE, both achieving local control
(secondary technical success=100%). Of the 11 patients
that did not achieve primary technical success in the PCA
alone group, six underwent repeat PCA without TAE to
achieve local control (secondary technical success =84.8%,
n=28/33). The remaining five patients in this group are
under active surveillance for residual disease.

Clinical outcomes
Mean follow-up in the TAE 4+ PCA and PCA alone groups

was 37 months (range: 2-71) and 29 months (range:
1-103), respectively. Clinical outcomes, including major

AEs, hemorrhagic major AEs, volume of post-PCA hema-
tomas, post-procedural serum creatinine, and percentage
change in serum creatinine after PCA, are detailed in
Table 3. No differences in the rates of total major AEs
were identified (p =0.76). The single major AE in the
TAE + PCA group consisted of a perinephric abscess
that was managed with a percutaneous drain and ureteral
stent placement. The four major AEs in the PCA group
included a perinephric abscess complicated by a colo-ure-
teral fistula requiring percutaneous drain and ureteral stent
placement, a hemorrhagic pseudoaneurysm in the kidney
requiring coil embolization, a retroperitoneal hematoma
with active extravasation on CT requiring embolization,
and a retroperitoneal hematoma causing hemorrhagic
shock and pulseless electrical activity (PEA) arrest. In
this last patient, hemorrhage from a lumbar artery was
treated after achieving return of spontaneous circulation
(ROSC). Patients in the TAE + PCA group experienced
no major hemorrhagic AEs with a post-procedural hema-
toma volume that was less than half that in the PCA alone
group although this did not reach statistical significance
(»=0.29). The combined TAE + PCA group did not expe-
rience a greater detriment to renal function than the PCA
alone group (p=0.51). One patient (n=1/11; 9%) in the
TAE + PCA group had local recurrence during the follow-
up period, which was identified at 40 months. Six addi-
tional tumors in the PCA alone group were lost to follow-
up after their initial imaging. Among these patients, local
recurrence was identified in one patient (n=1/27; 3.7%) at
19 months. No difference was seen in rates of local recur-
rence between the two groups (p =0.5).

Table 2 Technical outcomes

from percutaneous cryoablation

(PCA)

Table 3 Clinical outcomes

TAE +PCA PCA p-value
Primary technical success n=9/11; 81.8% n=22/33; 66.7% 0.46
Probes used in initial PCA procedure, mean (SD) 4.3 (1.5) 3.3(1.4) 0.05
Secondary technical success n=11/11; 100% n=28/33; 84.8% 0.3
Number of PCA procedures to achieve local control, 1.36 (0.67) 1.37 (0.78) 0.95

mean (SD)
Bolded values statistically significant
TAE + PCA* PCA* p-value

Major adverse events 8.33% 11.43% 0.7641
Hemorrhagic major adverse events 0% 8.3% 0.5629
Volume of post-PCA* hematomas (cm®), Mean (SD) 47.08 (64.27) 117.19 (220.91) 0.287
Post-procedure Cr** (mg/dL), Mean (SD) 2.27 (2.22) 2.18 (2.11) 0.8992
Change in Cr**, Mean (SD) 5.45% (19.94) 10.53% (22.44) 0.513

*Percutaneous cryoablation

**Serum creatinine
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Discussion

In this retrospective comparative study, the technical and
clinical outcomes of patients with T1b and T2 RCC treated
with TAE 4+ PCA were compared to patients treated with
PCA alone. Given that the combined TAE + PCA cohort
consisted of both larger (57.33 £ 11.88 vs 46.69 +6.55,
p=0.003) and more complex tumors (mean nephrom-
etry scores: 8.92+1.16 vs 7.78 +1.48, p=0.0192) that
required a higher number of cryoablation probes for ade-
quate coverage during the initial PCA procedure (4.3 (1.5)
vs. 3.3 (1.4); p=0.05), these patients should expect to have
lower rates of primary and secondary technical success,
higher rates of major AEs, larger post-procedural hemato-
mas, and higher rates of local recurrence than patients in
the PCA alone group who had smaller and less complex
tumors if TAE had no clinical benefit [16, 21, 22]. Yet,
despite these baseline differences between the two groups,
no significant differences were identified with regards to
primary technical success, secondary technical success,
major AEs, number of sessions needed to achieve local
tumor control, and local recurrence. Furthermore, there
were no major hemorrhagic AEs in the TAE + PCA group,
while 8.3% of patients in the PCA alone group had a major
hemorrhagic event after ablation. This difference did not
reach statistical significance in this cohort likely due to
sample size but is an important consideration as hemor-
rhage is the most common complication after PCA [3].
Along these lines, patients in the TAE +PCA group had
post-PCA hematoma volumes that were less than half the
size of the hematomas observed in the PCA alone group;
although, again, this did not reach statistical significance
likely due to sample size. Importantly, the data show that
the combined approach does not worsen renal function to
a greater degree than monotherapy. Thus, the current data
demonstrate that the combined approach is safe and may
confer technical and clinical benefits.

The majority of clinical investigations into the utility of
TAE as an adjunct to PCA have demonstrated the relative
safety and technical feasibility of the combined approach
even though the reports are limited due to small sample
size, retrospective nature, absence of a true efficacy end-
point, and lack of a comparator group (i.e., PCA alone)
[6-13]. For instance, one of the largest single-arm, retro-
spective series reported 31 patients with 36 T1 RCCs who
were treated with TAE 4+ PCA with approximately 2 years
of follow-up [10]. Patients in this study experienced no
major AEs related to either procedure or no evidence of
recurrence during the follow-up period in 30/36 tumors
(83.3%). Of note, all local recurrence occurred in patients
with T1b RCC. To improve on single-arm data, one ret-
rospective study compared patients with RCC>5 cm

treated with TAE + PCA (n=4) to those treated with PCA
alone (n=26) [14]. Similar to the current data, this study
reported that the mean post-PCA hematoma volume in the
combined cohort was smaller than that in the PCA alone
group (18.3 ml+25.9 vs. 359.3 ml +460.9; p<0.01),
with only one patient from the PCA alone group requir-
ing a post-PCA transfusion and hospitalization. While
encouraging, these early comparative results needed to
be confirmed with larger patient samples. To this end,
a larger, more recent retrospective, comparative study
where propensity-score matching based on patient age,
sex, and tumor diameter was performed between patients
treated with TAE + PCA and PCA alone to identify objec-
tive benefits to adjunctive TAE [15]. In this study, nine
patients treated with TAE + PCA were matched in a 2:1
ratio with 18 patients treated with PCA alone; however,
in contrast to prior reports, the authors reported no signifi-
cant differences between the groups with regards to num-
ber of probes used, technical success, complication rates,
changes in renal function, or changes in hematocrit levels.
One limitation of this study is that patients with both T1a
and T1b RCC were included. The inclusion of Tla RCC
may have reduced the impact of TAE. As such, the cur-
rent report was limited to patients with T1b or T2 RCC.
Finally, a recent single-arm prospective study sought to
evaluate the safety and efficacy of TAE + RCC in patients
with tumors >3 cm in size [23]. 19 patients were enrolled
over approximately 3 years with a mean tumor diameter
of 39 mm. No major AEs were identified from either pro-
cedure while two patients (10.5%) developed local recur-
rence during the follow-up period. Unfortunately, the study
provided no control group of patients who underwent PCA
without TAE, thus limiting direct comparisons of the effi-
cacy of TAE in these patients.

There are several limitations of the current study. First,
because of its retrospective design, operator bias could
not be controlled for and likely contributed to the signifi-
cantly larger tumor diameter and increased nephrometry
scores of the combined TAE+PCA group. Likewise, the
operator’s decision-making process about when to treat with
TAE + PCA or PCA alone could not be controlled for and
was not always readily available in clinic notes. Second,
sampling bias may limit generalizability of these results as
they were obtained from a single tertiary academic medical
center. Third, while the lack of differences between onco-
logic outcomes and AEs between the groups may suggest
that TAE has clinical utility, it is important to remember that
the lack of evidence for worse outcomes is not in of itself
evidence that TAE improves clinical outcomes. Fourth, the
type of embolic agent and timing of TAE prior to PCA in
each case was at the discretion of the operator. It is possible
that different embolic agents may have different outcomes
in RCC; although, this has never been specifically studied.

@ Springer



778

Abdominal Radiology (2023) 48:773-779

Additionally, whether the timing of the two procedures has
an effect on technical or clinical outcomes is also unknown.
Fifth, there is pathologic confirmation of RCC in only 54%
of patients in the study. Finally, the current investigation
is limited to PCA. It is unknown whether the findings can
be generally applied to other ablation modalities, such as
radiofrequency ablation, microwave ablation, or irreversible
electroporation.

In conclusion, TAE +PCA in non-surgical patients with
T1b or T2 RCC is technically feasible without significant
added detriment to renal function. The combined approach
may help to reduce hemorrhagic AEs, which are relatively
common in this patient population [3]; although, larger
patient cohorts are needed to provide statistical validity to
this observation. Even though patients in the TAE + PCA
cohort had larger and more complex tumors, their techni-
cal and clinical outcomes were no different than the PCA
alone group, suggesting some benefit to adjunctive TAE.
Future prospective studies utilizing matched control groups
of patients are needed to identify the exact patient popula-
tion that would most benefit from the combined approach.
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