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Abstract

Background We prospectively evaluated the safety and efficacy of percutaneous cryoablation combined with transcatheter
renal arterial embolization for the treatment of tumors >3 cm in diameter.

Methods We included patients aged >20 years with histologically proven renal cell carcinoma with a tumor diameter >3 cm
who were inoperable or refused surgery. Prior to ablation, transcatheter arterial embolization was performed using a mixture
of absolute ethanol and iodized oil. All cryoablation procedures were performed percutaneously under computed tomography
fluoroscopy guidance. The primary endpoint was safety, which was evaluated for adverse events using CTCAE version 4.0.
The secondary endpoint was survival; overall survival, progression-free survival, and cancer-specific survival were calculated.
Results From October 2013 to March 2016, 19 patients (mean age, 75+ 13 years; 5 women, 14 men) were prospectively
enrolled. The mean tumor diameter was 3.9 +0.7 (range 3.1-5.3) cm. Four grade 3 hematologic adverse events occurred,
while no symptomatic grade >3 events occurred. The median follow-up period was 68 (range 52—84) months. During the
follow-up period, two patients developed local tumor progression at 3 and 42 months after the initial ablative procedure; no
patient showed distant metastasis. Two patients died from causes other than RCC. Overall survival, progression-free sur-
vival, and cause-specific survival were 100%, 95%, and 100% at 3 years, and 95%, 84%, and 100% at 5 years, respectively.
Conclusion Percutaneous cryoablation combined with prior TAE for the treatment of tumors >3 cm in diameter was safe
and achieved favorable survival.
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the standard of care for renal cell carcinoma (RCC), per-
cutaneous cryoablation (PCA) has become common for its
treatment. Several studies have demonstrated good mid- and
long-term oncologic outcomes [2-5], and several guidelines
recognize the effectiveness of PCA under limited conditions,
such as for patients at high surgical risk who are unsuitable
as candidates for observation or who want proactive treat-
ment [6—8]. However, in large-sized RCC, PCA has been
associated with decreased treatment efficacy [3, 9, 10] and
increased complication rates [11-14]. Additionally, both
tumor extension outside the pseudocapsule and multifocal
disease could be seen in RCC >4 cm in diameter [15, 16].
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Transcatheter arterial embolization (TAE) prior to per-
cutaneous ablation has been shown to improve oncologic
outcomes in hepatocellular carcinoma, a typical hypervas-
cular tumor [17-19]. Although the additional therapeutic
effect of TAE on PCA against RCC has not been proven
[20-23], it is clear that TAE has an ischemic effect on the
tumor; it has been reported that TAE may reduce the risk of
bleeding and facilitate tumor localization during computed
tomography (CT)-guided percutaneous ablation if performed
using radiopaque ethiodized oil [21-24]. The outcomes of
PCA combined with prior TAE have not been fully evalu-
ated; therefore, we prospectively evaluated the safety and
efficacy of PCA with prior TAE for treatment of RCC >3 cm
in diameter.

Materials and methods
Study design

The study was approved by the institutional review board of
our institution and conducted in accordance with the Decla-
ration of Helsinki. This study was registered in the Univer-
sity Hospital Medical Information Network Clinical Trials
Registry (Study ID: 000012230). Written informed consent
was obtained from all the patients prior to registration.

Endpoints

The primary endpoint was safety, and the secondary end-
point was survival. The safety component of this study was
conducted on nine patients using the three-by-three method
proposed by JIVROSG, which has been described previ-
ously [25]. The number of cases required for the evaluation
of serious adverse events and efficacy rate was determined
by a binomial test (null hypothesis HO: P ==0, alterna-
tive hypothesis H1: P=m), which is a one-sample test. For
adverse events, if 10=0.10 and £=0.30 (the predicted value
of complications is 10%, and the test is discontinued if it is
30% or more), a=0.05, p=0.20, and n=230. On the other
hand, regarding the effective rate, if 10=0.50 and ©=0.80,
then a=0.05, p=0.20, and n=19. The required number of
cases was 19; however, 21 cases were planned for as the
number of cases was expected to deviate by 10%.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) histologi-
cally proven RCC; (2) measurable tumor diameter
of >3 cm and <7 cm; (3) inoperable or refusal of sur-
gery; (4) age > 20 years; (5) Eastern Cooperative Oncol-
ogy Group performance status of 0 or 1; (6) acceptable
laboratory parameters, tested within 14 days prior to the
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initial procedure (leukocyte count>2.5x 10°/L, platelet
count >5.0x 10°/L, hemoglobin level > 75 g/L, total biliru-
bin level <34.2 pmol/L, and prothrombin time-international
normalized ratio < 1.5); and (7) written informed consent.

The exclusion criteria were as follows: (1) presence of
extra-renal tumor spread; (2) presence of venous tumor
thrombus; (3) presence of a vital organ or major vessels
along the planned penetrating route; (4) allergy to iodine or
alcohol; (5) presence of severe comorbidities such as conges-
tive heart failure (New Yolk Heart Association class > III) or
active infection other than chronic viral hepatitis; (5) pres-
ence of other cancers, except for tumors after curative resec-
tion, carcinoma in situ, or controllable breast and prostate
cancer under treatment; (6) body temperature > 38 °C; (7)
difficulty in imaging evaluation; (8) pregnancy or possible
pregnancy; and (9) being considered ineligible for this study
by their attending physician.

Protocol treatment

All protocol treatments were performed on an inpatient
basis. TAE was performed prior to PCA. Per protocol, the
treatment interval between TAE and PCA should be a maxi-
mum of 30 days. The method of anesthesia during TAE or
CA was determined by the operator and anesthesiologist,
depending on the expected periprocedural pain. TAE was
performed using a mixture of absolute ethanol and iodized
oil (Lipiodol; Guerbet, Villepinte, France) at a ratio of 7:3.
After the catheter tip was placed as selectively as possible
to avoid embolization of blood vessels into the normal renal
parenchyma, the embolic material was injected until blood
flow stasis was achieved. All PCA sessions were performed
percutaneously using an argon- and helium-based cryoab-
lation system (CryoHit, Galil Medical, Arden Hills, MN,
USA) with 17-gauge cryoprobes (Ice-Rod or Ice-Seed, Galil
Medical). The type and number of cryoprobes used and the
array of cryoprobes inserted depended on the consensual
decision of experienced interventional radiologists. None of
the patients were administered prophylactic antibiotic drugs
before or after the procedure.

The cryoprobe was placed under CT fluoroscopy
(Aquilion 64, Canon Medical Systems, Otawara, Japan)
guidance. If the tumor was adjacent to a non-target organ,
such as the colon, diluted contrast medium (typically 2%
concentration) or carbon dioxide gas was infused to dis-
place the organ away from the expected ablation zone (i.e.,
via hydrodissection or pneumo (balloon) dissection). After
the cryoprobes were placed at the target site, PCA was per-
formed in two freeze cycles separated by more than 2 min
of passive thawing. The freezing time was 10—15 min for
each cycle. After each freezing cycle, we confirmed that the
low-attenuation area (i.e., the ice-ball) involved the tumor
with a circumferential ablative margin on axial, coronal, and
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sagittal conventional CT images of 5-mm slice thickness.
The ablation margin was set to 6 mm or more, as much as
possible. If the ablative margin surrounding the target tumor
was insufficient, cryoprobes were reinserted into the region
where the ablation zone was insufficient, followed by addi-
tional freeze-and-thaw cycles. CT was repeated immediately
after the procedure to evaluate adverse events. Furthermore,
the initial efficacy was evaluated using CT or magnetic reso-
nance imaging (MRI) 2 days after the session.

Data collection and outcome evaluation

Before protocol treatment, previous medical history, comor-
bidities, maximum tumor diameter, tumor histology, tumor
location [26], and R.E.N.A.L nephrometry score [27] were
recorded. Physical examination, urinalysis, and blood tests,
including blood count and biochemical examination, were
performed 1 and 3 days and 1, 3, 6, 12, and 24 months after
PCA. CT or MRI examinations were performed 1, 3, 6, 12,
and 24 months after PCA. We then conducted periodic fol-
low-ups every 12 months as much as possible. Image evalu-
ation was performed by the attending physician and at least
one radiologist experienced in diagnostic imaging. Techni-
cal success was defined as the absence of residual tumor
enhancement on the initial imaging evaluation at 2 days.

Regarding safety assessments, the incidence of adverse
events was calculated based on the worst grade in each clini-
cal course for all patients. The severity of all adverse events
was evaluated according to the Common Terminology
Criteria for Adverse Events, version 4.0. To evaluate renal
function, each estimated glomerular filtration rate (eGFR)
after the treatment was compared to the previous eGFR. The
equation used for eGFR was as follows: glomerular filtration
rate (mL/min/1.73 m?) =194 x SCr~1%*x age "7 (x 0.739,
if female) [28].

Statistical analysis

Overall survival (OS), progression-free survival (PFS),
and cause-specific survival (CSS) rates were estimated
using Kaplan—Meier analysis. The eGFR was evaluated
using a paired Student’s ¢ test. All statistical analyses were
performed using SPSS software (version 26.0; IBM Corp,
Armonk, NY, USA).

Results
Patient and tumor characteristics
Nineteen patients were enrolled in this study between Octo-

ber 2013 and March 2016. The characteristics of all patients
and tumors are shown in Table 1. All patients had a single

RCC. Three patients were judged inoperable by a urologist;
the remaining 16 patients were operable but refused surgi-
cal therapy. Fifteen of 19 (79%) patients had the following
comorbidities or medical histories: hypertension (n=4),
cancers other than RCC (stomach, colon, and prostate) and
angina (n=3), diabetes mellitus and cerebral infarction
(n=2), cerebral hemorrhage, aortic dissection, hypertrophic
cardiomyopathy, arrythmia, glaucoma, Crohn disease, rheu-
matoid arthritis and hyperlipidemia (n=1). Only one patient
had a history of nephrectomy with contralateral renal cancer.
None of the patients had hereditary RCC syndrome, such
as von Hippel-Lindau disease. The histology of RCC was
clear cell carcinoma in 14 patients, papillary carcinoma in 4
patients, and unclassified renal cell carcinoma in 1 patient.

TAE sessions

TAE sessions were performed under moderate sedation
with local anesthesia (n = 14), epidural anesthesia (n=3),
and general anesthesia (n=2). The amount of ethanol and
lipiodol mixture used was 3.3 +2.0 (0.7-7.6) ml. Additional
embolic materials were used in four sessions (platinum coil
in 3 and platinum coil with gelatin sponge particle in 1) to
prevent the injected ethanol from overflowing and flowing
into non-tumor vessels. As a result, the tumor blood vessels
disappeared immediately after TAE in all cases.

PCA sessions

PCA was performed under moderate sedation with local
anesthesia in all cases. The interval between TAE and PCA
was 4 +2 (median, 4; range 1-8) days. A total of 19 ini-
tial PCA sessions were performed using 3-5 cryoprobes
(median, 4). Hydrodissection was performed in 17 (89%)
sessions, and balloon dissection was performed in one (5%).
In each case, organs such as the colon could be properly
separated from the frozen area, and no organ damage was
observed. No adverse events associated with these proce-
dures were seen. PCA was performed without repositioning
cryoprobes in ten (53%) sessions, while repositioning of
cryoprobes followed by additional freeze-and-thaw cycles
was required once in seven (37%) sessions and twice in two
(10%). As no residual enhancement was demonstrated on
the initial imaging evaluation in any patient, the technical
success rate was 100%.

Safety

Four grade 3 hematologic adverse events occurred, while no
symptomatic grade > 3 events occurred (Table 2). In these
four cases, the elevated test values increased to a maximum
1 day after PCA and then decreased over time. The adverse
events are summarized in Table 2.
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Table 1 Patient and tumor characteristics and outcomes

Case Age Sex Tumor diameter R.E.N.A.L. Tumor location Interval between Progression  Follow Outcome

(years) (cm) nephrometry TAE and PCA free period  up period

score (days) (months) (months)

1 49 M 33 9 Mixed 2 83 83 alive
2 85 F 35 7 Mixed 8 82 82 alive
3 65 F 53 8 Mixed 5 66 66 alive
4 65 F 5.0 7 Mixed 7 84 84 alive
5 82 M 38 7 Mixed 5 80 80 alive
6 84 M 43 8 Exophytic 7 63 63 dead
7 61 M 3.1 6 Exophytic 1 74 74 alive
8 66 F 32 7 Exophytic 3 72 72 alive
9 83 M 35 7 Exophytic 7 44 69 alive
10 85 M 37 7 Mixed 1 70 70 alive
11 51 M 40 7 Mixed 7 77 77 alive
12 82 M 38 4 Exophytic 4 68 68 alive
13 86 M 38 8 Mixed 3 68 68 alive
14 82 M 53 7 Exophytic 1 64 64 alive
15 83 M 34 8 Mixed 1 52 52 dead
16 76 M 37 8 Exophytic 1 3 64 alive
17 90 F 3.6 7 Exophytic 4 63 63 alive
18 86 M 37 7 Mixed 4 62 62 alive
19 62 M 38 9 Mixed 2 60 60 alive
Mean+SD 75+13 3.9+0.7 442 65+18 69+9
Range 49-90 3.1-53 1-8 3-84 52-84
SD standard deviation
Table 2 Summary of adverse events Survival

Adverse events* Grade 1 Grade2 Grade3 Grade 4

CK 11 1 2 0

Increased laboratory AST 4 1 1 0
test

ALT 1 0 1 0

Fever 1 1 0 0

Pain 8 2 0 0

Hematuria/renal hemorrhage 18 1 0 0

CK creatine kinase, AST aspartate aminotransferase, ALT alanine ami-
notransferase

*CTCAE (Common Terminology Criteria for Adverse Event) version
4.0

Renal function

Compared with the mean eGFR prior to PCA of
63.0+ 16.9 ml/min/1.73 m?, the eGFR of 1 month, 3 months,
1 year, and 2 years were 59.3+18.2 (p=0.013), 59.3+18.6
(»p=0.004), 57.3+19.0 (p <0.001), and 54.8 +18.2 ml/
min/1.73 m? (p <0.001), respectively. None of the patients
underwent hemodialysis.

@ Springer

The mean follow-up period was 69 +9 (median, 68; range
52-84) months (Table 1). During the follow-up period, two
patients developed local tumor progression after the ini-
tial ablative procedure. In one case, a thin crescent-shaped
residual tumor was detected at 3 months at the site in con-
tact with the right lobe of the liver, and an additional PCA
was performed. In the other case, a locally progressed tumor
was detected at 46 months. Additional ablation treatment
was performed using microwave ablation, considering that
the tumor was in contact with the renal vein. In these two
patients, no further local progression was observed at the
last follow-up. No patient showed distant metastasis dur-
ing follow-up. As a result, the rates of PFS and disease-free
survival were the same. One patient developed de novo RCC
with a different histological type in the contralateral kidney.
The tumor spontaneously regressed after intratumoral hem-
orrhage and was thus left untreated. Another patient devel-
oped colon cancer 2 years after initial PCA. One patient died
of aspiration pneumonia at 52 months, and another died of
arrhythmia at 63 months. The remaining patients were alive
at the last follow-up visit. Accordingly, OS, PFS, and CSS
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were 100%, 95%, and 100% at 3 years, and 95%, 84%, and
100% at 5 years, respectively (Fig. 1).

Discussion

Although there are many reports on ablation treatment with
prior TAE, the previous reports consist of case series and
retrospective studies involving varying tumor sizes and
ablation modalities [20-24]. On the other hand, there are
several studies on cryoablation for T1b RCC with a size
of 4-7 cm in diameter; however, the presence or absence
of TAE was mixed [2-5, 9—14]. This study was performed
in histologically proven cases with a tumor size limited to
3-7 cm, always proceeded by embolization and prospec-
tively enrolled, and was considered clinically significant. In
the present study, the lower limit of the tumor diameter was
set to 3 cm instead of 4 cm, which is the boundary between
Tla and T1b. The AUA guideline states that clinicians
should consider thermal ablation as an alternate approach
for the management of cT1a solid renal masses <3 cm in
size. In addition, the NCCN guideline stated that “ablation
in masses >3 cm is associated with higher rates of local
recurrence/persistence and complication”. There are reports
that the threshold value with a difference in effectiveness is
2.5 cm [9] and 3 cm [29, 30]. In addition, complications such
as bleeding have been reported to increase when the tumor
diameter exceeds 3 cm [11-13]. Therefore, in the current
study, tumor diameter was defined as >3 cm.

TAE for RCC has been performed since the 1970s;
however, it has been mainly used to reduce bleeding vol-
ume before nephrectomy or to palliate symptoms related

0.8 i

Overall survival

04

T T T T T T T T
0 1 2 3 4 5 6 7
Follow up period

Number at risk
19 19 19 19 19 18 6 0

Fig.1 Overall survival was 100% at 3 years and 95% at 5 years

to advanced-stage RCC [31]. Similar to the treatment
for hepatocellular carcinoma, ablation treatment is now
being performed in RCC, and TAE may also serve as a
useful adjunctive technique to thermal ablative therapies
performed in the setting of inoperable RCC; however, the
synergistic effect is still controversial [20-23]. There is
also no consensus on the embolic substance, and there
are reports of embolization using gelatin sponge, lipiodol,
and beads; however, the embolic effect and X-ray visibil-
ity vary [20-24]. In this study, a mixture of ethanol and
lipiodol was used as the embolic material to improve the
embolic effect of microcirculation and radiopacity, and it
was not difficult to inject it through a microcatheter or a
microballoon catheter.

Creatine kinase elevation was probably induced, because
the tumor was large, and the frozen area could have con-
tained muscles such as the psoas major muscle. Hydrodis-
section is typically used to protect the bowel and ureter.
Although this technique may also be used to effectively
protect the psoas muscles, it is not commonly practiced [32,
33]. Although tumors >3 cm in diameter are expected to
bleed more than those <3 cm in diameter, only one case
with grade 2 bleeding occurred. We assumed that the lower
hemorrhagic adverse events were associated with the effect
of tumor embolization, as previously reported. Post-ablation
syndrome [34, 35], including full-like symptoms, is mild and
infrequent for the size of the tumor. This might be because
tumor treatment was divided into 2 days for embolization
and freezing, and the symptoms caused by tumor necrosis
with associated cytokine production might have been allevi-
ated. These AEs after PCA with prior TAE were tolerable
in all patients. Renal function showed a significant decrease
after protocol treatment, which was slightly decreased and
seemed to be within the acceptable range.

Local tumor progression occurred in two cases, one of
which was a crescent-shaped tumor in contact with the liver,
and the other was a tumor in contact with the renal vein,
suggesting that PCA was inadequate. During the ablation
treatment, care was taken to keep the ablation margin at least
6 mm; however, it might have been insufficient at the site
in contact with the liver and renal veins. This recurrence
appears to be independent of the presence or absence of
embolic therapy and may not have recurred if attention was
paid to the localization of the tumor and a little more to
ensuring a 6 mm ablation margin. Recently, the guidelines
still state that ablation treatment has a higher local recur-
rence rate than surgical resection [6—8]. Fortunately, local
tumor progression in the current study could be controlled
by additional treatment; however, it is important to prevent
local progression by performing additional freeze and thaw
cycles with cryoprobe repositioning because surgical sal-
vage of recurrent RCC after PCA is difficult for extensive
perinephric fibrosis [36].
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In the current study, the estimated CSS and OS rates were
100% and 100% at 3 years, and 100% and 95% at 5 years,
respectively. Our results were comparable to previously
reported PCA results and LPN/OPN results at 5 years (CSS:
97-100% in T1a, 87.6-99.3% in T1b, OS: 74-98.2%, and
85-96% in T1b) [37]. These studies of PCA and surgical
treatment recruited over hundreds of patients with T1 RCC.
In contrast, our study included only 19 patients for 2 years;
however, all were strictly followed-up for more than 2 years;
18 (95%), including one deceased patient, were followed-up
for more than 5 years.

Despite strict follow-up of prospectively registered
patients, our study has several limitations. First, it was a
single-arm design in a single institution, and the purpose was
not compared to other treatment strategies, including active
surveillance and nephron-sparing surgeries. Second, a small
number of patients were enrolled in the study. The protocol
was designed for a short registration period, because the
treatment strategy could be altered over time. Finally, the
median follow-up period of 60 months might be too short
to evaluate the long-term (> 10 years) survival of patients
with T1 RCC.

In conclusion, with a lower adverse event rate, PCA with
prior TAE was a safe treatment for RCCs > 3 cm in diameter,
and the oncologic outcomes showed promising results.
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