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Long‐term oncological outcomes for primary renal cell carcinoma (RCC) treated with

carbon‐ion radiotherapy (CIRT) are poorly understood. Patients with primary RCC

were treated with 12 or 16‐fraction CIRT at The Hospital of the National Institute

of Radiological Sciences outside of clinical trials. Outcome data were pooled and ret-

rospectively analyzed for toxicity, local control, and disease‐free, cancer‐specific, and
overall survival. From 1997 to 2014, 19 RCC patients (11 with T1aN0M0, 4 with

T1bN0M0, and 4 with inoperable advanced stage [T4N0M0, T3aN1M0, and

T1aN0M1]) were treated with CIRT and followed up for a median of 6.6 (range,

0.7‐16.5) years; 9 of these patients were inoperable because of comorbidities or

advanced‐stage disease. Diagnoses were confirmed by imaging in 11 patients and

by biopsy in the remaining 8. In 4 of 5 patients with definitive renal comorbidities,

including diabetic nephropathy, sclerotic kidney or solitary kidney pre‐CIRT pro-

gressed to grade 4 chronic kidney disease (CKD). In contrast, the remaining 14

patients without definitive renal comorbidities did not progress to grade 3 or higher

CKD. Furthermore, although 1 case of grade 4 dermatitis was observed, there were

no other grade 3 or higher non‐renal adverse events. Local control rate, and dis-

ease‐free, cancer‐specific, and overall survival rates at 5 years of all 19 patients

were 94.1%, 68.9%, 100%, and 89.2%, respectively. This updated retrospective anal-

ysis based on long‐term follow‐up data suggests that CIRT is a safe treatment for

primary RCC patients without definitive renal comorbidities pre‐CIRT, and yield

favorable treatment outcomes, even in inoperable cases.
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1 | INTRODUCTION

Standard therapy for patients with primary renal cell carcinoma

(RCC) is surgery; in particular, partial nephrectomy has shown high

efficacy with low complication rates, compared with radical nephrec-

tomy, for localized RCC.1 Alternative treatment options for stage Ia

RCC patients include ablation therapies such as cryoablation and

radiofrequency ablation when active surveillance is not selected.1-5

In contrast, there is no standard radical therapy for primary RCC

patients who are ineligible for surgery or ablation.

Until recently, radiotherapy has not been used to treat primary

RCC, because this cancer is thought to be poorly sensitive to radia-

tion. As a result of recent improvements in radiotherapy techniques,

X‐ray stereotactic body radiotherapy (SBRT) or stereotactic ablative

radiotherapy (SABR) provide highly focused hypofractionated irradia-

tion of tumors. These novel radiotherapy techniques have shown

favorable local control rates (97.8%‐100% at 2 years) and few severe

adverse events.6-9 However, to the best of our knowledge, there are

no long‐term follow‐up data of SBRT/SABR for primary RCC.

Carbon‐ion radiotherapy (CIRT) has notable characteristics in

both physics and biology: it limits irradiation to the target volume

with little effect on surrounding healthy tissue, and shows strong

cytotoxicity as a result of high linear energy transfer, unlike the X‐ray
beam.10,11 The Hospital of the National Institute of Radiological

Sciences began using CIRT to treat primary RCC in 1997. We previ-

ously reported a pilot study involving 10 primary RCC patients trea-

ted with CIRT, and the results showed high local control rates (100%

at 5 years) with few adverse events, even in the inoperable

patients.12 However, one limitation of our previous study was that

only 4 patients were followed up for 5 years or longer, limiting the

amount of information on late adverse events and RCC recurrence/

mortality rates. The purpose of the current study is to clarify the late

adverse events of CIRT, including renal function, and the secondary

objective is to evaluate long‐term treatment effects, based on

updated data on the long‐term outcomes of CIRT carried out at our

institution.

2 | MATERIALS AND METHODS

2.1 | Study design

This study consisted of 15 patients with RCC treated with 16‐frac-
tion CIRT from April 1997 to March 2013, and 4 additional patients

who were deemed ineligible for the 12‐fraction phase I/II trial that

started in April 2013 at our institution. Therefore, a total of 19 RCC

patients were retrospectively analyzed in this study. For 16‐fraction
CIRT, the total dose used was generally 72 Gy (relative biological

effectiveness [RBE]), and one time, the dose was escalated to 80 Gy

(RBE) until severe skin adverse effects occurred. In addition, a total

dose of 64 Gy (RBE) in 16 fractions was used when the tumor was

close to the gastrointestinal tract. For 12‐fraction CIRT, 66 Gy (RBE)

was set as the starting dose. Diagnosis was confirmed using

computed tomography (CT), magnetic resonance imaging (MRI), ultra-

sonography, angiography, and needle biopsy; however, biopsy was

not carried out if the radiographical findings were typical of RCC.

The TNM Classification of Malignant Tumors (seventh edition) was

used for tumor staging.13 These 19 treatments were conducted in

accordance with the ethical standards set forth by the Declaration of

Helsinki,14 and all patients satisfying the enrollment criteria were

approved by the ethics committee.

2.2 | Treatment

The treatment method as well as the physical and biological charac-

teristics of CIRT have been described in previous studies.12 Briefly,

the irradiation fields were established using a 3‐D planning system

based on 2.5‐5‐mm‐thick CT images. Gross tumor volume was

defined as the macroscopic tumor, and the clinical tumor volume

was defined as the gross tumor volume +5 mm to account for micro-

scopic invasion. The planning target volume was defined as the clini-

cal tumor volume +10 mm in the cranial and caudal directions and

+5 mm in the other directions, including the internal and set‐up mar-

gins. For accurate reproduction of the target position, an immobiliza-

tion device, insertion of fiducial markers and respiratory gating at the

end of the expiratory phase were used.

2.3 | Follow up

Each patient was examined using blood tests, ultrasonography,

dynamic contrast‐enhanced CT, and MRI according to the European

Society of Urogenital Radiology guidelines,15 at least once every

3 months for the first 6 months and then usually every 6 months

thereafter.

To evaluate kidney toxicity, estimated glomerular filtration rate

(eGFR) was calculated in all cases according to the formula reported

by Matsuo et al.16 Kidney function as well as other adverse events

were evaluated according to the National Cancer Institute's Common

Terminology Criteria for Adverse Events version 4.0,17 and the defi-

nition of chronic kidney disease (CKD) is given in Table 1. Because

the lower limit of normal for eGFR is 60 mL/min/1.73 m2 at our insti-

tution, grade 0 CKD was defined as an eGFR ≥60 mL/min/1.73 m2

without proteinuria 2+ or a urine protein/creatinine level >0.5, and

grade 1 CKD was defined as an eGFR ≥60 mL/min/1.73 m2 with pro-

teinuria 2+ or a urine protein/creatinine level >0.5.

2.4 | Evaluation

Evaluation of eGFR was conducted from pre‐CIRT to the end of fol-

low up or to the start of dialysis. Local failure was defined as either

progressive disease according to the modified response evaluation

criteria in solid tumors18 or as the new appearance of lesions within

the target tumor. Distant failure was defined as the development of

metastatic lesions outside of the kidney. Time to failure was defined

as the interval between the start of CIRT and the date of diagnosis

2874 | KASUYA ET AL.



of recurrence. Survival time was defined as the interval between the

start of CIRT and the date of death or the last follow up. The cutoff

date for analysis was March 2018.

2.5 | Statistics

Cumulative local control rate and disease‐free, cancer‐specific, and
overall survival rates were calculated using the Kaplan‐Meier

method. Log‐rank test was used to compare the cancer‐specific sur-

vival rates. P‐value <0.05 was considered significant. All statistical

analyses were carried out using IBM SPSS Statistics, version 20 (IBM

Japan, Ltd, Tokyo, Japan).

3 | RESULTS

Patient, tumor, and treatment characteristics of the 19 patients are

shown in Table 2. The first 10 patients (#1‐10) are the same as those

reported previously.12 Median tumor size was 36 (range, 24‐120) mm.

Of the 19 patients, 11 were diagnosed by radiographic findings.

Biopsy was carried out in 8 patients, all of whom were diagnosed with

clear cell carcinoma. Of the treatments received prior to CIRT, 2

advanced‐stage patients (#3 and #10) received interferon‐α (IFN‐α),
but a treatment response was not observed.12 CIRT was delivered to

the thoracic vertebra (64 Gy [RBE] in 16 fractions) in 1 metastatic case

(#12), and the lesion was controlled until the patient died as a result of

recurrent RCC at 5.8 years post‐CIRT. All 19 patients completed treat-

ment for primary RCC, and the median (range) and mean (±SD) follow‐
up times were 6.6 (interquartile range, 4.6‐10.7, range, 0.7‐16.5) and
7.7 (±4.3) years, respectively. One patient (#3) was lost to follow up at

6.1 years without any recurrence and died of RCC at 11.0 years post‐
CIRT; thus, for patient #3, the recurrence status and late adverse

events after 6.1 years are unknown. Except for this case, the remain-

ing 18 patients were evaluated until the end of follow up.

3.1 | Adverse events

Chronic kidney disease grades of the 19 patients pre‐CIRT versus at

the end of follow up are shown in Table 3. Of the 7 patients with

grade 2 or higher CKD pre‐CIRT, 4 had progressed to grade 4 by the

end of follow up. Table 4 lists the details of the 7 patients with

grade 2 or higher CKD pre‐CIRT. All 4 patients who progressed to

grade 4 CKD had definitive renal comorbidities, such as diabetic

nephropathy, renal sclerosis, or solitary kidney, pre‐CIRT. Mean time

to grade 4 CKD in these 4 patients was 5.6 (range, 3.6‐7.6) years
post‐CIRT, and 2 of the 4 patients were required to start dialysis

(Table 4). The CKD grade of 1 patient (#2) with definitive renal

comorbidity (solitary kidney) who died of cardiac infarction relatively

soon post‐CIRT (3.5 years) did not increase. However, of the remain-

ing 14 patients without definitive renal comorbidities, grade 3 or

higher CKD was not observed at the end of follow up, and the aver-

age decrease in eGFR was 6.1 (range, −11.8 to 22.6) mL/min/1.73 m2.

Regarding adverse events outside the kidney, there was 1 case

(#3) of grade 4 dermatitis that we reported previously.12 This patient

and 1 other patient with subcutaneous induration (#5) required anal-

gesics, and both were treated with 80 Gy (RBE) in 16 fractions

between 1998 and 2001. Except for these initial cases, there were

no grade 2 or higher late adverse events in the skin, gastrointestinal

tract, or lower urinary tract (Table 5).

3.2 | Recurrence and survival

Other treatments for RCC were not carried out post‐CIRT until

detection of recurrence, except for patient #3 with stage IV RCC at

presentation who was treated with IFN‐α. As of March 2018, local

failure was observed in 2 patients and distant failure in the lung and

bone in 5 patients after CIRT (prognosis of patient #3 after 6.1 years

post‐CIRT is unknown; Table 2). The following treatments were

given after recurrence: IFN‐α in 2 patients (#6 and #12), interleukin‐2
in 1 (#9), molecular targeted therapy in 3 (#9, #10, and #14), and

CIRT (60 Gy [RBE]/4 fractions for lung metastasis) in 1 patient (#10).

By the end of follow up, 11 patients were alive and 8 patients were

dead, including 4 deaths due to progressive RCC (Table 2).

Five‐year local control and progression‐free survival rates of all 19

patients were 94.1% (95% confidence interval [CI], 65.0‐99.1) and

68.9% (95% CI, 40.2‐85.8), respectively. Figure 1 shows the cancer‐
specific survival rates of the patients with T1a/bN0M0 (n = 15) and

advanced‐stage group (n = 4) disease, and a significant difference was

observed between the 2 groups (P = 0.027). Cancer‐specific and over-

all survival rates of all 19 RCC patients were 100% (95% CI, 100‐100)
and 89.2% (95% CI, 63.1‐97.2) at 5 years, and 74.0% (95% CI, 38.2‐
91.0), and 58.7% (95% CI, 29.1‐79.5) at 10 years, respectively.

4 | DISCUSSION

The 19 primary RCC patients treated with CIRT at our institution,

including 9 inoperable patients with comorbidities and advanced

TABLE 1 Definition of chronic kidney disease according to CTCAE ver. 4.017

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

eGFR or CrCl

<LLN‐60 mL/min/1.73 m2

or proteinuria 2+; urine
protein/creatinine >0.5

eGFR or CrCl

30‐59 mL/min/1.73 m2

eGFR or CrCl

15‐29 mL/min/1.73 m2

eGFR or CrCl

<15 mL/min/1.73 m2;

dialysis or renal transplant

indicated

Death

CrCl, creatinine clearance; CTCAE, Common Terminology Criteria for Adverse Events; eGFR, estimated glomerular filtration rate; LLN, lower limit of nor-

mal.
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TABLE 2 Patient and tumor characteristics, treatments, and prognoses

Patient characteristics Tumor characteristics Treatment

Follow

up, y

Prognosis

Pt

no.

Age,

y M/F Operability

Reason

for no

surgery

TNM stage

(UICC v7)13
Size,

mm Diagnosis

Total

dose, Gy (RBE) Fr. LF, y

DM, y

(site)

Vital status

(cause of

death)

1 67 M No Comorbidity

(low renal

function)

T1bN0M0 50 Biopsy 72 16 10.1 None None Dead

(pneumonia)

2 70 M No Comorbidity

(asthma)

T1aN0M0 32 Biopsy 72 16 3.5 None None Dead

(cardiac

infarction)

3 59 M No Advanced

RCC

T4N0M0

(muscle

invasion)

65 Imaging 80 16 11.0a NAa NAa Dead (RCC)

4 55 M Yes Refusal T1aN0M0 24 Biopsy 80 16 16.5 None None Alive

5 71 M No Comorbidity

(asthma)

T1aN0M0 30 Biopsy 80 16 15.4 None None Alive

6 69 M No Advanced

RCC

T4N0M0

(muscle

invasion)

120 Biopsy 72 16 6.2 None 2.0

(Lung,

Bone)

Dead

(RCC)

7 82 M Yes Refusal T1aN0M0 30 Biopsy 72 16 0.7 None None Dead

(encephalitis)

8 55 M Yes Refusal T1aN0M0 36 Imaging 72 16 11.6 None None Alive

9 61 M Yes Refusal T1bN0M0 50 Biopsy 72 16 9.4 None 3.5 (Lung) Dead

(RCC)

10 52 F No Advanced

RCC

T3aN1M0 65 Biopsy 64 16 10.8 9.5 3.7 (Lung) Alive

11 68 M No Comorbidity

(COPD)

T1aN0M0 32 Imaging 72 16 9.8 None None Alive

12 75 M No Advanced

RCC

T1aN0M1 39 Imaging 64 16 5.8 None 3.9 (Lung) Dead

(RCC)

13 80 M Yes Refusal T1aN0M0 30 Imaging 72 16 7.8 None None Dead

(cardiac

infarction)

14 75 M Yes Refusal T1aN0M0 38 Imaging 72 16 6.4 3.3 3.3

(Lung,

Bone)

Alive

15 47 M Yes Refusal T1aN0M0 32 Imaging 72 16 6.6 None None Alive

16 62 M Yes Refusal T1bN0M0 65 Imaging 66 12 5.1 None None Alive

17 65 M Yes Refusal T1aN0M0 30 Imaging 66 12 4.6 None None Alive

18 70 M Yes Refusal T1aN0M0 36 Imaging 66 12 4.1 None None Alive

19 57 M No Comorbidity

(low cardiac

function)

T1bN0M0 54 Imaging 66 12 2.9 None None Alive

Total: n = 19 T1aN0M0: 11 T1bN0M0: 4 80 Gy (RBE)/16 fr.: 3 Median follow–up time: 6.6 y

Median age 67 (range, 47–82) y Advanced stage: 4 72 Gy (RBE)/16 fr.: 10 LF: 2, DM: 5

18 M/1 F Median tumor size: 36 mm 64 Gy (RBE)/16 fr.: 2 Alive: 11

Inoperable due to comorbidities: 5 Biopsy‐proven RCC: 8b 66 Gy (RBE)/12 fr.: 4 Death: 8 (due to RCC: 4, other causes: 4)

Inoperable due to advanced RCC: 4 Imaging diagnosis: 11

Pt., patient; M, male; F, female; CIRT, carbon‐ion radiotherapy; RBE, relative biological effectiveness; fr., fraction; RCC, renal cell carcinoma; COPD,

chronic obstructive pulmonary disease.
aPatient no. 3 was lost to follow up at 6.1 y without recurrence, therefore, the recurrence data for this patient from 6.1 to 11.0 y (time to death) are

missing.
bAll eight biopsy‐proven cases were diagnosed as clear cell carcinoma.
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stage, showed few severe adverse events including renal function

effects, except for those with definitive renal comorbidities, and rela-

tively favorable treatment effects after a median and mean follow

up of 6.6 and 7.7 years, respectively. To the best of our knowledge,

there have been no long‐term follow‐up data reported for primary

RCC after radical radiotherapy, including CIRT and photon‐based ser-

ies such as SBRT/SABR.

In the 14 patients without definitive renal comorbidities, average

reduction in eGFR was 6.1 mL/min/1.73 m2. Siva et al19 showed a

net change in GFR of −8.7 ± 13.4 mL/min at 1.1 years following

treatment and in eGFR of −5.5 ± 13.3 mL/min at the end of follow

up (median 2.6 years) after SABR.7 In a surgical series, mean eGFR

decreases of 13 and 24 mL/min were noted after partial and radical

nephrectomy with median follow‐up times of 44 and 57 months,

respectively.20 These results suggest that the decrease in renal func-

tion in RCC patients without definitive renal comorbidities after

CIRT is comparable with that after partial nephrectomy or SBRT/

SABR, even after long‐term follow up. However, in the present

study, except for 1 patient (#2) with a solitary kidney who died of

cardiac infarction relatively soon after CIRT (3.5 years), all other

patients with definitive renal comorbidities, such as diabetic

nephropathy, sclerotic kidney, and solitary kidney, at the time of

CIRT, progressed to grade 4 CKD. Therefore, patients with definitive

renal comorbidities should be categorized as being at high risk of

marked renal function deterioration after CIRT; however, progression

to grade 4 CKD took a mean of 5.6 years following CIRT. Cause of

the slow reduction in renal function may be attributed to the natural

course of these renal diseases, especially diabetic nephropathy and

sclerotic kidney, as well as to damage to healthy kidney tissue

caused by CIRT.

Otherwise, few grade 2 or higher adverse events were observed.

Surely the skin and subcutaneous tissue are important organs at risk

of late radiation‐induced morbidities after charged particle therapy

because of lack of build‐up at the beam entrance.10 However, grade 2

or higher adverse events in the skin and subcutaneous tissue were

observed only in those cases treated with 80 Gy (RBE)/16 fractions,

which was the highest biologically effective dose (BED) in this study.

Adjustment of the field number or irradiation angle may contribute to

slight adverse events in superficial tissues.

Concerning the appropriate total dose, local recurrence was

observed in patients treated with BED ≤72 Gy (RBE)/16 fractions,

but in none of the patients treated with 80 Gy (RBE) in the present

TABLE 3 CKD grades pre‐CIRT vs at the end of follow up
(n = 19)

CKD grade

pre‐CIRT Total

CKD grade at end of follow up

0 1 2 3 4 5

0 12 (0) 10 (0) 0 2 (0) 0 0 0

1 0 0 0 0 0 0 0

2 6 (4) 0 0 3 (1) 0 3 (3) 0

3 1 (1) 0 0 0 0 1 (1) 0

4 0 0 0 0 0 0 0

Values in parentheses indicate the number of patients with definitive

renal comorbidity such as diabetic nephropathy, sclerotic kidneys, or soli-

tary kidneys pre‐CIRT.
CIRT, carbon‐ion radiotherapy; CKD, chronic kidney disease.

TABLE 4 Renal function prognoses of 7 patients with grade 2 or higher CKD pre‐CIRT and after CIRT

Pt no. Definitive renal comorbidity

eGFR (mL/min/1.73 m2) [CKD grade]

Follow‐up
time, y

Time after CIRT, y

pre‐CIRT
End of

follow up

Grade 4

CKD

Start of

dialysis

1 Diabetic nephropathy 25 [3] 6 [4]b 10.1 4.2 6.1

2 Solitary kidneya 47 [2] 35 [2] 3.5 None None

6 None 52 [2] 56 [2] 6.2 None None

9 Solitary kidneya 41 [2] 13 [4] 9.4 7.2 None

13 Sclerotic kidney 35 [2] 15 [4] 7.8 7.6 None

16 Diabetic nephropathy 40 [2] 8 [4]b 5.1 3.6 4.1

17 None 59 [2] 57 [2] 4.6 None None

CIRT, carbon‐ion radiotherapy; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; Pt, patient.
aPost‐radical nephrectomy for contralateral renal cell carcinoma.
bThe values were obtained just before start of dialysis.

TABLE 5 Acute and late adverse events (excluding renal function)
in 19 patients

Grade

0 1 2 3 4 5

Acute, n

Dermatitis 7 11 1 0 0 0

Gastrointestinal disorder 19 0 0 0 0 0

Lower urinary tract 17 2 0 0 0 0

Abdominal or flank/dorsal pain 19 0 0 0 0 0

Late, n

Dermatitis 13 5 0 0 1 0

Gastrointestinal disorder 19 0 0 0 0 0

Lower urinary tract 19 0 0 0 0 0

Abdominal or flank/dorsal pain 17 0 2 0 0 0
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study. These results suggest that a higher BED ≥72 Gy (RBE)/16

fractions may be desirable to achieve sufficient local tumor control.

Therefore, in the phase I/II dose escalation study of 12‐fraction CIRT

that began at our institution in 2013, with the aim of reducing

patient's burden, the starting dose was 66 Gy (RBE) as this results in

a BED ≥72 Gy (RBE) in 16 fractions when an α/β ratio of 3 or 5 is

applied. Treatment outcomes of that phase I/II study are

forthcoming.

F IGURE 1 Cancer‐specific survival
curves of 19 patients with renal cell
carcinoma [T1a/bN0M0 (n = 15) and
advanced stage (n = 4)] after carbon‐ion
radiotherapy. A significant difference
between the T1a/bN0M0 and advanced
stage groups was observed (P = 0.027)

TABLE 6 Review of treatment results for primary renal cell carcinoma following standard therapies and CIRT

Stage Author (year) Treatment

Patient

no.

Median

follow

up, y

Median size

(range) cm

5‐y rate (%)

LC DFS CSS OS

Ia Davol et al (2006)21 CA 48 5.3 2.6 (1.1‐4.6) 87.5a 84.3 100 89.5

Olweny et al (2012)22 RFA 37 6.5 2.1 (1.8‐2.8) 91.7 89.2 97.2 97.2

PN 37 6.1 2.5 (1.7‐3.1) 94.6 89.2 100 100

Lorber et al (2014)23 RFA 50 5.4 2.3 (0.3‐4.0) 92.5a 92.5 100 98

Present study CIRT 11 6.6 3.1 (2.4‐3.8) 90 90 100 82

Ib Leibovich et al (2004)24 RN 841 7.4 5.3 (4.0‐7.0) 97.7a 98 98 NA

PN 91 4.5 (4.0‐7.0) 94.5a 94 86 NA

Carini et al (2006)25 PN 71 6 4.5 (4.0‐7.0) 95.8a NA 85.1 87.2

Peycelon et al (2009)26 PN 45 5.9 5.6b (4.1‐10) 90.2a 92 92 81

Present study CIRT 4 7.1 5.2 (5.0‐6.5) 100 66.7 100 100

Advanced Stage

Margulis et al (2007)27 T4 RN 18 2.7 <pT4 NA 28 (3y) 65 (3y) NA

12 pT4 NA 10 (3y) 22 (3y) NA

Karellas et al (2009)28 T3/4 RN 38 1.1 11.0 (8.0‐14.0) NA NA NA 2.6a

Stewart et al (2012)29 T3 RN 77 1.5 7.0 (2.5‐17.0) NA 44.6 62.6 54.2

Present study CIRT 4 8.5 6.5 (3.9‐12.0) 100 25 100 100

CA, cryoablation; CIRT, carbon‐ion radiotherapy; CSS, cancer‐specific survival; DFS, disease‐free survival; LC, local control; NA, not available; OS, overall

survival; PN, partial nephrectomy; RFA, radiofrequency ablation; RN, radical nephrectomy.
aCrude rate.
bMean.
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The present study showed relatively favorable 5‐year local con-

trol and cancer‐specific survival and overall survival rates, even in

those 9 cases deemed inoperable because of advanced stage or

comorbidities. Table 6 lists the treatment outcomes after CIRT in

terms of the 5‐year rates according to stage Ia, stage Ib, and

advanced stage, as well as the results of standard radical treatments

such as partial/radical nephrectomy, cryoablation, and radiofrequency

ablation. These results suggest that CIRT is a promising radical treat-

ment for patients with primary RCC, including inoperable cases, and

is potentially comparable with other standard treatments.

There were limitations to the present study. First, this study was

retrospectively conducted at a single institution and consisted of a

limited number of patients; a multi‐institutional prospective study

with long‐term follow‐up data is needed to definitively determine the

provisional efficacy of CIRT for RCC, followed by randomized control

trials. Second, imaging diagnoses were carried out without biopsy for

11 of the 19 patients in the pooled cohort. Although imaging diag-

noses were conducted by more than 1 radiologist in this study, dis-

crepancies between imaging and pathological results are possible30,31

and, treatment effect therefore may have been overestimated.

In conclusion, this retrospective study with updated long‐term
follow‐up data suggests that CIRT is a safe treatment option for

RCC patients without definitive renal comorbidities, yielding favor-

able treatment outcomes even in inoperable cases.
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