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Abstract

Objectives: Local tumour progression (LTP) after percutaneous ablation of small renal cell carcinoma (RCC) is suspected
when new enhancing or enlarging soft tissue appears within the ablation zone. Benign post-treatment changes can mimic this
finding. This study compares the incidence and imaging characteristics of non-malignant changes (NMC) versus LTP after
renal ablation.

Materials and Methods: In this single-center, retrospective study, all patients with RCC treated with radiofrequency
ablation (RFA) from February 2004 to May 2016 were identified. Post-ablation imaging reports from through May 2017
were reviewed to detect findings suspicious for LTP. Patients with suspicious findings underwent clinical, imaging, and
histopathologic follow-up through May 2025 to determine the reference diagnosis. Imaging features were categorized by
morphology, location within the ablation zone, and enhancement pattern.

Results: Among 256 patients (mean age 65.6years = 10.8, 193 men) with 268 treated tumours, |8 tumours (6.7%)
developed suspicious imaging findings. Eight tumours (3.0%) were classified as NMC and 10 tumours (3.7%) as LTP. NMC
had significantly lower CT enhancement than LTP (31 vs 152 HU, P<<.001). Lesions along the renal parenchymal margin
were exclusively associated with LTP (9/9), whereas abnormalities at the extrarenal margin or centrally within the ablation
zone were predominantly NMC (8/9). Enhancement with washout was seen only in LTP.

Conclusion: Non-malignant post-ablation changes can mimic LTP and occur with similar frequency. Imaging features can
help differentiate benign changes from local tumour progression and reduce unnecessary re-interventions.

Résumé

Objectifs : La progression tumorale locale (PTL) apreés ablation percutanée d’un carcinome a petites cellules rénales
(CCR) est suspectée quand un rehaussement ou un agrandissement des tissus mous apparait dans la zone d’ablation.
Des modifications bénignes apres traitement peuvent simuler cette constatation. Cette étude compare lincidence et les
caractéristiques d’'imagerie des changements non malins (CNM) avec celles de la PTL aprés ablation rénale.

Matériels et méthodes : Cette étude rétrospective et monocentrique a identifié tous les patients dont le CCR a été
traité par ablation par radiofréquences (ARF) entre février 2004 et mai2016. Les rapports d’imagerie post ablation jusqu’en
mai 2017 ont été examinés pour détecter des constatations suspectes de PTL. Les patients avec des constatations suspectes
ont été suivis sur les plans de la clinique, de I'imagerie et de 'histopathologie jusqu’en mai2025 pour déterminer le diagnostic
de référence. Les caractéristiques de I'imagerie ont été regroupées en fonction de leur morphologie, de leur localisation dans
la zone d’ablation et de I'aspect du rehaussement.

Résultats : Parmi les 256 patients (d4ge moyen: 65,6ans, +/- 10,8, 193 hommes) comptabilisant 268 tumeurs traitées,
I8tumeurs (6,7 %) ont développé des constatations suspectes. 8 tumeurs (3,0 %) ont été classées CNM et |0 tumeurs (3,7 %)
ont été classées PTL. Le rehaussement a la TDM des tumeurs CNM était grandement inférieur a celui des tumeurs PTL
(31 vs 152 UH, P<0,001). Les lésions le long de la marge du parenchyme rénal ont été associées exclusivement a la PTL (9/9),
tandis que les anomalies a la marge extrarénale ou centrales dans la zone d’ablation étaient dans la majorité des cas CNM
(8/9). Le rehaussement avec lavage n’a été vu que dans les cas de PTL.

Conclusion : Les changements non malins post ablation peuvent simuler une PTL et peuvent apparaitre avec une fréquence
similaire. Les caractéristiques de I'imagerie peuvent contribuer a différencier des changements bénins d’une progression
tumorale locale et réduire les réinterventions non nécessaires.
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Introduction

Percutaneous ablation is an accepted treatment for small renal
cell carcinoma (RCC), particularly in older or comorbid patients
who are poor surgical candidates.'? Ablation is effective for Tla
RCC (=4.0cm) with 5-year disease-free survival around 95%
and low rates of recurrences.** Post-ablation surveillance relies
on contrast-enhanced imaging to confirm complete tumour treat-
ment and to detect either residual unablated tumour on the first
post-treatment scan or local tumour progression (LTP) on subse-
quent exams.’ LTP is defined as new viable tumour appearing
within or along the ablation zone after at least one prior imaging
study has demonstrated an absence of enhancement.**

LTP is suspected on imaging when new or enlarging soft
tissue is identified within or around the ablative zone of coag-
ulation with or without new associated enhancement.’
However, benign post-treatment processes — including
inflammation, fat necrosis, and granulomatous reaction — may
also produce new enhancing tissue that mimics recurrent
RCC.'"!3 The few published reports of such mimics describe
small numbers of patients and suggest that these non-malig-
nant changes (NMC) may develop months to years after tech-
nically successful ablation and may resolve spontancously
over time. Because these findings can closely resemble LTP
on imaging, misinterpretation may lead to unnecessary
biopsy, repeat ablation, or surgery.

Despite the clinical importance of distinguishing benign
post-treatment changes from true tumour recurrence, little is
known about their relative incidence, typical imaging appear-
ance, or distinguishing features. Existing literature is limited
to case reports and small series, and no study has systemati-
cally compared NMC with true LTP in a larger cohort.

This study aims to evaluate all cases of suspected LTP after
radiofrequency ablation (RFA) of RCC, determine the incidence
of non-malignant mimics relative to true LTP, and identify
imaging features that may help differentiate NMC from LTP.

Methods and Materials

Institutional research ethics board approval was obtained.
This single-center, retrospective study included all patients

who underwent percutaneous ablation of a renal mass from
February 2004 to May 2016 at a large multisite academic
center. This historical cohort was selected for review to
ensure adequate follow-up duration for patients with pre-
sumed benign findings on imaging, since RCC is known for
being indolent with late-recurrence of RCC 5 to 10years
after definitive surgery reported to be between 5% and
9%.!415 Inclusion criteria were: biopsy-confirmed renal cell
carcinoma or oncocytic neoplasm suspicious for RCC, mini-
mum clinical follow-up of at least 12 months, and at least 2
post-ablation contrast-enhanced imaging studies (CT, MRI,
or contrast-enhanced US). A minimum follow-up of
12 months was chosen to allow adequate time to both con-
firm successful ablation — defined as no enhancement within
the ablation zone on follow-up contrast-enhanced imaging
— and permit detection of any subsequent new suspicious
findings. Exclusion criteria included: unknown tumour
pathology, non-RCC malignancy, or benign renal disease
(eg, angiomyolipoma or oncocytoma); familial/genetic RCC
syndrome (eg, Von-Hippel Lindau [VHLY]); ablation of RCC
disease outside of kidney.

A total of 256 patients (mean age 65.6 = 10.8years) with
268 treated RCC tumours met study inclusion criteria (Figure
1). Table 1 outlines patient and tumour characteristics. All
imaging reports were reviewed until May 2017 to identify
any findings prospectively interpreted as suspicious for local
tumour progression (defined below). This end date ensured a
minimum of 8years of potential subsequent follow-up for
cases flagged as suspicious. This extended window was cho-
sen because long-term series of RFA demonstrate that,
although most local recurrences occur within 3 to Syears, a
proportion present later, with reported median time to recur-
rence of approximately 4 to 5 years and an upper interquartile
range of about 70 months (~6 years).!®!7 The 8-year follow up
period was chosen to reduce the risk of misclassifying slowly
progressive RCC as non-malignant change. For all patients
with imaging findings suspicious for LTP, clinical records and
all subsequent imaging studies were reviewed through May
2025 to determine long-term outcomes and establish a refer-
ence standard diagnosis.
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Figure |. Flowchart diagram.

Radiofrequency Ablation Procedure

All ablation procedures were performed with percutaneous
radiofrequency ablation by a single interventional radiologist
with RFA experience since 1999 (JK). Ultrasound and CT
guidance was used for all procedures. A multi-tined RF elec-
trode system (LeVeen, Boston Scientific) was used for all
procedures, with ablation performed to impedance-based
endpoints according to the manufacturer’s protocol. Thermal
protection techniques (eg, hydrodissection or pyeloperfusion)
were performed as needed. No patients received concurrent
or combination therapies as part of RCC management.

Post-Ablation Imaging

Post-ablation surveillance imaging was typically performed
at 2, 6, and 12 months post-ablation and then annually there-
after for up to 10years. All imaging studies had originally
been evaluated by one of 13 subspecialty-trained abdominal
radiologists (experience range, 3-37 years). Follow-up for all
patients included multiphase contrast-enhanced imaging with
one or a combination of renal mass protocol CT, MRI, or
contrast-enhanced ultrasound (CEUS). CT was the preferred
modality for cancer surveillance during the entire study
period. MRI and CEUS were typically used if the patient had

CT contrast allergy or chronic kidney disease with glomerular
filtration rate <30mL/min/1.73 m?, respectively. Follow-up
exams were performed on a variety of equipment over the
study period. All CT scans were performed with renal tripha-
sic protocol composed of non-contrast, corticomedullary, and
nephrographic phases (Toshiba Aquilion and Siemens
SOMATOM). CT equipment ranged from 32 to 128 detector
row and 0.6 to 1.0mm slice thickness over the time period of
the study. The exact acquisition timing of the triphasic proto-
col could not be verified retrospectively, however, the proto-
col specified45- and 90-second delays for the corticomedullary
and nephrographic phases, respectively, across most, if not
all, study years. If iodinated contrast was contraindicated,
MRI with and without IV gadolinium (Gadobutrol, Gadovist,
Bayer) or contrast-enhanced ultrasound was performed. MRI
was performed on 1.5T and 3 T scanners using a standard pro-
tocol include an axial single-shot fast spin-echo sequence, an
axial in-phase and out-of-phase spoiled gradient-echo
sequence, a respiration-triggered fast spin-echo T2-weighted
sequence, diffusion-weighted sequence, and dynamic fat-sup-
pressed 3D fast spoiled gradient-echo images before and after
contrast. Contrast-enhanced ultrasound (CEUS) exams were
performed using a Phillips Affiniti ultrasound system
(Phillips, USA) and Perfluten lipid microspheres (Definity,
Lantheus Medical Imaging, Massachusetts). Suspicious
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Table I. Patient and Tumour Demographics.

Number of patients 256

Sex
Male 193 (75.4%)
Female 63 (24.6%)

Age at time of first ablation,
mean * std (IQR)
Total number of tumours treated

65.6 + 10.8y (58-74)

268

2.6 +0.9cm (1.0-5.0)

Tla - 93% (249/268 tumours)
TIb = 7% (19/268 tumours)
Right — 136 (50.8%)

Left — 122 (45.5%)
Transplant — 10 (3.7%)
Upper pole — 60 (22.4%)
Lower pole — 89 (33.2%)
Interpolar = |19 (44.4%)
Exophytic — 223 (83.2%)
Endophytic — 45 (16.8%)
Clear cell — 168 (62.7%)
Papillary — 73 (2.7%)
Chromophobe — 18 (6.7%)
Tubulocystic — | (0.4%)
Mucinous — | (0.4%)
Unspecified — 7 (2.6%)

| — 246/268 (92%)

2 - 19/268 (7%)

3 - 3/268 (1%)

4.0y (2.0-6.0)

Tumour diameter

Kidney involved

Tumour location — pole

Tumour location — exophytic/
endophytic
RCC subtype

Total ablations performed per
tumour

Duration of follow-up after
ablation within review period,
median (IQR)

CEUS findings were confirmed by biopsy or cross-sectional
imaging. Median post-ablation follow-up time for all 256
patients within the imaging review window was 48 months
(IQR 24-72).

Suspected Local Tumour Progression

LTP was defined as an enhancing or enlarging soft tissue
within or immediately adjacent to the ablation region, appear-
ing after at least one contrast-enhanced follow up study had
documented satisfactory ablation.® All examinations initially
interpreted as suspicious for LTP were reviewed by a subspe-
cialty-trained abdominal radiologist with 13 years of experi-
ence (S.K.), who was blinded to the final clinical outcome.
This reviewer characterized the imaging findings to standard-
ize the descriptions of the suspected LTP. The reviewer did
not confirm or refute the interpretation made by the original
interpreting radiologist. For patients with suspected LTP who
were monitored with serial imaging, the subsequent contrast-
enhanced studies were also reviewed until the suspicious
imaging findings resolved.

Reference standard for LTP was subsequent histologic
confirmation of tumour (on biopsy or nephrectomy) or non-
resolution with enlarging soft tissue. Reference standard for

Extra-renal
Margin
y

Parenchyma

Central
Zone

== = Ablated Tumor

Figure 2. lllustration of the defined locations of possible

RCC local tumour progression relative to the zone of ablation
(black dashed circle). The 3 locations are: Central (red circle),
Parenchymal margin (blue dashed arrow), Non-renal margin (green
solid arrow).

NMC was complete resolution on follow up imaging or
absence of viable tumour on nephrectomy. New renal lesions
that were clearly separate from the treated tumour and zone of
ablation were not considered LTP.

Categorizing Imaging Features

Imaging features of suspected local tumour progression were
categorized according to: (1) Morphology (nodular, spicu-
lated, infiltrative), (2) Location relative to the zone of ablative
coagulation (central, extra-renal margin, parenchymal mar-
gin-Figure 2), (3) Enhancement (non-enhancing, enhance-
ment with washout, enhancement without washout). Table 2
outlines the definitions for each category and provides exam-
ples. A focal abnormality was considered enhancing on CT if
there was a =20 HU increase between pre-contrast and post-
contrast images. For MRI and CEUS, enhancement was
assessed visually.

Statistical Analysis

Demographic information between the 2 samples (eg, age,
tumour diameter, ablation time, etc.) was compared between
NMC and LTP groups using Fisher’s exact test for categorical
variables and Mann—Whitney U tests for continuous variables.
Values are reported in median and interquartile ranges (IQR).

Independent statistical review was obtained. Logistic
regression was planned to identify predictors of malignant
versus non-malignant outcome; however, model fitting was
precluded by complete separation of key variables and a low
event number. All statistical analysis was performed using
SAS Studio (Cary, NC).

Results

The 256 included patients (median age 65.6 = 10.8 years, 193
men) had 268 ablated tumours (Table 1). Overall, suspicious
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Table 2. Breakdown of the Imaging Descriptors Used to Evaluate Suspected Local Tumour Progression Post-RF Ablation.

Morphology

Location (relative to the
zone of coagulation —
Figure 2)

Enhancement

Nodular — Focal abnormality with
defined margins and a round
or oblong shape, but no acute
angles.

Central — Focal abnormality
primarily within the center of

the zone of ablation coagulation.

Non-enhancing — No
enhancement from baseline
pre-contrast images. Defined as
increase of =20 HU for CT and
based on visual assessment for
MR and CEUS.

Spiculated — Focal abnormality
with defined margins and an
irregular shape = acute angles.

Parenchymal margin — Focal
abnormality primarily centered
along the coagulation margin
within the renal parenchyma.

Enhancement with washout
— Enhancement at the
corticomedullary phase
with a decrease (=15 HU)
in enhancement on the
nephrographic phase.

Infiltrative — Focal abnormality
without defined margins.
Includes permeative lesions.

Extra-renal margin — Focal
abnormality primarily centered
along the coagulation margin in
the perirenal fat.

Enhancement without
washout — Corticomedullary
phase enhancement with
sustained or increased (=15
HU) enhancement in the
nephrographic phase.

Table 3. Comparison of the Demographics and Tumour Characteristics Between the Non-Malignant Changes and RCC Local Tumour

Progression Patients. Values Are Reported in Median (Interquartile Range).

Patient and Tumour

RCC local tumour

Characteristic Non-malignant change (n=8) progression (n=10) P-value
Age at time of RFA (y) 68 (62.3-77.3) 62.5 (48.9-81.3) .60
Treated kidney
Right 3 (37.5%) 3 (30%) 1.0
Left 5 (62.5%) 7 (70%)
Ablation time (min) 14.8 (IQR 13.3-30.7) 19.3 (IQR 10.9-34.5) 73
Time from RFA to abnormal 36.6 (24.8-49.2) 21.2 (IQR 14-41.3) .20
imaging (mo - median)
Tumour diameter (cm) 24 (2.1-2.9) 3.0 (2.3-3.6) 91
Tumour histology 61
Clear cell 5 (62.5%) 8 (80%)
Papillary I (12.5%) 2 (20%)
Chromophobe 1 (12.5%) 0
Oncocytic neoplasm 1 (12.5%) 0
Tumour location .66
Upper pole I (12.5%) I (10%)
Interpolar 5 (62.5%) 4 (40%)
Lower pole 2 (25%) 5 (50%)
RENAL nephrometry 6.0 (4.8-7.5) 5 (4.3-6.8) .62

findings were detected in 6.7% (18/268) of treated renal
tumours, occurring in 17 patients and 17 unique tumours.
Based on the reference standard, 3.0% (8/268 tumours) were
categorized as NMC and 3.7% (10/268 tumours) were cate-
gorized as LTP (P=.20). One patient had LTP occur twice for
the same tumour during the review period. The first suspi-
cious finding occurred 16.2 months after the ablation and was
treated with repeat RFA. The second LTP was found
35.3months after the repeat RFA. For all patients, the mean
follow-up time after the initial detection of a suspicious
abnormality was 10.4 years (IQR 6.2-13.3). There was no sig-
nificant difference in the median time from ablation to first
detection of an imaging abnormality between NMC and LTP
(NMC: 36.6months, IQR 24.8-49.2; LTP: 21.2 months, IQR
14.0-41.3; P=.20). There was also no difference between the
2 groups for age at time of RF ablation, tumour size, ablation

time, or RENAL nephrometry score (Table 3). For the 10
tumours with LTP, diagnosis was based on biopsy and histo-
pathology of the renal mass in 9 tumours and on biopsy-
proven RCC in new infiltrative renal soft tissue mass with
adenopathy in 1 tumour. For the 8 tumours with NMC, diag-
nosis was based on resolution of the abnormality on follow-
up imaging in 7 tumours and on nephrectomy showing no
viable tumour in 1 tumour.

Biopsy was performed for 4 of the 8 NMC lesions.
Histological evaluation of the NMC showed fibroadipose tis-
sue (n=1), fibroadipose tissue with necrotizing granuloma-
tous reaction, acute and chronic inflammation (n=1),
fibroadipose tissue, florid histiocytic reaction, and fat necrosis
(n=1), and fibrosis with extensive giant cell reaction (n=1).
Among the seven patients managed conservatively, imaging
abnormalities resolved between 4.5 and 23.6months after
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Table 4. Original Tumour Pathology and Imaging Characteristics for Each Case of Suspected Local Tumour Progression on Post-RF

Ablation Follow-Up.

Original tumour histology Modality Enhancement pattern Morphology Location
Non-malignant changes

Clear cell CEUS Non-enhancing Infiltrative Extrarenal margin
Chromophobe CT Enhancement without washout Nodular Extrarenal margin
Oncocytic neoplasm CT Enhancement without washout Infiltrative Extrarenal margin
Clear cell MR Enhancement without washout Infiltrative Extrarenal margin
Clear cell CT Non-enhancing Infiltrative Central

Papillary CT Enhancement without washout Infiltrative Extrarenal margin
Clear cell CT Non-enhancing Nodular Central

Clear cell CT Enhancement without washout Spiculated Extrarenal margin
RCC local tumour progression

Clear cell CT Woashout Nodular Parenchymal margin
Clear cell CT Washout Nodular Parenchymal margin
Clear cell CT Washout Nodular Parenchymal margin
Clear cell CT Washout Nodular Extrarenal margin
Clear cell MR Washout Nodular Parenchymal margin
Clear cell MR Washout Nodular Parenchymal margin
Papillary MR Enhancement without washout Nodular Parenchymal margin
Clear cell CEUS Washout Nodular Parenchymal margin
Clear cell CT Washout Nodular Parenchymal margin
Papillary CT —* Infiltrative Parenchymal margin**

*Multiphasic contrast-enhanced CT was not performed.
*Diffuse infiltration of the renal parenchyma.

initial identification (median 10.2 months, IQR 5.8-19.0). The
eighth patient underwent partial nephrectomy for a separate
RCC within the same kidney 2 months after the discovery of
the non-malignant changes. Resection included the ablation
zone and confirmed there was no viable tumour. Patients with
NMC had a median clinical follow-up of 12.4years (IQR 8.4-
16.6) after the suspicious findings were first identified on CT
or MRI. One patient developed biopsy-negative NMC at the
extra-renal margin which resolved after 18 months. This
patient developed biopsy-confirmed LTP 10years later, sepa-
rate from the previous site of NMC (Supplemental Figure 1).

Imaging Characteristics

Imaging characteristics for the 18 suspicious lesions are out-
lined in Table 4. Eleven of 18 lesions had nodular morphol-
ogy (LTP — 9; NMC — 2), 6 had infiltrative morphology (LTP
—1; NMC - 5; eg, Figure 3 and Supplemental Figure 2), and
1 had spiculated morphology (NMC — 1). Nodular morphol-
ogy was significantly associated with LTP (9/10 LTP vs 2/8
NMC (P=.01).

Nine of 18 lesions were located at the renal parenchymal
margin (each with confirmed LTP), 7/18 were located at the
extrarenal margin (LTP — 1, NMC — 6 — Figure 4 and
Supplemental Figure 1), and 2/18 were located centrally
within the ablation zone (both NMC). Parenchymal margin
location was significantly associated with LTP (9/9 vs 0/8;
P=.01). Abnormalities at the extrarenal margin or centrally
were predominantly NMC (8/9).

Figure 3. Seventy-five-year-old male 22 months post-ablation
of a papillary renal cell carcinoma shows an infiltrative mass at
the extrarenal margin which enhances without washout. Biopsy
demonstrated fibrosis with extensive giant cell reaction without
features of renal cell carcinoma.

One patient with confirmed LTP lacked multiphasic con-
trast-enhanced CT for evaluation. Unenhanced CT showed
diffuse infiltration of the kidney parenchyma. Of the
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Figure 4. Fifty-six-year-old male underwent RFA of a chromophobe renal cell carcinoma. (A) CT |-year post-RFA (corticomedullary
phase) showed complete response. (B) 32-months post-RFA CT showed a new nodular mass at the extrarenal margin that mildly
enhanced without washout and was labeled as possible RCC recurrence (white star). Surveillance was planned and (C) a CT é months

later showed spontaneous resolution of the mass (white arrow).

remaining 17 lesions with multiphasic imaging, 14/17 had
enhancement (LTP — 9/9; NMC — 5/8). Two NMC patients
showed new soft tissue without measurable enhancement.
Washout enhancement pattern was only seen with LTP and
not NMC (8/9 vs 0/8). Enhancement without washout was
significantly associated with NMC (5/8 NMC vs 1/9 LTP;
P=.049).

Peak CT enhancement above precontrast baseline was sig-
nificantly higher in LTP than NMC (median 152 HU, IQR
102-198 vs 31 HU, IQR 18-35; P<.001).

Discussion

Imaging plays an essential role in evaluating disease response
following percutaneous ablation of renal masses. Our study
demonstrated that, despite complete tumour response on first
post-ablation imaging after successful percutaneous ablation,
later imaging may reveal new benign post-treatment changes
that resemble LTP. These non-malignant changes (NMC)
were not rare, occurring in 3.0% of all ablated tumours — a
frequency similar to that of true LTP (3.7%). Recognition of
these benign mimics is clinically important, as misclassifica-
tion can lead to unnecessary biopsy, repeat ablation, or
surgery.

The pathology of NMC in our cohort was found to be a
combination of fat necrosis, chronic fibroadipose inflamma-
tion, and granulomatous/giant cell reaction, consistent with
prior case reports on the subject.!®!1? There was no significant
difference in time since renal ablation between NMC and LTP
patients. NMC found on imaging occurred a median of
36.6 months post-ablation (IQR 24.8-49.2), which is similar
to the median of 24 months (range 10-37) reported in 7 cases
of NMC from Xu et al, Durack et al, and Javadi et al.!*'> LTP
occurred a median of 21.2months post-ablation (IQR
14-41.3), which is comparable to the median time to LTP
detection of 11 months (range 1-68) in Eiken et al.!® Original

tumour size and RENAL nephrometry scores were not sig-
nificantly different between both groups in the current study.

The imaging appearance may help to differentiate NMC
from local tumour progression. Nodular appearance of the
suspicious findings was significantly associated with LTP.
The location of the suspected LTP tended to favor one diag-
nosis over the other. In this series, all lesions along the paren-
chymal margin proved to be LTP, whereas central or
extrarenal lesions were almost always benign NMC. These
results are concordant with prior work showing that most
true recurrences seem to develop along the deep or parenchy-
mal margin.!® The pattern of enhancement seemed to offer
another discriminatory feature as washout enhancement was
only seen in LTP. Contrast enhancement without washout
was more typical of NMC, including in cases where the orig-
inal RCC was hyperenhancing. Both features were statisti-
cally significant in comparison between groups. The maximal
contrast enhancement above pre-contrast baseline for NMC
was significantly lower compared to LTP (31 HU vs 152 HU;
P <.001). This finding aligns with the hypervascular nature
of clear cell RCC, the predominant subtype among our LTP
cases. The degree of CT enhancement was only reported for
4 NMC patients in Xu et al'?> and Durack et al,!! with a simi-
larly low degree of enhancement demonstrated (38 HU, IQR
35-42). It is reasonable to assume that LTP might have simi-
lar enhancement patterns to the original tumour. As such, the
degree of enhancement may not be as useful in differentiat-
ing NMC from LTP if the original tumour was relatively
hypoenhancing, as is common for the papillary RCC
subtype.

This study found that surveillance of NMC resulted in
eventual resolution; typically 4.5 to 23.6months (median
10.2 months) later. Xu et al similarly found complete resolu-
tion of the NMC imaging features 6, 8, and 18 months after
initial identification. Given the indolent nature of small RCC?
and the expected eventual imaging resolution of NMC found
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in these studies, if there is reasonable suspicion of NMC
based on imaging features then a period of surveillance could
be offered to patients instead of proceeding immediately to
biopsy or repeat intervention.

This study should be interpreted in the context of its limi-
tations, which include the retrospective design and single
center experience. Given the indolent nature of most small
RCC, the 3% recurrence rate may be underestimated in this
study, which had a median follow-up of 4 years but required a
minimum follow-up of 1 year. Furthermore, potential cases of
LTP or NMC were only identified by reviewing the original
radiology reports instead of reviewing the imaging from each
of the >1500 post-ablation cancer follow-up studies. This
may have underestimated the true frequency — particularly for
NMC that seem to resolve with time. Despite being the larg-
est reported series of NMC, the sample size of LTP and NMC
was relatively small, owing to the low ~3% frequency of
occurrence. Therefore, definitive characterization to separate
the 2 entities on imaging cannot be made. Additionally,
although all patients underwent the same multiphase renal
imaging protocols post-ablation, the timing of each acquired
phase and contrast volume administered may have changed
during the May 2004 to May 2017 review period, which could
limit the accuracy of CT enhancement characteristics quanti-
fication. Furthermore, the imaging characteristics of the pos-
sible LTP for each patient was evaluated by only one
subspecialty abdominal radiologist, which did not allow for
quantification of interobserver agreement. Most NMC cases
were defined by imaging resolution rather than histopathol-
ogy; however, the prolonged follow-up (median 11 years)
reduces the risk of misclassifying indolent RCC as benign
change. Finally, all percutaneous ablations were performed
with radiofrequency ablation and therefore the findings may
not apply to other ablation modalities, such as cryoablation;
although prior reports suggest similar benign inflammatory
responses may occur,' 131

In summary, NMC that resemble local tumour progression
were observed in approximately 3% of successfully ablated
renal tumours, a rate similar to that of true LTP. NMC appears
to be related to chronic granulomatous inflammation and/or
fat necrosis, and the suspicious imaging changes typically
resolve with observation. Imaging features may help to sug-
gest NMC over local tumour progression to avoid unneces-
sary interventions.

Author Note

Institution of Reference: Toronto General Hospital, 200 Elizabeth
Street, Ontario M5G 2C4.

ORCID iDs

Derek W. Cool https://orcid.org/0000-0003-1095-3553
Cathal N. O’Leary https://orcid.org/0000-0002-1459-5282
Satheesh Krishna (=) https://orcid.org/0000-0001-6603-7621

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of Conflicting Interests

The authors declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Dr. Derek Cool - Consulting fees and research grant funding
from Boston Scientific for renal cryoablation and Y-90 radioemboli-
zation; Patent license agreement with Eigen Medical for MRI-TRUS
fusion prostate biopsy system (Artemis). Remaining authors do not
report any conflicts of interest.

Data Availability Statement

Data generated or analyzed during the study are available from the
corresponding author by request.

Supplemental Material

Supplemental material for this article is available online.

References

1. Campbell SC, Clark PE, Chang SS, Karam JA, Souter L,
Uzzo RG. Renal mass and localized renal cancer: evaluation,
management, and follow-up: AUA guideline: part 1. J Urol.
2021;206(2):199-208. doi:10.1097/JU.0000000000001911

2. Richard PO, Violette PD, Bhindi B, et al. Canadian Urological
Association guideline: management of small renal masses - sum-
mary of recommendations. Can Urol Assoc J. 2022;16(2):24-
25. doi:10.5489/cuaj.7760

3. Thompson RH, Atwell T, Schmit G, et al. Comparison of
partial nephrectomy and percutaneous ablation for cT1
renal masses. Eur Urol. 2015;67(2):252-259. doi:10.1016/j.
eururo.2014.07.021

4. Hu X, Shao YX, Wang Y, Yang ZQ, Yang WX, Li X. Partial
nephrectomy versus ablative therapies for cTla renal masses:
a systematic review and meta-analysis. Eur J Surg Oncol.
2019;45(9):1527-1535. doi:10.1016/.€js0.2019.05.010

5. Gunn AJ, Parikh NS, Bhatia S. Society of interventional radiol-
ogy quality improvement standards on percutaneous ablation in
renal cell carcinoma. J Vasc Interv Radiol. 2020;31(2):195-201.
e3. doi:10.1016/j.jvir.2019.11.004

6. Ahmed M, Solbiati L, Brace CL, et al. Image-guided tumor abla-
tion: standardization of terminology and reporting criteria—a
10-year update. Radiology. 2014;273(1):241-260. doi:10.1148/
radiol. 14132958

7. lannuccilli JD, Grand DJ, Dupuy DE, Mayo-Smith WW.
Percutaneous ablation for small renal masses-imaging
follow-up. Semin Intervent Radiol. 2014;31(1):50-63.
doi:10.1055/s-0033-1363843

8. Lum MA, Shah SB, Durack JC, Nikolovski I. Imaging of small
renal masses before and after thermal ablation. Radiographics.
2019;39(7):2134-2145. doi:10.1148/rg.2019190083

9. Karam JA, Ahrar K, Vikram R, et al. Radiofrequency ablation
of renal tumours with clinical, radiographical and pathological
results. BJU Int. 2013;111(6):997-1005. doi:10.1111/j.1464-
410X.2012.11608.x


https://orcid.org/0000-0003-1095-3553
https://orcid.org/0000-0002-1459-5282
https://orcid.org/0000-0001-6603-7621

Cool et al

507

10.

11.

13.

14.

Javadi S, Matin SF, Tamboli P, Ahrar K. Unexpected atypical
findings on CT after radiofrequency ablation for small renal-
cell carcinoma and the role of percutaneous biopsy. J Vasc
Interv Radiol. 2007;18(9):1186-1191. doi:10.1016/.jvir.2007.
06.019

Durack JC, Richioud B, Lyon J, Solomon SB. Late emergence
of contrast-enhancing fat necrosis mimicking tumor seeding
after renal cryoablation. J Vasc Interv Radiol. 2014;25(1):133-
137. doi:10.1016/j.jvir.2013.07.006

. Xu SS, Hocking D, Cool DW, Wiseman D, Mujoomdar A.

Nonmalignant enhancement following percutaneous renal
ablation mimicking viable malignancy. Cardiovasc Intervent
Radiol. 2021;44(1):176-178. doi:10.1007/s00270-020-02639-7
Geldmaker LE, Ericson CA, Baird BA, et al. Fat necrosis mim-
icking renal cell carcinoma recurrence following cryotherapy,
partial nephrectomy, and nephrectomy. Urology. 2021;156:181-
184. doi:10.1016/j.urology.2021.05.051

Nakano E, Fujioka H, Matsuda M, Osafune M, Takaha M,
Sonoda T. Late recurrence of renal cell carcinoma after
nephrectomy. Eur Urol. 1984;10(5):347-349. doi:10.1159/00
0463826

15.

16.

18.

19.

Park YH, Baik KD, Lee YJ, Ku JH, Kim HH, Kwak C. Late recur-
rence of renal cell carcinoma >5 years after surgery: clinicopath-
ological characteristics and prognosis. BJU Int. 2012;110(11 Pt
B):E553-ES558. doi:10.1111/j.1464-410X.2012.11246.x

Kim J, Uy M, Cheng A, et al. Evaluating long-term onco-
logic outcomes of radiofrequency ablation for Tla renal cell
carcinoma with minimum 10 years of follow-up. J Endourol.
2025;39(6):594-600. doi:10.1089/end.2024.0849

. Lam CJ, Wong NC, Voss M, et al. Surveillance post-radio-

frequency ablation for small renal masses: recurrence and fol-
lowup. Can Urol Assoc J. 2020;14(12):398-403. doi:10.5489/
cuaj.6374

Eiken PW, Atwell TD, Kurup AN, Boorjian SA, Thompson
RH, Schmit GD. Imaging following renal ablation: what can we
learn from recurrent tumors? Abdom Radiol. 2018;43(10):2750-
2755. doi:10.1007/s00261-018-1541-0

Kahn AE, Wu KJ, Thiel DD. Tumefactive fat necrosis with
multinucleate giant cell reaction mimicking recurrent renal
cell carcinoma following percutaneous renal cryoabla-
tion. Case Rep Urol. 2019;2019(1):1678193. doi:10.1155/
2019/1678193



