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ABSTRACT

Purpose

To retrospectively assess technical feasibility, safety and oncologic outcomes following percutaneous image-
guided cryoablation (PCA) of loco-regional and distant lymph-node metastases (LNMs).

Materials and methods

All consecutive patients undergoing PCA of LNMs between February 2009 and December 2019 were identified
using retrospective database search. Every patient was followed-up at 1-, 3-, 6-, and 12-months post-treatment
with contrast-enhanced MRI, and at approximately 3-6 months intervals with CT or PET/CT. Kaplan-Meier
method was used to calculate local tumor progression-free survival (LTPFS), disease free survival (DFS) and
overall survival (OS). Loco-regional and distant groups were compared using a Fisher’s test. Technical success,
technique efficacy, complications, and oncologic outcomes were analyzed.

Results

Fifty-six metachronous oligometastatic LNMs (median size 15mm [IQR 13-15, range 9-36mm]) were treated in
37 sessions in 29 patients, and defined as loco-regional (26/37 sessions) or distant (11/37 sessions). Seventeen
patients had prior surgery/radiotherapy. Six patients underwent 8 re-treatments for loco-regional progression. An
additional visceral oligometastasis was treated in 4/11 distant LNM PCA-sessions. Technical success and
primary technique efficacy were 100%. Complication rate was 5.4% (two transient nerve palsies). At median 23-
month follow-up, there were 2 instances of LTP (5.6%); 1-, 2-, and 3-year LTPFS was 100%, 94.3%, and 94.3%.
Thirteen patients (45%) demonstrated no disease progression. One-, 2- and 3-year OS was 96.2%, 90.5%, and
70%. Patients were free from systemic onco-therapy following 20 sessions (54%), with mean treatment break of
19.1 months.

Conclusion

PCA of lymph-node oligometastases is feasible, safe, and offers promising local tumor control at mid-term

follow-up.

ABBREVIATIONS
DEFS: Disease-free survival
LNMs: Lymph-node metastasis(es)

LTP: Local tumour progression



LTPFS: Local tumour progression-free survival
OS: Overall survival

PCA: Percutaneous image-guided cryoablation

1. INTRODUCTION
Lymph node metastases (LNMs) are commonly observed in oncologic disease, and may be diagnosed at initial
staging (synchronous), or during surveillance (metachronous). LNMs may arise within the lymphatic drainage

territory of the primary tumor, corresponding to the N stage of the Tumor Node Metastasis (TNM) staging



system (“loco-regional LNMs”), or in distant lymphatic territories, corresponding to the M stage (“distant
LNMs”). Additionally, LNMs may present as oligometastatic disease, a recently established oncologic entity
characterized by slow growth of a few treatable metastases (1). Oligometastatic and oligoprogressive LNMs are
increasingly common in the context of immunologic therapies and prolonged survival for many tumors; and
complex cases with multiple prior therapies are becoming increasingly prevalent (2).

In recent years, there has been a trend towards aggressive local metastasis-directed therapy for oligoprogressive
disease, aiming to reduce tumor burden, improve progression-free survival, pause systemic therapy, and
potentially alter disease course (1,3). However, conventional surgical lymphadenectomy and radiotherapy are
frequently unsuitable in complex patients with local LNM recurrence following prior surgery and/or
radiotherapy, due to post-therapeutic adhesions, challenging anatomic localization, and morbidity/toxicity (4);
and alternative therapies with lower morbidities have been sought.

Percutaneous imaging-guided Cryoablation (PCA) is an established local therapy which induces cell death by
exposing tumors to extreme cold (up to -150°C) (5). It offers several advantages over heat-based ablation,
including superior ablation-zone (‘“iceball”) visualization, facilitating precise intra-procedural monitoring;
synergistic combination of multiple adjustable applicators to create large, tailored ablation-zones; intrinsic
analgesic effects; safe application following prior surgery or radiotherapy; and non-preclusion of subsequent
conventional therapy (6). The technique has been widely used in a range of clinical settings (e.g. lung, renal, and
bone tumors (6)), but to date there are only a few case reports and a single series of 18 patients specifically
describing its application to achieve local control of oligometastatic LNMs (7-10).

The purpose of this study is to describe the feasibility, safety, local efficacy, and oncologic outcomes following
PCA of loco-regional and distant oligometastatic LNMs, and discuss its potential role in overall oncologic

management.

2. MATERIALS AND METHODS

This single center retrospective study was approved by the institutional review board with permission to perform
chart review, and a waiver of consent for study participation. All patients gave informed consent for procedures.
2.1 Patient Selection

All consecutive patients undergoing PCA of LNMs between February 2009 (date of available computerized
data) and December 2019 were retrospectively identified following institutional database search. Thirty-nine

consecutive patients underwent PCA of oligometastatic LNMs. Seven patients subsequently treated with



cytoreductive surgery were excluded. Three patients were lost to follow-up. The final study population
comprised 29 patients (14 females, 15 males; mean age 56.9 + 11.8 years [range 29-83 years]). Six patients
underwent one (n=4) or two (n=2) further procedures, either as two-stage initial therapy (n=1), or to treat
progressive local or regional LNMs (remainder); a total of 37 procedures were therefore performed. Seventeen
patients (treated in 24 procedures) had undergone prior surgery (n=7), radiotherapy (n=2), or both (n=8) in the
same lymphatic region targeted during PCA. Of the 7 patients who underwent prior surgery, two were referred
following failed localization of mediastinal and aorto-lumbar LNMs, with the former procedure complicated by
vocal cord paralysis. Systemic chemotherapy was ongoing at the time of referral in 17/36 procedures (46%,
accounting for 1 two-stage procedure) in 16 patients.

Fifty-six LNMs (median size of 15mm [IQR 13-15, range 9-36mm], with mean 1.5 + 0.9 [range 1-5] LNMs
treated per lymphatic territory) were defined as loco-regional (within lymphatic drainage territory of primary
tumor according to TNM system) in 26/37 sessions (20 patients), and distant (within a distant lymphatic
territory) in 11/37 sessions (9 patients). Locations are presented in Table 1. All patients had metachronous
oligometastatic disease, defined as fewer than 5 LNMs or visceral metastases. None of the patients with loco-
regional LNMs had distant metastatic disease. Patients with distant LNMs had either isolated distant nodal
disease, or distant nodal and visceral oligometastases. All LNMs were diagnosed on the basis of standard size or
metabolic criteria on CT, MR, or PET-CT imaging undertaken at initial staging or during oncologic surveillance
(11,12). All patients had current or prior biopsy-proven primary malignancy; a minority (6/29, 20.7%)
underwent further pre-procedural percutaneous LNM biopsy to confirm histology at the discretion of the

referring clinician.

Patients were referred for PCA following multi-disciplinary tumor board discussion involving medical and
radiation oncologists, a tumor surgeon, and an interventional radiologist, either as salvage therapy for recurrent
loco-regional LNMs following initial surgery or radiotherapy; or as first-line therapy for distant LNMs =+ visceral

oligometastases.

2.2 Cryoablation Procedures
Every patient was hospitalized one day prior to cryoablation for organizational purpose. Anticoagulants were
stopped for 5 days, and blood clotting parameters were tested 24 hours before the procedure, ensuring minimum

prothrombin time of 50% and platelet count of 50 000/mm3 (13).



All procedures were performed on an inpatient basis by one of six board-certified interventional radiologists
(between 2- and 11-years’ experience), under general anaesthesia (n=32), spinal anaesthesia (n=1) or moderate
sedation (n=4), using strict surgical asepsis and CT (n=15), MR/MR-Fluoroscopy (n=7), combined US/CT
(n=11), or combined US/MR (n=4) imaging-guidance. Superficial tumors were targeted using US-guidance;
deep tumors were targeted using CT or MR-Fluoroscopy guidance; and CT or MR-guidance was used in all
cases for intra-procedural iceball monitoring.

Initially, single or multiple 17G cryoprobes (IceSeed®, IceSphere®, IceRod®, IceForce®; Galil Medical —
Boston Scientific, Marlborough, MA 01752, USA) were deployed within or around the LNM margins (at 1.5cm
intervals, when multiple), to facilitate complete iceball coverage with a minimum 5mm ablation-margin. For
clustered LNMs, all tumors were encompassed within a single large iceball (Figure 1). Ancillary
thermoprotective techniques (hydrodissection and carbo-dissection) were employed when adjacent critical
structures (e.g. skin, nerves, and gastro-intestinal tract) were located within 10mm of the LNM, to avoid
collateral thermal damage (14) (Figure 2); and where target tumors were close to vascular bundles, to mitigate
convectional dissipation of cold energy (“‘cold sink effect”) and optimize ablation efficacy (7) (Figure 3). For
both techniques, 22G spinal needles were positioned between the target-tumor and adjacent vulnerable organ(s),
and carbon dioxide or 3-5% iodinated contrast medium in normal saline was injected until a minimal Smm
distance between the expected iceball and vulnerable organ(s) was obtained.

Cryoablation was performed using a standard double-freeze protocol (two freezing cycles of 10-minutes
interspersed of 9-minutes passive thawing and 1-minute active thawing) (6). Premature termination was
considered in the event of iceball encroachment within 2 mm of adjacent critical structures, despite
thermoprotective measures.

Technical success was achieved in all procedures (100%), using a mean of 2.1 + 0.8 cryoprobes (range 1-4), and
ancillary thermoprotective techniques in 32/37 procedures (86%; 1/37 carbo-dissection; 31/37 hydrodissection).
Mean procedural time was 106.7 + 39 min (range 60-190 min). Ablation of an additional distant visceral
oligometastasis was performed in 4 of 11 procedures undertaken for distant LNMs.

Following the procedure, patients were transferred to a recovery ward for overnight observation, and discharged
the next day in the absence of complication and if pain score was inferior to 4 over 10. Mean hospital stay was

2.5 £ 2 days (range 2-14 days).

2.3 Follow-up



All patients underwent targeted clinical (physical examination of the ablation zone) and imaging follow-up with
contrast-enhanced MRI at 1-, 3-, 6-, and 12-months post-procedure, in addition to standard oncologic follow-up
that included clinical examination and biological restaging with specific oncologic biomarker (if any) every 3
months, as well as restaging CT and/or PET-CT every 3 to 6 months. MRI and CT were interpreted by two
radiologists (with 7 and 9 years of experience) not involved in the interventions. Interpretation of PET-CT

imaging was performed by 3 nuclear medicine physicians (with 6, 8 and 15 years of experience).

2.4 Data collection and analysis

For each procedure, oncologic outcomes (technical efficacy, local, regional and distant disease progression at
last available imaging follow-up, discontinuation of systemic therapy post-procedure, management of disease
progression) and complications were retrospectively collected via chart review. The primary outcome was local
tumor control following cryoablation of LNMs. Secondary outcomes were disease free survival, overall survival,
freedom of systemic therapies and occurrence of complications.

Study definitions (including technical success, technical efficacy, local tumor progression (LTP), loco-regional
disease progression, distant disease progression, local tumor progression free survival (LTPS), disease free
survival (DFS), and overall survival (OS) are summarized in Table 2.

Descriptive statistics were expressed as absolute numbers and percentages for categorical variables, and means
and medians with standard deviations and ranges for continuous variables. Freedom from systemic therapy was
calculated as mean duration between PCA and onset of subsequent chemotherapy on a per-procedure basis.
LTPFS, DFS, and OS were estimated using the Kaplan-Meier method. One patient initially treated in 2 sessions
(two-stage procedure) was analyzed as separate procedures for complication-rate, but as a single procedure for
freedom from systemic therapy. Fisher’s test was used to compare LPFS, DFS and OS between loco-regional
and distant LNM groups, with p<0.05 considered statistically significant. Statistical analysis was performed

using R v3.6.3 (R Foundation for Statistical Computing, Vienna, Austria ©).

3. RESULTS

3.1 Oncologic outcomes (Table 3.)

Primary technical efficacy was 100%, with complete ablation of all treated LNMs at 1-month MR-imaging
follow-up. At median 23.4 + 22.1 months (IQR 9.6-45.2 months) follow-up, there were 2 instances of LTP (2/36

sessions [accounting for 1 two-stage procedure]), with one patient developing additional new regional



progressive disease at 15.4 months (treated systemically), and the second re-presenting with isolated LTP at 17.6
months (re-treated with PCA and remaining LTP-free after 52.1 months). One-, 2-, and 3-year LTPFS was
100%, 94.3%, and 94.3%, respectively.

At the time of analysis, 23 patients were alive, including 16 patients with at least 2 years follow-up, and 13
patients (45%) demonstrating no local, regional or distant disease progression. In the whole cohort, 1-, 2- and 3-
year OS was 96.2%, 90.5%, and 70%; and 1-, 2- and 3-year DFS was 74%, 39.9%, and 31.9%.

One-, 2- and 3-year OS in the loco-regional group was 100%, 90.9% and 80.8% and 1-, 2- and 3-year OS in the
oligo-metastatic group was 88.9%, 88.9% and 44.4%, respectively. No statistically significant difference in
overall survival was observed between loco-regional and distant LNM groups at 1-, 2-, or 3-years (p=0.31, p=
0.53 and p=0.29, respectively), and there were no inter-group differences in LTPFS or DFS. These results are

summarized in Figure 4.

3.2 New treatments after lymphatic progression

Overall, 16 patients experienced disease progression (local, regional, distant LNM(s) or visceral metastasis)
during follow-up. Eleven patients (37.9%) were managed with systemic therapies and 5 patients (17.2%) were
retreated with cryoablation. Four patients underwent a second cryoablation procedure for a regional progression
1.5-, 16-, 18- and 14- months after initial treatment. The first three achieved a complete remission status at 22-,
6- and 12- months of follow-up respectively. The fourth patient had a distant visceral progression at 33 months
of follow-up treated with systemic therapies. One patient underwent a second and a third cryoablation procedure

for regional progression 17- and 41- months after initial cryoablation.

3.3 Freedom of systemic therapy
Patients achieving a remission status with a local disease control were able for a break in systemic therapy
following 20/37 procedures (54%), with a mean freedom of systemic therapy of 19.1 + 19 months (range 1.4-

88.8 months).

3.4 Complications
Minor complication rate was 5.4%, with two grade B SIR adverse events occurring within 24 hours of PCA

(2/37 sessions). These were a bitonal voice secondary to collateral thermal injury to the right vagal nerve during



jugulo-carotid LNM ablation, and obturator nerve palsy following PCA of an iliac LNM. Both deficits fully

resolved following 6 months’ rehabilitation.

4. DISCUSSION

The present study demonstrates the technical feasibility and safety of PCA for loco-regional and distant
oligometastatic LNMs in a wide range of anatomic locations, with 100% technical success and technique
efficacy, and a minor complication rate of 5.4%, confirming findings reported in smaller studies (7-10). Using
optimal imaging-guidance (including MR-guidance for tumors inconspicuous on CT or close to neural
structures), an ablation margin of Smm (similar to lethal isotherm measurements for hepatic and renal tumors
(16)), and ancillary thermoprotective techniques, even LNMs in relatively inaccessible locations abutting
neurovascular bundles can be safely and effectively ablated. However, LNMs in mediastinal, supra/infra-
clavicular, and pelvic territories remain challenging due to complex regional anatomy (10); and both minor
complications occurred following ablation of neck and iliac/obturator LNMs. It is essential to carefully review
oncologic history and prior imaging for post-therapeutic adhesions which may preclude or increase risks of PCA,
and to thoroughly explain risks and consequences of collateral neural damage to patients during the consent
process.

This study demonstrates encouraging LTPES for loco-regional and distant LNMs at intermediate-term follow-
up, with 3-year LTPFS estimated at 94.3%, and only 2 patients experiencing LTP at median 23-month follow-up
(7.9%, 5.6%, and 3.7% on a per-patient, per-procedure, and per-tumor basis, respectively); one of whom was re-
treated and remained LTP-free after 52 months. These results are similar to Tsoumakidou et al., who reported a
4% LTP-rate on a per-tumor basis in a smaller series of 18 patients undergoing PCA of LNMs with 15 months
follow-up (10); however, direct comparison remains limited due to the authors’ use of RECIST criteria to
determine LTP, rather than more accurate EORTC/PERCIST criteria (including metabolic imaging) used in the
present study (10—12). The results also appear similar to prior thermal ablation studies (including RFA of LNMs
from HCC, laser ablation of LNMs from thyroid cancer, and PCA of extra-nodal soft tissue tumors (17-19)), and
to metastasis-directed therapy studies evaluating brachytherapy and radiotherapy for oligometastatic LNMs (20—
22). For example, Pan et al. demonstrated a 1-year local disease control rate of 72.7% in 46 patients with local
and distant LNMs from HCC treated using RFA (17); while Franzese et al. reported 1- and 2-year local disease

control rates of 87.2% and 76.8% in a large cohort of 278 patients treated with stereotactic radiotherapy (20).



Comparison with surgical lymphadenectomy is limited due to literature heterogeneity, but results nevertheless
appear broadly comparable (23-25).

In the present study, 55% of patients survived for at least 2 years; 45% demonstrated no disease progression
during follow-up; and 21% underwent repeat PCA following limited loco-regional relapse. 3-year OS and DFS
were 70% and 31.9%, respectively. Similarly durable oncologic outcomes have been reported following
radiotherapy and surgery for oligometastatic disease (20-26). However, survival rates must be interpreted with
caution due to potential selection bias towards relatively good-prognosis patients with limited disease. There is
currently little high-quality evidence that PCA (or other local therapies) offer significant overall or disease-free
survival benefits in patients with oligometastatic LNMs (17,21,23,24)

Patients were free from systemic therapy following 54% of procedures for a mean of 19.1 months, associated
with stable disease or remission; comparable with results following surgical lymphadenectomy, radiotherapy and
brachytherapy of LNMs (20-22,27). Although firm conclusions cannot be made, PCA may potentially facilitate
delayed treatment intensification in selected cases.

In this study, the majority of patients were referred for salvage therapy of isolated loco-regionally recurrent
LNMs following prior surgery or radiotherapy, where repeat conventional therapy was considered unsuitable
(particularly for recurrent breast cancer and melanoma) due to potential morbidity (28). A minority of patients
were referred for PCA as first-line therapy for distant LNMs, with or without visceral oligometastases. Although
stereotactic radiotherapy is frequently recommended in these cases (29), PCA was routinely offered as a first-
line procedure, reflecting a high degree of confidence in the technique based on a long-term expertise (30,31).
PCA was particularly useful for LNMs in complex locations with high risk of surgical morbidity and failed
localization (as 2 patients in this study); and where full dose radiotherapy was contra-indicated by high risks of
toxicity and local recurrence (32). PCA retains several advantages over conventional therapies, since it may be
combined with LNM biopsy and ablation of visceral metastases (e.g. in 4 patients in this study) to guide
subsequent onco-therapy and treat oligometastatic disease; can be safely performed in post-therapeutic fields
without precluding subsequent conventional therapy in the event of local progression (33,34); and may possess
synergistic cryo-immunologic anti-tumor effects in combination with immunotherapy (35). In selected patients,
PCA represents a valuable addition to the current armamentarium of metastasis-directed therapies.

Study limitations include retrospective single-centre study protocol, small sample size, and relatively short
follow-up, limiting generalizability and power. The highly selected study population with heterogeneous LNM

locations, tumor-types, disease stage, and prior/subsequent onco-therapies, and the absence of control or
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alternative treatment groups, also confers significant selection bias (limiting generalizability); precludes
comparison with existing treatments; and confounds attribution of survival benefits to PCA alone.

In conclusion, PCA of loco-regional and distant lymph node oligometastases is technically feasible, safe, and
offers promising local tumor control with potential freedom from systemic therapy at mid-term follow-up.
Larger prospective controlled studies are required to further elucidate its role in multi-disciplinary management

of this emerging, complex patient population.
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FIGURE LEGENDS

Figure 1. 75-year-old female with oligo-metastatic melanoma referred for cryoablation of right axillary loco-
regional LNMs. Pre-operative unenhanced sagittal oblique multi-planar reformatted (MPR) CT (a) shows 3 right
axillary LNMs (dotted circles), which were encompassed within a single large iceball during PCA (b, dotted
circle), following placement of 4 cryoprobes (arrows). At 2-year follow-up (c), the patient achieved remission

without evidence of local tumor recurrence, noting a partially calcified post-ablation scar (arrowheads).

Figure 2. 28-year-old female with left external iliac LNM from melanoma referred for PCA. Pre-operative axial
(a) PET/CT illustrate hypermetabolic left external iliac LNM in close proximity to neurovascular bundle and
anterior abdominal wall (arrow). Axial (b) and coronal (c¢) intra-operative MR images demonstrate cryoprobe
(arrowhead in ¢) and iceball (arrows) encompassing target-lesien tumor; hydrodissection fluid surrounding
ablation-zone and displacing bladder away from iceball (star); and warm saline-filled glove thermally protecting
overlying soft tissues (circle). Pressure was applied to the cryoprobe during freezing to manually displace the
iceball away from the external iliac neurovascular bundle and anterior abdominal wall, mitigating risk of neural
and soft tissue complications, and heat sink effects. (d) Axial PET-CT 6-months post-procedure shows complete

metabolic response of left external iliac LNM (arrow), with the patient achieving complete remission.

Figure 3. 41-year-old male with prior testicular cancer referred for PCA of aorto-lumbar LNM. Pre-operative
axial (a) CT illustrates right retrocrural LNM abutting aorta (dotted circles). (b, ¢) Initially, hydrodissection was
performed using a 22G spinal needle (arrow in b) via a transdiscal approach, to separate the aorta (arrowhead)
from the LNM (dotted circle) with interstitial fluid (star), and heat cold-sink effect. Two cryoprobes (arrow in c)
were then deployed within the LNM via a paravertebral approach, to ensure complete lesien tumor coverage by
the iceball. (d) Axial contrast-enhanced T1 FS MR images at 2-year follow-up demonstrate ongoing complete

ablation, and the patient was clinically in complete remission.

Figure 4. Overall survival (a, b), local tumor progression-free survival (¢, d) and disease-free survival (e, f)

curves in whole cohort and in loco-regional vs. oligo-metastatic groups.

































Whole cohort

£
g

swaned jo saquinn

BEBE888883

S8 REBIT/R =

(9) @181 [eAnIns [[e12n0

24

Time (Months)



—Loco-regional and —oligo-metastatic

swaned jo saquiny

o w o w o
2 8 R 2 2 » o

EEEBEE88883

S8RB8RBIRI/R=

(%) Sa184 [EAIAINS 21200

Time (Months)



Whole cohort

E3
8

swaned o squiny

EEE8588888

SEREATHA

(9) @181 [eanins 24y aseasia

=
s

18
Time (Months)



—Loco-regional and —oligo-metastatic

R

100%

swaned jo saquiny

88 %28 w

°

558888888

S8RBAIAR =

(%) saues eayuns day aseasig

]
B

Time (Months)



Whole cohort

2

swaned jo saquinN

w o w o
4 8 32 2 » o

36

(%) @3e4
lennins 2214 uoissaigoad Jowny (€301

Time (Months)



—Loco-regional and —oligo-metastatic

swaned Jo saquiny

8 & & 2 2 » o

- e ——

18
Time (Months)

(%) saves
Jennns 3314 uoissaigoad Jown (207






Table 1. Patient and LNM characteristics. F: Female; M: Male; IDC: Invasive Ductal Carcinoma; LIC: Lobular Invasive
Carcinoma; SCC: Squamous Cell Carcinoma; HCC: Hepatocellular Carcinoma; IM: Internal mammary; *: Patient treated in two

sessions. NP: Not provided.

Primary Histopathological Number LNM long
Patient Session Sex Age Location
tumor subtype of LNM(s) axis (mm)
1 1 F 28 Melanoma Breslow 2mm Iliac 1 23
1 2 F 32 Melanoma Breslow 2mm Iliac 1 21
1 3 F 33 Melanoma Breslow 2mm Iliac 2 13
2 1 F 61 Melanoma Breslow 4.5mm Iliac 1 27
3 1 M 68 Melanoma Unknown Pectoral 1 12
3 2 M 68 Melanoma Unknown Supraclavicular 1 11
4 1 M 46 Melanoma N.P. Axillary 5 14
5 1 F 49 Melanoma Breslow 0.9mm Inguinal 2 36
6 1 F 48 Melanoma Breslow 4.5mm Inguinal 2 32
6 2 F 50 Melanoma Breslow 4.5mm Inguinal 1 20
7 1 M 55 Melanoma Breslow 2.5mm Coeliac 2 23
8 1 F 75 Melanoma Breslow 3.5mm Axillary 4 23
9 1 F 59 Breast IDC Axillary 3 15
9 2 F 61 Breast IDC Pectoral 1 15
10 1 F 50 Breast IDC Axillary 3 14
11 1 F 55 Breast LIC Axillary 1 11
12 1 F 53 Breast IDC Pectoral 1 18
13 1 M 63 Breast IDC Axillary 2 15
14 1 F 49 Breast IDC M 1 15
15 1 F 49 Breast IDC Pectoral 2 23
16 1* M 61 Thyroid Medullary Mediastinal 1 17
16 2% M 61 Thyroid Medullary Mediastinal 1 17
16 3 M 63 Thyroid Medullary Supraclavicular 2 10
17 1 M 49 Thyroid Papillary Supraclavicular 1 9
18 1 F 65 Thyroid Medullary Cervical 1 13
19 1 F 66 Thyroid Papillary Cervical 1 11
20 1 F 56 Thyroid Papillary Cervical 1 10
21 1 F 55 Pulmonary Adenocarcinoma Aorto-lumbar 1 16
22 1 F 50 Pulmonary Adenocarcinoma Iliac 1 21
23 1 M 69 Pulmonary SCC Coeliac 1 20
24 1 M 67 Prostate Adenocarcinoma Iliac 1 23
25 1 M 62 Prostate Adenocarcinoma Iliac 2 12
25 2 M 63 Prostate Adenocarcinoma Iliac 1 13
26 1 M 77 Renal Papillary ISUP 4 Aorto-lumbar 1 13
27 1 M 83 Liver HVV Subdiaphragmatic 1 14
28 1 M 62 Stomach Adenocarcinoma Supraclavicular 1 20
29 1 M 41 Testes Germ cell tumor Aorto-lumbar 1 22



Table 2. Study definitions for technical success, primary technique efficacy, local tumor progression

(LTP), loco-regional and distant disease progression, local tumor progression free survival (LTPES),

disease free survival (DFS), and overall survival (OS).

Study Term

Technical success

Primary technique efficacy

Local Tumor Progression (LTP)

Loco-regional disease progression

Distant disease progression

Local tumor progression free survival

(LTPFS)

Disease free survival (DFS)

Overall Survival

Definition
Complete LNM coverage by iceball with minimum Smm
ablation margin on intra-procedural CT or MR imaging
Complete LNM ablation (non-enhancement of ablation-zone) at
1-month contrast-enhanced MR follow-up and absence of FDG
uptake on first PET-CT follow-up (typically 6-12 weeks post-
procedure)
New enhancement or uptake on CT, MR or PET-CT at treated
site, following initial complete LNM ablation.
New loco-regional LNMs (distinct from previously treated
lesions) on follow-up imaging
New distant LNMs (distinct from previously treated lesions)

and/or visceral metastases on follow-up imaging

Time from PCA to first radiologic evidence of LTP

Time from PCA to first radiologic evidence of disease
progression at any site

Time from PCA to death from any cause



Table 3. Oncologic outcomes. Rates (standard error) of overall survival, local tumor progression-free survival

and disease free-survival for whole cohort, loco-regional LNM group, and oligo-metastatic LNM group.

Overall Survival Whole cohort
n=29
- 1 year 96.2% (3.7)
- 2 years 90.5% (6.5)
- 3 years 70% (11.6)
Local tumor progression free
survival
- 1 year 100% (1)
- 2 years 94.3% (3.9)
- 3 years 94.3% (3.9)

Disease free survival

- 1 year 74% (8.5)
39.9% (11.2)
31.9% (11.5)

- 2 years

- 3 years

Loco-regional

n=20

100% (0)
90.9% (8.7)
80.8% (12.2)

100% (0)
86.5% (7.3)
86.5% (7.3)

72.8% (10.5)
40.4% (13.4)
32.3% (12.3)

Oligo-metastatic

n=9

88.9% (10.5)
88.9% (10.5)
44.4% (22.8)

100% (1)
100% (1)
100% (1)

77.8% (13.9)
46.7% (19)
46.7% (19)

p (Fisher)

0.31
0.53
0.29





