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Abstract

Aim: Radiofrequency ablation (RFA) has been increasingly used for the treatment of
pulmonary metastases in various malignancies.

Methods: A retrospective analysis was performed to establish the safety and efficacy
of cone-beam computed tomography (CBCT)-guided RFA in patients with metastatic
colorectal cancer between 2016 and 2019, and the prognostic factors of local tumor
control were assessed.

Results: A total of 31 patients with colorectal cancer underwent 48 sessions of lung
RFA. The mean diameter of metastases targeted for RFA was 11 mm (range: 4-32),
and the RFA was technically successful in 43 sessions (90%). There were 14 complica-
tions (29%), the majority of which required no intervention, with no cases of mortality.
The median follow-up duration from RFA in the surviving 29 patients was 18.0 months.
Only two patients (6%) died of disease progression, and the 3-year overall survival rate
was 91% (95% Cl: 83-99). Local tumor progression (LTP) of the RFA site was observed
in 27%, and the LTP-free survival rates at 1 and 2 years were 81% (95% Cl: 70-82) and
64% (95% Cl: 50-77), respectively. Multivariate analysis showed that the progression
of extra-RFA sites and the presence of extrapulmonary metastasis were independent
prognostic factors significantly associated with LTP at RFA site.

Conclusion: Lung RFA using CBCT guidance is a comparatively safe and effective
option for the treatment of lung metastases from colorectal cancer. However, the con-
trol of extrapulmonary metastases should be accompanied by combined or sequential

systemic treatment and local treatment.
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1 | INTRODUCTION

The incidence of colorectal cancer has decreased in Korea in recent
years; however, colorectal cancer still ranks third, both in terms of
incidence and mortality, in Korea.! With the advancement of systemic
chemotherapy, it is well known that active local therapy such as surgi-
cal resection for an oligometastatic disease can improve the survival
outcome in patients with metastatic colorectal cancer.2® As a local
treatment modality for pulmonary metastasis, radiofrequency abla-
tion (RFA) is a safe and established treatment option that has been
recommended in Pan-Asian consensus guidelines.*

Although computed tomography (CT) has been used most widely for
accurate guidance for RFA, it has several limitations, including a lack
of real-time monitoring, limited access for anesthesiology and ablation
tools, and difficulties performing double oblique ablation.” Cone-beam
CT (CBCT) is an emerging new guidance modality that can offer a
real-time fluoroscopy, three-dimensional reconstructed CT-like imag-
ing, highly flexible detector around the patients, and a full range of
intervention procedures with anesthetic care.®

A small number of reports have examined RFA in patients with lung
cancer in Korea,”® but there has been no report of lung RFA performed
in patients with metastatic colorectal cancer. The aim of this study was
to evaluate the safety and efficacy of RFA for pulmonary metastasis,
as well as to investigate prognostic factors for local tumor control in
patients with metastatic colorectal cancer using CBCT guidance.

2 | MATERIALS AND METHODS

2.1 | Patients

We retrospectively reviewed the medical records of patients with
metastatic colorectal cancer who underwent RFA for pulmonary
metastases at Kangbuk Samsung Hospital (Seoul, Korea) between
October 2016 and June 2019. Patients who met the following criteria
were included: >19 years old; histologically confirmed adenocarci-
noma of colorectal origin; and at least one follow-up CT scan image
available for the RFA site. In our institution, before scheduling lung
RFA, the multidisciplinary team, including radiologists, radiation oncol-
ogists, medical oncologists, and surgeons, is gathered to determine
the modality of local therapy for lung metastasis. Generally, we con-
sider a patient to be an RFA candidate if there are no extrapulmonary
metastases, or if extrapulmonary metastases are present, those are
controlled by systemic treatment, or previous surgery or radiother-
apy. The patients considered unsuitable for RFA included the ones with
active infection, coagulation abnormalities, lung failure, poor perfor-
mance, or tumor encroachment on major vessels. The study protocol

was approved by the Institutional Review Board of Kangbuk Samsung
Hospital (KBSMC 2019-08-003).

2.2 | Ablation procedure and follow-up

The RFA procedure was performed using a CBCT virtual navigation
guidance system (CBCT system with virtual guiding software: XperCT
and XperGuide software, Allura Xper FD20; Philips Healthcare, Best
NL) under aseptic conditions. The image acquisition parameters were
as follows: rotation speed: 55°/s; rotation duration: 4.1 s; total arc tra-
jectory range: 240°; matrix size: 1024 x 1024; and automatic exposure
control. Acquisition frames were transferred to the 3D angiography
workstation, and each 3D image covered a volume of approximately
250 x 200 x 200 mm. The ablation electrode was inserted under
real-time fluoroscopy and the CBCT slice overlay. After electrode posi-
tioning, a CBCT scan was performed to check correct placement of
the electrode. The inserted radiofrequency electrodes were internally
cooled 17-gauge electrodes (Octopus, STARmed, Korea) with a 2.5-cm
or 3-cm active tip using a 200 W RF generator (VIVA RF generator,
STARmed, Korea). The ablation time was 10-14 min at each tumor
site. During the ablation procedure, CBCT was performed to reassess
the adequate ablation area, locate the electrodes, and monitor possi-
ble complications (Figure 1A). The RFA treatment cycle comprised one
or two sessions of lung RFA, either targeting one lung after the other,
or targeting the same lung twice. The RFA efficacy was evaluated with
a CBCT scan obtained immediately after the ablation. Potential com-
plications, such as pleural effusion, alveolar hemorrhage, pulmonary
artery occlusion, false aneurysm, and bleeding, were monitored and
reported, if present. The next morning, one more follow-up CBCT scan
was scheduled to check for complications (Figure 1B).

The RFA zone measurements on CT obtained 1 month after RFA
were used as the baseline values for follow-up imaging, and then at 3,
6, 9, and 12 months for a total of 1-year follow-up. After 1 year, the
follow-up was left to the discretion of the attending physician. Assess-
ment of follow-up CT imaging was completed independently by other
radiologists. Stability or a decrease in size of the ablation zone at CT
was considered as complete ablation. Morphologic features of RFA
site progression were considered as an increase in the overall size of
the ablation zone. RFA site progression was considered in the follow-
ing instances: (a) increasing contrast material uptake in the ablation
zone with nodular enhancement measuring more than 10 mm, any cen-
tral enhancement greater than 15 HU, and enhancement greater than
baseline after ablation; (b) a growing RFA zone after 3 or more months,
peripheral nodular growth and change from ground-glass opacity to
solid opacity, regional or distant lymph node enlargement, and new

intrathoracic or extrapulmonary disease; or (c) increased metabolic
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FIGURE 1 The target tumor was monitored (A)
using a cone-beam computed tomography

(CBCT) scan, and a CT fluoroscopic image was

performed to reassess the adequate ablation

area as well as to monitor possible complications

(A). Before discharge from the hospital, one more
follow-up CBCT scan was checked for

complications (there was no complication such as
pneumothorax, and a well-ablated target was

confirmed) (B)

activity beyond 2 months, residual activity centrally or at the ablated
tumor, and development of nodular activity in a PET scan, as previously

described.?

2.3 | Statistical analysis

The evaluation of pre-, intra-, and post-procedural CT images was per-
formed by radiologists who were not involved in the thermal ablation
process of the patients. The evaluation included the following vari-
ables: (i) technical success, which was defined as treating the tumor
according to the recommended manufacturer protocol and covering
the target tumor completely by the ablation zone; (ii) complications;
(iii) local tumor progression (LTP)-free survival; (iv) progression-free
survival (PFS); and (v) overall survival (OS). The LTP-free survival was
calculated as the duration from the date of each ablation to the date of
the documented progression of the RFA site. PFS was calculated as the
duration from the date of ablation to the date of documented LTP of
the RFA site and/or extra-RFA site or death (whichever occurred first).
If no progression or death was observed, then the PFS was censored
at the time of last follow-up. OS was calculated as the duration from
the date of ablation to the date of death and was censored at the time
of last follow-up. Survival curves were constructed using the Kaplan-

Meier method, and compared using log-rank test. Multivariate analysis

was performed using the Cox proportional hazard regression model

with the enter method. A two-sided p-value <.05 was considered signif-
icant, and 95% confidence intervals (Cls) were calculated. All statistical
analyses were performed using IBM SPSS version 25.0 (IBM Co., NY,
USA).

3 | RESULTS

3.1 | Baseline characteristics of patients

A total of 48 RFA sessions were carried out in 31 patients with
metastatic colorectal cancer. The patient characteristics are summa-
rized in Table 1. There were 17 males (55%), with a median age at RFA
of 61 (range: 42-81). Most patients had a good performance (ECOG
PS, 0/1; 87%), and left side colon/rectal cancer (81%). Extrapulmonary
metastasis was observed in approximately half of the patients (45%),

and 40% of patients had multiple pulmonary metastasis.

3.2 | Tumor characteristics before RFA

The median metastasis size was 11 mm (range: 4-32), and 60% of

metastases were located in contact with blood vessels. The tumor
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TABLE 1 Patient characteristics (n = 31) TABLE 2 Tumor characteristics before RFA (n = 48)
Characteristics N % Characteristics N %
Sex Tumor size® 11mm 4-32
Male 17 54.8 Location
Female 14 45.2 Subpleural 12 25
Age at RFA (years)? 61 42-81 Peripheral 31 64.6
ECOGPS Central (hilar area) 5 10.4
0/1 27 87.1 Number of treated tumors? 1 1-5
2/3 4 12.9 Hospitalization time after RFA? 1day 1-3
Extrapulmonary metastasis Time from metastatic colorectal cancer? 15.6 months .6-73.5
Present 14 45.2 Time from lung metastasis® 13.4 months .6-58.5
Liver only 11 35.5 Time from last chemotherapy? 7.3 months .2-751
Para-aortic lymph node only 2 6.5 Prior treatment
Bone only 1 3.2 1L-chemotherapy 24 50
Primary tumor 2/3L-chemotherapy 9 18.8
Right colon 6 19.4 Surgery + adjuvant chemotherapy 15 31.2
Left colon 11 35.5 Response to prior treatment
Rectum 14 45.1 CR/PR 18 374
Lung metastasis SD/PD 15 31.3
Single 19 61.3 NED 15 313
Multiple 12 39.7 Abbreviations: 1L, first line; 2/3L, second or third line; CR/PR, complete
Previous lung surgery or partial response; NED, no evidence of disease; RFA, radiofrequency
Done 10 322 ablation; SD/PD, stable disease or disease progression.

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; RFA, radiofrequency ablation.
aMedian (range).

characteristics before RFA are summarized in Table 2. RFA was per-
formed for curative intent in 71% of patients, and most patients
received RFA once; however, repeated RFA was performed in eight
patients (26%). The median time between the first detection of the pri-
mary tumor and the first metastasis was 15.6 months (range: 0-73.5).
The median time from the occurrence of pulmonary metastasis to RFA,
and the last date of prior treatment to RFA was 13.4 months (range: .6-
58.5) and 7.3 months (range:.2-75.1), respectively. Approximately 50%
and 20% of patients received the first-line palliative chemotherapy and
the second/third-line chemotherapy before RFA, respectively; and RFA
was the first salvage treatment modality for pulmonary metastases in
30% of patients.

3.3 | RFA result and complications

RFA was technically successful in 43 sessions (90%), and five sessions
could not be performed due to pneumothorax (n = 3), hemoptysis
(n = 1), and noncooperation (n = 1). The median length of hospital-
ization for observation after RFA was 1 day (interquartile range [IQR]:
1-3). Overall, there were 14 complications (29%) after RFA, but there

were no cases of mortality. The complications and further treatments

are summerized in Table 3 (Figure 2A).

2Median (range).
bMedian (interquartile).

TABLE 3 Complications and further treatments

Characteristics N %

None 34 70.7
Pneumothorax? 9 18.8
Pleural effusion® 1 2.1
Blood-tinged sputum® 1 21
Hemoptysis© 1 2.1
Lung abscess? 1 2.1
Diaphragm injury® 1 2.1

aPercutaneous drainage for pneumothorax was performed in four patients
(8.3%).

bNo further treatment was needed.

¢Close observation was carried out in ICU without embolization.
dAntibiotics were administered.

€Surgical repair was performed.

3.4 | Local control rate and survival

The median follow-up duration from RFA in the surviving 29 patients
was 18.0 months (IQR: 12.6-29.3), and two patients died (6%). The
median LTP-free survival and OS were not reached. Local progres-
sion of the RFA site was observed in 13 metastases (27%), whereas
23 metastases (48%) had extra-RFA site progression. After the RFA
procedure, further systemic chemotherapy was given in 20 RFA
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After RFA

May 2016

Nov 2016
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FIGURE 2 After RFA for the left lower lobe tumor, a complication
of lung abscess was observed (A). Long-term controlled RFA site with a
discrete residual scar over the course of 3 years (B)

sessions (42%). The LTP-free survival at the RFA site at 1, 2, and 3 years
were 81.1% (95% Cl: 70.0-82.2), 63.6% (95% CI: 50.0-77.2),and 54.5%
(95% Cl: 40.4-68.6), respectively (Figure 2B). In addition, the PFS of the
RFA site and/or extra-RFA sites at 1, 2, and 3 years were 59.9% (95%
Cl: 46.0-73.8), 43.1% (95% Cl: 29.1-57.1), and 33.2% (95% Cl: 19.9-
46.5), respectively (Figure 3A). The OS at 1, 2, and 3 years was 97.9%
(95% Cl: 93.5-100.0), 97.7% (95% Cl: 93.5-100.0), and 90.9% (95% Cl:
82.8-99.0), respectively. In addition, the 5-year OS from the diagnosis
of metastatic disease was 97.9% (95% Cl: 93.7-100.0).

3.5 | Prognostic factors for RFA site outcomes

In univariate analysis, progression of extra-RFA sites (p = .001)
(Figure 3B) was a significant factor for LTP at RFA site. All factors
tested in univariate analysis were included in multivariate analysis,
and the progression of extra-RFA sites and the presence of extrapul-
monary metastasis were identified as independent prognostic factors
significantly associated with LTP (Table 4, Figure 3C).

4 | DISCUSSION

This study analyzed the safety and efficacy of CBCT-guided RFA for

pulmonary metastases in colorectal cancer patients in a single institu-
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FIGURE 3 Local tumor progression-free survival of the RFA site,

and progression-free survival at RFA site and/or extra-RFA sites (A).
Local tumor progression-free survival of the RFA site according to (B)
progression of extra-RFA sites, and (C) presence of extrapulmonary
metastasis [Colour figure can be viewed at wileyonlinelibrary.com]

tion. Although complications occurred in approximately 30% of cases,
most events required no intervention, and no mortality was observed.
Of the six complications that required interventions, percutaneous
drainage for pneumothorax was inserted 1-2 days in four patients, and
antibiotics and surgical repair were given in each patient. The techni-
cal success rate was 90%, and the local control rates of the RFA site at
1 and 2 years were 81% and 64%, respectively. The median length of

hospitalization for observation after the RFA procedure was 1 day.
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TABLE 4 Univariate and multivariate analyses for local tumor progression (LTP) at RFA site
Characteristics 2Y-LTP (%) 95% Cl (%) p-Value HR 95% Cl p-Value
Sex
Male 60.4 50.0-78.8 480 Reference 155
Female 72.5 53.4-91.6 5.70 52-62.68
Age at RFA
<70vyears 55.8 39.1-72.5 619 Reference 795
>70years 68.4 44.0-92.8 1.47 .08-26.68
ECOGPS
0/1 65.0 50.9-79.1 157 Reference .109
2/3 50.0 1.0-99.0 19.76 51-762.18
Primary site
Rectum 61.9 44.2-79.6 314 Reference 487
Colon 65.8 44.5-87.1 2.84 .15-53.75
Lung metastasis
Multiple 75.0 56.0-94.0 .888 Reference 239
Solitary 62.2 44.2-80.2 5.09 .34-76.16
Previous lung surgery
Not done 65.7 44.8-83.6 457 Reference .784
Done 615 40.7-82.3 1.26 .24-6.48
Extrapulmonary
metastasis
Absent 80.0 62.9-97.1 062 Reference 034
Present 54.1 35.3-72.9 59.14 1.35-2595.82
Tumor size
>15mm 76.2 53.1-99.3 749 Reference 841
<15mm 59.0 42.7-75.3 1.22 .18-8.41
Tumor location
Subpleural or central 48.7 24.9-72.5 .379 Reference .896
Peripheral 714 55.5-87.3 1.13 .18-6.91
Prior treatment
OP/adjuvant 67.7 44.0-91.4 .689 Reference .075
chemotherapy
1L chemotherapy 53.0 33.0-73.0 12.33 1.22-124.36
2L or 3L 88.9 68.4-100.0 .27 .01-20.16
chemotherapy
Progression of
extra-RFA site
No 84.4 70.2-98.6 .001 Reference .009
Yes 41.4 21.3-61.5 84.56 2.96-2414.94
Further chemotherapy
Not done 78.9 63.8-94.0 .352 Reference .148
Done 53.7 31.8-75.6 7.19 .50-104.27

Abbreviations: 1L, first line; 2/3L, second or third line; 2Y-LTP, 2-year local tumor progression-free surival; Cl, confidence interval; ECOG PS, Eastern
Cooperative Oncology Group performance status; HR, hazard ratio; OP, operation; RFA, radiofrequency ablation.
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4.1 | Advantages and limitations of the lung RFA
Lung RFA can provide effective local treatment in patients who are
unsuitable for pulmonary metastasectomy, and it can offer a chance to
control multiple tumors in bilateral lungs by repeating RFA treatment.
This repeatability can be performed based on the minimal influence
of RFA on the pulmonary function, which allows RFA to be applied
regardless of the treatment history.1° It is not well known when it is
most appropriate to perform local therapy, such as RFA, in the pres-
ence of distant metastasis. According to the results of this study, RFA
can be used for upfront local control before systemic treatment, before
chemotherapy holiday after first-line chemotherapy, or during second-
line or later salvage chemotherapy since there was no difference in the
treatment efficacy of RFA at any point in time.

Since cytotoxic chemotherapy-based target agent combinations are
utilized as systemic therapy for patients with metastatic colorectal can-
cer, cumulative toxicity and cost should be considered for long-term
delivery. Effective local treatment can contribute to the goal of erad-
icating all visible metastatic sites, which can allow patients to have a
chemotherapy holiday, discontinue systemic chemotherapy, or delay
the start of systemic chemotherapy. Because the multidisciplinary
team was gathered to select appropriate targets and suitable patients
for RFA treatment, more favorable LTP-free survival of the RFA site
may be provided.19-12 Therefore, the multidisciplinary team approach
is important to offer the patients more treatment-free intervals, and
improve the patients’ quality of life while also trying to prolong their
survival.

In contrast, the therapeutic approach of RFA is limited if the tumor
location is too close to the hilum, or if the tumor is particularly large
(>40 mm). Another limitation is that lung RFA cannot be performed in
the outpatient clinic due to the risk of pneumothorax.

4.2 | Schedule of RFA procedure

In principle, a 2-night 3-day hospitalization schedule was maintained
for RFA treatment. On the first day, the patient condition and baseline
laboratory data were checked, and RFA was performed the follow-
ing day. As CBCT consists of a cone-beam X-ray tube and a flat-panel
detector C-arm system installed in the angiography suite, percuta-
neous drainage procedure could be performed when complications,
such as pneumothorax, are detected, without having to move patients
to an angiography room. Discharge from the hospital is indicated when

no complications were observed by CBCT scans the next morning.

4.3 | Prognostic factors of RFA progression

As shown in the prognostic factor analysis, the progression of extra-
RFA sites and the presence of extrapulmonary metastasis were iden-
tified as independent prognostic factors significantly associated with
RFA site progression. Extrapulmonary metastasis has already been

reported as a significant prognostic factor in previous studies!3-13;

this may indicate tumor burden in patients with metastatic colorec-
tal cancer. Given that lung metastasectomy is considered in patients
with no extrapulmonary metastasis, lung RFA may have a broader indi-
cation for local control. Moreover, the progression of extra-RFA sites
was shown to be an important prognostic factor, suggesting that over-
all systemic tumor control is necessary to maintain or enhance the
effectiveness of local therapy. With the recent development of sys-
temic therapy using newer targeted agents for metastatic colorectal
cancer, individualization of patient treatment through sequencing and
combining the various options is challenging. Therefore, it is impor-
tant to select appropriate candidates for RFA, considering the patients’

systemic disease status.

4.4 | Further perspective of lung RFA

Pulmonary metastasectomy could afford patients a prolonged survival
of up to 50% or more at 5 years, even in patients with metastatic
lesions.'®17 However, surgical lung resection might be impossible in
patients with certain comorbidities, such as severe chronic obstructive
pulmonary disease or significant cardiovascular diseases. Metasta-
sectomy also involves the risk of complications, including bleeding,
atelectasis, pulmonary edema, and empyema, and can result in pro-
longed recovery periods. The characteristics of patients who undergo
metastasectomy and RFA are different, and it is not feasible to compare
these two treatments in a prospective design given the advantages
and disadvantages of each treatment. However, it remains necessary
to provide lung RFA as an option for local therapy in patients with
resectable lung metastases in real practice through a multidisciplinary
discussion. Recent studies showed that a newer ablation technique,
microwave ablation (MWA), has an advantage regarding local tumor
control and LTP-free survial over RFA for pulmonary metastases.é1?
Therefore, further prospective studies are warranted to compare
MWA and RFA for pulmonary metastasis in terms of their efficacy and
safety.

4.5 | Limitations of this study

Our study has several limitations that are inherent to the retrospec-
tive design and analysis. There was only a small number of patients, and
all were treated in a single institution. In addition, a longer follow-up
is needed to confirm the efficacy of local tumor control. Selection bias
was inevitable as lung RFA is generally only considered for nonsurgical
candidates, such as patients with comorbidities or multiple tumors, or
those who refuse to undergo surgery. Lung metastases were not always
confirmed by histology as RFA cannot be combined with biopsy. Also,
most local progressions after RFA were not confirmed by biopsy, and
were instead judged clinically based on the CT images, in which the
dimension, geometry, and the constant enhancement were analyzed
in a real practice setting. Despite all these limitations, the role of RFA
in managing pulmonary metastases can be expanded in patients with

metastatic colorectal cancer.
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5 | CONCLUSION

In conclusion, CBCT-guided RFA for lung metastasis from colorectal
cancer is a safe and minimally invasive procedure with acceptable mor-
bidity. This technique offers the opportunity to repeat local therapy
and achieve a favorable prognosis. Combined or sequential systemic
treatment and local treatment could improve the survival outcome

with the possibility of increasing treatment-free intervals.
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