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INTRODUCTION

When a patient has metastatic tumors, the malignancy is
considered to be showing systemic progression, and the
standard treatment in such cases is systemic chemotherapy.
On the other hand, locoregional treatment might provide
benefit if the apparent lesion is limited and not aggressive.'~

Background: This study was performed to evaluate the clinical outcomes of hybrid
treatment involving surgical resection and percutaneous radiofrequency ablation for
patients with multiple lung metastases.

Methods: Seventeen patients (6 men, 11 women; median age, 52 years; range, 16-
78 years) underwent hybrid treatment involving surgery and radiofrequency ablation
to treat multiple lung metastases (median number, 4; range, 2-26) between May 2014
and February 2020. The primary lesions were colorectal carcinoma (n = 9), uterine
endometrial carcinoma (n = 3), osteosarcoma (n = 2), renal cell carcinoma (n = 1),
glottic carcinoma (n = 1), and fibrolamellar hepatocellular carcinoma (n = 1).
Twenty-four sessions each of surgery and radiofrequency ablation were performed.
Safety, disease-free survival, and overall survival were evaluated. Safety was assessed
according to the Clavien-Dindo Classification.

Results: A grade IVa adverse event of empyema developed in one patient (4%, 1/24)
after surgery. A grade IIla adverse event of pneumothorax and a grade II adverse event
of lung abscess occurred in four (17%, 4/24) and one session (4%, 1/24) after radio-
frequency ablation, respectively. During the median follow up of 34 months (range,
8-67 months), 10 patients (59%, 10/17) developed new metastases. The 5-year
disease-free survival rate was 32%. Four or fewer lung metastases (p = 0.008) and
metastases from colorectal carcinoma (p = 0.02) were factors significantly associated
with longer disease-free survival. One patient (6%, 1/17) died of tumor progression
29 months after initial treatment. The 5-year overall survival rate was 88%.
Conclusions: The strategy of hybrid treatment involving surgery and radiofrequency
ablation may offer good outcomes for patients with multiple lung metastases.
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In fact, recent advancements in effective adjuvant chemo-
therapy and immunotherapy could lead to survival benefit
with local control.>* The most effective locoregional treat-
ment is surgical resection. Especially for patients with lung
metastases, metastasectomy is widely performed because of
the advances in video-assisted thoracoscopic surgery

4 (VATS).> % Nevertheless, resection is sometimes difficult
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for patients with multiple lung metastases considering the
potential for insufficient remnant pulmonary function.

Recently, the use of radiofrequency ablation (RFA) has
also been increasing as another effective locoregional treat-
ment.''”"” This treatment has advantages in being less inva-
sive, having a small effect on respiratory function, and
tolerance for repeated treatment.'''® However, RFA is
effective only for small tumors.'”'®

Surgery and RFA each have advantages and disadvan-
tages for the treatment of lung metastases. To compensate
for their disadvantages, a strategy to perform both surgical
resection and percutaneous RFA is sometimes considered as
a hybrid therapy in patients with multiple lung malignan-
cies.'”? By resecting the external or large tumors and per-
forming RFA for internal or small tumors, all lung
metastases are treated while maintaining pulmonary func-
tion. However, the clinical outcomes of such hybrid therapy
have not been well investigated.

In this study, the clinical outcomes of hybrid therapy
involving surgery and RFA for patients with multiple lung
metastases were retrospectively evaluated.

METHODS
Patients

This retrospective study was approved by our institutional
review board. The necessity for informed consent for study
inclusion was waived by the institutional review board, but
informed consent to perform surgery and RFA was obtained
from each patient before each procedure. A multi-
disciplinary team preoperatively discussed whether to per-
form surgery, RFA, or radiation therapy. Indication criteria
for hybrid therapy are described as follows: (a) all the lung
metastases could be treated by surgery and RFA; (b) no
extra-lung metastases; (c) the remnant pulmonary function
is thought to be low if all the lung metastases were treated
by surgery; and (d) the locoregional treatment is rec-
ommended for lung metastases as they are considered to be
oligometastases'? or effective systemic chemotherapy regi-
mens are limited. Whether to treat each lesion with surgery
or RFA is determined by discussion between surgeons and
interventional radiologists. Basically, the possibility of
resecting all tumors was pursued first. However, when it
was thought that resection of the tumors would severely
decrease respiratory function; RFA was planned for the
tumors. Exclusion criteria for RFA are as follows:
(a) tumors larger than 3 c¢m; (b) tumors contacting with
vessels or bronchi larger than 2 mm; and (c) tumors
located in pulmonary apex.

From May 2014 to February 2020, lung metastasectomy
was planned for 396 patients at the Department of Thoracic
Surgery in our hospital. Treatment of all lung metastases by
hybrid therapy involving surgery and RFA was planned for
22 patients, but either surgery or RFA could not be per-
formed in five patients. Therefore, 17 patients (4%, 17/396)

who completed the hybrid therapy were included in this
study (Figure 1).

All patients underwent routine physical examinations,
laboratory tests, pulmonary function tests (vital capacity
[VC] and forced expiratory volume in 1 second [FEV1.0]),
and imaging studies including chest radiography and com-
puted tomography (CT) within the 4 weeks preceding treat-
ment (Figure 2(a), (b)). CT was also checked within 4 weeks
before each treatment session to prevent starting the next
session with complications of previous treatment and devel-
opment of new metastases. The patients’ background and
nodule characteristics are summarized in Table 1. There
were 6 men and 11 women, with a median age of 52 years
(range, 16-78 years). The median nodule number was four
(range, 2-26). RFA was chosen to avoid lobectomy for seven
nodules, to avoid segmentectomy for 14 nodules, or to pre-
vent from respiratory failure caused by multiple wedge
resections for five nodules. Ten of 17 patients (59%, 10/17)
had other metastases treated previously, but all lesions were
controlled by locoregional treatment. No patients had viable
primary tumors or active metastases in an organ other than
lung at the time of hybrid therapy.

The order of treatment was determined by thoracic sur-
geons considering the schedule of elective surgery and the
conditions of the patients and their disease. The treatment
began with surgery and RFA in seven and 10 patients,
respectively. The median interval between initial lung metas-
tases and RFA was 40 days (range, 14-172 days). When per-
forming metastasectomy, all metastases located in one side
of the lung were treated in one session. If metastases were
present in both sides of the lungs, the surgeries for the right
and left lungs were performed in separate sessions. On the
other hand, one metastasis was treated in a single session of
RFA. However, if several tumors were located in close prox-
imity and could be punctured without withdrawing the nee-
dle, they were treated in one session. In total, surgery and
RFA were performed in 24 sessions each. The median num-
bers of sessions of surgery and RFA for each patient were
one (range, 1-2) and one (range, 1-4), respectively.

Surgical resection

Pulmonary metastasectomy was generally performed by
wedge resection or segmentectomy (Figure 2(c)) under
VATS through 1 to 4 ports. Lobectomy was performed for a
lobe with a metastasis at the hilum or containing multiple
metastases. Thoracotomy was chosen when VATS was
thought to be high risk because of postoperative adhesions
or comorbid disease.

Radiofrequency ablation
Lung RFA was performed percutaneously with the patient

under moderate sedation and local anesthesia on an inpa-
tient basis. Real-time CT fluoroscopy (Aquilion LB; Canon
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FIGURE 1 Flowchart of patients who
underwent lung metastasectomy in our
institution

Patients for whom lung metastasectomy was planned
from May 2014 to February 2020

n=2396

Patients with lung metastases
treatable only by surgery

n=374

S

v

Patients for whom hybrid therapy was planned
to treat all lung metastases

n=22
Patients who could not undergo RFA
n=4
Development of new metastases n =3

Patient's choice n=1

Patients who did not undergo surgery
Patient's choice n=1

y

Patients who underwent hybrid therapy
n=17

=

FIGURE 2 CT images of a 78-year-old woman (case 3) who underwent hybrid therapy for lung metastases from rectal cancer. Two lung metastases,
(a) a 20-mm nodule (arrow) in the left lingula segment and (b) a 6-mm nodule (arrow) in the right lower lobe, emerged 7 months after resection of the
primary tumor. Considering respiratory function and tumor location, surgery and radiofrequency ablation were planned for the left and right lung nodules,
respectively. (c) Lingula segmentectomy is performed by video-assisted thoracoscopic surgery. (d) Radiofrequency ablation is performed for right lung
metastases (arrow) with a cooled electrode (arrowhead)

Medical Systems Corp.) was used for image guidance  algorithm. Chest CT was performed immediately after RFA,
(Figure 2(d)). All procedures were performed using an inter- and chest radiography was followed-up at 2 hours and for
nally cooled electrode (VIVA RF System; STARmed). Radio- 2 days after RFA to check for pneumothorax and
frequency energy was applied using an impedance-control ~ hemothorax.
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Safety, disease-free survival (DFS), and overall survival
(OS) after hybrid therapy were evaluated. Safety was
assessed on a session basis using the Clavien-Dindo Classifi-
cation system.”’ DFS was defined as the time after comple-
tion of hybrid therapy to the date of development of new
metastases or last follow-up. OS was defined as the time
between the completion of hybrid therapy and the date of
death or last follow-up.

Cumulative DFS and OS curves were generated by the
Kaplan-Meier method. The DFS rates were compared by
univariable analysis, using the log-rank test among sub-
groups categorized by patient background. Differences in
pulmonary function between before and after hybrid ther-
apy were compared using the Wilcoxon signed-rank test. A
p value <0.05 was considered significant. Statistical analyses
were performed using commercially available software
(SPSS for Windows, version 24; IBM).

RESULTS
Safety

The median hospital stays after surgery and RFA were
3 days (range, 2-8) and 3 days (range, 2-4), respectively. A
grade IVa adverse event (AE) of empyema requiring fenes-
tration developed after one session (4%, 1/24) of surgery. A
grade IIIa AE of pneumothorax requiring chest tube place-
ment, a grade II AE of lung abscess, and a grade I AE of
pneumothorax developed after 4 (17%, 4/24), 1 (4%, 1/24),
and 8 sessions (33%, 8/24) of RFA, respectively. The median
VC and FEV 1.0 decreased from 3.0 to 2.6 L (p = 0.0008)
and 2.5 to 2.1 L (p = 0.0008), respectively. No patient com-
plained of respiratory discomfort after completion of hybrid
therapy.

DFS and OS after hybrid therapy

There was no local recurrence during the median follow up
of 34 months (range, 8-67 months). Ten patients (59%,
10/17) developed new metastases in lungs (n = 7), lymph
nodes (n = 2), and lungs and liver (n = 1). The DEFS rates
were 48% (95% confidence interval [CI], 23-74) at 1 year

FIGURE 3 The Kaplan-Meier curve of disease-free survival after
hybrid therapy for multiple lung metastases. The disease-free survival rates
are 48% (95% CI, 23-74) at 1 year and 32% (95% CI, 7-57) at 3 and 5 years
after hybrid therapy

and 32% (95% CI, 7-57) at 3 and 5 years (Figure 3). Median
DFS was 8 months. Four patients underwent repeat radical
treatment by surgery (n = 1) and RFA (n = 3), and 6
patients started systemic chemotherapy. The DFS rate was
significantly better in patients with four or fewer lung
metastases (p = 0.008) and with primary colorectal carci-
noma (p = 0.02) (Table 2).

One patient (6%, 1/17) died of tumor progression
29 months after initial lung metastasectomy. The overall
survival rates were 100% (95% CI, 100-100) at 1 year and
88% (95% CI, 65-100) at 3 and 5 years (Figure 4).

DISCUSSION

This study showed that hybrid therapy involving surgery
and RFA provides good outcomes for patients with multiple
lung metastases, with 5-year DFS and OS rates of 32% and
88%, respectively. With this treatment strategy, effective
locoregional treatment could be performed while preserving
respiratory function.

In performing locoregional treatment for patients with
multiple and/or bilateral pulmonary metastases, achieving
complete control of all metastases is indispensable, but pres-
ervation of pulmonary function is also needed. We could pro-
pose hybrid therapy as one solution to overcome this conflict.
The small size of the treatable area is one of the drawbacks of
RFA, but the effect on surrounding lung parenchyma is also
small** There is less effect on wound healing after RFA,
unlike with radiation therapy, and additional treatment can
be performed; therefore, lung RFA is highly compatible with
surgery. Moreover, there were no local recurrences in the pre-
sent study, though the local recurrence rate was previously
reported to be 10%-20% after lung RFA."”'®*? Lesions suit-
able for RFA, such as small lesions or those located apart
from large vessels, were selected as RFA targets, and this
might contribute to the low local recurrence rate.
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TABLE 2 Disease-free survival rate by variable

DFS rate (%)

Variable No. of patients 1-year 3-year p value

Age ()
<60 10 42 28 0.69
260 7 57 38

Sex
Male 6 60 30 0.75
Female 11 44 33

Maximum tumor diameter
<l cm 6 33 33 0.79
>1 cm 11 55 33

Number of lung metastases
<4 11 67 53 0.008
>5 6 17 NA

Primary tumor
CRC 9 70 53 0.02
Non-CRC 8 25 13

Initial treatment
Surgery 7 57 43 0.31
RFA 10 44 22

Previous metastases
No 7 50 50 0.34
Yes 10 50 17

Adjuvant chemotherapy
No 11 42 42 0.08
Yes 6 NA NA

Total 17 48 32

Abbreviations: CRC, colorectal carcinoma; DFS, disease-free survival; NA, not
applicable; RFA, radiofrequency ablation.

(%)
100
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© 801 88%
2 601
c
3
© 40 4
©
g 20 A
o
0
T T T T T T
0 1 2 3 4 6
Patients at risk Follow-up period )
17 13 8 6 3 2

FIGURE 4 The Kaplan-Meier curve of the overall survival rate after
hybrid therapy for multiple lung metastases. The overall survival rates are
100% (95% CI, 100-100) at 1 year and 88% (95% CI, 65-100) at 3 and

5 years after hybrid therapy

Nevertheless, complete ablation of small tumors is sometimes
difficult to achieve,* thus it is important to determine the
indication for treatment carefully.

During this study period, hybrid therapy was planned
for 22 patients but it could not be completed in five
patients. In particular, new metastases developed in three
patients after initial treatment. Patient selection is, there-
fore, very important, and multidisciplinary team discus-
sions were held before treatment, but it was not possible
to avoid the development of new lesions during the treat-
ment course. However, new lesion development could be
checked between treatment sessions, so that it could be
said that patients had the opportunity to escape from
unnecessary radical and invasive treatment with the
hybrid therapy strategy.

This study identified two factors associated with signifi-
cantly longer DFS. One factor was four or fewer lung metasta-
ses. The efficacy of locoregional treatment for oligometastases,
defined as metastases limited in number and location, has been
reported in the last few decades."™ Considering that lack of
wide spread of the tumor is related to better tumor control, it
is reasonable that a smaller number of metastases was a sig-
nificant factor for longer DFS. The other factor was metasta-
ses from colorectal carcinoma; this result corresponded with
a previous report that showed better treatment outcomes after
metastasectomy of metastases from colorectal carcinoma than
of other malignancies.”® In several guidelines for colorectal
carcinoma management, resection is recommended when the
primary lesion and all metastases are resectable.”*>® There-
fore, patients with multiple lung metastases from colorectal
carcinoma may be good candidates for hybrid therapy.

Hybrid therapy was performed for a 16-year-old woman
with 13 metastases from osteosarcoma (case 14) and a
20-year-old man with 26 metastases from fibrolamellar
hepatocellular carcinoma (case 17). Surgery or RFA is not
usually indicated for such multiple tumors. However, hybrid
therapy was performed because there are few effective sys-
temic chemotherapy regimens for such tumors and consid-
ering each patient’s age.”” ' Locoregional treatment plays
an important role in such situations, but it was considered
difficult to resect all tumors because of the possibility of
severely impaired remnant pulmonary function. By treating
the inner metastases by RFA, pulmonary function was pre-
served, and this may have contributed to enabling patients
to undergo further treatment if new metastases developed.

The complication rate was higher after RFA than after
surgery. Because RFA is a percutaneous procedure, it is diffi-
cult to simply compare with surgery, because a chest tube
was not usually inserted, and CT showed minor pneumo-
thorax after treatment. However, there were no life-
threatening complications after each treatment. Moreover,
no patients complained of respiratory discomfort after
hybrid therapy. Actually, among 26 tumors treated by RFA
in this study, lobectomy or segmentectomy were required to
treat 21 nodules if surgery was performed. It has been
reported that VC and FEV 1.0 decrease 7.1%-19.2% and
8.7%-21.0% after lobectomy and 4.1%-15.0% and 6.2%-
18.4% after segmentectomy,”>>° respectively. Moreover,
bilateral metastasectomy was reported to impair pulmonary
function than unilateral surgery.>® Hybrid therapy may work
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to prevent from respiratory failure caused by such pulmo-
nary function impairment.

This study has several limitations. First, because this was a

single-center, retrospective study, selection bias could not be
avoided. Second, the follow-up period was short, and long-
term outcomes were unclear. Third, the inhomogeneous
patient sample made it difficult to evaluate treatment out-
comes. Fourth, the sample size was too small to conduct multi-
variate analysis. At last, the quality of life after hybrid therapy
was not evaluated, so the effect on less invasiveness with this
treatment strategy from the viewpoint of quality of life was
unclear. Despite these limitations, the strategy of hybrid ther-
apy involving surgery and RFA may offer good outcomes for
patients with multiple lung metastases. In particular, patients
with four or fewer lung metastases and those with metastases
from colorectal carcinoma appear to be good candidates.
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