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Abstract

Background: The aim of this study was to evaluate comparatively the effectiveness of
computed tomography-guided percutaneous radiofrequency ablation (CT-PRFA) for primary
non-small cell lung cancer (NSCLC) and lung metastases from hepatocellular carcinoma (HCC)
and to explore the potential miRNA mechanisms for the efficacy of CT-PRFA. Methods: 14
patients pathologically diagnosed with NSCLC and 12 patients with lung metastases from HCC
were enrolled in the study and underwent CT-PRFA. Clinical outcomes were compiled on the
basis of review of medical records, imaging follow-up reports, and any biopsy-proved residual
or recurrent disease. Real-time RT-PCR was used to quantify the selected miRNAs known to
be play key roles in lung cancer. Results: A total of 21 tumors were treated with umbrella-tip
electrodes and spiral-tip electrodes were used for the remaining 8 tumors. The median follow-
up was 13.5 months (range, 3-30 months) and no patient was lost to follow-up. The rate of
technique efficacy for primary tumors was ~93% (13 of 14). Treatment was successful in 11
out of 12 (91.7%) lung metastases patients. Overall survival rate was 80.8% at 2 years, and
cancer-specific survival rate was 100% at 2 years. The tumor-free survival was 69.2% at 1 year
and 26.9% at 2 years. Before PRFA, tumor suppressor let-7a and miR-34a were downregulated
whereas oncomiR miR-21 was upregulated in primary tumors, and let-7a and miR-126 levels
were downregulated whereas oncomiRs miR-21, miR-155 and miR-17-5p/miR-20b levels
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were upregulated in secondary tumors. This abnormal expression was normalized by CT-PRFA.
Most notably, CT-PRFA failed to normalize the deregulated miRNAs in the non-survivors.
Conclusions: CT-PRFA is a effective treatment for primary NSCLCs and secondary lung tumors
from HCC and the efficacy may be related to its ability to normalize deregulated expression of
miRNAs: upregulating tumor suppressor miRNAs and downregulating oncomiRs.

Copyright © 2014 S. Karger AG, Basel

Introduction

Lung cancer, among the most frequently occurring malignancies, is the leading cause
of cancer-related death in the world [1]. Lung cancer patients with advanced non-small-cell
lung carcinoma (NSCLC) have a median survival time of six to eight months and a 1-year
survival rate of only 10-20% [2]. Moreover, lung is a frequent site for metastasis, and
pulmonary metastases occur in 30% of all malignancies. Surgical resection, the gold standard
therapy, is the treatment of choice for primary NSCLCs and isolated pulmonary metastases
from other cancers [3, 4]. However, when the initial diagnosis is made, ~65% of all NSCLC
patients are ineligible for curative resection due to a variety of associated complications [5,
6]. Unfortunately, systemic chemotherapy and radiation therapy have failed to yield drastic
improvement of outcomes in patients with unresectable disease, and increased efficacy is
often in the face of unacceptable toxicity, especially for patients with comorbid conditions
[7, 8].

Percutaneous radiofrequency ablation under computed tomography (CT) guidance (CT-
PRFA), a minimally invasive therapeutic approach, has been applied over a decade to the
treatment of primary and secondary liver tumors [9, 10] with impressive and promising
therapeutic outcomes. This approach has also been recently evaluated for its applicability
to both primary and metastatic malignant lung tumors [11-18]. In principle, pulmonary
CT-PRFA is believed to be a safe and feasible technique for the treatment of human lung
cancer, although some contradictory results exist in these studies because of the small and
heterogeneous patient groups involve in the studies, together with differences in the CT-
PRFA protocols used in the various studies. More studies are definitely required to confirm
the effectiveness of CT-PRFA and to clarify the unresolved issues. A number of studies have
addressed the efficacy of CT-PRFA in treating pulmonary metastases from colorectal cancer
and renal cell carcinoma. During the course of the present study, one case report [19] and two
retrospective studies [20, 21] have reported the efficacy of CT-PRFA therapy of pulmonary
metastases from hepatocellular carcinoma.

Over the past decade, numerous studies have been published showing the critical
involvement of microRNAs (miRNAs or miRs) in various types of lung cancers as causal
factors, regulators, risk stratification molecules, diagnostic biomarkers, etc [22-40].
miRNAs regulate expression of their target genes/mRNAs through seed site (the 5’ end 2-8
nucleotides) base pairing to the sequence motif(s) in the 3’ untranslated region (3° UTR)
of the target mRNA. In this way, miRNAs primarily produce post-transcriptional repression
of the genes. Deregulation of miRNAs can result in abnormal or adverse changes of gene
expression: upregulation of miRNAs leads to downregulation of their targeted genes whereas
or downregulation of miRNAs can cause upregulation of genes due to relief of the tonic
repression under normal situations. It has been shown that certain miRNAs are deregulated
in NSCLCs contributing to the pathological process. A number of studies have demonstrated
the crucial role of let-7 family members as tumor suppressor miRNAs in lung cancer [22-28].
For example, Yanaihara et al. [26] reported that low let-7a-2 expression correlated with poor
overall survival in lung cancer patients. Yu et al. [27] identified a five-miRNA signature (let-
7a, miR-137, miR-372, miR-182%* and miR-221) that correlated with disease-free survival
in a cohort of 122 NSCLC patients with let-7a as protective miRNA. An independent study
of 143 cases of resected lung tumors also showed significantly shorter survival in patients
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with reduced let-7a expression, regardless of disease stage [28]. Similarly, miR-126 has also
been shown to be an anti-lung cancer miRNA and be downregulated in lung tumor tissues
[29-31]. Another frequently referred tumor suppressor miRNA for lung cancer is the miR-
34 family [32-35]. It is found to be downregulated in tumor compared with normal tissue
likely due to DNA hypermethylation, and low levels of miR-34a expression is correlated with
a high probability of recurrence, and is associated with poor overall survival and disease-
free survival [32]. Most intriguingly, miR-34 downregulation is also correlated with a high
probability of relapse in surgically resected non-small-cell lung cancer. On the other hand,
high expression of miR-155, miR-21, and miR-17-92 cluster correlated with a poor overall
survival and stage in lung cancer patients [36-40]. However, whether these miRNAs play a
role in the efficacy of CT-PRFA therapy of lung cancer remained unexplored.

Here we present comparative data on the application of CT-PRFA to primary lung cancer
and pulmonary metastasis from liver cancer and the associated expression alterations of a set
of selected miRNAs known to play key roles in lung cancer. Our primary goal was to examine
the efficacy of CT-PRFA with the primary endpoint was the evaluation of the midterm survival
rates and recurrence of the malignancy and the potential miRNA mechanism for the therapy.

Materials and Methods

Patients

Between January 2008 and October 2010, 26 patients with NSCLCs or metastasis were enrolled in the
study and scheduled for CT-PRFA. The study protocol, which was fully concordant with the in accordance
with the ethical principles of the Helsinki Declaration, was approved by the Institutional Ethics Committee
(Zhejiang University School of Medicine, China). Written informed consent was provided by all participants.
All 26 patients had been evaluated jointly by the anesthesiology and surgical staff of the Department of
Thoracic and Cardiovascular Surgery, the First Affiliated Hospital, Zhejiang University School of Medicine.
In all cases, the patients’ tumors were considered unresectable from an anatomic point of view due to
unacceptably high surgical risk, or insufficient respiratory reserve on the basis of clinical evaluation, results
of respiratory test, or additional comorbidities.

The enrolment criteria included: only patients with NSCLC or pulmonary metastasis from HCC,
confirmed by pathological diagnosis; maximum tumor diameter <3.5 cm; number of tumor nodules <2;
tumor surrounded by aerated parenchyma; and exclusion of surgery as a treatment option [41]. The
exclusion criteria included: tumor infiltration of the mainstem bronchi, trachea and/or mediastinum;
NSCLC patients stage II-1V; extrapulmonary spread; active extrapulmonary disease; platelet count <50,000
mm?® and/or prothrombin time <50%; and concomitant disease with life expectancy <6 months.

Intrathoracic disease extension was assessed by full-chest spiral computed tomography (CT; Sensation
16; Siemens, Erlangen, Germany). Scans were obtained prior to and 90 s following power injection of 100-
120 mL contrast medium at a rate of 2 mL/s. Characteristics of tumors, their vertical, sagittal and traverse
diameters, as well as their locations were evaluated in multiplanar images (1-mm scan collimation; 5-mm-
thick sections; 120 Kvp; 190 mAs). CT images were visualized using soft-tissue (300 W/50 M) and lung (1700
W/-700 M) windows. Tumor diagnosis was confirmed by CT-guided aspiration biopsy performed with a
22-gauge needle, and the samples were processed by standard cytology and immunohistochemical staining
methods. Tumor-staging was performed by routine hematology, renal and liver-function tests, stool assays
for occult blood, and sonographical and spiral CT studies of the abdomen, using the international system
[42]. Pulmonary function was assessed by spirometry and blood-gas analysis, and classified according to the
Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines [43].

Procedure

The whole procedure described by Dupuy et al. [11] and Rossi et al. [41] was employed in our study.
The RF system consisted of a generator, an active electrode and grounding pads. The CT-PRFA procedure
was performed after an overnight fasting, using a 22-gauge monopolar cooled electrode needle (Cooled-tip
RF system, Radionics), with lengths ranging between 10 and 15 cm (depending on the depth of the lesion to
be treated) with the noninsulated portion of the needle being between 1 and 3 cm. The needle was passed
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through the chest wall and advanced towards the tumour along the pathway that would be used for the
electrode insertion. The needle size was set greater than the area to be treated and the active electrodes
used were capable of creating thermal lesions measuring 3.0-3.5 cm in diameter. The RF generator was
started and power was progressively increased until impedance reached values that blocked further energy
delivery. The wattage-current setting was selected automatically by the system and the system adjusts itself
according to the level of resistance and impedance. A maximum treatment time was set to 12 min. Long
periods (30-40 sec) of inactivity by the machine and short periods (5-7 sec) of activity indicated that the
scheduled volume of the nodule had been ablated. Grounding pads (22x19 cm) were placed in the lumbar
(for nodules close to the apex of the lung) or gluteal region (for nodules close to the base), according to
the position of the nodule to be treated. Contiguously reconstructed sections (pitch of 1:1) were obtained
through the thorax in a single breath hold with 5-mm collimation, without injection of contrast medium.
All procedures were performed by using general anesthesia with intubation, and anesthesiologists were in
attendance during the procedure. Antibiotic prophylaxis of amoxicillin clavulanate at a dose of 2 g/day and
ofloxacine at a dose of 400 mg/day was started immediately before the procedure and continued through
the third post-operative day. Two to four grounding pads were attached to the patient’s back and connected
to the RF 3000 generator with an initial power of 20 W. To obtain the shortest path to the tumor that did
not intersect any major airways or blood vessels, the patient was then prepped in the prone, lateral, or
supine decubitus position, depending on the preselected electrode insertion tract. When more than one
tumor was present, every effort was made to treat all tumor locations in a single session, as long as no major
complication occurred and the patient remained stable during the procedure. Throughout the procedure,
heart rate, blood pressure, ECG and blood oxygen levels were continuously monitored.

Immediate post-treatment and follow-up studies

We followed the procedures described by Dupuy et al. [11] and Rossi et al. [41] for our follow-up
studies. Spiral CT was performed at the end of the CT-PRFA procedure for gross assessment of results and
the detection of possible complications. The true assessment of the completeness of treatment was based
on findings from a second spiral CT repeated 30 days later. Partial ablation was defined as any increase in
the size of the ablation zone of more than 20% in the largest diameter between two follow-up CT scans. The
presence of a nonenhancing area larger than the treated one at the tumor site was considered successful
treatment with radiological evidence for complete tumor necrosis. In the former case, CT-PRFA was
repeated, as described previously, ~1 week after the residual tumor was detected. If enhancing tissue at
the tumor site was observed 30 days after the second CT-PRFA session, the case was defined as a treatment
failure. The patients whose 30 day CT scan findings were suggestive of complete tumor necrosis underwent
clinical-radiological follow-up that included spiral CT scans 3, 6 and 12 months after CT-PRFA for the first
year and every 6 months thereafter.

Mortality rates were calculated, as well as the frequencies of local recurrence (reappearance of
enhancing tissue at the original tumor site), intrapulmonary disease progression (appearance of new lung
tumors at sites other than the treated one), and extrapulmonary spread.

Real-time reverse transcription-polymerase chain reaction (RT-PCR) quantification of miRNAs

CT-guided fine needle aspiration biopsy from the area immediately surrounding the site of tumor
ablation was performed before PRFA, and 2-week tumor-free survivors after PRFA, 2-year tumor-free
survivors after PRFA, and 2-year non-survivors after PRFA during follow-up. For all non-survivors, the
biopsies obtained the last time before they deceased were used. The area immediately surrounding the site
of tumor ablation was used because the living tissue adjacent to the tumor can provide more meaningful and
pertinent data with implications in therapeutic efficacy and the potential of tumor recurrence after RFA. The
samples were used for total RNA extraction. MiRNA levels were quantified using the TagMan quantitative
real-time PCR (qRT-PCR) method (10 ng/assay), and quantified with the StepOnePlus™ Real-Time PCR
System (Applied Biosystems, Life Technologies). Tagman Primer assays for miRNAs and the reagents for
reverse transcriptase and qRT-PCR reactions were obtained from Applied Biosystems. Relative expression
was calculated using the comparative cycle threshold (Ct) method (222Ct). MiRNA levels were normalized to
U6 RNA for inter-well variation and to GAPDH for inter-RNA sample variations.
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Table 1. Patient characterization at enrollment.
Data are presented as n (%) unless otherwise stated.
NSCLC: non-small cell lung cancer; GOLD: Global
Initiative for Chronic Obstructive Pulmonary Disease

Patients 26

Sex

Male 19(73)
Female 7 (27)

Mean age+SD (range) yrs 61.3+6.7 (44-77)

Karnofski score

80-100% 18(100)
<80%

Tumor histology

Primary 8(30.8)
Adenocarcinoma/bronchioloalveolar 6(23.1)
Squamous-cell 2(7.7)
Pulmonary metastasis from HCC 10(38.5)
Tumor number

Single nodule 23(79.3)
Two nodules 6(20.7)

Mean tumor diameter mean+SD (range) mm  20+4 (10-35)

210-<20 14 (48.3)
>20-<30 10 (34.5)
230-<35 5(17.2)
Tumor location

Right lobe

Upper 3(15)
Middle 2 (10)
Lower 5(25)
Left lobe 2(10)
Upper 3(15)
Lower 4(20)
NSCLC patients

GOLD

Class | 16 (61.5)
Class II 7 (26.9)
Class III 3(12.3)
Stage

1A 3(86.6)
IB 2(134)
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Data analysis

Fig. 1. Survival curves of NSCLC patients and
pulmonary metastases from HCC after CT-PRFA
showing the two-year overall and cancer-specific
survival rate and one-year tumor-free survival rate.

Data are presented as mean+S.E.M. Statistical analyses were performed by using software (SPSS,
version 9.0). The Kaplan-Meier method was used to estimate survival functions for patient mortality and
local tumor progression rates, defined as any detectable tumor activity in the ablation zone. Median survival
estimates were reported with 95% confidence intervals (CIs) [23, 24]. Comparisons of survival functions
were performed by using the log-rank test. P<0.05 was considered to indicate a statistically significant
difference. Descriptive statistics were provided per tumor, but inferential statistics were limited to a per-

patient level of analysis.

Results

Comparative efficacy of CT-PRFA for primary and metastatic lung cancers
Fourteen patients pathologically diagnosed with non-small cell lung cancer (NSCLC)
and 12 patients with lung metastases from HCC were enrolled in the study. The patients
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with primary NSCLC had no metastasis, and in patients with secondary lung cancer lung was
the only site of metastasis. All 14 NSCLC patients had a single tumour. Nine of the 12 HCC-
metastasis patients had a single tumour, whilst the other three patients had two tumors.
Patient and tumor characteristics are summarised in Table 1.

All targeted tumors were treated in a single CT-PRFA session. None of the procedures
had to be interrupted because of complications such as pneumothorax or hemorrhage. In 21
cases, a single electrode insertion was sufficient; two insertions were required in five cases.
A total of 16 tumours were treated with umbrella-tip electrodes and spiral-tip electrodes
were used for the remaining 10 tumors. None of the patients experienced severe pain.

The median follow-up was 15 months (range, 3-34 months) and no patient was lost
to follow-up. During the follow-up period, only patient received systematic chemotherapy
for adjuvant treatment of primary HCC, and the remaining patients received no anticancer
therapy.

The rate of technique efficacy for primary tumors was 92.9% (13 of 14) per procedure
and 92.9% (13 of 14) per patient, with only one local tumor progression observed during
follow-up 5 months after the treatment. The lung metastases were also treated with CT-PRFA.
Treatment was successful in 11 out of 12 patients with only one failure (91.7% successful
rate). None of the procedures was associated with complications. In a whole, a total of 29
lung tumors were treated with CT-PRFA, and in 26 out of 29 (89.7%) treated tumors the
post-treatment CT findings revealed complete radiological ablation.
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Overall survival rate was 80.8% (95% CI: 35%, 95%) at 2 years (Fig. 1A), and cancer-
specific survival rate was 100% at 2 years (Fig. 1B). The tumor-free survival (Fig. 1C) was
69.2% at 1 year (95% CI: 28%, 87%) and 26.9% at 2 years (95% CI: 5%, 56%).

There were no major complications or deaths. Post-treatment CT revealed
pneumothorax in five cases (15%), but all were self-limiting and did not require drainage.
The immediate complication rate was 31% and corresponded to five mild intrapulmonary
hemorrhages, which did not require any further intervention and remained asymptomatic
because they were minor and self-limited according to the small size of the observable
alveolar condensation. The postprocedural complications consisted of only three cases
of minor hemoptysis lasting less than two days without specific treatment. These three
patients had normal coagulation parameters.

Effects of CT-PRFA on expression of lung cancer-related miRNAs

As already described, a number of miRNAs including let-7a, miR-34a, miR-21, miR-126,
miR-155, miR-17-5p, miR-18, miR-19a, miR-19b, and miR-20a have been found deregulated
in lungs with malignancies [22-40], indicating that these miRNAs are the key miRNAs in
lung cancer. We therefore compared the expression levels of these miRNAs before CT-PRFA,
2-week tumor-free survivors after CT-PRFA, 2-year tumor-free survivors after CT-PRFA, and
non-survivors after PRFA in the biopsy tissue from the area immediately surrounding the
site of tumor ablation between primary and secondary lung cancers.

As depicted in Figure 2, there was a differential expression of miRNAs between primary
and secondary lung cancer tissues. Let-7a and miR-34a were significantly downregulated,
whereas miR-21 was markedly upregulated, with other miRNAs (miR-126, miR-155, miR-
17-5p, miR-18, miR-19a, miR-19b, and miR-20a) remaining unaltered, in primary lung
cancer before PRFA (Fig. 2A). In metastatic lung cancer from HCC, let-7a and miR-126 levels
were reduced whilst miR-21, miR-155 and miR-17-5p/miR-20a levels were increased (Fig.
2B). MiR-34a and other miRNAs were not significantly changed. Importantly, in both 2-week
tumor-free survivors and 2-year tumor-free survivors, these deregulated miRNAs were
completely or partially normalized in their expression levels by CT-PRFA in both primary
and secondary lung cancers (Fig. 2C). In sharp contrast, in the tissue samples from 2-year
non-survivors, the aberrantly expressed miRNAs remained deregulated (Fig. 2D).

Discussion

Ever since the first three clinical cases of CT-PRFA for lung cancer were described in
2000 [17], numerous studies have reported successful series of lung CT-PRFA procedures.
Our small series suggests that lung CT-PRFA is a feasible therapeutic approach not only for
NSCLC patients but also for patients with pulmonary metastases from HCC. The efficacy of
CT-PRFA may be explained at least partially by the ability of this treatment to normalize
the deregulated miRNAs that have been recognized to be critical to lung cancer. To our
knowledge, our study presents the first investigation on the effects of CT-PRFA on miRNA
expression in lung cancer tissues.

Thus far, many CT-PRFA studies have been conducted in patients NSCLCs who either
could not undergo surgery because of comorbidities or advanced disease, or who refused
to undergo surgery. Among these studies, six included patients with NSCLCs and metastatic
lung disease originating from other primary tumors [13,44-51], three included only
patients with colorectal metastases [52-54], two included patients with renal metastases
[55, 56], and four studies included only patients with inoperable NSCLC [57-60]. Most of
these studies included patients with stage I carcinoma, and numbers of patients in each of
the above series ranged from 18 to 153.

In our series, the 2-year survival rate was 80.8%, consistent with a recent study showing
71.4% survival rate [61] and a meta-analysis of 17 studies with a 1-, 2-, and 3-year survival
rates of 63%-85%, 55%-65%, and 15%-46%, respectively [62]. Our cancer-specific survival
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rate of 100% at 2 years demonstrated that death occurred due to causes other than cancer,
underlining simultaneously the fragility of the population and the efficacy of the treatment.
This result was also in line with previous studies in NSCLC patients [56, 59]. A recent study
conducted by Simon et al. [44] presented data on long-term survival rates up to five years
for primary (both early and advanced stage) and metastatic lesions and disease free survival
rates and progression free intervals for lesions measuring <3 cm and >3 cm. The survival
rates from colorectal metastases are promising in this study; however, because most of these
patients received neoadjuvant and/or adjuvant chemotherapy, the sole effect of RFA cannot
be reliably estimated. Hiraki et al. [58] reported the longest survival rates for patients with
metastases, while Pennathur et al. [60] reported the highest 1-year survival rate for patients
with stage 1 carcinoma.

One notable finding in our study is the ability of CT-PRFA to alter miRNA expression
in lung tissues surrounding the site of tumor ablation, or more specifically to normalize
the deregulated miRNAs in lung cancer. Before PRFA, the deregulated miRNAs appear
to be different between primary and secondary lung cancers: let-7a and miR-34a were
downregulated whereas miR-21 was upregulated in the tissues with primary tumors, and
let-7a and miR-126 levels were downregulated whereas miR-21, miR-155 and miR-17-5p/
miR-20b levels were upregulated in the tissues with secondary tumors. These abnormal
alterations of expression of the key miRNAs were normalized by CT-PRFA. Probably most
intriguing is the observation that CT-PRFA failed to normalize the deregulated miRNAs in the
non-survivors. These findings provide an explanation for our clinical data and suggest that
changes of expression of these miRNAs may contribute to the molecular mechanisms for the
efficacy of CT-PRFA.

It should be noted that our study has important limitations. Our results do not justify
strong statements regarding efficacy because of the small sample size, as attested by the
relatively large 95% Cls noted in survival rates, and because of the limited follow-up time in
most of the patients. Additionally, because of the limited size of the biopsy and ethical and
technical obstacles, we were unable to conduct experiments on protein levels and functions
of the target genes for the miRNAs of our interest. Furthermore, we only studied a set of
selected miRNAs and the possible roles of other miRNAs were not investigated. Nonetheless,
these miRNAs have been previously validated for their target genes and roles in lung cancer,
and on the basis of these published data, we are able to use our miRNA results to explain our
clinical observations. Yet we should still admit that our miRNA data are merely suggestive of
the potential molecular mechanism for CT-PRFA therapy of lung cancer.

In conclusion, we have in this study provided combined clinical observations and
fundamental investigations on the therapeutic efficacy of CT-PRFA for both primary and
HCC-metastatic lung cancers, and the associated changes of expression of some key miRNAs
as well. Based on our results, CT-PRFA is an effective therapeutic option with promising
results when applied to a highly selective group of patients with isolated primary NSCLCs
and secondary lung tumors from HCC. The efficacy of CT-PRFA may be related to its ability to
normalize deregulated expression of miRNAs: upregulating tumor suppressor miRNAs and
downregulating oncomiRs.
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